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In combining the challenges of long-term pastoral care and the highly technical, often costly, 
medicine that is implicit in maintenance treatment of chronic kidney disease, Nephrology is 
one of the most demanding, if not the most demanding medical specialty. Nephrology 
Worldwide provides fascinating insights into how these challenges have, so far, been met in 
different parts of the world.

With chapters written by authorities from every corner of the globe, the reader is given a 
perspective on both the widely differing epidemiology and aetiology of renal disease in differ-
ent countries and the strategies for renal health-care provision.

Most accounts detail the history how the challenge of providing renal replacement therapy 
for those patients reaching end-stage renal failure has to date been met and how the profession 
has organized itself.

Both the failings and the successes are outlined in a way that should make this book a com-
pelling read, not just for the well-informed renal physician, but also for planners and policy 
makers whose thinking and actions are integral to the way we practice medicine.

I commend it to all.

 Peter J. RatcliffeUnited Kingdom
February 2020
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The original idea for this book first emerged at some point between 2013 and 2015 during my 
nephrology fellowship in Rio de Janeiro. The idea came and went from my mind constantly in 
the following years – a sign to invest time and effort to make it happen. During the embryonic 
stage of this project, every time I shared the idea with friends and colleagues at conferences, 
their excitement and genuine demonstration of interest encouraged me.

A few years after finishing the fellowship in nephrology and kidney transplantation, I ended 
up editing a book on renal replacement therapy, which was finally published in 2018. During 
this extraordinary and unexpected experience, I had the opportunity to connect and collaborate 
with competent nephrologists around the world. Many of them became good friends and natu-
rally were invited to join this endeavor. Two of them coedited this book: José Carolino Divino- 
Filho and Claudio Ronco.

José Divino was more than a partner of this project. Despite our age difference, we have 
developed a close friendship. As a young medical student, he lived in my hometown, Salvador, 
and coincidentally was a friend of my father, who is now a retired nephrologist. Right after 
completing his medical degree, José Divino started a unique international journey, living in 
many different countries: Sweden, Belgium, Mexico, Switzerland, and Germany. His success-
ful (and somewhat nomadic) career has made him a complete nephrologist – a mix of an aca-
demic and a practitioner – and one of the most international professionals in the field: the 
“right guy” for the Nephrology Worldwide project.

Claudio Ronco needs no introduction. In the past years, he has established himself as one 
of the most iconic scientists in the field, known for addressing controversial and important top-
ics of nephrology. It was an honor when he accepted the invitation to join this project – his 
“joie de vivre,” kindness, and humble brilliance were a constant education during this 
process.

By putting together “the guy who knows the world” and “the guy who the world knows,” 
we were prepared to face the challenge of making the Nephrology Worldwide project happen. 
Over the course of several months, we carefully curated a selection of nephrologists around the 
world to take on the daunting task of providing a comprehensive description of the nephrology 
field in their respective countries.

The selected corresponding authors were asked to join a diverse team of coauthors, with 
different backgrounds, able to fully describe the field in their country, such as kidney trans-
plantation, maintenance hemodialysis, peritoneal dialysis, pediatric nephrology, acute kidney 
injury and critical care nephrology, nephrology practice, and job market. We meticulously 
elaborated an editor’s guideline and a chapter template in order to avoid the missing of key 
information and to create a didactic pattern throughout the book, which would make the life of 
the readers easier since they could become familiar with the book once they read one of its 
chapters. In the first chapter, we detail the project in all its stages, as well as the Editors’ vision 
of Nephrology Worldwide, its mission, and a selection of some highlights from the book.

One central premise of this project was the representation of all regions and continents, so 
that the book would be legitimately international. Sixty-two countries had initially agreed to 
participate, but some authors were not able to deliver their chapters by the final deadline and 
therefore could not be included in this first edition. In the end, 53 chapters and more than 300 
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authors, from 51 different nationalities, contributed to this book. This makes Nephrology 
Worldwide one of the most international books in nephrology. The great diversity of nationali-
ties made this book unique and occasionally posed additional challenges, such as political 
instability, cultural barriers, and linguistic difficulties.

The countries represented in the book embrace a population of about 5.7 billion people, 
representing around three-quarters of the world population. Another point that stands out in the 
project is the involvement of the nephrology societies around the world; many corresponding 
authors hold leadership positions in their societies, although most of them were not contacted 
through their organizations. The International Society of Nephrology (ISN) was also invited to 
contribute; they wrote Chap. 2.

We believe this project has fulfilled its goals. It is international, representative, and unique. 
The reader will be able to travel through Nephrology Worldwide, a pleasant reading experience 
with not only relevant information and updated data, but also a comprehensive look at the his-
tory, countries’ peculiarities, and a critical analysis of the scenario of nephrology and renal 
replacement therapy.

Finally, we felt we opened a box of new opportunities. More than a book, Nephrology 
Worldwide will become a living document – to be updated periodically. We believe this project 
will survive through its multiple missions and ultimate goal: “to connect nephrology around 
the world.”

Salvador, Bahia, Brazil José A. Moura-Neto
May 2020
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Nephrology Worldwide: the Vision, 
the Project, and the Mission

José A. Moura-Neto, José Carolino Divino-Filho, 
and Claudio Ronco

 Introduction

Nephrology as a specialty was established in the early decades 
of the twentieth century, after centuries of scattered scientific 
and clinical observations. Its true expansion, however, only 
occurred in the years following the Second World War due to 
the application of hemodialysis, peritoneal dialysis, and kid-
ney transplantation, as well as the utilization of renal biopsy to 
identify different forms of nephropathies. The important con-
tributions from the pharmaceutical and dialysis industries 
spurred new interest in innovative technology and novel thera-
pies, allowing dissemination of information through interna-
tional conferences and publications in scientific journals.

Nephrology was then recognized as an independent spe-
cialty by various universities and medical schools, with the 
creation of a specific core curriculum for physicians who 
wanted to focus their careers on the area of kidney disease. In 
the final decades of the last century, nephrologists concen-
trated their attention on the technological advances in dialy-
sis and the new approach to diagnosis of clinical syndromes 
through histopathological techniques of electron microscopy 
and immunofluorescence. In the meantime, new drugs and 
protocols were developed for the treatment of specific kid-
ney diseases, both primitive and secondary to systemic dis-
ease. Further developments have occurred in the area of 
kidney transplant, where studies on genetics together with 
clinical trials on new immunosuppressive drugs have allowed 
for the expansion of transplant programs while concurrently 
reducing the rate of organ rejection.

When compared to the establishment of Nephrology as an 
organized specialty, kidney diseases have had a longer his-
tory, transcending the medical discipline. Furthermore, it 
also poses a global public health concern, affecting more 
than 750 million people in the world [1–3]. Currently, more 
than three million patients are estimated to be on renal 
replacement therapy worldwide.

The burden of kidney diseases varies significantly among 
countries. Socioeconomic, cultural, and political factors 
influence both the prevalence of kidney diseases and the pro-
vision of health care, leading to significant inequality in the 
disease burden, even in developed countries [4–6]. These 
disparities exist across the spectrum of kidney disease  – 
ranging from preventive efforts to access to subspecialty 
health care and treatment of kidney failure with renal replace-
ment therapy [1].

More than a medical discipline, field of study, and public 
health problem, nephrology (especially renal replacement 
therapy) is also an organized sector, or industry, directly and 
indirectly responsible for creating jobs for millions of people 
worldwide, often called stakeholders. With all this in mind, 
we designed the book “Nephrology Worldwide”. This intro-
ductory chapter goes beyond concepts and data and addresses 
the initiative behind the book, in all its spheres: the vision, 
the project, and the mission. In addition, we also curated a 
selection of nephrology highlights in the countries from 
local nephrologists’ view. Finally, we summarize our vision 
on education and future perspectives for nephrology.

 Nephrology Worldwide

 The Vision

The central idea that guided our vision for this book is 
quite simple: to answer the first question colleagues usu-
ally ask us when we meet at international conferences – 
“What is Nephrology like in your country?”. Prior to this 
project, we were already aware of the vast differences in 
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Nephrology among regions and countries in many aspects, 
such as the prevalence and incidence of kidney diseases, 
access to renal care, local guidelines, clinical management 
of kidney patients, nephrology practice, reimbursement, 
patients’ and professionals’ preferences, availability of 
renal replacement therapy, workforce in the nephrology 
setting, etc.

The response to this book’s central question requires not 
only objective numbers and cold data, but also a critical anal-
ysis of the scenario and future perspectives for nephrology in 
the country. By the end of each chapter, readers should have 
a clear and general idea of the field in the country. We expect 
this book will help integrate nephrologists and stakeholders 
around the world and eliminate the still-standing frontiers of 
nephrology; this is our vision.

 The Project

To fulfill our ultimate goal for “Nephrology Worldwide”, we 
had to design a project, in all its stages, capable of providing 
the answers and information we were seeking. We also had to 

conceive this book in such a way that it would have credibility 
among our peers and stakeholders. Therefore, our first chal-
lenge was selecting the leading authors, also called corre-
sponding authors, and the countries to be included in this first 
edition.

One of the premises of the “Nephrology Worldwide” 
project was to include countries from all regions and con-
tinents, so the book would be legitimately international. 
Although 62 countries had initially agreed to participate, 
some authors were not able to deliver their chapters by the 
final deadline and thus were not included in the first edi-
tion. Ultimately, 51 countries are represented in this book, 
encompassing around 5.7 billion people (Fig. 1.1). In addi-
tion to our concern with geographic representation, the 
final selection included, among others, the most populated 
countries, as well as countries with the highest Growth 
Domestic Products (GDP) and Human Development Index 
(HDI).

The 10 most populated countries
22 of the 25 highest GDP
8 of the 10 highest HDI

Fig. 1.1 Map highlighting the 51 countries included in “Nephrology Worldwide”. About 5.7 billion people are represented, covering all continents 
and regions of the world
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We carefully chose each leading author based on their 
background, nephrology practice, and leadership in the 
national nephrology society. To do so, we searched on the 
Internet and contacted colleagues around the world in order 
to hear their opinions. The leading authors were responsible 
for putting together a diverse team of co-authors, with differ-
ent professional experiences, able to fully describe the field 
in their country. More than 300 authors, from 51 different 
nationalities, contributed to this book, which makes 
“Nephrology Worldwide” probably the most international 
book in nephrology.

Our second challenge in this project was to provide a 
chapter template and adequate guidelines to the selected 
authors. We did so in order to avoid missing key information 
and to create a didactic pattern throughout the book, with 
the goal of making the life of readers easier, since they 
would become familiar with the layout of chapters after 
reading just one. In these guidelines and template, we 
requested authors to provide a full overview of nephrology 
in the country, in their diverse fields and areas, such as kid-
ney transplantation, maintenance hemodialysis, peritoneal 
dialysis, pediatric nephrology, acute kidney injury, and criti-
cal care nephrology. We stressed the importance of using the 
most up-to-date information and to consider including 
unpublished data, if relevant. We also asked the authors to 
address the history of nephrology in the country, reimburse-
ment, nephrology practice, and job market, not only for 
physicians but also for nurses and the multidisciplinary 
team, when applicable. To make the book friendly and eas-
ier for readers, we deliver a kind reminder to the authors at 
the end of the guidelines: “be aware you will be presenting 
your country to a foreign audience, unfamiliar with the 
specificities of nephrology practices and healthcare in your 
country”.

The third phase of the project was the review of the manu-
scripts. In this stage, we meticulously reviewed the chapters 
and sent the authors a checklist asking to provide missing 
information and also anticipating questions that readers 
might have. Each chapter was first reviewed by two editors 
and the revised version was carefully looked over once more 
by one of the three editors. Our goal was to complete the 
revision in a timely fashion in order to avoid information and 
data becoming outdated. After concluding this stage, the 
manuscript was finally submitted to Springer Nature to final-
ize the editing process.

 The Mission

Kidney diseases are indeed a global public health problem 
that we, as a nephrology community, must prioritize in the 
coming decades. Its prevalence will probably steadily rise 
in the next years due to the population aging and an increas-

ing prevalence of diseases such as hypertension and diabe-
tes [7, 8]. To make an already concerning scenario worse, 
estimates have suggested that 2.3–7.1 million patients die 
per year due to an inability to access dialysis or sustain the 
treatment, which is called “the renal replacement therapy 
gap” [9–11]. We are now, more than ever, convinced that 
this a major issue, and the global nephrology community 
should shift its focus to this gap and the inequalities that 
contributed to it.

Editing this book was a transformative process for the 
editors in many ways, we hope readers will have a similar 
experience. It changed our view and perspective on the 
(Nephrology) World and it raised several important ques-
tions, not only medical, but also socioeconomic and politi-
cal, that surround the field. Questions of a nature quite 
different than the one the book initially posed, now asking 
“Why?” in the place of “What?”. While we feel our origi-
nal query has been responded, we finished this first edition 
with more questions than answers. More than that: 
although we feel we have finished the project, a book, we 
have only just started the “Nephrology Worldwide” 
mission.

 Nephrology Worldwide Highlights

When this book was planned, it was agreed that each chapter 
would have a section entitled Highlights, in which authors 
could write about any special feature, story, history, project, 
or program specific to their country and considered worthy 
of sharing with the Nephrology community worldwide. 
Here, we address some of these highlights, most of them 
excerpts taken directly from the chapters. Please be aware 
you will find spoilers from the book in the following 
paragraphs.

 History

The history of the local nephrology societies gives us a 
true perspective of how nephrology has developed around 
the world. It is not uncommon for local doctors to be sent 
abroad for nephrology training, often to faraway places 
for long periods of time, in order to come back home and 
propagate what was learned abroad. Each history includes 
many stories of real colleagues and events that contrib-
uted to the development of Nephrology in each one of the 
51 countries represented in this first edition of this book. 
Schumlansky, Yu Voronoy, Richard Bright, Nils Alwall, 
Peter Kolff, Murray, Van Rood, Fred Boen, Belding 
Scribner, John Merril, Jean Hamburger, Cimino-Brescia, 
Iversen & Claus Brunn, Giordano & Giovannetti, Moncrief 
& Popovich, Dimitris Oreoupolous, Priscila Kincaid-

1 Nephrology Worldwide: the Vision, the Project, and the Mission



4

Smith, Gianantonio, and many others – names that have 
contributed to the position where Nephrology stands 
today.

 Diseases and the Kidney

This book will also provide an insight on different diseases 
and conditions, unknown to many, that pose a potential bur-
den to acute kidney injury (AKI) and/or chronic kidney dis-
ease (CKD) and nephrologists around the world may face: 
Plasmodium malaria, dengue, HIV, traditional medicines – 
for example, Callilepis laureola (locally referred to as 
“impila”), potassium dichromate, Cape Aloe, high altitude- 
polycythemia, star fruit, snake bites, scorpion stings, fish 
gallbladder toxicity, cutaneous leishmaniasis, Nipah virus, 
leptospirosis, scrub typhus, melioidosis, use of poisonous 
substances (PPD, methanol, organo phosphorous com-
pounds, paraquat, copper sulfate, rat killer), nephrotoxic 
drug exposure, etc.

In Bolivia, for example, more than four million people 
(38% of total population) currently live at high altitude 
(2500  meters above sea level); 8–10% of this population 
develops high altitude polycythemia. In a study, 40% of total 
screening polycythemia healthy subjects had some degree of 
proteinuria, so we estimate that roughly more than three hun-
dred thousand peoples are at risk for kidney disease.

Another interesting story worth reading relates to Balkan 
endemic nephropathy, originally described in 1956. This is a 
unique familial form of interstitial nephritis, encountered 
with a high prevalence rate in Bulgaria, Serbia, Romania, 
Croatia, and Bosnia-Herzegovina, that leads to kidney 
failure.

 Chronic Kidney Disease

CKD is a significant cause of morbidity and mortality glob-
ally, but in certain regions and countries communicable dis-
eases impose an extra burden in the prevalence of 
CKD. Unfortunately, the reasons for this increased burden 
are most likely due to factors such as poverty, health care 
relegated as non-priority, and poor governance. For many of 
us, it may be a surprise to learn that serum creatinine test is 
not provided for hospitalized patients in many corners of the 
world. This book cites several concrete examples of the 
effect of socioeconomic disparities on the epidemiology of 
kidney diseases. CKD is mainly a disease of the young popu-
lation in many developing countries, especially on the 
African continent; however, this is in sharp contrast with the 
older age groups seen in the developed world. Moreover, in 
most countries there are a great number of CKD patients 
diagnosed in later stages; over half of patients with CKD in 

India seek medical attention only after they have developed 
advanced kidney failure, often requiring dialysis.

Also of note, the Chronic REnal Disease In Turkey  – 
CREDIT Study – described a higher CKD prevalence than 
found in many industrialized western countries. Associations 
between CKD and several cardiovascular risk factors empha-
size that CKD is a major public health problem and a major 
predictor of overall morbidity and mortality.

 Nephrologists Worldwide

Shortages of nephrologists and renal nurses are not uncom-
mon in several countries. Uganda, for example, has only ten 
nephrologists for a population of 45 million people, resulting 
in a ratio of one nephrologist per approximately 4.5 million 
people. Since the needs of these professionals are not met, 
emigration of nephrologists and nurses to other countries 
where they are better paid and which fully provide the work-
ing resources required is a common occurrence. This phe-
nomenon is called “brain drain” and there may be countries 
where the number of emigrated nephrologists is higher than 
the number practicing in the country. Additionally, there is 
low availability or lack of local training in several African 
countries for aspiring professionals in the field. On the other 
hand, there are countries, like South Africa, contributing to 
the training of nephrologists from other countries on the con-
tinent through different Fellowship programs. This phenom-
enon is also observed on other continents, for example, some 
Cambodian nephrologists have been trained in France, 
Australia, Japan, and Thailand.

In Oman, most nephrologists are non-Omani and mostly 
from Egypt and Indian Subcontinent countries. Nephrology 
training for Omani clinicians was done entirely abroad in 
North America, Europe, and Australia. However, recently the 
Oman Medical Specialty Board approved the Nephrology 
fellowship program of at least 2 years following 4 years of 
Internal Medicine training. The Renal Dialysis Nurse 
Specialty program, launched in 1997, is one of the major 
accomplished nursing education programs in Oman with 344 
nephrology nurses graduating from this program.

The vast majority of the 50 Irish Consultants accredited in 
Nephrology will have had some of their Nephrology Training 
outside of Ireland; some will have held Consultant, Attending, 
or other Faculty positions in other countries. These countries 
are typically, but not exclusively, English-speaking, such as 
England & Wales, Scotland, Canada, Australia, New Zealand, 
or the USA.

An important issue faced by many countries is the lack of 
appeal of the nephrology discipline, which ultimately may 
result in a shortage of nephrologists. A positive and different 
example from the global trend that needs to be highlighted 
comes from France, where Nephrology has become quite an 
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attractive discipline for trainees and interns. It has been 
ranked among the first medical specialties selected from 
interns over the last few years for its attractiveness. Diversity 
of activities (clinical nephrology, dialysis, transplantation, 
laboratory) is one of its positive aspects. The image of the 
discipline has been changed due to the University College of 
Nephrology Teachers (CUEN), dynamism of university 
nephrology departments and scientific societies and develop-
ment, and creation of various clubs and platforms where 
trainees and young nephrologists can meet and exchange 
ideas. In addition to its attractiveness, recent changes in 
intern fellowship program rules also permitted a significant 
increase in the number of nephrology fellows in France. The 
outcomes from all of this are becoming clear and, due to the 
potential of this new, younger working force, it appears that 
nephrology needs will be covered adequately in the foresee-
able future in France.

 Dialysis

There are important gaps in CKD policies and renal replace-
ment therapy availability among countries and regions. 
Renal replacement therapy is available to a very small num-
ber of end-stage renal disease (ESRD) patients in only a few 
urban centers in several countries, with rates inferior to 10 
dialysis patients per million population (pmp) whereas coun-
tries like the USA and Japan have an overall prevalence of 
renal replacement therapy over 2000 pmp. Many other con-
trasts are expressed in the chapters, such as the fact that in 
Uganda there are only 52 HD machines in the entire country, 
21 of which belong to the public sector, providing both acute 
and chronic HD.

In countries in development, such as the Democratic 
Republic of the Congo, the lack of financial resources forces 
patients either to reduce dialysis frequency, withdraw from 
dialysis, or use alternative treatment which results in higher 
mortality with a median survival of 17 months or 78 per 1000 
patient-years. In contrast, the survival rate of dialysis patients 
in Japan has been excellent; the annual crude death rate was 
10% in 2018, and it has hovered between 9% and 10% since 
1983. Although the reasons for this have not been fully clari-
fied, it is believed that could be related to the unique dialysis 
system and to the concept of chronic dialysis in Japan. 
Another curious fact regarding Japanese dialysis, which is 
also seen in other Asian countries, is the low dialysis blood 
flow rate (200–220  ml/min)  – very different than that 
observed in many western countries (300–450 ml/min).

Besides blood flow rate, other dialysis practices such as 
dialysis frequency and average time per session are also 
addressed. In addition, regulatory issues are also discussed in 
“Nephrology Worldwide”; we would like to highlight dia-
lyzer reuse, which may still be a matter of debate in some 

countries. While reuse is forbidden by law in several coun-
tries, it is widely used in others. There is yet another group of 
countries where reuse is permitted, but is rarely used, such as 
Canada, Switzerland, Russia, China, South Africa, and 
USA. In the latter, for example, reuse of dialyzers was once 
popular – in 1997, 82% of dialysis facilities participated in a 
reuse program  – but currently it is rarely, if ever, used. 
Table 1.1 shows examples found in this book of countries 
where reuse is performed and countries where it is not per-
formed as of 2019.

As a global trend, the number of patients on dialysis is 
steadily rising. In keeping with the increase in the incidence 
and prevalence of ESRD around the world, the burden of 
ESRD is on the rise in the Chinese Mainland. The number of 
ESRD patients receiving dialysis treatment has drastically 
increased from 261,877  in 2011 to 610,811 by the end of 
2017.

This book also explores the differences between private 
and public healthcare for nephrology patients. In Portugal, 
considering the 2018 prevalent HD population, 91% were 
being treated in an outpatient dialysis unit run by the private 
sector, while 9% were dialyzed in public hospitals. In stark 
contrast to this scenario, in Cuba all of the HD centers are 
state-owned and operated.

Several different models of dialysis reimbursement exist 
globally and were discussed in the chapters. While in Brazil 
there is a huge difference in reimbursement for one HD ses-
sion depending on the source of payment (the government or 
private health insurance), in Greece the reimbursement price 

Table 1.1 Countries where dialyzer reuse is performed and not per-
formed (2019)

Reuse allowed No reuse
Argentina Albania
Bangladesh Australia
Bolivia Czech Republic
Brazil Denmark
Cambodia France
Canada (rare) Greece
Chile Iran
China (rare) Israel
Cuba Italy
India Japan
Malaysia Netherlands
Mexico New Zealand
Nigeria Poland
Oman Portugal
Pakistan Saudi Arabia
Russia (rare) Singapore
South Africa (rare) Spain
Switzerland (rare) Sweden
Thailand Turkey
USA (rare) Ukraine
Uruguay United Arab Emirates

Venezuela
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per HD session is almost equivalent for the public and the 
private sector, and the increasing number of private HD units 
does not increase the state expenses and health budget.

The medical workforce present in HD centers is also 
very different among countries. In Turkey, for example, 
most HD centers have general practitioners or internists 
who are continuously taking care of patients. These HD 
practitioners receive a special certificate following 
3–6  months of education for HD practice. HD certificate 
education is given by the nephrology training centers in 
Turkey.

While peritoneal dialysis (PD) is not practiced in some 
countries due to the lack of financial resources, other coun-
tries have a PD-first program policy. For countries with an 
underrepresentation of PD in chronic renal replacement ther-
apy provision, new models of renal services are being imple-
mented. In some countries, PD patients are only followed in 
PD units integrated into nephrology departments in public 
hospitals.

When mentioning successful PD-first programs, Mexico 
is the first country that comes to mind. A contributing and 
decisive factor for its success was the 1985 earthquake in 
Mexico City, during which a large number of public HD 
facilities were damaged, thus requiring the use of PD on a 
larger scale. Following in Mexico’s steps, other countries 
successfully applied the PD-first program. In 1985, PD-first 
policy was adopted by the Hospital Authority of Hong Kong, 
in which PD was reimbursed by the government as a first- 
line dialysis modality for patients with ESRD; Thailand and 
Indonesia were the latest to adopt it.

Finally, the last dialysis highlight comes from the Japanese 
PD program: the combination therapy, or hybrid therapy, 
with in-center HD. Out of 9445 PD patients in Japan, 1863 
(19.7%) patients were under the combination therapy in 
2018, with 1505 (16.6%) being treated with at least one HD 
session per week.

 Renal Transplantation

The transplant project in many countries is faced with sev-
eral challenges, the most important of which are very limited 
resources on budgeting and provision of health care facili-
ties, the precarious continuity of supplies, and the underde-
veloped infrastructure. The successful transplant project in 
Ethiopia, which was a result of a collaborative effort between 
a local Medical College and an American university, is an 
exemplary model that can be replicated in other developing 
countries.

Two well-established transplantation programs also 
deserve mention. Brazil has the largest publicly funded 
transplantation program in the world, with a fair organ 
allocation system and no social or cultural privileges. 
The numbers are expressive, but still far below the grow-

ing demands of the country. Spain is the country that 
should perhaps be looked to as the role model for renal 
transplantation. It is considered the renal replacement 
therapy of choice in Spain since it generally provides bet-
ter quality of life and survival at a lower cost. Therefore, 
a large public policy effort is aimed at increasing renal 
transplantation rates and acceptance of donation by the 
population.

Nephrology Worldwide will also offer readers the pos-
sibility to understand the obstacles and opportunities faced 
when creating and/or improving the necessary legislation 
for development or enhancement of organ transplantation. 
The example of Croatia shows that development of surgi-
cal transplant techniques, long-term transplant tradition, 
and the existence of a national transplant organization are 
not, neither together nor individually, a guarantee for a 
successful transplant system if they are not accompanied 
by a set of appropriate legal, financial, and primarily orga-
nizational measures. It is interesting to note that kidney 
health and nephrology are of particular interest to the gov-
ernments of some countries, such as in the United Arab 
Emirates, since the founder and first president of the coun-
try, Sheikh Zayed Al Nahyan, received a kidney transplant 
in 2000.

 Home Dialysis

Regarding home dialysis, we would like to highlight three 
examples: New Zealand, Denmark, and Canada. New 
Zealand has one of the highest rates worldwide of home dial-
ysis, with 1291 (47%) of the 2768 individuals on dialysis 
therapy. Of the patients on home dialysis, 34% are on home 
HD and the rest of them are on PD. In Denmark, there is also 
a high prevalence of home dialysis therapies (28% of dialysis 
patients), with 21% on PD and 7% on HD.

The proportion of Canadian patients treated with home 
dialysis modalities remains relatively high by international 
standards. However, it is much lower than it was in the 1980s 
and early 1990s when CAPD was being used in over 35% of 
prevalent patients. There has recently been an increase in 
home dialysis prevalence back up toward 25%, in part related 
to efforts by provincial renal agencies. This places Canada in 
the top 12 countries in the world for home dialysis use. About 
20% of home dialysis in Canada is accounted for by home 
HD, less than is the case for Australia, New Zealand, and 
Denmark, but much more than in the USA and most of 
Europe.

Of note, the chapter on Australia, a country in which 
about 10% of the HD patients are under HD at home, pro-
vides a brief yet comprehensive description of their home 
HD program, addressing the history, epidemiology, selection 
of patients and training, equipment, barriers, and outcomes 
of home HD.

J. A. Moura-Neto et al.
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 Health Care Services, Registries, and Programs

Examples of health care services and nephrology care are 
also reported in each chapter. For instance, Cuba has a unique 
health system that ensures universal and free coverage, with 
56 nephrology centers distributed throughout the country 
offering specialized nephrology care and renal replacement 
therapy coverage. Similarly, in Uruguay, Nephrology has 
gradually developed, and yet has allowed for providing full, 
universal nephrology care to all inhabitants, both children 
and adults, across the nation.

National Registries are of utmost importance when target-
ing improvement in the different areas of activities and assur-
ing a continuous quality control of the nephrology care in 
each country. Renal biopsy, glomerular diseases, CKD, renal 
transplantation, and dialysis registries (pediatric and adult), 
both national and regional, are also part of Nephrology 
Worldwide. Malaysia is one of many excellent examples. The 
Dialysis and Transplant Register was started in 1992, the first 
report of the Malaysian Dialysis and Transplant Registry was 
published in 1993, and it is still reporting today. The Malaysian 
Registry of Renal Biopsy started reporting in 2005 and the 
deceased donor kidney transplant waiting list linked to the 
Malaysian Organ Sharing System started in 1999. Data on 
renal replacement therapy are shared with the USRDS, and 
with the Global Observatory on Donation and Transplantation.

Exciting programs are being launched in several develop-
ing countries. Thailand, an endemic area of several tropical 
illnesses, has been gradually overshadowed by non- 
communicable diseases. The prevalence of pre-dialysis CKD 
in Thailand was greater than the global prevalence and this 
became a concerning issue. This could be linked to the 
upward trend of dialysis patients and centers, which resulted 
in catastrophic national health expenditure. In an attempt to 
overcome this burden, the Thai government released several 
campaigns and issued policies to slow down CKD progres-
sion. The model in CKD clinics is a multidisciplinary 
approach, implemented in all levels of public hospitals in 
order to improve health promotion and increase access of 
health care even in remote areas. The introduction of the 
Universal Health Coverage Scheme and the PD-First policy 
are laudable initiatives to narrow the gap between the wealthy 
and the poor in relation to access to health services. In order 
to avoid financial burden, any project aiming to decelerate 
CKD progression or providing economical renal replace-
ment therapy with comparable outcomes to international 
standards is deemed a priority.

The Indonesian Society of Nephrology has developed 
short- and long-term programs in conjunction with the 
Ministry of Health including: unleashing the PD preferred 
program for the endorsement of CAPD; early detection and 
preventive program for CKD in the community and primary 
health care; and development of kidney transplantation in 
some tertiary hospitals.

Some of the success stories described in the book are 
summarized here. Nephrology in Albania has achieved great 
improvement in the twenty-first century. The possibility of 
treating every ESRD patient with renal replacement therapy 
became a reality in the last decade, and this is considered 
their greatest success. Academic nephrologists on the 
Chinese Mainland also play an increasingly important role in 
conducting global clinical trials that impact the development 
of global clinical practice guidelines.

In the 1980s, Poland had limited access to the modern 
methods of treatment of AKI and CKD, and only a limited 
number of patients with ESRD had access to renal replace-
ment therapy. For many of our Polish colleagues, a trip to the 
western countries at that time was, in their own words, “like 
a journey to a different planet”. Thirty years later, however, 
the situation in Poland has changed dramatically and, nowa-
days, nephrology in Poland has developed almost to the level 
of many western European countries and the access to all 
types of renal replacement therapy is unlimited for those 
who need them.

On the concerning side, we must pay special attention to 
the Venezuelan chapter and the current sociopolitical land-
scape, which contrasts with its beautiful history and role in 
Latin American Nephrology. They finalize their chapter: 
“Actions to retake a path towards stabilization or growth of 
the attention to kidney disease in all expressions have to be 
rethought within policies to rebuild the national health sys-
tem; no simple or individual remedies seem possible at this 
time. But we are also certain that the country will at some 
point start retaking the route towards political stability, eco-
nomic growth, and social development.” The Nephrology 
Worldwide community should be ready to assist them how-
ever possible when this becomes a reality.

 Acute Kidney Injury

There has been a reborn interest in acute renal failure, 
recently renamed acute kidney injury (AKI). The UK has a 
long history of recognizing and furthering the clinical man-
agement of AKI, dating back to the first descriptions of crush 
injury during the bombing of London in the Second World 
War. It was during the bombing of London in World War II 
that Eric Bywaters at the Hammersmith Hospital became 
interested in the histopathology of the AKI caused by crush 
injury. Due to military conflicts, nephrologists in Israel have 
also gained expertise in management of casualties with crush 
injuries and subsequent devastating AKI, hemodynamic, and 
electrolyte disturbances.

Since the Second World War and the first description of 
acute renal failure and Hemolytic Uremic Syndrome in 1962, 
extensive developments in renal replacement therapy as a 
means of treating AKI have occurred. However, the disparity 
in the access to basic prevention measures and these techni-
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cal developments, when comparing developed and underde-
veloped countries, is an important warning sign and rescue 
alert to the nephrology community worldwide. The predomi-
nant causes of AKI in many countries are still acute gastro-
enteritis (related to sub-optimal sanitation and water quality), 
inadvertent use of drugs, tropical infections, sepsis, poor 
obstetric care, and insufficient monitoring after major sur-
geries. In Bangladesh, for example, the incidence of AKI 
increases by 18–24% during monsoon season, secondary to 
an increase in new cases of acute gastroenteritis, dengue, 
leptospirosis, and bacillary dysentery.

 Final Remarks on Nephrology Worldwide 
Highlights

Nephrology Worldwide will provide unique information on 
topics from kidney disease/renal replacement therapy and 
natural disasters – such as earthquakes (Chile, Iran, Turkey, 
Italy), monsoons – to the dialyzer crisis in Croatia. It will 
also discuss exciting projects like “Kidney in Health and 
Disease”, Green Nephrology, the Swiss Transplantation 
Cohort, the Swiss Kidney Stone Cohort, as well as interest-
ing themes like “Fasting during the month of Ramadan and 
kidney disease”. Furthermore, the reader will learn about the 
Chernobyl tragedy and its impact on children born in the 
compromised zone after 1995, consanguinity rates in differ-
ent countries, and genetic kidney diseases and congenital 
anomalies of the kidney and urinary tract.

It is our humble belief and firm objective that Nephrology 
Worldwide will fill a void within the nephrology community 
by allowing each and every country represented in this book 
to tell their history, stories, actions, and accomplishments, 
both past and present, hopefully reserving the future for new 
editions of this project with even more countries represented. 
Here all countries are equal and have the opportunity to tell 
everyone involved in Nephrology their realities, strengths, 
weaknesses, priorities, goals, and dreams.

 Nephrology Education and the “Open 
Nephrology” Culture

Nephrology, like other disciplines, has been mostly sepa-
rated from other specialties and disciplines for several rea-
sons. The focus of postgraduate medical training has not 
typically been multidisciplinary or problem-oriented, but 
rather specialty-oriented, often leading to the development 
of an adversarial “them and us” mentality. Thus, specialists 

were consulted for specialty-related problems or for the per-
formance of procedures and tests with which they were 
familiar with and had the particular required skills. Such an 
approach was often deleterious to patient care because it led 
to fragmentation and conflicts. In addition, while some 
nephrologists endeavored to take a global view of the 
patient’s condition, their familiarity with intensive care 
technology, current management, and pathophysiology was 
often limited. As a consequence, the global perception of the 
patient was often out of touch with reality. This limited 
understanding of critical care medicine or, in several cases, 
the limited interest in considering the critically ill patient a 
target for innovation and special interest in nephrology then 
resulted in inadequate training and capacity to share 
decision- making and therapeutic strategies with the critical 
care colleagues. Such action, in turn, fueled the fire of 
antagonism rather than cooperation. The same process has 
occurred with cardiology in the area of hypertension and 
heart failure, urology in the area of kidney stones, rheuma-
tology in the area of systemic diseases affecting the kidney 
and finally diabetology and science of nutrition. The clash 
of these “cultures” significantly impeded the development 
of a combined strategy in the management of patients with 
specific kidney problems, but at the same time combined 
syndromes where other organs and functions were involved. 
Other obstacles, such as financial incentives, competition in 
research, political strategies, and control of patient care, 
have further impeded the development of an “open nephrol-
ogy” culture.

The vision of illuminated scientists and physicians 
belonging to the new generation allowed for the opening of 
nephrology as a specialty to other disciplines, favoring the 
development of a multidisciplinary culture. In this direc-
tion, scientific societies have tried to merge knowledge and 
information and, at the same time, scientific journals have 
started new policies to accept interdisciplinary papers. With 
this new wave, the era of cardionephrology began with a 
shared definition and classification of the cardiorenal syn-
dromes. Critical care nephrology has become a new sub-
specialty with an enormous amount of publications. 
Currently, acute kidney injury represents one of the most 
interesting areas of common research from the pathophysi-
ological mechanisms to the extracorporeal organ therapies 
and the world of regenerative medicine. Immunology and 
genetics are involved in the advanced research for immune-
tolerance to permit safe and effective kidney transplanta-
tion. New drugs have been utilized or are under evaluation 
for onconephrology, hemolytic uremic syndromes, and 
glomerulonephritis.

J. A. Moura-Neto et al.
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 Future Perspectives for Nephrology 
Worldwide

Overall, we can say that the future of nephrology will impact 
the future of the whole medical discipline. We think the 
future is GREEN. This is an acronym that describes the ini-
tials of the sciences that are likely to characterize the future 
of nephrology. G for genetics: patient genotyping will allow 
for the expansion of the application of precision medicine 
solutions in different kidney disorders in the future. R for 
robotics: the mechanical actuation of operations normally 
carried out by a caregiver will permit taking maximum 
advantage of bidirectional interactions between the patient 
and the dialysis equipment. E for E-health and information 
communication technology: remote monitoring as well as 
enhanced human intelligence by computers will provide the 
basis for specific diagnostic algorithms or research pro-
grams on big data that can be further improved by artificial 
intelligence networks. This will provide support in the 
decision- making process and will even provide the basis for 
automated feedback operations. E for eco-compatibility: 
water sparing technologies and home therapies with remote 
monitoring will contribute to save natural resources and will 
provide environment-friendly solutions. N for nanosci-
ences: this interesting area of research will offer a new spec-
trum of biomaterials and will enable possible uses of 
nanofluids and therapeutic nanoparticles, drugs, and 
vaccines.

The GREEN approach to nephrology will provide new 
directions for investigators and physicians to achieve an 
equal distribution of care among individuals of various areas 
of the planet, cost reduction with possibility to expand the 
interventions to vast populations that today may be under-
treated or segregated, early detection and resolution of prob-
lems, as in the case of virus dissemination and pandemics, 
improved treatment compliance and automatic feedback on 
results, reduction of patient’s access to hospital center for 
technical and clinical complications, increased confidence of 
patients treated at home, with higher incidence and preva-
lence of home therapies, and consequent improvement in 
patient’s quality of life.

We must work together to achieve a common pace of 
progress and advancement of science in different areas of the 
planet, concomitantly dealing with the global inequalities 

and disparities in access to kidney health care worldwide. We 
are all part of a big family in this small world that must col-
lectively strive to fulfill the “Nephrology Worldwide” 
mission.

Note: More information on the Nephrology Worldwide initiative can 
be found at http://www.nephrologyworldwide.com. Readers will find a 
friendly platform where they can send feedback, suggestions and also 
‘apply’ to contribute as author or reviewer in future Nephrology 
Worldwide editions.
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 Overview of Global Nephrology

 Epidemiology and Burden of Kidney Disease 
Worldwide

Over the last few decades, there has been a dramatic shift in 
the spectrum of disease worldwide, with a reduction in the 
burden of communicable disease and an increase in that of 
non-communicable disease [1]. Rising life-expectancy and 
ever-increasing global epidemic of diabetes and hyperten-
sion, the major causes of chronic kidney disease (CKD), have 
led to a marked rise in the burden of CKD [2]. Since the stan-
dardization of the definition of stages of CKD in 2002, over-
whelming evidence from epidemiological studies has 
reinforced that CKD is now an enormous public health prob-
lem. According to the Global Burden of Disease Study 2017, 

the global incidence, prevalence, death, and disability- 
adjusted life years (DALYs) due to CKD increased dramati-
cally from 1990 to 2016. In 2016, the global incidence of 
CKD was 21 million per year (increased by 89%), prevalence 
was 276 million (increased by 87%), 1.2 million deaths were 
attributable to CKD (increased by 98%), and attributable 
DALYs were 35 million years (increased by 62%) [2]. From 
18th position in the list of leading causes of death in 1990, 
CKD rose to 11th place in 2016 [1], and is predicted to 
become the 5th leading cause of years of life lost in 2040 [3]. 
The economic burden of CKD is also enormous and dispro-
portional to the size of population with the condition. High- 
resource nations are estimated to spend more than 3% of their 
healthcare budget on treating end-stage renal disease (ESRD) 
patients who represent under 0.03% of the total population 
[4]. The total cost of treating other CKD patients is estimated 
to be even greater than that of treating ESRD patients [5].

There is substantial variation in the epidemiology and bur-
den of CKD across the globe. For example, aging is found to 
be the main driver of increasing DALYs in high-resource 
nations, while population growth is the main driver in low- 
resource nations [2]. The contribution of diabetes and hyper-
tension to increased CKD DALYs is more marked in 
high-resource nations than low-resource nations [6]. The age-
adjusted burden of CKD is more pronounced in low–resource 
nations where CKD develops and causes death at a younger 
age compared with high-resource nations [4]. Low- resource 
nations are less equipped to provide life-saving treatment 
such as dialysis and transplant to patients who progress to 
ESRD. The morbidity and mortality due to CKD is increasing 
in most world regions, with the most concerning trend in 
Central America where CKD has the highest death rate in the 
world, and has tripled over the past 20 years [1, 6].

Acute kidney injury (AKI) is associated with high morbid-
ity and mortality, and has been increasingly recognized as a 
global concern, especially in developing countries. AKI 
affects 13.3 million people and causes 1.7 million deaths per 
year worldwide [7]. As with CKD, there is large geographical 
variation in the epidemiology of AKI and its outcome. The 
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burden of AKI is particularly high in low-income  countries 
(LIC) where the annual incidence is as high as 11.3 million 
and the death rate is estimated to be 1.4 million per year [8]. 
This contrasts with high-income countries (HIC) where AKI 
mainly occurs in hospital and patients are usually older with 
multiple co-morbidities, whereas in LIC, AKI mainly occurs 
in the community as a result of dehydration, infection, preg-
nancy-related events, and poor access to care [9]. Children 
and women in these countries are particularly susceptible to 
AKI [10]. The overall cost of AKI care has not been well 
quantified. In one English study, inpatient AKI care was esti-
mated to cost 1.72 billion USD (1% of the National Health 
Service budget) per year [11]. In addition to the costs of AKI 
itself, AKI is a well-known risk factor for the development of 
CKD. Compared with matched patients without AKI, the risk 
of developing CKD is nine times higher and the risk of pre-
mature death is two times higher in patients with AKI [12]. In 
the USA, CKD as a result of AKI accounts for 3% of all 
ESRD [13]. The societal burden associated with providing 
care for these long-term effects of AKI is enormous.

 Current State of Kidney Care and Challenges

To assess the status and capacity for kidney care across the 
globe, the International Society of Nephrology (ISN) 
launched the Global Kidney Health Atlas (GKHA) in 2017. 
As one of the largest health-related country-level capacity 
reviews, GKHA describes the capacity for kidney care 
according to the World Health Organization (WHO) 
Universal Health Coverage domains [14]. It captured data 
from 160 countries, comprising >98% of global population. 
The following sections will discuss the current state of care 
as well as the challenges according to the key building blocks 
of healthcare system as described by the WHO.

 Health Finance and Service Delivery
GKHA identified lack of funding as a major barrier for 
detection and early management of CKD in large parts of the 
world. Less than half (48%) of the countries responding to 
the GKHA survey provide public funding for non-dialysis 
CKD care, lower in LIC (22%) than HIC (68%) [15]. 
Detection and early management of CKD is the most com-
mon element excluded from public funding coverage (52% 
of countries), followed by early management to reduce pro-
gression of CKD (43%) (Table 2.1) [16]. Early detection and 
management is essential to prevent progression of CKD, and 
appropriate management of non-dialysis CKD is crucial to 
prevent progression to ESRD. One of the important aspects 
of early detection and management is the reduction of risk 
factors, which includes both traditional risk factors such as 
diabetes, hypertension, and obesity as well as nontraditional 
risk factors such as nephrotoxin exposure, kidney stones, 

fetal and maternal factors, infections, environmental factors, 
and AKI. These nontraditional risk factors have been increas-
ingly recognized as major threats to global kidney health 
especially in LIC [17]. Lack of funding in these areas may 
lead to higher CKD and ESRD burden due to the progression 
of kidney disease and the cost associated with treating more 
severe kidney disease is likely to be much higher.

More countries (64%) provide public funding for renal 
replacement therapy (RRT) than non-dialysis CKD care 
[18]. Public funding for RRT is less prevalent in LIC (48%) 
than HIC (78%) [19]. RRT is unaffordable for many people, 
especially in LIC where public funding is limited. Annually, 
approximately 188 million people experience catastrophic 
health expenditure in LIC and low- and middle-income 
countries (LMIC) due to this condition, more than that for 
any other health condition [20]. In middle and eastern Africa, 
only 1–3% of those in need of RRT receive it [21]. Therefore, 
in these countries, effective population-based early detection 
and management programs as well as low-cost RRT tech-
niques are needed.

In terms of service delivery, there is significant regional 
variation in ESRD care delivery and management. Forty per-
cent of countries report within-country variation in ESRD 
care delivery, with the variation being greater in LIC (65%) 
[18]. In addition, 13% of LIC do not have structured ESRD 
management systems [18]. All of these factors contribute to 
inequitable and suboptimal CKD care.

 Health Workforce
GKHA documented a global shortage of nephrology work-
force, particularly in LIC (Fig. 2.1). The median number of 
nephrologists is 9.95 per million population (pmp) world-
wide, while in LIC, this number is only 0.2 pmp [16]. South 
Asia, which accounts for a quarter of the world population, 
has only 1.17 nephrologists pmp [16]. A similar trend was 
observed for nephrology trainees. The trainee density in LIC 
is 30 times lower than that of HIC, with all countries in 
Southeast Asia having trainee density below the global aver-
age [22]. Paradoxically, nephrologists trained in LIC or 
LMIC often cover the manpower shortage in many HICs 
[22]. One of the limiting factors for training adequate num-
bers of nephrologists is the lack of nephrology training pro-
grams. More than half of LIC do not have a nephrology 
training program [16]. In addition, declining interest in 
nephrology among trainees, lack of exposure to nephrology 
among medical students, erosion of the scope of nephrology 
practice by other specialists, and inflexible work schedules 
have been mentioned to play a role in the shortage of nephrol-
ogists [23].

There is also a shortage of all other nephrology care pro-
viders worldwide regardless of income group. The most 
commonly reported shortage is of renal pathologists (86%) 
followed by vascular access coordinators (81%) [16]. This 
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shortage of other nephrology care providers further com-
pounds the huge adverse impact of workforce shortage on 
public health.

 Essential Medicine and Technology
Besides high morbidity and mortality, kidney disease is asso-
ciated with enormous healthcare costs for both the individual 
and society. Providing equitable access to affordable and 
safe essential medicines and technologies is crucial in 
addressing the healthcare needs of these patients [24]. Early 
detection, management, and monitoring of AKI and CKD 
are vital to slow down their progression and can yield signifi-
cant clinical and economic benefit [25]. Essential laboratory 
tests, including serum creatinine and proteinuria testing, are 
not available in many countries, especially LIC (Fig.  2.2) 
[24]. None of the LIC has the ability in primary care settings 

to do these simple and low-cost tests, that have been shown 
to improve the detection and management of CKD [16].

Patients with ESRD usually require phosphate binders, 
vitamin D supplements, calcimimetics, antihypertensives, 
erythropoiesis-stimulating agents, and iron supplements 
[26]. The high cost of these medications is frequently a major 
barrier for patients and most of these medications are not 
covered by public funding.

Timely access to RRT is essential to reduce the morbidity 
and mortality associated with ESRD.  However, access to 
dialysis services can be as low as 5% in LIC [18] and patients 
often die from life-threatening complications such as hyper-
kalemia and metabolic acidosis because dialysis is not acces-
sible. Providing hemodialysis (HD) is usually not realistic in 
low-resource settings due to lack of electricity and water 
supply, high cost of HD machines and consumables as well 

Table 2.1 Aspects of kidney care excluded from public funding in different regions

Dialysis
N (%)

Transplantation
N (%)

Management of 
CKD 
complicationsa

N (%)

Management to 
reduce risk of 
CKD 
progressionb

N (%)

Early 
management to 
reduce risk of 
CKD progressionb

N (%)

Early 
detection in 
individuals at 
risk
N (%)

Management 
of AKIN (%)

None –  
all 
aspects 
funded
N (%)

Overall 33 (29) 42 (37) 46 (40) 48 (42) 49 (43) 60 (52) 29 (25) 40 (35)
ISN regions
Africa 12 (38) 19 (59) 19 (59) 14 (44) 12 (38) 18 (56) 9 (28) 6 (19)
Eastern & 
Central 
Europe

1 (6) 1 (6) 1 (6) 3 (19) 4 (25) 3 (19) 1 (6) 12 (75)

Latin 
America

5 (31) 8 (50) 6 (38) 8 (50) 9 (56) 9 (56) 5 (31) 5 (31)

Middle 
East

2 (17) 1 (8) 2 (17) 3 (25) 4 (33) 6 (50) 1 (8) 5 (42)

NIS & 
Russia

0 (0) 0 (0) 2 (40) 3 (60) 3 (60) 4 (80) 2 (40) 1 (20)

North 
America

1 (50) 1 (50) 2 (100) 2 (100) 2 (100) 2 (100) 1 (50) 0 (0)

North & 
East Asia

2 (33) 2 (33) 3 (50) 1 (17) 2 (33) 3 (50) 2 (33) 2 (33)

Oceania & 
Southeast 
Asia

7 (54) 7 (54) 7 (54) 7 (54) 7 (54) 8 (62) 5 (38) 4 (31)

South Asia 2 (40) 2 (40) 3 (60) 4 (80) 3 (60) 3 (60) 2 (40) 1 (20)
Western 
Europe

1 (13) 1 (13) 1 (13) 3 (38) 3 (38) 4 (50) 1 (13) 4 (50)

World Bank income groups
Low- 
income

9 (56) 12 (75) 11 (69) 10 (63) 8 (50) 11 (69) 8 (50) 2 (13)

Lower- 
middle- 
income

9 (27) 16 (48) 18 (55) 19 (58) 20 (61) 20 (61) 8 (24) 7 (21)

Upper- 
middle- 
income

8 (27) 8 (27) 11 (37) 10 (33) 11 (37) 14 (47) 7 (23) 12 (40)

High- 
income

7 (19) 6 (17) 6 (17) 9 (25) 10 (28) 15 (42) 6 (17) 19 (53)

Reproduced from GKHA 2017 with permission
aAnemia, bone disease, malnutrition
bRisk factor control
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Rate per million population (pmp)

<1.2 pmp 1.2–10.0 pmp 10.1–22.9 pmp >22.9 pmp Data not reported

Fig. 2.1 Prevalence of nephrologists worldwide. (Reproduced from GKHA 2019 with permission)

Blood pressure

Pathology service

Radiology service

UACR or UPCR

Urinalysis (quantitative)

Urinalysis (qualitative)

Low income Lower middle income Upper middle income High income

Creatinine and eGFR

Creatinine without eGFR

Serum cholesterol

HbA1c

Serum glucose

Height and weight

Fig. 2.2 Healthcare services 
for the identification and 
management of CKD at 
primary care level by World 
Bank income group. 
Capacities of primary 
healthcare services for CKD 
care are reported as 
percentages of countries with 
particular services in each 
income group. eGFR, 
estimated glomerular filtration 
rate; HbA1c, glycated 
hemoglobin; UACR, urine 
albumin to creatinine ratio; 
UPCR, urine protein to 
creatinine ratio. (Reproduced 
with permission from Htay 
et al. [24])
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as lack of expertise in managing this type of RRT. In this set-
ting, peritoneal dialysis (PD), which is generally less expen-
sive to run, may be preferable in LIC. Paradoxically, acute 
and chronic PD are less available in these countries (18% 
and 23% respectively) than HD [18].

Access to kidney transplantation is also very low, being 
available in only 23% of LIC [18]. Even in countries with 
transplantation services, accessibility to this service may be 
low, particularly in LIC [18]. Low access to transplantation 
in these regions is due to a number of factors that are related 
to an individual country’s health system characteristics such 
as shortage of personnel, lack of infrastructure, absence of 
system coordination, limited financing, and lack of exper-
tise to perform the surgery. In addition, other factors such as 
cultural reasons, pubic and professional attitudes to trans-
plantation, legislations, and political barriers may obstruct 
organ donation [27]. Low rates of deceased donation and 
utilization of organs are also very common due to ineffec-
tive organ procurement networks, lack of facilities for tak-
ing care of potential donors, religion, and poor public 
education [28, 29].

Given that dialysis or transplantation is not feasible for all 
patients with ESRD, conservative care is an important alter-
native. It refers to the management of health conditions using 
noninvasive practices, with the goal to maintain health as 
much as possible and lessen adverse events [30]. Conservative 
care should be considered as a valid option for ESRD care in 
some settings due to its lower costs, the benefits on quality of 
life, and the lack of evidence that dialysis leads to better out-
comes [31]. However, access to medically advised conserva-
tive care is low (33%) in LIC, with none of the LIC providing 
training in conservative care for nephrology healthcare pro-
viders [18]. In order to optimize the care and quality of life 
of patients with ESRD, efforts need to be made to increase 
awareness and standardization of conservative care particu-
larly in LIC and LMIC.

 Health Information Systems
Information systems are critical for healthcare service plan-
ning and development. Registries are a fundamental tool in 
supporting the planning and regulation of public health sys-
tems as well as for research purposes [32]. Globally, there is 
a lack of registries for AKI and non-dialysis CKD, with only 
13 AKI registries and 19 non-dialysis CKD registries world-
wide [16]. Transplantation and dialysis registries are more 
common with 66% of countries having dialysis registries and 
57% having transplantation registries [16]. This is unsurpris-
ing as dialysis and transplantation patients are usually regis-
tered into the system for resource allocation purposes. 
However, there are significant disparities in the availability 
of registries among income groups. Most HIC have dialysis 
and transplantation registries while only 18% of LIC have 
dialysis registries and none have transplantation registries 

[18]. As a result of deficiency in registry data, most countries 
were unable to estimate the prevalence of AKI and one-third 
of countries were unable to estimate the prevalence of CKD 
[33]. Challenges in developing registries include limited 
financial and material resources, lack of trained personnel 
and support, insufficient understanding from government 
and policy makers, as well as cultural and religious con-
straints [34]. Given the importance of registries for resource 
allocation and predicting future resource requirements, effort 
needs to be made in developing and implementing these reg-
istries since any investment will lead to long term returns 
that will more than offset the initial costs (Table 2.2).

 Leadership and Governance
Leadership and governance are crucial for developing, over-
seeing, and regulating healthcare systems [14]. Effective 
leadership and governance ensure these conditions receive 
priority through properly framed policies and effective 
implementation framework. Globally, there is a lack of advo-
cacy and priority for kidney diseases. The percentage of 
countries recognizing AKI, CKD, and ESRD as health pri-
orities are only 13%, 51%, and 58% respectively [35]. 
Similarly, the percentage of countries with advocacy groups 
for AKI, CKD, and ESRD are 14%, 63%, and 39% [35]. The 

Table 2.2 Prevalence of renal registries

AKI
N 
(%)

Non-dialysis 
CKD
N (%)

Dialysis
N (%)

Transplantation
N (%)

Overall 13 
(8)

19 (12) 101 
(66)

88 (57)

ISN regions
Africa 4 

(10)
3 (7) 18 (44) 6 (15)

Eastern & Central 
Europe

2 
(11)

1 (5) 17 (89) 17 (89)

Latin America 1 (6) 5 (28) 14 (78) 13 (72)
Middle East 1 (9) 1 (9) 6 (55) 8 (73)
NIS & Russia 1 

(14)
2 (29) 5 (71) 6 (86)

North America 0 (0) 0 (0) 4 (44) 3 (33)
North & East Asia 1 

(14)
2 (29) 7 (100) 7 (100)

Oceania & 
Southeast Asia

1 (7) 2 (13) 10 (67) 8 (53)

South Asia 0 (0) 0 (0) 2 (29) 1 (14)
Western Europe 2 

(10)
3 (15) 18 (90) 19 (95)

World Bank income groups
Low-income 2 (9) 2 (9) 4 (18) 0 (0)
Lower-middle- 
income

4 
(11)

4 (11) 18 (51) 10 (29)

Upper-middle- 
income

2 (5) 2 (5) 31 (76) 27 (66)

High-income 5 (9) 11 (20) 48 (86) 51 (91)

Reproduced from GKHA 2019 with permission
AKI acute kidney injury, CKD chronic kidney disease
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prevalence of advocacy groups for CKD and ESRD is lower 
in LIC, with resulting failure to recognize these conditions as 
health priorities [18]. Less than half (44%) of countries have 
national strategies for CKD care and only 34% have CKD- 
specific policies [18]. Notably, none of the LIC has CKD- 
specific policies [18].

Due to the global shortage of nephrologists, primary care 
physicians play an important role in the management of 
CKD. However, the awareness of AKI and CKD was rated as 
low or extremely low among primary care physicians (by 
57% and 64% of countries respectively) [35]. This figure is 
even higher in LIC. This low awareness leads to poor adop-
tion of guidelines among non-nephrologists. Only 7% of 
countries have national AKI guidelines and 27% have CKD 
guidelines [16]. Despite the freely available evidence-based 
international guidelines developed by KDIGO which are 
translated into many languages, access is limited – only 45% 
for AKI and 52% for CKD [35]. In countries that have their 
own guidelines, the rate of adoption of AKI and CKD guide-
lines is only 65% and 66% respectively [35]. Other barriers 
to adoption of guidelines include workforce or resource 
shortage, lack of support from policy makers, and physician 
factors such as lack of accountability related to specific out-
comes [36].

 ISN’s Response to Major Problems Facing 
Global Nephrology

The ISN is dedicated to advancing kidney health worldwide. 
The organisation’s activities focus on bridging gaps in care, 
building capacity, and connecting communities, and aim to 
address the burden of AKI, CKD, and ESRD, in addition to 
the many other facets of kidney disease (Fig. 2.3). The fol-
lowing section provides a brief outline of the ISN’s broader 

actions to improve the state of kidney health worldwide, 
focusing especially on the ISN’s response to tackle major 
challenges in AKI, CKD, and ESRD.

 Bridging the Gaps, Building Capacity, 
and Connecting Communities

The ISN bridges the gaps of available care through advocacy 
and collaborations with global partners. It builds capacity 
with healthcare professionals via granting programs, and 
supporting education and research relevant to global nephrol-
ogy. The ISN works with other stakeholder communities to 
develop a stronger understanding of how to manage kidney 
diseases and engage in a collaborative effort to improve pre-
vention, diagnosis, and treatment [37].

To effectively work toward bridging the gaps, the ISN 
entered into official relations as a non-state actor with the 
WHO in 2012. Relations are governed by a joint action plan, 
and the ISN is invited to participate and provide input into 
official WHO meetings such as the WHO General Assembly, 
the WHO Executive Board, and relevant civil society meet-
ings organized by the United Nations [38]. The ISN is the 
only kidney organization currently in official relations with 
the WHO.

Global awareness building also has an important role to 
play in both bridging gaps and connecting communities. In 
addition to its annual World Kidney Day campaign which 
creates global awareness about the importance of kidney 
health, the ISN and The Lancet launched The Lancet Kidney 
Campaign (http://www.thelancet.com/campaigns/kidney) on 
World Kidney Day 2016. This initiative aims to raise aware-
ness about acute and chronic kidney diseases, bring together 
the best available evidence to inform strategy making, and 
set the stage for future advocacy. The campaign published 
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Fig. 2.3 ISN’s advocacy 
activities in addressing the 
burden of kidney disease. 
GKHA, Global Kidney 
Health Atlas; AKI, acute 
kidney injury; CKDu, chronic 
kidney disease of unknown 
etiology; WHO, World Health 
Organization; WKD, World 
Kidney Day; WHF, World 
Heart Federation; WOF, 
World Obesity Federation
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many updates on recent advances in nephrology and expert 
commentaries on relevant issues in kidney health and poli-
cies. Eight international nephrology society partners joined 
the campaign in 2016. The campaign was a great success and 
received broad public exposure [39].

The ISN regularly brings together high-level decision- 
makers and stakeholders to connect communities and address 
the burden of kidney disease. The first ISN Global Kidney 
Policy Forum was held in Mexico at the World Congress of 
Nephrology 2017 [40]. The second meeting took place at the 
World Congress of Nephrology 2019  in Melbourne 
(Australia). Participants included representatives from 
national health ministries, international and regional health 
organizations, key opinion leaders, and representatives of the 
wider health community [40]. These meetings aim to 
improve understanding of regional issues related to deliver-
ing kidney care and its funding, highlight and address the 
gaps identified in the ISN GKHA, and share information and 
best practices at a regional and global level [40]. The meet-
ings culminate in clear calls to develop policy proposals 
which support the improvement of kidney health manage-
ment [40].

Building evidence is important in all of the ISN’s advo-
cacy efforts to improve awareness of the burden of AKI, 
CKD, and ESRD among health policy makers and funders. 
For this, products such as the Global Kidney Health Atlas are 
crucial, as well as supporting renal registries worldwide. 
Renal registry data can provide critical information to sup-
port the planning, delivery, and evaluation of renal services, 
as well as highlight discrepancies in service provision within 
and between countries. Unfortunately, many low-resource 
countries (and some HIC) do not have renal registries. 
Therefore, to support the establishment of renal registries in 
these countries, the ISN partnered with a group of interna-
tional organizations to create the team “SHARing Expertise 
to support the set-up of Renal Registries (SharE-RR)” to 
help develop resources that kidney health advocates can use 
to assist the development of a renal registry in their countries 
[41].

Bringing together the expertise of its members, the ISN 
builds capacity for better prevention and effective treatments 
to reduce the impact of kidney and associated diseases in the 
world, through a wide range of educational programs. The 
Sister Centers Program aids in building the capacity of renal 
centers in developing countries with educational support and 
guidance from other more advanced centers, with the goal of 
the emerging centers ultimately becoming self-sufficient and 
improving the services available for their patients. The 
Fellowship Program supports nephrologists from disadvan-
taged parts of the world to receive training abroad in an 
advanced host institute of their choice. The fellows are then 
required to return to their home country after the fellowship 
and use the knowledge and skills they acquired to improve 

the education and kidney care provision in their home coun-
tries upon their return. According to a recent survey, most of 
the fellows who completed the program are now working 
in local academic centers, directly contributing to the provi-
sion of care and teaching [42]. The Educational Ambassador 
Program supports visits of experts to emerging centers to 
deliver high quality and relevant hands-on training, and the 
Continuing Medical Education (CME) Program supports 
expert speakers to provide teaching at regional conferences 
in emerging countries. The Clinical Research Program, 
Mentorship Program, and Scientific Writing course provide 
financial support as well as mentorship from highly experi-
enced nephrologists on clinical research projects and manu-
scripts in the developing world. To ensure access to education 
regardless of location, the ISN offers an eLearning portal, the 
ISN Academy, with a plethora (8000+) of training resources 
which allow nephrologists worldwide to have one-click 
access to knowledge on the prevention, diagnosis, and man-
agement of kidney diseases.

These various training and education activities position 
the ISN to be more impactful in its projects tackling the spe-
cific burdens of AKI, CKD, and ESRD.

 Tackling AKI

 0by25 Initiative
Recognizing AKI as a growing global problem, the ISN in 
2013 launched the ISN AKI 0by25 human rights initiative 
with the ambitious goal of eliminating preventable deaths 
from AKI worldwide by 2025 [9]. The aim of this initiative 
is to call for globally applicable strategies that permit timely 
diagnosis and treatment of AKI for patients with potentially 
reversible diseases. Its emphasis is on developing countries 
in Africa, Asia, and Latin America with disadvantaged popu-
lations and poor access to care.

The first project of this initiative was the AKI Global 
Survey, which aimed to gain a better understanding of the 
way AKI is managed globally. Launched in 2014, the AKI 
Global Survey sent out surveys in eight different languages, 
asking more than 10,000 nephrologists around the world to 
report how AKI is diagnosed and treated in their respective 
countries [43].

The Survey laid the groundwork for future 0by25 research 
projects, specifically the AKI Global Snapshot. The Global 
Snapshot recorded information on over 4000 pediatric and 
adult patients with AKI encountered in their regular practice 
by 372 physicians from 72 countries over a 10-week period 
in the last quarter of 2014 [10, 44]. It provided a prospective, 
cross-sectional understanding of the growing burden of AKI, 
including how it is identified, managed, and treated in differ-
ent settings around the world [10]. In 2015, it culminated in 
The Lancet AKI Commission Report [10].
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The important work from these first two research projects 
paved the road for the 0by25 Pilot Feasibility Study in 2016–
2017. This study was the first to evaluate the feasibility and 
impact of a comprehensive education and training program 
for management of community-based AKI in low-resource 
settings [45]. Working in three selected clusters located in 
Africa, Asia, and Latin America, it identified the barriers for 
the recognition and management of AKI in different settings 
and compared outcomes from AKI before and after interven-
tions. In parallel, it enabled the establishment of a network of 
stakeholders across the world to raise public awareness of 
AKI [45].

The ISN 0by25 AKI human rights initiative matured into 
its action phase with the Kidney Care Network (KCN), a 
project which focuses on locally led education and training 
in LMIC sites (initially in Bolivia, Brazil, Nepal, and South 
Africa) to achieve sustainable, affordable improvement in 
routine AKI detection and management. It was launched in 
July 2017 and tested whether the successful intervention 
from the 0by25 Pilot Feasibility Study could be incorporated 
into routine care in LMIC [46]. These project sites provide 
education and training in AKI care given by local experts 
using materials evaluated as successful during the Pilot 
Feasibility Study [46]. Working in full collaboration with 
local institutions, the project aims to improve the standard of 
care in AKI detection and management in a way that is 
appropriate and sustainable in the local setting [46].

 Saving Young Lives Project
Together with International Pediatric Nephrology 
Association, International Society for Peritoneal Dialysis, 
the European Society for Peritoneal Dialysis, and the 
Sustainable Kidney Care Foundation, ISN started the Saving 
Young Lives (SYL) project in 2012 with the aim of develop-
ing sustainable programs for treating AKI in low-resource 
health settings. The project focuses on hospital development, 
provides hands-on training and education in order to estab-
lish a proof-of-principle sustainable acute PD program in 
very low-resource settings in sub-Saharan Africa and 
Southeast Asia. It also provides a template for the extension 
of such a model across the world with the ultimate goal to 
save lives of people with severe AKI [47, 48]. The program 
has supported the development of acute PD in ten centers 
where dialysis was in the past unavailable. Between January 
2013 and September 2015, 175 children and adults received 
acute PD; complete renal recovery was achieved in 33% of 
patients reflecting that 58 “young lives” (mean age 
12 ± 13 years) were saved. With these encouraging results 
demonstrating sustainability and reproducibility, the SYL 
program is being expanded to other ISN regions. However, 
real sustainability of the SYL program can only be achieved 
with local government support. For this reason SYL has also 
begun collecting data in its centers to demonstrate to local 
authorities that providing acute PD for patients with severe 

AKI is possible, affordable, and deliverable and will save 
lives in low-resource settings.

 Tackling CKD

 ISN Global Kidney Health Summit 2016
The 2016 ISN Global Kidney Health Summit brought 
together 85 individuals with diverse expertise and profes-
sional backgrounds from around the globe to identify and 
prioritize key activities for the next 5–10 years in the domains 
of clinical care, research, and advocacy and to create an 
action plan and performance framework to improve CKD 
care worldwide. The summit discussions were divided into 
ten themes: (1) strengthen CKD surveillance; (2) tackle 
major risk factors for CKD; (3) reduce AKI – a special risk 
factor for CKD; (4) enhance understanding of the genetic 
causes of CKD; (5) establish better diagnostic methods in 
CKD; (6) improve understanding of the natural course of 
CKD; (7) evaluate and implement established treatment 
options in patients with CKD; (8) improve management of 
symptoms and complications of CKD; (9) develop novel 
therapeutic interventions to slow CKD progression and 
reduce CKD complications; and (10) increase the quantity 
and quality of clinical trials in CKD. Each group produced a 
prioritized list of goals, activities, and a set of key deliver-
ables for each of the themes [49]. Gaps in research, care, and 
policy relevant to CKD were identified during this Summit 
and a comprehensive plan was developed to address them 
[49]. The plan covered activities in education, research, pol-
icy creation, and involved collaboration across academic and 
healthcare institutions, government agencies, industry part-
ners, research funding agencies, clinicians, researchers, pol-
icy makers, and patients [49]. An initial high-level 
performance measurement framework was proposed by 
which activities would be documented, timelines and respon-
sible parties identified, and the impact on specific metrics 
anticipated [49]. All of these were published in a post- summit 
declaration in The Lancet in 2017.

In addition to The Lancet publication, additional manu-
scripts elaborating on the individual themes described above 
were published in October 2017  in Kidney International 
Supplements [16, 17, 50–55].

 GKHA 2016
In response to the identified gaps in knowledge about the 
prevalence and incidence of CKD, the ISN initiated the 
GKHA in 2016. The first edition was published in April 2017 
[16, 56], and gave a high-level overview of the current state 
of CKD care, and how it was organized and structured world-
wide. It showed trends in the burden of CKD and its conse-
quences across the world [16]. It made key recommendations, 
which included the need to: extend healthcare financing and 
access to treatment; increase capacity by addressing work-
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force shortages; enhance consistency of care through national 
strategies and guidelines; and increase support for preven-
tion [16]. The GKHA acted as a platform for championing 
the cause using the identified gaps modeled on Universal 
Health Coverage domains and built the foundation for a 
global CKD care surveillance network [40]. The findings for 
each domain were published in February 2018, which 
included guidelines, policies, and barriers to kidney care 
[35]; health systems oversight and financing for kidney care 
[15]; the nephrology workforce [22]; access to health tech-
nologies and medications [24]; health information systems 
[33]; and capacity for clinical research in nephrology [15].

Complementing the GKHA, the ISN formalized a rela-
tionship with the Global Network of CKD Cohort Studies in 
2015, thereafter called the International Network of Chronic 
Kidney Disease Cohort Studies (iNET-CKD), with the aim 
of enhancing the understanding of CKD progression and its 
consequences through collaboration among study investiga-
tors and implementing observational research studies.

 CKDu
CKD of unknown etiology (CKDu) is a new form of CKD 
which emerged over the last two decades and which is attrib-
utable to nontraditional CKD risk factors including extreme 
physical exertion, heat stress, water quality, and exposure to 
agrochemicals. There are currently significant challenges in 
the identification and management of CKDu due to factors 
such as lack of concordant approaches in individual-level 
diagnosis and detection at the population level, and lack of 
treatment or preventative strategies. Therefore, it is of critical 
importance to have a broad collaboration and multidisci-
plinary approach with the ultimate goal of strengthening 
health services, workforce training, access to health technol-
ogy, medications, and medical surveillance through interna-
tional cooperation. ISN will play key in the whole process. 
For example, in parallel with its broader work on CKD, the 
ISN has become increasingly involved in efforts related to 
the issues surrounding CKDu as part of its collaboration plan 
with the WHO. ISN started facilitating this issue by support-
ing collaboration and information sharing of an International 
Consortium of Collaborators on CKDu (i3C) to encourage 
information exchange. ISN is also coordinating the develop-
ment of a CKDu Observatory documenting ongoing local 
research projects to foster collaboration and exchange of 
information.

 Tackling ESRD

 Affordable Dialysis Machine
Providing dialysis is expensive, and every year millions of 
people die because they cannot afford or do not have access 
to this life saving treatment. In order to inspire innovation 
in designing an affordable dialysis machine which can be 

used in resource-poor regions, the Affordable Dialysis 
Prize was set up in 2015 by The George Institute for Global 
Health with the support of the ISN, the Asian Pacific 
Society of Nephrology, and the Farrell Family Foundation 
[57]. Irish engineer Vincent Garvey won the prize to design 
an innovative system, which is reliable, safe, cheap (cost 
less than 1000 USD and provide treatment for less than 5 
USD a day), and able to run on solar power using any 
water source. This invention has now taken out global pat-
ent protection and Ellen Medical Devices was set up to 
commercialize the system. It is anticipated that clinical tri-
als using this system will start enrolling volunteer patients 
in 2020 [57].

 Global Kidney Health Summit 2018
To commence tackling the growing problem of ESRD espe-
cially in emerging economies, the ISN focused its 2018 
Global Kidney Health Summit on integrated ESRD care. The 
meeting provided opportunities to define gaps in knowledge 
and clinical practice, to design concrete strategies to fill 
those gaps, and to create a performance framework to dem-
onstrate progress over time. Summit participants developed a 
plan to address four important aspects of ESRD care: advo-
cacy, sustainability, equity, and integration. Participants 
emphasized the need to individualize and tailor the imple-
mentation of proposed action steps in each of these four 
domains according to local needs, culture, and available 
resources [58].

The Global Kidney Health Summit on ESRD was the first 
step in the process of developing an overall strategic plan for 
integrated ESRD care (Fig. 2.4) [58]. To continue develop-
ment of the plan, the ISN held a workshop during the World 
Congress of Nephrology in Melbourne, April 2019. Identified 
activities from the Summit’s eight working group themes 
were reorganized into the following four domains: resources 
(training, workforce, financing); dialysis (service, standards, 
organization, delivery); support (pre-ESRD care, supportive 
care, and transplantation); and monitoring (data, monitoring, 
audit and quality assurance). An overall approach to develop 
the strategic plan was defined. Completion of the plan will 
include representatives of all relevant stakeholder groups 
who will be involved in implementing the strategy over the 
next 5–10 years.

 Collaboration with WHO
As part of its official relations with the WHO and a joint col-
laboration plan, the ISN is currently working on developing 
a Guidance Package on How to Set Up Dialysis in low- 
resource settings, to be made available to local healthcare 
managers [38]. The Package is expected to be published as 
an official ISN-WHO publication in 2020. As a first intelli-
gence gathering step, ISN developed the ISN Kidney 
Collection Survey, which collected and collated many origi-
nal documents and guidelines from a number of countries in 
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the areas of dialysis eligibility, procurement, care, and out-
comes monitoring [38].

 Ethical Issues in Nephrology
Another parallel project is a series of papers on major ethical 
issues in provision of nephrology care worldwide, the first of 
which in The Lancet focused on dialysis, identifying priori-
ties for further investigation and management, and present-
ing preliminary recommendations to guide practice and 
policy [59]. The ISN aims to publish reviews and position 
statements on ethical nephrology care relevant to emerging 
and developed countries. This project aims to bring aware-
ness and advocacy for the removal of perverse financial 
incentives, developing minimum global quality standards 
and defining principles for equitable access where resources 
are scarce.

 GKHA 2019
A second edition of the GKHA was released in April 2019 in 
conjunction with the ISN’s World Congress of Nephrology 
in Melbourne. Based on survey results of 160 nations com-
prising over 98.6% of the world population, this version 
included questions targeted at ESRD care worldwide, thus 
helping the ISN to determine the capacity and readiness of 
nations to provide ESRD patients with universal access to 
equitable integrated care, including dialysis, transplantation, 
and conservative care [18]. It will inform local and interna-

tional bodies about key activities to improve healthcare pol-
icy within the global health agenda. Future work of the 
GKHA will include developing tools and implementing 
regional and national strategies, and continuing to track 
progress in each region and country.

 Concluding Remarks

There are many challenges faced by the current healthcare 
system worldwide in meeting the rising burden of AKI, 
CKD, and ESRD. Through its work, the ISN has identified 
many gaps in the current state of kidney care globally in the 
areas of finance and service delivery, nephrology workforce, 
essential medicines and technology, information systems, 
leadership, and governance. There are significant healthcare 
inequalities and inter- and intra-regional variability in the 
capacity for kidney care provision. In collaboration with its 
partners, the ISN aims to meet the global challenges in care 
of patients with AKI, CKD, and ESRD, through a wide 
range of activities involving advocacy, education, and 
research.
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Fig. 2.4 End-stage renal disease pathway. (Reproduced with permission from Harris et al. [58])
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Number of patients on peritoneal 
dialysis

2017 – 10
2018 – 12
2019 – 5

Number of renal transplantations per 
year

2017 – 0
2018 – 0
2019 – 0

1.  Institut National de la Statistique (INS) en République Démocratique 
du Congo. Accessed in February 2019. Available on https://undp.org/
content/dam/dem-rep-congo/docs/MDG/anuaire

2.  Current World Population-Worldometers. Accessed in March 2018. 
Available on https://www.worldometers.info/world-population/

3.  Data World Bank. https://data.worldbank.org/country/
congo-dem-rep

4.  Human development index (HDI). Accessed in December 2019. 
Available on http://hdi.undp.org/in/countries/profiles (COD)

 Introduction

Kidney diseases are a major health concern worldwide but 
mostly in low- and middle-income countries where access to 
health care is limited. Black Africans, including those in the 
Democratic Republic of the Congo (DRC), are dispropor-
tionally affected.

The DRC is a vast mineral-rich central Africa country 
with 2,345,410 km2 [1], including a total of 26 provinces. 
Despite its wealth of natural resources, DRC remains one of 
the poorest countries on Earth. The most vital natural 
resources encompass the country’s arable land, minerals, 
forests, and wildlife.

Health infrastructures are minimally developed and most 
people lack basic services, including but not limited to, diag-
nosis and treatment of kidney diseases. Shortage in health-
care resources forces those who can afford to seek medical 
attention overseas. There is no coverage for health benefits 
whether private or public and the trained nephrology work-
force is still in its infancy stage of development, with only 26 
certified nephrologists for a population of ~82 million [2, 3].

Until now, chronic kidney disease (CKD) has not received 
the needed government attention. The lack of detection pro-
grams and data on CKD including dialysis are sparse. 
Prevention remains the only recourse to save lives.

 History of Nephrology in the Democratic 
Republic of the Congo

Although DRC is a vast country, there is only one Renal Unit 
(RU) that has been operating at the Kinshasa University 
Hospital. Nephrology education and training was first under 
the supervision of internists until 1974 when André Kalatanda 
Tshiani (MD, PhD) who trained as nephrologist in Scotland 
returned home. In this regard, Professor André Kalatanda 
Tshiani was considered the father of the Congolese 
Nephrology (the beginning of a formal nephrology training 

program). He worked together with Professor Corneille 
Ntumba Tshipeta (Urologist) who introduced in 1972 the 
first artificial kidney treatment for acute kidney injury (AKI). 
Unfortunately, due to financial constraints, this renal replace-
ment therapy (RRT) was discontinued in its infancy stage. 
However, peritoneal dialysis (PD) was still performed since 
the beginning of the 1960s and renal biopsy was occasion-
ally practiced by internists. Renal biopsy practice has become 
an exclusive task to be carried out by nephrologists starting 
1974 and papers by Tshiani et al. on CKD and hypertension 
in Blacks have regularly been published in peer-reviewed 
journals [4–8].

In 1986, the RU experienced a kind of revival thanks to 
the return of Professor Nazaire Mangani Nseka (graduated 
from the Catholic University of Leuven, KUL Belgium) and 
close collaboration with Professor François Bompeka Lepira 
in diagnostic and therapeutic management of kidney 
diseases.

With the expertise of Professor Nestor Muyulu Pakasa 
(renal pathologist graduated from KUL), the interpretation 
of renal biopsies has significantly improved. The treatment 
protocols of different glomerular lesions were established 
and an outpatient follow-up clinic was organized for patients 
with KD.

For the first time, a continuous ambulatory peritoneal 
dialysis (CAPD) program was initiated using locally pro-
duced consumables before resorting to commercially 
available products. This has allowed dialysis in end-stage 
renal disease (ESRD) to be performed even for patients 
from remote provinces. In 1985, Professor Prosper Binda 
Ki Muaka (graduated from KUL) started pediatric nephrol-
ogy but died few years later. Then, pediatric patients were 
taken care of by two pediatric nephrologists (Michel 
Ketani Aloni and Pépé Mfutu Ekulu) in collaboration with 
adult nephrologists. Since then, the pediatric renal unit has 
been growing up.

At the end of 1980s, a new hemodialysis (HD) center 
(with only two HD machines) was set up at the private 
“Presidential Clinic” in Kinshasa. The facility was, unfortu-
nately, ransacked during a widespread looting that took place 
in 1991 in the midst of a political turmoil, leaving CAPD as 
the only form of RRT (both for AKI and ESRD) for nearly 
16 years. HD has resumed only in private clinics; currently, 
there are 15 functional HD centers for the whole country, of 
which eight are located in Kinshasa, the capital city.

Acting within the framework of the World Kidney Day 
developed by the International Society of Nephrology (ISN), 
mass campaigns for raising awareness about early detection 
and prevention of kidney diseases and their main risk factors 
(hypertension, diabetes, and obesity) are yearly conducted 
since 2006 [9, 10].

By the end of 2019, a total of in-country certified 26 
nephrologists, for either adult (23) or pediatric care (3), have 
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been trained locally. In addition, fellowships from Belgian 
technical cooperation, Catholic University of Louvain, 
Diplômes de Formation Médicale Spécialisée Approfondie 
(DFMSA), Vlaamse (Flemish) Interuniversitaire Raad 
(VLIR), and ISN were awarded to six nephrologists (includ-
ing two pediatricians) for hands-on training in renal centers 
in Belgium and/or France. Upon their return home, the care 
of kidney diseases has significantly improved. Their input 
has contributed substantially to a better knowledge of 
 histologically proven kidney diseases [11, 12] as evidenced 
in several high-quality publications [10, 13–16].

 Epidemiology of Chronic Kidney Disease 
and Other Important Renal Diseases

The full magnitude of kidney diseases (e.g., AKI, CKD as 
well ESRD) in the Democratic Republic of the Congo is pre-
sumably high, but remains unknown due to the lack of reli-
able census and national registries. Most studies have focused 
on selected cities, including Kinshasa [10, 17], Kisantu [18], 
Lubumbashi [19], and Bukavu [14, 20]. It is estimated that 
2–3% of hospital admissions in tropical countries, including 
the Democratic Republic of the Congo, are due to kidney 
diseases [21]. In the general population, the prevalence of 
CKD varies from 12.4% in the Kinshasa [10] to 7.3% in 
Bukavu [20]. It appears significantly much higher in urban 
Bukavu residents (15.3%, p = 0.01) relative to rural settings 
(10%). Moreover, CKD affects mainly young adults in their 
productive years. In contrast to the USA where CKD appears 
to predominate in older, rather than younger subjects, there is 
a distinct overrepresentation of CKD in younger people in 
our Country (Fig. 3.1) [10].

Furthermore, unlike in developed countries where, more 
than 50% of ESRD patients are over 60 years old, data in 
Congolese series indicate that only 9% of ESRD patients are 
above 60  years of age. According to the latest WHO data 
published in 2018 [3], life expectancy in the DRC (58.9 years 
for men, 62 for women, and 60.5 overall) remains signifi-
cantly low compared to that of the USA (76 years for men, 
81 for women, and 78.7 overall). Reasons for this discrep-
ancy have yet to be determined. A recent genetic study found 
a prevalence of 12.7% for two APOL 1 risk alleles in the 
CKD population of Kinshasa [22], explaining partially the 
younger age of the Congolese individual with CKD.  This 
observation is consistent with the findings of Kanji [23] and 
Tzur [24] from the USA showing that African Americans 
(AA) with non-diabetic ESRD carrying two APOL 1 risk 
alleles initiated dialysis at a mean age that was 9 years 
younger that of those without APOL 1 risk alleles. CKD 
affects also Congolese people at school age. Indeed, the 
prevalence of CKD among adolescents and young adults 
(16–24 years old) of Kinshasa is 1.5% [25]. In this school 
environment, the prevalence of qualitative and quantitative 
proteinuria was 7.4% versus 1%, respectively.

In the voluntary mass screening of the 2007 World Kidney 
Day for proteinuria and risk factors associated with CKD, we 
found the prevalence of proteinuria to be 17%. To identify 
one case of proteinuria, it would need to screen four persons 
with diabetes, four subjects having metabolic syndrome, five 
persons with hypertension, five persons aged more than 
72 years old, and nine persons without any of the conditions 
mentioned above [26].

CKD is also a significant cause of death in our Country 
[17], resulting from kidney and/or cardiovascular disease. 
Adverse outcomes of CKD such as ESRD, cardiovascular 
disease, and premature death can be prevented or delayed 
when treatment is initiated in the early stages. Hence, pre-
vention is of paramount importance in our Country with no 
or limited access to RRT. In this context, glomerular filtra-
tion rate (GFR) is the best quantitative renal function marker, 
as it may be measured or estimated. Measurement of GFR by 
using reference methods is not easily feasible, especially in 
developing countries. In clinical practices, GFR is estimated 
from endogenous biomarkers such as creatinine. In this 
regard, Bukabau et al. [27] reported that serum creatinine in 
Black Africans is closer to Caucasian subjects than 
AA. Therefore, the AA race-ethnicity factor is not appropri-
ate in Black Africans and the performance of the CKD epide-
miology (CKD-EPI) and full age spectrum (FAS) equations 
is satisfactory and equivalent for measured GFR (mGFR) 
≥60  ml/min/1.73  m2, when ethnic factor is omitted. The 
inadequacy of the AA race-ethnicity factor for the equations 
is probably because they have been developed in populations 
with different anthropometrical characteristics. Indeed, by 
contrast to Fernandes et al. [28] who showed a significantly 
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Fig. 3.1 Prevalence of CKD stage 3 or higher, according to age range 
and country. The width of the columns is proportional to the percentage 
of subjects in that age bracket, by cohort. There is a distinct overrepre-
sentation of CKD in younger people in the Democratic Republic of the 
Congo cohort, in contrast to the US cohort. This difference in distribu-
tion is highly significant for the two middle age ranges (P < 0.01, chi- 
square test). (The data for the USA were taken from Coresh et al. [43])
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higher creatinine levels in Brazilian Black patients relative to 
Caucasians, Black Africans have low muscle mass compared 
to AA, probably due to poor diet and/or overall health, other-
wise partially explained by the preponderance of HIV infec-
tion or other chronic diseases [27]. Nevertheless, the 
difference between creatinine levels in Black subjects from 
different continents may also have specific causes that 
require closer genomic ancestry scrutiny. For example, stud-
ies from Brazil [29, 30] have suggested that each Brazilian 
has singular proportions of American, European, and African 
ancestries in their mosaic genome.

In the Democratic Republic of the Congo, the burden of 
CKD reflects typically the interaction of genetic, socioeco-
nomic, cultural and environmental factors, as well as the 
multiple deficiencies of the healthcare system (Fig.  3.2). 
CKD is likely due to the double burden of communicable 
diseases (e.g., malaria, filariasis, onchocerciasis, schistoso-
miasis, tuberculosis, HIV, HCV, and HBV) as well non- 
communicable diseases such as hypertension, diabetes, 
sickle cell disease, obesity, heart disease, collagen vascular 
disease, and APOL 1 nephropathy.

While glomerular disease (35%) remains the primary 
cause of ESRD, hypertensive kidney disease (30%) and dia-
betic nephropathy (25%) are currently important additional 
causes of CKD [31]. Other CKD that are important causes of 
ESRD include obstructive uropathy (e.g., renal calculi, 
benign prostatic hyperplasia, prostate disease), autosomal 
dominant polycystic disease, lupus nephritis, chronic inter-
stitial nephritis, amyloidosis secondary to chronic infection 
(e.g., tuberculosis, HIV, HCV), herbs nephropathy, HIV 
nephropathy, and sickle cell nephropathy. During the 1970s, 
the country experienced the decline of parasitic causes of the 
nephrotic syndrome with colonial and post-colonial eradica-
tion campaigns. Unfortunately, this effort has been lost over-
time due to poor governance, lack of political will, civil war, 
and poverty in the country, resulting in persistence and re- 
emergence of tropical diseases (e.g., chronic parasitic, bacte-
rial, fungal, and viral infections) [32], explaining the 
preponderance of glomerular diseases. Other plausible 
explanations include those related to the genetic adaptation 
of microbial agents, occupational exposures, inappropriate 
use of antibiotic, and environmental factors (climate and 
weather variations, economic development, and changes in 
land use). Currently, focal segmental glomerulosclerosis 
(FSGS) remains the leading cause of nephrotic syndrome; 
with virus human infection accounting for 30% of the cases, 
the remainder was idiopathic. Pakasa et al. [32] showed that 
CKD secondary to tropical parasites are heterogenous. 
Indeed, FSGS occur during various filariasis infections, 
Schistosoma mansoni is responsible for membranoprolifera-
tive glomerulonephritis (MPGN) and amyloidosis whereas 
human African trypanosomiasis is associated with cryoglob-
ulinemic MPGN.

While Plasmodium falciparum infection may lead to 
acute pattern of AKI (acute tubular necrosis or acute post- 
infectious glomerulonephritis), Plasmodium malariae is 
mainly responsible for CKD due to membranous glomeru-
lopathy. Several other viral (i.e., HCV, HBV), parasitic 
(onchocerciasis), bacterial (leprosy and tuberculosis) infec-
tions, which are still highly prevalent in DRC may affect also 
the kidney. A variety of renal injuries associated with sickle 
cell disease is also encountered [32, 33].

The second cause of CKD in our Country is hypertension- 
attributed nephropathy, which accounts for 25% of the sub-
jects in the dialysis facilities of Kinshasa [16]. It is unclear 
whether the high frequency of hypertensive kidney disease is 
a result of damage from severe essential hypertension, poten-
tiated by environmental nephrotoxins such as the use of 
herbal remedies, illicit or prescribed drugs or other factors. 
Our recent study [22] identified a significantly elevated odds 
ratio (OR) for hypertension-attributed CKD among carriers 
of two risk alleles, which could partly explain the heavy bur-
den of CKD and hypertension in Kinshasa [22]. Hypertension, 
in general, occurs earlier and is more severe in Black Africans 
than it is in AA [34].

Although diabetic kidney disease is still the third cause of 
ESRD, its incidence is increasing mainly among those in 
RRT. The continuing rise in the incidence of diabetic ESRD 
may be due to a combination of increasing incidence rate of 
diabetes and ineffective therapy to retard progression of dia-
betic renal disease in the early stages. For example, a screen-
ing for diabetes in the general population of semi-rural area 
of Kisantu (at 120 km from Kinshasa) yielded the prevalence 
of microalbuminuria and macroalbuminuria in 45.2% and 
12%, respectively [18]; intervening early in the course of the 
disease would be more effective than after the disease has 
been established.

Persisting public health issues such as inadequate sanita-
tion, lack of safe drinking water, suboptimal infection con-
trol and reproductive health, and environmental hazards 
continue to generate a large and preventable burden of CKD 
and AKI [35]. There is also a striking difference between the 
etiologies of AKI in the developed world compared to that of 
developing countries.

AKI in Western societies is now largely the consequence 
of cardiovascular surgery, drugs, multi-organ failure, conse-
quences of traffic and industrial accidences. In the develop-
ing world including the DRC, medical causes remain the 
dominant subgroup of AKI [36]. In this context, most cases 
are probably community-acquired AKI in which infections, 
hypovolemia, and herbal medicines remain the most com-
mon etiological factors.

AKI is also common in hospitalized patients, particu-
larly in critically ill patients. In this regard, a more recent 
survey [13] indicated that more than half of critically ill 
Congolese patients developed AKI, which substantially 
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contribute to short-term mortality. According to Oluwo 
et al. [36], most patients in sub-Saharan Africa (SSA) pre-
sented with severe AKI, with 70% of adults and 66% of 
children needing dialysis (stage 3 AKI), suggesting that it 
is a more aggressive disorder in SSA than elsewhere, due 
probably to late admission and inability to pay for dialy-
sis. AKI is an important independent risk factor for CKD 
and ESRD, death, and other non-renal outcomes. This 
situation prompted the ISN through the 0by25 initiative to 

make the fight against one of its  priorities, by recognizing 
a reduction in preventable death due to AKI a “human 
right” issue and called for stakeholder engagement, public 
awareness, and education of general practitioners and 
non-physician healthcare workers on causes of AKI (e.g., 
infections, herbs, contamination waters, over-the- counter 
medicines, and obstetric care) and the importance of its 
prevention [35]. Through the ISN program for developing 
countries, some Congolese physicians have received 

Acute Kidney Injury (AKI)

Premature death from
cardiovascular or infection complications 

End stage renal disease
(Lack or withdrawal from RRT, death ++++)

Environment

• Socio-economic
• Parasitic, bacterial, fungal, viral infection
• Cultural (herbal unsecure remedies)

. Persistence or reemergence of
parasitic, bacterial and viral
diseases 

. Fetal hypertrophy

Genetic predisposition

• Black race, male  gender, APOL1 gene risk allele (G1, G2)
• Family history of CKD, Sickle cell anemia
• Hypertension, diabetes, Obesity
• Low birth weight

. Failing health system 

. Inadequate sanitation

. Lack of safe drinking water

• Emergence of non communicable diseases
  (hypertension, diabetes, obesity)  

Emergence of chronic kidney disease (CKD)due to chronic
glomerulonephritis+++, hypertension++, diabetes+, obesity+

among relatively young subjects

. Lack of prevention policy

. Lack of health coverage

Failing health system

Western adoption lifestyle (sedentary, high salt,
alcohol, tobacco)

. Aging of the population

Fig. 3.2 Epidemiological peculiarities of kidney diseases (AKI, CKD) in DRC
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nephrology training which has impacted our country 
improving the standards of care and the developing acute 
PD for AKI.

 Renal Replacement Therapy

RRT for ESRD in DRC encompasses HD and PD modalities 
as well as kidney transplantation (both living and deceased 
are not available). The majority of the 230 prevalent patients 
are undergoing HD.  Of note, the majority of HD centers 
offer both diffusive (HD) as well as convective therapy 
(hemodiafiltration, hemofiltration). Since patients are some-
times treated by one or the other method, depending on the 
patient’s condition as well as the availability of equipment, it 
seems difficult to determine the exact number of patients 
undergoing only convective therapy.

With regards to vascular access, only 9.3% of patients use 
arteriovenous fistulas for HD. 60.5% of patients have tun-
neled catheters and 30.2% temporary vascular access. Our 
standard HD prescription has a dialysate flow of 500 ml/min 
and a blood flow rate that varies from 250 to 400 ml/min, 
depending on the patient’s condition and vascular access. 
The conventional in-center HD is done for 4 hours, three- 
weekly sessions for patients who can afford the cost of long- 
term HD treatment. We do not reuse the same dialyzer in 
DRC.

A recent survey [37] showed that the overall prevalence of 
hepatitis C virus infection (HCV) in six HD centers of 
Kinshasa was 17.3% (only two centers had a low preva-
lence). Determinants of HCV infection were as follows: 
multiple blood transfusions (>4), lack of erythropoietin 
(EPO) therapy, HD duration >14 months, temporary cathe-
ter, and/or treatment in charitable HD centers. Currently, 
there are no patients with hepatitis B virus or HIV in HD.

Although the total number of subjects with ESRD and 
requiring RRT remains unknown, Sumaili et al. [10] reported 
a prevalence of stage 5 CKD of 0.2% in Kinshasa. This sug-
gests that 164,000 Congolese people should present ESRD 
requiring RRT.  Our data [38] indicate also that more than 
three-quarters of patients admitted in the renal unit at the 
University of Kinshasa were already at stage 5 CKD, and 
only 11% of them could afford RRT. For example, currently, 
only 230 patients are on HD in the country. Indeed, access to 
dialysis in the Democratic Republic of the Congo is limited 
by insufficient infrastructure and catastrophic out-of-pocket 
expenses [39].

Limitations to regular maintenance dialysis include pau-
city of dialysis units (currently there are only 15 HD centers 
and 3 other PD centers (with currently five patients on 
CAPD, automated DP is not available)), restriction of these 
units to urban centers, and absence of government funding or 
health insurance to cover the high costs. Lack of financial 

resources forces patients either to reduce dialysis frequency, 
withdraw from dialysis, or use alternative treatment respon-
sible for the higher mortality with a median survival of 
17 months or 78 per 1000 patient-years (17 per 1000 in pre-
served versus 61 per 1000 in reduced residual urine volume 
(<500  ml/day) [40]. Mokoli et  al. [40] found also that in 
Kinshasa, 18.4% died from withdrawal of HD due to finan-
cial constraints. In two HD centers funded by the provincial 
government of Kinshasa “called charitable HD center” at 
75% (direct cost of HD per session is about 60 USD com-
pared to more than 200 USD in the other Congolese HD cen-
ters [41]). Withdraw from dialysis supplies is more frequent, 
contributing to poor quality of life and all-cause mortality in 
ESRD patients.

We also observed that about 80% of all patients with AKI, 
despite indications, did not receive dialysis, due to lack of 
resources and inability to afford the prohibitive cost of the 
therapy. Considering that a single HD session costs at least 
200 USD (2500–3000 USD per month) versus 100 USD for 
PD (3000 USD per month, hence the monthly cost of CAPD 
is nearly similar to HD), it becomes clear that long-term dial-
ysis will not be an option for most Central Africans with 
renal failure except in some countries such as Angola, Chad, 
Cameroon, and Gabon where governmental RRT expendi-
ture coverage exceeds 95% (Table  3.1). Medications are 
funded solely by private and out-of-pocket money.

In all central African countries including ours, there are 
no kidney transplantation (KT) as well renal registries which 
may provide a standardized method to collect data on disease 
burden, treatment, and outcomes, and monitor disease pro-
gression over time.

Finally, there are specific barriers to optimal kidney dis-
eases care such as geographic locations (distance from care 
or prolonged travel time), physician-related limits (availabil-
ity, access, knowledge, and attitude), patient knowledge and 
attitude, limited availability of nephrologists, and poor 
healthcare system (poor availability, access, capability).

 Kidney Transplantation

Despite the fact that KT would be the only viable alternative 
for long-term survival of Congolese ESRD patients, KT is 
not performed in DRC. Until now, legislations for regulation 
of organ transplantation do not exist. A regulatory KT law 
has already been drafted and is awaiting acceptance by the 
parliament and promulgation by the President of the DRC.

More recent unpublished data show that few privileged 
ESRD patients are transplanted from living-related donors 
elsewhere, especially in India (86%) where the cost of KT 
operation is relatively cheaper ~28,000 USD than ~50,000 
USD in South Africa (6.8%) and 54,000 USD in Belgium 
(6.8%). A third of them had never been followed by 
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Congolese nephrologists before the KT. Among those who 
have returned home, the follow-up is irregular. As a result, 
almost half of them resumed dialysis (after chronic rejec-
tion) and 24% died. The median survival of all the KT 
patients is low (but, little better for those who came from 
Belgium), estimated to be as low as 4 years. Patients have no 
access to immunosuppressive therapy or any kind of govern-
ment support once they return home.

 Pediatric Nephrology

Pediatric nephrology is also an emerging discipline even 
though it is not yet quite developed in the different prov-
inces of the country. In a country of approximately 82 mil-
lion inhabitants, half of which are children, there is only 
one well-organized pediatric nephrology ward, located in 
the University Hospital of Kinshasa. As mentioned above, 
this pediatric nephrology ward was implemented around 
the 1980s by one of the first pioneers of pediatric nephrol-
ogy in SSA, Professor Prosper Binda Ki Muaka. From 
1999 to 2001, the unit experienced a significant decrease 
in its activities following the death of its founder. In 2001, 
the pediatric nephrology activities resumed thanks to a 
renewed staff which remained since then extremely 
devoted to the development of this discipline throughout 
the country.

Being established in a teaching and referral hospital, the 
activities of pediatric nephrology ward are focused on a tri-
ple mission namely: care, teaching, and research. Treated 
patients come from peripheral hospitals and all other prov-
inces of the country. Led by two qualified physicians in pedi-
atric nephrology with the collaboration of six nurses, this 
unit has eight hospital beds with an average monthly occupa-
tion of 85% and approximately 80 outpatient consultations 
per month.

Before 2018, most children with AKI who required RRT 
were treated with the collaboration of adult nephrologists. 
Since December 2017, a pediatric acute PD program, using 
home-made fluids and bedside catheter insertion technique, 
has been established in the Department of Pediatric. The 
main areas of research in this pediatric nephrology unit are 
kidney and sickle cell disease, kidney and HIV infection, 
kidney and heart diseases, kidney and malaria, kidney and 
malignant diseases, urinary tract infections, AKI and CKD 
including nephrotic syndrome. With regard to education, 
undergraduate and postgraduate courses are offered across 
the country. Furthermore, kidney health promotion activities 
in the community are frequently held.

The major challenge in running pediatric nephrology 
activities is the lack of financial commitment from the gov-
ernment. Parents, most of them of very low income, are 
responsible for all costs related to the care of their children 

including all laboratory tests and dialysis. Ignorance and cul-
tural beliefs are also among the many challenges to face. 
Indeed, many parents in our society as in neighboring coun-
tries believe that kidney diseases cannot affect children since 
the kidney is a genital organ of the adult male. This justifies 
the community awareness strategies implemented by the 
pediatric nephrology team.

 Reimbursement and Health Policies

In this country, there is a lack of government or employer 
reimbursement or health insurance. In only two HD centers, 
the direct cost of HD (not PD) is supported by the provincial 
government of Kinshasa at 75%. Currently, one of these two 
charitable HD centers has been closed for 6 months due to 
financial constraints. This situation forces patients to attend 
other more expensive HD centers. Maintenance of immuno-
suppression cost is not supported by state or insurance in the 
majority of patients, and self-financed patients are forced to 
decrease or discontinue costly immunosuppressants. 
However, the government is responsible for salaries of health 
professionals working in public hospitals.

 Brief Overview of the Job Market 
for Professionals in the Sector, Member 
of Nephrology, and Their Roles in Health 
Care

Current estimates indicate that there are more than 10,000 
physicians in the country, for a population of 82 million, i.e., 
a ratio of 1 physician per 8200 [3]. This number is low com-
pared to many high-income countries including the USA 
which has more than a million physicians in a country of 325 
million people [42].

The overall workforce needed to address CKD is simi-
larly very limited (Table  3.1). In general, Central African 
countries have less than 40 nephrologists (~0.22/million 
inhabitants). That number is much less than the ratio of 
nephrologists to population in most other countries, which is 
17/million in Belgium, 20/million in the USA, and 10/mil-
lion in Egypt [31]. There is also a shortage of renal patholo-
gists, vascular access coordinators, dialysis nurses, dialysis 
technicians, dietitians, social workers, etc.

Only two countries in central Africa, i.e., Cameroon and 
the Democratic Republic of the Congo have a Nephrology 
training program. In these contexts, general practitioners and 
non-physician healthcare workers will still need to be 
involved in CKD prevention and care. As mentioned above, 
challenges in care are compounded not only by shortage of 
workforce but also poor infrastructure and lack of medical 
coverage.

E. K. Sumaili et al.
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In most developing countries and in the Democratic 
Republic of the Congo in particular, the few trained nephrol-
ogists are involved with CKD care in both public and private 
clinics working low-pay strenuous hours in public sectors, 
compensating for lost income via what is commonly known 
as “extramural” attendance in numerous private clinics, sev-
eral times a week. With such limited and overextended 
 workforce, it will be difficult to implement programs to 
detect, prevent, or treat CKD.

 National Nephrology Society

The Congolese Society of Nephrology (SOCONEPH) was 
founded in 2016 at Kinshasa. SOCONEPH comprises 
nephrologists, other physicians, nurses, dietitians, clinical 
psychologists, social workers, dialysis maintenance techni-
cians, and other employees interested in kidney diseases.

This national society collaborates closely with the 
Congolese renal failure patient association (ACPMAR). The 
vision is the following: “A future where all Congolese peo-
ple, at risk or having acute or chronic kidney disease, benefit 
an equitable access to realistic and achievable prevention, 
sustainable care and support interventions focused on the 
individual.

The mission statement reads that by acting in collabora-
tion and in synergy with all partners involved in the promo-
tion of kidney health, the SOCONEPH will support kidney 
research through all aspects of basic research, clinical, 
healthcare services, and the health of population; promote 
and organize high-quality continuing medical education for 
physicians, nurses, biomedical engineers, researchers, and 
all partners involved in the health kidney promotion and in 
the fight against kidney disease.

Finally, SOCONEPH hopes to promote high quality of 
health care offered to people at risk or already kidney disease 
carriers and their families. Our values include permanent 
research for excellence, collaboration (partnership) and 
inclusiveness, transparency and integrity; medical practice 
based on evidence or facts, and advocacy for equity and 
diversity.

 Future Perspectives of Nephrology 
in the Democratic Republic of the Congo

Pediatric as well as adult nephrology seek an expansion of 
the PD program throughout the country and promote CKD 
early detection and prevention programs in the country. A 
large national network for CKD management in children as 
well as in adults is essential. In addition, as part of the ongo-
ing training projects in Pediatric Department, the Pediatric 
Nephrology Service has committed to train, at least, three 

experts in each of the above-mentioned research areas for the 
full development of this discipline in the country. Further 
studies regarding the epidemiology of KD (AKI, CKD), and 
outcomes, are urgently required.

Sustained efforts from governmental agencies, interna-
tional societies, the pharmaceutical industry, and philan-
thropic bodies remain of paramount importance.
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dialysis
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2017 – 32
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 Introduction

Ethiopia is a country located in the horn of Africa, which 
occupies part of the North-Eastern part of the continent. It 
borders with six countries: Eritrea, Djibouti, Somalia, Kenya, 
South Sudan, and Sudan. It occupies an area of 1.1 million 
km2 with geographical diversity ranging from 4620 meters 
above sea level down to 148 meters below sea level. More 
than half of the country lies above 1500 m. The predominant 
climate type is tropical monsoon, with temperate climate on 
the plateau and hot in the lowlands.

It is the second-most populous country in Africa with a 
projected population of 112 million in the year 2019. The 
population is predominately young; with 40.3% under the 
age of 15 years and 56.1% in the age group between 15 and 
64  years. The population in the age group 65 and above 
accounts for only 3.5% of the population [1].

Ethiopia is one of the least urbanized countries in the 
world; only 16% of the population lives in urban areas. The 
majority of the population lives in the highland areas. The 
main occupation of the settled rural population is farming, 
while the lowland areas are mostly inhabited by pastoral or 
partially pastoral people, who move from place to place in 
search of grazing grounds and water.

Ethiopia is a federal parliamentary republic. It is home to 
a variety of nations, nationalities, and peoples with more 
than 80 different languages spoken. The working language 
of the federal government is Amharic. The country has a rich 
history, unique cultural heritage with a diverse population 
mix of ethnicity and religion. It is the oldest independent 
state and served as a symbol of African independence 
throughout the colonial period. It is a founding member of 
the United Nations (UN), the African Union (AU), and hosts 
several international organizations, including the headquar-
ters of the AU and the UN Economic Commission for Africa.

Although Ethiopia is one of the poorest countries in the 
region, with a per capita income of $790, the country’s econ-
omy has been growing very fast in the last decade with an 
annual average of 9.9% (2007/08 to 2017/18), compared to a 
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regional average of 5.4% [2]. Ethiopia has implemented suc-
cessive Health Sector Development Plans (HSDPs) in four 
phases since 1997. During this period, huge advances have 
been made in improving access to primary health care ser-
vices and health outcomes. Ethiopia’s health indicators have 
remarkably improved from one of the worst in Sub-Saharan 
Africa to among the outstanding performers.

 Brief History of Nephrology in Ethiopia

The first organized renal care facility in Ethiopia was estab-
lished in 1980 at the Tikur Anbessa Hospital, which is the 
main teaching hospital of the Addis Ababa University School 
of Medicine. The service was started with the assistance of a 
Nephrology team from the Institute of Nephrology, Havana, 
Cuba. The first hemodialysis (HD) was performed in 1980 
and the first peritoneal dialysis (PD) in 1981 in the same unit. 
The unit provided dialysis for patients with presumed acute 
kidney injury (AKI) on an on-and-off basis depending on the 
availability of supplies. It remained the only dialysis provid-
ing unit in the country until maintenance HD was started in 
2001  in a private hospital in Addis Ababa. Since then, a 
growing number of dialysis units have cropped up in Addis 
Ababa and other major cities in the country with all provid-
ing only HD. There is as yet no PD service in the country. 
The first kidney transplant (KT) was done in Ethiopia in 
September 2015 at the Saint Paul Millenium Medical College 
(SPMMC), the National Kidney Transplant Center desig-
nated by the Federal Ministry of Health [3]. Just over 100 
KT, all living-related donor transplants have been done until 
July 2019.

The first Ethiopian nephrologist returned from training in 
the United Kingdom in 1982 and took over the Renal Unit at 
the Tikur Anbessa Hospital, from the Cuban team that started 
the first dialysis service in the country. The number of 
nephrologists in Ethiopia remained low until the 2000s when 
a number of physicians were able to get scholarships from 
the International Society of Nephrology (ISN). A total of six 
physicians received training through the ISN. These nephrol-
ogists were subsequently instrumental in the expansion of 
renal services and the launching of two local nephrology fel-
lowship programs. There is not yet a National Society of 
Nephrology in Ethiopia.

 Renal Diseases in Ethiopia

There are no national data on kidney diseases in Ethiopia 
based on epidemiological studies or registry data. Hence, the 
information available is from hospital-based studies from a 
few urban centers and estimates from international sources. 
It is generally assumed that kidney diseases, both acute and 

chronic, are common in Ethiopia given the double burden of 
diseases of poverty that continue to plague the population 
and the rising tide of non-communicable diseases (NCD).

 Acute Kidney Injury and Critical Care 
Nephrology

Hospital-based studies in the 1990s indicated that the main 
causes of AKI among patients referred to tertiary care were 
septic abortion, severe malaria, and nephrotoxic medications 
[4, 5]. In a 4-year-long prospective observational study done 
between 1989 and 1992 among hospitalized patients in a 
teaching hospital in the capital Addis Ababa, septic abortion 
was the leading cause of AKI (52%). Falciparum malaria 
(21%) and nephrotoxic agents (9%) were the second and 
third most common causes. In this study, 86% of the patients 
required dialysis [4]. Another study done in 1990 in the same 
hospital showed that one-third of the patients with severe P. 
falciparum malaria developed AKI and 38% of them required 
dialysis [5].

In contrast to the reports from the 1990s, we have observed 
a significant change in the causes of AKI in the last two 
decades. A retrospective observational study of 151 patients, 
who were dialyzed in a teaching hospital in Addis Ababa 
between 2013 and 2015, demonstrated these changes. In this 
study, the vast majority of patients with AKI were young, 
less than 40 years of age, in contrast to the older population 
with AKI in Western country studies. Hypovolemia, acute 
glomerulonephritis (GN), and obstetric causes (mainly 
driven by preeclampsia and puerperal sepsis) were the three 
major causes of AKI. Malaria contributed to a much lower 
proportion of causes (7.3%) compared to the observations in 
the 1990s and septic abortion was a very rare cause of AKI 
(0.7%). The in-hospital mortality was 29%. This shift in epi-
demiology is likely to be due to the marked reduction in the 
incidence of malaria in Ethiopia and changes in the abortion 
law and practice [6].

Serum creatinine is not universally done among all hos-
pitalized patients in the country, with the exception of a few 
teaching referral hospitals. This practice might be a result 
of lack of awareness, clinical inertia, cost, and limited 
access to the test. Two cross-sectional studies done a few 
years ago have confirmed this practice [7, 8]. The first 
study, done in three hospitals in different parts of the coun-
try, showed that patients admitted to medical wards are 
more likely to have their renal function tests checked when 
compared to those admitted to surgical or obstetrics-gyne-
cology wards. Urine output monitoring was also not rou-
tinely done in most medical and surgical wards [7]. The 
second study, which was done in a single hospital in north-
west Ethiopia, indicated that 32% of the patients admitted 
had no record of renal function measurement during their 
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hospitalization. These data indicate that there are lots of 
missed opportunities in detecting AKI among hospitalized 
patients in Ethiopia [8].

Intensive care units (ICU) are being established in most 
regions of the country but the majority of the hospitals where 
these units are located do not have any dialysis service. At 
best, patients in these ICUs may have a very limited access 
to a dialysis unit in a hospital in a nearby town. Continuous 
renal replacement therapy (CRRT) is not available in the 
entire country. For critically ill patients with AKI, intermit-
tent HD with prolonged duration is occasionally used by 
some practitioners.

 Chronic Kidney Disease

There is a huge information gap regarding chronic kidney 
disease (CKD) in Ethiopia. There are no population-based 
studies done on the prevalence, causes, and outcomes of 
CKD.  Nonetheless, population-based surveys on non- 
communicable diseases and their risk factors indicate that 
the prevalence of the major risk factors of CKD, i.e., diabetes 
and hypertension is growing [9].

Using the WHO’s STEPwise approach to Surveillance 
(STEPs), a nationwide, community-based survey was con-
ducted in 2015 among 10,000 respondents aged 15–69 years. 
In this survey, the prevalence of raised blood pressure as 
defined by SBP >140 and/or DBP >90 mmHg was 15.6%. 
Additionally, 6% of the study population had increased 
blood glucose, as defined by a fasting capillary whole blood 
glucose level of ≥110 mg/dl or being on treatment for diabe-
tes. The prevalence of diabetes mellitus (FBS >126 mg/dl), 
including those on medication, was 3.2% (3.5% males and 
3.0% females) [9].

An old hospital-based observational study done in 1980 in 
a referral hospital in Addis Ababa reported the commonest 
cause of CKD to be chronic glomerulonephritis [10]. A 
recent cross-sectional study done in the same hospital with 
247 CKD patients, in order to assess the management prac-
tice of CKD showed that hypertension, diabetes, and isch-
emic heart disease were present in 91%, 41.6%, and 13.4% 
respectively. Although this study was not specifically 
designed to investigate the causes of CKD, the findings indi-
cate that diabetes and hypertension are very common comor-
bidities, and likely etiologies, among Ethiopian CKD patients 
[11]. The authors’ observations in their regular clinical prac-
tice concur with the findings in the above-cited study. 
Diabetes and hypertension are presumed to be the leading 
causes of CKD in older adults while CKD of unknown etiol-
ogy is common in younger adults.

The pre-dialysis care of patients with CKD in Ethiopia 
mainly constitutes management of proteinuria, high blood 
pressure, fluid overload, and cardiovascular risk reduction 

[11]. Treatment of anemia is generally inadequate due to 
inconsistency in the availability and the high cost of 
erythropoiesis- stimulating agents and intravenous iron. Oral 
iron is the most commonly used pharmacologic intervention 
for anemia. Management of CKD-MBD is also suboptimal 
due to limited availability of laboratories, which determine 
serum calcium, phosphorus, and PTH, besides the lack of 
access to calcium-based phosphate binders outside Addis 
Ababa. The only non-calcium-based phosphate binder, 
sevelamer chloride, has been made available in the Ethiopian 
market only in 2019 and yet its prohibitive costs prevent 
most patients from using it.

It has been observed that CKD awareness among patients 
at risk of kidney disease is quite low [12]. However, the 
authors believe that there is excessive fear among the public 
regarding kidney diseases. This is believed to be due to the 
influence of the media. Movies have been made based on 
stories of poor patients with end-stage renal disease (ESRD). 
Several calls for contributing money for individuals with 
ESRD, particularly for famous individuals, have been adver-
tised by the media. As this is the commonest type of message 
passed through the media and as the diagnosis of ESRD is 
associated with catastrophic out-of-pocket health care expen-
diture, it has resulted in excessive fear of kidney disease 
among the general public. Counseling patients and family 
members about any kidney disease is, hence, a difficult exer-
cise as it causes a lot of anxiety.

 Other Kidney Diseases

Although glomerular diseases have not been very well char-
acterized by systematically performed studies, they are com-
mon in the nephrology practice in the country. Referrals of 
patients to nephrologists by general practitioners or inter-
nists carrying a diagnosis of “clinical rapidly progressive 
GN”, “acute GN”, or “GN” are common. Unfortunately, we 
have not done studies to examine the causes of these glo-
merular diseases. In the few kidney biopsies we manage to 
do from time to time, we have seen all kinds of primary glo-
merular diseases including minimal change disease, focal & 
segmental glomerulosclerosis, IgA nephropathy, membra-
nous nephropathy, and membranoproliferative GN.  Lupus 
nephritis is a very common secondary glomerular disease 
that we see in our practice. Although HIV infection is quite 
common, we do not see the classic HIV-associated nephrop-
athy clinical presentation in our population, i.e., massive 
proteinuria with big kidneys and normal blood pressure. This 
might be due to genetic reasons; a study among Ethiopian 
Jews in Israel has demonstrated the lack of the high-risk 
APOL1 variants [13].

An old light microcopy series of adult patients with the 
nephrotic syndrome treated in one hospital in Addis Ababa 
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reported membranoproliferative pathology to be the most 
common histopathology pattern. Amyloidosis was also 
reported in a substantial proportion of patients. 
Nonetheless, this report should be interpreted cautiously 
as no immunofluorescence or immunohistochemistry stud-
ies were done [14].

Urolithiasis is a common problem in Ethiopia. Stone 
kidney disease requiring urologic intervention accounts for 
13.6–22% of the urologic admissions. Many of these 
patients have established CKD and stone kidney disease 
appears to contribute substantially to the CKD burden in 
Ethiopia [15, 16].

 Pediatric Nephrology

Pediatric nephrology services are available in three hospitals 
in Ethiopia and there are five pediatric nephrologists 
certified.

 AKI in Pediatrics

In a study in the early 2000s with 30 pediatric patients, post- 
diarrheal hemolytic uremic syndrome (HUS) diagnosed in 
23 children was the leading cause of AKI. The mortality was 
very high at 46.7% [17].

A prospective, hospital-based study showed an AKI inci-
dence of 12.7/1000. The presence of sepsis, heart failure, and 
cancer were the major risk factors identified [18].

In a recent retrospective review of the pattern of renal 
diseases in pediatric patients in Addis Ababa, kidney dis-
ease accounted for 3.3% of the 14,521 admissions. The 
three most common renal diseases observed were congen-
ital anomalies of the kidney and urinary tract (CAKUT) 
seen in 127 children (26.8%), followed by nephrotic syn-
drome in 80 children (16.9%) and acute GN in 58 children 
(12.2%). Other renal diseases observed were urinary tract 
infection 8.0%, urolithiasis 6.7%, Wilms’ tumor 6.3%, 
AKI 4.2%, and CKD 4.0%. Other less frequently detected 
diseases were bladder exstrophy, lupus nephritis, Henoch 
Schönlein purpura nephritis, and prune belly syndrome 
[19].

 Renal Replacement Therapy in Ethiopia

 Hemodialysis

HD has been available to a very small number of patients 
with ESRD in a few urban centers in the country for the last 
20 years or so. There are about 800 patients on maintenance 
HD, spread across 25 small centers in the country. This 

makes the rate of HD at 7 per million population (pmp). 
Most of the centers are private facilities with a few govern-
ment facilities providing the services. Patients pay out of 
pocket for the services as there are no insurance schemes or 
government funding that cover the costs of dialysis. The 
average cost of HD per session is 65 USD and that does not 
include the cost of medications.

The majority of the centers cater for patients with ESRD, 
with only a few providing dialysis for patients with AKI. The 
dialysis centers, in the few public hospitals where dialysis is 
available, provide dialysis for patients with presumed AKI at 
a very subsidized rate or free of charge depending on the 
patient’s income. There are no use of convective therapies in 
Ethiopia.

 Peritoneal Dialysis

There are no patients with ESRD on PD in Ethiopia. PD has 
been used for the management of patients with AKI, particu-
larly children in the distant past and also recently at the Tikur 
Anbessa Hospital. The Saving Young Lives (SYL) initiative 
of the International Society of Nephrology (ISN) provided 
supplies and PD training during a few years. Services could 
not be maintained as there is no consistent supply of 
consumables.

 Renal Transplantation

With the increasing burden of ESRD and public pressure, 
the government of Ethiopia decided to pilot a living donor 
kidney transplantation (KT) program in 2013 and selected 
Saint Paul’s Hospital Millennium Medical College 
(SPMMC) in Addis Ababa for the implementation of the 
project. The University of Michigan from the United 
States of America became the external partner for the 
project. The project was started with the understanding 
that transplantation is a better and cheaper option for the 
management of ESRD. The project aimed to provide KT 
as a first option for the management of patients age 14 and 
above with ESRD, having hemodialysis as a bridge for 
transplantation. The collaboration with the University of 
Michigan was designed to build local competence in per-
forming KT. After painstaking planning and preparation, 
the first-ever KT in Ethiopia was performed in September 
2015. From September 2015 until July 2019, a total of 
118 living-related KT have been performed. The 1-year 
graft and patient survival are 96% and 98%, respectively, 
while overall outcome to date is 92% graft and 95% 
patient survival. The standard immunosuppressive proto-
col used is a combination of tacrolimus, mycophenolate 
mofetil, and steroids after induction with basiliximab or 
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antithymocyte globulin depending on the immunologic 
risk assessment [3].

The center is able to do basic laboratory tests, drug levels, 
and has a renal pathology service that can process and inter-
pret transplant biopsies. However, neither the center itself 
nor other labs in the country have the capacity to do HLA 
typing and crossmatch. Samples are, therefore, sent abroad 
for these tests. The center has succeeded in training trans-
plant surgeons and supports the training of nephrologists, 
and has therefore reached self-sufficiency in terms of 
manpower.

The legal framework governing organ transplantation was 
established in January 2014 with the Federal Ministry of 
Health as the authority to prepare directives for organ trans-
plantation. The current directive restricts donations among 
individuals related by blood or marriage and an independent 
national organ transplant committee approves each  recipient–
donor pair before surgery. To date, the government covers all 
the cost of pre-transplant evaluation, transplant surgery, and 
perioperative care while transplant patients must be able to 
pay for immunosuppressive medications that are provided to 
them at subsidized cost. All the immunosuppressive drugs 
available are generic medications. The social workers of the 
hospital provide help to needy patients by finding sponsors 
to assist the patients meet the cost of medications.

The transplant project is faced with several challenges, 
the most important of which are the precarious continuity of 
supplies and the underdeveloped infrastructure. Shortage of 
kidney donors is another major challenge as the regulations 
restrict donors to members of the family. The program is 
unable to offer transplant to sensitized patients and blood 
group incompatible pairs because of limited facilities and 
experience. To alleviate the shortage of donors, the option of 
paired kidney donations is being considered and the possi-
bility of developing a deceased donor program is being 
explored.

Because the national transplant center cannot care for all 
patients who need KT, many patients still travel abroad with 
their donors for KT. There are currently an estimated 350 KT 
recipients nationwide.

 Nephrology Practice in Ethiopia

Although big strides have been made in the provision of 
renal care in Ethiopia in the last few decades, there is no 
comprehensive national renal care program in Ethiopia and 
the service is provided in a policy vacuum and with no 
national financing plan in place.

There are 26 nephrologists in Ethiopia, including five 
pediatric nephrologists; and only five nephrologists work 
outside Addis Ababa, the capital city. There are two nephrol-
ogy fellowship programs and one KT fellowship program in 

place. Most nurses in the dialysis units are not certified dialy-
sis nurses, as there are no formal training programs in the 
country. Most of them get a few weeks of hands-on training 
during employment by those who have had some experience. 
Diagnostic services are quite limited including renal pathol-
ogy, but recently a renal pathology service has been estab-
lished at the SPMMC.

The few private hospitals and clinics with dialysis units as 
well as the stand-alone dialysis centers employ nephrologists 
on a part-time basis. Some dialysis units have no nephrolo-
gist to supervise and direct patient care. In those centers 
where there are no nephrologists, internists or general medi-
cal practitioners supervise. Full-time employment for 
nephrologists is available in public and, particularly, in 
teaching hospitals but not in the private sector. The average 
salary, in the public hospitals, for a nephrologist is 5500 
USD per year. Due to the high living expenses almost all 
nephrologists work part-time in the private sector. The aver-
age salary for a dialysis nurse is 3100 USD per year. There 
are no dialysis provider companies operating dialysis units 
or group practices by nephrologists in Ethiopia, as is com-
mon in the developed countries. There is a market for expe-
rienced/trained dialysis nurses and technicians as such 
professionals are generally difficult to find.

 Highlight of Nephrology in Ethiopia

The successful transplant project in Ethiopia that was a result 
of a collaborative effort between the SPMMC and the 
University of Michigan is an exemplary collaborative model 
that can be replicated in other developing countries. In a time 
span of just about 6 years, the collaboration made it possible 
to transplant over a hundred patients, to develop local work-
force to do transplants, and to provide general nephrology 
service.

 Future Perspectives of Nephrology 
in Ethiopia

Renal care is very likely to grow rapidly in Ethiopia given the 
increasing burden of kidney disease, the public demand for 
services, and the government’s increasing attention to NCD. 
There is already an NCD policy expected to be implemented 
through programs that address NCDs in general as well as 
programs specific to each NCD.  The Ministry of Health’s 
determination to start a KT center and maintain it as well as 
its efforts to expand dialysis services is a testimony to the 
government’s commitment. This, of course, should be 
directed by a well thought out comprehensive renal care pol-
icy and program as well as a financing strategy. The private 
(for-profit sector) has been in the lead in the provision of 
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dialysis services and in the years and decades to come, it is 
likely to continue as a major provider in the big urban areas.

Regarding the development of human resources for health 
care, there are already two nephrology fellowship training 
programs and the number of nephrologists is going to 
increase. There are also efforts underway to form the 
Ethiopian Society of Nephrology and this may become a 
reality very soon.

 Conclusion

Although information on kidney disease which is based on 
well-designed studies or registry data is lacking in Ethiopia, 
kidney diseases of all types are common. There is a growing 
prevalence of NCD that are risk factors for CKD and so the 
incidence of CKD is expected to rise. The services available 
for patients with kidney disease are far from optimal but 
there is a significant improvement in the provision of ser-
vices in the last two decades. This includes the establishment 
of a national KT program.
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Area1 923,768 Km2

Population1 203.5 million (2018)
Capital Abuja
Three most populated cities1 1. Lagos (13.5 million)

2.Kano (3.8 million)
3.Ibadan (3.4 million)

Official language1 English
Gross Domestic Product (GDP)2 375.8 billion USD (2017)
GDP per capita2 1968.6 USD (2017)
Human Development Index (HDI)3 0.532 (2017)
Official currency Naira
Total number of nephrologists 188
National society of nephrology Nephrology Association of 

Nigeria (NAN)
Incidence of end-stage renal disease 2018 – not available
Prevalence of end-stage renal disease 2018 – ~15 pmp
Total number of patients on dialysis (all 
modalities)

2017 – ~2000
2018 – ~3000

Number of patients on haemodialysis 2017 – ~2000
2018 – ~3000

Number of patients on peritoneal 
dialysis

2017 – <10
2018 – <10

Number of renal transplantations per 
year

2017 – 117
2018 – 142

General information on Nigeria
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from: https://data.worldbank.org/country/nigeria

3.  UNDP. Human Development Indices and Indicators: 2018 Statistical 
Update7th May 2019. Available from: http://hdr.undp.org/en/data#

 Introduction

Nigeria is situated in the West African sub-region with a total 
area of 923,768 Km2 and a current population of 203.5 mil-
lion, making it the 32nd largest but the 7th most populous 
country in the world [1]. It is believed that one out of every 
five Black people in the world is a Nigerian. Nigeria is the 
most populous country in Africa and has the largest economy 
in the continent [2]. The economy is diverse but the largest 
revenue earner for the country is crude oil with the 10th larg-
est reserves of crude oil in the world. The federal capital was 
moved to Abuja in 1984 from the coastal city of Lagos; how-
ever, Lagos remains the financial capital and the most popu-
lous city in the country.

Even though a democracy since its independence from 
Britain 59 years ago, Nigeria was bedevilled with a civil 
war and multiple military insurgences and regional con-
flicts for the first 39 years after its independence from the 
UK. This is partly responsible for the emigration of many 
of its professionals to many parts of the western world and 
the Middle East, such that there are possibly more nephrol-
ogists practicing outside the country than there are cur-
rently practicing in the country. Fortunately, however, it 
has had more than 20 consistent years of democracy to 
date and it is hoped that this will lead to sustained eco-
nomic growth and development.
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The population growth rate is 2.6%. The population is 
young with 42.5% and 3.3% of the country younger than 
15 years and >65 years, respectively [1]. About 60.9% of this 
population are adjudged as being below the poverty line, 
although there is a marked disparity with its distribution 
around the country. While in the southwestern part of the 
country only 20% of the populations live below this poverty 
line, in some states in the northern part of the country, over 
80% of the citizens live below the poverty line [3]. This 
skewed wealth distribution is also reflected in the distribu-
tion of Nephrology capacity around the country. While the 
southwest part of the country has as many as 62 dialysis 
units, the Northeast consisting of 6 states and a population of 
19 million (by 2006 census) has only 10 dialysis units 
(Figs. 5.1 and 5.2). Regardless of the geopolitical zone, none 
of these units are located in the rural areas where 49.7% of 
the population resides.

The disease pattern is reflective of a developing econ-
omy and features a double burden of both communicable 
and non-communicable diseases. While still battling with 
the scourge of malaria, tuberculosis and HIV, there is a 

rising prevalence of hypertension (now 28.9% of the 
adult population) and type 2 diabetes mellitus [4, 5]. 
These reflect strongly on the prevalence and aetiology of 
kidney diseases in the country. In addition, 20–30% of 
the population carry the sickle cell gene and 23–28% 
have the high-risk APOL1 genotype  – two recognised 
genetic markers of non-diabetic chronic kidney disease 
[6–8].

Despite this double burden of disease, the allocation to 
health in the national budget is just 3.7% of the GDP. In 
addition, less than 5% of the population is covered by the 
National Health Insurance Scheme [9]. Consequently, 
most of the spending on health by individuals is out of 
pocket and, with the prevailing poverty index in the coun-
try, many resort to alternative health practitioners, faith 
healers, herbalists and complementary medicines in the 
pursuit of cures for their various ailments [10]. This 
partly explains why the number of patients with CKD 
receiving standard care is low and very few patients initi-
ating dialysis are able to sustain long-term care 
(Table 5.1).
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Fig. 5.1 Distribution of 
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nephrologists in Nigeria
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Table 5.1 Analysis of publications on haemodialysis treatments for ESRD in Nigeria

Author Year Region
Number 
studied

Number that could not 
afford HD

Duration of haemodialysis
<1 Month 1–<3 Months 3–12 Months >12 Months

Arije et al. [28] 2008 South 
West

158 14 (8.9%) 112 (70.8%) 0 29 (18.4%) 3 (1.9%)

Ulasi et al. [27] 2010 South 
East

1538 624 (40.6%) 715 (46.5%) 116 (7.5%) 63 (4.1%) 15 (1.0%)

Arogundade et al. 
[26]

2011 South 
West

760 188 (24.7%) 503 (66.2%) 40 (5.3%) 28 (3.7%) 0 (0.0%)

Alebiosu et al. [31] 2006 South 
West

180 146 (81.1%) 34 (18.8%) 0 0 0

Oluyombo et al. 
[44]

2014 South 
West

150 NA 111 (73.8%) 29 (19.4%) 10 (6.8%) 0

Total prevalence All region 2786 972 (34.9%) 1475 
(52.9%)

205 (7.4%) 110 (3.9%) 18 (0.6%)

NA not available. This study focused on only those who received a session of haemodialysis

North East states: Adamawa, Bauchi, Borno, Gombe, Taraba, Yobe

North West states: Jigawa, Kaduna, Kano, Katsina, Kebbi, Sokoto

North Central states: Benue, Kogi, Kwara, Nassarawa, Niger, Plateau

South East states: Abia, Anambra, Ebonyi, Enugu, Imo

South West states: Ekiti, Lagos, Ogun, Ondo, Osun, Oyo

South South states: Akwa Ibom, Cross Rivers, Bayelsa, Delta, Edo, Rivers 
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17

62

3638
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Fig. 5.2 Map of Nigeria with 
the numbers of dialysis 
centres in each of the six 
geopolitical zones, Lagos and 
Abuja
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 History of Nephrology in Nigeria

The practice of nephrology in Nigeria began with the establish-
ment of the first medical school in the University College 
Hospital (UCH), Ibadan. This was one of the first teaching hos-
pitals in the British Commonwealth and was at a time desig-
nated the 4th best hospital within the Commonwealth of 
Nations. The medical school was established first as a branch of 
the University College of London but with the inauguration of 
UCH Ibadan, the training of medical doctors took place wholly 
in Nigeria. The Nephrology unit in UCH was, therefore, the 
first-ever of such units in Nigeria under the headship of Professor 
Oladipo Akinkugbe, the first indigenous nephrologist who was 
trained in the UK. He is regarded as the doyen and father of 
nephrology in Nigeria and was recently awarded the International 
Society of Nephrology pioneers award for Africa.

The unit carried out the first peritoneal dialysis (PD) in the 
country in 1965 and along with other pioneers in the hospital 
published seminal works on tropical nephrology including the 
role of Plasmodium malariae in the aetiology of the nephrotic 
syndrome – the so-called quartan malaria nephropathy [11–
13]. Ever since, several other units have been established in 
different parts of the country. The first haemodialysis (HD) 
unit in the country was established at the Lagos University 
Teaching Hospital in Lagos, under Professors Mabadeje and 
Odutola. This unit spurred on and helped with training staff for 
the over 180 other different dialysis units now in existent in 
different parts of the country. The first private dialysis unit was 
established in 1987 by Dr Okey Onuzo in Lagos. Renal trans-
plantation was first carried out successfully at St Nicholas hos-
pital in Lagos in March 2000. This unit remains the most 
active renal transplantation centre, but has been joined by 14 
other centres in different parts of the country.

The distribution of the dialysis and transplant units based 
on the six geopolitical zones in the country is outlined in 
Fig. 5.1. Although most of the units are in public hospitals, 
the most active ones are in private hospitals. Unfortunately, 
however, these units are restricted to the urban parts of the 
country where there is a concentration of personnel to run 
these units.

There has been a rapid increase in the numbers of nephrol-
ogists, dialysis nurses and technologists trained to run these 
units since the commencement of postgraduate training in 
Nigeria by the National Postgraduate Medical College of 
Nigeria in 1969 and the West African Postgraduate Medical 
College in 1976.

 Renal Diseases in Nigeria

Kidney diseases are now very common and their prevalence 
has now assumed epidemic proportions globally. Though the 
true prevalence figure of end-stage renal disease (ESRD) in 
Nigeria is unknown, it is assumed to be high. However, sev-

eral community and hospital studies have reported rates from 
7.8% to 23.5% and an increase of 300% in the prevalence of 
CKD in the last three decades [14–26]. Awobusuyi et  al. 
[23], in the largest community study involving ten urban 
communities in ten state capitals distributed among all the 
six geopolitical zones of the country, found a CKD crude 
prevalence of 23.47% (1896 out of 8077 participants). An 
analysis of all the available publications on prevalence of 
CKD from all geopolitical zones of Nigeria revealed that 
20.4% of 14,253 screened participants had overt or covert 
CKD (Table 5.2). Advanced CKD and ESRD are also recog-
nised to be quite common constituting about 8–23% of medi-
cal admissions in different tertiary hospitals [26, 27].

CKD is mainly a disease of the young and middle-aged 
(20–50 years) in Nigeria and this compares favourably with 
what is reported in other developing countries in Africa; 
however, it is in sharp contrast with the older age groups seen 
in the developed world [14, 26, 27]. A large proportion of 
CKD patients are males who are in the most economically 
productive age group [14, 26, 27]. The causes of CKD in 
Nigeria, though similar to what have been reported from dif-
ferent countries in sub-Saharan Africa, differ remarkably 
from that in the developed world [14, 26–28]. Hypertension 
and glomerulonephritis remain the most common causes of 
CKD with diabetic nephropathy being a distant third, though 
with the rising prevalence of diabetes mellitus, this is 

Table 5.2 An analysis of population studies on prevalence chronic 
kidney disease (CKD) in Nigeria

Author Year

Region 
of 
Nigeria

Number 
studied

Number 
with 
kidney 
damage or 
CKD (n)

Prevalence 
of kidney 
damage or 
CKD (%)

Afolabi et al. 
[15]

2009 South 
West

250 26 10.4

Oluyombo 
et al. [3]

2009 South 
West

454 56 12.3

Okoye et al. 
[17]

2009 South 
South

520 126 24.3

Ulasi et al. 
[18]

2013 South 
East

1941 221 11.4

Oluyombo 
et al. [16]

2013 South 
West

1084 154 14.2

Abene et al. 
[20]

2017 North 
Central

510 128 25

Okwuonu 
et al. [21]

2017 South 
East

328 44 13.4

Egbi et al. 
[22]

2014 South 
South

179 14 7.8

Awobusuyi 
et al. [23]

2015 All six 
regions

8077 1896 23.47

Nalado et al. 
[24]

2016 North 
West

454 117 26

Oyebisi et al. 
[25]

2018 South 
West

456 126 27.6

Total prevalence All six 
regions

14,253 2916 20.4

F. A. Arogundade et al.
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expected to increase [5, 26, 27, 29]. The traditional infec-
tious causes of CKD still abound and HIV-associated 
nephropathy (HIVAN) remains a major contributor to the 
CKD burden [14, 26, 30]. Other important causes include 
obstructive uropathy, sickle cell nephropathy and chronic 
tubulointerstitial nephritis [27, 31].

The outcome of ESRD in Nigeria remains gloomy as 
majority of our patients cannot afford renal replacement 
therapy (RRT) and are thus placed on conservative manage-
ment. Even those that are able to start RRT are unable to 
sustain RRT beyond a few sessions. Mortality is thus very 
high among patients presenting with ESRD with majority 
dying within the first year of presentation. This poor outlook 
has been attributed to a number of additional reasons includ-
ing late presentation to healthcare facilities, associated co- 
morbidities, limited capacity for RRT, the exorbitant cost of 
managing patients, limited capacity of health workers par-
ticularly non-nephrologists in kidney disease prevention, and 
poor awareness of kidney disease as well as poor health- 
seeking attitude in the community [14, 26–28].

Acute kidney injury (AKI) in adults occurs mainly from 
prerenal and intrinsic renal causes and is principally 
community- acquired. The incidence established as a per-
centage of medical admissions is 3–5%, though figures as 
high as 19–24% of AKI have been reported following inten-
sive care and surgical admissions (Table 5.3) [32–42]. The 
principal causes are gastroenteritis whether cholera related 
or not, nephrotoxins, sepsis from various infections, glomer-
ulonephritis, malaria especially in non-immune visitors, 
obstructive uropathy in the elderly and drugs including 
radiocontrast agents. Pregnancy-related causes also abound 
and these include septic abortion, ante or postpartum haem-
orrhage and eclampsia among others [32–36, 38–41]. RRT 
modalities used in the management of AKI in Nigeria include 
acute or intermittent PD and acute HD. Continuous therapies 
are generally unavailable but are gradually being introduced 

in the last 5–10 years. Overall mortality varies remarkably 
between centres (18–45%) with differing patient populations 
but on the average hovers around 36% [32–36, 38–41].

 Haemodialysis in Nigeria

HD was first used in the management of ESRD at the Lagos 
University Teaching Hospital in 1981. Subsequently, the 
number of HD centres has grown remarkably and now stands 
at about 186 in the entire country (Figs. 5.1 and 5.2). It is the 
most commonly prescribed modality of RRT.  Most of the 
patients (60–90%) are commenced on HD with very few 
patients (<1%) being initiated on PD and only about 1–2% 
being offered kidney transplantation [26, 27, 43]. The major-
ity of ESRD patients are first offered HD, usually as an emer-
gency lifesaving procedure, because many of them present 
with severe complications even at first visit. It is estimated 
that there are currently about 3000 patients accessing HD 
services yearly across the 186  units spanning the country. 
Many of these are, however, unable to sustain HD beyond a 
few sessions particularly in most of the public hospital run 
centres.

A review of HD publications use in the management of 
ESRD revealed that about 38.6% of the patients were unable 
to pay for any session of dialysis while 53.2% could only 
support it for less than 1 month. Only 0.6% of our ESRD 
patients are able to support the treatment for longer than 
1  year (Table  5.3) [26–28, 31, 44, 45]. National Health 
Insurance Scheme (NHIS) now covers dialysis care for AKI, 
offering six sessions to enrollees with no support for chronic 
dialysis or transplantation. In addition, the relatively exorbi-
tant cost of HD (about 100–200 US dollars per session) leads 
to withdrawal from dialysis care and eventual uremia and 
death. Even for those patients who are able to commence 
dialysis, adequacy is another major challenge as some may 
opt for once- or twice-weekly session on account of financial 
constraints. An audit of RRT in five public dialysis units in 
Lagos metropolis revealed financial constraints, 30.9% dial-
yse twice weekly, 43.6% once weekly even though the stan-
dard prescription is 4-hour sessions thrice weekly. This is at 
variance with the experience at St Nicholas hospital, a pri-
vately run unit, where 87% of the patients adhered to a twice- 
weekly scheduling, 10% to a thrice-weekly scheduling and 
just 3% to a once-weekly scheduling, a reflection of the dif-
ferent mix of patients seen in the unit differs from those in 
the publicly run units. This differential is also reflected in the 
various access routes employed by patients in these public 
units where 10% had AV fistulae as access, 81.8% temporary 
femoral catheters and just 7.3% long-term internal jugular 
catheters, as opposed to the SNH private unit where 10% had 
AV fistulae, 2% temporary catheters and 88% long-term 
internal jugular catheters in place. These statistics also con-
sequently reflect on the outcomes of the patients managed in 

Table 5.3 Studies on acute kidney injury (AKI) in adult patients in 
Nigeria

Author Year
Region of the 
country

Number 
studied

Mortality 
(%)

Kadiri et al. [32] 1992 South West 40 25
Bamgboye et al. 
[33]

1993 South West 175 39.4

Arogundade et al. 
[34]

2007 South West 58 43.5

Emem Chioma 
et al. [35]

2012 South South 62 43.5

Okunola et al. [36] 2012 South West 80 28.8
Oluseyi et al. [37] 2016 South West 91 38.5
Makusidi et al. 
[38]

2016 North West 38 45

Bello et al. [39] 2017 South West 54 29.8
Awowole et al. 
[40]

2018 South West 43 18

Total 641 35.9%

5 Nephrology in Nigeria



46

the public and private settings. While mortality is high in 
many of the public dialysis units with mortality at 1  year 
characteristically being in excess of 70% in contra- distinction 
to the mortality at the SNH unit which is just 5.3% in 1 year. 
This unit has a patient who has been on dialysis for over 
20  years (as he has declined a kidney transplant being a 
Jehovah’s witness) along with 5.3% others on maintenance 
HD for more than 5 years. This is likely replicated in many 
of the units all around the country, but more likely in the 
privately run units that are more likely to manage patients 
with the capacity to sustain the costs involved.

Reuse of dialysers is not common but a few of the public 
units recycle patient-specific dialysers for up to five times in 
an attempt to limit costs. There is no applied ratio of nurses 
to HD patients but units generally have one nurse to 2–4 
patients. Haemodiafiltration/haemofiltration are available in 
a few units particularly the privately run units but costs of 
running these limit their usage.

Incidence of the various viral infections, routinely 
screened for, varies but at the SNH unit in the year 2018 this 
was: HIV 4%, HCV 2.6% and HBsAg 2.6%. All units screen 
patients at presentation and most would repeat the screens 
after every 6 months if the patient remains on HD. Most units 
isolate viral positive patients when they are accepted for HD.

Erythropoietin-stimulating agents are generally available 
as are all other drugs used routinely in the care of patients with 
ESRD on dialysis. These are however often beyond the capac-
ity of the patients to access them routinely as they often have 
to pay for these out-of-pocket. Consequently, uncontrolled 
hypertension, anaemia and poor control of mineral and bone 
disorder are not infrequent among these patients, contributing 
to the poor outcomes often encountered in these patients.

There are currently no Government regulations for the 
sector but the Nephrology Association of Nigeria (NAN) has 
developed guidelines, which are followed by its members 
staffing the various dialysis units.

 Peritoneal Dialysis in Adult Nigerians

PD has been employed in the management of renal failure 
in Nigeria since 1967, when it was first used in patients 
with AKI secondary to post-abort sepsis [11]. Since then, 
several reports on the use of acute and intermittent PD in 
the country have been published [46, 47]. However, con-
tinuous ambulatory peritoneal dialysis (CAPD) is used 
infrequently [48].

Fewer than ten renal centres offer PD mainly in the form 
of acute or intermittent PD; none of them perform automated 
PD (APD). Only one centre performed CAPD but stopped 
because of daunting challenges, which included irregular 
supply of PD fluids and catheters and the exorbitant cost of 
these consumables; these consumables are not manufactured 

locally. In one earlier publication, PD consumables were a 
major challenge and frequently improvised [48]. Expectedly, 
peritonitis was a major setback and complicated 60–65% of 
acute PD [48, 49]. Several centres still practice acute PD, par-
ticularly in the management of AKI in adults and children, 
though it is more commonly used in the paediatric population 
[46, 47, 49]. In summary, PD practice is still largely subopti-
mal in Nigeria with CAPD being very irregular and APD vir-
tually unavailable; there are thus less than ten patients on 
CAPD or APD in the whole country. If, however, the fore-
mentioned challenges are surmounted, CAPD would contrib-
ute to the capacity to manage ESRD patients in the country.

 Kidney Transplantation in Nigeria

Kidney transplantation became available in the country since 
2000, first at St. Nicholas Hospital, a private facility in 
Lagos, and subsequently in two public facilities in 2002 [50]. 
Thereafter, 11 more facilities have been established 
(Table  5.4). By December 2018, about 550 patients have 
been transplanted within Nigeria with over 80% performed 

Table 5.4 List of kdney transplant centres and dates of commence-
ment of transplant activity in Nigeria

S/No Name of hospital Region
Commencement 
date (year)

1 St Nicholas Hospital, Lagos South 
West

2000

2 Aminu Kano Teaching 
hospital, Kano

North 
West

2002

3 Obafemi Awolowo 
University Teaching 
hospital, Ile Ife

South 
West

2002

4 Garki Hospital, Abuja North 
Central

2010

5 Lagos University Teaching 
Hospital, Lagos

South 
West

2010

6 University of Maiduguri 
Teaching Hospital, 
Maiduguri

North 
East

2010

7 University College Hospital, 
Ibadan

South 
West

2011

8 University of Ilorin Teaching 
Hospital, Ilorin

North 
Central

2011

9 View Point Hospital, Abuja North 
Central

2012

10 Delta State University 
Teaching Hospital, Oghara

South 
South

2012

11 Lagos State University 
Teaching Hospital

South 
West

2015

12 Zenith Medical and Kidney 
Centre Abuja

North 
Central

2015

13 Babcock University, Ilishan 
Ogun State

South 
West

2017

14 Federal Medical Centre 
Umuahia, Abia State

South 
East

2017

F. A. Arogundade et al.
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in two private-funded centres. Logistics, bureaucratic and 
funding challenges have impeded the development of the 
services in public-funded health institutions. Despite the 
availability of this service in Nigeria, quite a number of 
patients still travel abroad for transplantation [50, 51]. The 
total number of kidney transplants performed in Nigeria in 
all the units in 2017 was 117 and in 2018 142. All of these 
were living-related transplants and almost all were carried 
out by the two private units located in Lagos and Abuja.

Kidney transplantation in Nigeria received legal backing in 
2014 by an act of the National Assembly [50]. This provided a 
legal framework for transplantation activities in Nigeria, 
although its implementation has been rather sporadic and 
inadequate. For example, only living donor kidney transplan-
tation is available in the country, at the moment [50]. The 
majority of the organs are donated by genetically related indi-
viduals with a few from emotionally related persons. Kidney 
donation is usually reviewed by an independent committee, 
which provides ethical guidance. Pre-transplant investigations 
are mainly done within the centres, but there is limited avail-
ability of HLA typing and crossmatch services with only one 
centre, the Obafemi Awolowo University Teaching Hospital 
Complex, currently providing this service [52]. None provides 
flow cytometry crossmatch and testing for donor-specific anti-
bodies. As a result, most centres still send their samples abroad 
with its attendant delays and increased cost of service.

Maintenance immunosuppressants are available and the 
majority of patients are on calcineurin inhibitor-based tri-
ple therapies. However, cost considerations limit the 
options available to patients with several patients opting 
for azathioprine rather than mycophenolate mofetil, for 
instance. Also, induction regimen is guided by HLA match 
and affordability. Measurement of drug levels for the cal-
cineurin inhibitors is only available in a few centres. 
However, post- transplantation follow-up is available in 
many centres in Nigeria as there are nephrologists with 
locally and internationally acquired experience caring for 
kidney transplant patients. Although there is no country-
wide transplant registry available, one publication that 
reviewed data from the various centres reported a 1-year 
graft and patient survival of 83.2% and 90.2%, respec-
tively [53]. The 5-year graft and patient survival were 
58.7% and 73.4% respectively. Post- transplant complica-
tions reported include acute rejection episodes, chronic 
allograft nephropathy, CMV infection, and malignancies 
especially Kaposi’s sarcoma.

 Challenges of Renal Replacement Therapy

The challenges of RRT are mainly those of availability, 
affordability and accessibility, which are closely linked with 
the myriads of problems prevalent in a region bedevilled by 

widespread poverty, ineffective public policies, high unem-
ployment, poor planning and mismanagement of available 
resources [54].

Funding remains a major challenge as most patients have 
to provide the cost of RRT from out of pocket in a country 
where the cost of a session of HD (which is 100–200 USD) 
is higher than the minimum wage of even the gainfully 
employed individuals. The implication of this is that the cost 
of an HD session is out of the reach for most of the popula-
tion needing RRT [30]. Most patients are unable to afford 
more than a week of dialysis in government-owned facilities. 
Only a few private dialysis centres have affluent patients that 
are able to sustain for longer periods [26–28, 30]. Also, a few 
corporate patients have employers that provide healthcare 
support including dialysis.

The phenomenon termed “brain drain” has contributed to 
the dearth of nephrology personnel in Nigeria. The quest for 
economic greener pastures has favoured an emigration to 
developed countries much to the detriment of the developing 
countries such as Nigeria where there is dire need for their 
skills and expertise. There are several Nigerian trained medi-
cal personnel practicing as Nephrologists round the globe 
and their numbers may actually be more than the numbers 
practicing in Nigeria.

Challenges to the applicability and usefulness of CAPD 
in the sub-region include non- availability of PD cyclers, 
PD fluids and catheters, which have to be imported. Others 
include high peritonitis rates, and more recently, dearth of 
skilled manpower in peritoneal dialysis [14, 26, 27, 43]. 
The challenges of kidney transplant in Nigeria include 
funding concerns, and paucity of laboratories able to per-
form tissue typing, drug levels and transplant kidney 
histology.

 Paediatric Renal Diseases in Nigeria

Renal diseases in children are frequent and common reasons 
for hospitalisation (Table 5.5). From a prevalence of 1.1% of 
all paediatric admissions in the 1980–90s, kidney diseases 
now account for 3.8–8.9% of all paediatric admissions into 
public-funded tertiary hospitals [55–58]. The increase in the 
frequency of kidney diseases in hospitalised children may 
reflect a true increase, better recognition and/or as a result of 
refinement in the definitions of some these diseases to include 
milder forms. The changes in the definition of AKI and CKD 
to more sensitive ones are notable examples [59–61].

Nephrotic syndrome (NS) is the most commonly reported 
kidney disease in children. In most series, it accounted for 
20–30% of all kidney diseases in children outside the neona-
tal period [57, 58, 62]. Its dramatic presentation with gener-
alised oedema makes it easier to be recognised. Unlike in the 
period between 1970 and 2000 which was characterised by 
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the predominance of steroid-resistant nephrotic syndrome, 
most recent reports of childhood nephrotic syndrome in 
Nigeria indicate that about 60–80% of children with idio-
pathic nephrotic syndrome have steroid-sensitive NS [13, 55, 
63, 64]. The reason for the increased steroid responsiveness 
is not known, however, children are now developing 
nephrotic syndrome at a much younger age than in the past 
decades [63, 65, 66]. On the other hand, the frequency of 
acute glomerulonephritis is on the decline as would be 
expected with increase in the standard of living, access to 
antibiotics and health care [67, 68].

Following the adoption of AKI consensus definitions, 
which recognise milder forms, AKI is now reported among 
the top most common kidney diseases in children in Nigeria. 
Since 2012, AKI accounts for 20–30% of cases of kidney 
diseases among hospitalised children outside the neonatal 
period [58, 68]. In addition, congenital anomalies of the kid-
neys and urinary tract (CAKUT), with or without urinary 
tract infection, are also commonly reported in hospitalised 
children in Nigeria [58, 68]. Because most of the published 
studies focused on hospitalised children, it is likely that the 
frequency of CAKUT would be higher than currently 
reported as most cases of CAKUT seen only in outpatient 
settings are not included in these studies. Consistently, CKD 
accounts for less than 10% of kidney diseases [58, 68]. The 
near absence of symptoms until marked reduction in glomer-
ular filtration rate (GFR) means that milder forms of CKD 
would be missed. Wilms tumour is the most common kidney 
tumour reported, accounting for 1.6–6.8% of cases of kidney 
disease [57, 68]. In one large tertiary hospital, Wilms tumour 
accounted for one-fifth of kidney diseases reported in hospi-
talised children [58].

 Paediatric Chronic Kidney Disease 
Epidemiology

The true burden of CKD in children in Nigeria is largely 
unknown. The absence of a national registry means reliance 
on reports from single centres to estimate the prevalence of 
CKD. Yearly incidence and prevalence of CKD in children 
in Nigeria is put between 3.0 to 11 and 12.5 to 48 cases per 
million children per year, respectively [69–72]. Although it 
does appear that CKD is less prevalent in children in Nigeria 
compared with children in the developed world, reliance on 
data from large urban hospitals means that the true burden of 
CKD in Nigeria is largely unknown, and most likely under-
reported [73, 74].

Chronic glomerulonephritis, either primary or secondary, 
is the leading cause of CKD in children. In a recent study of 
children in a southwest city, about 77% of the 53 children 
with ESRD had chronic glomerulonephritis; a third of which 
initially presented as nephrotic syndrome [71]. In another 
study involving 45 children with CKD defined as GFR 
<30  ml/min/1.73  m2, chronic glomerulonephritis was the 
cause of the CKD in 56% of the children [69]. The secondary 
causes of chronic glomerulonephritis include HIV, hepatitis 
B infection, and systemic lupus erythematosus [69, 70]. In 
one study, these secondary causes made up about a quarter of 
causes of CKD [70]. With a prevalence of sickle cell disease 
(SCD) of 1.5–3%, and an estimated 100,000 children born 
each year with sickle cell anaemia [75, 76], its contribution 
to CKD is expected to be higher than currently reported. In 
addition, as more children with SCD survive into adoles-
cence, the prevalence of SCD-related chronic kidney disease 
is expected to increase.

Table 5.5 Pattern of paediatric kidney diseases in Nigeria

Study
Eke 1994 
[55]

Etuk 2006 
[56]

Ibasdin 2003 
[57]

Adedoyin 2012 
[67]

Ugwu 2014 
[62]

Ladapo 2014 
[58]

Anigilaje 2019 
[68]

Region of Nigeria South 
South

South 
South

South South North Central South South South West North Central

Year of study 1986–1991 1991–2000 1997–2002 1995–2008 2010–2012 2008–2011 2013–2016
No of children with kidney 
disease

699 182 250 164 110 320 163

No of children with kidney 
disease/year

46.6 18.2 50 12.6 55 80 54.3

Kidney disease as % of 
admissions

1.1 3.2 4.5 1.6 8.9 3.8

Common kidney disease, %
  Nephrotic syndrome 14.6 30.7 24.4 42.1 30 22.8 11.7
  Acute glomerulonephritis 11.4 36.9 20 28.7 18.2 10 7.9
  Acute kidney injury 4.7 6.7 4.1 11.6 10.9 20 30.7
  Chronic kidney disease 2.1 3.9 24 0.6 7.3 4.2 6.7
  Obstructive uropathy & other 

CAKUT
2.7 6.7 5.8 11.6 7.3 17.5 9.7

  Urinary tract infection 68.9 8.9 32.8 – 16.3 3.1 30.7
  Wilms tumour 1.6 6.2 6.8 – 22.2 3.7
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CAKUT is the second most common causes of CKD in 
children. They accounted for 20–30% in most series [69, 
71]. Posterior urethral valves (PUV) were the most com-
mon CAKUT reported, which partly explained the over-
representation of males in most published studies [71, 72]. 
The predominance of chronic glomerulonephritis as the 
leading cause of CKD in children in Nigeria contrasts with 
the picture in most developed countries, where CAKUT, 
including aplasia, hypoplasia and dysplasia, are the lead-
ing causes [77, 78]. It is possible that with the high neona-
tal and under-5 mortality rates in Nigeria, mostly from 
prematurity, neonatal sepsis, pneumonia and malaria, 
younger children with undiagnosed CAKUT die before 
detection and are underrepresented in series of children 
with CKD, which feature mostly adolescents. It is not 
unusual in Nigeria for cases of PUV to be diagnosed in 
children older than 5 years [79, 80].

Management of children with CKD in Nigeria is largely 
suboptimal and frustrating to health workers and the 
affected families. The majority of children with ESRD in 
Nigeria do not get dialysis due to the family’s inability to 
pay for the care and the near-absence of any form of health 
insurance that provides coverage for dialysis [71, 72]. As 
with reimbursement for dialysis in adults, payment for RRT 
is out of pocket. Those that get dialysis do so infrequently 
and for only a few weeks or months at most, again, largely 
as a result of its costs [72, 81]. Chronic PD is not an estab-
lished modality for ESRD both in children as well as in 
adults in Nigeria. Vascular access is mostly via acute femo-
ral catheters; occasionally some children get tunnelled lines 
[82]. Not unexpected, management of anaemia, hyperten-
sion, fluid overload, metabolic acidosis, hyperkalemia, 
bone and mineral disease, and growth impairment is 
suboptimal.

As a result of suboptimal care, mortality from CKD is 
disproportionately high. Not uncommonly, mortality at 1 
year after diagnosis of ESRD is in excess of 50% [71, 83].

 Paediatric Haemodialysis in Nigeria

HD is generally not accessible to most African children [84]. 
This is largely due to the lack of facilities, lack of trained 
workforce and cost implications to the patient. In the few 
children who received HD with good outcome, the most 
common indication for HD was AKI [82]. Most children 
needing chronic HD receive it for only a short period because 
of the inability to pay for it [45]. Unavailability of size- 
appropriate dialysis consumables such as bloodlines and 
dialysers means that only bigger children get access to HD; 
for smaller children priming of the bloodlines is an option 
commonly used [82].

 Peritoneal Dialysis in Children in Nigeria

PD, as a form of RRT, is a distant second option to HD for 
most persons needing dialysis in Nigeria. It is only available 
in large tertiary hospitals in urban centres of the country [85, 
86]. When used, PD is administered manually rather than 
with automated cyclers in Nigeria [85, 86]. In some cases, 
nasogastric tubes and intercostal drains are used as impro-
vised PD catheters [86]. In addition, it is not unusual for non- 
commercial PD fluids to be used because the cost of PD 
fluids is exorbitant [86]. These improvisations are needed 
because of the non-availability or exorbitant cost of the con-
sumables and consequently PD in Nigeria is currently lim-
ited to children with AKI.

 Paediatric Acute Kidney Injury and Critical 
Care Nephrology

AKI is a common kidney disease among children presenting 
to emergency hospital services in the country. In most recent 
studies, AKI ranks as high as nephrotic syndrome in terms of 
prevalence [58, 68]. Unlike in developed countries, most 
cases of AKI in children in Nigeria are community-acquired 
rather than hospital-acquired [87]. Sepsis is now commonly 
reported as the leading cause of AKI in the post-neonatal age 
group [88, 89]. Other common causes of AKI include pri-
mary kidney diseases and malaria [88, 90, 91]. The primary 
kidney diseases reported include nephrotic syndrome, poste-
rior urethral valves and acute nephritic syndrome from post- 
streptococcal glomerulonephritis. Gastroenteritis as sole 
cause of AKI is less commonly encountered [88, 90]. Among 
the neonates, perinatal asphyxia and neonatal sepsis are the 
leading causes of AKI [91, 92].

AKI in children in Nigeria is characterised by the pre-
dominance of severe forms and high attendant mortality. In 
most series, children with stage 3 or RIFLE-F AKI made up 
more than 50% of the children with AKI [88, 90], and in- 
hospital mortality rate reached up to 30% [87, 89, 91]. The 
high mortality rate often stems from late presentation, pre-
dominance of more severe forms of AKI and poor availabil-
ity of paediatric ICU services and dialysis [87, 93].

 Approaches to Prevention of Kidney 
Diseases in Nigeria

With health insurance coverage clearly excluding chronic 
kidney care, most patients in Nigeria are unable to bear the 
cost of care. This makes prevention of CKD an imperative 
strategy. More so, awareness of kidney diseases in the gen-
eral population is low [94]. There are no established preven-
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tion programs for CKD in Nigeria. However, many 
nephrologists have leveraged the opportunity presented by 
the annual World Kidney Day to raise awareness, educate 
and screen the population for kidney diseases. This has led to 
many prevention-related activities across the country [20, 
21]. Kidney disease prevention activities in Nigeria can be 
categorised into programs aimed at:

• Increasing awareness among the general population
• Early detection and management of at-risk individuals
• Timely referral for specialist care

Kidney disease awareness-raising activities have largely 
involved the use of mass media such as radio, television, 
online and print media. Face-to-face campaigns target places 
with large numbers of people such as markets, worship cen-
tres such as churches and mosques as well as schools, and 
densely populated work environments. Lately, social media 
platforms such as WhatsApp and Facebook are being used by 
kidney disease practitioners to raise awareness of kidney dis-
eases. Given that CKD may be asymptomatic in the early 
phases, screening activities need to be sustained. However, 
large population screenings are not logistically possible in 
Nigeria as it involves enormous costs. It would be more 
appropriate to make the activities more efficient and cost- 
effective by embedding in the process a prescreening phase. 
This would involve an initial clinical history, blood pressure 
and anthropometric checks in which at-risk persons are iden-
tified for further screening with blood and urine testing [95]. 
It seems reasonable to offer this service as part of an inte-
grated screening for prevention of both communicable and 
non-communicable diseases packages at primary and sec-
ondary care level. Nigeria’s three-tier health system has been 
designed to facilitate referrals from the primary to secondary 
to tertiary level of care and vice versa. However, due to a 
dearth of human resources for health and inadequate health-
care financing, this referral system has been suboptimal. In 
practice, primary care physicians refer patients with sus-
pected or definite kidney diseases to specialists mostly prac-
ticing at tertiary centres.

 Nephrology Practice in Nigeria

As stated earlier, renal care units were first established in the 
early 1960s and situated in the teaching hospitals in Ibadan 
(UCH), Lagos, Zaria, Ile-Ife and Enugu as part of internal 
medicine and paediatric services offered by these hospitals. 
The early specialists in these units, most of whom were 
trained abroad, were responsible for care of patients with 
renal diseases in addition to their responsibilities of care for 
patients with other non-communicable and communicable 

illnesses. At that time, PD and an attempt at HD using a coil 
dialysis machine were made at the University College 
Hospital, Ibadan. There was also a lot of research into the 
aetiology of nephrotic syndrome done at these early teaching 
hospitals including the association of steroid-resistant form 
of childhood nephrotic syndrome and Plasmodium malariae 
[12, 13].

The first dedicated HD unit was established at the Lagos 
University Teaching Hospital in 1981 and following this 
other units have been opened in almost every teaching hospi-
tal and federal tertiary hospital all over the country. Several 
state government hospitals also have established units.

Many of these units are bedevilled with various chal-
lenges faced by the public-funded institutions in Nigeria 
today, consequent on poor funding, poor administration of 
these units, inter-professional rivalry and rather frequent 
industrial disputes within these establishments. As a result of 
this, there are now many private renal care units that cur-
rently outnumber the public institutions in numbers and 
capacity. Generally, private units tend to be larger in capacity 
and attend to much larger numbers of patients than most 
public-funded units. Almost invariably, however, these renal 
units are situated in the urban centres and almost none in any 
of the rural areas where almost 50% of the population live. In 
addition, these private units are less likely to be involved in 
strikes and generally have better outcomes as they are more 
likely to see privately funded patients who have the capacity 
to sustain the costs associated with renal care by any of the 
various modalities. This would explain why the most active 
kidney transplant units in the country are in the private- 
funded hospitals and just two of these are responsible for 
over 80% of more than the 500 kidney transplants that have 
been carried out in the country till date. The costs involved in 
renal care in Nigeria are not covered by the National Health 
Insurance Scheme (NHIS) although advocacy by the NAN 
has led to a policy by government for the NHIS to cover the 
costs of the first six sessions of dialysis. With less than 5% of 
the population covered by the NHIS, most patients have to 
pay the costs for their care, out of pocket.

Majority of the nephrology specialists are engaged by the 
public institutions but many in their spare time also make 
their services available in many of the private institutions. 
Altogether there are over 180 nephrologists (over 150 adults 
and about 30 paediatric nephrologists) practicing in the 
country.

Currently, between 10 and 15 adult and paediatric 
nephrologists are certified each year by two postgraduate 
medical colleges through over a 6-year period. Each trainee 
passes through a similar three-stage examination process 
(Primary, Part 1 and Part 2 examinations) before certification 
as a nephrologist. Graduates of these training programs are 
appointable as consultant nephrologists. There are currently 
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188 consultant adult and paediatric nephrologists practicing 
in Nigeria, with the majority working in public hospitals 
where most of the nephrology and dialysis centres are 
located. There are estimated to be about 788 nurses and 295 
renal technicians practicing in these units. The training for 
these nurses and technicians, after the initial training the pio-
neers of these professions received abroad, has also been 
done locally in the various units.

The NAN is the official professional body of nephrolo-
gists, renal nurses, renal technicians and other profession-
als involved in the care of the renal patient. It was 
established in 1987  in Ibadan, Oyo State, and currently 
boasts over 500 members. Yearly, it holds its scientific and 
general meeting with the venue rotated to different parts of 
the country with active nephrology practice. The themes 
and sub-themes of these meetings focus on relevant aspects 
of renal care in Nigeria. The Association accepts all physi-
cians involved in the care of renal patients as ordinary 
members while nurse practitioners, nephrology nurses, 
dialysis technicians and dietitians are accepted as associ-
ate members. Through its members, the NAN is active in 
research and advocacy, and is in the process of setting up a 
national renal registry.

The Association is affiliated to both ISN and 
AFRAN. NAN has enjoyed an excellent collaboration with 
ISN that has led to significant development of capacities in 
most renal units across the country. Several nephrologists 
have benefitted from the Fellowship program of ISN and 
many centres have graduated from the Sister Renal Centre 
(SRC) relationship with several others still benefitting at dif-
ferent stages. NAN continues to benefit from the ISN 
Continuous Medical Education Committee with sponsorship 
of 3–4 resource persons to our annual scientific conference 
held in the second week of February every year. Many of our 
centres are also involved in the Educational Ambassador 
Program (EAP) and Library Enhancement Program (LEP). 
The attendance at the World Congress of Nephrology 
(WCNs) from Nigeria has improved remarkably in the last 
three decades. NAN now undertakes advocacy with the gov-
ernment and their agencies with a view to improving nephrol-
ogy practice in the country, thereby engendering excellent 
outcomes to our patients as well as influencing policy deci-
sions of the government.

There are job opportunities available around the country 
for all cadre of professionals engaged in the care of renal 
patients, more so in the northern parts of the country where 
the number of these specialists remains inadequate. The 
average starting salary for a young nephrologist would be in 
the region of $2000 per month. This relatively low pay when 
compared with similarly skilled professionals in the devel-
oped world is a major driver of the exodus of the Nigerian 
renal care professionals to various countries in the western 

world. An additional reason for the exodus is the suboptimal 
outcome of renal patients in the country, which is tied closely 
to poor funding.

 Nephrology Practice by Nigerians 
in the Diaspora

Emigration, for a variety of reasons, has been an increasingly 
common practice among medical professionals from Nigeria 
[96]. The trend, part of a larger process colloquially known 
as the “Brain Drain” is largely believed to have started in the 
late 1980s and is considered to have reached levels where, by 
some accounts, majority of licensed physicians are either 
themselves considering emigration or know several col-
leagues who are [97].

The reasons for emigration vary according to the time of 
graduation. There are three common time frames for emigra-
tion: immediately following completion of pre-registration 
year and national youth service, during or when seeking 
middle-grade training or once established as a consultant. 
For earlier time points, movement seems to be a combination 
of training opportunities, family ties and socioeconomic 
opportunities. Movement of the established consultant seems 
more geared to socioeconomic opportunities. This may be 
reflected in the tendency of more mature practitioners to 
choose the Middle East as an emigration destination and the 
younger to seemingly favour the UK and the USA. The UK 
and USA are unarguably the two most desired countries for 
emigrant Nigerian physicians [97]. This is partly as a result 
of the convenience of the language and culture. English is the 
lingua franca (official language) in Nigeria. The UK is often 
the first relocation point for younger trainees even if they 
plan the USA to be their final destination. This may be due to 
historical ties to the UK existing since the colonial times 
(1914–1960). Another likely reason for the predilection to 
the UK is pre-existing family and social ties of would-be 
emigrants, easing the stress of the move and settling into a 
foreign and potentially hostile environment. Opportunities 
for progression in the UK in selected medical specialities 
such as Nephrology for the International Medical Graduate 
(IMGs) appear limited compared to those available in the 
USA potentially due to the relative size of the USA and var-
ied perception of IMGs in the UK and the USA. This may 
explain the disproportionately high number of Nigerian 
IMGs registered with the General Medical Council versus 
only seven attaining certification in Nephrology in the 
UK.  This is in contrast to the USA where there are 124 
board-certified Nephrologists who received their initial med-
ical degree from a Nigerian medical school. Other countries 
where Nigerian trained professionals are known to practice 
include the various countries in the Middle East, Australia, 
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South Africa and Canada. Altogether, there are possibly 
more Nigerian nephrologists practicing outside the country 
than there are within.

 Conclusion

In Nigeria, kidney diseases are very common in adults and 
children and the outcome of patients with ESRD is dismal 
because of suboptimal care. The suboptimal care is mainly 
driven by the inability of most families to meet the financial 
cost of care. Illiteracy, underdevelopment, dearth of person-
nel and infrastructure are additional major barriers mitigating 
against access to healthcare and RRT by the vast majority of 
the population domiciled largely in the rural areas. The true 
prevalence of CKD, though still largely speculative, is 
expected to rise markedly with the predicted increase in the 
prevalence of non-communicable diseases such as diabetes 
mellitus, and the continued scourge of infectious diseases. 
There is an ongoing concerted effort to develop a Nigerian 
renal registry and this is expected to assist in determining the 
true prevalence of ESRD and provide a firm basis for policies 
aimed at preventing and treating affected patients. Targeted 
screening of at-risk populations should be developed and 
aggressively implemented as well as measures to ensure sus-
tainable financing of RRT. There is the need to develop effec-
tive monitoring systems that would ensure judicious utilisation 
of available resources while the health personnel need to be 
sufficiently motivated to mitigate the effects of brain drain.
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General Table. A profile of South Africa.

Area1 1.22 million km2

Population 57,725,600 (2018)
Capital Pretoria
Three most populated cities 1. Johannesburg (9.17 

million)
2. Cape Town (4.00 million)
3. Durban (3.66 million)

Official languages English, Afrikaans, Sepedi, 
Sesotho, Setswana, siSwati, 
Tshivenda, Xitsonga, 
isiNdebele, isiXhosa and 
isiZulu

Gross Domestic Product (GDP)2 368.3 billion USD (2018)
GDP per capita2 6374 USD (2018)

13,730 USD (2018, PPP 
method)

Human Development Index (HDI)3 0.699 (2017)
Official currency South African Rand (ZAR)
Total number of nephrologists 142
National society of nephrology South African Renal Society

www.sa-renalsociety.org
Incidence of treated end-stage kidney 
disease

2017 – 25 pmp

Prevalence of treated end-stage 
kidney disease

2016 – 183 pmp
2017 – 190 pmp

Total number of patients on dialysis 
(all modalities)4,5

2016 – 8832
2017 – 8881

Number of patients on 
haemodialysis4,5

2016 – 7525
2017 – 7682

Number of patients on peritoneal 
dialysis4,5

2016 – 1307
2017 – 1199

Number of new kidney transplants 
per year6

2016 – 254
2017 – 260

Table References:
1. Statistics South Africa. Mid-year population estimates for 2017 and 
2018. http://www.statssa.gov.za/
2. The World Bank, https://data.worldbank.org/country/south-africa
3. United Nations Development Programme. Human development indi-
cators for South Africa. http://hdr.undp.org/sites/all/themes/hdr_theme/
country-notes/ZAF.pdf
4. Davids MR, Jardine T, Marais N, Jacobs JC. South African Renal 
Registry Annual Report 2016. Afr J Nephrol. 2018;21:61–72
5. Davids MR, Jardine T, Marais N, Jacobs JC. South African Renal 
Registry Annual Report 2017. Afr J Nephrol. 2019;22:60–71
6. South African Organ Donor Foundation, www.odf.org.za

 Introduction

The Republic of South Africa is the southernmost country in 
Africa, with 2,798 kilometres of coastline stretching along 
the South Atlantic and Indian oceans. It has nine provinces 
and, according to mid-year estimates for 2018, is home to 
nearly 58 million people [1]. Approximately 25% of the pop-
ulation lives in the province of Gauteng, with the next most 
populous provinces being KwaZulu-Natal (20%), the Eastern 
Cape and the Western Cape (11% each). Figure  6.1 illus-
trates the provinces and major cities of South Africa.

South Africa is a multi-ethnic and multilingual country, 
with 80.9% of citizens being Black African, 8.8% of mixed 
ancestry, 7.8% White and 2.5% Indian/Asian. We have 11 
official languages, with the most spoken language inside the 
home being isiZulu (25%), followed by isiXhosa (15%) and 
Afrikaans (12%) [2]. English is spoken at home by 8% of 
South Africans. It is the second most commonly spoken lan-
guage outside the home (17%) and is the dominant language 
used in government and the media.
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South Africa has been a democracy since 1994, but still 
struggles with the legacy of apartheid, which entrenched 
inequality on the basis of ethnicity. South Africa has one of 
the highest inequality rates in the world, with a Gini coeffi-
cient of 0.63  in 2015. It is classified as an upper-middle- 
income country by the World Bank [3] but high levels of 
unemployment and poverty exist among previously disad-
vantaged communities.

The expenditure on health as percentage of GDP was 
8.1% in 2016. There is a two-tier model of healthcare: a 
well-resourced private healthcare sector that mainly 
serves the 16% of the population who are able to afford 
medical insurance, and a poorly resourced public sector 
serving mainly the 84% of the population who are unin-
sured [4].

Like many other African countries, South Africa labours 
under the quadruple burdens of infections, non- communicable 
diseases, pregnancy-related and injury-related disorders. 

While communicable diseases have long been the leading 
causes of death and disease burden in sub-Saharan Africa, it 
is estimated that non-communicable diseases (NCDs) will be 
the leading cause of death by 2030 [5]. Risk behaviours for 
NCDs such as smoking, alcohol use, physical inactivity and 
unhealthy diet are on the rise [6]. In young South Africans, 
cardiometabolic risk factors are increased, with 40.2% being 
overweight or obese, and the metabolic syndrome is present 
in 3.1% of females and 6.0% of males [7]. Injuries related to 
violence or road traffic accidents also contribute a substantial 
disease burden.

South Africa carries a heavy burden of HIV infection, 
with approximately 13.1% of the population (approximately 
7.5 million people) living with HIV [1]. Significant improve-
ments in mortality rates and life expectancy have been 
recorded following the increased availability of antiretroviral 
treatment (ART) but the numbers of new infections remain 
high, especially among young women.

Fig. 6.1 Provinces and major cities of South Africa
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All of these factors are driving the current epidemic of 
kidney disease. Acute kidney injury (AKI) often develops in 
the setting of infectious diseases, complicated pregnancies, 
or injuries. Chronic kidney disease (CKD) may follow AKI 
or be related to HIV or other infections and is a frequent 
complication of NCDs like diabetes mellitus and hyperten-
sion. In a review on the burden of NCDs in South Africa, 
Mayosi et al. [8] reported a 67% increase in deaths from kid-
ney disease from 1999 to 2006.

 Brief History of Nephrology and Nephrology 
Highlights in South Africa

Despite many challenges, nephrology in South Africa has 
been fortunate to develop in a similar way as higher-income 
countries, albeit on a much smaller scale. The first haemodi-
alysis (HD) treatment was performed in 1957 by a general 
practitioner in Krugersdorp, close to Johannesburg. The doc-
tor, whose name remains unknown, had observed dialysis 
treatment abroad and developed his own version of the Kolff 
rotating drum machine. AJ (Tony) Leonsins established an 
acute dialysis programme at the Johannesburg General 
Hospital in 1958 [9] and Groote Schuur Hospital in Cape 
Town followed in 1959 [10]. Chronic HD clinics were estab-
lished in the 1960s in Johannesburg and Cape Town, before 
developing in the rest of the country.

The first kidney transplant in South Africa was performed 
in Johannesburg, in August 1966, by Thomas Starzl and Bert 
Myburgh [11]. Christiaan Barnard performed the first kidney 
transplant in Cape Town in October 1967 and performed the 
world’s first human heart transplant soon thereafter. His kid-
ney transplant patient lived for more than 20 years and died 
with a functioning graft.

Other important milestones for South African nephrology 
were the establishment of national organizations for the pro-
motion of nephrology. The South African Renal Society and 
the National Kidney Foundation of South Africa were estab-
lished in 1967. South Africa was the second country in the 
world (after the USA) to form both a national kidney founda-
tion and a national renal society. These bodies were able to 
lobby the authorities for recognition and the provision of 
facilities to treat patients with end-stage kidney disease 
(ESKD) [10].

The South African Transplant Society was established in 
1970 and the South African Dialysis and Transplantation 
Registry in 1977. The registry failed due to resource con-
straints after it published its 1994 data. It was resurrected 
almost two decades later as the South Africa Renal Registry, 
publishing 2012 data in its first annual report. It has  published 
reports regularly since then and provides country- wide data 

on all patients being treated with kidney replacement ther-
apy (KRT) [10].

South Africans have been involved with the African 
Association of Nephrology (AFRAN) since its earliest days. 
Yackoob Seedat was the first to join, as an individual mem-
ber, in 1987 and full membership of the South African Renal 
Society followed in 1995 when sanctions were lifted. 
Anthony Meyers, Sarala Naicker and Charles Swanepoel 
have served either as president of AFRAN or as president of 
the AFRAN Congress.

The African Journal of Nephrology (AJN) is the official 
AFRAN journal and was established in 1997, with Maher 
Fouad Ramzy of Egypt as the founding editor. The Journal 
has been run from South Africa since 2012, with Alain 
Assounga as editor-in-chief. Razeen Davids, Fergus Caskey 
and Faiçal Jarraya are the current associate editors. In 2016, 
Razeen Davids supervised the migration of AJN to an online, 
open-access publication which uses the Open Journal 
Systems platform and is hosted by Stellenbosch University. 
Papers are published as they are accepted (in a single, con-
tinuous issue annually) and articles written in English or 
French are considered.

The African Paediatric Nephrology Association 
(AFPNA) was founded in 2000 and South African paediat-
ric nephrologists have played an active role. Mignon 
McCulloch is the current AFPNA president. In the last 
10 years, combined AFRAN/AFPNA congresses have been 
very successful in reaching both the adult and paediatric 
nephrology communities.

South Africans have made positive contributions to global 
nephrology through their involvement with various organiza-
tions. Leadership roles have been played by Sarala Naicker, 
Anthony Meyers and Charles Swanepoel on the International 
Society of Nephrology (ISN) Council, and by Sarala Naicker 
on the ISN Executive Committee. Sarala Naicker also served 
as chair of the ISN Education Committee and Nominating 
Committee and was awarded the International Distinguished 
Medal of the National Kidney Foundation (USA) in 2005. In 
2013, Yackoob Seedat received an ISN Pioneer Award for 
extraordinary contributions to nephrology in the African 
region. Mignon McCulloch has served on the Executive 
Committee of the International Paediatric Nephrology 
Association (IPNA), and Sarala Naicker and Brett Cullis on 
the International Society for Peritoneal Dialysis (ISPD) 
Council. Sarala Naicker also chaired the ISPD Fellowships 
and Awards Committee. Brett Cullis was appointed chairper-
son of the ‘Saving Young Lives’ Steering Committee in 
2019. Elmi Muller is the current vice-president of The 
Transplantation Society (TTS) and Mignon McCulloch the 
president of the International Paediatric Transplantation 
Society (IPTA).
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South Africa has also contributed to the training of 
nephrologists from many African countries through the ISN, 
IPNA and ISPD Fellowship programmes. Many of these 
trainees are now making major contributions to nephrology 
and kidney care in their home regions.

The World Congress of Nephrology was successfully 
hosted in Cape Town, in 2015, with Charles Swanepoel the 
chairperson of the local organizing committee and Mignon 
McCulloch co-chair of the paediatrics scientific committee. 
This was a huge highlight for South African and African 
nephrology as it was the first time that the meeting was held 
on the African continent.

 Kidney Diseases in South Africa

 Acute Kidney Injury and Critical Care 
Nephrology

In South Africa, many patients develop community-acquired 
AKI and present late to healthcare facilities, leading to an 
increased need for acute dialysis support and high mortality 
rates. Difficulties with transport are common, especially for 
patients from rural areas. With acute dialysis mostly avail-
able at tertiary centres, most patients with AKI are only 
referred once the healthcare practitioner at the primary or 
secondary level facility anticipates that dialysis may be 
needed.

A 2009 study from Cape Town reviewed the outcomes of 
198 patients admitted to the medical intensive care unit 
(ICU) and reported that 23.2% of patients either had estab-
lished AKI at ICU admission or developed it during their 
ICU stay [12]. The patients with AKI had an average age of 
44 years, most were male, and more than half had comorbid 
conditions that included diabetes, hypertension and conges-
tive heart failure. Acute tubular necrosis due to sepsis was 
the most common cause of AKI. The ICU patients with AKI 
had a much higher mortality compared to patients without 
AKI (47.8% vs. 17.5%). Predictors of mortality included 
high APACHE II scores, the need for dialysis, multiple organ 
failure and oliguria.

More recently, a few larger studies have been published. 
A prospective study in Cape Town included 366 patients 
with AKI and reported a 30-day mortality rate of 38.6% for 
patients admitted to the ICU [13]. The mortality rate was 
40.7% in the ICU patients who required dialysis support. 
The patient profile was similar to the earlier study [12] but 
additional comorbidities included HIV infection and CKD. 
Mechanical ventilation was the only predictor of 90-day 
mortality.

A 4-year retrospective cohort study from the Free State 
province focused on continuous renal replacement ther-
apy (CRRT)-requiring AKI, and reported that patients were 
older, predominantly male and had underlying diabetes, 
hypertension, heart disease and HIV [14]. The overall 
 mortality rate was 31%. HIV infection and female sex were 
strong predictors of death at 90 days.

Most recently, a study from Johannesburg on 324 
patients with dialysis-requiring AKI reported an overall 
mortality rate of 23% and a renal recovery rate of 31% 
[15]. Approximately 45% had long-term sequelae, includ-
ing 23% with dialysis dependence, while 22% were trans-
ferred to an outpatient facility with eventual dialysis 
cessation.

 AKI in Human Immunodeficiency Virus Infection
With 70% of the world’s HIV population living in sub- 
Saharan Africa, HIV-related kidney diseases have become a 
major burden in South Africa. Despite having the largest 
ART programme in the world, the first diagnosis of HIV is 
often made during hospitalization for complications of HIV 
infection [16]. AKI is common [16] and may develop due to 
hypovolaemia, sepsis and the use of nephrotoxic drugs. 
Glomerular disease can also manifest as AKI and may be the 
underlying condition upon which an additional insult has 
precipitated AKI [17–19]. AKI in hospitalized HIV-infected 
patients has a high risk of mortality, even after the initiation 
of ART [20].

Tenofovir disoproxil fumarate (TDF) may cause AKI, 
CKD or Fanconi syndrome, especially in patients with pre-
existing renal impairment, low body weight, older age, 
advanced HIV disease, diabetes, hypertension, and concomi-
tant use of other nephrotoxic drugs [20]. A prospective 
cohort study from the North West province found that TDF- 
exposed patients were more likely to have severe AKI, had 
higher serum creatinine concentrations at hospital discharge, 
and a lower rate of recovery of renal function at 3 months 
[21]. There were no differences regarding in-hospital or 
3-month mortality. Vomiting and diarrhoea at presentation 
were predictors of severe AKI.

In a study from Johannesburg, 15% of patients with kid-
ney failure were HIV-positive, with sepsis the cause of AKI 
in 60%. The mortality rate was 44%, as compared to 47% in 
the HIV-negative patients [22]. In Cape Town, sepsis and 
acute tubular necrosis were the most common causes of AKI 
in a series of 117 HIV-positive patients who received acute 
dialysis. The mortality rate was 41% [23]. A recent study 
from Bloemfontein reported a mortality rate of 60% (and 
10% in HIV-uninfected patients) among HIV-infected ICU 
patients needing CRRT [14].
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A retrospective study from Cape Town reported no differ-
ence in in-hospital mortality of AKI in HIV-infected patients 
as compared to those who were HIV seronegative (34.5% vs. 
29.1%, respectively, p = 0.34) [24]. More recently, a study 
from Johannesburg reported higher mortality in HIV-infected 
patients with dialysis-requiring AKI; however, better renal 
recovery rates were seen in the HIV-infected patients who 
survived [15]. In both studies, septic acute tubular necrosis 
was the most common cause of AKI.

 AKI and Toxins
In sub-Saharan Africa, more than 80% of people use tradi-
tional medicines as their principle form of healthcare. Many 
of these medicines have been associated with kidney injury, 
and delayed presentation to medical care [25]. It has been 
estimated that one-third of AKI may be related to the use of 
traditional medicines [26]. However, this may be an underes-
timate due to the difficulty in confirming their use. In most 
cases, the mechanism of nephrotoxicity is unknown; how-
ever, hypovolaemia due to the vomiting and diarrhoea which 
may follow the use of traditional medicines is a major risk 
factor.

Culprit compounds that have been identified in  locally 
used remedies include Callilepis laureola (locally referred 
to as ‘impila’) [27], potassium dichromate [28] and Cape 
aloe [29]. Table 6.1 provides examples of traditional medi-
cines used in Southern Africa that have known nephrotoxic 
effects.

Animal toxins are also a major cause of AKI in Africa, 
which may follow snake and spider bites, and scorpion 

stings. South Africa has 38 venomous snake species and the 
most common species responsible for life-threatening 
envenomation is Bitis arietans (commonly referred to as 
the puff adder) [30]. The highest incidence of snake bites 
occurs along the north-eastern coastal belt of the KwaZulu-
Natal province and is reported to be 28–96.5 per 100,000 
per year [31, 32]. The rates of AKI and death due to snake 
bites in South Africa are very low, with the latter reported 
to be 0.08–2.67 per 100,000 [33]. Mechanisms for AKI 
may be related to intravascular haemolysis, hypotension, 
hyperviscosity, myoglobinuria and haemorrhage [34]. The 
renal pathology includes acute tubular necrosis, acute inter-
stitial nephritis and proliferative glomerulonephritis. A 
recent study from KwaZulu-Natal that included 879 
patients reported that cytotoxic snake bites were the most 
common (98%) [35]. AKI was an uncommon complication, 
with only 3.4% of patients having a serum creatinine con-
centration exceeding 115  μmol/L.  None of the patients 
required dialysis.

Medically important spider bites in South Africa include 
neurotoxin- and cytotoxin-producing spiders [36]. The most 
common species responsible is the button or widow spider, 
from the genus Lactrodectus. These spiders produce a neuro-
toxin which causes an enormous release of neurotransmit-
ters, stimulating somatic and autonomic nerves. Clinical 
features include profuse sweating, abdominal rigidity, hyper-
tension, tachycardia, restlessness and agitation. This toxi-
drome is referred to as lactrodectism. In a South African 
study of 45 patients with lactrodectism, there were no 
reported cases of AKI [37].

Table 6.1 Nephrotoxic effects of some traditional medicines used in Southern Africa

Nomenclature

Common uses Nephrotoxic effectsScientific name
Colloquial 
name

Aloe vera 
species

Cape aloe Arthritis, burns/skin conditions, hypertension, purging/laxative, 
dyspepsia, anti-inflammatory, cosmetics, eye ailments, venereal 
diseases, infertility and impotence

Volume depletion and electrolyte 
imbalance
Acute tubular necrosis
Acute interstitial nephritis

Cymbopogon 
citrullus

Lemongrass Diabetes, oral thrush Volume depletion/diarrhoea
Chronic kidney disease secondary 
to chronic interstitial nephritis

Crotalaria 
laburnifolia

Wild sun 
hemp
Rattlepod
Birdflower

Enema, purging, dysmenorrhoea, dyspepsia, abortifacient, 
antispasmodic

Acute tubular necrosis 
(nephrotoxic alkaloids)
Hepatorenal failure

Callilepsis 
laureola

Ox-eye daisy
Impila

Dyspepsia, anti-parasitic, impotence, infertility, purging, evil spirits Acute tubular necrosis
Acute interstitial nephritis
Hepatorenal failure
Chronic kidney disease
Hyperkalaemia

Adapted from Stanifer et al. [25]
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Scorpion stings are a significant problem in South Africa 
[38]. Most scorpion stings are harmless, with only Parabuthus 
granulatus causing life-threatening stings in South Africa. 
Children are particularly vulnerable and have a reported 
mortality of 20% [39]. P. granulatus venom  contains a neu-
rotoxin that acts on the sodium channels of excitable cells, 
stimulating the autonomic nervous system and causing neu-
rological hyperexcitability. Respiratory failure, the primary 
cause of death, may develop within 1–2  hours following 
envenomation [39]. A study of 42 patients with scorpionism 
conducted in the Western Cape province reported no renal 
complications [40].

 Pregnancy-Related AKI
Obstetric AKI remains an important cause of AKI in African 
countries, mainly secondary to preeclampsia/eclampsia, sep-
sis and haemorrhage. A study published in 1978 from the 
province of KwaZulu-Natal reported that the most common 
cause of AKI during pregnancy was septic abortion [41]; 
however, a decade later a report from the same centre found 
that this was overtaken by preeclampsia/eclampsia as the 
leading cause [42]. Septic abortion is now an uncommon 
cause of AKI, most likely due to the introduction of the 
Choice on Termination of Pregnancy Act (Act 92 of 1996).

A large study that included 1547 women from three 
South African tertiary hospitals recently described the out-
comes of women with pre-eclampsia [43]. They reported 
that 17.6% of the pregnancies were complicated by AKI and 
3% of the women with AKI died. In women with the highest 
blood pressure (systolic BP >200 mmHg), AKI developed in 
40%. A prediction model for AKI that included admission 
 gestational age, blood pressure and protein on urine dip-
sticks gave an area under the receiver operating curve value 
of 0.68.

A study of 58 women with eclampsia in rural KwaZulu- 
Natal reported that, of the 49 ‘booked’ patients, 11 (22.4%) 
had risk factors which had been identified during antenatal 
care. Persistent proteinuria and haematuria had been identi-
fied in four patients, gestational hypertension in two patients, 
mild to moderate pre-eclampsia in two patients, and three 
patients had uncontrolled blood pressure on all antenatal vis-
its [44].

Renal sequelae occurred in one-third (32.7%) of patients 
and a single death was recorded in an unbooked patient who 
had a cerebrovascular accident and multi-organ failure.

A study from Cape Town [45] that included 61 pregnant 
patients with AKI and HELLP syndrome (Haemolysis, 
Elevated Liver enzymes and Low Platelets) reported no dif-
ference in outcomes between patients that were at greater or 
less than 36 weeks gestation. Seven (11.5%) patients required 
dialysis support; 6 of the 7 were at <36 weeks gestation. The 

mortality rate was 3.3%. More stillborn foetuses occurred in 
woman at <36 weeks gestation.

 ‘Saving Young Lives’
‘Saving Young Lives’ (SYL) is a partnership between sev-
eral international nephrology organizations: ISN, IPNA, 
ISPD and Euro PD. This initiative was launched in 2012 
and aims to develop acute peritoneal dialysis (PD) pro-
grammes in low-resource settings [46, 47]. The pro-
gramme focuses on developing hospital capacity and the 
training of staff, as well as educating people within com-
munities about AKI so that it can be prevented and also 
allow earlier recognition of patients that will require 
hospitalization.

South Africa has played a major supporting role in the 
SYL programme, with hands-on training on acute PD pro-
vided at Red Cross War Memorial Children’s Hospital in 
Cape Town to more than 75 teams of nurses and doctors. 
This is currently one of only two such courses offered in sub- 
Saharan Africa  (delivered in  English in Cape Town and 
in  French in Dakar, Senegal). Physician–nurse pairs have 
been trained and their hospitals have pledged their support. 
Attendees have been taught how to use creative alternatives 
to commercially available cuffed catheters and PD fluids. 
Between January 2013 and September 2018, the SYL initia-
tive assisted more than 300 children and adults with AKI 
(average age 11.6 years) [48]. Acute PD was performed for 
an average of 11.6 days and 64% of those treated completely 
recovered their kidney function (personal communication, 
Brett Cullis and Mignon McCulloch). Although a relatively 
small number of patients have benefited directly from the 
SYL initiatives, it is evident that the programme can work in 
low-resource settings by increasing awareness of the preven-
tion and treatment of AKI within communities. For the pro-
gramme to have a wider reach, it will require buy-in from 
governments and therefore advocacy is an important compo-
nent of this initiative.

 Chronic Kidney Disease

Increases in NCDs, pregnancy-related disorders, injuries and 
the high burden of infectious diseases all contribute to the 
epidemic of CKD being experienced in South Africa.

 Issues in the Diagnosis and Staging of CKD
The accurate estimation of glomerular filtration rate (GFR) 
is critically important in the diagnosis and staging of 
CKD. The Modification of Diet in Renal Disease (MDRD) 
and Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equations are two commonly used formulae to 
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estimate GFR in adults. The CKD-EPI equation is recom-
mended in current guidelines unless another equation has 
superior accuracy in a specific population.

Four South African studies have validated GFR prediction 
equations against measured GFR using nuclear medicine 
methods. Van Deventer et al. [49] studied 100 Black South 
Africans, Madala et al. [50] studied 91 Black South Africans 
and 57 of Indian origin, Moodley et  al. [51] studied 287 
Black and Indian patients and Holness et al. [52] studied 80 
South Africans of mixed ancestry. The van Deventer and 
Madala studies reported good performance of the MDRD 
equation in Black South Africans and concluded that the cor-
rection factor for ethnicity should not be used. Madala et al. 
suggested that a new correction factor, or a new equation, is 
needed for South Africans of Indian ancestry. Moodley et al. 
found better performance of the CKD-EPI equation (without 
the correction factor) than the MDRD equation in Black 
patients, and similar performance in patients of Indian ances-
try. Holness et al. found that both equations, without the eth-
nicity factor, had good agreement with measured GFR. The 
MDRD equation performed marginally better than the CKD- 
EPI equation. Both equations tended to overestimate GFR, 
with bias of 1.6 and 7.9 ml/min/1.73 m2 for the MDRD and 
CKD-EPI equations, respectively.

 CKD Prevalence
In two studies from Cape Town, Matsha et al. [53] reported a 
crude prevalence of 17.3% in a geographical cohort, while 
Adeniyi et  al. [54] reported an age-adjusted prevalence of 
6.4% in a cohort of teachers. The higher estimates by Matsha 
et al. may at least partly be explained by the very high burden 
of hypertension, diabetes, obesity and smoking in their study 
population.

 Common Causes of CKD and ESKD
In many cases of CKD or ESKD a specific diagnosis is never 
established because patients present late, with poor renal 
function, hypertension and shrunken kidneys. Data on the 
aetiology of CKD are available from renal registries for 
some African countries. The ‘CKD/ESKD unknown’ cate-
gory was indicated as the most common renal diagnosis in 
reports from Sudan [55], Tunisia [56] and Morocco [57].

Diabetic Nephropathy
Regarding South African data on renal outcomes in patients 
with diabetes, two prospective cohort studies with long-term 
follow-up have been published. In 59 patients with type 2 
diabetes, Keeton et al. [58] found that kidney failure was a 
major cause of death. By the end of the 12-year study, 47 
patients (79.7%) had died and of these deaths, 17 (28.8%) 
were due to kidney failure. In another study, Gill et al. [59] 
followed up 88 type 1 diabetic patients for 20  years and 
reported a crude mortality rate of 43%, with 43% of these 
deaths due to kidney failure. The South African Renal 
Registry has reported that nearly 40% of patients receiving 
KRT are diabetic, while diabetic nephropathy is the primary 
renal diagnosis in 15.3% [60].

Glomerulonephritis
According to South African registry data, glomerular disease 
was the primary renal diagnosis in 10.3% of patients on KRT 
in 2017 [60]. South African studies on the spectrum of 
biopsy-proven renal disease (Table 6.2) indicate that mesan-
giocapillary glomerulonephritis (GN) is the most common 
primary glomerular disease in the Cape Town area (Western 
Cape province), while focal segmental glomerulosclerosis is 
the most common in the north of the country. The reasons for 

Table 6.2 The spectrum of biopsy-proven glomerular disease in South Africa

Study Region Period Total biopsies PGN SGN
aPatchapen (2017) [61] Johannesburg 2001–2010 1495 FSGS 29.8%

MGN 19.5%
MCGN 18%

LN 55.8%
Diabetic nephropathy 9.6%
Post-infectious GN 6.8%

Vermeulen (2019) [19] Johannesburg 1982–2011 1848 FSGS 29.6%
MGN 25.7%
MCGN 18.1%

LN 31.0%
HIVAN 13.3%
Post-infectious GN 9.1%
Diabetic nephropathy 6.6%

Okpechi (2011) [62] Cape Town 2000–2009 1753 MCGN 20.4%
Mesangioproliferative GN 19.2%
MGN 18.5%

LN 39.0%
Post-infectious GN 30.1%

Esmail (2019) [63] Cape Town 1995–2017 2564 MCGN 32.2%
FSGS 21.2%
MGN 15.5%
Mesangioproliferative GN 14.4%

LN 42.5%
HIVAN 20.2%
Diabetic nephropathy 13.7%
Post-infectious GN 13.3%

PGN primary glomerulonephritis, SGN secondary glomerulonephritis, FSGS focal segmental glomerulosclerosis, MGN membranous nephropathy, 
MCGN mesangiocapillary GN, LN lupus nephritis, HIVAN HIV-associated nephropathy
aThis series excludes HIV-positive patients
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this are unclear but may include differences in the popula-
tions in terms of ethnicity or exposure to environmental trig-
gers. IgA nephropathy is an uncommon diagnosis.

Lupus nephritis is the most common secondary glomeru-
lar disease throughout the country. HIV-associated nephrop-
athy (HIVAN), the most commonly identified renal pathology 
in HIV-positive patients, and diabetic nephropathy are the 
other common secondary forms of glomerular disease. Post- 
infectious GN, which is now rare in high-income countries, 
remains a significant problem in South Africa.

Tannor et  al. [64] examined the utility of repeat renal 
biopsies in South African patients with lupus nephritis. In 
patients with disease flares, repeat biopsies infrequently 
revealed changes in histological class and seldom led to 
changes in treatment. Outcomes in patients needing repeat 
biopsies were poor, with failure to respond to induction ther-
apy in 62.2%, ESKD within 1 year in 36.3% and a mortality 
rate after 1 year of 23.0%. The authors suggested that repeat 
biopsies be considered when the initial biopsy is non- 
proliferative or in the case of an inadequate response to treat-
ment changes.

Kidney Disease Associated with HIV Infection
HIVAN was first reported in 1984 [65–67], with the first 
report from South Africa published by Bates et al. in 1994 
[68]. The condition occurs especially in the absence of anti-
retroviral therapy and in patients with markedly reduced 
CD4 counts and elevated viral loads [69]. Individuals of 
African descent have a genetic susceptibility to the develop-
ment of HIVAN and certain other renal diseases that is 
related to polymorphisms in the apolipoprotein L1 (APOL1) 
gene [70]. Kasembeli et  al. [71] demonstrated that HIV- 
positive, ART-naïve Black South Africans with two APOL1 
risk alleles are at very high risk for developing HIV- 
associated nephropathy. Their odds of developing 
 HIV- associated nephropathy were 89-fold higher than HIV-
positive controls without the risk alleles.

In Durban, Han et al. [72] biopsied HIV-positive patients 
with proteinuria who were not on ART and found that 83% 
had HIVAN. Gerntholtz et al. [17] described their biopsy 
findings in the Johannesburg area: 27% showed HIVAN, 
21% had HIV-related immune complex disease (HIV-ICD), 
and more than half had diagnoses not directly related to the 
HIV infection. In another biopsy series from Johannesburg, 
Vermeulen et al. [19] found HIVAN in 32.7% and HIV-ICD 
in 11.8% of cases. In Cape Town, Wearne et al. [18] reported 
that HIVAN was present in 57%, immune complex disease 
in 8.3% and a combination of HIVAN and HIV-ICD in 
21.9%.

There have been conflicting reports on the benefit of ART 
in patients with HIV-ICD, with Szczech et al. [73] finding 
that renal lesions other than HIVAN did not benefit from 

treatment. In contrast, two South African studies [18, 74] 
have demonstrated benefit in both HIVAN and HIV-ICD. 
Against the background of earlier studies suggesting a ben-
efit of corticosteroids for the treatment of HIVAN [75], 
Wearne et  al. [76] conducted a clinical trial to assess the 
effect of corticosteroids in ART-naïve patients with 
HIVAN.  They demonstrated an improvement in median 
eGFR in the corticosteroid arm (25 vs. 9 ml/min/1.73 m2) but 
also a higher mortality rate. The routine use of corticoste-
roids could therefore not be recommended.

Glomerular Disease Associated with Hepatitis B Virus 
Infection
Hepatitis B virus (HBV) infection is highly endemic in 
Africa. Bates et al. [77] studied South African and Namibian 
children with HBV-associated membranous GN and found 
that they frequently had prominent haematuria, raised 
serum transaminases or low serum complement levels. 
Features of mesangiocapillary GN, virus-like bodies and 
tubuloreticular inclusion bodies were often seen on renal 
biopsy in addition to the typical sub-epithelial deposits. 
The remission rate was 57% at 4 years. Older children and 
those with prominent mesangial deposits on biopsy had 
worse renal outcomes.

Bhimma et  al. [78] have documented a significant 
decline in the numbers of new cases of HBV-associated 
MGN following the introduction of routine HBV immuni-
zation in 1995. By 2000–2001, the incidence of HBV-
associated MGN had declined to 12% of the 
pre-immunization rate. The latest data from the South 
African Renal Registry indicate that 2.2% of all patients on 
KRT are hepatitis B positive [60].

Hypertensive Renal Disease
In our registry data, hypertension has been reported as the 
aetiology of ESKD in 35.1% of patients [60]. Gold et al. 
[79] reviewed the renal histology in 65 Black patients on 
chronic HD and reported that primary malignant hyperten-
sion was the most common cause, occurring in 49%. In the 
largest South African renal biopsy series [63], hyperten-
sive renal disease was diagnosed in only 2.7% of the cases 
despite approximately half of the patients being 
hypertensive.

It appears that many patients labelled as having ‘hyperten-
sive renal disease’ probably have primary glomerular disease 
which may be related to renal-risk variants of the APOL1 gene 
and have secondarily elevated blood pressure [80]. The South 
African Renal Registry has recommended that hypertension be 
recorded as the primary renal diagnosis only when the follow-
ing criteria are met: hypertension known to precede renal dys-
function, left ventricular hypertrophy, proteinuria <2 g/day, and 
no evidence of other renal diseases [81, 82].
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Genetic Disorders
The data from South African populations on genetic renal 
diseases are sparse. A study of autosomal recessive polycys-
tic kidney disease (ARPKD) in the Afrikaner population esti-
mated the live-birth rate and the carrier rate of mutations in 
the PKHD1 gene at 1:11,000 and 1:53, respectively [83]. 
Lambie et  al. [84] studied a cohort of patients from 36 
Afrikaner families, finding that 27 patients, from 24 families, 
were homozygous for the p.M627K substitution, providing 
strong evidence of a founder mutation.

Regarding genetic tubular disorders, new mutations of the 
SLC12A3 gene, which encodes the sodium-chloride cotrans-
porter in the distal convoluted tubule, have been reported in 
a South African family with Gitelman syndrome who pre-
sented with hypokalaemia and unusual food cravings [85]. 
Mutations of the epithelial sodium channel (ENaC) have also 
been identified in South African patients in association with 
hypertension [86, 87] and pre-eclampsia [88].

 Kidney Replacement Therapy in South Africa

South Africa is the only country on the continent that has 
regularly reported country-wide data on KRT in recent years. 
In December 2017, the number of patients who were treated 
with chronic dialysis or kidney transplantation stood at 
10,744, a prevalence of 190 pmp [60]. The treatment modal-
ity was HD in 71.5%, PD in 11.2% and transplantation in 
17.3%. This is very different from the situation two decades 
ago when KRT was mainly delivered by government-funded 
public sector facilities and more than half of all patients had 
functioning kidney transplants [89].

The overall KRT prevalence has been increasing due to 
increasing numbers of patients accessing HD in the private 
healthcare sector, where the treatment of ESKD is a ‘prescribed 
minimum benefit’ for patients who have private medical insur-
ance. The prevalence of treated ESKD in the private sector (855 
pmp) is on par with that of many high-income countries.

In the public sector, which serves 84% of the South 
African population, the prevalence of KRT (66 pmp) has 
fallen below the level reported for 1994, so that the dispar-
ity in access continues to increase. This rate of treatment is 
well below that of countries with similar or lesser gross 
national incomes per capita. There are also large dispari-
ties in access to KRT between ethnic groups and between 
different provinces, with Blacks being the most under-
served group and with two provinces (Limpopo and 
Mpumalanga) having no public sector dialysis centres at 
all [60].  Section 27 of the Constitution of South Africa 
promises the progressiverealisation of access to health-
care; however, this is not happening in the area of KRT and 
is a cause of great concern.

New regulations that will govern the licensing and opera-
tion of dialysis units are currently being developed by the 
National Department of Health. Because of the  severe 
resource constraints, only patients who are considered trans-
plantable, and are willing to undergo transplantation, are 
accepted onto public sector dialysis programmes. In many 
government facilities, dialysis slots are full, and a new patient 
can only be accommodated when an existing patient is trans-
planted. The South African Constitutional Court has ruled 
that the rationing of dialysis is appropriate, given the resource 
scarcity [90].

The Western Cape is the only province that has an official 
policy which guides the selection of patients for KRT in the 
public sector. These guidelines were developed through 
extensive consultation with stakeholders, including patient 
representatives and ethics experts. The ‘Accountability for 
Reasonableness’ approach and the overarching ethical prin-
ciple of utilitarianism was used in this process [91]. The 
guidelines categorize patients into three groups. Category 1 
patients are those who are excellent candidates for transplan-
tation (e.g., younger patients, no other comorbidities) and 
these patients will all be accommodated on the KRT pro-
gramme. Category 2 patients are those not considered as ideal 
candidates but who are nevertheless still transplantable. They 
include patients who are older than 50 years, smokers, obese 
patients, those with diabetes or HIV infection, etc. This cate-
gory also includes patients with social circumstances that will 
adversely impact KRT outcomes. Patients in this category 
may be offered access to KRT depending on the existing 
capacity. Category 3 includes patients with medical or social 
factors making them poor transplant candidates and these 
patients are not offered KRT. These factors include serious 
major organ or mental health disease, uncontrolled HIV 
infection, substance abuse and non-adherence to treatment.

Kilonzo et al. reviewed the use of these selection criteria 
over a 4-year period, reporting that more than half (53.9%) 
of patients who were referred for KRT were not accepted 
[92]. Another centre in the same province reported that 75% 
of all patients considered were declined [93].

The survival of South African patients on KRT has 
recently been evaluated by Jardine et  al. [94]. Using data 
from the South African Renal Registry, they found 1-year 
survival in incident patients (n = 6,187) to be 90.4%. Higher 
mortality was associated with older age, province of resi-
dence and primary renal diagnosis, specifically ESKD of 
unknown aetiology. Overall one-year survival in prevalent 
patients (n = 10,155) was 90.1%. There were no differences 
in survival rates between public and private healthcare sec-
tors, even after adjusting for case mix, and no difference 
related to first treatment modality. These favourable out-
comes compare well with survival rates reported from better- 
resourced countries [95, 96].
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Recent papers on the costs of dialysis at public hospitals 
in the provinces of Gauteng [97] and Limpopo [98] indicate 
that the overall annual cost per patient (including laboratory 
tests and medications) is approximately USD 31,000 for HD 
and USD 25,000 for PD. Costs in the private sector are gen-
erally higher, with a single session of chronic HD costing 
around USD 150 and the monthly cost of CAPD around 
USD 1,600. Regarding reimbursement, in the private sector 
the costs of dialysis and transplantation, most medications 
and routine blood tests are usually fully covered by medical 
insurance since the treatment of ESKD is a ‘prescribed mini-
mum benefit’. In the public healthcare sector, a sliding scale 
(based on income) is applied and indigent patients are treated 
at minimal or no cost.

 Haemodialysis

In 1994, HD was the treatment modality for 29.8% of all 
patients on KRT (66.9% of dialysis patients) [89]. By 2017, 
this had changed dramatically, with 71.5% of patients on 
KRT being treated with HD (86.5% of dialysis patients) [60]. 
The median KRT vintage of the patients was 3.8 years (inter-
quartile range (IQR) 1.8–6.5 years). The growth in the num-
bers of patients on HD has mainly occurred in private sector 
facilities. There has been a dramatic increase in the number of 
privately owned treatment centres over the years. In 1994, 
there were 31 centres contributing data to the national renal 
registry. Of these, 26 were public and 5 were private. By 
2017, there were a total of 278 centres, with 29 of these being 
public and 249 being private facilities. Figure 6.2 illustrates 

the distribution of patients on KRT by modality in the public 
and private healthcare sectors in 2017.

Several public–private initiatives have been established to 
improve the access to KRT in the public sector and to allow 
patients to have their dialysis closer to home. These arrange-
ments involve the use of spare capacity in private dialysis 
units for treating public sector patients at a negotiated fee per 
treatment.

The South African Renal Society has published guidelines 
for chronic dialysis (www.sa-renalsociety.org) which are widely 
accepted by the local nephrology community. These include 
guidance on the supervision and staffing of dialysis units, dialy-
sis dose and prescription, water quality standards, infection con-
trol, and routine laboratory testing. The recommended staff 
(nurses and/or clinical technologists) to patient ratio is 1:4; no 
recommendations exist for nephrologists/physicians.

Thrice-weekly dialysis sessions for 4 hours is the usual 
treatment regimen. Convective therapies are not yet widely 
used, but this option is available at certain private sector 
treatment centres. High-flux membranes are routinely used, 
and bicarbonate is the usual buffer. While dialyzer re-use is 
allowed and has been practiced in the past, it is no longer 
done in view of the human resource requirements, the 
increasing costs of the reuse procedures and the decreasing 
costs of new dialyzers.

Patients generally have good access to erythropoiesis- 
stimulating agents and intravenous iron. Access to non- 
calcium- containing phosphate binders and cinacalcet is very 
limited in the public sector and in the private sector may be 
covered by insurance only after special motivation or may 
need to be paid for by the patient.
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Haemodialysis 1,282 40.9 6,400 84.1
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Fig. 6.2 Kidney replacement 
modalities in South Africa, by 
healthcare sector [60]
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Regarding vascular access, data for 2014 from the national 
renal registry revealed that 54.1% of HD patients were dia-
lyzed via an arteriovenous fistula, 32.8% via a tunnelled 
catheter, 7.2% via an arteriovenous graft and 5.9% via a tem-
porary HD catheter [99].

South Africa is fortunate in having a low population prev-
alence of hepatitis C infection, and the hepatitis B virus car-
rier rate has fallen since the introduction of routine HBV 
vaccination. In the KRT population, the prevalence for hepa-
titis C seropositivity is 0.8%, for hepatitis B 2.2% and for 
HIV 10.8% [60]. Patients who are hepatitis B virus carriers 
are dialyzed in isolation.

 Peritoneal Dialysis

South Africa performs 85% of the PD in Africa [100]. 
Informal estimates obtained from provider companies sug-
gest that automated PD (APD) is used by 35–50% of patients 
in the private sector and by around 10% of patients in the 
public sector. According to registry data, PD is the treatment 
modality for 13.5% of all dialysis patients in South Africa, 
and for 38.8% of dialysis patients in the public sector, where 
a ‘PD-first’ policy is often applied (Fig.  6.2) [60]. The 
median KRT vintage of the patients on PD was 3.5  years 
(IQR 1.6–6.3  years). The South African setting presents a 
unique set of challenges, including high rates of poverty, 
unemployment, lack of formal housing, running water and 
sanitation, as well as high crime rates which limit the ability 
to do home visits [101]. A recent economic analysis reported 
that PD costs less than HD in South Africa [97].

A number of centres have reported on their PD pro-
grammes (Table  6.3). Patient survival at 1  year is 86.7–
91.3%, and at 5 years is 50.2–65.3% [101–103]. These 
results are comparable to those reported in other middle- 
income countries and in high-income countries but need to 
be viewed in the context of a younger cohort and the strin-
gent selection criteria for access to KRT. Factors associated 
with increased mortality included diabetes [101], low BMI, 
low serum albumin, low haemoglobin and more than one 
episode of peritonitis [103].

The most common cause of technique failure was perito-
nitis. Black African ethnicity and increased age were strong 
predictors of technique failure in both cohorts from Cape 
Town [101, 102]. In the Groote Schuur study, 45.3% of 

Black patients experienced technique failure. The reasons 
remain unclear but may include the impact of socioeconomic 
status (SES). In 1994, Zent et al. [104] found that poorer SES 
was associated with peritonitis. Since this study, however, 
newer techniques (flush-before-fill) have decreased peritoni-
tis rates. The more recent study from Limpopo echoed find-
ings from the BRAZPD cohort and did not demonstrate an 
association between family income or SES and technique 
failure [103, 105].

The peritonitis rates reported from South African centres 
are generally higher than the ISPD standard of 0.67 events 
per patient-year [106]. It was 0.82 events per patient-year in 
the Limpopo study. In Cape Town, the rate was 0.87 [101] 
but has been steadily declining over the last 15 years [104, 
107]. Ndlovu et al. [108] studied a PD cohort in the province 
of KwaZulu-Natal and found that HIV infection with a CD4 
count <200 cells/mm3 was associated with increased perito-
nitis risk and that HIV infection was associated with relaps-
ing peritonitis. There was no increase in technique failure 
rates.

The Cape Town study by Davidson et al. [101] provides 
important insights into the survival of PD patients in our set-
ting. A substantial proportion (31%) of the patients who died 
had technique failure but could not be offered a modality 
switch to HD. When a timely switch was indeed possible, 
survival was excellent, with no deaths recorded at 5 years.

Two studies have examined the quality of life (QOL) of 
patients on PD. Okaka et al. [109, 110] found that patients in 
Johannesburg had lower QOL scores than healthy controls, 
with better scores in patients under 30 years of age, those with 
a duration on PD of less than 4 years and those with higher 
incomes. In Cape Town, Tannor et  al. [111] found that PD 
patients (as compared to patients on HD) experienced a 
heavier symptom burden and greater limitations related to 
their dialysis modality. The fear of developing peritonitis 
caused many patients to sacrifice social interactions to be able 
to do their PD exchanges at home and at the specified times.

South Africa has demonstrated that a PD-first approach 
can be successful in a resource-limited setting, with limited 
access to automated PD and icodextrin, and without home 
visits. This is due, at least in part, to the criteria used in ration-
ing dialysis in the public sector, resulting in the selection of 
younger and healthier patients who are suitable for transplan-
tation. Concerted efforts are required to reduce peritonitis 
rates as this is the leading cause of technique failure.

Table 6.3 Patient and technique survival in PD programmes in South Africa

Period n
Age years 
(mean) DM (%)

Technique survival (%) Patient survival (%) Peritonitis 
rate1 year 2 year 3 year 5 year 1 year 2 year 3 year 5 year

W Cape GSH [101] 2008–2015 199 39 9.8 85.0 75.2 – 45.0 91.3 79.6 – 50.2 0.87
W Cape TBH [102] 2008–2014 170 36 1.7 80.0 – 54.0 39.0 90.0 – 82.0 63.0 –
Limpopo [103] 2007–2012 152 37 9.9 83.3 71.7 – 62.1 86.7 78.7 – 65.3 0.82
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A notable success story is the nurse-led PD programme 
which was developed in the province of KwaZulu-Natal by 
Brett Cullis. It involved the training of local clinicians to 
insert PD catheters at the bedside and training a nurse to per-
form the dialysis procedure and assess aspects such as fluid 
balance, anaemia and metabolic control. After an apprentice-
ship of 6 months, the PD nurse took over the programme. An 
evaluation confirmed that all the significant medical issues 
were correctly identified by the nurse and that there was no 
difference between the management plans made by the nurse 
and that of the nephrologist. Ten years after its initiation, this 
programme continues to function, proving its sustainability. 
It has grown to 95 patients and has recorded peritonitis rates 
of approximately 1 episode in 22 patient-months.

 Kidney Transplantation

South Africa is one of only 12 countries within Africa that 
performs kidney transplantation, and the only African coun-
try that relies on deceased donation for the majority of its 
transplants [112]. Kidney transplants are performed in six 
public sector and nine private sector centres, located in four 
of the nine provinces [60]. Most public sector transplant pro-
grammes utilize immunological risk stratification protocols 
to reduce costs and a regimen based on cyclosporine, azathio-
prine and prednisone is still frequently used for low-risk 
patients. Transplantation in the public sector is particularly 
important to ensure access to new patients requiring 
KRT.  There are currently 22 transplant coordinators in the 
country and these colleagues are vital to the success of our 
kidney transplant programmes. In areas without coordinators, 
local doctors or nurses assume their responsibilities [113].

The latest published renal registry data [60] (combining 
information from the public and private sectors) report an 
annual total of 260 adult and paediatric transplants, of which 
50% were from deceased donation. In the private sector, 
most of the transplants are from living donors (62%). In 
comparison, the majority of public sector transplants are 
from deceased donation (69%). Each province has their own 
set of rules governing organ allocation and has their own 
waiting list. In provinces where transplantation is not offered, 
patients are added onto the list of larger provinces (e.g., 
patients from the Limpopo province are on the Johannesburg 
waiting list of Gauteng province). The waiting lists use scor-
ing systems based on factors such as age, time on the waiting 
list, urgent medical indications and percentage panel- reactive 
antibodies. In the Western Cape, one kidney is allocated to 
the procuring institution and other to the first suitable patient 
on the common (public and private) waiting list.

Moosa [114] recently reviewed 25 years of transplanta-
tion in South Africa. During the period 1991–2015, 7191 
kidney transplants were performed, the majority (58.3%) 

derived from deceased donors. Hospitals in Cape Town and 
Johannesburg performed over 75% of these transplants. The 
overall transplant rate was 6.4 pmp (4.8 pmp in the public 
sector and 15.2 pmp in the private sector) but the trend has 
been towards a decline in the annual number of kidney trans-
plants performed (Fig. 6.3).

The number of deceased donor transplants has declined 
over the last two decades, necessitating a more flexible 
approach to deceased donor selection. This includes using 
extended criteria donors, donation after circulatory death and 
HIV positive-to-positive transplantation. The trend of 
decreasing deceased donation is not explained by the level of 
public awareness [115]. Poor consent rates for donation 
(around 33%) have been linked to education, religious 
beliefs, cultural traditions and a lack of transplant coordina-
tors speaking the different local languages [114].

Muller et  al. pioneered HIV-positive-to-positive trans-
plantation in 2008, when HIV infection was still considered 
a contraindication to KRT.  Outcomes were comparable to 
those of HIV-negative recipients, with a 1-year patient sur-
vival rate of 84% and 5-year survival rate of 74%. The rates 
of graft survival (censored for death with a functioning graft) 
were 93% and 84%, respectively. Rejection rates were 8% at 
1 year and 22% at 3 years. The HIV infection remained well 
controlled, with undetectable virus in blood after transplan-
tation [116].

A 5-year review of transplantation at Groote Schuur 
Hospital in Cape Town revealed that two-thirds of patients 
received kidneys from deceased donors and one-third from 
living donors. There were 7 donations after circulatory 
death and 11 patients were enrolled in the HIV-positive 
donor to HIV-positive recipient trial. Trauma accounted 
for 54% of deceased donations, with the vast majority of 
the donors being male (84%). Females accounted for 59% 
of the living donors [117]. Patient survival for this cohort 
at 1, 2 and 5 years was 90.4%, 87.9% and 83.1%, respec-
tively. Graft survival was 89.4%, 85.8% and 80.0%, 
respectively.

Longer-term outcomes have been reported in a study of 
100 kidney transplants from Johannesburg. The 10-year 
patient and graft survival rates were 80.4% and 66.8%, 
respectively [118]. Despite many constraints, the outcomes 
were comparable with international registry data.

South Africa’s proud history in organ transplantation was 
blemished by organ trafficking involving living, non-related 
renal transplantation during the period 2001–2003. This 
practice was halted by new guidelines and safeguards. 
Written informed consent is obtained by dedicated trans-
plantation coordinators from all next of kin prior to trans-
plantation from deceased donors. All centres have signed the 
Declaration of Istanbul and all non-related living donor 
transplants require prior approval by a national Ministerial 
Advisory Committee.
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 Paediatric Nephrology

The epidemiology of paediatric kidney disease in Africa has 
been largely unknown but, in South Africa, this should now 
improve as paediatric data is now being collected as part of 
the South African Renal Registry [119]. Infants commonly 
suffer from congenital abnormalities of the kidney and uri-
nary tract (CAKUT) but little is described in Africa. Antenatal 
scans are not routinely available for all pregnant mothers 
thus there is often late presentation and delayed diagnosis of 
disorders needing urological intervention. Kidney biopsies 
in paediatric patients are mainly performed in larger centres 
where there is good radiology and anaesthesiology support, 
and many cases from secondary level centres therefore have 
to be transferred to these tertiary centres.

A recent study from Red Cross Children’s Hospital in 
Cape Town described pelvi-ureteric junction obstruction in 
100 infants and reported that the obstruction resolved 
spontaneously in 70% of cases, mainly in mild to moderate 

cases [120]. Diseases such as cystinosis, atypical 
haemolytic- uraemic syndrome (aHUS) and primary hyper-
oxaluria are being recognized in South Africa with increas-
ing frequency and there is now a Rare Diseases Group 
advocating for these children (https://www.rarediseases.
co.za/) as many of these conditions require expensive 
genetic tests and the use of expensive drugs. Genetic test-
ing is having a major impact on paediatric nephrology and 
the development of inexpensive testing is likely to expand 
this area considerably.

HIV-associated kidney disease in children is rarely seen 
since the implementation of the Maternal-to-Child- 
Transmission Prevention programmes and the availability of 
ART.  A study of 620 young people (9–14  years) in Cape 
Town who had been on ART >6 months reported that pro-
teinuria was uncommon [121].

Post-infectious GN is a common cause of glomerular dis-
ease in South African children, with the incidence decreasing 
in recent years in the Johannesburg area (personal communi-
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cation, Udai Kala) but remaining a problem in other parts of 
South Africa.

Childhood nephrotic syndrome still has minimal change 
disease as the predominant cause. This mostly responds to 
steroids during early childhood and goes into remission after 
adolescence. Immunosuppressive agents, including calci-
neurin inhibitors, are used routinely as steroid-sparing 
agents. Rituximab is being used more often for frequently 
relapsing cases. Steroid side-effects are important in grow-
ing children and have special relevance in South Africa 
where there are also other causes of poor growth including 
poor food security and a high burden of infections. Hepatitis 
B-related nephrotic syndrome, previously a significant prob-
lem in South African children, has all but disappeared since 
the introduction of routine hepatitis B immunization in 1995 
[77, 78].

Vasculitides, especially Takayasu’s arteritis, are well 
described in paediatric nephrology centres in South Africa. 
Takayasu’s arteritis presents with hypertension, seizures and 
cardiac failure. The use of immunosuppressive agents (ste-
roids, cyclophosphamide and methotrexate) and revascular-
ization by interventional radiology or surgery has produced 
good outcomes [122].

AKI is often related to poverty-related diseases such as 
gastroenteritis and other infections. Short-term dialysis 
for children with AKI is available, either as acute PD or 
acute HD (often in adult units). The ‘Saving Young Lives’ 
initiative has contributed to the increased use of acute PD 
for children with AKI [46]. CRRT treatments in children 
and infants with AKI are becoming more accessible with 
the development of ‘child-friendly’ machines and equip-
ment [123].

CKD is a silent killer as children may present late with 
fatigue, pallor and stunted growth. Chronic dialysis is mostly 
available in tertiary centres where paediatric surgeons are 
available for the  insertion of dialysis catheters. PD with 
home-based machines is the dialysis modality of choice so 
that children can receive dialysis overnight and attend school 
during the day. HD requires the availability of a dialysis slot 
and also the presence of a parent to accompany the child for 
thrice-weekly treatment sessions. The impact of the disease 
on the whole family must therefore be taken into consider-
ation [124]. Kidney transplantation in children is very suc-
cessful and by far the preferred KRT modality, with 
pre-emptive living-related transplantation being the optimal 
management [125]. Children are prioritized on transplant 
waiting lists in view of their poor growth and loss of school-
ing if they remain on dialysis. Post-transplantation infections 
are a challenge but international guidelines have local rele-
vance to South Africa too [126]. Paediatric palliative care is 
an area that has been developing recently to cater for chil-
dren with ESKD who are not treated with dialysis or 
transplantation.

 Adolescent Nephrology

There are no published data on the prevalence or aetiologies 
of ESKD in adolescents in Africa. Extrapolating paediatric 
and adult data from South Africa, and adolescent data from 
the United States, Australia and New Zealand, it is likely that 
glomerular disease is the leading cause of ESKD in South 
African adolescents [127–130].

Adolescent nephrology is a growing area in South Africa 
and there are efforts by paediatric and adult doctors to 
improve the transition of patients from paediatric to adult 
services. However, difficulties do arise for children who may 
have developmental delays and fail to meet the criteria 
required for entry into the resource-limited adult KRT 
programmes.

Adolescents are a vulnerable group, due to their neuro-
cognitive development, engagement in high-risk social activ-
ities and prevalence of mental illness [131]. Numerous 
challenges exist in treating adolescents with kidney disease 
and these challenges are amplified in settings with limited 
access to healthcare and KRT [132]. Paediatric units tend to 
have more generous staff-to-patient ratios than adult units 
and adult nephrologists are less familiar with the diseases of 
children such as CAKUT and metabolic diseases. In South 
African hospitals, transfer to the adult services usually 
occurs in the early teens but many nephrology centres are 
now changing their policies so that the transfers occur at 
older ages.

An adolescent nephrology service in Cape Town [133] 
reported that adolescents with CKD experience feelings of 
loneliness and isolation, anxiety over their illness, dissatis-
faction with their physical appearance, difficulties communi-
cating with staff (who appear not to appreciate the difficulty 
of the lifestyle changes required) and difficulties with 
remembering to take all their medication.

 Nephrology Practice in South Africa

The provision of optimal care for adults and children with 
renal disease requires multi-disciplinary teams of profes-
sionals which include nephrologists, nurses, renal technolo-
gists, surgeons, dieticians, psychologists and social workers. 
This is usually the case for KRT programmes in South Africa. 
In addition, some paediatric programmes involve educators 
and play therapists. Access to high care and intensive care 
facilities are important for both adult and paediatric 
programmes.

Practicing as a nephrologist in South Africa requires 
obtaining a 4-year specialist qualification in internal medi-
cine or paediatrics, followed by 2 years of sub-speciality 
training in nephrology or paediatric nephrology. In the pub-
lic sector, the gross annual salary for a nephrologist is 
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approximately USD 90,000. Income is generally higher in 
the private sector but no published data are available on this.

Currently, there are insufficient numbers of nephrologists 
in South Africa, and a markedly uneven distribution among 
the different provinces and healthcare sectors. A recent study 
by Hassen et  al. [134] characterized the South African 
nephrologist workforce and reported that there were a total 
of 120 adult and 22 paediatric nephrologists in 2018, an 
overall density of 2.5 nephrologists pmp. This is well below 
the median for middle-income countries of 10.8 pmp [135].

The median age was 45 years and there was a male pre-
dominance (66%). Most of the adult nephrologists (60%) are 
working in the private sector, while most of the paediatric 
nephrologists (68%) are based in the public sector. There is 
also a striking geographic maldistribution, with 92% of the 
nephrologists working in three of the nine South African 
provinces (Gauteng, Western Cape and KwaZulu-Natal), 
only one each in Limpopo and the Northern Cape, and none 
in the North West and Mpumalanga.

Regarding their skills, most South African nephrolo-
gists are competent at placing temporary HD catheters 
and performing native and allograft kidney biopsies. 
Approximately half report competence with respect to 
performing renal ultrasound and bedside PD  catheter 
insertion, and one- quarter feel competent at placing tun-
nelled HD catheters [134].

Qualitative data from Hassen et  al. [134] indicate that 
South African nephrologists generally have positive attitudes 
towards their chosen profession and would recommend 
nephrology as a career to junior doctors or students. While 
most are happy with their remuneration, workload and work-
ing environment, there are significant numbers who are not. 
In the public sector, nephrologists face considerable resource 
limitations, a high workload, challenging policies and unsat-
isfactory remuneration. In the private sector, they face a high 
workload, large administrative burdens and uncertainty 
about the potential impact of the proposed National Health 
Insurance. A substantial number are contemplating emigra-
tion or early retirement.

Published data on the other professionals in the nephrol-
ogy team are sparse. There were 205 renal clinical technolo-
gists registered with the Health Professions Council of South 
Africa in March 2019.

 Nephrology Education

ISN’s Commission for the Global Advancement of 
Nephrology (COMGAN), the forerunner of ISN’s global 
outreach programs, was crucial in promoting nephrology 
education and care in many regions of the world and in 
Africa, in particular [136]. Sarala Naicker was invited to join 
COMGAN by its inaugural chairs, Barry Brenner and John 

Dirks, and served as chair of the Africa region, visiting many 
African countries, arranging and participating in educational 
activities, and meeting the authorities in these countries.

The ISN Fellowship Program is a noteworthy initiative 
which sponsors nephrology training for physicians from 
developing countries. To date, 214 ISN Fellowships have 
been awarded to Africans, including 6 to South African doc-
tors who trained at centres in the USA, Canada, Australia 
and the UK.  In recent years, South Africa has become an 
important nephrology training ground for the African conti-
nent, with 73 physicians from other African countries, and 2 
from Nepal, being awarded ISN Fellowships for nephrology 
training at South African institutions. Yewondwossen 
Tadesse, from Ethiopia, was the first ISN Fellow to train in 
South Africa, with Sarala Naicker at the University of 
Natal  in Durban, in 1999. Most of the fellows have been 
hosted at the academic hospitals linked to Stellenbosch 
University, the University of Cape Town and the University 
of the Witwatersrand and many have obtained Masters or 
PhD degrees during their training in South Africa.

A 25-year review of the ISN Fellowship Program reported 
that many ISN Fellows have gone on to assume leadership 
positions in their home institutions, countries and regions. 
Fellows who had trained at centres within their region 
reported fewer difficulties with obtaining visas, more hands-
 on clinical training, greater relevance and impact on their 
home units, and less ‘brain drain’ [137].

Fellowships from IPNA and ISPD have also allowed 
many health professionals from African countries to come to 
South Africa for training in paediatric nephrology and PD, 
respectively. There have been 33 trainees from African coun-
tries who have been trained as paediatric nephrologists at 
South African hospitals linked to the University of Cape 
Town (Red Cross War Memorial Children’s Hospital), the 
University of the Witwatersrand (Charlotte Maxeke 
Johannesburg Academic Hospital and Chris Hani 
Baragwanath Hospital) and the University of Pretoria (Steve 
Biko Academic Hospital).

The ISN Educational Ambassadors Program, initiated by 
its first chairperson, Sarala Naicker, is another important 
educational initiative of ISN.  The programme supports 
nephrology in the developing world through the delivery of 
focused, high-quality, hands-on training by experts over a 
period of 1–4 weeks. Razeen Davids, Mignon McCulloch, 
Elmi Muller and Ikechi Okpechi are South Africans who 
have delivered training in Kenya, Ghana, Nigeria, Zambia, 
Zimbabwe and Nepal as ISN Educational Ambassadors.

Apart from contributions to the training of nephrology 
fellows from other countries, South Africans have been 
involved in other important educational initiatives. Brett 
Cullis, Mignon McCulloch, Peter Nourse and Nicola Wearne 
have trained many African doctors and nurses in delivering 
acute PD in the ‘Saving Young Lives’ programme [46], while 
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Sarala Naicker [138–140], Brett Cullis [141] and Charles 
Swanepoel [139] have had leading roles in developing inter-
national nephrology guidelines and chairing workgroups and 
consensus conferences. Razeen Davids has contributed to a 
series of teaching articles [142–144] and developed an inter-
active e-learning resource on the topic of electrolyte and 
acid-base disorders [145, 146], and Mignon McCulloch has 
co-edited a new handbook on paediatric critical care nephrol-
ogy [147].

Two South Africans have been honoured for their out-
standing achievements in the field of education in nephrol-
ogy via the ISN’s Roscoe R Robinson Award. Sarala Naicker 
and Mignon McCulloch were recipients of this prestigious 
award in 2009 and 2017, respectively.

 Conclusions

Like many African countries, South Africa faces an epidemic 
of acute and chronic kidney disease. There are many compet-
ing priorities, resulting in serious resource constraints to pro-
viding comprehensive kidney care, especially in the public 
healthcare sector which serves most of the population. 
Nephrology is a well-developed speciality in the country, 
with active training programmes and good national organiza-
tions to carry the discipline forward. South African contribu-
tions to African and global nephrology have been substantial 
and should continue to grow in the future.
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Area1 241,550 km2

Population2 44.7 million (2019)
Capital Kampala
Three most populated cities 1. Wakiso

2. Kampala
3. Kibaale

Official languages English, Kiswahili, Luganda, 
Lunyakitala, and many others

Gross domestic product (GDP)3 27.48 billion USD (2018)
GDP per capita3 710 USD (2018)
Human Development Index 
(HDI)

0.516 (2017)

Official currency Ugandan shillings
Total number of nephrologists 10
National society of nephrology Uganda Kidney Foundation
Incidence of end-stage renal 
disease

Not available

Prevalence of end-stage renal 
disease4(on dialysis)

2018 – 51.8 pmp

Total number of patients on 
dialysis5

(all modalities)

2017 – 176
2018 – 186

Number of patients on 
hemodialysis5

2017 – 173
2018 – 184

Number of patients on 
peritoneal dialysis5

2017 – 3
2018 – 2

Number of renal 
transplantations per year

2017 – 0
2018 – 0

Table references:
1.  Uganda surface available https://www.indexmundi.com/facts/

uganda/surface-area
2. WHO, 2017
3. Uganda GDP per capita, available https://tradingeconomics.com
4. Kalyesubula R, Nankabirwa et al, BMC Nephrology, 2017
5. Uganda Kidney Foundation, unpublished data

 Introduction

Uganda is one of the countries found in East Africa. It is 
bordered by the Democratic Republic of Congo, Kenya, 
Rwanda, South Sudan, and Tanzania. Uganda achieved 
independence from the United Kingdom in 1962. The 
country is located on the East African Plateau, lying mostly 
between latitudes 4°N and 2°S (a small area is north of 4°) 
and longitudes 29° and 35°E. It averages about 1100 meters 
(3609 ft) above sea level, sloping very steadily downward 
to the Sudanese plain to the north. It has 134 districts and 
Kampala, its capital city, sits close to Lake Victoria. The 
population of Uganda is currently estimated at 44,700,000 
people. Uganda is called the pearl of Africa due to its ever-
green nature and the lively nature of the people who live in 
it [1, 2].
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Uganda has allegiance along ethnic, religious, and politi-
cal lines. With more than 56 tribes, diversity is at the heart of 
Uganda. However, it is easy to navigate through the country 
if you speak either English, Swahili, or Luganda. The official 
currency of Uganda is Ugandan shillings (UGSH) with a 
symbol of /=. One US dollar is equivalent to 3700 Ugandan 
shillings. One of the most attractive sites includes the Bwindi 
forest which is home to the world’s most beautiful gorillas. 
We have several game parks where wild animals can be 
found in their natural homes. Uganda is at the equator and 
therefore receives sunshine throughout the year.

Uganda has had several presidents and a turbulent past. 
However, in 1986, President Yoweri Museveni came into 
power and his presidency has remained until present day 
(2019). The Ugandan parliament is one of the largest in the 
world with 426 members in the 10th parliament. It is cur-
rently headed by Hon Rebecca Kadaga.

Healthcare in Uganda is generally free across the country 
organized into different levels of care. We do not have health 
insurance in the country, and the health facilities are often ill 
equipped to provide adequate resources to care for the grow-
ing population. This is more pronounced when it comes to 
chronic diseases [3].

 Brief History of Nephrology in Uganda

Uganda has a great heritage and history in the field of 
nephrology with key research performed in malaria- 
associated nephropathy and glomerulonephritis by 
Kibukamusoke in the late 1960s and early 1970s [4]. Acute 
peritoneal dialysis (PD) using normal saline fortified with 
dextrose 50% was introduced by Dr Edward Kigonya in the 
1970s who also introduced the concept of enteric dialysis 
using sorbitol in 2000 (unpublished data). Dr Amos Odiit 
started pediatric nephrology care services in Mulago Hospital 
in 2000. Since then, we have had slow progress in both 
research and clinical nephrology until recent years. Renal 
replacement therapy (RRT) in the form of hemodialysis 
(HD) is still new in Uganda, having been introduced to the 
capital, Kampala, in 2001. Dr Emmanuel Ssekasanvu work-
ing alongside Mr Moses Odongo started HD at a private cen-
ter and 2 years later, in 2003, at the intensive care unit of 
Mulago National Referral and Teaching Hospital. Since 
then, dialysis has improved as explained in the different sec-
tions. As of 2019, Uganda has unfortunately not yet started 
kidney transplant program, and most Ugandan patients are 
referred to outside countries for this service.

There is a lot of enthusiasm for the field of nephrology 
since 2012 when the Uganda Kidney Foundation (UKF) was 
established by Dr Emmanuel Ssekasanvu, Dr Simon Peter 
Eyoku, Dr Rose Muhindo, Dr Peace Bagasha, Dr Prossy 
Ingabire, Dr Joseph Lunyera, and Mr Tomson Masereka 
under the leadership of Dr Robert Kalyesubula. In 2013, the 
UKF team organized the first international kidney confer-

ence in Uganda. Since then the UKF holds regular scientific 
meetings and celebrates the World Kidney Day together with 
other team players like the Uganda Kidney Psychosocial 
Support Organization (UKPSSO) and the Uganda Ministry 
of Health. Since its foundation, the UKF has screened 2160 
community members for hypertension, diabetes, obesity, and 
kidney disease and referred them for further care [5, 6].

 Renal Diseases in Uganda

Kidney disease is a common problem worldwide with one 
in ten people estimated to have kidney disease. Developing 
countries like Uganda have the largest burden of disease due 
to lack of well-established infrastructure for prevention, 
diagnosis, and care for patients with kidney disease. The 
current prevalence of chronic kidney disease (CKD) in 
Uganda ranges from 2.5% in the general population to 
14.4% among high-risk groups [7, 8]. The major risk factors 
driving kidney disease in adults include hypertension, dia-
betes mellitus, and infections, particularly HIV-AIDS.  In 
children, the major contributors to renal disease are sickle 
cell disease, malaria, and other infections [9–11]. However, 
a large proportion of the general population with CKD 
(49%) is not explained by the known risk factors [12]. We 
do not know the prevalence of acute kidney injury (AKI) in 
the general population. However, one study done in a hospi-
tal care setting in Mulago National Referral Hospital, the 
largest hospital in Uganda, provides some information. 
Among the 387 patients attending an emergency unit with 
sepsis, 16.3% had AKI and had an inhospital mortality of 
21% largely due to lack of access to dialysis and intensive 
care services [13].

Uganda has a large population with 55% of the people 
below 18  years of age and only 4% of the people above 
60 years [1]. We have no national health insurance policy, and 
there is limited health insurance for a few employed individu-
als. Most of these policies exclude renal care beyond renal 
function tests, urinalysis, antihypertensive therapy, and diabe-
tes treatment. Individuals pay out of pocket for renal care 
(biopsy, dialysis, transplant, and posttransplant care). We do 
not have a renal registry, and most of the data is from individ-
ual community or hospital-based studies. About 1000 patients 
are diagnosed with renal disease every year in Mulago National 
Referral Hospital. Up to 56.2% of patients who attended for 
the first time at the renal clinic present with CKD stage 5, and 
most of these are under 38 years of age [14, 15]. The leading 
associations with CKD are hypertension, diabetes mellitus, 
infections (HIV in particular), and tuberculosis [15, 16]. 
Diseases such as malaria and schistosomiasis are some of the 
endemic diseases associated with kidney disease [4, 7]. 
Hemorrhagic fevers like Marburg and Ebola viral infections 
have been associated with kidney diseases. Other causes 
include locally available herbal remedies often used for treat-
ment of various ailments and among pregnant women [17].
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AKI accounts for 4% of hospital admissions and is a 
major cause of mortality among adults, and most of the cases 
arise from infections and trauma [13]. Pregnancy and its 
related complications are a major cause of AKI among 
women of childbearing age. Uganda has a young population 
and a high fertility rate with poor health systems [3, 18].

 Renal Diseases in Pediatric Population

Glomerulopathies are among the leading causes of CKD 
among children. Unfortunately the lack of immunofluores-
cence limits our ability to confirm the exact causes of the 
glomerulopathies. Past studies among children attributed 
these glomerulopathies particularly nephrotic range protein-
uria to quartan malaria [4]. Recent studies describe sickle 
cell disease as a cause of proteinuria among children in 
Uganda. About 15,000 babies are born with sickle cell dis-
ease in the country annually [19]. A cross-sectional study, 
among children with sickle cell anemia in a steady state 
attending Mulago National Referral Hospital in the years 
2007 and 2008, reported the prevalence of microalbuminuria 
to be 28% [9]. This highlights the importance of sickle cell 
disease as a cause of glomerulopathies in children in Uganda. 
The role of Plasmodium falciparum malaria in causing CKD 
has not been well documented; however, in the past 2 years, 
two children have received renal transplant following P. fal-
ciparum infection, and a study published in 2019 has indi-
cated an increased risk of CKD in children with severe P. 
falciparum [10].

Concerning AKI among children in Uganda, P. falci-
parum is a leading cause of AKI in these children. A recent 
study at the Mulago National Referral Hospital showed an 
AKI prevalence of 35.1% among children admitted with 
severe malaria [10]. The study further indicated that the 
risk of these children progressing to CKD is three times 
more than those without AKI [10]. Unfortunately, AKI is 
associated with an increased risk of mortality in these chil-
dren with malaria [10]. Other causes of AKI in children in 

Uganda include gastroenteritis, malnutrition, pneumonia, 
and HIV [11]. Even though we have limited literature in 
the country concerning the epidemiology of other causes 
of renal diseases in children, based on observations during 
clinical care, idiopathic nephrotic syndrome contributes to 
almost 50% of our outpatient reviews. In addition, post-
streptococcal glomerulonephritis, urinary tract infections, 
and obstructive uropathies are also prevalent causes of 
pediatric renal diseases in Uganda [20].

 Renal Replacement Therapy in Uganda

Renal replacement therapy (RRT) in Uganda is largely 
restricted to HD as initial results for PD were not optimal. 
We are in the early stages of setting up a national kidney 
transplant program. Only about 9% of the people who need 
RRT have access to it in Uganda, and their options are cur-
rently limited to hemodialysis [5].

 Hemodialysis

RRT in the form of HD is still new in Uganda and was initi-
ated in early 2001 at the Mulago National Referral and 
Teaching Hospital located in the capital, Kampala. This is a 
1500-bed teaching hospital serving a population of about 30 
million Ugandans. Patients therefore had to travel several 
kilometers from out of Kampala city to access the service at 
a costly fee. With a fast-growing population, at close to 45 
million currently and an increased prevalence of CKD, the 
number of patients needing RRT has markedly increased. In 
response, the number of dialysis centers has also increased 
from one dialysis center in early 2001 to 11 centers by 2019. 
Regrettably, the majority of these dialysis centers are all con-
centrated in the central region, the capital city, Kampala. 
Two dialysis centers are government owned, while the 
remaining nine are privately run. Only two centers are 
located out of the capital city (Table 7.1).

Table 7.1 Dialysis centers in Uganda (2019)

Dialysis unit Ownership No. of HD machines No. of pts Male Female Head of the unit
1. Kiruddu Teaching Hospital Government 19 110 74 36 2 nephrologists

1 specialist physician
2. Nakasero Hospital Private 5 7 6 1 1 nephrologist
3. Norvik Hospital Private 6 22 13 9 1 nephrologist
4. Panorama Medical Center Private 4 8 4 4 1 nephrologist
5. UMC Victoria Hospital Private 6 11 8 3 1 nephrologist
6. Case Hospital Private 3 5 4 1 1 nephrologist
7. Nsambya Hospital Private 4 12 8 4 1 nephrologist
8. Mbarara University Teaching Hospital Government 2 2 2 0 1 nephrologist

1 specialist physician
9. DMA diagnostics and laboratory Private 2 1 1 0 1 nephrologist

1 specialist physician
10. Home dialysis Private 1 1 1 0 1 nephrologist

HD hemodialysis, Pts patients
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There are 52 hemodialysis machines in the country, 21 
of which belong to the public sector, providing both acute 
and chronic HD.  A total of 179 patients are undergoing 
chronic HD, with the largest in-center number dialyzing in 
a government hospital due to a government subsidized cost 
of about 20 US dollars. The private centers and the other 
government center currently provide HD at an average cost 
of 80 US dollars per dialysis session. Other drugs used 
alongside dialysis like erythropoietin, iron, calcium, vita-
min D, phosphate binders, and drugs for treating comorbid-
ity disorders are paid for by the patients in both private and 
government dialysis centers. There is a general male pre-
dominance in dialysis accessibility in most centers; women 
and children are underrepresented like in many other low-
income countries [21, 22].

We neither have a national health insurance scheme nor do 
we have a national dialysis policy for dialysis allocation in 
Uganda. This means that all patients access dialysis through 
out-of-pocket costs. The private health insurance schemes for 
nongovernmental organizations (NGOs) do not cover dialysis. 
In comparison, neighboring countries, like Kenya, Tanzania, 
and Rwanda, offer short-term dialysis for AKI under their 
existent national health insurance schemes [21, 23]. In Uganda, 
dialysis is only subsidized at the main national and referral 
hospital (Mulago); however, the majority of the patients are 
dialyzed once or twice weekly due to the prohibitive long-term 
unsustainable costs for dialysis, medications, tests, and trans-
port to the dialysis center. The minimal internationally recom-
mended hemodialysis dose is 4 hours, thrice weekly. Clinicians 
are always faced with the dilemma of dialysis adequacy. At the 
government center, patients are entitled to a maximum of two 
sessions per week. This is because the numbers are quite over-
whelming. Dialysis teams often begin work at 1:00 am in the 
morning, and the shifts go up to 10:00 pm in the night. Patients 
who can afford often get a third dialysis session from private 
units, while the majority (about 90%) of them gets less than 
two sessions a week. It is therefore a challenging situation, and 
some patients end up using drugs, herbal remedies, and other 
conservative methods of treatment, like probiotics and strict 
diet, in between the dialysis session. It is not uncommon for 
patients to present with creatinine of over 2000  umol/l 
(22.6 mg/dl) and hemoglobin levels of less than 5 g/dl to dialy-
sis units. Only 9 out of 184 patients (5%) have been on dialysis 
for more than 5 years in the country. We also do not have any 
national guidelines for dialysis, and this sector is not yet regu-
lated. As a result of this, practices vary widely across centers. 
For example, dialyzer reuse is only done inconsistently by one 
private center. Even then less than six patients overall are 
using this method. The dialyzer is used for a maximum of 
eight sessions.

With a population of 44.7 million, Uganda has only 10 
nephrologists, 2 pediatric, and 8 adult nephrologists, provid-
ing a nephrologist to population ratio of 0.15 per million 
population (pmp). The average ratio in Europe, for example, 

is approximately 20 pmp [24]. This very low number of 
nephrologists in Uganda directly affects patient access to 
quality care and hence dialysis access. Additionally, dialysis 
access is provided only in the two major cities, Kampala and 
Mbarara, leaving the rest of the country out of reach for dial-
ysis services. Some patients travel more than 300 kilometers 
to access dialysis, while others have had to migrate to the big 
cities in order to access these services.

The lack of a transplant program in the country leaves some 
potential transplant candidates on chronic HD. This imposes an 
excessive financial burden on the families of the affected 
patients. In many instances, it has resulted in catastrophic 
health expenditures, leading to the sale of family property and 
depletion of life savings, leaving the entire family impover-
ished. At the government center where costs are subsidized, a 
number of other major challenges include overwhelming 
patient numbers, inadequate dialysis, and very low fistula rates. 
The majority of patients use temporary catheters for long peri-
ods of time, hence presenting patients with recurrent catheter-
associated infections and sepsis leading to poor dialysis 
outcomes. Patients suffer with high rates of anemia, while staff 
get fatigue and burnouts. There are occasional consumable 
stockouts, absence of timely machine maintenance, hence fre-
quent machine breakdowns with limited technological support, 
and irregular water analysis. Similar challenges have also been 
observed in other low- and middle-income countries [25].

 Peritoneal Dialysis

We currently have no active PD services in Uganda. Efforts 
to set up PD through the Sustainable Kidney Care Foundation 
were hampered by lack of commitment from stakeholders 
and the fact that peritoneal fluid for dialysis was hard to 
transport across the borders. There is no champion to lead 
this effort of dialysis development in the country. 
Occasionally, some children are able to get PD through 
insertion of temporary catheters. The dialysis equipment and 
fluids have to be procured from nearby Kenya by the rela-
tives of the children. In 2018, three adult patients were on 
continuous ambulatory peritoneal dialysis (CAPD); two of 
them passed away due to peritonitis in 2019.

We are currently looking for ways to revise this program 
particularly for children. The international community is 
welcome to support us in this effort because many children 
are dying from AKI, a condition which also increases their 
risk of developing CKD [9–11].

 Renal Transplantation

As the burden of CKD increases in sub-Saharan Africa, so 
does the need for renal transplantation. As of 2019, we have 
no transplant program in Uganda, and all our patients have 
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undergone renal transplant outside Uganda, mostly from 
hospitals in India. Renal transplant in conjunction with 
Indian Hospitals began in 2004, and over 100 recipients from 
Uganda have been transplanted and are monitored in con-
tinuing consultation with the mother transplant hospitals that 
include Trivedi in Mumbai, Apollo Hospital in New Delhi, 
Yashoda in Hyderabad, and Fortis in Bangalore. A few more 
patients have had their transplant done in South Africa 
(Groote Schuur), Kenya (Nairobi), and other countries.

There is an undocumented, but worrying, rise in the number 
of chronic allograft loss among Ugandan renal transplant recip-
ients noted over the past decade, but the factors associated with 
chronic allograft injury have not been conclusively identified. 
Several studies have shown different factors (both donor and 
recipient) to be associated with poor allograft outcome/survival 
rate, including underlying cause of CKD stage 5, longer time 
on dialysis prior to renal transplantation, creatinine level at the 
time of discharge, and donor age, among others [26, 27].

Though there is an increasing number of patients diag-
nosed with CKD stage 5 and in need of kidney transplant in 
Uganda, very few patients (less than 1%) can get a transplant 
because of the prohibitive cost. In addition, because we only 
rely on living-related donors, there is a problem of finding 
suitable donors, and this is further complicated by lack of 
capacity among medical institutions and lack of policies to 
regulate the transplantation process. These factors are not 
different from those encountered in most African countries 
[26]. However, compared to the developed world, where the 
biggest challenge is shortage of donated kidneys, the biggest 
challenge in Uganda is the cost since the patients and rela-
tives have to pay for medical care, in addition to travel and 
living expenses for the donor and caretaker. Thus many 
patients never consider transplant an option for care once 
diagnosed with CKD stage 5.

All our patients who have undergone kidney transplanta-
tion have had living-related donors. The nephrologists in 
Uganda often collaborate with the centers abroad where the 
patients are transplanted and only take over care once the 
patients return to their home country.

Uganda is currently discussing an organ transplant bill 
that is under review by the parliament. We are hopeful that 
this will be passed and transplant resources availed to patients 
at a local level. This may reduce the cost of medical care and 
set up a system for nonliving organ donation and improve 
local human resources and institutions’ capacity building, 
among others.

As we await the organ transplant bill to be passed, Mulago 
National Referral Hospital is currently under renovation and 
getting ready to start kidney transplantation. This transplant 
program has been spearheaded by the executive director, Dr 
Byarugaba Baterana, and a transplant team comprising sur-
geons, nephrologists, pathologists, and intensivist nurses 
who have been trained in anticipation of the same.

We believe when the program starts more patients will be 
able to undergo kidney transplant.

 Nephrology Practice in Uganda

Amid the rising tide of CKD, the global nephrology work-
force has shrunk and is failing to meet the growing health-
care needs of this vulnerable patient population. Africa has 
the lowest number of nephrologists per million population 
(pmp) in the world, with no nephrologists in many parts of 
the continent [28]. Uganda is estimated correctly to have less 
than 0.15 nephrologist pmp [28] (Fig. 7.1). As a matter of 
fact, this global shortage of nephrologists is seen in many 
parts of the world [29, 30].
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As of April 2019, Uganda had only ten nephrologists for 
a population of 44.71 million [1] leaving each nephrologist 
to take care of over four million people. The nursing arm of 
nephrology follows a similar trend marred by low numbers 
and lack of training within the nursing schools about kid-
ney disease and its management [31]. This is mainly con-
tributed to by the absence of in-country training 
opportunities for specialist nephrology practice. All spe-
cialist nephrology providers trained abroad in South Africa, 
the United States of America (USA), Canada, Tanzania, 
and India for the doctors and mostly India for the nurses. 
Training abroad has cost implications which must be 
incurred by the individual either through personal funds or 
through looking out for scholarship opportunities mainly 
offered by the International Society of Nephrology (ISN) 
and the host universities-hospitals.

Advanced nephrology services are distributed between 
two major cities; Mbarara and Kampala. Mbarara, the 
smaller of the two, with a projected population of 216,800 
[2], only has one nephrologist who covers all the private 
facilities and the one public government-owned hospital. 
This hospital is a regional referral hospital attending most of 
the western region of the country and also serves as the 
teaching hospital for Mbarara University of Science and 
Technology (MUST).

Kampala, the capital city of Uganda, with a projected 
population of over 1.65 million people [2] hosts the 9 other 
nephrologists. These are also distributed between one public 
hospital, two private not for profit hospitals, and six private 
for profit hospitals. Only three of these nephrologists cover 
the public hospital (Mulago National Referral Hospital) 
which doubles as a national referral hospital and a teaching 
hospital for Makerere University College of Health Sciences 
(MakCHS). This hospital receives medical referrals from all 
over the country and neighboring countries like the 
Democratic Republic of Congo and South Sudan.

Opportunities in the private hospitals include either full 
coverage, as a resident nephrologist, or partial coverage, i.e., 
as a part-time consulting nephrologist. The most common 
reason for consultation is AKI for inpatient reviews, but reg-
ular outpatient clinics are also often carried out at the pri-
mary medical facilities of practice. The nephrologist is 
expected to be involved in inpatient consults, outpatient clin-
ics, HD unit rounds, and ICU coverage. The nephrologist is 
expected to be conversant with the management of a wide 
range of systemic disorders, which may be responsible for 
malfunctioning of the kidneys, which include high blood 
pressure, cancers, or diabetes.

Most frequent procedures include HD catheter insertion 
and performing kidney biopsies, but occasionally other pro-
cedures like paracentesis for massive ascites or pleurocente-

sis for pleural effusions may be required. There may be an 
interventional radiologist to do some of these procedures, 
especially in the private facilities. It is most common for the 
nephrologist to report to the medical director or chief of spe-
cialists, depending on the institution.

Patient load has seasonal variations with each of the pri-
vate facilities admitting regularly five to ten patients per 
week, with five to ten patients on chronic HD. Private not for 
profit facilities may have fewer patients due to the elevated 
financial costs for a population that is seen to be less eco-
nomically advantaged. The public government facility has 
20–30 patients in the inpatient wards, with 10–15 new 
patients in the inpatient clinic weekly and 100–120 HD 
patients on chronic hemodialysis.

Nephrologists tend to cover each other in case one is away 
on leave or travelling and do frequently discuss complicated 
cases, with the older more experienced group members giv-
ing advice and mentorship to younger members. The annual 
World Kidney Day celebrations mark a time for the meeting 
of nephrologists; the group works together to organize 
national celebrations often involving a community screening 
activity and a scientific conference. In 2019, community 
screening activities were organized at the parliamentary 
grounds, and a motion to increase funding for sustainable 
kidney disease care was debated by members of parliament 
and passed. This momentous event is aimed to be the launch 
pad for a proposal by the nephrology community in Uganda 
to increase dialysis units in the country. This proposal seeks 
to include hemodialysis services at all 13 regional referral 
hospitals in the country. There are few trained pathologists in 
Uganda, so most of the biopsies done are processed abroad 
by partnering laboratories with turnaround time of about 1–2 
weeks.

Currently, there are only five intensive care units (ICUs) 
that offer hemodialysis, with only one offering both hemodi-
alysis and continuous renal replacement therapy (CRRT). In 
places without CRRT, hemodynamically unstable patients 
are offered sustained low-efficiency dialysis (SLED). 
Intensivists often work closely with nephrologists and will 
usually not start dialysis without nephrology review.

Salary scales in the government/public facilities are fixed 
at a starting annual scale of 7500 US dollars and increase as 
higher-level posting is announced by the public service. In 
the private sector, this could range between 19,000 and 
65,000 US dollars per annum.

Nurses are expected to be the coordinators between the 
physician and the patient. A nephrology nurse has key tasks 
in the dialysis room, during ward rounds, in outpatient clin-
ics, and in non-doctor-related reviews. A dialysis nurse may 
work in the dialysis department of a hospital, a dialysis 
clinic, or a physician’s office. The nurse typically operates an 
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HD machine, monitors patient vital signs, communicates 
procedure details with patients, and assesses the  effectiveness 
of procedures, as well as being responsible for cleaning the 
work area. It is also the responsibility of the dialysis nurse to 
be sympathetic, caring, patient, positive, and responsible 
when caring for patients. The terms dialysis nurse and 
nephrology nurse are often interchangeable; however, a 
nephrology nurse is involved in all aspects of treatment of 
patients with kidney problems, including dialysis. The nurs-
ing numbers are low for the patients, ranging from three in 
private hospitals to 18 in the public hospitals. Nurses often 
work 12-hour shifts, one shift per day and up to five shifts 
per week with Sunday being an off day for most dialysis 
units. Only emergency sessions are usually scheduled on 
Sundays. Most chronic dialysis sessions on average last 4 
hours. Exceptions lie within initiation sessions both for 
chronic and acute HD undertaking 2 hour sessions and very 
few, especially the hemodynamically unstable, lasting 
beyond 5 hours. The earliest nonemergency dialysis starts at 
1:00 am in the public hospital. The nurse would earn between 
3500 and 7000 US dollars per year. Due to a nonexistent 
transplant program in the country, positions such as trans-
plant coordinator have not been started, but this would be a 
nephrology nurse with a transplant qualification.

The nephrology social work is usually done by the 
nephrologist and nurse, but we appreciate that such a posi-
tion would help in activities such as evaluating for vocational 
rehabilitation services. This often includes employment, 
going to school, volunteering within the community, or 
returning to previously enjoyed activities, providing educa-
tion and referrals to appropriate resources. Other activities 
include assisting with keeping or obtaining insurance cover-
age, assisting patients with understanding their rights and 
responsibilities, providing supportive counseling, and assist-
ing in informing patients of the importance of treatment par-
ticipation and advanced directive education, among others. 
All in all, the workforce is limited in numbers, and this cre-
ates a huge case for training, deploying, and capacity build-
ing in other areas. Collaborations with partners would go a 
long way in making this happen.

The Uganda Kidney Foundation  – a team of doctors, 
health scientists, social scientists, and public health experts 
serving in both public and private facilities – is spearheading 
the advocacy arm of nephrology services in the country. We 
have a work plan to ensure at least one nephrologist and one 
nurse are trained each year to achieve numbers and continue 
battling the scourge of kidney disease in the country. It is 
also bringing multidisciplinary professionals, such as social 
workers, psychologists, dietitians, and physiotherapists, 
together with NGOs, offering psychosocial support to 
increase access to holistic care for kidney disease patients.

 Highlights of Nephrology in Uganda

Uganda was the first country to demonstrate that quartan 
malaria causes nephrotic syndrome in a landmark study by 
Kibukamusoke in 1967 [4]. Since 1996, in our medical 
school, Dr Edward Kigonya has been promoting the concept 
of intestinal dialysis. He believed that using laxatives and 
antibiotics would help in ensuring that the body got rid of 
some of the uremic toxins when patients could not afford 
dialysis (unpublished data). Probiotics have now become of 
great interest in delaying progression of CKD [32].

In March 2019, under the leadership of Dr Joseph Ogavu 
Gyagenda, the Uganda Kidney Foundation conducted 
screening for kidney disease at the Uganda parliament, and 
the healthcare bill for kidney disease was discussed by the 
parliamentary health committee.

 Future Perspectives of Nephrology 
in Uganda

The future of nephrology in Uganda very much lies in going 
back to the basics of prevention; screening; training; health 
financing; improved diagnostics; safe, affordable, and acces-
sible dialysis; an active transplant program; and solid 
research.

The current annual cost of renal replacement services in 
Uganda ranges from 3125 to 18,720 US dollars against the 
average annual salary income range of 1380 to 2400 US dol-
lars rendering renal care inaccessible for the vast majority of 
the Ugandan population. Worldwide, the establishment of 
health insurance schemes has translated into better health-
care and growth of healthcare systems. Because health 
financing is such a bottleneck in healthcare in Uganda, there 
is a more than urgent need for expedition of all measures to 
ensure that the country gets a health insurance scheme run-
ning in the shortest time possible. Other countries in the 
region are running national health insurance schemes with 
big benefits to tertiary care and hence kidney care. This 
scheme, while being applied to the entire healthcare system, 
would mobilize enough financial resources to fund preven-
tive, investigative, curative, as well as rehabilitative services 
related to kidney health. Currently, all the nephrologists and 
dialysis nurses have had to pursue their specialized training 
outside the country. This directly translates into higher costs 
of training, while limiting the number of nephrology caregiv-
ers that can be trained at any one time. With the country pres-
ently only having a total of ten nephrologists, there is clearly 
a big need for more training among all care providers in 
nephrology to address the globally increasing number of 
patients with CKD stage 5 and those needing dialysis. This 
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training also needs to address the big need for transplant 
which the country is beginning to prepare itself for.

As a country, Uganda needs to resurrect its PD services to 
address care for the pediatric patients as well as those that are 
unable to afford or take on HD as their preferred mode of 
RRT [33]. Whereas some locations, such as Hong Kong, 
have a high prevalence of PD (up to 70%) as a modality of 
RRT [33], Uganda presently runs absolutely no PD service 
due to many factors, especially unavailability of supplies and 
lack of training.

Summarily, the country needs to train nephrologists, trans-
plant surgeons, transplant medical officers and nurses, dialysis 
nurses and technicians, renal dietitians, social workers, dialy-
sis technical staff, transplant coordinators, clinical research 
leaders, as well as kidney health advocates. Developing local 
capacity to train these care providers is certainly the most cost-
effective approach, and setting up a kidney institute is perhaps 
the single way of meeting all these training needs.

Globally, the established risk factors for kidney disease 
include diarrheal diseases, HIV infection, low birth weight, 
malaria, and preterm birth and also encompass life course 
and environmental-, infection-, and lifestyle-related risks 
[34]. It is also common knowledge that if these risk factors 
are identified early, AKI and CKD can be prevented. In addi-
tion, if CKD is diagnosed early, worsening of kidney func-
tion can be slowed or averted by inexpensive interventions, 
many of which are in the reach of low- and middle-income 
countries like Uganda. Such interventions include counsel-
ing for cardiovascular disease, diabetes, and hypertension, 
drug therapy, tobacco control, promotion of physical activity, 
and the reduction of salt intake through legislation and food 
labeling. The timely identification and management of AKI 
and CKD represent the most effective strategy to address the 
growing global burden sustainably [35].

The nephrology fraternity therefore needs to offer guid-
ance to the policy-makers, Ministry of Health, medical edu-
cation system, and health workers on how to effectively 
prevent, screen for, and manage kidney disease. We must 
ensure that adequate resources are allocated to the public 
health aspect of kidney care so as to reduce the progression 
to end-stage disease. The Uganda Kidney Foundation has 
already engaged the Parliament of Uganda in considering 
improved budgetary support specifically earmarked for renal 
care, screening being one of the primary objectives.

Our health system needs to deliver quality, safe, accessi-
ble, affordable, and sustainable dialysis as a means of man-
aging AKI and CKD and offering an effective dialysis bridge 
to those being prepared to transplant. Government-led efforts 
should foster the establishment of more dialysis centers 
around the country, at least at all regional referral hospitals. 
This very proposal has been adapted by the Parliament of 
Uganda starting with the financial year 2019/2020. More 
dialysis centers will translate into more affordable dialysis as 

favored by the economies of scale. With the country only 
meeting a mere 0.04% of its dialysis need, it is very crucial 
that dialysis becomes more available in the country. An 
effective dialysis service will feed well-rehabilitated candi-
dates into the transplant program and eventually cut down 
the cost of long-term renal care.

Despite the absence of a running PD program in the coun-
try, the barriers to policy implementation are broadly associ-
ated with government policy, economics, provider or 
healthcare professional education, modality-related factors, 
and patient-related factors; similar factors are responsible for 
the low HD prevalence in the country [36]. The country 
therefore needs to equally invest in a PD program given its 
comparable health outcomes and relatively cheaper cost.

Presently, the bigger part of the population is unable to 
access screening and diagnostic services as part of the routine 
healthcare checkup due to the government stratification of 
healthcare that puts serum creatinine and urine dipstick at 
health center IV level, which is at county or municipal level. At 
the higher level, laboratory and imaging services are sparse 
only best found at the tertiary facilities within the capital, 
Kampala. And with only two pathologists with specialized 
training in nephropathology, whose service provision is more-
over presently only limited to light microscopy as immunofluo-
rescence and electron microscopy are unavailable and samples 
cannot be shipped out due to transportation challenges, our 
diagnostic capability for glomerular disease is at best limited. 
Increasing availability and knowledge about screening at the 
lower-level centers while strengthening the capacity of higher-
level centers will boost diagnostics related to kidney disease. 
The kidney institute would then serve as a one-stop superspe-
cialized center for provision of diagnostic services receiving 
samples and patients referred from lower units.

With the advance of technology, the future provides more 
options where the advanced services of a nephrologist, 
nephropathologist, or other care provider, physically remote 
from a certain site, may provide the same service by live or 
recorded means in what has come to be termed telenephrol-
ogy [37]. Such an approach is not new to medicine, already 
being employed in several disciplines like radiology, and 
many nephrologists worldwide are pursuing their ISN 
Certificate in Nephropathology via live and recorded webi-
nars as well as shared sources.

 Conclusion

Uganda is a beautiful country with a growing burden of 
CKD. The lack of availability of both PD and kidney trans-
plantation is an injustice that needs to be urgently addressed. 
Emphasis should be placed on disease prevention, and efforts 
to determine the major risk factors for CKD in this country 
should be prioritized.

R. Kalyesubula et al.



83

References

 1. Uganda Population. http://worldpopulationreview.com/coun-
tries/Uganda-population/2019 [Updated 5/4/2019; cited 2019 5th 
April 2019]. Available from: http://worldpopulationreview.com/
countries/uganda-population/.

 2. Uganda Bureau of Statistics. Population of cities, Uganda. 2019 
[Cited 2019 5/4/2019]. Available from: http://citypopulation.de/
Uganda-Cities.html.

 3. Katende D, Mutungi G, Baisley K, Biraro S, Ikoona E, Peck R, 
Smeeth L, Hayes R, Munderi P, Grosskurth H.  Readiness of 
Ugandan health services for the management of outpatients with 
chronic diseases. Tropical Med Int Health. 2015;20(10):1385–95.

 4. Kibukamusoke JW, Hutt MS.  Histological features of the 
nephrotic syndrome associated with quartan malaria. J Clin Pathol. 
1967;20(2):117–23.

 5. Kalyesubula R, Odiit A, Wekesa C, Katali E, Sekasanvu E, Kotanko 
P, Carter M. A time to improve kidney disease care and awareness 
in Uganda. Dialysis Times. 2012;19(2):1–4.

 6. Lunyera J, Stanifer JW, Ingabire P, Etolu W, Bagasha P, Egger JR, 
Patel UD, Mutungi G, Kalyesubula R.  Prevalence and correlates 
of proteinuria in Kampala, Uganda: a cross-sectional pilot study. 
BMC Res Notes. 2016;9:97.

 7. Kalyesubula R, Nankabirwa JI, Ssinabulya I, Siddharthan T, 
Kayima J, Nakibuuka J, Salata RA, Mondo C, Kamya MR, Hricik 
D.  Kidney disease in Uganda: a community based study. BMC 
Nephrol. 2017;18(1):116.

 8. Odongo P, Wanyama R, Obol JH, Apiyo P, Byakika-Kibwika 
P.  Impaired renal function and associated risk factors in newly 
diagnosed HIV-infected adults in Gulu Hospital, Northern Uganda. 
BMC Nephrol. 2015;16:43.

 9. Mawanda M, Ssenkusu J, Odiit A, Kiguli S, Muyingo A, Ndugwa 
C. Micro-albuminuria in Ugandan children with sickle cell anaemia: 
a cross-sectional study. Ann Trop Paediatr. 2011;31(2):115–21.

 10. Conroy AL, Opoka RO, Bangirana P, Idro R, Ssenkusu JM, Datta D, 
Hodges JS, Morgan C, John CC. Acute kidney injury is associated 
with impaired cognition and chronic kidney disease in a prospective 
cohort of children with severe malaria. BMC Med. 2019;17(1):98.

 11. Imani PD, Odiit A, Hingorani SR, Weiss NS, Eddy AA. Acute kid-
ney injury and its association with in-hospital mortality among chil-
dren with acute infections. Pediatr Nephrol. 2013;28(11):2199–206.

 12. Stanifer JW, Jing B, Tolan S, Helmke N, Mukerjee R, Naicker 
S, Patel U.  The epidemiology of chronic kidney disease in Sub- 
Saharan Africa: a systematic review and meta-analysis. Lancet 
Glob Health. 2014;2(3):e174–81.

 13. Bagasha P, Nakwagala F, Kwizera A, Ssekasanvu E, Kalyesubula 
R. Acute kidney injury among adult patients with sepsis in a low- 
income country: clinical patterns and short-term outcomes. BMC 
Nephrol. 2015;16:4.

 14. Kalyesubula R, Lunyera J, Makanga G, Kirenga B, Amukele TK. A 
4-year survey of the spectrum of renal disease at a National Referral 
Hospital Outpatient Clinic in Uganda. Kidney Int. 2015;87(3):663.

 15. Babua C, Kalyesubula R, Okello E, Kakande B, Sebatta E, 
Mungoma M, Mondo CK.  Cardiovascular risk factors among 
patients with chronic kidney disease attending a tertiary hospital in 
Uganda. Cardiovasc J Afr. 2015;26(4):177–80.

 16. Cox JA, Lukande RL, Kalungi S, Van Marck E, Van de Vijver K, 
Kambugu A, Nelson AM, Colebunders R, Manabe YC. Is urinary 
lipoarabinomannan the result of renal tuberculosis? Assessment of 
the renal histology in an autopsy cohort of Ugandan HIV-infected 
adults. PLoS One. 2015;10(4):e0123323.

 17. Kiguba R, Ononge S, Karamagi C, Bird SM.  Herbal medicine 
use and linked suspected adverse drug reactions in a prospective 

cohort of Ugandan inpatients. BMC Complement Altern Med. 
2016;16:145.

 18. Kabagenyi A, Reid A, Rutaremwa G, Atuyambe LM, Ntozi 
JP.  Has Uganda experienced any stalled fertility transitions? 
Reflecting on the last four decades (1973–2011). Fertil Res Pract. 
2015;1(14):1–10.

 19. Ndeezi G, Kiyaga C, Hernandez AG, Munube D, Howard TA, 
Ssewanyana I, et al. Burden of sickle cell trait and disease in the 
Uganda Sickle Surveillance Study (US3): a cross-sectional study. 
Lancet Glob Health. 2016;4(3):e195–200.

 20. Odiit A. Common childhood kidney diseases in Uganda and their 
prevention. Afr Health Sci. 2017;17(4):1126–9.

 21. Antwi S.  State of renal replacement therapy services in Ghana. 
Blood Purif. 2015;39(1–3):137–40.

 22. Ulasi I. Gender bias in access to healthcare in Nigeria: a study of 
end-stage renal disease. Trop Dr. 2008;38:50–2.

 23. Callegari J, Antwi S, Wystrychowski G, Zukowska-Szczechowska 
E, Levin NW, Carter M.  Peritoneal dialysis as a mode of treat-
ment for acute kidney injury in Sub-Saharan Africa. Blood Purif. 
2013;36:226–30.

 24. Sharif MU, Elsayed ME, Stack AG. The global nephrology work-
force: emerging threats and potential solutions. Clin Kidney J. 
2016;9:11–22.

 25. Odubanjo MO, Oluwasola AO, Kadiri S. The epidemiology of end- 
stage renal disease in Nigeria: the way forward. Int Urol Nephrol. 
2011;43:785–92.

 26. Muller E. Transplantation in Africa – an overview. Clin Nephrol. 
2016;1(13):90–5.

 27. Courtney A, McNamee P, Maxwell A.  The evolution of renal 
transplantation in clinical practice: for better, for worse? QJM. 
2008;101(12):967–78. https://doi.org/10.1093/qjmed/hcn136.

 28. Field M. Addressing the global shortage of nephrologists. Nat Clin 
Pract Nephrol. 2008;4(11):583.

 29. Jha V. Current status of end-stage renal disease care in India and 
Pakistan. Kidney Int Suppl. 2013;3(2):157–60.

 30. Katz IJ, Gerntholtz T, Naicker S. Africa and nephrology: the forgot-
ten continent. Nephron Clin Pract. 2011;117(4):c320–7.

 31. Naicker S.  Nephrology in Africa  – challenges of practice in 
resource-limited environment. Clin Nephrol. 2016 Supplement 
1;86(2016)(13):84–9.

 32. Koppe L, Mafra D, Fouque D. Probiotics and chronic kidney dis-
ease. Kidney Int. 2015;88(5):958–66.

 33. United States Renal Data System. 2016 USRDS annual data report: 
epidemiology of kidney disease in the United States. Bethesda: 
National Institutes of Health, National Institute of Diabetes and 
Digestive and Kidney Diseases; 2016.

 34. Luyckx VA, Tonelli M, Stanifer JW.  The global burden of kid-
ney disease and the sustainable development goals. Bull World 
Health Organ. 2018;96(6):414–422D. https://doi.org/10.2471/
BLT.17.206441.

 35. Levin A, Tonelli M, Bonventre J, Coresh J, Donner JA, Fogo AB, 
ISN Global Kidney Health Summit Participants, et al. Global kid-
ney health 2017 and beyond: a roadmap for closing gaps in care, 
research, and policy. Lancet. 2017;390(10105):1888–917.

 36. Liu FX, Gao X, Inglese G, Chuengsaman P, Pecoits-Filho R, Yu 
A. A global overview of the impact of peritoneal dialysis first or 
favored policies: an opinion. Perit Dial Int. 2015;35(4):406–20. 
https://doi.org/10.3747/pdi.2013.00204.

 37. Osman MA, Alrukhaimi M, Ashuntantang GE, et  al. Global 
nephrology workforce: gaps and opportunities toward a sustainable 
kidney care system. Kidney Int Suppl (2011). 2018;8(2):52–63. 
https://doi.org/10.1016/j.kisu.2017.10.009.

7 Nephrology in Uganda

http://worldpopulationreview.com/countries/Uganda-population/2019
http://worldpopulationreview.com/countries/Uganda-population/2019
http://worldpopulationreview.com/countries/uganda-population/
http://worldpopulationreview.com/countries/uganda-population/
http://citypopulation.de/Uganda-Cities.html
http://citypopulation.de/Uganda-Cities.html
https://doi.org/10.1093/qjmed/hcn136
https://doi.org/10.2471/BLT.17.206441
https://doi.org/10.2471/BLT.17.206441
https://doi.org/10.3747/pdi.2013.00204
https://doi.org/10.1016/j.kisu.2017.10.009


Part II

Americas



87© Springer Nature Switzerland AG 2021
J. A. Moura-Neto et al. (eds.), Nephrology Worldwide, https://doi.org/10.1007/978-3-030-56890-0_8

Nephrology in Argentina

Gustavo Lorenzo Moretta, Ana Maria Sesin, 
Eduardo Celia, and Jose Scapuzzi

8

G. L. Moretta (*) 
Northwest Nephrological Center, National University Northwest 
Buenos Aires, Buenos Aires, Argentina 

A. M. Sesin 
National Hospital of Clinics, National University of Córdoba, 
Córdoba, Argentina 

E. Celia 
Argentine Society of Nephrology, Buenos Aires, Argentina 

J. Scapuzzi 
Internal Medicine Academic Unit, Ezeiza Hospital Buenos Aires 
University, Buenos Aires, Argentina

Area1 3,761,274 km2

Population2 44,361,150 (2018)
Capital Buenos Aires
Three most populated cities1 1. Buenos Aires

2. Córdoba
3. Rosario

Official language1 Spanish
Gross domestic product (GDP)3 912.09 billion USD (2018)
GDP per capita1 11,653 USD (2018)
Human development index (HDI)3 0.825 (48° position)
Official currency Argentinian peso
Total number of nephrologists 1200
National society of nephrology Argentinian Society of 

Nephrology (SAN) www.san.
org.ar

Incidence of end-stage renal 
disease4,5

2018 – 162 pmp
2019 – 160 pmp

Prevalence of end-stage renal 
disease4,5 (on dialysis)

2018 – 676 pmp
2019 – 681 pmp

Total number of patients on 
dialysis (all modalities)4,5

2018 – 30,080
2019 – 30,610

Number of patients on 
hemodialysis4,6

2018 – 27,973
2019 – 28,608

Number of patients on peritoneal 
dialysis4,6

2018 – 1996
2019 – 2081

Number of renal transplantations 
per year4,7

2018 – 1329
2019 – 1576

1.  Available from: https://www.ign.gob.ar/NuestrasActividades/
Geografia/DatosArgentina

2.  OPS, Argentina M de S y D de la Nación. Indicadores Básicos 2018 
[Internet]. Buenos Aires; 2019. Available from: http://iris.paho.org/
xmlui/handle/123456789/50802

3.  Available from: https://datos.bancomundial.org/indicador/NY.GDP.
PCAP.CD?locations=AR

4.  Marinovich S, Lavorato C, Bisigniano L, Hansen Krogh D, Celia E, 
Tagliafichi V, Rosa Diez G, Fayad A, Haber V: Registro Argentino de 
Diálisis Crónica SAN-INCUCAI 2016. Sociedad Argentina de 
Nefrología e INCUCAI. Buenos Aires, Argentina. 2017

5.  Available from: https://irct.incucai.gov.ar/public/centro/Show.do;jses
sionid=BHLBFEGGCHIC?accion=/bridgeFromCresiToRe-
sumenEstadisticoCentroDialisis.do?click_and_list_habilitado=false
&modulo=1&login=no&click_and_list_habilitado=false&

6.  Available from https://cresi.incucai.gov.ar/reporte/resumenestadis-
tico/EjecutarConsultaPre.do

7.  https://cresi.incucai.gov.ar/cresi/OpenDocument.do?accion=/
cresi_tx.do?CLICK_AND_LIST_HABILITADO=trueAccording

 Introduction

Argentina, officially the Argentine Republic, is a sovereign 
country located in the southern and southeastern corner of 
the Americas. It adopts the form of a republican, democratic, 
representative, and federal government. Argentina is orga-
nized as a decentralized federal state, composed since 1994 
by 24 self-governed states, being 23 provinces and the 
Autonomous City of Buenos Aires (CABA), the latter desig-
nated as the federal capital of the country. Each state has its 
own political autonomy, constitution, flag, and security 
forces. The 23 provinces maintain all power not delegated to 
the national state and guarantee the autonomy of their munic-
ipalities. It integrates the Mercosur – a commercial block of 
the southern South America countries, being one of the 
founders in 1991  – the Union of South American Nations 
(Unasur), the Community of Latin American and Caribbean 
States (CELAC), and the Organization of American States 
(OAS). In 2018, its Human Development Index was 0.830 
and is ranked 48th worldwide, adjusted for the inequality 
that is 0.714 with a Gini coefficient of 42.7. In education, it 
has an investment budget of 5.1% of the GDP, with a popula-
tion almost fully literate [1].The Argentine economy is one 
of the most developed and important in South America. 
According to the World Bank, its nominal GDP is placed as 
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21st in the world [2]. Due to its geopolitical and economic 
importance, it is one of the three Latin American sovereign 
countries that is part of the so-called Group of the Twenty 
and also integrates the group of the new industrialized coun-
tries (NIC). It has reached optimal levels of research and 
development in sciences, with five Nobel Prize winners, 
three of them associated to sciences. Its technological and 
scientific capacity has allowed to design, produce, and export 
satellites and build nuclear reactors. It is one of the 20 coun-
tries that have a permanent presence in Antarctica, being the 
one with the most permanent bases, 6 in total.

In relation to the health system, the first step was taken 
toward the recognition of public health as a problem of spe-
cific interest in 1943, with the creation of the National 
Directorate of Public Health and Social Assistance, which in 
1949 became the Ministry of Health (MoH). Currently, the 
Argentine health system has 17,485 healthcare establish-
ments including those managed by the public, social secu-
rity, and private sectors. In Argentina there are 4.5 hospital 
beds per 1000 inhabitants, 3.94 doctors per 1000 inhabitants, 
and a total of 166,187 doctors [3].

 Brief History of Argentine Nephrology

The history of Argentine nephrology has experienced several 
important moments, from the study of renin-angiotensin to 
the first renal transplant in Latin America.

In the 1930s, in the physiology laboratory at the Medical 
School of the University of Buenos Aires, Nobel laureates 
Bernardo Houssay and Juan Carlos Fasciolo began research 
applying the Goldblatt kidney model. They implanted an 
ischemic kidney from hypertensive dogs to nephrectomized 
normotensive dogs, which caused an increase in blood pres-
sure, leading them to the assumption that a hypertensive 
substance was being continuously produced. This was the 
first experience that confirmed the presence of a humoral 
mechanism responsible for nephrogenic arterial hyperten-
sion [4]. Subsequently, Alberto Carlos Taquini confirmed 
the possibility that the substance released by the kidney 
acted directly on the blood vessels as well as that the 
increase in blood pressure that was observed after restoring 
the blood flow in ischemic kidneys was caused by the same 
vasopressor substance. Fasciolo, along with Eduardo Braun 
Menéndez in 1939, identified the hypertensive substance 
from venous blood from kidneys subjected to periods of 
ischemia. Extracted by acetone, it was thermostable and 
dialyzable and had a brief hypertensive effect, characteris-
tics that differentiated it from renin. The Argentine team 
named this substance hypertensin. An enzyme-substrate 
reaction was postulated for the formation of hypertensin, 
which was denominated hypertensinogen (the substrate), 
renin (the enzyme), and hypertensinases (the enzymes 
responsible for degrading hypertensin). The discovery of the 

Argentine team was limited to angiotensin, whereas Page 
and collaborators in the United States observed that a sub-
strate was necessary for the pressor substance to be gener-
ated, the substrate being a globulin called hypertensinogen 
in Buenos Aires and renin activator in Indianapolis. Thus, a 
peptide substance was generated and named hypertensin in 
Argentina and in the United States angiotonin. Hypertensin 
and angiotonin turned out to be the same substance. In 1958, 
Braun Menéndez and Page agreed on a new nomenclature in 
Ann Arbor, so that the words angiotensin and angiotensino-
gen emerged [5].

In 1955, Dr. Ruiz Guiñazú performed the first hemodialy-
sis (HD) with a machine made entirely in the country, based 
on the Kolff-Brigham kidney model; in 1957 Professor 
Alfredo Lanari performed the first renal transplant in Latin 
America at the Institute of Medical Research associated to 
the University of Buenos Aires and the First Tissue Bank cre-
ated through Law 17041 [6].

Inspired by the scientific activities of this institute, so- 
called the kidney club, the Argentine Society of Nephrology 
was founded on September 15, 1960 [7].

In 1965, Ondetti and Cushman began studying ACE inhibi-
tors, based on the research by Sergio H. Ferreira of the Ribeirão 
Preto School of Medicine of the University of São Paulo, 
Brazil. Dr. Miguel Ondetti did his PhD thesis at the University 
of Buenos Aires and subsequently continued his research 
work in the Squibb Research and Development Laboratories 
in Argentina in the area of   natural products, isolating and char-
acterizing alkaloids of pharmacological importance. He suc-
ceeded to characterize the most relevant peptide of these 
compounds studied by Ferreira that received the generic name 
of teprotide and that was a competitive inhibitor of the enzy-
matic activity of ACE. In this way, Ondetti achieved the syn-
thesis of polypeptides and related compounds finally 
characterizing the structure of captopril from the structure of 
the teprotide molecule. The identification of this compound in 
the 1970s had a profound social impact, as a new and effective 
method of hypertension control was achieved [8].

Simultaneously in 1962, Gianantonio published in The 
Journal of Pediatrics, under the title “Acute renal failure in 
infancy and childhood,” detailing the experience in the diag-
nosis, treatment, and monitoring of 41 children with acute 
renal failure due to a disease named hemolytic uremic syn-
drome (HUS), previously described by Gasser in 1955. This 
was also the beginning of pediatric nephrology in Argentina, 
by Prof. Gianantonio who contributed significantly world-
wide to the study of this pathology. The following year he 
performed peritoneal dialysis (PD) procedures for the first 
time in Argentina, saving many lives of children affected by 
HUS [9].

César Milstein also graduated from the University of 
Buenos Aires, making his doctoral thesis at that university, 
but he had to leave the country in 1962 due to the beginning 
of a military dictatorship and continued his studies in 
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Cambrigde, where he published, in 1975  in the journal 
Nature, the article “ Continuous Cultures of Fused Cells 
Secreting Antibody of Redefined Specificity,” together with 
G. Köhler, which would lead to the Nobel Prize in Medicine 
and Physiology in 1984. Monoclonal antibodies did not exist 
even in the imagination of the most expert immunologists, 
but their work allowed the development of new techniques 
and equipment and the advancement in the knowledge of 
infectious agents, in the diagnosis of diseases, and, more 
recently, in their application as a therapeutic agent and their 
impact on the results of transplants [10].

An increase in transplants in Argentina occurred toward 
the end of the 1970s, due to the discovery of new immuno-
suppressive drugs. In 1977, Law 21.541 was passed giving 
birth to the Single Coordinating Center for Ablation and 
Implant (CUCAI) as the national procurement agency in 
charge of the regulation of the activity. Between 1985 and 
1996, the registration of CKD patients began with voluntary 
information, and the provided data represented 20–30% of 
the prevalent patients. Between 1990 and 1996, there was a 
significant increase in information, through the valuable con-
tribution of the regional registries. In 1990, with the enact-
ment of Law 23,885, CUCAI became the National Single 
Central Coordination Institute for Organ Removal and 
Implantantion (INCUCAI), becoming a decentralized body 
as an autarchy and retaining its dependence on the MoH. In 
1997, an agreement was established between INCUCAI and 
SAN that allowed the development of a patient registry with 
greater rigor and validity. The National Procurement and 
Transplant Information System of the Argentine Republic 
(SINTRA) is implemented in 2004, and a new stage begins 
in the registry era. Its implementation allowed to gather RRT 
information from the patients and centers (95%) and to reg-
ister into a digital system [11].

In 2005, after an extensive parliamentary debate, Law 
26.066 was approved incorporating the figure of the alleged 
donor for organ donations. The regulation, which established 
that every person over 18 years of age is considered a donor 
with the exception of those who have expressed their will not 
to be a donor, entered into force in 2006 and allowed the 
procurement activity to continue to rise. In 2010, the MoH, 
through INCUCAI and its procurement system, implemented 
the Renal Transplant Development Plan, which articulates 
actions at different levels to prevent, diagnose, treat, and 
follow-up CKD. Within this framework, the Hospital Donor 
Strategy was implemented, aiming to incorporate procure-
ment as an activity of the hospitals themselves in order to 
increase the availability of organs and tissues for transplanta-
tion [12]. The year 2018 closed with an annual growth of 
18% in terms of organ donation procedures, and this figure 
allowed Argentina to reach a rate of 15.75 donors per million 
inhabitants. Seventy-four percent of the organ donation pro-
cedures took place in public healthcare facilities. Of the 1681 
organ transplants performed, 986 were renal transplants [13].

 Kidney Disease in Argentina

Few studies have published the CKD prevalence in the gen-
eral population of Argentina. These epidemiological analy-
ses establish a prevalence of CKD between 10% and 12% of 
the general adult population [14].

Recently, prevalence studies have been published in spe-
cial groups and in certain regions, such as the Santa Fe study 
whose CKD prevalence rate is 11.71% and 13.1% if consid-
ering pathological proteinuria. Another recent, multicenter 
study has reported a slightly lower rate close to 8.10% [15].

The government in consensus with the scientific societies 
has been continuously developing programs that promote 
healthcare strategies aimed at preventing and addressing 
CKD in its primary stages through the PAIER (Program for 
the Comprehensive Approach to Renal Diseases), mention-
ing a special approach to the attention of the CKD stage, in 
order to promote registration policies on the waiting list 
prior to dialysis and a management model for people with 
advanced CKD [16]. This program has probably collabo-
rated with the development of preemptive renal transplants, 
so called because these patients have never received chronic 
dialysis as RRT, increasing from 51 transplants in 2008 to 
116 in 2017.

The number of people who submitted to RRT reached 
40,899 patients, 69.8% with dialysis and 30.2% transplanted. 
Twenty-one percent of the patients are on renal transplant 
waiting list, and less than 20% of them were transplanted 
within 1 year of evaluation [12].

 Acute Renal Injury and Critical Care 
Nephrology

Acute kidney injury (AKI) data are based on epidemiologi-
cal studies from developed countries, where the incidence is 
assessed in eminently urban environments [17]. This situa-
tion is completely different from that of developing countries 
in which AKI develops in eminently suburban and rural set-
tings, where the incidence is significantly higher. The popu-
lation distribution in our country according to the last census 
of 2010 is represented by a very marked phenomenon, where 
the Autonomous City of Buenos Aires is the most densely 
populated region with 14,185 inhabitants/Km2, while the 
province of Santa Cruz is represented by 1.1 inhabitants/
km2. Given the absence of specific epidemiological data, if 
we projected the epidemiological figures reported in the lit-
erature, we would estimate the AKI incidence from 84,000 to 
630,000 patients per year, of which approximately 22,386 to 
163,800 will acutely require some type of RRT [18].

Based on the RIFLE and AKIN criteria, a multicenter 
study of 627 patients from 9 ICUs conducted in Argentina 
found that, respectively, 69.4% and 51.8% presented some 
degree of AKI. The overall 90-day mortality was 40.9% 
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(RIFLE) and a markedly increased number of patients with 
severe degree of renal failure (71.1%) [19].

As a relevant fact of endemic diseases causing AKI, we 
find Hantavirus infection and HUS syndrome as the most 
common causes in the pediatric age. In 1995, a family 
 outbreak of pulmonary syndrome caused by Hantavirus in 
southern Argentina led to the discovery of the Andes virus. 
In 1998, in the city of El Bolsón and in Bariloche, interhu-
man transmission was documented for the first time [20]. 
This zoonosis is presented as (1) epidemic nephritis, (2) 
hemorrhagic fever with renal syndrome in Europe and Asia, 
whose mortality reaches 10%, and (3) cardiopulmonary syn-
drome caused by Hantavirus, the most serious of all with an 
average mortality of 30%, in the Americas. This last form is 
frequent in Argentina, and besides the severity of the cardio-
pulmonary component, AKI due to multi-organ failure may 
occur. Lethality presents a trend of decline from 60% in 1988 
to 33% in 2018. More than 70% of people with Hantavirus 
infection live in rural sectors, and also approximately 70% of 
them carry out activities in the agricultural-forestry sector.

The latest hantavirus outbreak began on November 14, 
2018, with one case with an epidemiological nexus of pre-
vious environmental exposure; this patient attended a social 
event, with five attendees of the same event presenting 
hantavirus with the onset of symptoms at week 47 and 48 
epidemiological (18/11–01/12). Twenty-five total cases (23 
confirmed, 2 suspects) were reported by January 10, 2019, 
and 9 persons died confirming interhuman contagion [21].

In relation to HUS, Argentina has the highest incidence in 
the world. This disease is endemic with an annual incidence 
of 10 cases/100,000 children under 5 years old. As a conse-
quence, HUS is the main pediatric cause of AKI and the sec-
ond of CKD in our country, in addition to being responsible 
for 9% of kidney transplants in children and adolescents. The 
toxin has been isolated from beef and its derivatives. 
Argentina has very high levels of meat consumption per cap-
ita, and children begin to eat meat at an early age. There is 
suspicion of an association between the consumption of 
undercooked meat and infection by the Escherichia coli bac-
teria producing Shiga toxins [22].

Treatment with a product consisting of fraction F (ab) 2 
of equine immunoglobulin obtained from hyperimmune 
sera is currently under development in the country, generat-
ing the product INM-004 lot 3945. Preclinical studies have 
been conducted in vivo where no clinical alterations or side 
effects associated with treatment were evidenced. In the 
murine model, the product managed to rescue the animals 
from the toxic effect even when administered 48  h after 
administration of the toxin. Currently, the first use in 
human, prospective, randomized, and placebo-controlled 
two-stage trial is under development to assess the safety, 
tolerability, and pharmacokinetics. The trial is authorized 
to be submitted to the regulatory entity (ANMAT) awaiting 
its results by 2020 [23].

In the context of critical care nephrology, the RRT modal-
ity options available include conventional HD, intermittent 
online hemodiafiltration (HDF), veno-venous hemofiltra-
tion, and PD performed in ICUs.

 Renal Disease in Pediatric Population

There are 12,333,747 children under 18  years of age (30, 
74%) in Argentina. According to the national dialysis regis-
try, there are 559 patients under the age of 19 on chronic 
dialysis, 166 in PD, 185 in HD, and 13 in HDF [24].

Eighty-nine (25%) of these children are on the waiting list 
for kidney transplantation, and another 19 patients are on the 
waiting list for preemptive kidney transplantation [24].

In reference to the frequency of comorbidities in mainte-
nance HD, 17.9% have arterial hypertension, the mean PTHi 
is 606  pg/ml, 20% present with normal bone remodeling 
(>155 < 300 pg / ml PTHi), the average albuminemia is 3.82 
gr/dl with 19.1% of patients with albumin <3.50 gr/dl, and 
the average hemoglobin is 10.49 gr/dl [24].

It is interesting to observe that the most commonly used 
dialysis modality by age groups, between 0 and 4 years, is 
PD in 86.7%; between 5 and 9 years PD in 77.6%; between 
10 and 14 years HD in 59.4%; and finally between 15 and 
18 years HD in 81%.

The HD mortality when adjusted by gender and presence 
of diabetes was 6.47% in PD vs. 3.28% in HD between 0 and 
9 years and 2.39% in PD vs. 3.20% in HD between 10 and 
19 years, in 2017 [24].

The first pediatric renal transplant in Argentina was per-
formed in 1961; since then the programs have been growing. 
There are 11 pediatric units that perform kidney transplants 
primarily in Buenos Aires. In 2017, 148 pediatric patients 
under 18 years of age were transplanted (105 living donors).

There are 120 pediatric nephrologists (78% women), 58% 
living in and around Buenos Aires. In 4 of the 23 provinces, 
there is no permanent pediatric nephrologist. To become a 
pediatric nephrologist requires complete training in clinical 
pediatrics, followed by a pediatric nephrology scholarship. 
The University of Buenos Aires also offers a scholarship pro-
gram. The title of specialist is granted by the local associa-
tion of doctors in each district, the Argentine Society of 
Pediatrics, or the University of Buenos Aires. Within the 
public system, the pediatric fellow receives a monthly remu-
neration during the full scholarship [25].

 Glomerulopathies

The SAN has developed a national registry of glomerulopa-
thies, being the largest provider in the country the one in the 
areas of   Buenos Aires and the Province of Buenos Aires, 
having together collected a total of 1714 biopsies. The clini-
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cal presentation syndromes are nephrotic syndrome (36.2%), 
asymptomatic urinary abnormalities (25%), rapidly evolving 
renal failure (9.3%), nephrotic range proteinuria (6.3%), 
CKD (6.7%), AKI (6.2%), nonrecurrent macroscopic 
 hematuria (2.2%), HUS (0.3%), and unreported ones (4.7%). 
In relation to the distribution of the pathologies, 52.6% are 
primary, 37.9% secondary, 4% undetermined, 2.7% vascular, 
2.6% tubular, and 0.2% miscellaneous [26].

The six most frequent primary glomerulopathies corre-
spond to focal and segmental glomerular sclerosis (22.4%), 
mesangial (17.4%), membranous (13.8%), minimal change 
disease (8.3%), mesangial non-IgA (6.2%), and mesangiocap-
illary glomerulonephritis type I (6.0%), whereas within sec-
ondary glomerulopathies, most of them were grouped in the 
category secondary to autoimmune disease (85%) (SLE, 85%; 
extra GN capillary, 6%; necrotizing, 1%), secondary to gam-
mopathy (6%), secondary to metabolic/hereditary disease 
(5%), secondary to non-streptococcal infection (2%), second-
ary to neoplastic disease (1%), and hepatopathy (1%) [26]. 
Currently, the practice of renal biopsies is not done routinely 
due to operational, economic, and/or bureaucratic difficulties.

 Renal Replacement Therapy (RRT) 
in Argentina

Argentina has developed a national information system 
(SINTRA) to collect, filter, process, create, and distribute 
data on donation and transplantation activities. This tool 
allows the whole management of the donation and transplan-
tation procedures. Standards related to donor detection, 
donor maintenance with life support, procurement, selection 
of recipients, compatibility testing, storage and transporta-
tion of organ, tissues, and cells, as well as allocation and 
screening for transmissible diseases of the deceased donor 
have been established by national consensus.

During 2017, 7236 new patients entered maintenance 
dialysis corresponding to a crude rate of 164 pmp and an 
adjusted rate of 154.8 pmp [24]. The number of patients and 
the crude rate increased in relation to the values of the previ-
ous years. Almost 400 (394) patients are foreigners and their 
countries of origin being Paraguay, Bolivia, Chile, Italy, 
Uruguay, and Peru. In the last 10  years, more than 5000 
patients with other nationalities have been treated with RRT 
in Argentina [24].

As of December 31, 2017, almost 30,000 (29,700) patients 
were treated with maintenance dialysis, corresponding to a 
crude rate of 674 pmp and an adjusted rate of 637 pmp. The 
number of patients has had a constant growth since 2004, but 
not the gross rate that stagnated between 2013 and 2016, ris-
ing again in 2017. The adjusted rate decreased from 2013 to 
2017 [24].

In relation to the incident patients, fewer patients were 
admitted in the last 4 years, and they were in worse clinical 

conditions when admitted. The ESRD patients entering RRT 
for the first time is younger every year, more anemic, in 
worse nutritional conditions, has greater use of transient 
catheters as first access for HD (72.3% of catheter admis-
sions in 2017, the highest percentage since 2004), and has 
increasing percentage of unvaccinated anti-hepatitis B.

In relation to diabetes as a cause of CKD, there is a sus-
tained increase in incident patients reaching the maximum 
rate ever (four out of ten new incident patients), being the 
first cause of admission and with the highest growth since 
2004 according to the latest published data, reaching 59 pmp 
with certain regional differences [24].

The percentage of insulin-dependent diabetics prior to the 
onset of maintenance dialysis reaches 76% of the diabetic 
incidents with a progressive increase in insulin prescription 
in recent years; only 55% received insulin at the time of 
admission to maintenance dialysis in 2004.

HD is the most frequent RRT modality in incident patients 
(94%), but PD has shown a significant growth in the last 
11 years, from 3.9% to 6.5% of the total admissions. Capital 
Federal, Neuquén, and Chaco are the districts with the high-
est percentage of patients starting in PD: 15%, 12%, and 
12%, respectively [24].

The average estimated initial glomerular filtration rate 
(GFR) was 8.7  ml/min/1.73  m2, and 7.7% presented a 
GFR ≥ 15 ml/ min/1.73m2 according to the 2017 data.

In relation to comorbidities, 70% present with some degree 
of anemia, with average hematocrit values of 27.6–27.7%. 
Only 35% of patients start with hematocrit ≥30%. Half of the 
new patients have protein malnutrition with hypoalbumin-
emia (<3.5 g/dL) which is a predictor of greater immediate 
mortality. The overweight-obesity population comprises 57% 
of the incident patients, and 84% of the patients present with 
arterial hypertension on admission [24]. Almost 40% (39%) 
of the incident patients are vaccinated for hepatitis B, 0.3% 
have positive HBsAg, 1.2% anti- HVC positive, and 0.8% 
anti-HIV positive. There has been a significant increase in the 
number of anti-HIV incident patients admitted to dialysis in 
the last 2 years (8 positive patients per 1000 incident patients) 
when compared to previous years [24].

A very significant increase in the use of the non-tunneled 
transient catheter, as first access to HD, has been observed, 
from 59% in 2004 to 72% in 2017. In contrast, the use of 
native fistula as first access fell very significantly in the same 
period (from 35% to 22%). Patients with asthma or chronic 
obstructive pulmonary disease accounted for 7.6% of new 
patients in maintenance dialysis in 2017, no difference with 
the previous years. Tobacco was consumed by 18% of the 
population admitted to maintenance dialysis in 2017, a ten-
dency toward greater smoking, contrary to the expectations 
based on the implementation of active measures against smok-
ing in Argentina. Active tuberculosis or a history of tuberculo-
sis had a significant decrease, representing 1.1 of every 100 
patients admitted to maintenance dialysis in 2017 [24].
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In relation to the prevalence, diabetic nephropathy is the 
most frequent etiology with the highest growth since 2004, 
reaching 187 pmp in 2017, whereas unknown etiology is the 
second with 127 pmp in 2017 [24].

In relation to the dialysis modality, HD is the most fre-
quent modality in 94% of the patients, while PD showed 
significant growth in the last 11 years, going from 3.9% to 
6.5% of the total reflecting the data of the incident 
patients’ data [24].

Online HDF has been performed in Argentina since 2014. 
The growth of this technique has been significant in the short 
period, from 184 patients in 2014 to 1688 patients in 2017, 
representing 5.7% of the prevalent population in mainte-
nance dialysis.

In relation to comorbidities in prevalent patients, anemia is 
present in 61.9% of the patients, hemoglobin ≥11, and <13 g/
dL in 38.1% of the patients with EPO doses up to 105 IU/Kg/
week [24]. The percentage of prevalent patients with arterial 
hypertension increased significantly in 2016–2017, without 
distinction of gender, age, etiology, body mass, or dialysis 
modality, except for the youngest group in maintenance dial-
ysis (0–19 years), in which it decreased. Forty percent pre-
sented values of systolic BP  >  140 and diastolic 
BP  >  90  mmHg. The percentage of patients treated with 
hypotensive medication increased in the last 2 years, although 
the percentage of hypertensive patients who do not receive 
antihypertensives (29%) remains high. The prevalence of 
positive HBsAg is 1.0%, anti-HCV 2.4%, and anti- HIV 0.9%. 
More than half of the population (58%) in chronic dialysis 
have anti-HBs values at protective levels. Cardiovascular dis-
ease presented the following frequency: coronary heart dis-
ease 8.0%, heart failure 16.0%, cerebrovascular disease 7.0%, 
and finally peripheral vascular disease 30.8% of the prevalent 
population in maintenance dialysis.

 Peritoneal Dialysis

About 2000 (1936) patients were treated with PD in 2017, 
achieving a growth of more than 100% in 10  years (952 
patients in 2007); 471 patients out of those 1926 started PD 
in 2017. The annual growth was 10% for the biennium 
2016–2017.

There are certain differential characteristics between 
patients on PD compared to HD, according to data pub-
lished by the Argentine Registry. PD patients are younger 
(32% are 60 years or older vs. 51% in HD), consist of more 
female (54% s vs. 42% in HD), and have less diabetics (16% 
vs. 28% in HD). In relation to comorbidities, the average 
hemoglobin value was 10.94  g/l, albumin 3.62  g/l, and 
i-PTH 463, and 31.3% were hypertensive, 6.6% presented 
with coronary insufficiency, 10.5% have heart failure, and 
18% have peripheral vascular disease. The percentage of PD 

patients positive for HBsAg was 1.18%, anti-HVC 2.24%, 
and 1.41% anti-HIV [24].

The crude mortality rate in 2017 was 10.2% (202 deaths, 
with 1883.6 patients’ years of risk exposure) and adjusted 
mortality (by age and etiology by indirect standardization) of 
15.16%. The crude mortality rate in diabetic patients was 
16.3% in females vs. 26.6% in males.

An interesting fact to point out was the improvement of 
the adjusted mortality results in PD in recent years, going 
down from 20% in 2007 to 15.16% in 2017 [24].

The PD costs are pending, being affected by the economic 
crisis of the country and the devaluation of its currency, since 
the inputs (disposable material) reflect 60% of the cost and 
are imported.

 Hemodialysis

In 2017, 27,764 patients were treated with HD, achieving a 
growth close to 20% in 10 years (23,266 patients in 2007); 
almost 7000 (6765) patients entered HD (93.49% of total 
2017 incident patients in dialysis). The HD growth was 3% 
in the biennium 2016–2017. In relation to comorbidities, the 
average hemoglobin value was 10.59 g/l, albumin 3.76 g/l, 
i-PTH 517, and 40.5% were hypertensive, 8.2% presented 
with coronary insufficiency, 16.5% have heart failure, and 
29.4% have peripheral vascular disease. In reference to prev-
alence of viral infections, 0.88% were positive for HBsAg, 
2.62% anti-HVC, and 0.83% anti-HIV [24].

In relation to HD adequacy, average KT/V was 1.56, 
whereas 76.4% presented K/TV greater than 1.3. Patients 
with permanent vascular access managed to reach higher 
average K/TV. In relation to vascular accesses distribution, 
68.8% have native arteriovenous fistula, 13% grafts, 7.7% 
permanent tunneled catheters, and 10.4% non-tunneled tran-
sient catheters. In regard to the use of tunneled and transient 
catheters in different populations, there is a greater frequency 
of use at the extremes of life: 35.4% between 0 and 19 years 
and 43.7% between 65 and over 75 years [24].

The crude mortality rate was 18.16% (5038 deaths, with 
27,736 patients’ year of exposure to risk) in 2017. The gross 
mortality rate for diabetic patients was 26.6% in females vs. 
26.14% in males [24].

Considering the HD population registered from January 
2005 to December 2015, the probability of survival under 
dialysis treatment in the short (1 year), medium (5 years) and 
long term (10 years) is 80%, 40%, and 18%, respectively. 
When we select the subgroup of HD patients in the trans-
plant waiting list, the results are 92%, 70%, and 44%, respec-
tively [24].

The gross mortality rate of both techniques (HD and PD) 
decreased between 2016 and 2017, resulting in 17.7 deaths 
per hundred patients at risk per year. The adjusted global 
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mortality rate also decreased last year, being 16.26 deaths 
per hundred patients at risk year. Adjusting for age, gender, 
and diabetic nephropathy, PD patients from 2011 onwards 
have presented significantly lower mortality than HD patients 
in Argentina.

In Argentina, 100% RRT coverage is guaranteed, with 
financing originating from the public subsector (82%) and 
private (18%) [24].

The financing of the admission to maintenance dialysis 
relies fundamentally on eight payers representing 99.4% of 
the total in 2017, with very similar percentages from 2004 to 
2016 (always greater than 99.2%). PAMI is the largest payer 
in the number of incident dialysis patients per year, followed 
by all other institutions like Provincial Social Works, Trade 
Union Social Works (ex SSSAPE), provincial subsidies, 
Incluir Salud (ex PROFE), prepaid, other social works, and 
finally the public health system [24].

A recent cost study shows that the main categories and 
their impact on the costs of the chronic HD session are 
human resources (44%), disposable material (11%), real 
estate (8%), and transportation (8%).The cost of one chronic 
HD session was estimated at 2693 Argentinian pesos (170.12 
USD). In the case of one HDF session, the same main cost 
categories were observed, although their relative magnitude 
changes: human resources (35%), disposable material (25%), 
real estate (7%), and transportation (6%). The estimated cost 
of the HDF session was 3372 Argentinian pesos (213.01 
USD) [27].

 Kidney Transplant

In Argentina, a total of 13,185 renal transplants, performed 
between 1998 and December 31, 2016, have been registered. 
The great majority (89%) corresponds to adult donors and 
11% to pediatric donors [12]. Argentina offers national and 
international training programs to harmonize the practices of 
professional staff working with organ donation and procure-
ment activities. Several technical cooperation agreements 
have been signed with many countries, mainly in Latin 
American, and joined international forums in the field of 
transplantation. Public or private health institutions must be 
accredited for procurement and transplantation, and health 
professionals must be certified (Law 24,193). There are 59 
centers authorized for renal transplantation distributed 
throughout the country but in greater number in the federal 
capital (17), Buenos Aires, (10) and Córdoba (6) [28].

Brain death must be certified by the criteria of complete 
brain death in accordance with the law. The law only allows 
the donation of organs from related living donors, with no 
additional incentives for donors. Organ trafficking is prohib-
ited and punishable by law. The Argentine system guarantees 
transparency, traceability, and the quality of the procedure.

The percentage of cadaveric kidney transplant or related 
living donor has increased 74% in the last 14  years, from 
765 in 2004 to 1329 in 2017. Considering all types of kidney 
transplants, the rate per million inhabitants rose from 20.0 up 
to 30.2 from 2004 to 2017, resulting in a 51% growth, having 
its maximum value (30.5) in 2013. The gross renal transplant 
rate in the maintenance dialysis population increased from 
3.4 to 3.8 transplants per 100 patients at risk year, between 
2005 and 2017. There are currently geographical differences, 
being Buenos Aires the city with the highest gross rate, 7/100 
patients at risk year. Drawing a comparison of unadjusted 
rates with international data reported from the rest of the 
world, it will be observed that Argentina, with 28 pmp in 
2016 (last year published), is placed at 34th position out of 
64 countries that publish data in the USRDS Registry [29].

In the Newsletter Transplant, Argentina reported 29.8 
pmp for 2017, when in reality the figure is 30.2 pmp. 
Argentina ranks fourth in the American continent, behind the 
United States, Canada, and Uruguay [30].

In relation to kidney transplants during 2019, 1576 were 
paid by the most important social security funders: National 
Institute of Social Services for Retired and Pensioned (PAMI) 
with 357 and Incluir Salud (a federal program, public payer), 
with 266 transplants [28].

 Nephrology Practice in Argentina

Annually, approximately 4000 young doctors apply for med-
ical training positions in the different jurisdictions of the 
country [31].

The most frequent pathways to train as a medical special-
ist are the medical residence/fellowship or the university 
postgraduate degree. Of the 2440 professionals who have 
certified their specialty in the Ministry of Health of Argentina 
between 2008 and 2013, 57% did so at the end of an accred-
ited medical residence/fellowship and 25% at the end of the 
university postgraduate degree.

In order for the degrees to have national validity, the uni-
versities which grant them must necessarily be accredited 
by the National Commission for University Evaluation and 
Accreditation (CONEAU), within the jurisdiction of the 
Ministry of Education and the Residency Accreditation 
System (SNARES) of the Ministry of Health. Both agen-
cies are in charge of the of health specialists training 
programs.

The nephrologist training in Argentina requires a year of 
internal medicine, 3 years of nephrology, and one year of 
professional practice, which are articulated with different 
time loads in each year of the program. The internal medi-
cine module can be incorporated into residence or certified 
independently. The specialty of nephrology is recognized in 
the 24 jurisdictions.
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In order to enter medical residence in the public sector, a 
single medical exam is carried out concentrating the appli-
cants of 21 states institutions dependent on the MoH.  In 
2018, 48 medical residence positions were offered to train-
ing in different specialties. Nephrology training is only avail-
able in 12 of the 24 states.

Among the physicians who apply for training positions by 
specialty, only 0.13% choose nephrology, with pediatrics 
(32%), general medicine (18%), and anesthesia (12%) being 
the most applied to [27].

The nephrologist working in a private dialysis unit earns 
approximately 6 USD per hour and a maximum of 1152 USD 
per month. In the public sector, the salary is approximately 
1200 USD per month plus social benefits (paid holidays, 
retirement, etc.). New nephrologists entering the labor market 
have few opportunities in established kidney transplant pro-
grams and public nephrology services, facing great vulnera-
bility when dealing with multinational dialysis providers or 
national networks. Moreover, many nephrologists own their 
own dialysis centers. National dialysis entrepreneurs are 
grouped together in the Confederation of Dialysis Associations 
of the Argentine Republic, which is a non-profit civil associa-
tion, founded on May 8, 1997, by the Provincial Dialysis 
Associations of the Argentine Republic with the purpose of 
addressing, collectively, scientific and educational actions in 
nephrology and dialysis and in defense of the rights of the 
centers and establishments that make up the associations.

Multinational networks (Fresenius, Diaverum, and 
Baxter) treat the majority of patients on maintenance dialysis 
and are also grouped in an association called the Argentine 
Chamber of Renal Therapy.

According to the national dialysis center registry in 
2020, there are 596 dialysis centers. There are 503 privately 
owned dialysis centers: 112 are owned by FMC (10,498 
patients), 40 are owned by Diaverum (3515 patients), 194 
are associated with the confederation of dialysis centers in 
Argentina (7989 patients), and 182 are independent (7006). 
In the public sector, there are 68 dialysis centers (1617 
patients) [28].

The value of the monthly payment for the entire benefit of 
HD, including EPO, vascular access, and the patient trans-
port, is 1102 USD (66,169.28 Argentinian pesos in exchange 
for 60 pesos for 1 USD, January 2020), and in PD, including 
EPO, peritoneal access, and antibiotics, it is 1186 USD 
(71,179.95 Argentinian pesos in exchange for 60 pesos for 1 
USD, January 2020). There is a delay in reimbursement, 
which leads to serious difficulties in the operation of the 
dialysis centers (PAMI and IOMA 60 days of delay, Incluir 
Salud and MoH of the province of Buenos Aires 240 days), 
which results in economic difficulties for private dialysis 
units and the nephrologists working in these clinics.

In an HD center, the responsible medical director must be 
a specialist in nephrology with no less than 2 years of dialy-
sis experience, after having obtained the title of specialist. 
Nephrologists must ensure that the correct dialysis prescrip-
tion as well as the clinical follow-up of the patient undergo-
ing dialysis are executed daily, at a rate of 1 every 40 patients. 
In case of nonavailability of a nephrologist, the acting physi-
cian must have demonstrated dialysis treatment experience 
for a period of at least 6 months. In relation to nursing staff, 
their training and education must be certified by the medical 
director. The ratio of staff present during each dialysis shift 
must not be less than one to five patients [32].

In PD, the physician responsible for the unit must have a 
nephrology specialist title granted by the competent authority 
as well as dialysis therapy experience of 2 years and not less 
than 3 months of experience in chronic PD in a PD service 
recognized by the SAN. In the case of pediatric chronic PD, 
the physician responsible should be a pediatric nephrologist or 
have a backup pediatric nephrologist for consultation, when-
ever needed. Nursing staff must be registered in the MoH with 
certified dialysis training. The nursing staff ratio should not be 
less than 1 nurse per 20 adult patients, whereas in pediatrics 
the ratio should not be less than 1 nurse per 15 patients [32]. 
The dialysis units must also have a psychologist, dietitian, and 
social worker in relation to the number of patients and at the 
discretion of the medical management. Each dialysis center 
has a continuous improvement program supported by the 
medical directorate and implemented by a quality committee 
constituted by the medical director, nursing officer, nephrolo-
gist, social worker, dietitian, psychologist, and representatives 
of the administrative and maintenance areas.

This quality committee evaluates, on an annual basis, the 
implementation of the different programs to improve vascu-
lar or peritoneal access, among others. The committee for its 
evaluations will take as a reference the average national 
results published by the Argentine Registry of Dialysis and 
by those suggested by the SAN [32].

The annual results obtained will be communicated to the 
members of the renal team in each center as well as the 
objectives proposed for the following period. The reports 
will remain available for internal and external audits.

Hemodialyzers may be reused; however, the dialyzer effi-
ciency must be controlled by measuring the residual fiber 
bundle volume, which must be maintained above 80% of the 
initial reference value. The reference values must be included 
in a folded book of nonremovable sheets, although it can be 
kept in a computerized record, as long as it is encrypted.

In the case that it is decided to reuse the dialyzer, repro-
cessing must be done in a physical environment used exclu-
sively for that purpose; anti-HCV-positive patients’ dialyzers 
must be reprocessed in a separate, properly identified sector.
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Disposal of hemodialyzers used in positive B patients is 
recommended, whereas in the case of patients with HIV- 
positive serology, discard is mandatory in each session [32].

Although the government’s dialysis guidelines do not 
mention the number of reuses allowed for one dialyzer, it is 
usually discarded after 20 times of use.

 Highlights of Nephrology in Argentina

On March 28, 2015, the Favaloro Institute performed the first 
cross renal donation kidney transplant in Latin America. On 
October 12, 2017, through a resolution published in the 
Official Gazette, INCUCAI was authorized to incorporate 
this type of operations. The new transplant law (No. 27447, 
2018) among other points incorporates the cross renal dona-
tion procedure. Before the law was enacted, there were two 
transplant options in Argentina: a cadaveric kidney donor or 
a living one. If the kidney was donated by a living donor, it 
should be related to the patient via a family bond, and if that 
link did not exist, a judicial process had to be claimed in 
order to authorize the transplant.

Among the different compatibilities that must exist 
between the patient and the donor, the most important ones 
are blood and tissue compatibility. Cross transplantation is a 
modality that allows a patient who has a potential noncom-
patible living donor to still receive a living donor transplant. 
It was reported in a paper by Rapaport in 1986 and first 
implemented in South Korea in 1990. The new legal frame-
work creates a system where patients with their noncompat-
ible living donors can be registered, and the INCUCAI is 
responsible for finding compatible pairs [33].

Another point to note is related to the HUS, a serious dis-
ease of great importance for our country public health and 
for which there is no approved medication in the world. It is 
the local development of an innovative biological medicine 
with the potential to become the first treatment to block 
Shiga toxin (Stx) and prevent progression to HUS.

The National Administration of Drug, Foods and Medical 
Devices (ANMAT) has incorporated this new drug into its 
“Program for Support to Innovation in Medicines and Health 
Products” and has also been presented to the European regu-
latory authorities (EMA) and United States (Food and Drug 
Administration, FDA) in the form of “scientific advice” and 
“pre-IND meeting” respectively, incorporating the sugges-
tions of the three entities into the final design. In addition, the 
drug has been designated as an orphan drug in Europe and 
the United States. The Phase II/III clinical study is currently 
in progress evaluating the efficacy and safety of this drug to 
block Shiga toxin serum in pediatric patients at risk of devel-
oping HUS. The study is being carried out in public and pri-

vate centers in different parts of the country, hoping that the 
results will allow to prevent HUS progress in a few years.

 Future Perspectives of Nephrology 
in Argentina

The main current challenge for nephrology in Argentina, as 
in the rest of the world, is to increase the interest among 
medical graduates in choosing the specialty.

Furthermore, the need to increase the reimbursement of 
therapies related to nephrology and repeated economic crisis 
conspire to the stability and development of nephrology in 
Argentina. The fact that a large part of the available jobs is in 
dialysis units facing financial problems makes it difficult for 
new doctors to choose this complex specialty, requiring 
many years of study and an inadequate salary. Access to new 
technologies also faces economic difficulties for everyone, 
including the population in need of access to them. Argentina 
has had several possibilities for the development of its econ-
omy and science in its past history as a country. We now 
hope that a new era of enlightenment may come forth and 
allow the development of our specialty.

 Conclusion

Nephrology in Argentina has a good organization through 
the various associations that regulate the nephrologist forma-
tion (CONEAU and SNARES). The SAN does an excellent 
job fully involved in the training of nephrologists through 
prestigious continuing education programs (PRONEFRO) 
and fundamentally being a professional pillar of the Chronic 
Dialysis Registry in SINTRA with INCUCAI.

Basic sciences in Argentina have demonstrated the impact 
of their discoveries on the renin-angiotensin system and the 
subsequent development of captopril and monoclonal anti-
bodies. Today, the National Commission of Research Science 
and Technology (Conicet) together with a private national 
laboratory (Inmunova) is on its way to establish the first 
treatment for HUS.

The national system of organ and tissue procurement has 
achieved a sustained impact over time and on the perception 
of citizen security. Laws have accompanied this develop-
ment. Quality programs have accompanied the development 
of dialysis units, and an improvement in the mortality of dia-
betic patients on chronic dialysis has been achieved.

The path of nephrology in Argentina has been paved over the 
past years. However, much still remains to be done, and as the 
tango song of Enrique Santos Discépolo [34] says, “lleno de 
esperanzas el camino que los sueños prometieron a sus ansias.”

8 Nephrology in Argentina



96

References

 1. OPS, Argentina M de S y D de la Nación. Indicadores Básicos 2018 
[Internet]. Buenos Aires; 2019. Available from: http://iris.paho.org/
xmlui/handle/123456789/50802.

 2. OCDE et  al. Perspectivas económicas de América Latina 2019: 
desarrollo en transición. Resumen. Paris; 2019.

 3. Galli A, Pagés M, Swieszkowski S. El Sistema de Salud Argentino 
[Internet]. Contenidos Transversales. Buenos Aires; 2017. Available 
from: http://www.scielo.org.mx/pdf/spm/v53s2/06.pdf.

 4. Cherne P, Young P.  Historia del sistema renina angiotensina: 
grandes hombres, un gran descubrimiento. Revista Medica de Chile 
[Internet]. 2014;142:1210–6. Available from: www.scielo.org.ar/
scielo.php?script=sci_ar.

 5. Agrest A.  La Saga de la Renina. Medicina (B Aires). 
2000;60:37–45.

 6. Romero L.  La investigación clinica en Argentina- La tradición 
Lanari. Redes. 2011;17(33):63–93.

 7. Gotlieb D. Síntesis histórica de los acontecimientos y circunstan-
cias que dieron origen a la Sociedad Argentina de Nefrología. 
Buenos Aires; 2010.

 8. Bautista RJ.  Captopril, el potente agente antihipertensivo conce-
bido y desarrollado por un investigador argentino: Miguel Ángel 
Ondetti. Cienc Investig Reseñas. 2016;1(66):29–33.

 9. Fronteras En Medicina |, Año |. Historia de la Medicina Maestro de 
la Pediatría Argentina. 2017.

 10. González-Fernández Á, de Espada FD.  César Milstein: 35 Años 
de anticuerpos monoclonales. Inmunologia. Elsevier Doyma. 
2011;30:30–3.

 11. el Instituto Nacional Central Único Coordinador de Ablación 
e Implante. Incucai-Registro Nacional de Insuficiencia Renal 
Crónica Terminal [Internet]. 2020 [cited 2019 Dec 9]. Available 
from: http://sintra.incucai.gov.ar/intro/.

 12. del Carmen Bacqué M, Vallejos A, Bisigniano L.  Editorial. 
Situación del Transplante Renal y la donación de órganos en 
Argentina. Rev Nefrol Dial Traspl [Internet]. 2018;38(1):1–14. 
Available from: www.renal.org.ar.

 13. Argentina. Ministerio de Salud. Noticias de Argentina, 
Transplantes [Internet]. Noticias. Ministerio de Salud 
y Desarrollo. 2019 [cited 2019 Feb 1]. Available from: 
Disponible en https://www.argentina.gob.ar/noticias/
argentina-registro-mas-de-700-donantes-de-organos-en-2018.

 14. Marinovich S, Marinovich J, Benítez ML, Baldomá S, Dohle E, del 
Basso L, et al. Enfermedad Renal Crónica en la Población General. 
Importancia de la Tasa de Filtrado Glomerular estimada absoluta 
Chronic Renal Disease in the General Population Importance of the 
Absolute Estimated Glomerular Filtration Rate [Internet]. Available 
from: www.renal.org.ar.

 15. Suarez R, Piggiano N, Simesen G, Beatriz L, Letjam N, Pinheiro 
M.  Estudio multicéntrico de prevalencia de Enfermedad renal 
crónica. Nefrología Argentina. 2019;17(1).

 16. Vallejos A.  Editorial: Primer Foro Global de Politicas sobre el 
Riñón. Nefrol Dialisis y Transpl. 2017;37:79–80.

 17. Lombi F, Varela CF, Martinez R, Greloni G, Campolo Girard V, 
Rosa Diez G. Lesión renal aguda en Latinoamérica en la era del big 
data. Nefrología [Internet]. 2017 [cited 2020 Feb 13];37(5):461–
4. Available from: https://linkinghub.elsevier.com/retrieve/pii/
S0211699517300681.

 18. Lombi F, Campolo V, Girard C, Varela F, Martinez R, Greloni 
G, Rosa Diez G.  Epidemiología de la Injuria Renal Aguda en 
Argentina. Nefrología Argentina [Internet]. 2016;14. Available 
from: http://www.nefrologiaargentina.org.ar/numeros/2016/volu-
men14_3/Articulo_1.pdf.

 19. Salgado G, Landa M, Masevicius D, Gianassi S, San-Román JE, 
Silva L, et al. Acute renal failure according to the RIFLE and AKIN 
criteria: a multicenter study. Med Intensiva. 2014;38(5):271–7.

 20. Sosa Estani S, Salomón O, Gomez A, Esquivel M, Segura 
E.  Diferencias regionales y Síndrome Pulmonar por Hantavirus 
(enfermedad emergente y tropical en Argentina). Cad Saúde Públic. 
2001;17:45–57.

 21. Ministerio de Salud. Hantavirosis en Epuyen, Chubut. Reporte 
Epidemiológico. Buenos Aires; 2019.

 22. Antman J, Geffner L, Pianciola L, Rivas M.  Síndrome Urémico 
Hemolítico en Argentina. Reporte Epidemiológico. Buenos Aires; 
2014.

 23. Hiriart Y, Pardo R, Bukata L, Lauché C, Muñoz L, Colonna M, 
Goldbaum F, Sanguineti S, Zylberman V.  Desarrollo de un pro-
ducto anti-toxina Shiga para la prevención del Síndrome Urémico 
Hemolítico. Medicina (B Aires). 2018;78:107–12.

 24. Marinovich S, Lavorato C, Bisigniano L, Hansen Krogh D, Celia E, 
Tagliafichi V, Rosa Diez G, Fayad A, Verónica Haber V, Krogh HD, 
Diez RG. Registro Argentino de Diálisis Crónica- Informe 2018. 
Buenos Aires; 2018.

 25. Exeni A. Pediatric nephrology in Argentina. 2019.
 26. Liderman S. Registro Argentino de Biopsias Renales. Reporte de 

situación. Nefrol Dialisis y Transpl. 2008;28(2):55–60.
 27. Garay OU, Palacios A, Pichon-Riviere A, Augustovski F, Martí 

SG, Hernández-Vásquez A, et  al. The Cost-effectiveness of con-
tinuous versus intermittent renal replacement therapies in acute 
kidney injury: perspective of the social services for the elderly in 
Argentina. Value in health regional issues [Internet]. 2019 Dec 1 
[cited 2020 Feb 12];20:142–8. Available from: https://www.scien-
cedirect.com/science/article/abs/pii/S2212109919300822?via%3D
ihub.

 28. INCUCAI Argentina Gobierno. Sistema Nacional de Información 
de Procuración y Transplante de la República Argentina 
[Internet]. Buenos Aires; 2020. Available from: https://irct.incu-
cai.gov.ar/public/centro/Show.do;jsessionid=BHLBFEGGCHIC
?accion=/bridgeFromCresiToResumenEstadisticoCentroDialisis.
do?click_and_list_habilitado=false&modulo=1&login=no&cl
ick_and_list_habilitado=false&.

 29. Saran R, Robinson B, Abbott KC, Agodoa LYC, Bragg-Gresham J, 
Balkrishnan R, et al. US renal data system 2018 annual data report: 
epidemiology of kidney disease in the United States. Am J Kidney 
Dis. W.B. Saunders. 2019;73:A7–8.

 30. International figures on donation and transplantation 2017. 
Newsletter Transplant. 2018;23:3–79.

 31. Duré M, Fernández Lerena M, Gilligan C. Especialidades médicas 
en Argentina. Reporte. Buenos Aires; 2018.

 32. Santa Maria C. Directrices de organizacion y funcionamiento para 
los centros, servicios o unidades de dialisis [Internet]. Buenos 
Aires; 2019. Available from: https://www.argentina.gob.ar/sites/
default/files/directrices-dialisis.pdf.

 33. Rapaport F. The case for a living emotionally related international 
kidney donor exchange registry. Transplant Proc. 1986;18(3):5–9.

 34. Enrique Santos Discépolo. Uno (Tango Song). https://youtu.be/
C4fj7PKEJoY.

G. L. Moretta et al.

http://iris.paho.org/xmlui/handle/123456789/50802
http://iris.paho.org/xmlui/handle/123456789/50802
http://www.scielo.org.mx/pdf/spm/v53s2/06.pdf
http://www.scielo.org.ar/scielo.php?script=sci_ar
http://www.scielo.org.ar/scielo.php?script=sci_ar
http://sintra.incucai.gov.ar/intro/
http://www.renal.org.ar
https://www.argentina.gob.ar/noticias/argentina-registro-mas-de-700-donantes-de-organos-en-2018
https://www.argentina.gob.ar/noticias/argentina-registro-mas-de-700-donantes-de-organos-en-2018
http://www.renal.org.ar
https://linkinghub.elsevier.com/retrieve/pii/S0211699517300681
https://linkinghub.elsevier.com/retrieve/pii/S0211699517300681
http://www.nefrologiaargentina.org.ar/numeros/2016/volumen14_3/Articulo_1.pdf
http://www.nefrologiaargentina.org.ar/numeros/2016/volumen14_3/Articulo_1.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2212109919300822?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S2212109919300822?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S2212109919300822?via=ihub
https://irct.incucai.gov.ar/public/centro/Show.do;jsessionid=BHLBFEGGCHIC?accion=/bridgeFromCresiToResumenEstadisticoCentroDialisis.do?click_and_list_habilitado=false&modulo=1&login=no&click_and_list_habilitado=false&
https://irct.incucai.gov.ar/public/centro/Show.do;jsessionid=BHLBFEGGCHIC?accion=/bridgeFromCresiToResumenEstadisticoCentroDialisis.do?click_and_list_habilitado=false&modulo=1&login=no&click_and_list_habilitado=false&
https://irct.incucai.gov.ar/public/centro/Show.do;jsessionid=BHLBFEGGCHIC?accion=/bridgeFromCresiToResumenEstadisticoCentroDialisis.do?click_and_list_habilitado=false&modulo=1&login=no&click_and_list_habilitado=false&
https://irct.incucai.gov.ar/public/centro/Show.do;jsessionid=BHLBFEGGCHIC?accion=/bridgeFromCresiToResumenEstadisticoCentroDialisis.do?click_and_list_habilitado=false&modulo=1&login=no&click_and_list_habilitado=false&
https://irct.incucai.gov.ar/public/centro/Show.do;jsessionid=BHLBFEGGCHIC?accion=/bridgeFromCresiToResumenEstadisticoCentroDialisis.do?click_and_list_habilitado=false&modulo=1&login=no&click_and_list_habilitado=false&
https://www.argentina.gob.ar/sites/default/files/directrices-dialisis.pdf
https://www.argentina.gob.ar/sites/default/files/directrices-dialisis.pdf
https://youtu.be/C4fj7PKEJoY
https://youtu.be/C4fj7PKEJoY


97© Springer Nature Switzerland AG 2021
J. A. Moura-Neto et al. (eds.), Nephrology Worldwide, https://doi.org/10.1007/978-3-030-56890-0_9

Nephrology in Bolivia

Rolando Claure-Del Granado, Ricardo Silvestre Arze Arze, 
Raul Plata-Cornejo, Abel Lucero Ruiz,  
Arturo Cornejo-Cordero, Rolando Claure-Vallejo, 
Mauricio Paredes-Fernández, Pablo Dávila-Erquicia, 
Israel D. Rivas-Salazar, and Maiko A. Tavera-Díaz

9

General Table

Area1 1,098,581 km2

Population1 11,428,245 (2019)
Capital Sucre (constitutional and 

judicial)
La Paz (executive and 
legislative)

Three most populated cities1 1. Santa Cruz de la Sierra
2. La Paz
3. Cochabamba

Official languages Spanish and 36 indigenous 
languages

Gross domestic product (GDP)2 40.288 billion USD (2018)
GDP per capita2 2559.51 USD (2018)
Human Development Index (HDI)3 0.703 (114th)
Official currency Boliviano (BOB)
Total number of nephrologists4 110
National society of nephrology4 Bolivian Society of 

Nephrology and Hypertension
www.sobonefro.com

Incidence of end-stage renal 
disease5

2018 – 143 pmp

Prevalence of end-stage renal 
disease5 (on dialysis)

2018 – 403 pmp

Total number of patients on 
dialysis5

2018 – 4400; there is no data 
available for PD

Number of patients on 
hemodialysis5

2018 – 4400
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Hospital Obrero No 2 - C.N.S., Cochabamba, Bolivia 

M. A. Tavera-Díaz 
Hospital Elizabeth Seton, Cochabamba, Bolivia

Number of patients on peritoneal 
dialysis

No data available

Number of renal transplantations 
per year5

2017 – 81
2018 – 76
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 Introduction

Nephrology is closely linked to other sciences, and it involves 
major social, ethical, and economic implications that will be 
set out in this presentation, recalling some of our geography, 
history, and economic sociology.
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Bolivia, separated from the Pacific Ocean by the Andean 
Mountain Chain and from the Atlantic Ocean by the Amazon 
region, has an extension of 1,098,000  km2 and 11 million 
inhabitants spread over three well-differentiated geographic 
areas from the climate, racial, social, and economic view-
points – the highlands, the valleys, and the tropics (Fig. 9.1). 
In the past, such a layout prevented the country’s integration 
and the implementation of national health programs.

Historically, Bolivia has stood out because of its convo-
luted political life. The government of the National Revolution, 
between 1952 and 1964, created several health insurance insti-
tutions to address the needs of salaried workers in urban areas, 
mineworkers, oil workers, and railroad workers. Unfortunately, 
the lack of coordination among such institutions was detri-
mental to the people, who required a more coherent and uni-
form healthcare, and it prevented a harmonious development 
of the medical specialties, including nephrology. Since 1964, 
the political changes prevented the creation of legal instru-

ments to allow a regulated practice of medicine. As a result, 
there was no transplant law until 1996, and regulation for the 
provision of dialysis for patients with end-stage renal disease 
(ESRD) was just approved in 2014. For the same reason, not 
even moderately serious epidemiological studies concerning 
arterial hypertension, glomerular diseases, renal stones, acute 
kidney injury (AKI), or chronic kidney disease (CKD) among 
our population were carried out until the 1980s.

The drop of international mineral and oil prices in the 
1980s jeopardized Bolivia’s economy. However, we survived 
thanks to the growth of the informal economy, which encom-
passed an increasingly larger mass of individuals, lacking 
health insurance coverage. On the other hand, the increase in 
state bureaucracy has prevented the development of hospital 
laboratories and imaging technologies. In spite of such short-
comings, health insurance institutions were until 3 years ago 
and are still today the only possible alternative for those 
patients requiring sophisticated life-sustaining technology. 

Fig. 9.1 Different regions in 
Bolivia; the three main cities 
are La Paz, Santa Cruz de la 
Sierra, and Cochabamba

R. Claure-Del Granado et al.
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That was the case of ESRD patients who required renal 
replacement therapies (RRT) until December 2014, when 
legislation was passed allowing patients without health 
insurance to receive dialysis.

We can now realize the situation being faced by nephrolo-
gists and CKD patients in Bolivia so far.

 Brief History of Nephrology in Bolivia

The history of nephrology in Bolivia started with internal 
medicine doctors and urologists who decided to focus on the 
study and treatment of kidney diseases as a joint effort. In La 
Paz, Dr. Guillermo Jáuregui Guachalla, professor of internal 
medicine, published his Notes on Nephrology before passing 
away around 1970. In the 1940s in Cochabamba, Dr. Ricardo 
Arze Loureiro, professor of urology, performed kidney 
decapsulation to restore diuresis in cases of oliguric AKI 
long before diuretics or dialysis was available. In the 1960s, 
he ventured into experimental surgery in dogs, as he was 
convinced of the benefits of renal transplantation as a therapy 
to replace the chronic loss of kidney function. In Sucre, Dr. 
Luis Sauma, urologist and devoted to teaching, lighted the 
way of his son, Alejandro, a great supporter of renal trans-
plantation in Cochabamba (personnel communication).

In 1968, the first Bolivian nephrologist, Dr. Juan Villalba, 
who was trained in Mexico as a pediatric nephrologist, 
arrived to Bolivia. At Hospital Obrero #1 in La Paz, he exer-
cised nephrology for the first time. Doctor Villalba is among 
the founders of the Latin American Society of Nephrology 
and Hypertension (SLANH), with an outstanding participa-
tion in international scientific events. Unfortunately, he met 
an early death, passing away in 1975. In the late 1970s, the 
first group of nephrologists arrived from Mexico, and they 
started the practice of nephrology in La Paz, whereas a sec-
ond group arrived from Brazil and settled in Santa Cruz de la 
Sierra. At that time, Dr. Jorge Chávez Chajtur provided pro-
longed dialysis treatment with a parallel plate dialyzer to a 
family member affected by a familial renal disease in a small 
town close to Santa Cruz de la Sierra. For over 5 years, the 
nurse Martha Chacón offered her uremic husband home 
hemodialysis (HD) in Cochabamba, at a time in which there 
were no available nephrologists in that city (personnel 
communication).

In 1968, the urologist Dr. Néstor Orihuela Montero 
founded at “Hospital de Clinicas” in La Paz the Institute of 
Nephrology. He donated the first parallel plate artificial kid-
ney, started experimental surgery in dogs, and organized the 
first human renal transplantation team at Hospital Obrero #1 
together with Dr. Gonzalo Quiroga (nephrologist), Dr. 
Enrique Zubieta (vascular surgeon), and Dr. Edgar Revollo 

(immunologist), all of whom performed the first kidney 
transplant on November 2, 1979. This was the first and only 
deceased donor renal transplant performed in Bolivia until 
1993 and took place as a consequence of a gunshot wound in 
the head of a curious medical student who was walking 
around the vicinity of Hospital Obrero #1 in La Paz during 
one of the many and bloody military coups d’état in such 
period of our history. A few days later, Dr. Orlando Canedo, 
also urologist, performed the first living donor kidney trans-
plant in Cochabamba. In the next 7 years, the transplant team 
of Hospital Obrero #1 in La Paz performed other 24 kidney 
transplants; it was the most experienced team in the field of 
transplantation in Bolivia until 1986. One year later the 
transplant team of Centro Médico Quirúrgico Boliviano 
Belga and Caja Petrolera de Salud in Cochabamba started 
their transplant program performing 15 successful trans-
plants over the next 5 years (personnel communication).

In 1982, three renal physicians from the United Kingdom 
and Mexico arrived in Cochabamba, and they carried out a 
collective work of spreading knowledge and integration with 
other medical specialties and with colleagues of other regions 
of Bolivia. They promoted a comprehensive renal care pro-
gram for uremic patients in Centro Medico Quirúrgico 
Boliviano Belga, the Military Hospital, the Oil Workers’ 
Health Insurance, and Hospital Obrero #2. They prospec-
tively studied the epidemiology of AKI, glomerular diseases, 
lupus nephritis, arterial hypertension, kidney stones, diabetic 
nephropathy, hyponatremia, and the ethical, social, and eco-
nomic aspects of CKD and presented the results of such 
observations in numerous national and international meet-
ings (personnel communication).

The Bolivian Society of Nephrology was established in 
La Paz in 1978 but remained inactive for several years. The 
First Bolivian Congress of Nephrology was organized by the 
nephrologists of Cochabamba in 1984, bringing also together 
nephrologists from La Paz and Sucre. The society was reor-
ganized in 1987, and Dr. Jorge Nuñez from La Paz was 
appointed as acting president. The Second Bolivian Congress 
of Nephrology organized in Cochabamba had numerous par-
ticipants, with a large number of high-quality presentations 
from the country’s three geographical regions (personnel 
communication).

Progress has been constant through the organization and 
promotion of numerous scientific events, education and clin-
ical research has been encouraged, and the level of nephrol-
ogy practice in Bolivia has increased since 1984. A greater 
integration occurred, not only among Bolivian colleagues 
but also with those from Latin American countries, who have 
shared experiences and similar difficulties to ours. Moreover, 
active work has been done with national health authorities to 
show them the importance of CKD as a major public health 
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problem and to draw up guidelines for peritoneal dialysis 
(PD) and HD [1] and renal transplantation, as well as the 
renal transplant guideline and accreditation manuals [1–3].

 High-Altitude Polycythemia and Chronic 
Kidney Disease in Bolivia

More than 140 million people in the world currently live at 
high altitude, representing 2% of the world’s population [4]. 
The Andean region of South America constitutes a third 
major high-altitude region, primarily inhabited by two dif-
ferent ethnic groups: Quechua and Aymara. Among the 
Andean population, the hypoxia-related increase in hemo-
globin is observed starting at an altitude of 1600 me above 
sea level.

An increased prevalence of albuminuria and proteinuria 
has been reported in subjects living at high altitude [5–7]. 
The pathogenesis of proteinuria may relate to a variety of 
factors, including the effects of tissue hypoxia within kidney 
parenchyma, glomerular capillary hypertension, hypervis-
cosity, and elevated right heart pressures. Polycythemia 
might be an independent risk factor for renal and cardiovas-
cular disease in people living at high altitude, which is con-
sistent with our findings that baseline packed cell volume 
and hemoglobin concentration were positively correlated 
with arterial blood pressure, serum creatinine, blood urea 
nitrogen, and proteinuria [8].

In a cross-sectional study of healthy, ethnically similar 
participants from two regions of different altitude in South 
America (Bolivia, Peru), we found that individuals living at 
high altitude had significantly worse renal function than 
those living near sea level, amounting to a mean difference 
of estimated glomerular filtration rate (eGFR) of 30%. The 
worse kidney function and greater proteinuria observed at 
higher altitude occurred despite similar age and a lower prev-
alence of metabolic syndrome with respect to sea level 
dwellers [9].

Apparently healthy subjects living at high altitude have a 
remarkably higher frequency of kidney disease and protein-
uria, independent of a history of hypertension or diabetes. 
This provides some of the strongest evidence to date that 
long-term living at high altitude carries an increased risk for 
kidney disease. The characteristics of kidney disease 
observed at high altitude may be a new form of CKD that 
might be mediated by chronic hypoxia and its effects.

More than four million Bolivians (38% of total popula-
tion) currently live at high altitude (2500 m above sea level), 
and 8–10% of this population develops high-altitude polycy-
themia [10]. In our study, 40% of total screening polycythe-
mia healthy subjects had some degree of proteinuria [5], so 
we estimate that roughly more than 300,000 people are at 
risk for kidney disease.

It is evident that diabetes, hypertension, and glomerular 
diseases are the leading ESRD causes in the world. However, 
there are specific regional conditions (e.g., high altitude- 
polycythemia CKD) that deserve to be studied with the main 
objective to reduce the exponential increase of patients 
requiring RRT, inaccessible to large percentage of the popu-
lation in developing countries. Some of these patients are the 
dwellers living at high altitude in countries such as Ecuador, 
Peru, and Bolivia.

 Chronic Kidney Disease Epidemiology

The prevalence and incidence of renal diseases in Bolivia are 
not well known. This lack of knowledge is an obstacle to the 
adoption of preventive measures, which may be of great 
value in a social and economic environment where treatment 
options for ESRD are simply not available. A study coupled 
with an educational campaign on renal diseases was con-
ducted in 21 centers from three selected areas of Bolivia 
(plains, tropical, and valleys regions) in 1998 [11]. In this 
study, urine samples were collected and screened using a 
dipstick for chemical analysis and microscopic urinalysis. 
From 14,082 subjects screened, urinary abnormalities were 
detected in 4261 subjects at first screening. The most com-
mon form of urinary abnormality was hematuria, which was 
found in 2010 (47%). Other renal abnormalities were leuko-
cyturia (41%) and proteinuria (11%). Confirmatory tests and 
further clinical studies were then carried out in 1019 sub-
jects, and the study found that 35% had no urinary abnor-
malities. In the remaining subjects, the following diagnoses 
were made: asymptomatic urinary tract infection (48.4%), 
isolated benign hematuria (43.9%), chronic kidney disease 
(1.6%), renal tuberculosis (1.6%), kidney stones (1.3%), dia-
betic nephropathy (1%), and polycystic kidney diseases 
(1.9%) [11].

According to the global burden of disease project, CKD 
stage 3 prevalence in the country was 40%, by 2017, and 
CKD was the fourth most common cause of death in Bolivia 
with an increase as a cause of death of 36% from 2007 to 
2017 [12]. The main causes of CKD in Bolivia according to 
the information that the Ministry of Health has through its 
National Renal Health Program (NRHP) are diabetic 
nephropathy (47.4%) and unknown causes (13.7%). About 
10% had some form of glomerulopathy. Interestingly, 
chronic rejection or “loss of the graft” was identified in 4% 
of the patients.

By March 2015 there were 2231 ESRD patients who were 
receiving HD, 70% (1562) of them were over 60 years old, 
3% were children and adolescents, and 27% between 18 and 
50 years of age. It is estimated that an increase of 68% will 
be observed in ESRD patients in the next 5 years [8]. Of the 
2231 patients with chronic HD treatment, 44.8% have short- 
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term health insurance that cover their treatments, 31.3% are 
covered by the NRHP, and 23.9% of patients pay their ses-
sions from their own pocket [9].

Unfortunately, current policies aimed for the prevention 
of CKD do not have sufficient support, given that the efforts 
are regional and supported by local scientific societies with-
out the involvement of the Ministry of Health through its 
NRHP. Most of the NRHP resources are allocated for provid-
ing HD and kidney transplant to patients with ESRD (36 mil-
lion dollars), and according to the NRHP website, an 
investment of US$ 34,632 is made every year for providing 
support to the identification of CKD (creatinine blood sam-
ples and urine strips) and for training healthcare workers in 
the correct identification, diagnosis, treatment, and referral 
of CKD patients to healthcare centers [10]. Regrettably, 
there are no official, or up to date, data on the accurate num-
ber of CKD patients in Bolivia, and data on mortality is also 
not available [9].

 Renal Replacement Therapy Scenario

Free provision of HD and PD was only contemplated in the 
National Health Insurance system (the main state-run health 
insurance provider in the country) and with coverage exten-
sible to intermittent peritoneal dialysis (IPD) until 2014 
when the National Renal Health Program (NRHP) was 
established. After the enactment of Law no. 475 of “Integral 
Health Services Provision Act of the Plurinational State of 
Bolivia” (Ley de Prestaciones de Servicios de Salud Integral 
del Estado Plurinacional de Bolivia) on December 30, 2013, 
free treatment for patients with ESRD without health insur-
ance started [13]. Upon review of the Ministry of Health’s 
official page and specifically the section pertaining to the 
National Renal Health Program, it can be seen that all the 
information is limited to CKD prevention initiatives, HD, 
and renal transplantation. Currently there are 4400 adult 
patients and 31 children in Bolivia who are receiving HD 
treatment. Unfortunately, the NRHP could not provide us 
information about the number of patients who are currently 
receiving intermittent peritoneal dialysis (IPD). Until 
recently, there were no supplies to perform chronic ambula-
tory peritoneal dialysis (CAPD) or appropriate cyclers to 
perform APD. To date, the only public institution officially 
performing CAPD or APD with the twin-bag system, “Y” 
connector, and flexible 2000–6000  ml PD bags and/or a 
cycler is the regional National Health Insurance (Caja 
Nacional de Salud – CNS)’s maternal and child care unit in 
Santa Cruz (one patient on APD and another two on CAPD). 
Other patients are also treated with these modalities in pri-
vate institutions in the city of Santa Cruz (three on APD and 
three on CAPD). IPD is the prevailing modality in the rest of 
the country. La Paz and Tarija still have active IPD programs 

in the National Health Insurance regional units. Cochabamba 
cancelled a similar program in mid-2018.

The emphasis in performing IPD is stated textually in the 
regulations, noting, “PD must be performed in second and 
third level hospitals.” The regulations recommend a ratio of 
1 nephrologist and 1 nurse for every 40 patients. Other 
guidelines provided for in such a document include a solu-
tions’ instillation time of 10–15  min, using dwell time of 
30–40 min, 20 exchanges per session, 2 weekly sessions, and 
an exchange volume of 1000–1200 ml/m2 of body surface 
area.

The hospitals performing IPD use locally produced solu-
tions, sold in rigid plastic containers of 1000 ml, in 1.5%, 
2.5%, and 4.25% glucose concentrations and with spike-type 
connectors (Fig. 9.2).

As for regulations of RRT for ESRD patients in Bolivia, 
there is a document entitled “Hemodialysis and Peritoneal 
Dialysis Regulations,” which can be accessed on the Web 
[1]. Such regulations describe briefly HD and PD techniques, 
their different modalities, prescriptions, and technical aspects 
of each technique, like the reuse of filters which is allowed to 
be done up to 15 times. Most of the document is focused on 
administrative and technical requirements of implementing 
an HD unit; for example, in the case of a PD unit, the docu-
ment states that for every 40 patients, the PD unit needs 1 
nephrologist, 1 nurse with training and experience in PD, 

Fig. 9.2 Local production peritoneal dialysis solution (rigid bottle 
with 1 L volume and spike connector)
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and 2 PD technicians for every 15 patients. The PD unit also 
needs to have one social worker, dietitian, psychologist, sur-
geon, and administrative personnel. In the case of an HD 
unit, it is required to have 1 nephrologist for each 40 patients 
and 1 nurse with training and experience in HD for no more 
than 4 patients, whereas the number of HD technicians is not 
well defined on the document, and it will depend on each HD 
unit workload; it also needs to have one social worker, nutri-
tionist, psychologist, surgeon, and administrative personnel.

Convective therapies like hemodiafiltration (HDF) and 
hemofiltration (HF) are available in Bolivia, usually in pri-
vate centers. However, the number of patients who are 
receiving such therapies is not known, and the number of 
patients placed on such therapies could be low due to the 
high cost of these types of therapies not reimbursed by the 
government.

 Peritoneal Dialysis

According to Arze’s data, introduction of chronic peritoneal 
dialysis (PD) catheters in our country took place in the early 
1980s [14]. In Bolivia, PD has always played a marginal role 
in relation to HD. As described by Pecoits-Filho [15], there 
is great variability across Latin America in the proportion of 
patients who receive RRT with this technique. Only Mexico 
provides care to a larger percentage of its ESRD population 
using PD (86%). Brazil has a total number of patients higher 
than Colombia, but proportionally Colombia ranks second in 
the region (46%). As mentioned by D’Achiardi [16], insuf-
ficient training in PD could be one of the causes for which 
such a technique is used with less frequency. An additional 
factor for PD not to be more widely used is the delay in the 
implementation of technologies that represent milestones in 
the provision of this type of RRT (such as the double or twin- 
bag system and “Y” set or the cycler machines for automated 
peritoneal dialysis (APD)).

An important source of information about some charac-
teristics, particularly epidemiologic and clinical, is avail-
able through the “National Peritoneal Dialysis, 
Hemodialysis, and Renal Transplantation Registry,” which 
provides information from 18 hospitals and data of 334 
patients monitored until June 2007 (30.92% of all patients 
with RRT surveyed) [17].

Information related to PD was collected in a “National 
Peritoneal Dialysis Registration Form.” Most of the patients 
on PD were elderly over 60 years old (27.4% between 61 and 
70 years old and 22.3% ≥71 years old). Moreover, 49.7% 
were women. By ethnicity, 70.9% were mestizos, 28% white, 
and 1.1% Afro-Bolivian.

Almost half of the patients had completed high school 
(49.7%) and 32% elementary school. Only 3.4% were illiter-
ate, and 14.3% had some university degree.

The registry also mentions some employment aspects: 
44% of the patients were unemployed, 36.6% were retired, 
and only 14.9% were actively employed.

The eastern region of Santa Cruz had most of the patients 
on PD (61.1%), and when compared with the rest of the 
regions in the country, it had at that time one of the lowest 
HD percentages (17.7%).

In terms of other conditions and care received by such 
patients, the majority (81.7%) had high blood pressure or 
was on antihypertensive medication; 55.9% received eryth-
ropoietin, and 14.3% received intravenous iron. Because of 
the voluntary nature of the registry, it is worth mentioning 
that in most cases there were no data related to such 
prescriptions.

The adoption of this renal replacement modality was slow 
in the decade of the 2000s. By 2001–2002, there were records 
of three active patients only; by 2005, other two patients had 
been treated with PD. It was only in 2006 and 2007 that a 
significant increase in the number of patients treated with 
this dialysis modality was noticed (60 and 104, respectively). 
Most of them had short-term health insurance (59.5%) in 
public institutions. The main institutions that provide PD 
were the National Health Insurance (Caja Nacional de 
Salud – CNS) with 34.9% of the patients and the Oil Workers’ 
Health Insurance (Caja Petrolera de Salud  – CPS) with 
18.9% of the patients. It is also noteworthy that 34.5% were 
private patients. Until June 2007, the two regions in the 
country with the most reported new cases were Santa Cruz 
(75 cases, 58.1%) and Oruro (30 cases, 23.5%). It is impor-
tant to mention that the latter region ranks seventh in the 
country’s GDP and that its PD patients were treated in a pub-
lic institution. The latter region also contrasts with Santa 
Cruz, which has the most thriving economy in Bolivia. This 
means that the election of PD over HD was related to aspects 
other than economic ones, such as probably the healthcare 
provision (physicians and nurses), knowledge of the tech-
nique, and logistical aspects (availability or not of technol-
ogy for HD, the overcrowding of HD units, etc.). Also, 77% 
of the patients did not exceed a year with PD. Only 61.7% 
had a period of less than 5 days between the IPD sessions, 
22.3% had a period of 6–10 days between sessions, and 16% 
were treated with a latency period greater than 10  days 
between each session.

Physical capacity was very limited in 34.9% of the cases, 
46.9% had normal activity with some limitations, only 9.1% 
had unrestricted normal activity, and 9.1% were unable to 
take care of themselves. At that time, three patients with hep-
atitis B (1.7% of those surveyed) and one with hepatitis C 
(0.57% of those surveyed) were treated in the country. No 
patient with HIV was treated with PD during this period. The 
main causes for ceasing treatment were death (31.4%) and 
dropping out of the technique; 6.3% were transplanted and 
4% switched to HD. Here we must also take into account the 
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considerable underreporting of mortality, which led the 
authors to speculate that the actual mortality figure was 
around 45.7%. The main causes of mortality were cardiovas-
cular (30.9%) and multi-organ failure (29.1%). The direct 
percentage of mortality attributable to infectious complica-
tions related to the technique is not specified.

Colleagues from La Paz and Cochabamba (who work for 
the Caja Nacional de Salud – CNS) contributed data on their 
respective IPD programs. In La Paz, Dr. Abel Lucero is 
responsible for a cohort of patients receiving PD due to a 
formal contraindication to perform HD or the loss of vascu-
lar access. They have occasionally treated patients positive 
for hepatitis B. In Cochabamba, an analysis with data kindly 
provided by Dr. Rolando Claure-Del Granado was performed 
and found a total of 33 patients treated between 2014 and 
2018; 48.5% were women, with a median follow-up of 
21.9 months (over a period of 0.4–67.6 months). The patients 
received an average of 8.2 ± 1.46 sessions (or IPD days) per 
month and were treated for a median of 66 sessions (range, 
2–145). Mortality during the follow-up was 27.3%, and the 
average survival with the technique was 50.1  months (CI 
95% 39.9–60.3, median of 67.6 months). Survival at 12 and 
48  months was 93.6% and 64.8%, respectively (Fig.  9.3); 
54.5% of the patients required a switch to HD with a median 
follow-up of 35.6 months (CI 95% 20.6–60) until the switch 
(Fig. 9.4).

 Dialysis Reimbursement Policies

Until 2005, short-term health insurance companies like Caja 
Nacional de Salud (CNS) provided healthcare benefits to 
patients receiving HD up to 52 weeks; thereafter, the patient 
was transferred to public HD units of the Ministry of Health. 
In that year, the NRHP was established, and after the enact-
ment of Law no. 475 of “Integral Health Services Provision 
Act of the Plurinational State of Bolivia” (Ley de Prestaciones 
de Servicios de Salud Integral del Estado Plurinacional de 
Bolivia) on December 30, 2013, free treatment for ESRD 
patients without health insurance started [18].

In 2008, it was estimated that 800 new cases of ESRD 
patients were being identified each year. The cost per HD 
session was estimated to be US$ 70, making a total of US$ 
10,920 the cost of HD for one patient per year. Patients who 
did not have any type of short-term insurance like the Caja 
Nacional de Salud (CNS) needed to pay for their sessions. As 
of September 2008, 1080 HD patients were registered nation-
ally; 40.7% corresponded to the CNS, 21.8% to private cen-
ters, and 18.6% to public hospitals. The cost per HD session 
at public institutions for patients who did not had any type of 
health insurance was approximately US$ 34.6 per session 
(US$ 5402 per patient per year) and was subsidized in part 
(around 80%) by the Minister of Health NRHP that provided 
some supplies for each HD treatment (i.e., filters and lines), 
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and the patient needs to pay US$ 6 per session (US$ 936 per 
year). However, not all patients had the capacity to pay this 
amount, besides the costs of transportation, medication, and 
monthly laboratory analyses. Since 2014, the municipal gov-
ernments of each province in Bolivia pay each HD session 
for all patients who do not have any type of health insurance 
[18]. Since 2016, municipal governments have started the 
purchase of HD services from private units due to the satura-
tion of the public units. The reimbursement that each HD 
center receives should include the cost of medications (i.e., 
antihypertensive, phosphate binders, vitamins, etc.), erythro-
poietin, and IV iron. Currently the cost per HD session is 
US$ 173  in the short-term health insurance system (i.e., 
CNS) HD centers, and the amount per HD session subject to 
reimbursement is US$ 103 for patients who benefit from 
Law no. 475; however, there is no data about the cost per IPD 
session, given that this modality of dialysis is only done in 
limited places.

Until March 2019, there were 4400 patients on HD, with 
a total of 686,400 sessions per year, representing a total cost 
for the NRHP of US$ 16,050 per patient/year (US$ 103/ses-
sion) and a total expense of more than 70 million dollars a 
year [17]. The cost of HD per patients per year in Bolivia is 
lower as compared with other countries with similar GDP 
per capita (US$ 16,050 vs. US$ 18,720) [13]. Finally, we 
want to highlight that current reimbursement policies are 
focused on intermittent HD, with no peritoneal dialysis (IPD, 
CAPD, or APD) or home HD reimbursement policies avail-
able, except for anecdotal cases.

Reimbursement policies also cover some medications like 
antihypertensive medications (i.e., B-blockers, ACEIs, 

ARBs, and calcium channel blockers), ESAs (alpha-EPO), 
calcium-based phosphate binders, IV iron, and vitamins.

 Acute Kidney Injury in Bolivia

AKI is a global healthcare issue with high morbidity and 
mortality and caused by multiple and diverse etiologies. It 
can develop both in the community and in the hospital set-
ting. A recent observational study has shown that the inci-
dence of hospital-acquired AKI in Latin America is 45% and 
predominately affects a much younger population [19]. 
While cardiac failure, postoperative AKI, and nephrotoxins 
are the main etiological risk factors in high- and upper- 
middle- income countries in the region, in low- and low- 
middle- income countries (LLMIC), dehydration, infections, 
animal envenomation, use of herbal medicines, and compli-
cated pregnancy are the most important drivers of 
AKI. Unfortunately, there is not much published data about 
the incidence, risk factors, etiology, and outcomes of AKI in 
Bolivia. Ramirez Torrejon JN and Arze RS published one of 
the first studies of AKI in Bolivia in 1993; it was a single- 
center study that described the incidence, etiology, treat-
ment, and outcomes of patients with hospital-acquired AKI 
(HA-AKI) [20]. During a period of 2 years, they found 41 
cases of HA-AKI (defined as a doubling of the baseline 
serum creatinine) and divided AKI into oliguric and non- 
oliguric. The first group was defined by a urinary volume 
<5 ml/kg/h or <400 ml in 24 h in adults and <1 ml/kg/h in 
children, most of the patients were male (51%), and the 
mean age was 54  ±  17  years. Common risk factors were 
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hypotensive episodes, most commonly due to cardiogenic 
shock, sepsis, and hypovolemia, exposure to nephrotoxins 
(NSAIDs and aminoglycosides), use of contrast media, and 
rhabdomyolysis. Prerenal AKI was the most common pre-
sentation with and incidence of 59%, with oliguria being 
found in 76% of patients at the time of diagnosis. Ten patients 
required RRT, PD was used in five of them and intermittent 
HD in three, and two patients were treated with continuous 
arteriovenous HF.  The mortality rate was 49%, and nine 
patients died due to sepsis and eight to cardiac failure. In a 
more recent study, Carpio-Deheza et al. described the inci-
dence of AKI in a single third level center [21]. Using Acute 
Dialysis Quality Initiative (ADQI) RIFLE criteria and Acute 
Kidney Injury Network (AKIN) diagnostic criteria, the 
authors found 65 patients with HA-AKI during 2010; most 
patients were male (58.3%) and older than 60 years (25%). 
The three most frequent causes and/or risk factors for 
HA-AKI described in this study were hypovolemia (41.6%), 
hypertension (30.5%), and congestive cardiac failure 
(11.1%). Unfortunately, this study fails to describe what type 
of medical treatment patients received, RRT requirements, or 
short- term and long-term outcomes like renal recovery, mor-
tality, and progression to CKD.

In low-income countries like Bolivia, most people who 
develop AKI continue to die as a consequence of this disor-
der and are not fortunate to have an early diagnosis or receive 
adequate treatment [22]. In Bolivia, like in other LLMIC, 
AKI commonly occurs in the community (CA-AKI) and is a 
disease of the young, and it is frequently developed as a com-
plication of a single, potentially preventable, treatable, and 
reversible disease [23]. Community-acquired AKI is often 
preventable with simple measures like hydration or treat-
ment of an acute infection. In those patients who progress to 
a stage where RRT is needed, dialysis is usually provided in 
nephrology units located in third level healthcare centers 
with ≤5 machines devoted to AKI treatment [24]. Intermittent 
HD is usually available in 100% of the units and is the most 
frequent form of RRT employed, while other techniques like 
prolonged intermittent HD, continuous renal replacement 
therapies, and PD are less frequently used. In areas with poor 
infrastructure, most of the patients present to the healthcare 
system late and often in advance disease stages and where 
RRT is not available.

Following the example of the 3 by 5 initiative by UNAIDS 
and WHO to provide three million people with HIV/AIDS 
living in low-income countries with antiretroviral therapy by 
2005, the International Society of Nephrology (ISN) 
launched the 0by25 initiative with the goal to achieve zero 
preventable deaths from AKI by 2025  in low-income and 
low-middle-income countries where lack of early identifica-
tion and resources for treatment may impact patient out-
comes, and Bolivia is one of the three pilot centers of this 
initiative. Preliminary data from the 0by25 Pilot Feasibility 

Project, designed to evaluate an education and training pro-
gram coupled with a point of care (POC) test and tele- 
consultation to improve detection and management of AKI 
in low-resource settings, has shown that the incidence of 
CA-AKI is 30% with a mortality rate at discharge of 3.1% 
and at 6 months 13.7%; 26% of patients developed CKD at 
day 90. The 0by25 initiative has shown that the use a POC 
test could identify a significant number of patients with 
CA-AKI who might otherwise not be recognized, allowing 
an early diagnosis and the implementation of an adequate 
treatment.

 Pediatric Nephrology

The interest on pediatric nephrology as a subspecialty has 
increased in our country; in the past 10 years the number of 
pediatric nephrologists has increased from two to ten practi-
tioners. Pediatric nephrologists in Bolivia have helped to 
increase early diagnosis and improve treatment of glomeru-
lar diseases in children, as well as to improve diagnosis and 
treatment of AKI like improving and expanding the use of 
PD to patients under 10 kg and especially to critically ill neo-
nates and toddlers [25]. Certain aspects of pediatric nephrol-
ogy like ongoing patient care needs and its technical aspects 
(renal biopsy, dialysis, and transplantation) guarantee its 
continuing future growth as a major pediatric discipline in 
our country. CKD management by pediatric nephrologists 
has made us gain a space within pediatric specialties, and our 
colleagues now refer their patients for treating this condition 
properly. But if we look to improve outcomes, CKD treat-
ment needs to be provided by a multidisciplinary team. On 
the other hand, we have an intense work in the diagnosis and 
routing of the treatment of congenital abnormalities of the 
kidneys and the urinary tract (CAKUT) since the number of 
pediatric urologists is insufficient in Bolivia. Pediatric 
nephrologists have become a fundamental part of the screen-
ing and diagnosis of CAKUT. However, some patients have 
to travel to the main cities of Bolivia or even to border coun-
tries like Chile, due to the lack of pediatric urologists.

Nephrocalcinosis and urolithiasis are other important 
medical conditions in our country. We have been surprised by 
the amount of kidney stone episodes in children, due to 
dietary factors, lack of proper fluid intake, increase in sodium 
load from daily diet (i.e., instant soups, broths, and energy 
drinks), and from obesity and metabolic syndrome in adoles-
cents. Genetic and/or metabolic disorders are usually involved 
when the recurrence is the rule in young children [26].

Before the enactment of the Law no. 475 in our country, 
treatment of CKD in children meant a catastrophic expense 
for their families [18]. Dialysis and kidney transplantation 
coverage is now provided to all patients with AKI and ESRD 
who need acute or chronic RRT. On February 20, 2019, this 
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law was subject to an amendment, which has increased the 
coverage to children over 5 years of age who had earlier been 
without health insurance. To benefit from this law, ESRD 
patients are considered to have a visceral disability (a wrong 
concept from our point of view). This definition leaves many 
children with AKI, pre-dialysis CKD, and other kidney dis-
eases without health coverage and treatment. Although these 
policies are changing and extending health coverage to the 
pediatric population, it is still not clear how much of the 
pediatric population this law covers, but these are the first 
important first taken in order to improve the care of CKD 
children.

The number of pediatric nephrologists in Bolivia is still 
low. Currently there are ten distributed in the three main cit-
ies of Bolivia (La Paz, Cochabamba, and Santa Cruz de la 
Sierra) as follows: four in La Paz, four in Cochabamba, and 
two in Santa Cruz de la Sierra. Pediatric nephrologists do not 
have their own scientific society, and most of them are affili-
ated to the Bolivian Society of Nephrology and Hypertension; 
however, pediatric nephrologists actively communicate 
among themselves through social media networks and have 
an active participation in some academic and special events 
of pediatric nephrology in the region.

Among future perspectives of pediatric nephrologists in 
Bolivia are to organize an independent scientific society, 
review the national practice standards of pediatric HD, PD, 
and renal transplantation, and develop an initiative so that 
PD could become a sustainable form of RRT in Bolivia.

 Renal Transplantation: Living Donor 
and Deceased Donor

Even though the dialysis and renal transplantation records in 
Bolivia are mandatory, compliance with such requirements 
barely reaches 32% [27], which provides only partial infor-
mation of living deceased donors transplant in Bolivia. The 
number of transplants performed in Bolivia the past 3 years 
has remained above 70 per year according to the information 
provided by the National Kidney Health Program registry 
(2016, n = 89; 2017, n = 82; and 2018, n = 76).

In the past 4 years, there has been an increase in the num-
ber of nephrologists (5–11 pmp) [28], but we are still below 
the average as compared to other countries in our region. 
Moreover, the prevalence of patients living with a function-
ing transplant totals 31.6 pmp, five times below the average 
in Latin America (159 pmp) [27]. Some of the causes for this 
low prevalence are explained on Fig. 9.5. This also explains 
why our deceased donor transplantation activity is 0.8 pmp, 
only exceeding the Dominican Republic according to the 
2015 registry of the Latin America and the Caribbean Society 

of Transplantation (STALYC). However, Bolivia is the fourth 
country with the largest number of living donor renal trans-
plant activity (7.4 pmp) as compared with the rest of the 
Latin American region that has 7.1 transplants pmp. If we 
consider both types of transplant donors, we have a total of 9 
transplants pmp, with Uruguay, Brazil, and Argentina being 
the countries with most renal transplantation activity (27–28 
pmp). This shows that attitudes toward living donation 
among the Bolivian population needs to be improved, and 
we must approach to the attitudes of Bolivians residing in 
Spain which is favorable and represents a group that may be 
encouraged to become donors, with only 10% of the popula-
tion against living donation [29].

To improve CKD prevention and treatment policies, vari-
ous cooperation agreements were signed among some Latin 
American countries and STALYC [28, 30]. One of the most 
important agreements entails the developing and/or improve-
ment of the deceased donor transplantation program. Even 
though a culture of venerating people who have passed away 
still exists in our country, a larger number of people are will-
ing to donate organs: 49% are in favor, 21% are against, and 
30% are undecided according the study of Rios et al. [31]. 
Policies on education and information about concepts and 
definitions of transplantation, xenotransplantation, deceased 
donation, or brain death are some of the factors that influence 
donation, as shown by Rios et al. in a survey of Bolivians 
living in Spain where 73% of the participants were unaware 
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of the different definitions [32]. While lack of knowledge 
was not statistically significant associated to the decision- 
making process at the time of organ donation, there are other 
social, personal, familiar, and educational factors involved 
and that need to be addressed in our country couple with bet-
ter health policies in order to improve deceased organ dona-
tion [33].

All patients in the dialysis program have the option to get 
a living or deceased donor kidney transplant. Patients who 
lack a living donor can access the waiting list for deceased 
donor transplantation, which is organized and supervised by 
the Ministry of Health through the National Renal Health 
Program. Organ allocation is based on standard criteria 
(UNOS, United Network for Organ Sharing), in addition to 
the Ministry of Health’s Transplantation Manual [1].

The main immunosuppression scheme used in Bolivia is 
the use of basiliximab 20 mg IV x2 for acute kidney rejection 
prophylaxis and the use of prednisone, cyclosporine or tacro-
limus, and mycophenolate as maintenance immunosuppres-
sive regimen. Since 2014, the cost of immunosuppressant 
medications for patients without medical insurance is cov-
ered by the local governments.

 Organ Procurement and Transplantation 
Network Policies

The Political Constitution of the Plurinational State of 
Bolivia recognizes that the state shall protect the right to 
health, promoting public policies that seek to improve the 
quality of life, collective well-being, and people free 
access to health services. In addition, it points out that spe-
cific laws will regulate the donation and transplantation of 
cells, tissues, and organs under the principles of humanity, 
solidarity, opportunity, gratuity, and efficiency. In spite of 
good intentions and regulations, there is not an organized 
system to allow a deceased donor procurement activity, 
representing a limited number of transplants, keeping a 
long waiting list, and maintaining HD centers overfilled 
with patients.

The first procurement and cornea transplant was reported 
in Bolivia in 1948, and the first kidney transplant was per-
formed in 1979, as previously described. Over two decades, 
the law did not regulate kidney transplants, and only in 
November 1996, the transplant Law no. 1716 was enacted 
[34], 17  years after the first kidney transplant [35]. Since 
then, several amendments have been done by the promulga-
tion of several acts that regulate the transplantation activity 
in the country (Table 9.1).

In Bolivia information and promotion of organ donation 
has not had an important impact in the population due to 

some country’s idiosyncratic and religion factors. The pro-
grams have not been able to reach the whole territory of the 
country nor the various social groups; it has not been made 
any plans for the near future in order to increase the aware-
ness of organ donation in schools, in universities, or to the 
general population. Another barrier is the lack of a national 
procurement center and the lack of improvement of current 
procurement policies. These are major weaknesses of this 
model, which has failed to increase the number of donors 
over the years.

In the case of deceased donors, the Regional Transplant 
Coordinator, working under the Regional Health Service 
(SEDES), will register the deceased donor in the national 
waiting list, managed by the Ministry of Health, for the allo-
cation of organs, cells, and tissues among registered recipi-
ent patients, using criteria set in standard applicable manuals 
and protocols [1]. Deceased donation process will be man-
aged by the Regional Transplant Coordinator and overseen 
by the Regional Transplant Commission, operating under 
SEDES.  Healthcare workers are required to give notice 
immediately to the Regional Transplant Coordinator of the 
existence of patients with brain death directly or through the 
local hospital coordinator (Fig. 9.6).

Table 9.1 Evolution of regulatory acts and laws regulating transplant 
activity and organ trafficking in Bolivia

Enactment 
dates

Transplant Law in Bolivia and the evolution of 
regulatory acts

November 
5, 1996

First law on transplantation and donation of organs, 
cells, and tissues (Law no.1716)

June 21, 
1997

Act no. 24671 that regulates Law no. 1716, for public 
and private healthcare and health insurance facilities 
nationwide

December 
2011

Act no. 1115 that repeals Act no. 24671. These are the 
new regulations for Law no. 1716, which set the scope 
of application, implementing categories of donors, 
recipients, and the responsibilities and duties of 
healthcare facilities and professionals that participate in 
the donation and transplantation of organs, cells, and 
tissues

January 23, 
2014

Act no.1870 amends and complement Act no. 1115, on 
paragraph “b,” on the definition of brain death. It 
incorporates that the recipients of organs, cells, and 
tissues must be Bolivian citizens, with the exception of 
foreign nationals and their living donors who are in 
transit. It also provides public support for kidney 
transplants to patients lacking health insurance

Enactment 
dates

Laws regulating organ trafficking

July 1978 Article 90 of the health code, sanctioned by Law no. 
15629

November 
5, 1996

Articles 17, 18, 19 of Law no. 1716

July 31, 
2012

Article 281 b of the criminal code, amended by Article 
34 of Law no. 263
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 Nephrology Practice and Job Market

Throughout history, in Bolivia, specialists who have not been 
incorporated into a hospital which supports and encourages 
them and offers appropriate, reliable, and high-quality labo-
ratory and imaging technologies, and specialists who have 
not had a group of colleagues, residents, interns, or students 
to work with, have tempted to migrate to other countries. 
However, in recent years more specialist have returned to 
Bolivia after finishing their training abroad, and they usually 
are characterized for having devotion to teach, interest in 
basic or epidemiological clinical research, passion for clini-
cal nephrology, and interest in dialysis in its various forms or 
toward various aspects of renal transplantation. These 
 specialists have an open and fertile field to develop fully as 
an outstanding professional in the field of nephrology.

Nephrologists can work in some of the private or public 
schools of medicine spread over the various regions of 
Bolivia; they can participate in the training of specialists in 
one of the five existing fellowship programs in the country; 
they can contribute to the training of nurses in public or pri-
vate nursing schools. Finally, they have much to teach to the 
community in general, about the role of the kidney in health 
and disease and, above all, about the prevention of CKD and 
its progression.

Nephrologists with a passion for basic research still have 
no institution to work, as we lack as a country specialized 
laboratories. Nevertheless, if they have a passion for clinical 
and epidemiological research, there is much for them to do. 
They can organize or participate in courses on research 
methodology, data analysis, and biostatistics, bibliography 
search, and writing of medical papers, sponsored by the 
Scientific Societies of Medical Students of the various 
schools of medicine, the Bolivian Medical Association, the 
Bolivian Society of Nephrology, or other scientific 
societies.

If nephrologists are interested in clinical practice, they 
can focus on an in-depth study of the main nephropathies, 
including community- and hospital-acquired AKI, glomeru-
lopathies, tubulointerstitial diseases, hypertension, diabetic 
nephropathy, renal complications during pregnancy and the 

various aspects of CKD. Moreover, they can devote them-
selves to an in-depth analysis and description of infrequent 
clinical cases and, finally, if they are trained, to the various 
aspects of interventional nephrology.

If the specialists are interested in RRT, they can actively 
engage in the startup and development of CAPD and APD 
units, intermittent HD, and in CRRT.

Finally, if nephrologists are interested in transplantation, 
they can actively participate in the organization, implemen-
tation, and development of the coordination and procure-
ment of organs and in the dissemination of the advantages of 
renal transplantation and the concept of cerebral death and 
the importance of organ donation to the community. 
Furthermore, they can be actively involved in the clinical 
aspects of transplantation and, above all, in the assessment of 
recipients and potential donors and in the diagnosis and 
treatment of the various complications throughout the renal 
transplantation period.

In conclusion, Bolivia offers the specialist in nephrology 
great possibilities to work in the different areas of nephrol-
ogy. However, it must be highlighted that to do so, great 
motivation and passion for work are required above all, given 
that contrary to other countries in Latin America, North 
America, and Europe, the economic incentives are negligi-
ble, for example, the average salary for a nephrology in pub-
lic hospital (run by the Minister of Health) or in hospitals run 
by the short-term insurances (i.e., Caja Nacional de Salud) 
ranges from US$ 800 to US$ 1200 per month.

 Conclusion

In Bolivia, CKD prevalence and incidence rates have been 
growing steadily, probably as a result of the increase in life 
expectancy, aging of the population, a growing epidemic of 
type 2 diabetes, and a fast epidemiological transition across 
the country. Chronic noncommunicable diseases like CKD 
impose an enormous cost, barely supported at present and 
unlikely afforded by the government in the future. There is 
ongoing national CKD detection program in Bolivia, but it 
needs to be improved. Data about CKD and AKI are scarce, 
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Fig. 9.6 Deceased donation process of notification. The entire process is 
overseen by the Regional Transplant Coordinator and overseen by the 
Regional Transplant Commission, operating under the regional health 

service (SEDES). Healthcare workers are required to give notice imme-
diately to the Regional Transplant Coordinator of the existence of patients 
with brain death directly or through the local hospital coordinator
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and public health awareness is low. High-risk patients must 
be studied, using simple determinations such as creatinine 
and proteinuria. For these programs to succeed, lifestyle 
changes must be encouraged, and public awareness must be 
increased through teaching and media-oriented activities. 
In concert, continuous activities in the area of education, 
research, and advocacy will be crucial in addressing the 
challenges of practicing nephrology in Bolivia and will 
enable the design of effective policies to prevent and con-
trol kidney disease in the future.
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 Introduction

The Federative Republic of Brazil, globally known as Brazil, 
is a country of continental dimensions located in South 
America. It has a long coastline that measures 7491  km 
along the Atlantic Ocean, and it shares a border with ten 
countries in South America – almost all of them, except for 
Chile and Ecuador. The Brazilian population has grown sig-
nificantly in the past decades. Brazil had 172.3  million 
inhabitants in 2001. In 2019, the estimated population was 
210,461,442 million, which represents an increase of approx-
imately 22% over the last 18 years. The general table sum-
marizes the main information of Brazil [1–6].

The official currency is the Brazilian real, introduced in 
1994 and symbolized as R$. In July 2019, R$ 1.00 was worth 
0.26 US dollar, 0.23 euro, 28.1 Japanese yen, and 1.79 
Chinese yuan renminbi. The Brazilian gross domestic prod-
uct (GDP) was USD 1.869 trillion in 2018, which makes 
Brazil the ninth largest economy in the world. Brazil is con-
sidered an emerging country and is part of BRICS – a global 
group formed by the five major emerging national econo-
mies [3, 7].

The Brazilian political regime is a democratic republic, 
ruled by a national president. Brazil has 26 states and a fed-
eral district, in which the capital, Brasilia, is located. Each 
federal entity has administrative, political, and financial 
autonomy [8]. The country is also divided into five major 
regions: North, Northeast, Midwest, Southeast, and South 
(Fig. 10.1). Although the regions have no political or legisla-
tive autonomy, there are some cultural, geographical (cli-

mate, vegetation), and economic similarities among the 
states within each region.

There are 5570 municipalities, and the five most popu-
lated are São Paulo, Rio de Janeiro, Salvador, Brasilia, and 
Fortaleza. There are 46 municipalities (0.8%) with more 
than 500,000 inhabitants. The population is concentrated 
in few cities; 57% of Brazilians reside in 5.7% of the cities 
[8].

Although previously inhabited by indigenous tribes and 
settlements for a long time, the Portuguese only arrived on 
the shores of Bahia in 1500. From that time and until 1815, 
Brazil was a colony of Portugal. Hence, the official language 
of Brazil is Portuguese, with slight differences in accent, 
rhythm, and vocabulary from the language spoken in 
Portugal. There are also differences in accents within the 
Brazilian territory, among regions and states, which is more 
a curiosity than a barrier for communication. Due to the 
European colonization, the large presence of African slaves 
descendants, and indigenous Amerindians, Brazil is one of 
the most ethnically and culturally diverse countries in the 
world, with diverse regional identities.

Since 1988, health care is a constitutional right in Brazil. 
It is provided to all Brazilian residents and even foreigners 
within the national territory through the National Healthcare 
System, created in 1989 and known by the acronym SUS, 
which in Portuguese means “the Unified Health System” [9]. 
Although SUS guarantees universal and “free” access to 
health care, there are criticisms regarding undercoverage, 
long wait times, and the quality of healthcare assistance, 
with a few exceptions. Therefore, many Brazilians (24.2%) – 
usually the wealthiest  – opt to pay for additional private 
healthcare insurance [10]. However, these patients can freely 
move to the SUS coverage at any time; this is a common 
occurrence when patients decide for some reason to stop the 
monthly payment to the private healthcare insurance.

 Brief History of Nephrology in Brazil

The Brazilian Society of Nephrology (SBN  – Sociedade 
Brasileira de Nefrologia) was founded in 1960, by a group of 
42 physicians composed of not only nephrologists but also 
clinicians and cardiologists [11]. Since then, SBN organizes 
the biannual Brazilian Congress of Nephrology, with around 
2000 attendees and the participation of national and interna-
tional invited speakers. The subspecialty of pediatric nephrol-
ogy is under the tutelage of both the SBN and the Brazilian 
Society of Pediatrics, in the form of departments. It has a 
specific congress, which takes place approximately every 
3 years. Below, we highlight milestones that helped to estab-
lish the basis of nephrology in the country over the years.

The first hemodialysis (HD) in Brazil was performed in 
1949 at the University of São Paulo, on a locally developed Fig. 10.1 Regions of Brazil
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artificial kidney, different from the one developed by Willem 
Kolff [12]. In 1956, acute procedures began to be performed 
at the Hospital Servidores do Estado (HSE) in Rio de Janeiro 
with the historic Kolff-Brigham Artificial Kidney [13]. 
Between 1954 and 1962, Brazil received a total of 4 of the 22 
dialysis machines shipped from the USA to centers world-
wide [14] – one of them still available for visitation at the 
museum of the National Academy of Medicine.

A decade later, the first chronic hemodialysis program 
was officially initiated [15]. The first manual peritoneal dial-
ysis program, for acute and chronic renal failure cases, was 
started at HSE, in Rio de Janeiro, in the late 1950s [16], but 
continuous ambulatory peritoneal dialysis (CAPD) was only 
introduced in 1980, in Curitiba [17].

The first renal transplantation took place in 1964, also at 
HSE in Rio de Janeiro. The donor was a 9-month-old child 
with hydrocephalus who sacrificed one of his kidneys for the 
insertion of a ventriculoureteral shunt. There was immediate 
graft function, but the clinical course was complicated by 
acute rejection and death from pneumonia on the eighth 
postoperative day [18].

The Brazilian Journal of Nephrology (BJN) was launched 
in 1979 as the official scientific publication of the SBN. BJN 
is a dual language (Portuguese and English), open-access 
journal, currently published quarterly in online and print ver-
sions. Since 2010, the BJN is indexed in Medline/PubMed. 
Another official publication of the SBN is a widely read 
magazine (among nephrologists) entitled SBN Informa, in 
circulation since 1994 first as a newsletter and then as a mag-
azine. It is available quarterly in Portuguese – online and in 
print version.

The Brazilian Organ Transplantation Association (ABTO) 
was founded in 1986 and has been contributing ever since to 
the development of renal transplantation in the country [19]. 
ABTO also issues a scientific publication (Jornal Brasileiro 
de Transplantes), available in Portuguese, as well as the 
quarterly Brazilian Transplantation Registry, which monitors 
all the transplantation activity in the country. In 2003, as part 
of an ABTO campaign to encourage organ donation, trans-
plantation was the main theme of a top samba school, 
Mocidade Independente, in the Brazilian carnival – consid-
ered by many to be the world’s biggest party. Currently, 
Brazil has the third largest renal transplantation program in 
the world [20].

The year of 1996 marks the largest tragedy in the history 
of Brazilian nephrology. Following a routine session in a 
dialysis facility in the city of Caruaru, in the state of 
Pernambuco, 116 out of 131 patients developed nausea, 
visual disturbances, and muscle weakness. One-hundred 
patients progressed to acute liver failure, and 52 died over 
the following days. Subsequently, hepatotoxic cyanotoxins 
found in the center’s water treatment system were identified 
as the main cause of death [21]. The “Caruaru tragedy” is 

considered a turning point for health regulation in the coun-
try. Its aftermath was critical for the launching of ANVISA – 
the Brazilian National Health Surveillance Agency. Since 
then, all dialysis facilities in the country are required by law 
to follow a set of strict rules and guidelines and are under a 
stringent policy of inspections by government agencies. As a 
result, Brazil now has a good overall quality of dialysis in 
most of its 786 dialysis centers.

 Renal Diseases in Brazil

 Chronic Kidney Disease

Data on the epidemiology of chronic kidney disease (CKD) 
in Brazil is relatively scarce [22, 23]. In populational screen-
ing campaigns in the state of São Paulo, between 2005 and 
2010, dipstick proteinuria was found in 7.3% of 38,721 indi-
viduals [24], a frequency that is similar to that previously 
described in other countries [25]. Considering the large sam-
ple size of these campaigns, this figure probably approxi-
mates the situation for the remainder of the country.

In another study performed a few years earlier in the state 
of Minas Gerais, the prevalence of CKD stages 3, 4, and 5 
combined was 9.6% [26]. This study was based on eGFR 
calculated from the dataset of a private laboratory, covering 
the years of 2004 and 2005. The prevalence of CKD was 
12.2% in women and 5.8% in men. CKD was detected in 
25.2% of individuals over 60  years and in 3.7% in those 
under 60 years of age.

The prevalence rate of treated ESRD may be estimated 
from national renal replacement therapy (RRT) registries of 
dialysis and transplantation. The total number of patients on 
dialysis in Brazil was estimated at 133,464  in the 2018 
SBN’s Chronic Dialysis Registry. Based on the same data, 
the prevalence of dialysis was calculated at 640 patients per 
million population (pmp), with the lowest rate in the North 
region (448  pmp) and the highest in the Southeast region 
(738 pmp). Estimates indicate that 42,546 patients (204 pmp) 
with CKD started chronic dialysis in the calendar year of 
2018. Similarly, the incidence of new patients with CKD on 
chronic dialysis also varied significantly (75–272  pmp) in 
the different Brazilian regions. Since 2013, the trend shows 
average annual increases in incidence (4.5%) and prevalence 
(6%), as well as in the absolute number of patients on dialy-
sis (6.5%) [6]. According to the latest census, the most preva-
lent attributed causes of CKD are arterial hypertension 
(34%), diabetes mellitus (31%), glomerulonephritis (9%), 
and polycystic kidney disease (4%) [6].

More recently, national public policies aimed at CKD 
have been enacted with the intention of organizing an inte-
gral and comprehensive patient care network, instead of the 
previous approach, which focused on RRT. Brazilian CKD 
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guidelines now emphasize the need for appropriate primary 
care for pre-dialysis patients and incentivize specialized out-
patient care [27]. However, a significant portion of health-
care resources in Brazil is still spent on RRT, instead of on 
primary care [28].

 Acute Kidney Injury

Regarding acute kidney injury (AKI), the few available stud-
ies show a picture that bears similarities to that of countries 
with the same socioeconomic profile. As reported world-
wide, the etiology of AKI appears to be changing over time, 
in part due to population aging and associated comorbidity.

Actual incidence rates of AKI are difficult to ascertain 
due to the variableness of contexts in which it may occur 
(community, hospital, and intensive care unit –ICU) and the 
diverse characteristics of affected patients (age, geographical 
location, social and economic conditions) [29, 30]. There 
might be a mixed epidemiology pattern in Brazil, with an 
epidemiologic spectrum typical of developed economies in 
the largest cities and of low- and middle-income countries in 
poor and remote areas [31].

Given the huge territorial extension of the country, the 
choice of the RRT method for AKI varies according to the 
locality and its different peculiarities, such as the availability 
of conventional HD, hemodiafiltration (HDF) or continuous 
renal replacement therapy (CRRT) equipment, and the expe-
rience of the nephrology team.

Some centers in Brazil employ PD as the main modality 
of dialysis for patients with AKI displaying satisfactory 
results in terms of morbidity and mortality when compared 
to the traditional HD treatment [32, 33].

An important fact to note is that approximately 75% of the 
country’s RRT centers usually receive AKI patients, depend-
ing on the patient’s clinical condition and mainly because 
many HD units are located jointly or inside hospitals [34].

 Renal Disease in Pediatric Population

The 2011 SBN Census recorded 1283 pediatric patients on 
RRT, ensuing a prevalence rate of 20 ppm and an incidence 
of 6.6 ppm, with an average age of 12.5 years. Renal diagno-
sis was unknown or not documented in 32.3% of the cases. 
Among the main known diagnoses, congenital anomalies of 
the kidney and the urinary tract (CAKUT) were present in 
25.8%, with a predominance in younger patients, while glo-
merulonephritis was the main cause recorded for children 
older than 12 years. HD was the main treatment modality, 
being used in 74.9% of patients [35].

In a 2008 study from the state of São Paulo with 301 
patients, the mean age was 9.0 years, and 53.5% of the chil-

dren were male. The estimated prevalence was 23.4  ppm. 
CAKUT were also the most common known etiology 
(24.9%), followed by glomerulopathies (excluding focal seg-
mental glomerulosclerosis) at 18.9%. Once again, HD was 
the main modality of RRT (71.2%) [36].

Epidemiological information could also be inferred from 
pediatric kidney transplantation records. Between January 
2004 and December 2013, data were collected from 1751 
pediatric transplants performed at the main centers in the 
country. The most common reported etiologies were obstruc-
tive uropathy (31%) and glomerular diseases (26%), with 
focal segmental glomerulosclerosis (FSGS) representing 
48% of these. The cause of ESRD was recorded as unknown 
in 19% of the cases. CAKUT were responsible for the high-
est proportion of primary diagnoses at all ages [37].

Conclusions drawn from these studies indicate that Brazil 
has a low prevalence of children on RRT when compared to 
countries with the same socioeconomic profile. There were 
substantial differences in prevalence and incidence of pediat-
ric chronic dialysis among the five regions of the country, 
with higher rates in the richest regions (South and Southeast). 
Also noteworthy is the high number of patients without a 
defined renal diagnosis. This may be due to insufficient, 
inadequate, or late medical care, which can be highly dis-
crepant among different regions of the country.

The 2018 Census of the SBN revealed that 0.4% of dialy-
sis patients in the country are from 0 to 12  years old and 
another 0.8% from 13 to 18 years old [6].

A recent review article compiled the published Brazilian 
experience on AKI in the pediatric population. Although 
most of the studies were single-centered, the available data 
differ little from those of other countries [30].

In a 2008 retrospective study, among children diagnosed 
with AKI who underwent PD, the mortality rate was 53.3% in 
children up to 12 years and 73.9% in the neonatal period [38].

In another study, published in 2009, with children from 
1 month to 15 years of age, mortality was 33.6%. This rate 
was lower compared to other similar studies, probably due to 
the exclusion of patients younger than 1 month and the inclu-
sion of patients who had not reached the most severe stage of 
renal dysfunction [39].

More recent studies incorporating pRIFLE for diagnosis 
and classification of AKI in patients admitted to pediatric 
ICU have shown that patients with any degree of AKI had 
higher mortality and hospitalization than those who main-
tained normal renal function [40, 41]. A prospective epide-
miological study showed a high correlation between pRIFLE 
classification and KDIGO criteria regarding prevalence and 
mortality among pediatric patients diagnosed with AKI [42].

Another group that studied sepsis-associated AKI showed 
a 33.7% mortality rate, with length of hospitalization, use of 
mechanical ventilation, hypoalbuminemia, and need for dial-
ysis as the main risk factors for mortality [43].
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A recent dissertation recorded 693 pediatric patients, all 
with dialysis-requiring AKI, from an administrative database 
in the state of Rio de Janeiro. The etiology of AKI and mor-
tality changed markedly with each age strata. Sepsis was 
diagnosed in 58% of the patients, and mortality was 65%, 
mostly within 24 hours of nephrology consultation, suggest-
ing late referral [44].

 Glomerulopathies

Glomerular diseases constitute the third most prevalent 
cause of ESRD in Brazil, with a 9% prevalence among 
dialysis patients, after hypertension and diabetes mellitus 
[6]. However, in these cases, especially when patients 
present with advanced renal disease in their initial clinical 
presentation, diagnosis is often by presumption or excep-
tion, based on laboratory presentation often without renal 
biopsy.

Registries of patients with glomerular disease have helped 
to establish a better understanding about this group of dis-
eases. The most important registry to date is the 
Glomerulopathies Registry of São Paulo, created in 1999 
and comprising several centers in São Paulo, the most popu-
lous Brazilian state. Data from the period of inception until 
2005 showed that the most common primary glomerular dis-
eases were FSGS (29.7%), followed by membranous 
nephropathy (MN) (20.7%), IgA nephropathy (IgAN) 
(17.8%), minimal change disease (MCD) (9.1%), membra-
noproliferative glomerulonephritis (MPGN) (7%), and cres-
centic glomerulonephritis (4.1%). For secondary forms, the 
most frequent were lupus nephritis (LN) (66.2%), postinfec-
tious glomerulonephritis (PIGN) (12.5%), and diabetic 
nephropathy (6.2%). The most common indication for renal 
biopsy was the nephrotic syndrome, followed by asymptom-
atic hematuria and/or proteinuria, chronic renal failure asso-
ciated with nephrotic syndrome, rapidly progressive 
glomerulonephritis, nephritic syndrome, AKI, and macro-
scopic hematuria [45].

Another registry initiative was established in the state of 
Pernambuco, located in Northeastern Brazil. Published data 
are from 1998 to 2016 and comprised 670 native kidney 
biopsies. Primary etiologies were more frequent (58%) with 
the predominance of FSGS (43%). Other causes were MN 
(15%) and MCD (14%), followed by IgAN (9%) and MPGN 
(9%). Of the secondary glomerulopathies, the main etiolo-
gies were LN (67%) and PIGN (10%) [46].

An important study, using data from a reference labora-
tory in renal pathology, yielded data from 9617 native kid-
ney biopsies from all regions of the country, over the span 
of 15 years. Again, the most frequent diagnosis was FSGS 
(24.6%), followed by MN (20.7%), IgAN (20.1%), MCD 
(15.5%), mesangioproliferative non-IgAN (5.2%), diffuse 

proliferative GN (4.7%), and MPGN (4.2%). With respect 
to secondary glomerulopathies, LN was responsible for 
most cases (45.5%), followed by PIGN (18.9%), and dia-
betic nephropathy (8.5%). Ninety-three percent (93%) of 
the biopsies came from adults, 4.3% from children, and 
2.2% from elderly patients. Nephrotic syndrome was the 
main clinical indication for biopsy (39%), followed by 
asymptomatic urinary abnormalities in children (16%) and 
adults (20.7%) and acute and chronic renal failures in the 
elderly (16.8%) [47].

Isolated studies from several centers also consistently 
showed nephrotic syndrome as the main indication for renal 
biopsy. With some slight differences, primary glomerulopa-
thies were more prevalent, with FSGS being the most fre-
quent in all studies, followed by either MN or IgAN in 
second place. Among secondary glomerulopathies, the most 
frequent was LN, followed by PIGN [48–52].

It is important to note the decrease in the prevalence of 
schistosomiasis-associated glomerular lesions, Schistosomal 
glomerulopathy, whose predominant histopathology pattern 
is MPGN [48, 53]. This coincides with the decreasing inci-
dence of schistosomiasis, particularly in previously endemic 
regions [54].

In a retrospective study involving renal biopsies of elderly 
individuals (over 60  years of age), the indications were 
nephrotic syndrome in 42.1%, proteinuria and hematuria in 
27.4%, nephritic syndrome in 18.6%, and AKI in 11.7% of 
the cases. The most prevalent diagnoses were podocytopa-
thies (FSGS or MCD), in 34.1% of the cases, followed by 
MN in 25.3% [55].

One study highlighted the patterns of incidence in chil-
dren and adolescents. The patients were separated into three 
age groups: 0–6 (group 1), 6–12 (group 2), and 13–18 (group 
3) years. In group 1, the findings were MCD/FSGS podocy-
topathies in 34.7%, hereditary proteinuria in 21.7%, LN in 
13%, and IgAN in 8.6%. For group 2, podocytopathies again 
predominated (44.4%), followed by acute diffuse glomerulo-
nephritis (22.2%), IgAN (11.1%), and Alport syndrome or 
thin membrane disease (11.1%). In adolescents (group 3), 
the main diagnoses were LN (22.8%), podocytopathy (20%), 
IgAN (15.7%), and MN (11.42%) [56].

 Renal Replacement Therapy in Brazil

Renal replacement therapy for ESRD in Brazil encompasses 
HD and PD modalities, as well as both living and deceased 
donor transplantation. The majority of prevalent patients are 
either undergoing HD or already transplanted. Of note, a few 
dialysis centers offer online HDF for selected ESRD patients. 
Although there is no official data yet, the number of patients 
on HDF was probably less than 1% of the total dialysis popu-
lation in 2019.
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In 2018, there were 133,464 patients on dialysis in 
Brazil (Fig. 10.2). Most of the data presented herein is from 
the Brazilian Society of Nephrology’s Chronic Dialysis 
Registry, an annual voluntary online survey. Despite its 
national scope and informative results, there are potential 
biases due to its self-reported nature and incomplete cover-
age – only 36.6% of the total dialysis centers responded to 
the survey in 2018 [6].

 Hemodialysis

HD is the main modality of RRT in Brazil, currently treating 
92% of patients on chronic dialysis. There are 786 dialysis 
centers in the country. Almost half of them (49%) are con-
centrated in the Southeast region. The Northeast region and 
the South region have 20% and 19%, respectively, while only 
12% of the centers are in the Midwest and North regions 
combined [6].

Only about 20% of the total dialysis sessions are funded 
by private healthcare insurance, while the great majority 
(80%) is paid for by the federal government, through the 
SUS. Despite this, most of SUS-funded sessions occur in pri-
vate facilities (71%). Only 9% of the dialysis centers are in 
public centers or institutions, and 19% are philanthropic. 
This indicates that, despite being largely dependent on pub-
lic funds, the large-scale dialysis enterprise in Brazil is criti-
cally influenced by the decisions and the quality of care 
provided by the private sector.

In recent years, the Brazilian health sector has been 
opened to foreign capital. Currently, there is a flurry of 
acquisitions of dialysis facilities by some of the major world-
wide dialysis providers. It is still early to evaluate the signifi-
cance and consequences of this economic move.

As of 2019, reimbursement of HD sessions in Brazil, 
when compared to other countries, is low and generally 
insufficient for the high standards required by regulatory 
agencies. At present, the SUS pays about 50 USD for each 
HD session. Reimbursement policies by private healthcare 
insurances are much higher and vary significantly based on 
several factors, including geographic location, quality of ser-
vice provided, and the bargaining power of the parties 
involved. Nevertheless, in general, it ranges from 75 to 150 
USD per session. Particularly, in centers located in the major 
state capitals, with higher costs of renting and enterprising, 
financial solvency can only be achieved by having a propor-
tion of patients covered by private insurance.

According to the latest estimations, there are about 
123,000 patients on chronic HD in Brazil [6]. This figure has 
grown rapidly over the last few decades. For example, there 
were only 25,489 patients on chronic HD in 1996 [15].

Regarding vascular access, most patients use arteriove-
nous fistulas for HD.  Nine percent (9.2%) of HD patients 
have temporary vascular access, 14.4% use tunneled cathe-
ters, and 2.6% have grafts. Although most of the patients use 
arteriovenous fistula, the proportion of venous catheters has 
grown in the past years: from 15.4% in 2013 to 23.6% in 
2018 [6, 57].

The typical HD prescription has a dialysate flow of 
500  ml/min and a blood flow rate that varies from 300 to 
400  ml/min, depending on the patient and the vascular 
access. The conventional in-center, 4-hour, thrice-weekly 
session schedule is the standard in Brazil. Only 2.4% of HD 
patients dialyze for more than four times per week. Home 
HD is seldom employed; it is estimated that only 0.1% of the 
patients are treated with this modality [6].

Kt/V is widely adopted as the main indicator of dialysis 
adequacy, as required by ANVISA national guidelines. 

Fig. 10.2 Number of patients 
on dialysis in Brazil 
(2000–2018)
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These also require the provision of other indicators and 
laboratory tests and their respective targets, as shown in 
Table 10.1 [58].

Reuse of dialyzers is allowed up to 20 times; however, 
the dialyzer must be discarded if the priming volume 
decreases by more than 20% from the nominal value. Reuse 
is strictly prohibited in patients with hepatitis B, hepatitis 
C, HIV, or acute kidney injury [59]. The seroprevalence of 
hepatitis B, hepatitis C, and HIV are, respectively, 0.7%, 
3.2%, and 0.9%. Despite still ranking the highest, hepatitis 
C seroprevalence decreased from 3.8% in 2015 to 3.2% in 
2018 [6].

There were 25,986 recorded deaths of patients on either 
chronic HD or PD in 2018. For 2018, the chronic dialysis 
census committee of the SBN estimated an annual mortal-
ity rate of 19.5% and a monthly hospitalization rate of 
5.8% [6].

 Peritoneal Dialysis

PD is another important modality of RRT for patients in 
ESRD; however, the percentage of patients treated with PD in 
Brazil is low. According to the 2018 census of the SBN, the 
proportion of patients on PD is estimated at 7.7% of those on 
chronic dialysis, down from 10% in 2000 [6]. Despite this, 
the absolute number of patients on PD more than doubled in 
two decades, from 4495 in 1996 to 10,277 in 2018.

Although HD predominates, most centers offer both 
modalities of RRT.  Peritoneal dialysis reimbursement is 
about USD 92 per patient per month, excluding the amount 
paid for dialysis materials. This might help to explain why 
PD is largely underused [6].

A similar proportion of patients served by private health 
insurance and the SUS undergo PD (6.7 vs. 7.6%), but a 
greater proportion of privately insured patients is under auto-
matic PD (APD): 7.4% vs. 5.4% [60].

In similarity to hemodialysis, Brazilian SUS cover both 
APD and continuous ambulatory PD (CAPD), with no direct 
cost for the patient. For those covered by private health insur-
ance, access for both modalities is also available at no addi-
tional costs, besides their regular monthly fees.

There are some reasons for the low penetration of PD in 
Brazil [61]. One aspect might be its low-profit margin in 
comparison with HD, a phenomenon also observed in 
other countries [62, 63]. Moreover, there is no coverage 
for the treatment of peritonitis, the most prominent com-
plication of PD. Other aspects may include lack of training 
to conduct a PD program. Catheter implantation may also 
be an issue, even though there is evidence that programs 
with a nephrologist experienced in catheter implantation 
recruit more patients while affording the same or better 
results than when catheters are implanted by surgeons 
[64–67].

Brazilian centers with higher numbers of patients on PD 
usually have better outcomes in terms of the method survival 
[68]. Unfortunately, in many centers PD is used as the last 
option for patients with no alternative vascular access sites 
for HD. These patients are not ideal candidates for the PD 
therapy, largely because they have no residual renal func-
tion – which may impact patient survival.

The use of PD in the management of AKI has been 
embraced by a few centers, in spite of the theoretical classic 
limitations, such as infectious and mechanical complications 
and inadequate solute control. To improve these aspects, the 
use of cycles, flexible catheters, and a high volume of dialy-
sis fluid was proposed. This knowledge has also been used in 
the case of unplanned onset of chronic PD and has been a 
tool for increasing the penetration rate of PD among incident 
patients initiating RRT.

The reasons for targeting more PD patients are several, 
such as vessel preservation for future vascular access or 
transplantation – PD presents better results compared to HD 
in the early years of the program  – and also because PD 
causes fewer changes in patients’ lifestyle and is more pro-
tective of residual renal function [69–72].

 Renal Transplantation

Brazil’s first kidney transplant [73] occurred 10 years after 
the first successful kidney transplant in Boston [74]. Initial 
efforts took place within university hospitals, driven primar-
ily by scientific interest. A substantial later surge was 
fomented through the development of regulatory and legisla-
tive initiatives and a very effective state-run policy of finan-
cial incentives and provision of universally free 
immunosuppressive medications [75, 76].

As regards deceased donor transplantation, in the early 
years, there was no central coordinating structure or financial 
agreement. It was up to each transplantation center to set up 
its own program and allocation policy [77]. These were how-
ever few in number.

Widening indications for ESRD treatment, the developing 
of state-sponsored program, and attractive reimbursement poli-

Table 10.1 Dialysis adequacy indicators, by ANVISA national 
guidelines

Laboratory test Target
Serum phosphorus level 3.5 – 5.5 mg/dL
Serum parathyroid hormone (PTH) 
level

< 600 pg/mL

Hemoglobin level 10 – 11.5 g/dL
Serum calcium level 8.4 – 10.2 mg/dL
Serum albumin level > 3.5 g/dL
Kt/V > 1.2
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cies were met by the preferential expansion of operationally 
savvy dialysis units in detriment of kidney transplantation.

It was up to 1986 when the Brazilian Association for 
Organ and Tissue Transplantation (ABTO) was founded and 
emerged as an important catalyzer for the development of 
transplantation policies [78]. In 1987, the federal govern-
ment created a technical council, composed of government 
and university members, with the aim to support the treat-
ment of patients with ESRD, and establish standards for 
accreditation, operation and reimbursement of dialysis and 
transplant centers [79].

The emergence of the SUS in 1988, was followed by gov-
ernment investments in key strategic programs such as 
National Immunization Program, HIV/AIDS Treatment 
Program and the Brazilian Transplant Program. Dedicated 
programs for transplantation, not only for kidney but also for 
liver, heart, lung, pancreas and bone marrow transplantation, 
allowed implementation of policies to enhance national 
organization, logistics, training of professionals and reim-
bursement [80].

In 1997, the National Transplant System (SNT) was cre-
ated to coordinate transplant procedures, from waiting lists, 
organ donation from living and deceased donors, organ allo-
cation and transplantation [78]. In the same year, the Federal 
Council of Medicine published the resolution defining the 
criteria for brain death and procedures for the maintenance 
of the potential donor.

In 1998, the federal government established a fund [81] to 
replace former reimbursement organizations in financing 
high complexity procedures such as transplantation, includ-
ing organ procurement, recovery and allocation, hospital 
admissions, surgical procedures, diagnostic tests, medical 
appointments, posttransplantation follow-up, and immuno-
suppressive medication. Accordingly, all the activities related 
to organ donation and transplantation were then adequately 
reimbursed by the SUS. Since then, organ procurement orga-
nizations and transplant centers receive bundle reimburse-
ments for each kidney transplant, with up to 60% adjustments 
based on predefined levels of activity. Yet, reimbursements 
are not corrected for patient complexity, durations of index 
hospitalizations, and any other incidental costs.

The result of these government policies, legislations, and 
investments over the last 30 years is clearly recognized by 
the analysis of robust data. While in 1988 there were only 
920 kidney transplants (5.8 pmp), figures were up to 5920 
(28.6  ppm) in 2018, ranking third worldwide in absolute 
numbers. This drive was primarily due to the increase of 
effective deceased donors (from 1.8 pmp in 1998 to 17 pmp 
in 2018) and a corresponding growth in the number of trans-
plants with deceased donors’ kidneys (3.8 pmp in 1999 to 
23.6 pmp in 2018), which accounted for 83% of all the trans-
plant activity in 2018. The pediatric program followed the 

same trend, with around 320 annual kidney transplants over 
the last 5 years, 89% of them with deceased donor kidneys 
[82]. Living donation is regulated, allowing only living-
related donors up to the third degree or spouses.

Currently more than 95% of the kidney transplants are 
reimbursed by the SUS, including hospital admissions, out-
patient visits, laboratory tests, and, importantly, long-term 
provision of immunosuppressive medication [83]. Despite 
the apparent success, more is necessary. The impending 
challenge is to further increase transplantation activities and 
ensure long-term quality care in order to meet the demands 
of a growing and aging population. Innovative strategic mea-
sures toward improving the care structure and reducing geo-
graphic disparities are much too needed.

Regarding the criteria for organ procurement and alloca-
tion, management is performed by the SNT of the Ministry 
of Health. The main feature of the list is that it does not 
work for arrival order. The determining factor is donor-
recipient compatibility, taking into account HLA class I (A 
and B) and II (DR) typing, crossmatch, and ABO blood typ-
ing. The patient can be prioritized in the list according to 
some severity criteria, which offers the possibility of accel-
erating the transplantation, but does not guarantee an organ 
with excellent quality and compatibility. Although the trans-
plantation system is national, organ distribution and waiting 
list are regionalized. This means that the agency is made 
available to a recipient in the same state as the federation. 
This is due to transport logistics, favoring a shorter cold 
ischemia time [84].

There are currently 22,616 patients on the renal transplant 
waiting list in Brazil, which is approximately 18% of the 
total patients on RRT. Admittedly, these figures are still far 
from ideal and a remaining challenge for the countries’ 
transplant community [85].

 Critical Care Nephrology

In the setting of critical care nephrology, available RRT 
modality options include conventional HD, prolonged inter-
mittent hemodialysis (PIRRT), PD, and continuous thera-
pies, performed in wards or ICU. Unlike RRT in ESRD, data 
about RRT in AKI is scarce. By far, the most common 
modality of RRT for AKI in Brazil is conventional HD, but 
PIRRT is being increasingly preferred for hemodynamically 
unstable patients.

The nephrology community is very much interested in 
intensive care and the provision of care to acute patients. 
Sessions related to AKI and critical care nephrology are usu-
ally the one’s with the highest number of attendees in national 
and regional meetings and have the highest number of views 
in the SBN online courses and materials.
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 Nephrology Practice in Brazil

There are two major pathways to be a nephrologist in Brazil. 
The more common and traditional is through medical resi-
dency. Training institutions are first accredited and then peri-
odically inspected by the Ministry of Education. This 
pathway requires 4 years of supervised training, 60 hours per 
week in average. The first 2 years are to be spent in internal 
medicine and, then, two additional years in nephrology. 
During these two final years, the training center should pro-
vide a complete overview of nephrology, which includes 
theoretical and practical training at least on HD, PD, ESRD, 
AKI, critical care nephrology, renal transplantation, and clin-
ical nephrology. Some centers offer additional supervised 
training in interventional nephrology, although this is still 
rare. The other pathway is through an approval on the annual 
test conducted by the SBN. There are some general require-
ments before the physician is eligible to take this 1-day test 
and apply for the SBN certification. In particular, the appli-
cant must provide evidence of having worked in an accred-
ited nephrology unit for a number of years. By 2020, 2495 
physicians historically have had the SBN certification, since 
it began in 1972.

Although it is not mandatory, many nephrologists in 
Brazil choose to have a double degree, being nephrologists 
by the 4-year medical residency (internal medicine and then 
nephrology) and certified by the SBN. There is no need to 
reapply at any time nor other requirements for maintaining 
the initial certification.

Regarding pediatric nephrology, both pediatricians and 
nephrologists are required to complete two additional years 
of medical residency in an accredited training center. Few 
institutions offer such modality. The exact number of doctors 
working in nephropediatrics is unknown, but there are 350 
qualified nephropediatricians holding SBN’s board certifica-
tion [86].

According to SBN, the average age of nephrologists is 
47 years, and 51% are women. More than half of nephrolo-
gists (and physicians in general) are concentrated in the 
Southeast region [87].

According to a 2018 national survey, there are 4474 prac-
ticing nephrologists in Brazil. There are around 4000 physi-
cian members of SBN by 2020. This is not contradictory, 
since it is allowed to be a nephrologist without being a SBN 
member and vice versa. The distribution of nephrologists in 
Brazil is heterogeneous, with half of them located in only 
three states: São Paulo (1263), Rio de Janeiro (495), and 
Minas Gerais (483). The Northern region has the lowest 
number of nephrologists and nephrology centers. In some 
remote states, there are less than 20 nephrologists, such as 
Amapá (7), Roraima (8), Acre (10), Tocantins (13), and 
Rondônia (16) [87].

Only 7% of the 5570 Brazilian municipalities offer 
nephrology services and/or have dialysis clinics, precisely 
those that are most populous, have better hospital, laboratory, 
and imaging structure, and count on a higher concentration of 
specialists. Generally, municipalities with dialysis clinics also 
have hospital-associated ICUs. It is not uncommon for 
nephrologists to work both in dialysis units and ICUs.

Nephrology as a career is a relatively recent medical spe-
cialty in Brazil, having become particularly popular from the 
1970 to 1980s, when professionals from other specialties 
migrated to nephrology attracted by its scientific research 
and technological advances, including dialysis and 
transplantation.

The fragmentation of health care in Brazil poses a chal-
lenge for nephrology care. In 2005, out of 6384 hospitals, 
60% had 50 or fewer beds, and only a handful had more than 
400 beds [88]. Most hospitals do not have nephrologists in 
their staff. Some activities can and are performed by other 
specialists, most commonly critical care physicians. However, 
due to expense and the complex infrastructure needed, AKI 
and inpatient ESRD care is often outsourced to mobile dialy-
sis companies, both in public and private hospitals.

In a recent trend, multinational dialysis providers are 
developing strategic partnerships with hospital networks to 
provide inpatient RRT without the participation of the local 
nephrologist.

Chronic dialysis and transplantation activities still suffer 
from underfunding, which determines a low rate of expan-
sion of new units. Although there are 786 dialysis outpatient 
centers currently operational, the country has one of the low-
est prevalence rates of dialysis-treated ESRD among 
Mercosur participants, as well as low reimbursement value 
for treatment maintenance.

These facts underlie the tendency for lower income and a 
limited number of posts for certified nephrologists in dialysis 
clinics. Nephrologists coming to the market have few opportu-
nities in established public and university-based nephrology 
and kidney transplantation programs and face a great vulner-
ability in dealing with multinational dialysis providers.

In terms of reimbursement, physicians in general are still 
one of the best paid professionals in the country. Doctors are 
still prominent figures, inspiring respect and assuming lead-
ership roles, although a reduction of prestige over the past 
decades has been observed. The average monthly earning of 
an ordinary Brazilian nephrologist ranges from USD 4000 to 
8000, with the hourly wage at a dialysis center ranging from 
USD 20 to 40 per hour. This may vary depending on several 
factors, such as geographic location, number of patients on 
RRT, proportion of patients with private medical insurance, 
medical visits to hospitalized patients, among others.

Nephrology practice in Brazil allows a wide range of 
options, such as basic and clinical research, dialysis, trans-
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plantation, public health and epidemiology, management, 
palliative care, critical care, interventional nephrology, phar-
maceutical industry, education, etc. In addition, it requires a 
multiprofessional team and the interactivity with other spe-
cialists for a comprehensive care of the patient. The specialty 
has a comprehensive theoretical foundation, including physi-
ology, pathophysiology, hydroelectrolytic and basic acid dis-
orders, complex cases, rare diseases, and a plethora of areas 
that captivate the young physician. However, the technology 
and therapeutic possibilities often experienced in high-end 
hospitals or university banks do not reproduce on a day-to- 
day basis, causing some frustration.

 Highlights of Nephrology in Brazil

 Renal Transplantation in Brazil

As mentioned above, despite all the difficulties involved, 
Brazil has the largest public transplantation program in the 
world, with a fair organ allocation system and no social or 
cultural privileges. The numbers are expressive but still far 
below the growing demands of the country.

 World Kidney Day in Brazil

In order to disseminate among the population all aspects 
related to kidney disease through informational and edu-
cational materials, SBN locally coordinates the World 
Kidney Day activities in Brazil, one of the most engaged 
countries worldwide. Activities take place in all regions of 
the country, with an average of 500 registered events per 
year [89]

 Future Perspectives of Nephrology in Brazil

The major current challenge for nephrology in Brazil is to 
increase the interest among medical graduates. In 2018, only 
0.8% of graduating physicians chose nephrology as their 
medical specialty. This is much lower than other traditional 
medical specialties, such as obstetrics and gynecology 
(8.6%), anesthesiology (7.1%), orthopedic surgery (5.2%), 
dermatology (5.2%), ophthalmology (5.0%), psychiatry 
(4.8%), and cardiology (3.1%). In 2017, 60.1% of posts for 
medical residency in nephrology were not occupied [87].

A noteworthy point is the need to increase the general 
reimbursement for nephrology-related therapies. Payment is 
outdated for a long time. Greater encouragement is needed, 
not only for the survival of existing clinics and renewal of the 
nephrology workforce but also to provide treatment with 

high quality and with continuous incorporation of state-of- 
the-art technology, facilitated patient access, and the expan-
sion of expanding dialysis facilities to a larger number of 
cities.

Another challenging and urgent point, as already men-
tioned, is the need to increase the use of the PD throughout 
the country. Specific strategies within the government and 
the Brazilian Society of Nephrology should be designed to 
establish the culture of PD, making this modality an option 
to all patients requiring RRT.

A novel factor to consider results from the approval of the 
new regulation that allows foreign investment in the health-
care sector. As of 2020, about 100 dialysis centers, of among 
550 privately owned centers, have already been acquired by 
multinational companies or investment funds. This change 
obliges the country to face this new reality as a great chal-
lenge, with positive and negative aspects. Only the future 
will tell us about its consequences and overall impact on 
nephrology practice in Brazil.

 Conclusion

Despite its young age, nephrology in Brazil is well-organized 
as a medical specialty and society, and it has shown advances 
over the past years. There is much to be proud of. The pub-
licly funded healthcare system promotes universal access to 
health care for the entire population, which includes primary 
care and RRT. The renal transplantation program is one of 
the top three largest in absolute numbers in the world. The 
country also has shown great engagement year after year 
through its World Kidney Day celebrations; it stands out 
globally as one of the countries with the most registered 
activities, helping to spread the word about the importance of 
early detection and CKD prevention. Brazilian regulatory 
agencies set high-quality standards for dialysis, which is 
positive for the sector and results in dialysis facilities with 
good overall outcomes. The number of patients on chronic 
dialysis is steadily rising, but this may be due to better access 
to treatment, although there is still a “RRT gap” in the poor-
est regions. Nevertheless, there are challenges and unsolved 
issues ahead of nephrology in Brazil. Reimbursement poli-
cies, especially for HD and PD, need to be further discussed. 
PD, despite good outcomes, is still underutilized. 
Multinational companies and foreign industries are now dial-
ysis owners in Brazil; this might change the dynamics within 
the sector. Finally, attracting the interest of young fellows 
may be one of the greatest current obstacles of the specialty 
in the country and needs to be urgently addressed.
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 Introduction

Any description of nephrology in Canada needs to begin 
with a brief review of the geography and demography of the 
country and of the Canadian health-care system which has 
some unique and highly relevant features.

Canada has a population of just over 37 million people 
who live in 10 provinces and 3 territories. Over 60% of the 
population live in just two central Canadian provinces  – 
Ontario and Quebec. While the area of the country is very 
large, the overwhelming majority – about 80% – of Canadians 
live within 150 kilometers of the Canada-United States (US) 
border, and the population is predominantly urban. Canada is 
a wealthy country with a gross domestic product of about 
US$ 50,000 per capita [1, 2].
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Politically Canada is a federation which was founded in 
1867 and represented a coming together of two colonial 
peoples  – the French based mainly in what is now the 
province of Quebec and the British based mainly in Ontario 
and the Maritime provinces and later in Western Canada. 
The country is very multicultural with over 20% of the 
population having been born in another country and with 
over 25% belonging to a so-called visible minority. 
Particularly important is the approximately 4% of the pop-
ulation whose ancestors lived in the country before it was 
colonized and who are described as “First Nations” and 
“Inuit.” The “Metis” population are a mix of First Nations 
and French. These three groups – the First Nations, Inuit, 
and Metis  – are sometimes referred to collectively as 
“FNIM” and have suffered socioeconomic deprivation and 
discrimination since colonization [1, 2].

In large part because of the historical importance of 
ensuring the French population could maintain its culture, 
language, and other distinct characteristics despite its 
minority status within the country, Canada is a highly 
decentralized federation with the individual provinces hav-
ing substantial power relative to the federal government. 
Health care, for example, is largely under provincial juris-
diction [3, 4]. The country also has a strong collectivist cul-
ture, related to the historical need to protect both French 
and English rights and perhaps also to its severe climate. 
This collectivism contrasts sharply with the much more 
individualistic culture of the United States and is demon-
strated by a strong emphasis on government administered 
social programs [1, 2].

All this is reflected in the Canadian health-care system [3, 
4]. The system is administered and funded at a provincial 
level. However, the federal government provides critical sup-
plemental transfer payments to the individual provinces that 
are essential to its funding, and, in return, the provinces are 
required to follow the basic tenets of the federal Canada 
Health Act passed in 1967. Critically these include a require-
ment that essential health services have a single public funder 
only. Internationally, this is uniquely restrictive. There is no 
other country where essential health care cannot be paid for 
privately. This means that in Canada government-funded 
cardiac surgery or cancer chemotherapy or dialysis is avail-
able to all and cannot be paid for privately by a Canadian 
resident unless they leave the country to receive it. Canadian 
health care is therefore a true single payer system for these 
services. It does not however cover outpatient medications 
for all those aged between 18 and 65, a source of recent con-
troversy [5]. Private provision of health care is allowed as 
long as it is publicly funded, and this is the case for most 
physician care, for most outpatient laboratory and imaging 
services, and for many other aspects of health care. However, 
“private for-profit” hospitals and private dialysis clinics are 
very uncommon.

For completeness it should be noted that as much as 30% 
of health care in Canada is paid for privately – through insur-
ance or “out of pocket.” This includes medications for most 
of those aged 18–65, dental care, nonessential medical care 
such as cosmetic surgery, a high proportion of physiother-
apy, optometry, psychology, private rooms in hospitals, med-
ical exams for insurance purposes, and so on [3, 4].

The Canadian health-care system is often criticized 
internationally and domestically, but it is also widely 
admired, and the underlying single payer principle is very 
popular with the general population and often seen by 
Canadians as a defining feature of national identity that, in 
particular, distinguishes the country from the neighboring 
United States [6, 7].

 History of Nephrology in Canada

In 1945, Dr. Gordon Murray, a pioneering and somewhat 
controversial cardiac surgeon working in Toronto, con-
structed a hemodialysis (HD) machine with a cellulosic 
membrane and a venovenous pump as part of his investiga-
tion into heparin and extracorporeal circuits [8, 9]. He was 
apparently unaware of the similar and now famous work 
done by Dr. Willem Kolff in 1943  in German-occupied 
Netherlands. In 1946, Murray carried out the first successful 
HD in Canada for a young woman with acute kidney injury 
(AKI) [9].

The same Dr. Murray turned his attention in the early 
1950s to kidney transplantation and performed four deceased 
donor transplants on patients with presumed end-stage renal 
disease (ESRD) using the recipients’ iliac vessels, but all 
were soon rejected and three of the patients died [10]. A 
fourth survived long term but probably due to recovery of 
native renal function. Clearly rejection was the unsolved 
problem here [8].

The first successful kidney transplant in Canada was an 
identical teenage twin to twin donation carried out in the 
Royal Victoria Hospital in Montreal in 1958 by a team led by 
Dr. John Dossetor [11]. Both survived for decades though the 
recipient required chronic dialysis 16 years posttransplant. In 
1963, the first Canadian non-twin transplants occurred in the 
same center in Montreal and in Saskatoon, and soon the 
practice became widespread [12, 13].

While acute dialysis was increasingly available in the late 
1950s and early 1960s, chronic dialysis programs did not 
start until the middle to later 1960s. The first reported experi-
ence came from McLeod and colleagues in Edmonton, 
Alberta, in 1965 and later from Morrin and colleagues in 
Kingston, Ontario, who had four stations operating in 1968 
[14, 15]. Chronic dialysis and kidney transplant programs 
became widespread in the 1970s and 1980s and grew rapidly 
in the 1990s. Canadian nephrology was quite innovative in 
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these years with, for example, the use of both intermittent 
and continuous ambulatory peritoneal dialysis (CAPD) in 
the 1970s and early 1980s being pioneered by Dr. Dimitrios 
Oreopoulos in Toronto Western Hospital and routine use of 
subclavian catheter venous access for chronic HD patients 
being developed by Dr. Robert Uldall at the same time in the 
same center [16, 17].

In the 1980s, Canada was a world leader in widespread 
use of CAPD with over 50% of chronic dialysis patients in 
some provinces being maintained on this therapy [18]. In the 
1990s, there was huge growth in the ESRD population and 
increasing use of chronic HD with units spreading out of 
teaching hospitals into city suburbs and smaller towns and a 
consequent relative fall in peritoneal dialysis (PD) use [19, 
20]. During the same period, innovative approaches to home 
HD (HHD) led to growth in that modality. In particular, 
Canada became a world leader in slow nocturnal and short 
daily home HD [21, 22].

Kidney transplant also prospered in the 1980s and 1990s 
with 13 good-sized programs across the country. Dr. Cal 
Stiller from London, Ontario, led randomized trials confirm-
ing that cyclosporine was a major advance in prolonging 
graft survival [23].

 ESRD Rates

Canada has a Canadian Organ Replacement Register which 
records transplant and dialysis activity across the country 
[24]. It is considered relatively complete except for the prov-
ince of Quebec which has not contributed data for the last 
decade and which contains about 8.5 million, or 22.5%, of 
the total Canadian population of 37.6 million people. Incident 
and prevalent rates of ESRD quoted here therefore are for 
Canada outside Quebec. Historically they have been some-
what lower in Quebec but this may no longer be so [25].

Canada’s incident rate for ESRD varies between provinces 
but is approximately 200 new cases per million population 
(pmp) per annum (Table 11.1) [24]. Interprovincial variation 
is driven in part by differences in the percentage of the popu-
lation that is FNIM because rates of ESRD are about three 
times higher in FNIM as compared to Caucasian populations 
[26]. Accordingly, Manitoba has a higher rate than any other 
province. Other factors influencing provincial differences are 
less clearly defined but may include ethnic differences, socio-
economic factors, age distribution, and perhaps the propor-
tion of the population living in rural and remote areas. It is 
also likely influenced by completeness of reporting. The rate 
rose steadily during the 1990s but much less so after 2000 
when it seemed to plateau at 160–170 pmp. The more recent 
rise to 200 pmp reflects aging of the population but also better 
data in Ontario particularly as a consequence of closer link-
age between accurate reporting and provision of funding.

Canada’s incident rate places the country in the second 
highest tier worldwide where incident rates vary between 
160 and 250 pmp (Table  11.2). Within this second tier, 
Canada is just below a small number of countries in Southern 
and Eastern Europe and parts of Latin America but ahead of 
most of Western Europe [27]. The rate is much higher than 
that seen in a third tier of countries which includes 
Scandinavia, the United Kingdom, and Australia who lie 
between 100 and 120 pmp. The Canadian rate however is 
well below that of the first tier of countries, which include 
the United States, as well as Japan, Taiwan, Korea, and 
Thailand, all close to or in excess of 300 pmp (Table 11.2).

These international differences may reflect true differ-
ences in the incidence of ESRD, driven particularly by 
differences in rates of diabetic kidney diseases between 
countries and ethnic groups [27]. They are also influenced 
by medical and cultural attitudes toward the use of chronic 
dialysis in older frailer patients, by socioeconomic fac-

Table 11.1 Incident and prevalent treated ESRD rates per million 
population by province/region of Canada in 2017

Province/region
Incident rate 
pmp

Prevalent rate 
pmp

Ontario 244 1430
Quebec 206a Not available
British Columbia (+ Yukon) 210 1326
Alberta (+ Northwest Territory + 
Nunavut)

132 1109

Saskatchewan 156 1212
Manitoba 244 1704
New Brunswick 217 1262
Nova Scotia (+ Prince Edward 
Island)

195 1566

Newfoundland 202 1657
Canada (excluding Quebec) 200 1372

Adapted from Canadian Organ Replacement Register data in Ref. [24]
aEstimate based on personal communication from Dr. A 
Nadeau-Fredette

Table 11.2 Comparison of incident and prevalent treated ESRD rates 
(including transplantation) per million population in 2016 between 
Canada and selected other countries

Country Incidence pmp Prevalence pmp
Taiwan 493 3392
USA 378 2198
Japan 296 2599
Portugal 236 1909
Canadaa 200 1346
Brazil 197 865
France 165 1278
Poland 149 806
UK 120 956
Australia 117 988
Iran 82 652
Russia 58 303

Adapted from data in Ref. [27]
aCanadian rates exclude Quebec
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tors, and by health-care delivery models, particularly the 
degree to which “private for-profit” providers participate 
in dialysis delivery, which is of course not a feature in 
Canada [28].

As in almost all countries, diabetic kidney disease is the 
largest cause of ESRD in Canada accounting for just under 
40% of cases [27]. This is much less than in East Asia, the 
United States, and Mexico but more than in Western 
Europe. The proportion of cases attributed to hypertension 
is much lower than in the United States, perhaps reflecting 
the relatively small Canadian population with West African 
origin [29].

The prevalent rate of ESRD, including those alive with 
transplants, is about 1350 pmp and has risen gradually in the 
last two decades [24]. Prevalent dialysis rates have slowly 
risen to 60% of prevalent treated ESRD rates as transplant 
struggles to grow in proportion to chronic dialysis.

Mean ages for incident and prevalent dialysis patients 
are about 62 and 65  years, respectively, and have not 
increased much in the last two decades. Approximately 
60% of incident patients are male, and over half have dia-
betes although in only 40% is it considered the cause of 
their ESRD [24].

It is important to note that the relatively modest growth in 
ESRD incident and prevalent rates does not reflect the expe-
rience of dialysis providers and funders who continue to see 
a substantial increase in absolute numbers of patients being 
treated. There are about 22,500 people on chronic dialysis 
outside Quebec and about 5700 more in Quebec for a total of 
over 28,200. About 7300 started chronic dialysis in 2017 
including over 1700  in Quebec (personal communication, 
De Annie Claire Nadeau-Fredette, Universite de Montreal). 
Absolute numbers of dialysis patients have recently risen at 
about 2.5–3% per annum [24]. The growth in the Canadian 
population has recently been rising, largely due to increased 
immigration, and is now close to 1% per annum, and so even 
when ESRD rates stand still, the need for dialysis and trans-
plant increases. The aging of the population also contributes 
approximately a further 1% to this growth in absolute num-
bers of patients on dialysis.

The relative plateauing in ESRD incidence rate since 
2000 likely reflects that most of the unmet need for renal 
replacement therapy has been dealt with since the marked 
growth in the 1990s and there is a general opinion that 
few Canadians who need and wish to receive dialysis are 
being denied it. The proportion who receive “conserva-
tive care” has recently received more attention but has so 
far not been reliably measured though it is likely substan-
tial [30].

Unadjusted survival rates on dialysis in Canada at 1, 3, 5, 
and 10  years are 83%, 63%, 45%, and 16%, respectively. 
Comparable figures a decade ago for 1, 3, and 5 years were 
83%, 60%, and 43%, respectively, suggesting gradual 

improvement in long-term rates [24]. This is reflected in 
prevalent dialysis rates rising slightly faster than incident 
rates, 2.8% versus 2.2% annually [24]. Survival rates are, not 
surprisingly, substantially longer for those whose primary 
disease is glomerulonephritis compared to diabetes – 93% 
versus 86% at 1 year, 80% versus 63% at 3 years, and 66% 
versus 41% at 5 years. Survival is also longer in people start-
ing on PD compared to HD – 92% versus 80% at 1 year and 
73% versus 60% at 3 years – but these data are unadjusted 
and do not reflect the younger age and better baseline health 
of those doing PD [24].

 Kidney Transplant

Transplant rates have been high by international standards 
and stable from 2000 to about 2015 at about 35–40 pmp 
per  annum or 50–55 per 1000 dialysis patients per  annum 
with about 40% being accounted for by living donors and the 
rest by deceased donors [24]. Since 2015, the rate has risen to 
45–50 pmp per year or 60 per 1000 dialysis patients. This is 
because there has been significant growth in deceased donor 
transplant rates due in part to more liberal donor acceptance 
criteria. In 2017, there were 1338 adult transplants in Canada 
of which 803 were deceased donor and 535 living donor. 
There were about 240  in Quebec for a total of about 1680 
nationwide. There are about 40–50 pediatric transplants 
annually [24]. Internationally, Canadian transplant rates are 
quite high but below those in the United States, Spain, and the 
Netherlands and similar to those in Scandinavia and the 
United Kingdom (Table  11.3). Living donor rates are also 
high by international standards but have been stagnant for a 
decade or more and below that of the United States and the 
Netherlands when expressed pmp or per 1000 dialysis patients 
[27]. Within Canada, there is significant variation in trans-
plant rates between provinces and between renal programs 
[31, 32]. There is also variation in wait times and degrees of 
organ sharing within and between provinces [31].

Table 11.3 Comparison of kidney transplant rates per million popula-
tion in 2016 between Canada and selected other countries

Country Kidney transplant rate pmp
Spain 64
USA 62
Netherlands 59
France 54
Canada 49
UK 48
Australia 45
Brazil 29
Japan 13
Taiwan 13
Russia 7

Adapted from data in Ref. [27]
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 Home Dialysis

The proportion of Canadian ESRD patients treated with 
home dialysis modalities remains relatively high by interna-
tional standards but is much less than in the 1980s and early 
1990s when CAPD was being used in over 35% of prevalent 
patients [17, 23]. This was due to a combination of enthusi-
asm for the modality and also to scarcity of HD capacity. 
Home dialysis use in Canada fell dramatically between 1995 
and the early 2000s and then plateaued at under 20%. This 
was due to a large increase in HD capacity and in particular 
to the proliferation of HD units in suburbs of larger cities and 
in smaller towns [19, 20].

There has recently been an increase in home dialysis 
prevalence back up toward 25%, in part related to efforts by 
provincial renal agencies [33–36]. This places Canada in the 
top 12 countries in the world for percent home dialysis use 
[27]. Increases in home dialysis use have also been attributed 
to widespread use of assisted PD initiatives, whereby home 
care nurses visit patients’ homes and help them set up their 
PD cyclers and troubleshoot any problems [37], and also to 
pre-ESRD clinics, economic incentives, and greater use of 
urgent start PD [38–40].

Again, there are provincial differences in home dialysis 
use, and provinces which have had major initiatives to grow 
home dialysis, such as Ontario and British Columbia, have 
notably higher rates, while those in Quebec and Newfoundland 
are lower [24]. About 20% of home dialysis is accounted for 
by home HD, less than is the case for Australia and New 
Zealand but much more than in the United States and most of 
Europe [27].

 HD Practices

There are some specific atypical features with regard to 
Canadian HD practices. HD patients mainly receive 3–4 h 
three times weekly with routine monitoring of urea clear-
ances. Only a very small percent of in-center patients receives 
two treatments a week, but about 5–10% receive four or 
more treatments weekly, due to fluid overload issues and to a 
belief in the merits of more frequent HD. Canada has a very 
high incident and long-term prevalent use of cuffed tunneled 
jugular venous catheters for dialysis access. In some prov-
inces, prevalent catheter use exceeds 50%. Previously this 
was attributed to problems with availability of good vascular 
surgery, but in reality it is more related to a disillusionment 
with the high complication and failure rates of fistulas on the 
part of nephrologists and an increasing preference by patients 
for catheters [41, 42]. In a 2016/2017 survey of prevalent 
vascular access in Ontario, fistulas were being used in 36% 
of people on HD, grafts in 5%, and central venous catheters 
in 59% [34]. Bacteremia rates in the same province are mea-

sured continuously and are about 0.2 per 100 catheter days 
equal to about 1 new episode every 15 years (unpublished 
data). There has been no evidence that the decline in fistula 
use has had any adverse effect on mortality in people on HD.

Volumetric machines and high flux dialyzers are now 
standard with prices for the latter having dropped dramati-
cally in the past 20 years. As a result, dialyzer reuse costs 
more to do than it saves and so has declined to zero. Online 
hemodiafiltration is now widely available and is no longer 
excessively expensive, but it is not widely used due to a lack 
of convincing evidence of benefit [43]. There are no good 
data but its use is estimated to be less than 10%.

Hepatitis B and C and human immunodeficiency virus 
(HIV) are monitored in all people starting dialysis, but there 
are no recent published data. Estimated prevalence rates in 
the HD population are under 1% for hepatitis B and HIV and 
about 5% for hepatitis C. Transmission within dialysis units 
is considered to be rare because of good adherence to strict 
infection control practices.

 PD Practices

In 2017, 72% of prevalent PD patients were doing automated 
PD (APD) using cyclers although many start with CAPD for 
4–6 weeks [24]. High APD use is mainly for lifestyle rea-
sons. There are no definitive data published, but icodextrin 
use is very common and thought to be prescribed to over 
60% of people on PD, for metabolic as well as ultrafiltration- 
related indications. This is not the case for the so called “bio-
compatible” solutions which are used in less than 10% of 
patients, probably because of uncertain evidence and extra 
cost. Incremental PD is widely practiced but often in quite 
different ways [44]. Some patients are initiated on “day dry” 
cycler prescriptions or on three CAPD exchanges daily or 
even on one or two icodextrin dwells daily, especially if fluid 
removal is the main aim. Government-funded assisted PD is 
common in some provinces and less available in others. In 
the most populous province, Ontario, it is used in about 25% 
of prevalent PD patients at any given time and in about 33% 
at some stage in a given 12-month period. It typically 
involves a nurse or a health-care worker doing a patient’s 
cycler setup for them and sometimes also attaching them to 
the cycler.

Catheters are mainly placed laparoscopically by surgeons, 
but a significant minority is placed percutaneously by 
nephrologists or invasive radiologists [45]. Peritonitis rates 
are routinely monitored. Unpublished data from the Ontario 
Renal Network indicates that rates in that province are typi-
cally 1 every 36–48 months [34].

Technique survival rates have improved with time and, 
depending on how they are measured, are about 85% at 
1 year after censoring for death and transplant [46]. Despite 
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these results there is significant “churn” in the PD popula-
tion due to the combination of about 10% mortality, 15% 
technique failure, and 15% transplant rate so that after 
1 year 40% of new starts are no longer on the therapy [46]. 
As mentioned above patient survival rates for PD appear to 
be good in Canada relative to those for HD though this may 
partly or wholly reflect positive patient selection with base-
line age and comorbidities being generally less in PD 
patients [47, 48].

 Home HD Practices

HHD is relatively widely used in Canada, at just under 5% of 
prevalent dialysis patients [24]. Practices are diverse, and at 
least half receive “frequent” or long duration HHD prescrip-
tions [22, 24, 48, 49]. Slow nocturnal HHD, 5–6 nights 
weekly for 6–8 h each time, is particularly popular [21, 50]. 
Others use short daily HHD for about 2 h 5–6 days weekly, 
and alternative day conventional HD is also used [22, 48, 
50]. The “Next Stage” machine which is so popular for HHD 
in the United States and parts of Europe is used in only about 
20% of HHD patients in Canada and is perceived as more 
expensive and less easily supported outside major cities [51]. 
Online remote monitoring of HHD patients is now rarely 
done. Some provinces, notably British Columbia and 
Ontario, provide specific funding for frequent HHD. A num-
ber of provinces reimburse electricity and water costs 
incurred by patients doing HHD.

Just as is the case with in center HD, central catheters are 
often the vascular access in HHD, and this has the advan-
tage of avoiding the challenge to patients of learning to 
needle. For those who do have fistulas, button hole needling 
has been a source of concern for infection and is less fre-
quently used [52].

Survival rates for people on home HD are very high 
exceeding those on both center HD and PD [24, 48, 50]. This 
partly reflects baseline differences in health and perhaps 
functionality and education, though the benefit persists even 
when these are adjusted for. However, technique failure rates 
have risen in recent years and are now similar to those on PD, 
at least for the first 12 months, likely due to the recruitment 
of more “marginal” patients to take on the therapy [50].

 Pre-ESRD Care

Specialized multidisciplinary pre-ESRD clinics for patients 
with advanced chronic kidney disease (CKD) have become 
standard practice across the country. The purpose of these is 
to prepare people for dialysis or transplant or conservative 
care and also to slow progression of advanced CKD and to 
treat complications [40]. With the increased emphasis on 

patient-centered care over the past decade, there is a big 
focus on education, shared decision-making, and patient 
empowerment in these clinics [40]. Specifically, these clinics 
are supposed to focus on key decisions around modality 
selection, access choice, and preemptive transplant where 
possible.

Eligibility for these clinics varies with some going by 
estimated glomerular filtration rate (eGFR) levels and others 
using the Kidney Failure Risk Equation which incorporates 
proteinuria as well as kidney function [53].

 Transplantation Practices

As stated earlier, Canada has a relatively high rate of kidney 
transplantation, and about 40% of transplants are from living 
donors [24]. Despite the high transplant rate when expressed 
per million population, the lifetime likelihood of a person 
starting chronic dialysis receiving a transplant is only about 
20% [54]. This reflects the high incident rate of ESRD, the 
relative shortage of donated kidneys, and the fact that the 
large majority of people on dialysis is not eligible to receive 
a transplant due to comorbidities and consequent short life 
expectancy [54].

There are 15 transplant centers, all based in university 
centers. Organ sharing is largely within provinces or clusters 
of provinces, rather than nationwide. However, the Canadian 
Blood Services does facilitate some nationwide organ shar-
ing, such as with highly sensitized patients, kidney paired 
donors, and living donor recipient “chains” [55].

Rules for organ sharing vary. In Ontario, for example, the 
region in which a pair of kidneys is retrieved from a deceased 
donor is allowed to keep one kidney for use by the local 
transplant center, and the other is shared across the province, 
with preference given to children and younger adults, to the 
highly sensitized, and to those with longer time on dialysis 
[55, 56].

There are significant differences in the likelihood of a per-
son on chronic dialysis receiving a kidney transplant between 
renal programs that cannot be attributed to organ availability 
[31, 32]. These are thought to reflect differences in percep-
tion by referring nephrologists as to who is eligible for trans-
plant and differences in the efficiency with which candidates 
are worked up and referred, but there also are patient socio-
economic factors that reduce access for people living further 
away from transplant centers [31, 32, 54].

Standard immunosuppression involves induction with 
basiliximab, the chimeric interleukin-2 receptor monoclonal 
antibody. Thymoglobulin, an antihuman thymocyte globulin 
polyclonal preparation, is used in induction of patients at 
higher risk of rejection. Transplant recipients also typically 
receive a regimen of tacrolimus, mycophenolate, and tapering 
doses of steroids. Some centers reduce steroids rapidly [56].
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Cytomegalovirus mismatching is common and ganciclo-
vir prophylaxis is used. Cellular rejection is usually treated 
with steroids and thymoglobulin, while antibody-mediated 
rejection treatment also includes plasma exchange and intra-
venous immunoglobulin [56].

Recipients with uncomplicated courses are often dis-
charged within 5–7 days posttransplant. Graft survival rates 
for deceased donor transplants at 1, 3, 5, and 10 years are 
93%, 88%, 82%, and 63%, respectively, and the half-life of 
deceased donor transplants is now at least 12 years. For liv-
ing donor transplants, graft survival at 1, 3, 5, and 10 years is 
97%, 95%, 91%, and 74%, respectively, and half-life is 
likely at least 18 years [24].

 Funding

As already stated and consistent with Canadian health-care 
principles, dialysis delivery is completely and only funded 
by provincial governments, either directly or through provin-
cial renal agencies. Dialysis is almost entirely delivered 
through hospitals which are either public or, more com-
monly, not-for-profit independent entities heavily dependent 
on provincial government funding and therefore answerable 
to that government. There are almost no private dialysis pro-
viders in Canada and a complete absence of the so called 
‘chains’ or large dialysis organizations that are so dominant 
in the United States and elsewhere. There are also no 
physician- owned dialysis units [57].

The units themselves are mainly located inside acute care 
hospitals. Those in hospitals which have multiple nephrolo-
gists and a reasonable range of renal services, including 
facility-based HD, PD, acute dialysis, and general nephrol-
ogy clinics, are often called “hubs,” while those with an HD 
unit but no nephrologists of their own and very limited ancil-
lary renal services are called “satellites.” Typically, “hub” 
hospitals receive government funding for dialysis and con-
tract with their satellites to deliver HD. Some of the hubs and 
satellites locate their HD units in leased buildings not on the 
main hospital site, and some of these are in shopping malls 
or office blocks, but this is still not very common. In Ontario 
with over 14 million population, for example, there are 27 
renal programs, some very large and some very small. 
Between them they operate 100 HD units. All 27 of them 
provide PD, but only 21 of them do home HD, and just 6 do 
transplant [58].

The method by which government funds the “hub” hos-
pitals providing dialysis varies by province [57, 59]. Some 
provinces such as Alberta and Manitoba fund dialysis 
through the hospital’s global budget in the same way that 
they fund surgical operating rooms and medical wards. 
This approach has become less popular because of the sen-
sitive life sustaining nature of dialysis and because of its 

tendency to grow from year to year. Accordingly, volume-
based funding is becoming more common and is used in 
Ontario and British Columbia. It is modality specific with 
different rates for facility-based HD, CAPD, APD, HHD, 
etc. Recently, “bundled” funding has become popular so 
that, for example, the rate for facility HD might also include 
vascular access provision or intradialytic medications or 
laboratory tests, but no jurisdiction has bundled erythropoi-
esis-stimulating agents as has occurred in the United States. 
There is talk of quality- based funding, but, strictly speak-
ing, this has not yet occurred, and there would be little con-
sensus about how “quality” might be measured in such a 
diverse population as those with ESRD. If the annual bun-
dled funding for center HD is divided by 156, the typical 
number of HD treatments per year, the rate per dialysis is 
about US$ 250.

In general, modality-based funding for facility HD is 
about 50% higher than that for home PD and home HD, 
consistent with costing studies (Table  11.4) [39, 58, 59]. 
The higher cost of facility HD is mainly accounted for by 
nursing salaries. A number of provinces including Ontario 
and British Columbia have introduced specific “bundled” 
fees for frequent home HD and even for frequent facility 
HD, typically defined as five or more treatments a week [9, 
58]. It should be noted that provincial modality-based fund-
ing formulas do not generally cover outpatient medications, 
imaging studies, hospital admissions, transport costs, or 
physician fees. In Ontario, there is a specific annual “bun-
dle” for pre- ESRD multidisciplinary care of patients with a 
2-year risk of ESRD greater than 10% or an eGFR of 15 ml/
min or less.

Transplantation is generally funded out of the global bud-
get of the hospital where the procedure is performed and 
often comes from the surgical rather than the renal portion of 
that budget. In Ontario, there is a one-off payment of 

Table 11.4 Ontario renal network annualized reimbursement bundles 
by modality, expressed in US$ using exchange rate of C$ 1 = US$ 0.75

Modality
Annualized 
payment (US$) Additions (US$)

CAPD 21,822 Up to 1725 for 
initial training

APD 28,609 Up to 1725 for 
initial training

Home HD 17,348 11,400 for initial 
training

Frequent home HD (>4 
treatments weekly)

26,695 11,400 for initial 
training

Facility HDa 38,459
Facility HD (>4 
treatments weekly)

64,056

Facility slow nocturnal 
HD

64,056

aEquivalent to US$ 247 per treatment in person receiving 3 treatments 
weekly
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C$25,000 by the Ministry of Health to the hospital perform-
ing the transplant and an additional C$5800 if there is a living 
donor. This funding usually goes to the surgical transplant 
unit rather than to the nephrology unit. There is no dedicated 
funding for potential transplant recipient work up. There is 
funding available in most provinces to cover medical and 
personal costs of living donors [60, 61].

 Glomerular Diseases

Glomerulonephritis is listed as the primary cause of ESRD 
in about 11% of incident cases and 21% of prevalent cases 
receiving renal replacement therapy in Canada [24]. The 
higher prevalent rate reflects the longer survival of people 
with glomerulonephritis compared to other causes of 
ESRD.

Driven by the greater complexity and cost of immuno-
suppressive medications for glomerular diseases, there 
has been an increasing trend toward specialized clinics for 
nondiabetic glomerular diseases, including vasculitis. 
Provincial renal agencies in British Columbia and Ontario 
have set up networks of specialist clinics with multidisci-
plinary teams comprising nephrologists, nurses, pharma-
cists, and social workers as well as affiliated pathologists 
to help people navigate renal biopsies, diagnosis, choice 
and funding of required immunosuppressive agents, and 
subsequent follow-up [62–64]. Standardized protocols 
and approval processes for funding of medications such as 
rituximab and eculizumab have been developed in some 
provinces.

 Acute Kidney Injury

The incidence of AKI requiring dialysis in Canada is difficult 
to measure because many of the cases labeled “acute” are 
actually people with ESRD who are hospitalized [65]. People 
with AKI severe enough to require dialysis and to be treated 
in intensive care units may receive conventional acute HD 
for 3–4  h 3–6 times weekly. However, it is estimated that 
more than half now receive at least some treatment with 
either sustained low-efficiency dialysis (SLED) using a con-
ventional HD machine with low blood flows for 6–12 h daily 
or continuous renal replacement therapy (CRRT), most often 
delivered using the Baxter “Prisma” machine in either hemo-
filtration or hemodiafiltration mode [65–67]. SLED and 
CRRT are about equally popular. In intensive care units 
where CRRT is used, intensivists are often in charge of ini-
tiation and prescription of the therapy. Where conventional 
HD or SLED is used, it is typically initiated and prescribed 
by nephrologists.

 First Nations Populations and Kidney 
Disease

As alluded to earlier, First Nations or FNIM populations in 
Canada represent about 4% of the country’s total population, 
and with high birth rates, this proportion is likely to increase. 
FNIM groups have high rates of ESRD, related primarily to 
high rates of type 2 diabetes mellitus which have rapidly 
increased over the past 60 years with alteration in diet and 
lifestyle [26, 68, 69].

The problems associated with CKD and ESRD in FNIM 
populations are aggravated by the high rates of socioeco-
nomic deprivation, mental health problems, and substance 
abuse, associated in turn with the legacy of colonialism and 
displacement that these people have suffered [70].

Incident ESRD rates are estimated to be about three 
times as high as in the general population, and this raises 
particular challenges in provinces like Manitoba and 
Saskatchewan where close to 20% of the population is 
FNIM. As many as half of FNIM people live on reserves, 
and in a proportion of these, the reserve location is remote 
from hospitals and dialysis units. In these scenarios, reloca-
tion for HD is required if home dialysis is not feasible or is 
unsuccessful. In general rates of both home dialysis and 
transplant are relatively lower in FNIM populations, in part 
due to social reasons [71, 72].

Initiatives to alleviate the excess load of CKD in FNIM 
people have included screening and treatment programs for 
early CKD and use of telemedicine to deliver remote care 
[73]. Networks of small satellite HD units on or close to 
reserves have also been developed [74]. However, nothing 
short of major social change is likely to alleviate this burden 
of diabetic CKD.

 Medications

There is no universal payment system for medications in 
Canada, analogous to that for hospital and physician care, 
and this is frequently criticized by advocates of socialized 
medicine [5]. The provinces do provide medications free of 
charge from a broad provincial formulary to all those aged 
65 or over and often to those under 18 and also to those on 
social welfare. Many working Canadians have an 
employment- related private insurance drug benefit plan that 
covers a similar or wider range of medications, but there is a 
significant population between 18 and 65 years of age who 
have no such insurance. These individuals may receive sup-
plemental provincial funding for medications once their 
annual costs exceed an income-related deductible. Expensive 
medications such as erythropoiesis-stimulating agents are 
often covered completely by special provincial drug pro-
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grams, and pre-ESRD and dialysis patient have easy access 
to these in almost all cases. Access to immunosuppressive 
medications is also rarely an obstacle to kidney transplant 
patients although income-related deductible payments may 
be required for those aged under 65.

Relatively newer more expensive medications for dialysis 
patients such as non-calcium phosphate binders, vitamin D 
analogues, and cinacalcet are not routinely available free of 
charge to patients in every province, and typically specific 
clinical criteria have to be met before the government will 
fund them [75]. Newer expensive medications such as ritux-
imab or eculizumab, used in the treatment of some types of 
glomerulonephritis and microangiopathies, are more diffi-
cult to access but most provinces have evidence-based crite-
ria in place to fund them for those people who truly need 
them [62–64].

 Nephrologists

Canada has about 700 practicing adult nephrologists, equal 
to about 1 per 50,000 population or 1 per 40 chronic dialysis 
patients [76]. About half have some form of academic 
appointment, and a large proportion of these have full-time 
academic positions. The other half are in “community” 
nephrology, a notable increase from 25 years ago when most 
chronic dialysis was being delivered through academic cen-
ters [19, 20]. The proliferation of new community-based 
renal programs in the late 1990s led to this increase in non-
academic community nephrologists. About a third of 
nephrologists are women, a notable increase from a decade 
ago. Over 90% of Canadian nephrologists, both in academic 
and community nephrology groups, are involved in the care 
of chronic dialysis patients. Less than 10%, all in academic 
centers, spend a large part of their clinical time caring for 
patients with kidney transplants.

Like the majority of Canadian physicians, most nephrolo-
gists, including those in full-time academic positions, are 
paid “fee for service” by provincial government “insurance” 
plans. These fees are set through negotiations between the 
provincial health ministries and the provincial medical asso-
ciation. Nephrologists must adhere to this billing arrange-
ment, and “extra billing” of patients is forbidden. Patients do 
not and may not pay nephrologists. The combination of sin-
gle government payer and fee for service is unusual in health- 
care systems and, to some extent, was a compromise between 
government and physician groups at the time of the estab-
lishment of Canadian Medicare. While it may be seen by 
some as an imposition on physician independence and on the 
physician-patient relationship, the reimbursement system 
does give physicians security of income, the simplicity and 
time saving of a single payer system, and a proportionality 

between work done and reimbursement received which is not 
typically found in salaried systems.

The bulk of nephrologists’ income comes from fees for 
chronic dialysis. Historically these were procedural fees, and 
those for center-based HD were paid for physician provision/
supervision of each treatment, whereas for home dialysis or 
for satellite HD, there was either no physician fee or a mod-
est specific retainer fee paid per week [77]. This arrangement 
persists in some provinces, but in others it was perceived as 
giving physicians a perverse incentive to direct patients to 
expensive center-based HD and away from home and satel-
lite dialysis. In the late 1990s, Ontario therefore introduced a 
modality-independent capitation fee, analogous to that in the 
United States at the time, and other provinces followed suit 
leading to a fee that is not related to the actual dialysis pro-
cedure but rather to the overall care of the patient [78].

Academic nephrologists in most provinces pay a variable 
percentage of their salary as a “tithe” to their university 
department of medicine. This can vary from as low as 10% to 
as much as 30%. However, the same department of medicine 
typically pays a modest and variable base salary to their 
nephrologists as reimbursement for teaching, research, and 
administrative activities and in proportion to their productiv-
ity in those areas. The end results of these dollars going in 
circles are broadly revenue neutral for nephrology groups as 
a whole. Most academic nephrology groups pool and share 
their income to some degree so that productive research- 
focused nephrologists earn similar income to clinical and 
education-oriented academics who have higher clinical bill-
ings. The fee for service system is notably less rewarding for 
nephrologists who mainly work in kidney transplantation, as 
distinct from chronic dialysis, but again income pooling in 
university nephrology groups addresses this. However, the 
point is often made that chronic dialysis fee for service 
income is indirectly funding academic nephrology activities. 
In recognition of this, academic nephrologists in many prov-
inces receive some income from government “alternate 
funding plans.” Transplant nephrologists may also have spe-
cific supplemental “alternate funding” government payments 
allocated to them in recognition of limited billing opportuni-
ties. In the province of Alberta, some academic physicians 
forgo “fee for service” altogether and are reimbursed through 
a full “alternate funding plan” in order to avoid “fee for ser-
vice” incentive unduly disrupting or disincentivizing aca-
demic activities [79].

There are 15 active nephrology training programs in 
Canada, though not all consistently have trainees, and 
only half would consistently have over five trainees at a 
time [80]. All are affiliated with medical schools, and 
between them they accept about 25 internal medicine-
trained residents annually. Additional trainees come from 
other countries to do nephrology fellowships in Canada, 
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with or without an eventual plan to return to their home 
countries, and some eventually stay long term. Training 
takes a minimum of 2 years though it is typically longer 
for those interested in acquiring specialized clinical skills 
or in developing an academic career. Basic training 
includes teaching in HD and PD, transplant, and general 
outpatient, inpatient, and intensive care nephrology [81]. 
Subsequent specialist training fellowships in areas such as 
transplantation, home dialysis, glomerular disease, clini-
cal research methodology, education, and quality improve-
ment are increasingly popular for those wishing to work 
in academic centers particularly [81].

The combination of fee for service payment and of the 
growth that has occurred over the past four decades in the 
numbers of prevalent dialysis patients has led to relatively 
high incomes for Canadian nephrologists who typically rate 
third among internal medical specialists behind cardiologists 
and gastroenterologists in annual reimbursement received. 
Incomes in excess of US$ 250,000 annually are not unusual 
for clinically busy nephrologists who are caring for large 
numbers of dialysis patients. Partly because of this, nephrol-
ogy remains a relatively popular specialty among Canadian 
medical school graduates, and most training positions and 
staff nephrologist positions are filled. Indeed, there is often 
keen competition for nephrologist positions in larger 
Canadian cities [81, 82]. A large majority of nephrologist 
appointments are now Canadian medical school graduates.

Canada has the Canadian Society of Nephrology (CSN) 
which meets annually and is very active [83]. The CSN pro-
motes education, research, and debate and develops its own 
disease management guidelines. Quebec has its own mainly 
Francophone Societe Quebecoise de Nephrologie [84]. 
There is also the Canadian Society of Transplantation [85]. 
At a provincial level, physician groups such as the Ontario 
Association of Nephrologists promote the economic and 
professional interests of their members.

 Nurses and Allied Health Professionals

In general dialysis in Canada has been delivered by union-
ized registered nurses, and this contrasts with the situation in 
the United States where much less well-reimbursed dialysis 
technicians provide HD under nursing and physician super-
vision. However, the ongoing growth in numbers of dialysis 
patients and the increasing cost constraints in the whole 
health-care system have led to increased use of less expen-
sive “practical nurses” and dialysis technicians in some 
provinces. There is a lot of variation across provinces and 
between centers, but in recent times, this trend has been 
accentuated because some renal programs have found 
recruitment of dialysis registered nurses to be a challenge 
[86, 87].

Registered nurses are increasingly likely to have nursing 
degrees rather than college diplomas and will have 3–4 years 
of training. They are typically paid in the range of 
US$40,0000–70,000 annually, depending on seniority and 
varying by province. Many academic renal programs employ 
nurse practitioners who have extra training and who act as 
physician extenders and often as advocates and practitioners 
of patient-centered and multidisciplinary care.

Senior nurses have always played a crucial role in admin-
istrative, fiscal, and clinical leadership of renal programs in 
Canada. The director of each program, appointed and 
employed by the hospital concerned, is typically a senior 
nurse. In the past nephrologists were often less involved with 
program administration, but, in recent times, co-management 
between hospital administrators and nephrologists has 
become more typical.

Nephrology services in Canada have generally empha-
sized multidisciplinary patient care, and the roles of allied 
health professionals such as renal dietitians and social work-
ers have been paramount [88, 89]. Renal pharmacists play a 
greater role with increasing complexities of medications in 
many relevant areas including anemia, bone mineral osteo-
dystrophy, glomerular disease, and kidney transplant man-
agement [90].

 Pediatric Nephrology

Pediatric nephrology is by its nature much more centralized 
than its adult counterpart. Canada has about 70 pediatric 
nephrologists concentrated in 13 major academic centers 
with chronic pediatric dialysis programs. There are nine 
pediatric kidney transplant programs of which two only 
operate on patients aged 12–18 [91] (personal communica-
tion Dr. Guido Filler, Western University, London, Canada, 
July 10, 2019).

Canada has a quite stable incident rate of ESRD in chil-
dren aged 0–19 year of about 10 per million population (aged 
0–19), equivalent to about 75 cases annually. These children 
have a 10-year survival rate in excess of 80%. This age group 
is transplanted promptly so that at any given time there are 
about 400 children alive with ESRD in Canada excluding 
Quebec, for a prevalent rate of 65 per million, but 330 of 
them are living with transplants. Of the approximately 70 on 
chronic dialysis, just over half use PD, and just under half do 
HD [24].

 Renal Agencies

A feature of Canadian nephrology over the past decade 
has been the growing popularity of provincial renal “agen-
cies.” British Columbia was the pioneer in this regard 
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when it set up the British Columbia Renal Agency in the 
1990s [32]. The Ontario Renal Network was established 
in 2009, and there are similar bodies in Manitoba, Nova 
Scotia, and Alberta [33, 34, 92, 93]. In general, these are 
government agencies with a budget provided by their pro-
vincial Ministry of Health. They operate at varying 
degrees of “arm’s length” from the ministry and supervise 
the budget for renal services and act to ensure that patients 
receive equitable, cost- effective, and good quality renal 
care.

Generally, these agencies commit to the principles of 
patient-centered care and, in particular, to that care being 
better integrated and available closer to home. Accordingly, 
these agencies promote initiatives such as shared decision- 
making, growing home dialysis modalities, increasing trans-
plant rates, promoting appropriately deferred start on chronic 
dialysis, ensuring patients’ goals of care are discussed and 
documented and that palliative options are available when 
requested, monitoring patient reported outcomes and experi-
ence, and developing specialized services for patients with 
glomerular diseases [62–64, 94].

A particular feature of these agencies is the involvement 
of nephrologists in policy development and implementation, 
to a degree that had not occurred in the past. This co- 
management principle also involves a role for renal program 
administrators and multidisciplinary groups. Patient involve-
ment is also a strong feature, and in Ontario no policy is now 
implemented without input from patient and family advisory 
committees [34].

There is a general impression that these agencies have 
changed the culture of Canadian nephrology and have had 
success in growing home dialysis in a number of provinces 
[33, 34].

It should be noted that, unlike in the United States, these 
renal agencies do not have specific guidelines for the detailed 
care of individual people with CKD. Areas, such as dialysis 
clearances, access and ultrafiltration in people on dialysis, 
and management of anemia and mineral bone metabolism in 
CKD and ESRD, are not regulated by these government 
agencies. Guidelines are provided by the Canadian Society 
of Nephrology and by other international agencies, but there 
is no direct governmental policing of these [83, 84]. However 
renal programs generally self-regulate these practices and 
outcomes.
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Area1 756,950 km2

Population2 17,373,831 (2017)
Capital Santiago de Chile
Three most populated cities: 1. Santiago

2. Concepción
3. Valparaiso

Official language Spanish
Gross domestic product (GDP)3,4 277.08 billion USD (2017)
GDP per capita3,4 15,346.45 USD (2017)
Human Development Index 
(HDI)5

0.843 (2018)

Official currency3 Peso
Total number of nephrologists 242 adult nephrologists

60 pediatric nephrologists
National society of nephrology Sociedad Chilena de Nefrología

www.nefro.cl
Incidence of end-stage renal 
disease

2018 – 187.4 pmp

Prevalence of end-stage renal 
disease (on dialysis)

2018 – 1342.2 pmp

Total number of patients on 
dialysis (all modalities)

2017 – 22,508 patients
2018 – 23,739 patients

Number of patients on 
hemodialysis

2017 – 21,223 patients (1208 
pmp)
2018 – 22,310 patients (1260 
pmp)

Number of patients on peritoneal 
dialysis

2017 – 1285 patients (74 pmp)
2018 – 1429 patients (82.2 pmp)

Number of renal transplantations 
per year

2017 – 399 (21.7 pmp)
2018 – 312 (16 pmp)

Table References:
1.  Geographic Military Institute. (https://www.igm.cl)
2.  National Institute of Statistics, Census 2017. (https://www.

censo2017.cl)
3.  Central bank of Chile 2018. (https://www.bcentral.cl)
4.  The World Bank Group. (https://databank.worldbank.org/home.

aspx)
5.  Human Development Indices and Indicators: 2018 Statistical Update. 

(http://hdr.undp.org/en/2018-update)

 Introduction

Chile is a country located along the western seaboard of 
South America, extending over approximately 4329  km 
within the American continent and including territories in 
the Antarctica and Oceania. The general information table 
provides a brief overview of data for the country. Chile is a 
member of the OECD (Organization for Economic 
Co-operation and Development) since January 2010.

According to 2017 data from the World Health 
Organization, life expectancy at birth is 80 years for men and 
85 years for women; the birth rate is 13.1 per 1000 inhabit-
ants, and the mortality rate is 6.2 per 1000 inhabitants [1].

Epidemiological indicators obtained in 2010 suggest 
chronic kidney disease (CKD) prevalence of 2.7%, in pre-
sumably healthy people, which increases to 12.1% [2] in 
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primary care patients in urban centers. These data have been 
useful to focus resources in preventive programs in order to 
delay the progression of renal failure disease as a public 
policy. The access to diagnosis and therapy of CKD in all its 
stages is financed and protected by the Explicit Health 
Guarantees System of universal access (GES) [3].

Prevalence of end-stage renal disease (ESRD) requiring 
dialysis is 1284 pmp, mainly in hemodialysis (HD), whereas 
renal transplant rate was 16.6 pmp. Chilean legislation regu-
lates all dialysis centers since 1994. Donation and renal trans-
plant (both living and deceased donors) were legally 
established in 1996, and efforts are currently being made to 
establish, by law, a wider policy of presumed donation in 
people over 18 years of age. Academic nephrologists from the 
Universidad de Chile, Pontificia Universidad Catolica, 
Universidad de Valparaiso, and Universidad Austral as well as 
clinical nephrologists from the metropolitan area or regions, 
and personnel from state institutions, like the Institute of 
Public Health (ISP), have participated in the drafting of this 
chapter.

We present a brief history of Chilean nephrology from its 
beginning, including the different areas where nephrologists 
are involved, as well as the present conditions of the specialty 
in the country.

 Brief History of Nephrology in Chile

In 1962, a course of nephrology was carried out in the 
Society of Medicine of Santiago directed at that time by Dr. 
Renato Gazmuri, the first president of the Chilean Society of 
Nephrology which started its activities on June 24, 1964.

The first unit of pediatric nephrology was created in 
1958 in the Arriaran Hospital in Santiago [4], and the univer-
sity training of pediatric nephrology began in 1988 at the 
University of Chile.

The first HD was performed, at the San Borja Hospital, in 
a woman with septic shock in 1957. Six years later, the 
national health service (FONASA) was founded to deliver 
necessary financial coverage establishing as a model of pub-
lic insurance for high-cost diseases in Latin America.

The first dialysis unit was created in 1965 at Jose Joaquin 
Aguirre Hospital [5].

Acute peritoneal dialysis (PD) started in 1963 at the Navy 
Hospital of Valparaiso and in the Del Salvador Hospital of 
Santiago [6] and continued ambulatory peritoneal dialysis 
(CAPD) in Indisa Clinic and Universidad Católica de Chile 
in 1994–1995.

In 1974, the Society for Dialysis and Transplanted patients 
(ASODI) was created, as a nongovernmental nonprofit 
institution.

The history of transplantation began in the Jose Joaquin 
Aguirre Hospital, in 1966 [7]. On June 26, Dr. Jorge Kaplan 

performed the first heart transplant in the Navy Hospital, just 
a few months after the first heart transplant was performed in 
the world. The first kidney transplant performed in Chile was 
in January 1968, with a living related donor [8]. The first 
liver transplant was performed in 1988; combined kidney/
pancreas transplants have been done since 1994 [9], and lung 
and heart transplant began in 1997.

Organ donation and transplantation have been regulated 
since 1996 by the Law no. 19451, modified in 2010 (Law 
no. 20413), establishing a presumed donation policy in 
people over 18 years [10, 11]. In relation to the extraction 
of organs from living donors for transplant purposes only, 
the law allows as capable people only those over 18 years, 
blood relatives up to fourth degree, or the husband, wife, or 
stable partner of the receptor. Since 2017, the Law no. 
20988 regulates cross kidney transplantation in the cases 
that living donor is present; however, kidney transplanta-
tion cannot be performed from relatives due to blood group 
incompatibility or the presence of high levels of antibodies, 
whereas a life gift can be shared via cross transplantation 
method. The requirements needed for the certification of a 
nephrologist in Chile include a medical school degree (7 
years of undergraduate studies) plus 3 years of training in 
internal medicine and 2 additional years in nephrology. The 
training can be done in one of the four public or private 
university centers (University of Chile, University Catolica 
of Chile, University Austral in Valdivia, and University of 
Concepcion). All of these programs have similar core cur-
riculums and are submitted to periodic accreditation in 
accordance to national regulations. There are 13 training 
positions available per year, but only 55% of the capacity is 
occupied. Internist physicians from Latin America can 
apply for these training positions if they meet the require-
ments mentioned above.

 Renal Diseases in Chile

 Chronic Kidney Disease in Chile

The epidemiology of CKD in Chile has evolved in associa-
tion with an improvement in the economic conditions, being 
dominated today by the effects of the epidemic explosion of 
the classic cardiovascular risk factors such as diabetes mel-
litus, arterial hypertension, obesity, sedentary lifestyle, and 
an extension of the life expectancy. In a survey involving 
people presumably healthy, the prevalence of CKD in Chile 
reaches 2.7% [2], but in patients users of primary care, it is 
12%, being higher in females (14.5%) and adults over 
60 years old (23%), mainly in CKD stage 3 [12].

The law, through the GES, assures the detection, preven-
tion, and treatment of CKD, in any of its stages to all citizens 
of Chile [3, 13].
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 Acute Kidney Injury and Acute Dialysis in Chile

Acute dialysis in Chile was started in a public hospital in 
1957. At that time, septic abortion was a major public health 
problem, and women suffering septic shock used to die 
because of acute kidney injury (AKI) or hemolysis.

In the 1980s, acute dialysis expanded to many public and 
private hospitals, covering the epidemiological changes of 
AKI due to shock, ischemia, or nephrotoxins, which have 
been treated with intermittent techniques. The first continu-
ous renal replacement therapy (CRRT) in Chile was per-
formed in a teaching hospital in 1990. Acute dialysis has 
expanded remarkably in the country and is administered 
 fundamentally by intensive care physicians, except in uni-
versity hospitals, private clinics, and some public hospitals, 
where the nephrology teams take charge of the procedures.

A recent survey carried out by the Chilean Society of 
Nephrology in 29 healthcare centers showed that 31% of 
them had intermittent renal replacement therapy (RRT) only, 
while 21% had the chance to use CRRT as well. One out of 
every three centers reported the intensive care physician as 
responsible for the indication, and 27% of the centers 
reported the nephrologist to do so; in the rest both of the 
specialties were involved in the indication of acute RRT [14].

 Renal Replacement Therapy in Chile

The proportion of patients in HD in our country has 
grown exponentially in the last decade, increasing from 
12.7 pmp in 1980 to 1260 pmp in 2018 (22,310 patients). 
PD is used by a minority (Fig. 12.1), with a low increase 

throughout the years, with an average annual rise of 
8.5%, and 3.5% in 2018.

The monthly cost of HD is 1024 USD and for PD 1297 
USD. In both therapies the national health service (public) 
reimburses 100% of the cost of treatment and in the cases of 
private insurance (private), the reimbursement is 80% of the 
total cost of the therapy.

Convective therapies as chronic RRT has recently begun 
in the country in the public and private healthcare centers.

 Hemodialysis

HD techniques were established in our country at San 
Francisco de Borja Hospital, based in Santiago, in 1957. 
They were initially used for patients with AKI but gradually 
expanded to patients in CKD stage 5. The first formal dialy-
sis center was created in 1965. Vascular access puncture and 
Shaldon’s catheters in femoral veins were introduced in 
1969, following the use of shunts.

The number of patients in chronic HD has increased 
exponentially. According to the national registry (2018), 
there are 22,310 patients on chronic HD with a rate of 1264 
pmp, treated in 253 centers distributed in 101 cities through-
out the country [15].

The most frequent causes of ESRD in dialysis patients are 
diabetes mellitus (38.9%), nephrosclerosis (10.3%), 
glomerolupathies (6.3%), and 13% of the cases with 
unknown causes. The annual mortality rate is 10.7%, and the 
most frequent causes of death are cardiac (33.4%), infections 
(16%), stroke (10.4%), and cancer (9.9%) [15].

The prevalence of HD patients with hepatitis B is of 
0.11%, hepatitis C 0.64%, and HIV 0.44% (2018).

Vascular access is performed through native arteriovenous 
fistula in 70.8% of the patients, permanent catheter (24.1%), 
grafts (2.8%), and temporary dialysis catheters (2.3%) [15].

According to the 2018 national renal data registry report 
(22,310 patients on HD), 9.9% of these patients have been on 
HD for 5 years, 8.1% for 10 years, and 0.9% for more than 
25 years of treatment [15].

Patients on treatment less than 9 h per week were 2.7%, 
whereas more than 12 h 15.7%; the ratio of nephrologists to 
dialysis patients in the country is 1:98.

In HD, each nurse assists a maximum of six adult patients 
simultaneously and in case of pediatric nurses a total of three 
patients [16]. These centers reuse blood lines and dialyzers, 
which is regulated by rules dictated by the Ministry of 
Health. It is established in Article 25 that the dialyzer resid-
ual capacity cannot be less that 80% of its initial volume, and 
the dialyzer can be reused 26 times, at maximum [16].

HD is financed by the explicit Health Guarantee System 
that includes treatment and drugs such as erythropoietin, cal-
citriol, iron, cinacalcet, and phosphate binders. These drugs 
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are included as a package in their private health insurance 
and free in the case of public health insurance. The private 
health insurance system covers 80% of the treatment, 
whereas the patients pay 20% of the total cost. In the case of 
patients belonging to the public health insurance, the treat-
ment is free.

 Peritoneal Dialysis

Acute PD is rarely performed in our country. Continuous 
ambulatory peritoneal dialysis (CAPD), automated perito-
neal dialysis (APD), continuous cycling peritoneal dialysis 
(CCPD), and nocturnal intermittent peritoneal dialysis 
(NIPD) have been used since 1994 as an alternative treat-
ment to HD, and the prevalence throughout the years of 
patients in PD is shown in Fig. 12.1. Nowadays, there are 
1308 adult patients (75.3 pmp), 53% male, average age 
49.8 years. Out of the 40 PD centers, 23 are private, 15 are in 
public hospitals, and 2 are in university clinics [17].

In 2018, most of the adult patients (93%) are in APD and 
only 3% in CAPD with a peritonitis rate of 0.13 episodes/
patient/year and a gross mortality rate of 9.2% per year [17].

PD is financed by the explicit Health Guarantee System 
including treatment and drugs, such as erythropoietin, cal-
citriol, iron IV, cinacalcet, and phosphate binders. These 
drugs are included as a package in their private health insur-
ance and free in the case of public health insurance. The pri-
vate health insurance system covers 80% of the treatment, 
whereas the patients pay 20% of the total cost. In the case of 
patients belonging to the public health insurance, the treat-
ment is free.

In PD, each nurse takes care of 30 adult patients, at maxi-
mum, simultaneously and in case of pediatric nurses a total 
of 15 patients [16].

 Renal Transplantation

The history of transplant in Chile began in 1968. In our days, 
there are 20 renal transplant centers (18 adult and 2 pediat-
rics) and 2 histocompatibility laboratories in network. A high 
proportion (72%) of renal transplants are financed by the 
state through FONASA (national health fund), 28% by pri-
vate health institutions (ISAPRES), and 1% by the Armed 
Forces insurance, all of them under the benefit of GES.

The National Procurement and Transplant Coordination 
(CNPT) was created by the Ministry of Health in 2010, 
establishing a sanitary model to assure research and the pro-
curement of encephalic death donors throughout the country. 
Its activity has been reflected in an increase of the percentage 
of multi-organ donors in relation to the renal only and pro-
moting the use of expanded cadaver donor (ECD). Indeed, in 

2018, 27% of the transplants were performed from ECD 
donors [18].

The transplant waiting list for cadaver donors is a legal 
responsibility of the public health institute, with a unique 
national waiting list for each organ, with priority criteria in 
accordance to the current legislation and in agreement with 
the transplant centers. The prioritization of kidney receptors 
is based mainly on histocompatibility criteria, the waiting 
time, and PRA percentage.

From 2013 onward, the law for organ allocation consider-
ing pediatric patients is a priority in cases of donors less than 
45 years. In Chile, by the end of December 2018, a total of 
8,646 renal transplants have been performed (32% living and 
68% deceased donors) being 9% to pediatric patients. In the 
last 2 years, 45 pancreas-kidney, 45 liver-kidney, and 2 heart- 
kidney transplants have been performed [19].

Renal transplant rate in 2017 reached 21.7 pmp and, in 
2018, 16.6 pmp (including living and deceased donors). At the 
end of 2018, the kidney transplant waiting list for cadaver 
donors included 2057 patients, which represents less than 10% 
of the patients on dialysis. The number of potential recipients 
on the waiting list with the highest immunological risk 
(patients with PRA ≥ 80%, re-transplant, or those <18 years) 
has increased, representing 23% of the waiting list.

The average waiting time for receiving a renal transplant 
in the last 2 years has been 28 months, but only 9 months for 
patients <18 years, showing the priority assigned to younger 
patients [18, 19].

The results show a graft survival of 92% and 85% for 
living and deceased donors, at 1 year, respectively. At 
5 years, 86% for living donors and 75% for deceased and 
at 10 years 71% and 60% for living and deceased donors, 
respectively [18].

 Pediatric Nephrology in Chile

Pediatric nephrology was established in 1958, when nephrol-
ogy units were created in different hospitals. The first spe-
cialists were trained under the mentoring of renowned adult 
nephrologists, including fellowship abroad. Postgraduate 
university programs started in 1990 [20].

Today, there are 63 active pediatric nephrologists (17 
pmp  <  15  years), and one-third of them are working in 
regions away from the capital, Santiago.

In 1980, PD was introduced as a RRT [21]. In 1994, 
CAPD was included into the services financed by the state 
[22]. There are ten centers with PD (eight in the public sys-
tem and two in the private area) and four pediatric HD cen-
ters, all of them in the public health system.

According to the national registry, until 2015, the preva-
lence and incidence of stage 2 and 5 CKD were 50.7 and 
10.4 pmp < 15 years, respectively. Eighty-three patients were 
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on PD and 29 in HD. The age of initiation on PD has dropped 
from 7.8 years to 5.5 years old, being 25% of the children 
under 6 months.

The average age for initiating HD has been constantly 
maintained (9 years old). Fifty-three percent of the causes of 
ESRD are structural abnormalities as reflux, obstruction, and 
hypoplasia-dysplasia, 15% glomerular, and 10% hereditary.

In addition to the dialytic treatment, children with stages 
4 and 5 have access to erythropoietin, calcitriol, iron IV, and 
growth hormones as they are included in the patients’ health 
insurance.

Pediatric renal transplant started in the 1970s in the 
Catholic University Clinical Hospital, for patients from the 
public system, under the support of adult patient transplant 
teams [8]. Between 1989 and 2012, three public centers [9], 
corresponding to 95% of the transplanted pediatric patients, 
performed 462 transplants in children of 10.2 ± 4.2 years old 
(20% < 6 years of age), 68% of them with deceased donors. 
Seventy percent of them came from PD, and 9% were trans-
planted preemptively.

Immunosuppressant therapy considers induction in all 
patients (20% antithymocyte globulin and 80% receptor 
inhibitor IL2), tacrolimus, and mycophenolate mofetil, with 
steroid-free regimen. The results of this program are similar 
to those described in the international literature. Graft sur-
vival rates at 1, 3, and 5 years are 92%, 86%, and 83% for 
living donors and 87%, 80%, and 71% for deceased donors. 
The patient survival rate is 99%, 97%, and 96% for living 
donors and 97%, 97%, and 95% for deceased donors at 1, 3 
and 5 years of follow-up, respectively [22].

National statistics show that we have reached up to 575 
transplanted patients until 2017 [22].

For that reason, the organ allocation law considers now 
pediatric patients as a priority, in order to reduce their wait-
ing times. Before prioritization between 2011 and 2012, 
there were 17 transplants in patients under 18 years of age, 
while after the prioritization in 2017 and 2018, a total of 35 
patients were transplanted.

 Nephrology Practice in Chile

Chile has the unique feature of being a very long country 
with a few cities concentrating most of the population, social, 
and medical development. Most of the nephrologists live and 
work in those cities, leaving smaller cities with few special-
ists to cope with the nephrology needs.

There are not enough trained nephrologists for the coun-
try’s demand. Many regions depend on “travelling doctors” 
going there once a month and working in collaboration with 
internal medicine or even general practitioner doctors. That 
is why an enthusiastic effort is being done to create telemedi-
cine programs to solve the problem.

The health system in Chile includes public insurance 
(Fondo Nacional de Salud, FONASA) which covers most of 
the population and assures universal access to kidney 
replacement programs (dialysis and transplantation) all over 
the country. There is also private health insurance which is 
responsible for a wealthier population, almost one-third of 
Chilean inhabitants. The huge prevalence of kidney disease 
requires a great number of qualified professionals to take 
care of them.

Most medical doctors work both in public hospitals and 
private clinics. Some work at dialysis clinics, while some 
visit hospitalized patients at medical clinics but not being 
full-time employees of these clinics.

Critical care nephrology needs a lot of development out-
side of the university or public critical care units, especially 
because of trained personal shortage (nephrologists, nurses). 
This is a well-paid work but depends on the number of medi-
cal visits made.

According to the time committed to the in public hospi-
tals and private clinics shifts, doctors can get roughly 
between USD 3000 and 6000 as employees, leaving room 
for more income from liberal exercise of the profession at 
their own offices or dialysis clinics as medical director or as 
attending nephrologists. These extra-hospital jobs can prob-
ably double their monthly income.

In case of the nurses of public hospitals and private hospi-
tals, monthly salary is USD 1900–2300; this income can 
vary depending on the calling shifts.

There is plenty of room for trained nephrologists to work, 
especially in smaller cities. Foreign professionals, migrating 
to the country due to different causes, must be certified 
through passing proficiency tests to perform clinical work in 
Chile.

Currently, there are 17.4 nephrologists per million popu-
lations in Chile.

 Highlight of Nephrology in Chile

 Earthquakes and Nephrology in Chile

Earthquakes have been a constant threat in our country 
throughout all of its history. Located in the ring of fire of the 
Pacific, Chile is one of the most seismic regions of the planet. 
The fearsome and most destructive earthquake occurred in 
1960 at 3:11 p.m. in the City of Valdivia situated in the south 
of Chile. It registered 9.6 on the Richter scale, and more than 
2000 people died; this earthquake was followed by a tsunami 
that washed away the cities along the coast. More than two 
million people were affected by the disaster.

Saturday, February 27, 2010, local time 3:34 h (6:34 h 
GMT), the city of Maule was awakened by an earthquake 
8.8 on the Richter scale with epicenter at 115 km northeast 
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of the city of Concepcion, one of the largest cities of the 
country. It was the second most destructive earthquake reg-
istered in the country killing a total of 507 people. Most 
fatalities were attributed to drowning caused by the tsunami 
and suffocation after the collapse of adobe houses. Many 
victims were never found, presumably swept by the sea. 
Although crush injuries were rare, we were aware of two 
AKI patients requiring dialysis support, who recovered kid-
ney function later. The low prevalence of crush injuries 
may be largely attributable to the high standards of seismic 
construction in Chile.

The major problems faced in this hazard were the inter-
ruption of communication that were reestablished 3 days 
post-earthquake only. The local agent for the RDRTF/ISN 
intervened as a central link between nephrologists and the 
Chilean Health Ministry. In the affected area, there were 
more than 2000 chronic dialysis patients, and several dialysis 
units were immediately out of use due to inadequate water 
availability.

After 1 week, all chronic patients regained access to dial-
ysis, without increase in the expected mortality for the 
period. Local and international adequate training may be 
lifesaving if renal problems occur in earthquake circum-
stances [23].

Six patients on chronic HD were reported dead immedi-
ately post catastrophe, which represents 0.36% of total 
deaths. In three of these cases, the cause of death was clearly 
not associated to lack of dialysis treatment but to other medi-
cal causes.

The patients with APD, due to lack of electricity in their 
homes, began doing CAPD; some were transferred to close 
locations that were supplied with electricity. There were no 
reports of peritonitis or dead patients [24].

 Future Perspectives of Nephrology in Chile

The following aspects deserve to be included in the planning 
of strategies oriented to enhance the quality of the nephrol-
ogy in our country:

 1. An increase in the number of specialists: This includes 
the design of effective strategies to stimulate the interest 
of young physicians for the specialty.

 2. A serious effort in nephroprevention:
 (a) A national network in teleconsultation has to be 

implemented in primary care facilities in coordina-
tion with nephrologists.

 (b) A hard multidisciplinary work needs to be established 
in order to reduce the epidemic expansion of cardio-
vascular risk factors in our population and their 
effects in renal health.

 3. Renal replacement therapy (RRT):

 (a) Hemodialysis (HD): An increase in the water quality 
used in hemodialysis in public and private centers, in 
order to reach an ultrapure water standard.

 (b) Peritoneal dialysis (PD): The introduction of new 
dialysis solutions and the use of telemedicine to make 
an easier and better-assisted therapy.

 (c) Kidney transplant: To improve the strategies to 
increase the donation of deceased donors, focusing 
on education and enhancing the confidence in the 
public transplant network. To start soon with a 
crossed donation program.

 4. Academics, teaching, and research:
 (a) A big effort has to be done to keep and recruit new 

academic nephrologist into the university teams in 
order to maintain and increase the capability of 
human resources training.

 (b) National and private funds need to be raised to 
improve the research capacities in areas of nephro-
logical clinical impact.

 Conclusive Remarks

Nephrology in Chile has developed rapidly in all its aspects: 
academics and basic and clinical research with support from 
universities and scientific societies.

RRT is within reach for all its inhabitants, and the preven-
tion of ESRD progression and renal replacement therapies, 
HD, PD, and transplantation are protected by law, which 
guarantees universal access in the private and public health 
service.

Chile has a high rate of patients undergoing HD treatment 
(1260 pmp) in 204 HD centers and 49 hospitals that have a 
HD center.

The increase in the number of renal transplants is limited 
due to the low number of kidney donations. The number of 
transplants has not increased despite having the alleged pre-
sumed donation policy in people over 18 years of age and 
multiple advertising campaigns aimed at the general 
population.

There are a small number of nephrologists to cover the 
increasing demand and a low interest among young doctors 
to embrace the specialty.
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Area 109,884 km2

Population1 11,288,752 (2017)
Capital Havana
Three most populated cities: 1. Havana

2. Santiago de Cuba
3. Holguin

Official language Spanish
Gross domestic product (GDP)2 96.851 billion USD (2017)
GDP per capita2 8541.2 USD (2017)
Human Development Index 
(HDI)

0.777

Official currency Cuban peso
Total number of nephrologists 433
National society of nephrology Sociedad Cubana de Nefrología

www.sld.cu
Incidence of end-stage renal 
disease

2018 – 107.3 pmp

Prevalence of end-stage renal 
disease (on dialysis)

2018 – 299.4 pmp

Total number of patients on 
dialysis (all modalities)

2017 – 3289
2018 – 3352

Number of patients on 
hemodialysis

2017 – 3224
2018 – 3281

Number of patients on peritoneal 
dialysis

2017 – 65
2018 – 71

Number of renal transplantations 
per year

2017 – 203
2018 – 178

1.  Oficina Nacional de Estadística e Información (ONEI). República de 
Cuba. Anuario Estadístico de Cuba 2017. Edición 2018. Disponible 
en: www.one.cu/aec2017.htm

2. The World Bank, https://data.worldbank.org/country/cuba

 Introduction

The Republic of Cuba is an archipelago made up of more 
than 1600 islands, islets, and cays; the capital Havana is 
located on the island of Cuba, the largest of the archipelago. 
The surface area of the Cuban archipelago is 109,884.01 km2. 
The country has a population of 11,288,752 (2017); 20.1% 
are 60 years or older, and that number is expected to increase 
to 30.1% by 2030. Life expectancy at birth is, on average, 
78.4 years, 76.5 years for men and 80.45 years for women 
[1].

Cuba is one of the countries with the oldest population in 
Latin America. The educational level is high, with a literacy 
rate of 99.7% [2]. Cuba has a high Human Development 
Index of 0.777 that ranks 73rd out of 188 countries in the 
world [3]. In respect to the economy, Cuba ranks as an upper 
middle-income country [4].

In Cuba, there is a unique state-run health system, with 
universal coverage and access (no exclusions), free of charge 
for the entire population [5]. The Cuban health system rests 
on the three key principles of the current strategy for univer-
sal health access and coverage as set forth by Pan American 
Health Organization/World Health Organization (PAHO/
WHO): health as a human right, equity, and solidarity [6].

The cornerstone of the national health system (NHS) is 
primary health care (PHC). Since 1984, the family medicine 
model has been implemented in the community. Its objective 
is to contribute to the improvement of the population’s health 
through integrated interventions for individuals, families, 
communities, and the environment [7]. The NHS has 92,084 
physicians (122 inhabitants per physician). The PHC has 450 
polyclinics (health-care areas), 13,131 family doctors in 
community clinics, and 10,869 basic health-care teams. Each 
team includes an internist, a pediatrician, and an obstetrician- 
gynecologist, among other specialists, who provide care for 
100% of the population [8].

The number of specialized nephrologists amounts to 433 
(57.3% of whom are women), a ratio of 38.35 per million 
population (pmp). A total of 229 general practitioners (GPs) 
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are enrolled in the 3-year specialty, provided in the 11 pro-
vincial medical universities categorized for postgraduate 
programs [9]. Human resource needs are established by the 
provincial health divisions, according to the number of 
 centers, incidence of kidney disease, and the age of the prac-
ticing nephrologists.

Specialists in nephrology work at the hospital level and 
also see patients in the polyclinics located in the 168 munici-
palities. They carry out actions that range from primary pre-
vention, care, consultations, referral to other specialists, 
rehabilitation through dialysis, and transplantation. In addi-
tion, they are involved in academic and research work accord-
ing to the needs identified at institutional, provincial, or field 
levels. For this purpose, the analysis of health situations at 
each level is used as an essential tool, with a comprehensive, 
interdisciplinary nature, including community participation 
and inter-sectoral collaboration.

Cuba, a country that has been subject to a financial and 
economic embargo for approximately 60 years, must incur 
extremely high expenses every year to respond to the inci-
dence and prevalence of patients with end-stage renal dis-
ease (ESRD). Although they are a minority of the population, 
these patients require medicines, consumables, and technol-
ogies for peritoneal dialysis (PD), hemodialysis (HD), and 
kidney transplantation [10]; all of them are internationally 
recognized as sources of inequities [11] in a country charac-
terized by an increase in noncommunicable chronic diseases 
and aging population.

 Brief History of Nephrology in Cuba

Nephrology was recognized as a specialty in Cuba with the 
creation of the Institute of Nephrology in December 1966. In 
the past, teaching, medical care, and research activities of 
this specialty were carried out by urology fellows/residents 
and pediatricians, the latter with outstanding activity since 
the decade of the 1950s [12].

In the capital, two pediatric centers stood out for the 
care of kidney diseases. In 1948, the first kidney biopsies 
were performed by puncture; a preliminary report was 
presented at the Congress of Pathology in La Plata, 
Argentina, in 1950. The report described the technique 
used in eight patients, and this work was published in the 
bulletin of the League Against Cancer later in the same 
year. Kidneys were localized through a pyelogram, and a 
special type of punch trocar was used which was called a 
microtome [13].

In the late 1950s and early 1960s, HD was sporadically 
performed on patients with acute kidney injury (AKI) and 
exogenous intoxications. With the establishment of the 
Institute of Nephrology by Professor Abelardo Buch López, 
whose name this institution bears today, a small program of 

intermittent dialysis (HD and PD) for patients with ESRD 
began, which led to the first successful kidney transplant 
from a cadaveric donor in February 1970. Once the specialty 
was recognized, the training of nephrologists began and the 
first graduation occurred in 1970.

The 1970s were marked by the expansion of nephrology 
care to the center and east of the country, which paved the 
way for the national coverage of the specialty: the perfor-
mance of kidney transplants from cadaveric donors and liv-
ing donors (first-degree relatives), kidney transplants in 
children [14], as well as the progressive development of care, 
teaching, and research, as well as the creation of related 
research laboratories (physiopathology, immunology, and 
nuclear medicine).

The Cuban Society of Nephrology was constituted in 
1974; it is a nongovernmental, civil, scientific organization, 
linked to similar societies. Since its creation, it has devel-
oped ten national congresses with international participation, 
as well as numerous courses, workshops, and training for 
both national and foreign nephrologists. The Latin American 
Society of Nephrology and Hypertension (SLANH) named 
Professor Abelardo Buch López, founder of the specialty in 
Cuba, as its honorary president.

In the 1980s, the nephrology national coverage was com-
pleted with the establishment of at least one nephrology cen-
ter with the possibility of providing dialysis treatment in 
each province. The national coordination center for dialysis 
and kidney transplantation was created with headquarters in 
the Institute of Nephrology. Since then, its main mission has 
been to advise and receive information from all the nephrol-
ogy centers in the country. This has made it possible to keep 
a record of all patients treated with RRT.

At the beginning of this century, the Cuban government 
decided to bring dialysis facilities closer to patients’ homes. 
Today, we have 56 nephrology centers with dialysis possi-
bilities throughout the country spread over 15 provinces and 
a special municipality, for a population of just over 11 mil-
lion inhabitants.

 Kidney Diseases in Cuba

Kidney diseases that require specialized care do not differ 
from that of most countries: hypertension, diabetes mellitus, 
polycystic kidney disease, glomerular diseases, uropathies, 
and others. Despite being geographically located in the 
Caribbean and close to Central America, there are no reports 
on chronic kidney disease of unknown cause (CKDu), also 
called Mesoamerican nephropathy.

In Cuba (2014) the main ESRD causes of the incident 
RRT patients were hypertension (37.1%), diabetes mellitus 
(32.1%), polycystic kidney (7.3%), and glomerular diseases 
(5.6%) [15].
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A research study comprising 1503 renal biopsies performed 
in adult patients between 1988 and 2007 at the Institute of 
Nephrology reported the main histopathological patterns of 
primary glomerular diseases: focal segmental glomeruloescle-
rosis (20.6%), mesangioproliferative glomerulonephritis 
(16.8%), minimal change disease (10.9%), infectious disease-
associated glomerulonephritis (6.9%), and membranous glo-
merulonephritis (5.0%), as well as the main secondary 
glomerular diseases: lupus nephritis (13.6%), benign nephroan-
giosclerosis (2.6%), and systemic vasculitis (1.3%) [16].

The epidemiological Cuban study ISYS (Isle of Youth, 
2004–2006) reported a chronic kidney disease (CKD) preva-
lence of 9.63% (stage 1, 3.02%; stage 2, 3.43%; stage 3a, 
2.26%; stage 3b, 0.71%; stage 4, 0.15%; and stage 5, 0.03%) 
in an adult population of 55,646 people [17]. The third 
National Risk Factors Survey reported a prevalence of CKD 
(glomerular filtration rate <60 ml/min/1.73 m2) of 5.4% [18].

In Cuba, the mortality rate adjusted for glomerular and 
kidney diseases (N00-N19, N25-N27) has had a slight 
increasing trend up to 4.4 per 100,000 inhabitants, and it 
ranks 13th in the country’s overall mortality in 2017 [8]. It is 
lower than the global adjusted mortality rate of 18.2 per 
100,000 inhabitants reported by the Global Burden of 
Disease Study in 2016 [19]. The third National Risk Factor 
Survey also measured the risk of having a glomerular filtra-
tion rate of <60 ml/min/1.73 m2, given the presence of the 
following risk factors: obesity 13.6%, diabetes mellitus 
13.2%, hypercholesterolemia 10.2%, arterial hypertension 
9.2%, smoking 5.9%, and alcohol consumption 3.5% [18].

The intervention strategy for the prevention of CKD has 
been based on the following pillars:

 (a) Integration with the noncommunicable diseases 
program

 (b) Primary health care
 (c) Medical care services for CKD patients brought closer to 

the communities
 (d) Interdisciplinary and inter-sectorial interventions
 (e) Surveillance
 (f) Human resource development and research

The Program for CKD Prevention (1996) is integrated 
into the noncommunicable diseases program, under the con-
trol of the Ministry of Public Health, which has facilitated 
the implementation and control of interventions [20].

Primary health care has favored the implementation of inte-
grated preventive actions for CKD and noncommunicable dis-
eases. The continuous assessment, risk evaluation, and 
classification of the population by family physicians are note-
worthy. This is an organized, continuous, and dynamic process 
that permits planned and programmed evaluation of interven-
tion on the health status of individuals and families, under the 
leadership and coordination of the basic health team.

People are screened and classified into four groups:

• Group I – apparently healthy people
• Group II – people at risk
• Group III – sick people, diagnosed with communicable or 

noncommunicable diseases
• Group IV – people with disabilities or handicaps

Screening records make it possible to assess the popula-
tion’s health status [7].

Bringing health-care services close to where patients live 
has been a fundamental principle in the intervention strategy. 
In addition to care provided by family doctors and basic 
health teams, nephrologists consult in certain areas of the 
country. Dialysis facilities have also followed such strategy 
through a regionalization plan.

The CKD prevention program emphasizes the active par-
ticipation of the organized community for the identification 
of risk groups, early diagnosis through the study of renal 
injury markers, specific treatment of underlying kidney dis-
ease, preventing or attempting to delay disease progression 
and complications, patient rehabilitation, and control of the 
environment, for which an interdisciplinary and inter- 
sectorial approach is required.

CKD surveillance is integrated into the systems of the 
Ministry of Public Health. Passive surveillance is carried out 
through the registration of deaths (mortality) [8], registration of 
screened patients by family doctors, and registration of dialysis 
and kidney transplantation. Active surveillance is carried out 
through national risk factor surveys and population- based pre-
ventive actions, carried out periodically in 1990, 2001, and 
2010 [18]. The human resource development plan and research 
to be carried out are scheduled according to the needs.

The CKD risk factor prevention program has made some 
progress including an improvement in social determinants, 
higher educational level in the population, control of environ-
mental pollution with a significant reduction in the use of agro-
chemicals in agriculture, reduction of low birth weight to 5.1%, 
smoking reduction to 23.7%, and reduction of overweight to 
28.9%, although obesity increased to 14.8%. In primary health 
care, there has been an increase in the diagnosis of diabetics 
(699,282), with effective glycemic control (<7 mmol/L) in 67% 
of them; an increase in diagnosed hypertension (2,531,803), 
with effective blood pressure control (<140/90 mm/Hg) in 50% 
of them; and more than 50% using antihypertensive agents with 
renal protective effect (inhibitors of angiotensin-converting 
enzyme). There is better control of infectious diseases; 14 infec-
tious diseases have been eliminated, including malaria, and 
there is a vaccination program against 18 infectious diseases, 
with coverage for 100% of the population [8, 18].

In primary health care, family doctors have increased the 
diagnosis of CKD, but it is still not enough based on the 
number of expected patients.
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 Renal Replacement Therapy in Cuba

Our country offers integrated kidney care to patients suffer-
ing from advanced CKD who require RRT; however, in the 
area of dialysis, 97% of patients are on standard HD ther-
apy with polysulfone membranes, the majority of them low 
flux dialyzers. Most water treatment systems are of reverse 
osmosis, a few with double pass reverse osmosis systems 
and heat sterilization. In addition, all provinces in the coun-
try have mobile water treatment systems. Convective thera-
pies are only practiced in a small number of patients and 
are being introduced in two nephrology centers in the 
capital.

The national pharma and biotechnology industries 
ensure the sustainability of HD with the production of con-
centrate for the HD instruments, whereas home-based PD 
is done by importing the consumables from leading PD 
companies. Nationally produced recombinant human 
erythropoietin is provided free of charge to all patients 
who require it [21].

The RRT methods are kidney transplant, HD, and PD; 
these three methods are not antagonistic, but rather comple-
mentary to each other; a patient can switch from one to 
another according to clinical, psychological, or social needs, 
thus extending their life expectancy [22]. The possibility of 
providing these three therapeutic modalities is known in the 
world as integrated kidney care.

CKD is a complex phenomenon, a chronic non- 
transmissible disease, considered to be a modern epidemic 
in the world, due to the increase in the number of cases 
each year, partly due to the increase in the life expectancy 
of the population, allowing more time to the development 
and/or to the increase in the prevalence of other patholo-
gies such as hypertension, diabetes mellitus, and obesity, 
which may lead to the development and/or progression of 
CKD.  Its magnitude is a serious medical problem over-
whelming the budgets of health-care services in all coun-
tries of the world, although with individual differences for 
each type of RRT; all separately and as a whole are costly 
techniques [23].

 Peritoneal Dialysis

In our country, both HD and PD have been used since the 
1960s. However, for circumstantial reasons, HD has had 
an adequate technological development, whereas PD 
began as a technique for hospital intermittent PD, per-
formed mainly by nurses, using dialysis solutions pack-
aged in nationally produced glass flasks. The medical team 

involved in PD, practically from the beginning, was in 
charge of recording and publishing their work experiences 
[24–28].

Continuous ambulatory peritoneal dialysis (CAPD) and  
automated peritoneal dialysis (APD), was introduced in late 
2007 and 2008, respectively, in both adult and pediatric 
patients, by the Institute of Nephrology, which is the govern-
ing center of the specialty in the country for the adults, and 
months later by the pediatric hospital in Havana that is the 
national pediatric reference center for kidney diseases.

Since it is a technique-based self-care, home-based PD 
has, among others, the advantage of being able to treat 
patients remotely, so from the Institute of Nephrology in the 
capital, patients are treated for all of the western provinces of 
the country; two other units are responsible for the care of 
the central provinces and another in the eastern area, using 
nephrology centers that are engaged in the performance of 
kidney transplantation and offer regional care.

After five decades using virtually the same open PD 
system, often three times a week, for 10 or 12 h each time, 
HD was, at the same time, incorporating global techno-
logical advances that allowed standard HD to be per-
formed. Then it became difficult for nephrologists and 
health authorities to promote greater numbers of patients 
treated with PD. It was said that someone in Europe made 
a remark during an international congress of nephrology 
that “peritoneal dialysis is a second-class procedure for 
third-class patients, performed by fourth-class physi-
cians” [12].

Once home-based PD was introduced in a small group of 
patients, it took some time to obtain results that supported 
the unavoidable need for changes in the distribution of 
patients treated with dialysis as an RRT method [29–34]. 
Since 2014, the Pan American Health Organization (OPAS) 
and the Latin American Society of Nephrology and 
Hypertension (SLANH) made a call to increase the rate of 
RRT in the countries of the region and to reach a 20% utiliza-
tion of home-based PD.

At the beginning of 2017, taking into account the results 
obtained up to that time, the public health authorities consid-
ered increasing the number of patients treated with home- 
based PD and decided:

• All pediatric patients who require this procedure may 
have access to it, with coverage for 100% of these patients.

• To reach an annual increase of 5% of the total number of 
patients treated with dialysis, until reaching a proportion 
of 10% of patients on home-based PD and 90% on HD in 
the next few years, a figure equivalent to the world aver-
age at that time. This would slightly represent more than 
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300 patients treated with home-based PD, as well as grad-
ually phasing out inhospital intermittent PD.

• Home-based PD should provide regional care; this mis-
sion will initially be fulfilled by hospitals that currently 
have kidney transplant services.

• The Institute of Nephrology is responsible for the training 
of nephrology specialists and nursing staff for the care 
and follow-up of such patients, as well as maintaining 
technical and methodological advisory.

Coincidentally, the Central American Association of 
Nephrology and Hypertension convened a meeting of 
experts in PD a few months later. This conference was held 
in the Dominican Republic, with the purpose of evaluating 
the situation of this therapy in each country and stimulating 
its use, as it is an efficient method and with a very good cost- 
effectiveness ratio. After 2 days of work, a consensus docu-
ment was issued, known as La Romana Declaration: 
“Peritoneal Dialysis, an Alternative to the Epidemic of 
Kidney Disease.”

Among other aspects, it was recommended to promote the 
use of home-based PD as an excellent option for RRT, to 
encourage research on PD in the region, and to stimulate the 
development and performance of health economics studies, 
both nationally and among the different countries of the 
region, as well as to discard programs of intermittent PD, a 
technique associated with high morbidity/mortality that 
demotivates and discourages patients from receiving dialysis 
treatment and is no longer recommended with current clini-
cal and scientific evidence. A summary of that consensus 
meeting was later published [23].

Cuba has been represented in all Latin American scien-
tific events (except the first one) and in the PD world con-
gresses since 2010, with the presentation of scientific papers. 
Nephrologists and nurses in charge of home-based PD have 
received training inside and outside the country. We organize 
and offer national and international courses accredited by the 
University of Medical Sciences of Havana.

 Hemodialysis

In 1957, the country’s first hemodialysis center for AKI and 
toxic coma was created [33]. Starting in 1966, with the rec-
ognition of the specialty and the creation of the Institute of 
Nephrology, ESRD care began in an organized manner with 
IPD and chronic HD. From that moment on, the creation of 
new nephrology centers with dialysis programs began slowly 
and progressively, for adult ESRD patients, in hospitals in all 
provinces and since 1980 in children [34].

International developments in the treatment of CKD in 
our country showed the magnitude of the problem. In all 
these years, HD development has been considered in the 
context of a more comprehensive health policy, which 
included prevention integrated with other noncommunicable 
diseases [35–39].

A nephrology center in the eastern part of the country 
developed a prototype of artificial kidney with proportional 
pump and single-pass dialysate, which was used in that unit 
and other centers in that region [40]. This project was later 
discarded, and the technology used has always been 
imported.

In 1986, the country’s first HD satellite unit was created, 
which also provided psychological, nutritional, and physical 
activity support to patients, interacting closely with caregiv-
ers [41].

The national medical-pharmaceutical industry produced 
PD solutions (in glass flasks) and acetate-based HD concen-
trates, which allowed an initial sustainability for both of 
them, with emphasis on HD that always predominated vs. 
proceeding with inhospital IPD.

The history of HD in Cuba is part of the achievements 
of the national health system and its uninterrupted 
improvement, in spite of the economic complexities of a 
poor country without access to international financing 
sources due to the economic and financial embargo of the 
United States [42].

The replacement of HD acetate-based concentrate with 
nationally produced bicarbonate-based one was achieved 
in 2002. The turning point in the HD development 
occurred in January 2003, marking the beginning of a 
stage of accelerated promotion of the specialty and devel-
opment of its human resources and strategic projection 
[43]. Fifteen new nephrology centers were inaugurated 
and another 10 already in operation that went from having 
4 or 8 HD stations to up to 18 or 22. The use of cellulose 
membranes was replaced and the reuse of needles and 
lines discarded.

But, taking into account the Ministry of Public Health’s 
policy regarding efficient and rational use of resources, reuse 
of dialyzer in the same patient is permitted. The dialyzer can 
be reused while the residual volume is higher than 80%. The 
average dialyzer reuse has been 10–12 times, but reuse is not 
allowed more than 15 times.

The national dialysis registry allows us to precisely know 
the number of patients and establish, based on this informa-
tion, the coverage of the needs of human, logistical, and 
financial resources for adequate care of these patients.

At present, after 15 years of priority care, despite all eco-
nomic and financial problems, HD treatment is performed in 
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56 nephrology centers, all of them state-owned. More than 
3300 prevalent patients are being treated, using nationally 
produced concentrated solutions for dialysis. Table  13.1 
shows the evolution and the current RRT scenario in Cuba. 
We use imported high-tech equipment such as HD machines 
and water treatment systems (reverse osmosis); hemodiafil-
tration (convective therapies) is in the introduction stage. 
There is a decrease of hepatitis B, with marked stability in 
recent years, as we use nationally produced vaccines. 
Moreover, there is a specialty development program which 
includes the creation of new nephrology centers until 2025.

 Renal Transplantation

The first successful kidney transplant in Cuba was per-
formed in the early 1970s at the Institute of Nephrology. In 
the following years, this technology extended to the rest of 
the island, and Cuba currently has nine centers accredited 
to perform kidney transplantation of cadaveric and living 
donors [44].

The transplant program covers the entire population as 
equitably as possible; there are five organizational zones 
led by a regional coordinator who reports to the National 
Transplant Organization (NTO). In addition, the major hos-
pitals have local coordinators who are responsible for iden-
tifying potential donors and interacting with the family in 
order to achieve organ and tissue donation. In Cuba, pre-
sumptive consent does not apply, i.e., families must approve 
donations. For now, donors are only used in the case of 
encephalic death; however, the first steps are being taken to 
include donors in controlled cardiac arrest. There is a 
unique selection program that is updated monthly and that 
takes into account criteria such as ABO and human leuko-

cyte antigen (HLA) compatibility, waiting time in RRT, 
age, and body weight. Likewise, patients under 19 years of 
age and patients with vascular capital depletion for HD are 
prioritized.

Traditionally, only first-degree relatives were accepted 
as living donors; however, at the end of 2015, in order to 
stimulate the performance of this type of transplants and 
in accordance with international practices, the donor 
selection criteria were broadened to include other types 
of relatives and patients emotionally related as children 
or spouses, which was approved in a resolution by the 
Ministry of Public Health and published in the Official 
Gazette [45].

During the cadaveric donor transplant operation, HLA 
typing and flow cytometry crossmatch are performed in most 
areas of the island; however, lymphocytotoxicity techniques 
are still applied in the eastern region, since the transplant 
system is not isolated from the economic impact of the 
embargo applied by the US government against the Cuban 
people. The preservation of the organs is done through sim-
ple hypothermia with standard preservation liquid. The 
organs are kept in the Acute Tubular Necrosis (NTA) from 
where they are distributed to the centers that will perform the 
grafts. Each transplant center is committed to serving a 
region that encompasses several provinces or municipalities, 
with their corresponding HD or PD centers. Such regions are 
also encouraged to create their pre-dialysis transplant con-
sultations so that patients with advanced kidney disease, who 
are not yet receiving HD or PD, may choose transplantation 
as a replacement for kidney function.

Transplant surgical teams include anesthesiologists, sur-
geons, urologists, and nurses. The selection of patients is 
made through an automated program with a single database 
where all patients eligible for transplantation are registered. 
Nephrologists are in charge of checking patients, selecting 
the immunosuppression according to the individual immu-
nological risk, and performing postoperative care. Most of 
the centers apply induction of immunosuppression with bio-
logical drugs, especially in cases of higher immune risk. The 
usual maintenance treatment is cyclosporine A or tacrolimus 
associated with mycophenolate mofetil or azathioprine and 
low doses of steroids [46]. Due to financial limitations, there 
are still very few patients with treatments based on other 
drugs such as everolimus or sirolimus, and there is no experi-
ence in Cuba with the application of belatacept. As with the 
rest of medical care, kidney transplantation, associated med-
ical care, and the main immunosuppressive drugs, both 
induction and maintenance, are free for patients.

Clinical follow-up of transplanted patients is usually done 
in the same transplant center. In fact, nephrologists coordi-
nate the rest of the specialized care required by transplanted 
patients. The main causes that affect the long-term survival 
of the graft are cardiovascular disease and chronic rejection 

Table 13.1 January 2019 report

Indicators 2007 2010 2011 2015 2016 2017 2018
Nephrology-HD 
centers in 
operation

47 48 49 51 51 55 56

Total number of 
patients on dialysis

2353 2560 2724 3148 3189 3289 3352

ESRD prevalence 
(pmp)

214 228.6 243.2 281.1 284.7 292 299.4

ESRD incidence 
(pmp)

100 96.1 97.8 110 95 97.6 107.3

HD prevalence of 
patients with 
functional native 
arteriovenous 
fistula (%)

72.5 74.1 72 72 73.8 83 74

HD gross mortality 
(%)

28.3 27.9 23.8 26.4 23.2 24.6 25.4

Program coordinating center. Kidney disease, dialysis, and transplanta-
tion. National Institute of Nephrology
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and to a lesser extent infections and cancer. The first-year 
graft survival rate of the first renal transplant was 80.4% 
(2013) [15].

The staff involved in kidney transplantation is trained in 
Cuba at the medical university and in different specialized 
centers, at no cost. Furthermore, there is a rich regional and 
global exchange through the Transplant Society of Latin 
America and the Caribbean (STALYC) and centers in Florida 
and Spain that support the training of specialists. Cuba is 
usually represented at regional and global congresses on kid-
ney transplantation.

The main challenges facing the Cuban transplant system 
and nephrology are to increase the number of patients fit for 
transplant among those undergoing HD and PD, reduce 
organ waste during operations, and increase graft survival 
per year, especially by reducing surgical complications. The 
main achievement is the equitable and free care to all the 
population of patients requiring kidney transplant on the 
island.

 Acute Kidney Injury and Critical Care 
Nephrology

Although the first cases of AKI were described at the begin-
ning of the last century, this disease was “rediscovered” dur-
ing the last world war in the form of crush syndrome. The 
concept of AKI as a syndrome was clearly and permanently 
established in the world medical literature in 1942, when 
Eric Bywaters and JH Dible studied poly-traumatized 
patients after the bombings of London in World War II [47]. 
This syndrome is usually presented as a serious and frequent 
complication in the clinical evolution of many diverse medi-
cal situations: the increase in complex and aggressive sur-
gery, scientific-technical progress applied to very critical 
patients that allow them to prolong their life long enough to 
develop AKI, increased use of nephrotoxic substances, popu-
lation aging, increased frequency and severity of accidents, 
traumas, catastrophes and natural disasters, as well as 
regional war conflicts have contributed decisively to the high 
prevalence of this condition, which offers an interesting par-
adox. By definition, it is potentially reversible and yet leads 
to death in more than half of the cases [46]. This persistently 
high mortality despite recent progress in pathophysiological 
knowledge, in diagnostic methods, and in the technological 
development of effective uremia treatments remains a major 
challenge for current medicine [48–50]. The modern man-
agement of AKI should be oriented in a multidisciplinary 
manner, requiring maximum understanding, intelligence, 
and effort from qualified personnel [51, 52].

In Cuba, in the prerevolutionary stage, there was no com-
prehensive health system that would allow us to accurately 
define the real behavior of the disease we are dealing with in 

the statistical order, which makes it practically impossible 
for us to compare current results with previous studies. At 
the beginning of the 1960s, the first research studies began 
under the leadership of Professor Abelardo Buch López, 
showing that the most frequent causes of AKI were incom-
patible blood transfusion, complicated abortion, and hemo-
dynamic disorders (shock), which determined that health 
actions were adopted in order to establish preventive and 
therapeutic measures.

In 1976, the Institute of Nephrology created a department 
with the function of a nephro-urological intensive care unit 
(ICU) that still maintains this profile; it is the only one with 
this characteristic in our country and one of the few in the 
world, specialized in both assistance, teaching, and research 
in multidisciplinary care of critical uremic patients. In the 
rest of the country, these patients are cared for with intensive 
multipurpose therapies and nephrological support. At pres-
ent, Cuba has a national health system with an extensive net-
work of polyvalent ICUs with more than 2200 beds, extended 
throughout the country, equipped with significant human and 
technological resources, providing specialized care to the 
entire population.

The number of people in the world who reach or exceed 
the seventh decade of life has increased, from just over 
400 million in 1950 up to 700 million today, with a forecast 
of over 1 billion in 2025; thus, the total population growth 
will be characterized in the near future by a growing propor-
tion of elderly people. This process, already in motion, is 
accompanied by a clear decrease in the birth rate and an 
ostensible increase in life expectancy, in such a way that 
demographic trends qualify population aging as a transcen-
dental change in the distribution of population in today’s 
world, turning it into a global phenomenon.

Our country, as a participant in the current world demo-
graphic development, is among the four most aged countries 
in Latin America and the Caribbean. In 1988, elderly Cubans 
represented 11.7% of the population; today they have 
increased up to 14%, and according to forecasts, the elderly 
in 2025 will reach 20.1% of the total population [53]. 
Population aging does not constitute a health problem; it is 
rather an achievement of humanity due to technical scientific 
developments. However, with aging, limitations begin to 
proliferate as well as a progressive risk of disease and death.

AKI in elderly people, within the framework of 60 years 
of age according to the classification of the WHO, has a 
much higher prevalence than in the general population, being 
considered by some to be a typically geriatric pathology. 
Volume depletion, hemodynamic alterations, nephrotoxic 
drugs, and urological obstructions are the main factors 
responsible for the onset of this syndrome. More and more 
elderly patients are being admitted to ICUs, leading to a sig-
nificant increase in the frequency of AKI in such patients, 
leading to prolonged hospitalization and high mortality, pos-
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sibly also conditioned by the severity of the same due to 
underlying diseases [54–57].

At the Congress of Acute Kidney Injury held in the 
Dominican Republic in April 2016, we presented our 
16-year work experience (1999–2015): 223 patients 60 years 
older or more, in which we concluded that there was a pre-
dominance of male patients with parenchymal causes. A 
high number of patients required dialysis treatment, post-
renal or obstructive causes accounting for almost half of the 
cases. If we take into account the total number of cases 
treated in that period, regardless of age, 1003 patients were 
treated in which there was a predominance of men over 
50 years of age and parenchymal causes, two thirds of all 
patients required dialysis treatment, and HD/ultrafiltration 
was used in most of these cases [57].

 Nephrology Practice in Cuba

The process to become a specialist in nephrology in Cuba is 
done through the residence in nephrology. First of all, the 
candidate must have a medical degree. Then, one of these 
criteria must be met: specialization in internal medicine or in 
general integral medicine (family medicine) or graduated as 
medical doctor with an academic index of 4.5 mark or more.

The training is done at institutions which have been 
accredited by the Ministry of Public Health and the Ministry 
of High Education. The residence program is given through 
learning modules at any nephrology center. The pathway 
requires 3 years of training. The first year should comprise 
24  weeks in an area of internal medicine and critical care 
patients followed by an additional 24 weeks at an internal 
medicine ward and intensive care unit and another area in 
basic nephrology at a nephrology ward. The last 2 years in 
nephrology should be focused on clinical nephrology, HD, 
PD, renal transplantation, pediatric nephrology, urology, and 
others. There is a theoretical and practical examination at the 
end of each year, as well as one thesis and a final theoretical 
and practical examination at the end of the residency [58].

The second half of the twentieth century was marked by a 
progressive and permanent development of nephrology prac-
tice from the perspective of RRT in ESRD patients, in accor-
dance with the development of technology and pharmaceutical 
industry linked to dialysis and transplantation. In Cuba, this 
phenomenon has occurred with a progressive increase in the 
number of nephrology centers and a response from the 
national medical-pharmaceutical industry, in terms of dialy-
sis concentrates, solutions, and medicines, but with a strong 
dependence on imports of technology and expendable 
resources from very distant countries due to the US embargo, 
which prevents the use of its powerful and closed market.

The development of nephrology in Cuba: on one hand, 
the training of specialized personnel – up to more than 400 

physicians and more than 1500 nurses specialized in nephrol-
ogy – in a population of just over 11 million inhabitants and, 
on the other hand, the development of specialized human 
resources, which has allowed the progressive increase of 
nephrology centers, with the aim of bringing them closer to 
patients’ homes and ensuring universal access.

There is a multidisciplinary staff at each of the nephrology 
centers, integrated by nephrologists, renal care, HD and PD 
trained nurses, psychologists, dietitians, and social workers.

Although the development of the medical pharmaceutical 
industry in Cuba has allowed a progressive increase in the 
coverage of nephrology practice, the conditions of being an 
underdeveloped country, with a GDP in the range of Latin 
American countries’ average income, dependent on imports 
and subject to the US strict embargo, have greatly hindered 
technological development in the medical sector in general 
and the nephrology sector in particular.

Within this context, convective therapies have been intro-
duced to adapt them to our conditions, to analyze their par-
ticularities, and to promote their subsequent implementation 
and extension to the rest of the country. All activities devel-
oped by the national health system are budgeted by the 
Cuban state, which has an important source in the system of 
taxes and duties established in the country. All care received 
by patients is free of charge, and there is no particular reim-
bursement policy linked to dialysis and transplantation.

 Conclusion

In Cuba, since the official recognition of nephrology as a 
medical specialty and the foundation of the Institute of 
Nephrology in 1966, a progressive development has hap-
pened, expressed in the performance of scientific work and 
medical publications, which has allowed at all times the 
exchange of experiences between Cuban and international 
nephrologists, mainly from the Latin American area, in 
national, regional, and global scientific events.

We have a unique health system that ensures universal 
and free coverage; there are 56 nephrology centers distrib-
uted throughout the country, which offer specialized nephrol-
ogy care, RRT coverage, the possibility of special laboratory 
tests, imaging, and kidney biopsy. For the care of such 
patients, the country has more than 400 nephrologists and 
1500 specialized nurses who have the possibility of taking 
periodic refresher courses.

In Cuba, the development of public health in general, 
and of nephrology in particular, has been hindered by the 
economic and financial embargo imposed by the United 
States for about 60 years, which makes the acquisition of 
equipment and supplies more expensive. In spite of this, 
we have had achievements and are renown in the interna-
tional arena.

R. Bohorques et al.
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Area1 1,964,375 km2

Population2 125,929,439 (2019)
Capital Mexico City
Three most populated cities 1. Mexico City – CDMX

2. Guadalajara – GDL
3. Monterrey – MTY

Official language Spanish
Gross domestic product (GDP)3 1.224 trillion USD (2018)
GDP per capita3 9180.00 USD (2018)
Human Development Index 
(HDI)4

0.767 (76° position, 2018)

Official currency Mexican peso (MXN)
Total number of nephrologists5 1196
National societies of nephrology Colegio de Nefrologos de 

Mexico
www.cnm.org.mx
Instituto Mexicano de 
Investigaciones Nefrologicas
www.imin.org.mx
Asociacion Nacional de 
Nefrologos de Mexico

Incidence of end-stage renal 
disease6

2016 – 355 pmp

Prevalence of end-stage renal 
disease6 (including patients with 
a functioning kidney transplant)

2016 – 1447 pmp

Total number of patients on 
dialysis (all modalities)6

2016 – 100,752

Number of patients on 
hemodialysis

2016 – 38,882

Number of patients on peritoneal 
dialysis

2016 – 61,870

Number of renal transplantations 
per year7

2017 – 3180
2018 – 3121
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 Introduction

Mexico is a federal republic composed by 32 states and 
2457 municipalities. Its official name is the United Mexican 
States. It has a land area of 1,923,039 square km and a total 
area (including the exclusive economic zone) of 5,120,679 
square km. To the north it shares a 3145 km common border 
with the United States of America (USA) and to the south-
east with Guatemala and Belize. The west and south are 
bounded by the Pacific Ocean and to the east by the Gulf of 
Mexico and the Caribbean Sea. It has a total population of 
125,929,439 inhabitants. The three largest agglomerations 
are the capital Mexico City (21.581 million), Guadalajara 

(4.980 million), and Monterrey (4.689 million). The general 
table summarizes the main information of Mexico [1–7]. 
Governmental powers are divided constitutionally between 
executive, legislative, and judicial branches. The legislative 
branch is divided into the senate and the chamber of 
deputies.

For 300 years, from 1521 to 1821, Mexico was Spain’s 
largest and richest colony in the American continent. After 
obtaining its independence in 1821, the country became an 
empire under Agustin de Iturbide. He was deposed in 1823, 
becoming a federal republic under the name of the United 
Mexican States. Throughout the nineteenth century, Mexico 
lived in constant civil unrest. By the end of the nineteenth 
century, it had had 2 emperors and 49 presidents. In 1836, 
the vast territory of Texas declared its independence, and 
after the invasion and defeat by the United States (1846–
1848), Mexico lost more than half of its territory, the area 
that is now California, Nevada, and Utah, most of Arizona 
and New Mexico, and parts of Wyoming and Colorado [8].

Mexico has a rich cultural history and diversity. In addi-
tion to Spanish, the official language, 68 native languages are 
spoken in the country. Geographically, it can be divided into 
ten major physiographic regions: Baja California, the Pacific 
Coastal Lowlands, the Mexican Plateau, the Sierra Madre 
Oriental, the Sierra Madre Occidental, the Cordillera Neo- 
Volcánica, the Gulf Coastal Plain, the Southern Highlands, 
and the Yucatán Peninsula (Fig. 14.1) [1, 9].

Peninsula de Baja California

Llanura Sonorense

Sierra Madre Occidental

Sierra Madre Oriental

Sierras y Llanuras del Norte

Grandes Llanuras de Norteamérica

Llanura Costera del Golfo Norte

Mesa del Centro

Eje Neovolcánico

Llanura Costera del Pacifico

Fig. 14.1 Political division and physiographic representation of the different provinces and sub-provinces in which Mexico has been divided, 
according to their geology and topography [1]
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Mexico’s macroeconomy has supported moderate growth 
despite several setbacks in recent years. Rising crime and inse-
curity are negatively affecting economic activity and the popu-
lation well-being, particularly the underprivileged and women. 
Tax revenues remain low, and fiscal policy has little redistribu-
tive impact resulting in high inequalities. Reducing the high 
informality (60%) will require actions in enforcement, taxa-
tion, business, and labor regulations to drive resources toward 
a more productive formal market. Increasing the low female 
labor market participation and expanding high-quality child-
hood education would improve school outcomes and increase 
equality of opportunities for higher productivity. It is expected 
that the economy will gradually grow by 1.6% in 2021. 
Consumption will be a key driver, together with higher mini-
mum wages and strong remittances. Declining interest rates 
will increase investment, and monetary policy will appropri-
ately become more flexible due to declining inflation and the 
prevailing slack in the economy. Boosting productivity will 
require more competition and continuing efforts to strengthen 
the rule of law and to reduce crime [10].

Modern Mexican health-care system began in 1943 with 
the establishment of the Ministry of Health (SSA by its 
Spanish initials) and the Mexican Institute of Social Security 
(IMSS by its Spanish initials). In 1959, the Institute of Social 
Security and Services for Civil Servants (ISSSTE by its 
Spanish initials) was created to provide social security to 
federal public sector employees and their families [11]. 
Although since 1983 health care became a constitutional 
right, Mexico has a health system characterized by its failure 
to offer universal protection in health to one-half of its citi-
zens. Access to renal replacement therapy (RRT) is limited 
or nonexistent for the uninsured population. Social security 
benefits, including universal access to dialysis and kidney 
transplantation, are only available to salaried workers 
employed by the private sector or by the government. 
However, they represent less than half of the country’s popu-
lation, and only a small percentage can afford private health 
insurance. As a result, over 50% of the population do not 
have access to social security benefits and cannot afford pri-
vate health-care services. This segment of the population 
seeks care at the facilities of Mexico’s Health Ministry, 
where access to renal replacement therapy (RRT) is limited 
or nonexistent [12].

The government Popular Insurance Program (Seguro 
Popular), which was established in 2003, intended to cor-
rect these disparities. After 15 years of its implementation, 
the percentage of the population with some type of public 
health insurance increased from 41% in 2002 to 81% in 
2015, Seguro Popular never covered RRT [12, 13]. In 
November 2019, the Mexican government replaced Seguro 
Popular with the Institute of Health for Welfare (INSABI). 
Although INSABI aims to provide universal access to 
health care to the population without social security, the 
fate of access to RRT remains uncertain [14].

 History of Nephrology in Mexico

The start of adult nephrology in Mexico is credited to Dr. 
Herman Villarreal-Cantu, with the opening of the nephrol-
ogy department at Mexico’s National Heart Institute (INC by 
its Spanish initials) in 1955, where the practice of hemodi-
alysis (HD) and kidney biopsy began in 1958 [15]. Two years 
earlier, in 1953, pediatric nephrology care was first offered 
by Dr. Rafael Soto-Allende and Dr. Gustavo Gordillo 
Paniagua at Mexico’s Federico Gomez Children’s Hospital’s 
(HIMFG by its Spanish initials) hematology and nephrology 
service. This was among the first pediatric nephrology pro-
grams in the world [16, 17]. In 1961, the pediatric nephrol-
ogy section became a separate service under the leadership 
of Dr. Gordillo- Paniagua.

In 1963, additional adult nephrology programs were 
established in Mexico City at the IMSS General Hospital by 
Dr. Emilio Exaire-Murad and at the Instituto Nacional de la 
Nutrición (INNSZ by its Spanish initials) by Dr. José Carlos 
Peña-Rodriguez. Additional pediatric nephrology services 
opened at the IMSS’s Children’s Hospital in 1963 by Dr. 
David Santos-Atherton and at the Mexican Pediatrics 
Institute (INP by its Spanish initials), by Dr. Samuel 
Zaltzman in 1970 [18].

The first successful kidney transplant in Mexico was per-
formed in 1963 at the IMSS General Hospital, from a living 
donor, followed 4 years later by the first deceased donor kid-
ney transplant [19]. The first pediatric kidney transplant was 
performed at the HIMFG in 1967 [17, 20].

Nephrology training began at the INC in 1958, followed 
by the IMSS General Hospital and the INNSZ in 1963 and 
by ISSSTE’s Hospital 20 de Noviembre in 1976 [15]. 
Pediatric nephrology training began at the HIMFG in 1963 
[15, 20]. The Mexican Board of Nephrology (CMN by its 
Spanish acronym), a board certifying organization, started its 
activities in 1985 [21].

Established in 1967, the Sociedad Mexicana de Nefrología 
was the first nephrology society in the country, being its first 
president Dr. Herman Villarreal-Cantu [15]. It became the 
Mexican College of Nephrology (CNM, by its Spanish ini-
tials) in 2005 [22]. Since then, two additional nephrology 
societies have been established: the Instituto Mexicano de 
Investigaciones Nefrologicas (IMIN), in 1970, and the 
Asociación Nacional de Nefrólogos de Mexico (ANNMAC) 
in 2007 [23, 24]. Nefrologia Mexicana, the official journal of 
the Sociedad Mexicana de Nefrología, was established in 
1980 [25].

Noteworthy were the organization of the 5th 
International Society of Nephrology (ISN) International 
Congress of Nephrology in Mexico City, 1972 [26], and 
the 1st International Peritoneal Dialysis Symposium, June 
1978, in Chapala, Mexico, where continuous ambulatory 
peritoneal dialysis (CAPD) was the “hot topic” of the con-
ference [27].
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 The Mexican Health-Care System

Health services in Mexico are provided through a variety of 
subsystems. The largest of these is the IMSS, which pro-
vides health-care services for formal private workers. The 
ISSSTE provides similar services for federal government 
employees. Other key institutions include the network of 
the Ministry of Health’s State Health Services (SHS), for 
those without employment linked insurance. Only patients 
and their families with social security have universal access 
to end-stage renal disease (ESRD) replacement therapies. 
After the introduction of Seguro Popular (SP) in 2003, pub-
licly funded health insurance extended to 50  million 
Mexicans who were previously uninsured. Prior to Seguro 
Popular, these individuals would have had access to the 
Ministry of Health’s SHS but have been liable to a user fee 
[28]. Unfortunately, Seguro Popular never covered ESRD 
treatment, except for kidney transplantation in children 
<18 years of age.

Although the lack of infrastructure and human resources 
in the Ministry of Health’s SHS facilities as well as geo-
graphic barriers limits the access to renal replacement ther-
apy (RRT) to patients without social security, the most 
important factor is that access to dialysis and transplanta-
tion in this population is limited only to patients who can 
afford to pay part or all of the treatment expenses. As a 
consequence, many uninsured patients refuse dialysis, 
eventually abandon their treatment, or lose their kidney 
grafts because sustaining dialysis or immunosuppression 

becomes unaffordable. This results in marked disparities 
between the insured and uninsured populations with access 
to RRT. By 2015, the treated ESRD incidence and preva-
lence rates in the population with social security were 281 
and 1357 per million population, respectively, whereas 130 
and 200 per million population were uninsured, respec-
tively (Fig. 14.2) [12].

 Renal Diseases in Mexico

 Chronic Kidney Disease

Chronic kidney disease (CKD) is a public health problem in 
Mexico with an estimated gross mortality of 40.3 deaths per 
100,000 population [29]. Between 1990 and 2013, CKD bur-
den increased, with an age standardized years of life lost and 
disability-adjusted life year (DALY) rates rising to >130%, 
the second highest DALY rate due to CKD in the world [30]. 
It has been estimated that 8.5% of the Mexican population 
has CKD [31]. Reported CKD prevalence in specific 
population- targeted screening varied between 16% and 33% 
[32–34].

Like many other countries, Mexico lacks a national 
dialysis registry. Reports from the Jalisco Registry esti-
mate an annual incidence rate of 411 per million popula-
tion and a prevalent rate of 1556 per million population. 
Over half of new ESRD patients have a primary diagnosis 
of diabetes [6].
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 Acute Kidney Injury

Reports on the epidemiology of acute kidney injury (AKI) in 
the country are few. In a recent review of reports on AKI in 
Latin America, published between 1990 and 2016, only nine 
(14%) articles were from Mexico. Eight of these studies 
were hospital-acquired AKI cases and one in community- 
acquired AKI. Reports on the pediatric population were also 
underrepresented; only one study was on hospital-acquired 
AKI in children [35].

A new review has increased the number of reports to 15, 
2 of them in children, comprising 852 patients. The preva-
lence on admission to acute care facilities varied between 
3.1% and 69%, reflecting the selection criteria and the set-
ting of the study. Over half (53–75%) of the adult cases were 
males. Sepsis was the main risk factor in the majority of the 
reports, except in AKI in pregnancy, where preeclampsia 
represented two-thirds of the cases. Average mortality 
reported was 38%, being twofold higher in the pediatric pop-
ulation. When reported, progression to ESRD ranged from 
1.1% to 75% of the cases (Table 14.1) [36–50].

Table 14.1 Pooled data published on AKI studies in Mexico

Author N Prevalence Setting Males (%) Etiology n (%)
Pediatric 
y/n

Mortality 
n (%)

RRT n 
(%)

ESRD 
n (%)

Córdova- 
Sánchez [36]

270 69% Oncology
ICU

130 (48) Sepsis 99 (36.6), congestive heart 
failure 18 (6.6)

n 81 (30) 5 (1.8) 3 (1.1)

Vázquez- 
Rodríguez [37]

63 5% Ob/Gyn
ICU

Severe preeclampsia 41 (65); 
eclampsia 4 (6.3); obstetric
hemorrhage with hypovolemic 
shock 3 (4.7); sepsis 3 (4.7); other 
12 (19)

n 1 (1.5) 1 (1.5) 3 (4.7)

Valdez-Diaz 
[38]

10 4.6% Cardiac 
angiography

n/a Contrast media 10 (100) n 0 0 n/a

Santibáñez- 
Velázquez [39]

55 11.2% Tertiary-care 
facility ICU

40 (73) Sepsis 25 (45);
postsurgical 19 (34.5); SIRS 5 
(9);
AMI 3 (5); other 3(5.4)

n 19 (34.6) 55 (100) n/a

Alba [40] 12 54% Tertiary-care 
facility

n/a Pneumonia, UTI, infected 
surgical wound, abdominal 
abscess

n 1 (8.3) n/a n/a

Cruz-Martinez 
[41]

78 n/a Tertiary-care 
facility ICU

53 (67.9) Sepsis 22 (28.2), trauma 10 
(12.8), decompensated DM 11 
(17.9), cerebral neoplasia 4 (5.1), 
AMI 3 (3.8), other 28 (35.8)

n 22 (28) 21 (26.9) n/a

Higuera-de la 
Tijera [42]

41 57% Tertiary-care 
facility

n/a Hepatic encephalopathy 28 
(92.6); UGI bleeding 10 (24.3); 
alcoholic hepatitis 3 (7.3)

n 37 (90) n/a n/a

Moguel- 
González [43]

28 17% Tertiary-care 
facility

15 (53.5) Cardiac surgery 28 (100) n 10 (52.6) 9 (32%) n/a

Chavez- 
Iñiguez [44]

113 n/a Tertiary-care 
facility

77 (68.1) Sepsis 35 (31%); CHF 25 (22.8); 
DKA 15 (12.7)

n 38 
(43.6)

Meraz-Muñoz 
[45]

87 54% Tertiary-care 
facility

46 (52.8) Sepsis 37 (42.5); contrast media 
21 (24.1); aminoglycosides 21 
(24.1); other 8 (9.1)

n n/a n/a 22 (75)

Bautista [46] 17 53.5 Tertiary-care 
facility ICU

13 (76.5) AH1N1 influenza with ARDS 
(all)

n 6 (35.2) n/a n/a

Vega-Martinez 
[47]

20 3.1% Tertiary-care 
facility ICU

11 (55) Sepsis 18 (90) n 5 (25) n/a n/a

Ortega- 
Hernández 
[48]

15 19.2% Tertiary-care 
facility
CCU

11 (73.3) Acute coronary syndrome n 5 (33) n/a n/a

Martínez- 
García [49]

33 36% Pediatric ICU n/a Sepsis 33 (100%) y 25 (75.7) n/a n/a

Cueva-Lepe 
[50]

10 n/a Pediatric ICU 3 (30) Congenital heart disease 8 (80%); 
sepsis 1 (10%); status epilepticus 
1 (10%)

y 7 (70) All 0

RRT renal replacement therapy, ESRD end-stage renal disease, ICU intensive care unit, AMI acute myocardial infarction, UTI urinary tract infec-
tion, DM diabetes mellitus, UGI upper gastrointestinal, CHF congestive heart failure, DKA diabetic ketoacidosis, ARDS acute respiratory distress 
syndrome
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 Renal Replacement Therapy in Mexico

 Peritoneal Dialysis

For many years the treatment of choice for ESRD in Mexico 
has been peritoneal dialysis (PD). PD began in Mexico 
shortly after being considered as a viable option for chronic 
dialysis in the late 1970s. Its dominance as a dialysis modal-
ity was not planned. A contributing factor was the 1985 
Mexico City’s earthquake, when a large number of public 
hemodialysis (HD) facilities were damaged, which obligated 
the use of PD on a larger scale. Later events favored the use 
of PD. First, it did not require special installations; second, it 
could be prescribed and delivered by non-nephrologists in 
secondary-care health facilities; and most important, it was 
found to be less expensive and therefore more affordable 
than HD, especially in the public health sector.

Most of the information on PD comes from IMSS, the 
largest dialysis provider in the country. The growth of popu-
lation on PD has been spectacular over the last two decades. 
While in 1996 over 6000 patients were on PD [51], a recent 
study reported that 55,101 patients were on some form of 
RRT; 59% of them were on PD, 27% on automated PD 
(APD), and 32% on continuous ambulatory PD (CAPD). 
The HD population has also grown with respect to the previ-
ous years, currently representing 41% of the dialysis popula-
tion [52].

There are few reports on PD outcomes. In 1997, in a 
single- center report, catheter failure was found in 68% of the 
cases, mainly due to mechanical dysfunction. At the end of 
the first month, only 55% of the catheters were still function-
ing. The most frequent failure was observed in patients with 
intermittent PD, a modality often used at the time [53]. 
Subsequent studies showed an improvement in the 1-year 
catheter survival at 61% for surgical-inserted catheters and 
61–80% 1-year survival for percutaneous-inserted catheters 
[54, 55].

Similarly, a progressive reduction in the rates of peritoni-
tis has been observed over the years. A report in 1996 showed 
a rate of 0.8 episodes/year [51], and a controlled clinical trial 
with a twin-bag disconnect system in CAPD patients reported 
a rate of 0.06 episodes/year [56]. In 2002, a peritonitis rate of 
0.04 episodes/year was found in a study on PD adequacy 
[57]. In a more recent study, the rate was 0.163 episodes/
year. Risk factors were male gender, low income, and low 
number of hours of patient training. The profile of bacteria 
detected was similar to that of other countries, with a pre-
dominance of Staphylococcus species, frequently associated 
with infection of the exit site [58]; however, in 40% of the 
cases, PD fluid culture was negative. Similar results have 
been reported among the uninsured CAPD population [59]. 
Peritonitis rates on APD have been estimated at 0.33 epi-
sodes per year [60].

Reports on quality of care are also scant. In a prospective 
multicentric study, only 40% of patients had hemoglobin lev-
els within the levels recommended by clinical guidelines 
[61]. Erythropoietin was used in 13.5% of patients on CAPD 
and 28.1% on APD patients. The annual frequency of blood 
transfusions ranged from one to three on CAPD and one to 
two on APD. In a cohort of prevalent PD and HD patients, 
calcium and phosphorus metabolism-related variables were 
analyzed at baseline and followed for more than a year [62]. 
The percentage of PD patients within target limits was 35% 
for phosphorous, 32% for calcium, and 12% for PTH. The 
most frequent pattern was hyperphosphatemia, hypercalce-
mia, and low PTH. The latter was more frequent in CAPD 
patients, probably due to the high percentage of diabetic 
patients. Hypercalcemia was more frequent in PD probably 
due to high calcium concentration in PD solutions, which is 
the only type available in Mexico. Other important finding 
was the high number of CAPD patients with hypophosphate-
mia (21%), which seems related with malnutrition. The same 
pattern has been found in other studies in Mexican popula-
tion. Low level of 25OH-VitD is a frequent finding among 
Mexican PD patients [63].

Due to the lack of a national registry, the analysis of 
mortality and technique failure in PD in Mexico comes 
from single-center reports, clinical studies, and databases 
generated for administrative ends. In a report from an IMSS 
tertiary- care facility, estimated CAPD patient survival at 1, 
2, and 3  years was 90%, 78%, and 72%, respectively. 
Reported technique survival at 1, 2, and 3 years was 90%, 
61%, and 50% [64]. Outcomes on uninsured PD patients 
have shown worse results. Reported patient survival at 1, 2, 
and 5  years was 79%, 55%, and 22%, respectively [65]. 
Additionally, another study reported a threefold higher 
mortality in uninsured patients starting dialysis in Mexico 
in comparison to Hispanic patients in the United States 
[66]. The high mortality was attributed to the advanced 
stage of kidney disease at the time of dialysis initiation and 
to the lack of pre-dialysis nephrology care. In a controlled 
clinical trial, the reported mortality rate was 15 per 100 
patient-year at risk [57]. In another report, 24% of patients 
died during an 18-month follow-up [62]. Based on data-
bases generated by the system for home delivery of dialysis 
solutions, between 2009 and 2012, gross mortality was 
27.84% (unpublished data). In all the studies, the most fre-
quent cause of death was cardiovascular disease (>40%), 
and the most frequent cause of technique failure was 
peritonitis.

APD was introduced in Mexico in 1998. Reported out-
comes on APD are superior to CAPD. Patient survival at 1, 
2, and 3 years was 82%, 62%, and 52% on APD versus 62%, 
49%, and 42% on CAPD.  Technique survival at 1, 2, and 
3 years was 76%, 56%, and 56% for APD and 67%, 45%, 
and 42% for CAPD [60].
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The cost of RRT has important variations according to the 
source of information. Data from IMSS indicate expenses of 
US$ 2562 per patient/year for CAPD and US$ 3842 for APD 
[52]. However, in a more detailed analysis, direct medical 
cost was estimated in US$ 16,452, being higher in APD than 
in CAPD, but the difference was not statistically significant 
[67]. Annual funding for patients on PD in Mexico has been 
recently estimated at close to US$ 5000 [68].

 Hemodialysis

HD was introduced in Mexico in the late 1950s at the INC 
[15, 69]. Initially it was used for the treatment of patients 
with AKI [70]. The first series of patients with chronic HD 
was reported at the INNSZ in the early 1960s [71, 72].

Since its introduction, Mexico has experienced a significant 
increase in the incidence and prevalence of treated ESRD [73]. 
However, the growth of HD was limited because PD rapidly 
became the treatment of choice for ESRD, especially in the pub-
lic sector, for reasons explained before. Nevertheless, over the 
last decade, the number of HD patients has increased, and cur-
rently close to half of ESRD patients on RRT at IMSS are on 
this modality [52]. This was largely due to the hiring of private 
dialysis facilities, the majority owned by industry, to provide 
treatment to the large number of patients in whom PD failed. As 
the capacity of private HD units increased, a significant number 
of patients were offered HD as a first option. As a consequence, 
by 2013, the number of patients on PD had declined close to 
one-half of the dialysis population (Fig. 14.3) [12].

Similar to PD, reports on outcomes on HD are few and 
disappointing. A survival analysis on uninsured HD patients 
showed a three-year mortality rate of 56.7% among patients 
without a health insurance, compared to 38.2% among those 
with social security [74]. The higher mortality was attributed 
to inadequate dialysis because patients without medical 
insurance must face the financial burden of receiving ade-
quate treatment [75]. A cross-sectional study in 83 public 
and private HD units from the 32 states in Mexico revealed 
that over half of them did not meet the standards of care 
defined by the Ministry of Health [76]. Close to half of the 
units were classified as delivering poor or very poor quality 
of care, and over three-fourth scored <70% on infrastructure 
requirements. Out of 818 patients, only 8% of the patients 
had an AV fístula. The average number of dialysis sessions 
was 1.3/week, and only 37% of the patients were receiving 3 
sessions per week. Kt/V was not estimated in over half of the 
patients, and in those who it was measured, 45% had a 
Kt/V  <1.2. The mortality rate ranged from 5.2 per 100 
patients in the good quality units to 21 per 100 patients in the 
poor ones, with an average mortality of 10.7 per 100 patients. 
The estimated annual funding per patient has been estimated 
at over US$ 9000 [68, 76].

Although by law hemodialysis units must screen patients 
for hepatitis B and C every 4 months [77], due to the lack of 
data collection, reports on the prevalence of hepatitis B and 
C are scant and outdated. In a cross-sectional study that 
included 368 patients on maintenance hemodialysis at the 
IMSS, 7% were positive to hepatitis B, 30 times higher in 
comparison to the general population [78]. The prevalence of 
hepatitis C has been reported in 6.7–12.7% of the HD 
patients [79–81].

The use of hemodiafiltration and continuous renal replace-
ment therapy (CRRT) is minimal and is largely available 
only in public tertiary-care hospitals and private facilities. A 
successful hemodiafiltration program has been implemented 
at the National Heart Institute with good results [82]. 
However, if access to conventional hemodialysis is limited, 
the possibility of increasing the use of hemodiafiltration and 
CRRT seems remote.

There are close to 400 dialysis units in public hospitals and 
over 3000 private hemodialysis units in Mexico [52, 83]. The 
size of the units varies between 10 and >100 dialysis stations. 
By law, the practice of hemodialysis in Mexico requires the 
presence of one certified nephrologist per dialysis shift (8 h) 
and one registered nurse for every four patients. Only nephrol-
ogists are allowed to prescribe the treatment. The dialysis 
nurse must approve a 6-month course on the technique of 
dialysis in an authorized training center. The law requires that 
presence of a renal dietitian and a psychologist for at least 
2 days a week. However, it has been reported that only 52% 
of the units met these requirements [76]. Dialysis technician 
as a profession does not exist in Mexico [77, 84].
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Fig. 14.3 Trends in dialysis prevalence using in-center hemodialysis 
or peritoneal dialysis, 2000–2013. (With permission from Garcia-
Garcia et al. [85])
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Dializer reuse is allowed, and it is widely used in both 
public and private dialysis units. It requires informed con-
sent by the patient, and the dializer can be reused up to 12 
times. Reuse is forbidden in patients positive for HIV and 
hepatitis B and C.  The reuse of dialysis tubing is strictly 
forbidden [77].

 Renal Transplantation

The first successful kidney transplant in Mexico was per-
formed in 1963. In 1984 legislation on organ and tissue 
transplantation was introduced resulting in a significant 
increase in kidney transplantation activity in Mexico. 
Between 1984 and 2015, the kidney transplant rate 
increased from 1.57 to 22.8 pmp, and the percentage of 
deceased donor kidney transplantation increased from 12% 
to 33%; organ- donation rate increased from 6.4 pmp in 
2006 to 16 pmp in 2015 [85]. By 2018, over 50,000 kidney 
transplants had been done in Mexico [86]. Overall kidney 
transplant rates are similar to those reported in high-income 
countries and are among the highest in Latin America [87, 88]. 
However, this success has not been shared equally by the 
uninsured population. Because Seguro Popular does not 
pay for the cost of kidney transplantation and immunosup-
pressive therapy, transplantation rates are significantly 
lower (130 per million population vs 13 per million popula-
tion) among patients without social security (Fig.  14.4) 
[12]. Consequently, the largest percentage of kidney trans-
plants are performed at social security transplant facilities 
(56%), followed by the private sector (25%), and lastly by 
the Ministry of Health (19%). At present there are 389 
licensed centers to practice transplantation, and over 15,000 
ESRD patients are on the waiting list [86].

Organ donation and kidney transplantation rates are 
unequally distributed in Mexico. A recent analysis of 
deceased donor (DD) kidney transplantation, between 2007 
and 2018, revealed that half of the organs were retrieved 
from only 5 out of 32 Mexican states (Mexico City, Jalisco, 
Nuevo Leon, Guanajuato, Estado de Mexico); 43% were 
obtained in 14 states; and only 6% came from the remaining 
23 states of the country. As a result, over half of DD kidney 
transplants were done in four states (Mexico City, Jalisco, 
Nuevo Leon, and Guanajuato). Overall, the largest percent-
age (45.8%) of DD kidney transplants was done in social 
security facilities, 42.7% in the Ministry of Health hospitals, 
and 11.7% in private institutions [86, 89].

The National Transplantation Center (CENATRA by its 
Spanish initials), an agency of the Ministry of Health, over-
sees organ donation and transplantation in Mexico. 
CENATRA promotes organ donation and education of 
transplant professionals, while documenting all donation 
and transplant activities through the National Transplant 
Registry. CENATRA is directly involved neither with organ 
procurement or transplantation nor with the distribution 
and allocation of DD organs; Mexican law delegates those 
decisions to each hospital transplant committee. CENATRA, 
however, oversees all transplant activities in collaboration 
with the Federal Commission for Protection against 
Sanitary Risk (COFEPRIS), the regulatory agency that 
license all transplant centers [90]. Although there are no 
relevant legal, social, or religious obstacles for deceased 
donation, Mexico has an organ donation rate of 3.9 per mil-
lion population (pmp), significantly lower than other Latin 
American countries like Colombia (8.9 pmp), Argentina 
(13.4 pmp), and Uruguay (18.9 pmp) [91]. Low DD rates 
are at least partly explained by a fragmented and poorly 
coordinated organ procurement system. Although there is a 
national coordinating center, every state independently 
coordinates the logistics of organ procurement and alloca-
tion. There is national waiting list, but in practice each 
transplant facility manages its own waiting list. Procured 
organs are first offered to patients listed in the hospital 
where the donation has occurred. If there are no suitable 
receptors in that center, organs are offered first to other cen-
ters belonging to the same health system (IMSS, ISSSTE, 
Ministry of Health, or private sector). Finally, if no candi-
date is eligible within the same sector, the organs are 
offered to any institution with a suitable receptor [92]. 
Organ distribution is prioritized by time spent on the wait-
ing list, not by HLA matching, which is rarely performed. 
As a result, patients listed in public hospitals, with larger 
waiting lists, must wait longer for an organ than patients 
listed in private facilities, where the list is normally smaller. 
In addition, health professionals in public hospitals work 
for a fixed salary. The lack of additional reimbursement for 
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transplant procedures results in lower organ retrieval and 
transplantation, especially on weekends and holidays at the 
public transplant facilities [85].

With certain restrictions, unrelated living donation is 
allowed in the Mexican legislation. A recent analysis of LD 
transplant activity between 2015 and 2017 revealed that 730 
non-related donors were accepted, representing 11.3% of 
total LD transplants and 8% of total kidney transplants done 
in that period. Interestingly, unrelated donor transplant rep-
resented 7% of total LD transplants in public institutions as 
compared with 27.4% in private institutions [86, 89]. 
Although the benefits of living donor kidney transplantation 
are recognized, the poorly organized deceased donor organ 
system in Mexico results on the utilization of LD as the main 
source of organs for kidney transplantation, with the risk of 
coercion and commercialization.

Currently, over 15,000 patients are registered on the wait-
ing list for deceased donor kidney transplantation [89]. 
However, this number underestimates the total number of 
patients in need for kidney transplantation, since uninsured 
ESRD patients are underrepresented in the list.

 Pediatric Nephrology

 Epidemiology of Pediatric CKD in Mexico

Data analysis from the Latin American Registry of 
Transplantation and from the HIMFG showed that in close to 
60% of ESRD patients the etiology is unknown, followed by 
congenital abnormalities of kidney and urinary tract 
(CAKUT) and glomerular disease [93, 94].

CKD risk factors in children, like prematurity, overweight, 
and obesity, are highly prevalent in Mexico. It is estimated 
that 6.6% of deliveries are preterm [95]. Results from the 
Halfway National Health and Nutrition Survey 2016 reported 
that 21.4% of girls and 16.2% of boys were overweight, while 
10.2% and 13.2%, respectively, were obese [96].

Reports on the prevalence of CKD in children are few. 
Koshi et  al. detected proteinuria in 16.1% in children 
screened on World Kidney Day; 15% had BMI > 95th per-
centile for age [97]. In apparently healthy children in 
Calvillo, Mexico, a region with allegedly high prevalence of 
CKD, 8.3% had proteinuria, 2.9% had proteinuria and hema-
turia, and 0.25% had eGFR <60 ml/min/1.73 m2 [98]. Having 
a first- or second-degree family with kidney disease has been 
reported a risk factor for CKD [99, 100]. In a report on 
asymptomatic Mexican children with family history of RRT, 
24% had urinary tract abnormalities, and 63.6% had CKD 
stage 2 [101]. When screening children with known risk fac-
tors, 33% presented abnormal urinary findings, and 2.2% 
had an eGFR <60 ml/min/1.73 m2 [102, 103].

 Renal Replacement Therapy

Kidney transplantation is the best option for children with 
ESRD. The results of graft and patient survival in Mexican 
children are similar to those reported by other registries. 
Data from the Latin American Pediatric Kidney 
Transplantation Registry (RELATREP) reported a 4-year 
patient survival of 92.6%; LD and DD 4-year graft survival 
were 87% and 79%, respectively. Graft loss was due mainly 
to chronic allograft rejection (18%), vascular thrombosis 
(18%), and acute rejection (14%); 17% of the patients died 
with a functioning kidney graft; main causes of death were 
infectious diseases (63%) and cardiovascular complications 
(25%) [94, 104, 105].

The most common RRT used in Mexican children is 
PD. In a report from IMSS, out of 1342 children on RRT in 
2009, 94% were on PD and 6% on HD [106]. Reported inci-
dence of peritonitis varies from 0.25 to 0.63 episodes/patient- 
year [107, 108]. In a small single-center study, nosocomial 
peritonitis in children on PD occurred in 22% of the patients 
[109].

Outcomes on HD in the pediatric population are missing. 
Due to its high cost, few public hospitals offer CRRT for 
children; this option is offered mainly in private facilities. 
Programs to assist in the transition from pediatric to adult 
care are inexistent.

Similar to the adult population, uninsured children have 
limited access to dialysis and kidney transplantation. ESRD 
children without social security must pay for their 
treatment.

Many abandon their treatment or lose their kidney graft 
when dialysis or immunosuppression therapy becomes unaf-
fordable. In 2012, Seguro Popular began a pilot program to 
pay for kidney transplantation (including a fixed period of 
pretransplant hemodialysis) in children ≤17  years without 
social security. Despite its success, the future of the program 
is uncertain due to drastic cuts in the national health budget 
made by the new federal administration [110].

There some are important issues regarding immunosup-
pressive therapy for children in Mexico. First, there are no 
pediatric formulations for most of the drugs commonly used 
in organ transplantation (tacrolimus and mofetil mycopheno-
late); it has been reported that the manipulation of adult for-
mulations introduces a source of error [111]. Generic 
immunosuppressive drugs are widely available; however, 
there is a growing concern about the quality of some of the 
drugs provided [112]. In a population study of tacrolimus 
pharmacokinetics in Mexican pediatric transplant patients, 
the drug formulation and the CYP3A5 genotype were the 
most important covariates affecting tacrolimus concentra-
tion. A calculator has been developed to facilitate dose indi-
vidualization in children [113].
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Finally, despite the shortage of pediatric nephrologists in 
Mexico, the lack of opportunities to work in public and pri-
vate institutions forced many to work as general pediatri-
cians or as nephrologists in charge of adult hemodialysis 
facilities.

 Nephrology Practice in Mexico

 Nephrology Workforce

Based on an analysis of the Mexican Board of Nephrology 
(CMN for its initials in Spanish) database and the results of 
a recent online survey of all Mexican nephrology training 
programs, by February 2019, there were 1196 board- certified 
nephrologists practicing in Mexico (976 adult and 220 pedi-
atric) [114]. The national rate of nephrologists was 9.1 per 
million population (pmp), but there were marked differences 
among states. Mexico City had the highest rate (45 pmp), 
followed by Jalisco (16–20 pmp) and Nuevo Leon (11–15 
pmp). Incidentally, these three states have the highest GDP 
in the country. Most of the remaining northern and central 

states had rates between 6 and 10 pmp, and with few excep-
tions, the less developed southern states had rates between 0 
and 5 pmp (Fig. 14.5).

Regarding nephrology training capacity, currently, there 
are 24 adult and 6 pediatric nephrology training programs. 
Prior training requirements for adult and pediatric nephrol-
ogy are at least 2 years of internal medicine and 3 years of 
pediatrics, respectively; the length of adult and pediatric 
nephrology fellowships is 3 and 2 years, respectively [115]. 
A total of 166 annual positions (132 adult and 34 pediatric) 
are offered to Mexican and foreign candidates, and the ratio 
of applicants to offered positions is 2:1 for adult and 1:1 for 
pediatric nephrology. Considering an annual output of new 
Mexican nephrologists of 114 and no losses due to death, 
retirement, or other reasons, the projection is that it will take 
about two decades to achieve the rate of 20 nephrologists 
pmp that has been recommended by the Latin American 
Society of Nephrology and Hypertension (SLANH) by 2020. 
Doubling of the current annual output of new Mexican 
nephrologists could reduce this time to only a decade.

The majority of nephrologists works in the public sector, 
with monthly salaries ranging between US$ 500 and 1500 
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Fig. 14.5 Geographical distribution of nephrologists in Mexico, pmp (per million population)
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depending on the type of position. Consequently, most 
nephrologists do private practice to supplement their income 
and, for a small proportion of nephrologists, is their only 
source of income.

Available information on other health professionals, such 
as renal nurses and dietitians, is inexistent or scant. Neither 
actual or estimated figures nor a formal certification process 
to practice renal nursing or nutrition exists. However, there is 
the Mexican Association of Nephrology Nurses (AMENAC 
for its initials in Spanish), which provides continuing educa-
tion and training. Nurses may qualify to provide renal care 
through short diploma courses or by enrolling in a 1-year 
renal nurse specialty. Regarding renal dieticians, there is the 
Mexican College of Renal Dieticians (COMENUR for its 
initials in Spanish), which was founded in 2016 after the 
closing of the Mexican Association of Renal Dietitians 
(AMENUR for its initials in Spanish), which began in 2008. 
Currently, there are close to 100 members, albeit not all are 
renal dieticians (Angeles Espinoza, PhD, personal communi-
cation). Several online and on-site diploma courses on renal 
nutrition are available with variable duration, as well as an 
annual congress organized by COMENUR.

 Emerging Issues

 CKD of Unknown Origin

It has been suggested that Mexico may have newly identified 
CKD of unknown origin (CKDu) hotspots. Studies from 
Tierra Blanca, a rural region in Mexico, have shown that the 
prevalence of probable CKD is high (25%) among the popu-
lation, of which almost half of the cases had no known tradi-
tional risks factors, such as diabetes or hypertension [116, 
117]. Lozano-Kasten et al. screened 394 children residing in 
a community with high incidence of CKD of unknown origin 
in Jalisco; he reported that 45.7% of children had persistent 
albuminuria [118]. In the same community, in a cross- 
sectional study comparing CKD prevalence in Poncitlan 
residents to those residing in other Jalisco municipalities, a 
twofold and threefold increase in the prevalence of CKD and 
proteinuria, respectively, was found in adults residing in 
Poncitlan. In children the prevalence of CKD was similar 
(3.4% vs 0.7%) in the two populations; however, the preva-
lence of proteinuria was tenfold higher in children residing 
in Poncitlan in comparison to other municipalities [119].

 Pregnancy and CKD

Pregnancy in CKD patients is being frequently recognized in 
Mexico and is linked to adverse outcomes [120–123]. More 
than half of Mexican women are in childbearing age [124]. 
The high prevalence of CKD (6%) in women of childbearing 

age [125] is of particular relevance in countries like Mexico, 
where CKD prevalence is higher and resources are limited. 
In a prospective observational study in poor CKD pregnant 
women, preeclampsia (32% vs 4%), prematurity (48% vs 
15%), and low birth weight (48% vs 12%) were more com-
mon in CKD patients in comparison to a group of pregnant 
women with normal kidney function. Fifteen (75%) remained 
dialysis dependent [123].

There are a number of problems faced by uninsured 
CKD pregnant women. First, the lack of CKD surveillance 
in Mexico limits the potential for early diagnosis and 
timely referral of CKD pregnancies. Diagnosing CKD dur-
ing pregnancy represents an additional challenge in the 
care of this population. There are few specialized centers 
for the care of CKD pregnancy in the country, and access 
to dialysis is limited or unavailable in many of Mexico’s 
Health Ministry facilities. When dialysis is available, pro-
viding treatment in overcrowded facilities, even at the 
standard prescription rate, is difficult. A particular issue is 
the fact that a large percentage of patients remained dialy-
sis dependent. Since pregnancy- related coverage by 
Seguro Popular is limited to 42 days after delivery, patients 
with established ESRD must continue on dialysis at their 
own expense, with the risk of abandoning treatment when 
dialysis becomes unaffordable, leaving their children 
motherless [122, 123].

 Conclusion

After 65  years of the beginning of nephrology in Mexico, 
CKD care remains unjust, unequal, and below the quality of 
international standards. The current infrastructure and 
resources are insufficient to satisfy the demand of renal care 
in our society. Therefore, it is important to consider CKD a 
public health priority and to implement a comprehensive 
program for the prevention and control of this illness.

The establishment of a national public policy for the pre-
vention and treatment of CKD is urgently needed. The policy 
must include:

 (a) The implementation of community CKD screening pro-
grams tied to the ongoing strategies to prevent obesity, 
diabetes, and hypertension in our society

 (b) Improvement of the current infrastructure and human 
resources, increasing the number of offered positions 
and training centers to match the high demand of 
nephrologists and allied health professionals

 (c) The establishment of a national dialysis registry
 (d) The extension of INSABI to cover treatment to retard 

CKD progression and universal access to RRT in patients 
without social security

 (e) The promotion of a PD-first policy and kidney trans-
plantation as the treatments of choice
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 (f) The use of generic immunosuppressive drugs to make 
this therapy more affordable

 (g) To develop a more equitable organ allocation system to 
ensure that all patients have an equal chance of receiving 
a suitable organ

Pregnant CKD Mexican women have a high rate of adverse 
maternal-fetal outcomes. Even in a context of limited 
resources, the results of providing good care on maternal- 
fetal mortality are encouraging; an integrated approach and 
follow-up for pregnant patients with all stages of CKD should 
include preconception counseling and information on birth 
control. There is a need to increase the programs of CKD 
surveillance during pregnancy and to allow Mexican women 
who start dialysis during pregnancy to continue on RRT after 
delivery and raise their children. The emerging of newly iden-
tified CKDu hotspots suggests that CKD surveillance coupled 
with interventional treatment programs focusing on methods 
to slow or prevent progressive kidney function loss is urgently 
needed in these high-risk populations.

 Future Perspectives of Nephrology in Mexico

With the reforms in the health system introduced by the 
new federal administration, the future of health care, par-
ticularly renal care, in Mexico looks uncertain. As part of 
the austerity measures announced by the new president, the 
government has made substantial cuts in the health budget 
that have resulted in shortage of human resources and drug 
supplies [126]. Research has also faced cuts. The role of 
board certification, as a requisite to be licensed to practice 
nephrology and other specialties, has been questioned 
[127]. Seguro Popular has been dismantled and replaced by 
the newly created Institute of Health for Welfare [128]. 
Although Mexico’s Health National Plan 2019–2024 
includes universal access to health care, including free 
access to high-complexity services for patients without 
social security, details on how this will be implemented are 
yet to be seen [129].
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Area 9.834 million km2

Population 327.2 million (2018)
Capital Washington, DC
Three most populated cities1 1. New York (8,398,748)

2. Los Angeles (3,990,456)
3. Chicago (2,705,994)

Official language English
Gross domestic product (GDP)2 19.39 trillion USD
GDP per capita2 59,531.66 USD
Human Development Index (HDI)3 0.920
Official currency US dollar (USD)
Total number of nephrologists4 10,883
National society of nephrology American Society of 

Nephrology (ASN)
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Incidence of end-stage renal disease 2016 – 373.4 pmp
2017 – 380.5 pmp

Prevalence of end-stage renal 
disease5

2016 – 2160.7 pmp
2017 – 2282 pmp

Total number of patients on dialysis 
(all modalities)

2016 – 511,270
2017 – 520,769

Number of patients on hemodialysis 2016 – 457,957
2017 – 468,139

Number of patients on peritoneal 
dialysis

2016 – 51,005
2017 – 52,630

Number of kidney transplants per 
year6

2017 – 21,167

Prevalence of transplant patients5 2016 – 215,061
2017 – 222,848

Table references:
1. US Census Bureau
2. World Bank
3. United Nations
4. ASN
5. USRDS ADR 2019
6. UNOS

 Introduction

The specialty of nephrology includes the management of 
patients with acute and chronic kidney injury, the decipher-
ing of complex acid-base disorders, or the identification and 
management of patients with glomerular diseases. For many 
nephrologists, the specialty centers around the diagnosis 
and treatment of patients who have various stages of kidney 
disease. What was once a disease that was 100% lethal can 
now be treated and well managed. Challenges exist, but the 
field is far more gratifying given this population of patients 
can enjoy a decent quality of life and be active members of 
society. This chapter will examine the beginnings of the field 
and how United States (US) nephrologists are approaching 
modalities of care as well as various specific issues such as 
hospitalization rates, arteriovenous access barriers, hospi-
talizations, volume and cardiovascular disease, the mineral 
and bone disorder, potassium, and transplantation. It will 
discuss various opportunities for young physicians and con-
clude with what lies in the future for nephrologists and, more 
importantly, for patients.

 About the USA

The United States of America (USA) evolved between the 
1600s and 1700s to become first British colonies and then 
to win freedom. In 1789, after a bitter revolutionary war 
with Great Britain, it created a constitution that set up an 
infrastructure that would “secure the blessings of liberty 
to ourselves and our posterity.” The US Constitution cre-
ated three branches of government, a legislative, an execu-
tive, and a judicial branch, each designed with checks and 
balances. The legislative branch is composed of two indi-
viduals from each state elected to the senate and a varying 
number of representatives elected from census determined 
congressional districts to the house of representatives. There 
is a president, elected by representatives from each state for 
a 4-year term who presides over an executive branch that 
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includes among its administrative bureaus the Department of 
Health and Human Services headed by a secretary of HHS 
and the Department of Justice headed by an attorney general. 
The state department is under the executive branch and pre-
sides over international affairs, and the secretary of defense 
heads the vast Defense Department that oversees the mili-
tary. And a third branch, the judicial branch, is composed of 
nine Supreme Court justices who are appointed by the presi-
dent but approved by congress and hold their office for life. 
Under the constitutional democracy, the USA grew through 
the doctrine of manifest destiny to expand across the North 
American continent and now includes 50 states including 
Hawaii and Alaska. A highly contentious two-party system 
stimulates heated debate among those who classify them-
selves as Democrats or Republicans. The purpose of this 
division is to engender productive discussion between those 
with differing ideas, but productivity in the USA is at its best 
when a cooperative spirit exists between party members.

The USA is a global superpower and among the 
wealthiest nations. The Brookings Institution reports that 
American households hold over US$ 98 trillion dollars 
of wealth (2018) and US$ 113 trillion dollars in assets. 
The households in the USA also hold US$ 15 trillion dol-
lars in debt. A college- educated American has 4–5 times 
the wealth as one without such an education, and edu-
cation through high school in the USA is compulsory. 
Those with a graduate or professional degree enjoy an 
eightfold increase in wealth over a high school graduate. 
Entrepreneurism in the USA, a capitalistic environment, 
has been historically very richly rewarded with 80% of 
the wealth distributed among 20% of the people [1]. The 
wealthy include inventors and creators. The USA is the 
founding home for Google, ExxonMobil, Walmart, Apple 
computer, Microsoft, IBM, ATT, and several other major 
entities known throughout the world.

Despite being established in 1630 by English refugees 
seeking religious freedom as the “city upon the hill,” the USA 
was stained by slavery which denied justice and freedom to 
slaves of African descendancy until 1865. Although a vicious 
civil war led to the emancipation of blacks, the wealth and 
prosperity gap remained huge. In the years between 2013 
and 2016, the net worth of Hispanic and black families has 
risen between 30% and 50% [2].

The USA has multiple problems yet to resolve  – high 
crime is often committed with lethal firearms and the weap-
onization of America. The accessibility of weapons to those 
with severe mental health issues has created the problem 
of mass shootings that has yet to resolve. America is in the 
midst of an opioid crisis. The CDC reports that 4.8% of 
persons fail to obtain medical care due to costs. Although 
health care for medical emergencies is guaranteed by fed-
eral statute, 27.5 million US residents lack insurance cover-
age [3].

 Brief History of Nephrology in the USA

Kidney disease is a worldwide and universal problem. It is 
impossible to speak about its history without referencing the 
contributions of scientists or physicians from many nations. 
The concept of dialysis was discovered in Scotland by Thomas 
Graham (1805–1869) who, in 1861, noticed a semiperme-
able membrane could separate colloids from crystalloids. He 
described that this method, which he termed dialysis, could 
separate salt and urea from the blood. However, this process 
would not be possible for 100 more years. Parallel to his 
observation was the discovery of the explosive, gun cotton, 
in 1846, and a tamer agent known as collodion. This sub-
stance was also a cellulose nitrate that was used for wound 
dressings and in the new field of photography. The film 
was also attempted in a dialysis experiment. In 1913, John 
Jacob Abel (1859–1938) and two assistants, Leonard George 
Roundtree (1883–1959) and Benjamin Turner (1871–1945), 
successfully completed a dialysis procedure in dogs using 
hirudin prepared from leeches with collodion membranes. A 
journalist for The Times of London coined the term “artificial 
kidney” to describe this event, and it was later mentioned in 
the January 12, 1914, edition of The New York Times. When 
the procedure was attempted in a human patient, it failed, 
and the concept was abandoned.

Dialysis would never have been possible without an anti-
coagulant. In 1916, Jay Maclean, a medical student volun-
teering in the Johns Hopkins laboratory of William Henry 
Howell, described an anticoagulant that was called heparin. 
Although it was first discovered in liver tissues, its main site 
of production is in the intestines and lung [4]. Collodion 
was replaced as a potential dialysis membrane by regener-
ated cellulose. Cellophane was not commercially profitable 
for DuPont until 1927 when a process was implemented 
that would make it waterproof. Meanwhile, in 1925, Erwin 
Freund founded the Visking company and used regenerated 
cellulose to wrap sausage. It was this product that found its 
way into the dialysis world [4, 5].

The news of heparin and Visking’s sausage wrapping as 
potential products in the artificial kidney reached Willem 
Kolff of the Netherlands, who between 1939 and 1943 cre-
ated a wooden rotating drum dialysis machine wrapped with 
20 meters of sausage casing. His dialysis efforts were not 
met with success until 1945. After World War II, he sent pro-
totype machines around the world. When speaking at Grand 
Rounds, he met George Thorn and John Merrill of the Peter 
Bent Brigham Hospital (The Brigham), who teamed with 
him to create a stainless steel version of the machine – the 
Kolff-Brigham kidney. By 1948, 40 stainless steel Kolff- 
Brigham kidneys were manufactured and shipped around the 
world [6].

By the 1950s, dialysis became more commonplace but was 
mainly used to treat acute renal failure – now termed acute 
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kidney injury (AKI). Often, as a consequence of nephrotoxic 
medications, trauma, or surgery, dialysis would sustain the 
patient through a critical period and give the kidneys a chance 
to recover. While first considered a deluxe toy, dialysis proved 
itself a useful lifesaving procedure during the Korean War as 
a major tool to treat AKI related to battle field injuries.

Belding Scribner, a physician in Seattle, identified that 
the reason dialysis could only be performed temporarily 
was because of the access used. Along with engineer Wayne 
Quinton, he developed a U-shaped detachable Teflon shunt 
that could be placed in the artery and vein and connected 
to dialysis tubing for each treatment. In March 1960, he 
 dialyzed Clyde Shields, a 39-year-old machinist. Shields 
lived an additional 11 years, initially dialyzing for 24 h every 
fifth day. His fifth patient, Tim Albers, survived an additional 
36 years. Scribner and his patients demonstrated that dialysis 
could be useful not just for AKI but for patients with end- 
stage renal disease (ESRD). By January 1962, there were 
not enough dialysis beds to accommodate all of the chronic 
patients who needed therapy. Stringent criteria were estab-
lished to determine who could qualify for lifesaving treat-
ment. In November 1962, a journalist, Shana Alexander, 
published an article in Life Magazine titled “They Decide 
Who Lives, Who Dies: Medical Miracle and a Moral Burden 
of a Small Committee.” This article was a wake-up call for 
the public that there was a therapy that would reverse an oth-
erwise terminal disease yet a lack of resources available to 
provide for the need.

Scribner, as part of the Washington sector of dialysis 
innovation, played key roles in the development of home 
dialysis, the dialysis machine we use today, and, along with 
colleagues such as Joseph Eschbach, Henry Tenckhoff, and 
Wayne Quinton, made sentinel advances in the management 
of anemia, home peritoneal, and chronic dialysis care [7, 8].

John Putnam Merrill, an internist and cardiologist, ini-
tially scoffed at the “chore” of dialysis that he felt should be 
assigned to surgeons. But in accepting this chore, he created 
the subspecialty of nephrology. In the past several years, there 
has been a doubling in the number of nephrologists in the 
USA. In 1999, there were 4718 nephrologists, and in 2013, 
the last reporting period, there were 9007 nephrologists [9].

Merrill relegated the “chore” to fellows, namely, Eugene 
Schupak, Constantine “Gus” Hampers, and Ted Hagar. As 
fellows, their task was to purchase sausage casing from 
Oscar Meyer and wrap it around the drum and as well mix 
the chemicals for each dialysis procedure. The camaraderie 
between the trio survived their fellowship days. In 1965, the 
six dialysis stations at The Brigham could not provide for 
the burgeoning dialysis needs of the entire New England 
area, and additional programs were established by Hampers 
and Hagar at Normandy House, an extended care facility in 
1966, and the Babcock Center in 1970. Care was provided 
at a fraction of the cost of hospital care. In 1968, National 

Medical Care (NMC) was established with approval of 
George Thorn, John Merrill, and Joseph E. Murray. It devel-
oped into a profitable business, and by 1970, NMC had four 
centers and generated profits of US$ 265,546 on 2 million 
dollars revenue. In 1984, NMC was purchased by WR Grace, 
and in 1996 it was sold to Fresenius Medical Care (FMC). It 
currently has a nearly US$ 23 billion market cap and owns 
or operates 3971 dialysis centers worldwide with its global 
headquarters in Bad Homburg, Germany [10].

Today, there are over 400,000 patients who dialyze in 
one of the 7749 dialysis centers in the USA.  A major-
ity dialyze within two major large dialysis organizations 
(LDOs), Fresenius or DaVita, which have 70% of the mar-
ket share [11].

DaVita was started as Medical Ambulatory Care, Inc. in 
1979 but was purchased by Donaldson Lufkin Jenrette in 
1994. They recruited Victor Chaltiel (1941–2014), an ambi-
tious businessman who was later a candidate for the mayor 
of Las Vegas. In 1994, the name changed to Total Renal Care 
(TRC) and became a public company the following year. 
It continued to expand, purchasing another dialysis com-
pany, Renal Treatment Centers in 1998. The integration was 
fraught with problems and TRC nearly went bankrupt. In 
recruiting a new CEO, Kent Thiry, the company reinvented 
itself and in 2000 emerged as DaVita. In July 2004, DaVita 
acquired Gambro Dialysis for 3.05 billion dollars and under 
Thiry became the second largest LDO. It currently has a mar-
ket cap of US$ 9.3 billion [12]. It now has 2664 outpatient 
dialysis centers in the USA and 241 in other countries [13].

In 1997, the National Kidney Foundation (NKF), one 
of the largest national nephrology associations in the USA, 
published the first two in a series of clinical practice guide-
lines – the Dialysis Outcomes Quality Initiative – under the 
leadership of Garabed Eknoyan and Nathan Levin in an 
effort to standardize clinical and dialysis practices, improve 
outcomes and survival, and improve patient care efficiency 
by establishing a set of guidelines based on rigorous struc-
tured review and evidence-based medicine. The first guide-
lines centered around hemodialysis (HD) and peritoneal 
dialysis (PD) adequacy, anemia management, and vascular 
access. By 2000 the scope was broadened to encompass kid-
ney disease, not just dialysis, and is presently referred to as 
the Kidney Disease Outcomes Quality Initiatives – KDOQI. 
In 2004, a worldwide guidelines project was established – 
Kidney Disease Improving Global Outcomes – KDIGO.

 Renal Diseases in the USA

According to the Centers for Disease Control and Prevention 
(CDC), approximately 15% of US adults or 37 million peo-
ple are estimated to have CKD. Most adults with CKD do 
not know they have it and should be referred for nephrology 
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care when diagnosed. CKD is most prevalent in people aged 
65 years or older (~38%), slightly more common in women 
(15%) than men (12%), and more common in non-Hispanic 
blacks than non-Hispanic Asians and whites. In regard to 
ESRD, African Americans are about three times more likely 
than whites to develop ESRD. Approximately 125,000 peo-
ple in the USA started treatment for ESRD, and more than 
726,000 individuals were on dialysis or living with a kidney 
transplant in 2016. Unfortunately, more than 240 individuals 
die on dialysis daily [14].

The leading causes of chronic kidney disease (CKD) in 
adults are diabetes and hypertension. A major risk factor for 
the development of CKD is the development of AKI. Among 
patients with AKI, 31% will develop CKD within a year 
[15]. Other risk factors also include obesity, heart disease, 
glomerulonephritis, cystic kidney disease, chronic interstitial 
nephritis, family history of kidney disease, congenital con-
ditions, and medications. Among children and adolescents 
less than 18  years of age in the USA, glomerulonephritis 
and polycystic kidney disease are the main causes of ESRD 
(https://www.usrds.org/2018/download/v2_c07_ESRD_
Pediatric_18_usrds.pdf) [15].

Kidney disease is the tenth leading cause of premature 
death in the USA. In the last period for which data is available, 
2016, there were 124,675 newly reported cases of ESRD. 
This constitutes a plateau over the past 5 years. The lifetime 
risk of being diagnosed with ESRD is 4% in males and 2.9% 
in females and ranges from a low of 2.3% in white females 
to 8.1% in black males. There were 726,331 prevalent cases 
of ESRD in 2016, the number increasing by 20,000 per year. 
The prevalence is 9.5 times greater in Hawaiians and Pacific 
islanders and 3.7 times greater in blacks than in whites [15].

Over the past 15 years, the ESRD population unadjusted 
death rate has decreased by 27% and is now down to 134 
per 1000 patient-years for ESRD.  Forty percent to 50% 
of patients die during the first 3 years. Of the 30 million 
people in the USA with CKD, only 1.56% will ever reach 
dialysis [15].

 Renal Replacement Therapy in the USA

Renal replacement therapy in the USA is done in centers via 
HD or at home with either PD or HD. When a patient with 
CKD has an estimated glomerular filtration rate (eGFR) less 
than 20  ml/min/1.73m2, he or she is able to be listed and 
become eligible for a kidney transplant.

Sadly, in 2017, 35.4% of ESRD patients received mini-
mal or no care from a nephrologist prior to starting dialy-
sis. The mean eGFR at the initiation point of dialysis was 
9.7 ml/min/1.73m2 – down from 10.4 in 2010. Among inci-
dent patients, 87.3% began renal replacement therapy with 
HD and 9.7% with PD, and only 2.8% received a preemptive 

kidney transplant. Among prevalent dialysis patients, 29.6% 
have a functioning kidney transplant, 7.5% are treated with 
PD, and 63.15% of prevalent patients receive HD. Only 2.5% 
of patients do home HD [15].

 Hemodialysis

Staff assisted in center is the most common therapy in the 
USA  – comprising 86.9% of all starting patients. A third 
(33.4%) of incident patients received no pre-ESRD or little 
pre-ESRD nephrology care, and 80% of HD patients start 
dialysis using an indwelling catheter. Dialysis times are gen-
erally 4 h three times a week with a blood flow of 450 ml/min 
if a successful fistula is in place. While reuse of dialyzers 
was once popular (in 1997, 82% of dialysis facilities par-
ticipated in a reuse program), it is rarely if ever in use today 
[16]. Hemodiafiltration is not generally offered in the outpa-
tient dialysis setting. The typical patient dialyzes three times 
a week in a large dialysis center. Mortality in the dialysis 
population has been steadily declining in the past 15 years. 
The adjusted death rate has decreased by 29% with patients 
over the age of 65 years old comprising 44% of the popula-
tion. The mortality rate is 166 per 1000 patient-years for the 
HD population [15].

Governance of the dialysis facility is typically repre-
sented by the facility administrator, the medical director, 
and for the 70% of patients dialyzing in one of the two larg-
est dialysis facilities, Fresenius North America and DaVita 
Kidney Care, a corporate representative  – generally the 
regional operations director. On a monthly basis, the inter-
disciplinary team comprised of a nephrologist, the social 
worker, dietitian, and renal nurse meets to discuss individual 
patient care. A facility health meeting made up of the medi-
cal director, the clinical coordinator, the facility adminis-
trator, social worker, and dietitian meets to discuss trends 
and the processes in place to advance facility quality and 
continually improve outcomes.

 Home Hemodialysis

In 1963, John Merrill was able to demonstrate that patient’s 
families could be trained to operate a dialysis machine 
and dialyze patients at home. The following year, Stanley 
Shaldon, while in London, was able to demonstrate that 
patients could not only successfully learn to manage their 
own dialysis but to dialyze overnight.

In Seattle, initial dialysis machines made use of a 380 liter 
stainless steel tank. The water and solutes were mixed and 
then stirred with canoe paddles. Albert “Les” Babb, a profes-
sor of nuclear and chemical engineering at the University 
of Washington, worked with Scribner to develop a machine 
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that would mix fluid in a set ratio and recirculate it until it 
passed through the dialysis filter and could be discarded. The 
proportioning machine was born.

In 1964, Caroline Helm, a 16-year-old girl with lupus 
nephritis, developed the need for dialysis but did not qualify 
for in-center care because she fell below the minimum age 
of 18. But Caroline’s father and Babb were friends, and for 
her, Babb developed a single patient machine with monitors 
and fail-safe devices. It even included a laminated front that 
would blend with the family furniture. This single patient 
proportioning machine became the prototype for nearly 
every dialysis unit now in existence. Two years later home 
dialysis was adopted in Seattle as a means of providing more 
dialysis to patients. Eventually 90% of Seattle patients were 
undergoing dialysis at home [17].

Despite its prominence in early dialysis care, home HD 
has not been utilized well in the USA. This may be due to 
multiple factors including lack of patients receiving pre- 
ESRD education. In a survey conducted by the American 
Association of Kidney Patients (AAKP), 32% responded 
that they were not educated about home dialysis. In the past 
5 years, the percentage of patients who undergo home HD 
has been relatively flat, ranging from 1.6% in 2011 to 1.8% 
in 2016 [15].

 Peritoneal Dialysis

Of the home modalities in the USA, PD is most often chosen 
by patients. Although it was in use for the management of 
AKI in the 1940s, PD catheters were stiff, and without a suit-
able access, it could not be considered for chronic therapy. 
In 1968, Henry Tenckhoff developed the silastic implantable 
catheter, which was later modified by adding Dacron cuffs, 
which is in use today [17].

In Austin, Texas, during the 1970s, Robert Popovich and 
Jack Moncrieff pioneered the chronic ambulatory peritoneal 
dialysis (CAPD) procedures in use today. A further advance-
ment was the development of plastic dialysis bags instead 
of glass bottles by Dimitri Oreopoulos in Toronto. Another 
pioneer, Zbylut Twardowski, developed a means to measure 
PD equilibrium and use it in patient management and a grad-
ing system for exit sites [18]. Automated peritoneal dialysis 
(APD) is possible because of the HomeChoice machine, cre-
ated through the clever ingenuity of Dean Kamen in collabo-
ration with Baxter.

PD has lower mortality rates than HD (153.5 vs 166.3 all 
cause prevalent mortality per 1000 patient-years). In 2017, 
10.1% of incident ESRD patients started with PD. The prev-
alence of PD is only 7.1%. Most current figures demonstrate 
that in 2017 52,630 were undergoing either APD (the vast 
majority) or CAPD.  In the years between 2001 and 2016, 
the adjusted mortality rate fell by 28% in HD but 43% in 

PD patients. The 3-year survival odds at 3  years are 70% 
for PD and 57% for HD. The lower mortality for PD may 
be explained by patient selection; those who select PD must 
have the dexterity and cognitive skills to manage it by them-
selves on a more or less constant basis. PD is more economi-
cal, and based on US Renal Data System (USRDS) data, a 
year of HD costs approximately US$ 72,000, while PD costs 
US$ 53,000 [15].

 Government Involvement in Dialysis

By 1961, Belding Scribner had established the first outpatient 
dialysis unit in the world, a three-station outpatient center 
in the nursing residence basement of the Swedish Hospital. 
Soon, the center was at capacity, and the Seattle Artificial 
Kidney Center (now Northwest Kidney Center) was built. Of 
30 candidates, only 10 could be accepted, and the rest would 
die. The Life Magazine feature by Shana Alexander high-
lighted the problem in 1962, and the veterans administration 
established 30 dialysis centers. Edwin Newman’s 1965 NBC 
television documentary, “Who Shall Live?,” sparked further 
interest in the program, and the Public Health Service set 
up a 5-year grant program, creating 12 more dialysis centers 
and 14 home programs the following year. When this pro-
gram ended, it became regional. A government committee 
headed by Carl Gottschalk recommended government sup-
port for dialysis and kidney transplantation.

The National Association of Patients on Hemodialysis 
(NAPH) was created in October 1969 by Samuel Orenstein 
and William Blackton. They dialyzed together for 18  h a 
day in Brooklyn’s Kings County Hospital dialysis unit and 
played a key role in persuading congress that dialysis could 
be feasible and safely done. In 1966, after undergoing dial-
ysis training in Seattle, a young premed Stanford student, 
Andrew Peter Lundin, applied to medical schools across 
the country. Eli Friedman, Professor at SUNY Downstate 
Health Sciences University in Brooklyn and a pioneer in 
American dialysis, persuaded his admissions committee to 
accept Lundin, who while dialyzing alongside Orenstein 
and Blackton became a practicing academic nephrolo-
gist. He had been active in the NAPH from its beginnings 
and died in 2001. Simultaneously, George Schreiner, also 
a major pioneer in American dialysis and a member of the 
Gottschalk Committee, was involved in the National Kidney 
Foundation (NKF). He invited his neighbor Charles Plante to 
become their lobbyist, and together they crafted the legisla-
tive policies that would place dialysis as a Medicare benefit. 
Schreiner testified before congress 30 times. To demonstrate 
to the Wilbur Mills Ways and Means Committee that it was 
safe and feasible, a dialysis patient, Shep Glazer, daringly 
dialyzed before them in the committee room in 1971. The 
result of the Gottschalk Committee, AAKP, NKF, and sev-
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eral others was that in October 30, 1972, congress amended 
the Social Security Act to include dialysis benefits (Public 
Law 92-603). The law became effective in July 1973 and is 
now the highest source of support for kidney patients.

It was projected that annual dialysis costs would never top 
250 million dollars. In 2016, 35.4 billion dollars was spent 
on all ESRD care and 7.2% of all Medicare claims. Of this 
portion, 28 billion dollars is spent on dialysis alone. It is the 
most important revenue source for large dialysis organiza-
tions like DaVita, which receives 69% of its revenue from 
Medicare.

The Medicare program is under the auspices of the 
Centers for Medicare and Medicaid Services (CMS) and 
tasked with both certifying ESRD facilities and monitoring 
and recertifying those that meet basic conditions for cover-
age. The original conditions were adopted in 1976, and the 
updated version was published April 15, 2008.

These conditions stress flexibility with respect to imple-
menting facility-specific outcome measures. The goals are 
to ensure protection of patients’ rights and physical safety, 
patient satisfaction and engagement in care, and the elimi-
nation of unnecessary administrative policies. The focus is 
on the “continuous, interdisciplinary, integrated care system 
that a dialysis patient experiences, centered around patient 
assessment, care planning, service delivery and quality 
assessment, and performance improvement.” The burden of 
responsibility for implementing and continuing policies that 
meet these objections is tasked to the facility governing body 
and medical director. As outlined in §494.150, the medical 
director must participate in staff training and performance 
assessments, in the development, review, and approval of and 
adherence to patient care policies and procedures. These pro-
cedures pertain to safety, infection control, as well as patient 
admissions, transfers, and discharges. It is estimated that 
87% of approximately 9000 nephrologists in clinical prac-
tice serve as a medical director (http://dialysisunits.com).

 Dialysis Adequacy

Dialysis adequacy is determined in part by dialyzer mem-
brane characteristics. Dialyzer technology rapidly moved 
from the large rotating drum to smaller and more com-
pact devices. When in 1960 Clyde Shields was dialyzed, 
the device used was a parallel plate dialyzer that had been 
invented by Leonard Skeggs and Jack Leonards working in 
Cleveland. Frederic Kiil in Norway modified this dialyzer 
and made it popular for use when Scribner started the home 
dialysis program in 1964. Skeggs went on to invent the serial 
multiple analyzer (SMA), automating the chemistry analysis 
of serum samples and revolutionizing the way kidney dis-
ease could be identified. The coil dialyzer was developed 
by Kolff in 1956 after he moved to the USA and consisted 

of orange juice cans fitted to a Maytag washing machine. 
When Maytag forbad its commercial use, Travenol designed 
a machine of its own, the RSP (recirculating single pass) [4].

Although the hollow fiber technique was developed in 
the 1940s, it was never commercialized until Dow Chemical 
Company began to manufacture it for reverse osmosis. The 
hollow fiber technology was first used to manufacture cupro-
phane dialyzers by Cordis-Dow, in a joint venture with the 
Dow Chemical Company. However, biocompatibility was 
a problem as the cellulose-based dialyzers made of cupro-
phane or cellulose acetate led to amyloidosis. Union Carbide 
introduced polysulfones in 1965, and Fresenius capitalized 
on their superiority for clearing the beta microglobulins 
associated with amyloidosis. Hollow fiber membranes have 
now replaced all earlier dialyzers, and are highly efficient, 
biocompatible, and more compact.

In 1967, Frank Gotch, nephew of a legendary professional 
wrestler of the same name, along with John Sargent evalu-
ated the characteristics of the Dow hollow fiber dialyzer 
and by 1974 had developed a kinetic modeling equation. 
Ten years after the introduction of chronic dialysis, there 
was no agreement as to what adequacy was. The National 
Cooperative Dialysis Study (NCDS) that began the follow-
ing year was a prospective randomized trial performed to 
study the adequacy of dialysis. Patients were randomized to 
two different time-averaged urea concentrations, 50–90 mg/
dL and 90–130  mg/dL.  They were also randomized to 
shorter and longer treatment periods, 3 ± 0.5 and 5 ± 0.5 h. 
NCDS emphasized that the time on dialysis, the character-
istics inherent in the dialyzer membrane, and the volume of 
distribution of total body water were functions of dialyzer 
clearance and time on treatment. Gotch concluded that Kt/V 
depended upon protein catabolism and was a predictor of 
dialysis failure. In 1985, the model suggested that the mini-
mum adequate dose of three times weekly dialysis was single 
pool (sp) spKt/Vurea of 1.0. For years nephrologists attempted 
to follow the NCDS strategy, a mistake falsely based on the 
age-old premise that urea was the major toxin of uremia. As 
dialysis treatments were shortened, the mortality rates rose.

In 1989, the Dallas Conference on Morbidity and 
Mortality in Hemodialysis was held and demonstrated that 
mortality rates decreased when dialysis times increased. The 
results resulted in the creation of a randomized control trial 
to determine the appropriate time for dialysis. The HEMO 
study looked at spKt/V groups of 1.71 and 1.32 and in 2001 
concluded that a high dose offered no advantage; the NKF 
KDOQI guidelines have since established the minimum 
delivered spKt/Vurea to be 1.2 and the target spKt/V to be 
1.4 per HD session in patients treated three times a week. In 
the USA, these goals are being met. Only 3.5% of prevalent 
dialysis patients have a spKt/V less than 1.2. Nearly half of 
the patients (49%) have a spKt/V between 1.2 and 1.59, and 
47.4% have a spKt/V greater than 1.6.
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The frequency and duration of dialysis have been quanti-
fied and studied by Dialysis Outcomes and Practice Patterns 
Study (DOPPS). In the USA, 96.6% of patients currently dia-
lyze three times a week. There has been no trend. It has also 
been shown that shortening the length of dialysis sessions is 
associated with a higher mortality rate. DOPPS has looked at 
5203 prevalent dialysis patients and found that 30.8% dialyze 
less than 210 min, 39.6% dialyze between 210 and 240 min, 
and 29.7% dialyze over 4 h. In 2010, 22.4% of patients dia-
lyzed over 240 min, representing an upward trend.

 The Arteriovenous Access

In 1966, Michael Brescia and James Cimino along with 
Kenneth Appel and Baruch Hurwich reported a technique to 
create a fistula between the artery and vein in the arm and 
successfully cannulate it with a #14 needle. Cimino later 
reported he got the idea from a surgical procedure developed 
at the Mayo Clinic in the 1930s to increase blood flow in 
the limbs of polio victims (Oct 1, 2006, Renal and Urology 
News). The procedure has been a success and continues to be 
the gold standard for access. In the USA, 73.2% of accesses 
are arteriovenous (AV) fistulas.

Synthetic vascular grafts created from a stretched form 
of polytetrafluoroethylene (Gore-Tex) has been in use since 
around 1969 and substituted for the Brescia-Cimino fistula 
16.6% of the time in the USA [15]. They do not last as long 
or permit as high a blood flow and have a higher rate of infec-
tion when compared to AV fistulae.

Patients are recommended to have AV fistulas in place 
for their access as part of a national vascular access 
improvement initiative – the Fistula First Initiative (FFI) – 
established in 2003 by CMS. Through education and sup-
port, the rate of fistula placement has steadily improved. 
However, still many fistulas that are placed fail [19], and 
as a result, 12.1% of US patients require dialysis through a 
catheter [20]. The continued use of a catheter is the result of 
either patient preference, exhaustion of sites, or lack of sta-
bility to undergo access surgery. Some patients have exten-
sive peripheral vascular disease by the time they reach the 
point of requiring dialysis; thus it becomes difficult to place 
permanent access.

Catheter disadvantages include an increased incidence of 
infection and a lower maximum blood flow than other forms 
of access. They also have higher hospitalization rates and are 
costlier, mainly because a nurse is required to initiate treat-
ment in catheter patients. In addition to complications, the 
presence of a dialysis catheter is associated with a higher 
mortality rate in dialysis patients.

The ideal scenario is for patients to be closely followed 
and carefully managed by the nephrologist for several years, 
receive extensive education regarding dialysis modalities, 

and after making a selection, transition to dialysis with a 
permanent access in place. Unfortunately, this is not always 
the case. Patients who have not been adequately educated 
on dialysis modalities during the earlier stages of disease 
often present to a hospital acutely ill but only rarely have a 
fistula placed during the initial admission because of finan-
cial payment disincentives. Patients with ESRD secondary to 
hypertension are less likely than diabetic patients to receive 
pre-ESRD education. Furthermore only 13.3% of patients 
who received pre-ESRD education received dietary instruc-
tion. Patients without education were less prepared for dialy-
sis and more likely to start with an indwelling catheter rather 
than the preferred AV fistula. USRDS reports data from 2016 
that 80% of newly diagnosed patients initiate HD with a 
catheter and that at 90 days 69% are still using the catheter. 
Only 17% of patients initiate dialysis with an AV fistula in 
the USA. It is a relief to know that at the end of 2 years 71% 
of HD patients have a working AV fistula in place. Around 
50% of incident patients start dialysis with an eGFR between 
5 and <10 ml/min/1.73m2, while around 29% initiate treat-
ment when the eGFR is between 10 and <15 [15].

Poor access planning and surgical technique are both 
barriers to higher fistula rates, and 39% of fistulas fail to 
sufficiently mature for use. Of those that do mature, the 
median time to first use is 108 days. AV access accounts 
for 9.2% hospitalizations, 8.5% readmissions within 
30  days, and 7.6% of emergency room admissions [15]. 
Although, historically, the emphasis has been to place an 
AV fistula, elderly patients have a slower maturation time 
and a higher degree of access failures and require more 
careful planning. Additionally, some patients may not have 
adequate arterial blood flow because of peripheral vascular 
disease [15].

 Hospitalizations

Despite the conditions for coverage and their requirement 
that continuous quality improvement processes be put into 
place, some indicators that reflect both increased expenses 
to the Medicare system and quality of life for patients are 
not improving rapidly and signify that an ongoing chal-
lenge exists. According to the July 2014 DOPPS data, the 
mean percentage of ESRD facilities with hospitalization 
claims over a 6-month period was 38.4%. The percentage 
of ESRD beneficiaries with at least one hospitalization 
claim was 12.9% [8].

In 2016, Medicare was the primary spender for US  
− 10.2 billion of in patient care. That was nearly as much 
as it spent as the US – 11.1 billion as primary payer for out-
patient services. The USRDS reports that adjusted hospital 
admission rates have declined 15% over the past 9 years, 
from 2.0 to 1.7 per patient-year. Reasons for hospitaliza-

15 Nephrology in the United States of America



180

tions often relate to the complexity of comorbidities atten-
dant in a population that reaches the most advanced stages 
of disease. The serum albumin is an index of chronic ill-
ness [21]. The USRDS reported that in a sample of HD 
patients from May 2017, 18.9% had serum albumin levels 
less than 3.5 g/dL.

The most likely cause for a hospital encounter in ESRD 
patients is infection [15]. The number of hospital days per 
patient-year for infection is 3.6. Septicemia is the most 
frequent cause of admission, readmission, and emergency 
visit – 9.3%, 8.6%, and 9.2%, respectively [15]. The risk of 
having bacteremia in a patient on HD is 26 times higher than 
in the general population, and the dialysis catheter is the most 
common site of infection [22]. Newer therapies are emerg-
ing to reduce the incidence of catheter-related infections. 
The ClearGuard HD antimicrobial barrier cap was compared 
with the Tego connector plus Curos disinfecting cap and 
demonstrated a significantly lower incidence of blood stream 
infection (0.28 vs 0.75 positive blood cultures/1000 central 
venous catheter days p = 0.001) [23].

Hospitalizations are highest in the first year of dialysis, 
suggesting that CKD education and preparation for either 
a preemptive transplant or the desired modality may lessen 
transition costs even further [15].

Even more daunting is the frequency of 30-day read-
missions for hospital patients. Roughly 37% of patients 
who were admitted to the hospital were readmitted within 
30 days between the periods of 2014 and 2016. This per-
centage is relatively steady; between 2007 and 2011 39% 
were readmitted. The USRDS demonstrates that readmis-
sions for cardiovascular disease are 39.2%. Many (45.8%) 
of the readmissions are to treat cardiovascular in contrast to 
a new condition, a reflection of the chronicity of this dis-
order. Although constituting only 2.6% of the reasons for 
hospitalization, 41.9% of those sustaining an acute myocar-
dial infarction account are readmitted following discharge. 
Stroke patients are also frequently readmitted, 40.9%. 
Stroke patients also have a 30-day post-discharge mortality 
of 7.8% [15].

The expense of end of life treatment practices in the 
USA for patients with ESRD is increasing. Despite that 
23.3% of ESRD patients withdraw from dialysis, and 26% 
enroll in hospice care before death, and 39% of ESRD 
patients die in the hospital. Fifty-five percent are seen by at 
least 10 physicians and 62% by at least 5 specialties during 
their final 90  days. Most recently, the median number of 
days these ESRD patients spend in the hospital is 15 days. 
Sixty-three percent of patients with ESRD are admitted 
to a critical care unit during the final 90 days of life. The 
median cost in the year of death per person of ESRD patient 
was $103,932 in 2015, with $7687 being in the final week 
of life [15].

 Heart Disease and Volume

In 2009, a 20th anniversary meeting of Dallas Conference 
on Morbidity and Mortality was held on April 23, at the 
Sheraton Boston Hotel to look at factors that were determin-
ing patient care. At the time the meeting was held, dialysis 
mortality was 20% per year with hospital costs exceeding 
$20,000 per patient. Less than 20% of patients were reha-
bilitated. Myocardial fibrosis emerged as a major culprit in 
the high mortality and was felt as the result of poor blood 
pressure control and a failure to achieve euvolemia. It was 
acknowledged that normalization of blood pressure and 
intravascular volume was difficult with conventional dialysis 
and that in addition to modifying dialysis schedules, reduc-
ing sodium and repeated dietary counseling would be neces-
sary [24].

In the USA, angiotensin-converting enzyme (ACE) 
inhibitors or angiotensin-receptor blocker (ARB) ther-
apy is prescribed in 59.9% of patients with heart failure. 
Cardiovascular disease occurs in 64.5% of patients with 
CKD who are ≥66 years old. It is associated with a short-
ened survival; only 59% of patients ≥66  years old with 
stage 4–5 CKD who sustain an acute myocardial infarction 
survive 2 years. When it is present, congestive heart failure 
is an independent mortality risk factor in CKD and is asso-
ciated with a 2-year survival probability of 77.8%. 23.8% 
of CKD patients have atrial fibrillation, but around 50% of 
patients with heart failure and CKD have atrial fibrillation. In 
the USA, 30.9% of patients with atrial fibrillation and CKD 
are treated with anticoagulants. Peripheral vascular disease 
occurs in 25.2% of CKD patients, and a stroke or transient 
ischemic attack is also more common, occurring in 16.1% of 
CKD patients in contrast to 6.7% of patients ≥66 years old 
without CKD [20].

Using DOPPS data and looking at treatment times and 
ultrafiltration rates in 22,000 HD patients, Saran et  al. 
published in 2006 that every 30-min longer period on HD 
was associated with a 7% lower relative risk of mortality 
(RR  =  0.93 p  <  0.0001). Ultrafiltration removal of over 
10  ml/kg per hour was associated with a higher relative 
risk of mortality (RR = 1.09 p = 0.02) and an odds ratio 
for intradialytic hypotension of 1.30 (p  =  0.045) [20]. In 
2015, Flythe et al. published that post-dialysis weights that 
exceeded the target by 2 kg in at least 30% of treatments 
were associated with an adjusted hazard ratio of 1.28 (95% 
CI 1.15–1.43) and completing dialysis treatments with 
a weight below the target weight by 2  kg resulted in an 
adjusted hazard ratio of 1.22 (95% CI 1.05–1.4) for all-
cause mortality [25]. It is well established that removing 
volume at high ultrafiltration rates is associated with a 
higher mortality [26]. Greater than 13 ml/kg/hour is associ-
ated with a relative risk of mortality of 1.59 (95% CI 1.29–
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1.96) [27]. In the Feb 2019 DOPPS study, of 5145 patients, 
the intradialytic weight loss was 2.68% per treatment. For 
a 70 kg patient, this would compute to 1.88 kg, which if 
removed over a 4-hour treatment would be 470 ml/hour or 
6.7 ml/kg/hour [20]. Regrettably, many hospital visits are 
for volume overload. The hospitalization rate for cardiovas-
cular disease is 2.6 per patient-year and represents a contin-
ued challenge for nephrologists [15].

 CKD Mineral and Bone Disorder (CKD-MBD)

Among complex disorders associated with advancing kid-
ney disease are those that surround the metabolism of the 
tightly regulated divalent cation, calcium. As kidney dis-
ease advances, the renal tubular cell production of 1-alpha 
hydroxylase decreases, resulting in a marked decrease in 
the hydroxylation of 25-hydroxyvitamin D (3) to its active 
form. Active vitamin D is essential for cell differentiation, 
the modulation of immune responses, and both the trans-
cellular and paracellular absorption of calcium from the 
gastrointestinal tract [28]. It participates in a feedback loop 
that controls the synthesis of parathyroid hormone (PTH), 
an 84 amino acid that regulates calcium absorption from 
bone through an indirect stimulation of osteoclasts. In 
CKD, the elevated serum phosphorus stimulates FGF23 
to rise and modulate phosphorus excretion, but as the dis-
ease progresses, the serum phosphorus also rises. The high 
serum phosphorus turns on transcription factors that deposit 
calcium into the media of vascular smooth muscle cells. 
In the patient with abnormal kidneys, bone calcium falls, 
and calcium abnormally deposits in the blood vessel media. 
This pathology results in vascular calcification, aortic valve 
disease, vascular stiffness, and increased bone fractures 
[29]. Management strategies are to reduce serum phospho-
rus and prevent or treat the rise in PTH. Popular therapies 
are the use of phosphate binders, vitamin D analogs, and a 
calcimimetic.

In the USA, the most popular vitamin D receptor ana-
log is doxercalciferol, being used 84.2% of the time in the 
DOPPS dialysis sample, as compared with 15.8% use for 
paricalcitol. At the time of reporting, calcitriol use was zero. 
Twenty-nine percent of dialysis patients are on a calcimi-
metic, although in its oral form, cinacalcet, it was sometimes 
poorly tolerated. A newer parenteral calcimimetic, etelcalce-
tide, is in use 6.1% of the time [20].

Serum phosphorus remains a challenge to control. 23.5% 
of dialysis patients are in the 3.5–4.5  mg/dL range, while 
26.3% are between 4.6 and 5.5 mg/dL. 42.7% have serum 
phosphorus values greater than 5.5 mg/dL and in 22.4% are 
between 5.0% and 5.4% [20].

 Serum Potassium

In 61.0% of ESRD patients the serum potassium is between 
3.5 and 4.9 mEq/L, and in 23%, it is between 5.0 and 5.4 
mEq/L. 11% have a serum potassium greater than 5.5 
mEq/L.  An elevated potassium greater than 5.5  mEq/L 
indicates for the most part either dietary indiscretion or 
inadequate dialysis, and for years the standard has been to 
supplement selected patient with persistent hyperkalemia 
with sodium polystyrene sulfate [20]. Now, there are now 
two newer medications that have been successfully tested 
in the ESRD population. In patients with multiple episodes 
of hyperkalemia, patiromer on a daily basis statistically 
reduces the serum potassium by −0.5 mEq/L over a follow-
up period, the median of which was 141 days [30]. Sodium 
zirconium cyclosilicate was studied in an ESRD population 
on a once daily basis on non-dialysis days. Forty one percent 
(41.2%) in the zirconium responded compared to 1.0% of 
placebo. Serious adverse events were roughly the same 7% 
vs 8% in the zirconium and placebo groups. Both groups had 
comparable interdialytic weight gains, and the drug was well 
tolerated [31].

 Renal Transplantation

Valley Forge General Hospital was a major casualty center for 
battlefield injuries near Philadelphia during World War II. It 
was here that the noted plastic surgeon, Joseph E. Murray, 
working as an Army surgeon, developed a keen interest in 
immunology and the skin. On December 23, 1954, Murray, 
now a surgeon at the Peter Bent Brigham Hospital, performed 
the first kidney transplant. It was between 24-year- old iden-
tical twins, and the recipient lived an additional 9  years 
without immunosuppression. He also pioneered cadaveric 
transplantation and the use of immunosuppressants in organ 
transplantation. In 1990, he was awarded the Nobel Prize in 
Physiology or Medicine.

Today, there are 231 transplant centers in the USA. As of 
December 31, 2016, there were 81,418 dialysis patients wait-
ing for a transplant. 20,161 transplants were performed in 
2016, 28% from living donors. There were 215,061 patients 
who have a functioning kidney transplant as of that date. The 
probability of 1-year survival with a living related donor is 
99% and 96% for a deceased donor [15].

Kidney transplantation consists of either living or 
deceased donors. Advances have been made in both, yet 
there is a wide gap between those persons who are on a wait-
ing list and the numbers of available kidneys. With respect to 
living donors, kidney-paired donations have enabled families 
and friends to indirectly donate to an individual when the 
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kidney is not a biocompatible match. They can thus donate to 
a second individual who is a compatible recipient provided a 
prospective donor for that individual can donate back. While 
even more complex pairing systems can be arranged, the net 
result is that each recipient receives a biocompatible living 
donor kidney, even if from a stranger.

Kidneys that have been harvested from decedents are 
allocated to recipients by computer matching, managed 
through the Organ Procurement and Transplantation 
Network (OPTN) under strict policies. OPTN is gov-
ernment based and managed by the United Network for 
Organ Sharing (UNOS). Recipients are active candi-
dates on a registered waiting list. To fairly allocate how 
deceased donor kidneys are appropriated, they are first 
indexed. The computer instruction set compares the data 
on the deceased organ donor with data on the waiting list 
and ranks candidate recipients according to OPTN poli-
cies. Since the time spent on the waiting list is counted 
toward the appropriation priority, early referral is advised. 
The Kidney Donor Profile Index (KDPI) established in 
2014 combines a variety of donor factors into an index 
that helps establish how long the donor kidney is expected 
to function. The lower the score the better the predicted 
function. In general, 65% of deceased donor kidneys 
have KDPI between 21% and 85% and can be expected to 
function around 9 years, while a KDPI greater than 85% 
may be predicted to function only greater than 5½ years. 
The Estimated Post-Transplant Survival (EPTS) score 
is assigned to all active patients on the waiting list. It is 
based on the patient’s time on dialysis, whether or not 
they are diabetic, whether or not they have had a previous 
kidney transplant, and their age. The score ranges from 
0% to 100%. The ETPS score is used in tandem with the 
KDPI to match kidneys that have a longer predicted sur-
vival with appropriate candidates. Thus, an EPTS score of 
20% or less will receive a higher priority of kidneys with 
a KDPI of 20% or less. In 2017 there were 92,685 patients 
on the waiting list for a kidney transplant [32].

Age in and of itself is not an exclusion for transplanta-
tion. In 2017, 23% of all US transplants were performed in 
persons over 65 years old. In 2018, there were 21,157 trans-
plants recorded in the OPTN registry. Of these, 4419 were 
over 65 years old. 8259 transplants (38%) were performed 
in persons between the ages of 50 and 64. The trend toward 
transplanting older patients has increased. In 1988, only 212 
of the 8878 transplants in the registry were in persons above 
age 65 [32].

The waiting time for a kidney transplant is a concerning 
long-term trend, as the time continues to increase. In 2017, 
37.8% waited on the list over 3 years. 16.6% of patients have 
been on the list greater than 5 years [32]. The 2014 kidney 
allocation system (KAS) allows patients to start their waiting 
list time from the date of first dialysis.

There are racial disparities among prevalent transplant 
patients. When related to the number of prevalent African 
American patients on HD (141,383), only 44,002 have a func-
tioning transplant (31%). This compares to 60% of white, 
40% of Hispanic, and 59% of Asians. The reasons for these 
disparities are complex and may in part relate to provider 
awareness. The UNOS kidney allocation system changes 
that were implemented in December 2014 were designed to 
increase fairness in allocating kidneys and to also reduce the 
racial disparities. Disparities are being further addressed by 
the establishment of a clinical trial that involves educational 
materials for the staff and patients in 600 US dialysis facili-
ties with low wait-listing [33]. However, all-cause graft loss 
in deceased donor kidney transplants has decreased from 
51.4% to 30.6% [34].

Immunosuppression related to kidney transplantation is 
generally driven by the center’s protocol. Most commonly, in 
high-risk patients – African Americans, panel-reactive anti-
body tests greater than 20%, or who lost a previous transplant 
because of immunologic reasons – thymoglobulin is initiated 
intraoperatively. Tacrolimus is given as initial therapy when 
the fall in serum creatinine is 30% from baseline or when 
function delayed is started at the completion of thymoglobu-
lin to a target of 50–75% of goal level until a recovery in 
kidney function. Our center also uses mycophenolate mofetil 
(MMF) and corticosteroids. In non-high-risk patients, dacli-
zumab or basiliximab is used instead of thymoglobulin. A 
steroid sparing can be used with thymoglobulin induction 
in non-high-risk patients. Our center uses tacrolimus with 
a goal of 8–10 ng/mL for the first 30 days and 7–9 ng/mL 
for the next 60 days. From the 90th day to the completion of 
1 year, our goal is 6–8 ng/mL and 4–8 ng/mL after 1 year. We 
also use MMF and prednisone – 30 mg daily for the first 2 
weeks and tapering by 5 mg every 2 weeks until 10 mg daily. 
At the 180th day, patients with good graft function who are 
not on a steroid-sparing regimen are placed on 5 mg daily 
of prednisone. Our protocol also addresses anti-infectious, 
gastrointestinal, cardiac, and osteoporosis prophylaxis.

 Pediatric Nephrology

The pediatric nephrologist encounters a different spectrum 
of disease than adult counterparts, as they must diagnose and 
treat a variety of congenital disorders as well. Congenital 
anomalies of the kidney and the urinary tract (CAKUT) occur 
as a disruptive process of urologic development and account 
for the majority of cases of CKD and ESRD in children. The 
malformations vary from renal agenesis to horseshoe kidneys 
and duplication of the ureter [35]. The number of children 
with ESRD has decreased from 17.5 per million to 12.9 per 
million by 2017. The total number of incident ESRD patients 
under 21  years old was 1319 for 2017. Of those 51.3% 
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received HD, 27.8% PD, and 20.8% a renal transplant. There 
are currently 9667 prevalent ESRD patients, 16.6% of whom 
are on HD and 10.1% on PD. 73.3% have received a kidney 
transplant. 44.7% of patients under 21 years old receive pre-
ESRD for greater than 12 months, but there are still 19.1% 
of pediatric patients who receive no care at all. In contrast to 
adults, the mean eGFR for pediatrics is 14.0 ml/min/1.73m2. 
41.5% receive dietary care.

The North American Pediatric Renal Trials and 
Collaborative Studies (NAPRTCS) registry of dialysis 
patients demonstrates that focal segmental glomeruloscle-
rosis occurs in 14.3% of patients, while a dysplastic or 
hypodysplastic kidneys occur 13.9% of the time. The third 
most common cause of renal abnormalities in children 
is obstructive uropathy, which occurs 12.6% of the time. 
Reflux nephropathy occurs in 3.5% of patients, hemolytic 
uremic syndrome in 3.0%, while chronic glomerulonephri-
tis and congenital nephrotic syndrome occur in 2.9 and 
2.6 percent of dialysis patients. The NAPRTCS database 
reveals that pediatric dialysis patients initiating dialysis have 
a height z-score  <  2 standard deviations less than average 
and are hypertensive. The most common cause of death was 
cardiopulmonary disease with young age, growth deficits, 
and black race predicting a poorer prognosis for survival. 
Survival increased significantly between the 2002–2011 and 
the earlier 1992–2001 cohorts [36].

 Other Renal Diseases

The nephrologist follows a variety of kidney disorders as 
part of his or her daily routine. These include glomerular 
disorders, inherited disease, interstitial nephritis second-
ary to medications, and acid-base/electrolyte abnormalities. 
Hospital-based nephrologists deal with fluid management 
and a variety of critical care issues, acute acid-base disorders 
and AKI. These next few paragraphs will highlight a few of 
these conditions.

The incidence of glomerular disorders was examined in 
2016 in a Medicare and an employer health plan. It was found 
that the incidence of secondary glomerular disease  – that 
related to a primary non-renal systemic disorder – was 134 
per 100,000 in the Medicare cohort and 10 per 100,000 in the 
employer health plan. Primary glomerular disorders occurred 
in 57 per 100,000 in the Medicare and 20 per 100,000 in the 
health plan cohorts. Primary glomerulonephritis patients are 
more likely to progress to ESRD than secondary glomeru-
lonephritis patients in both the health plan 46.2 vs 19.5 and 
Medicare 72.9 vs 24.1. Data for Medicare demonstrated that 
the death rate was higher in secondary glomerulonephritis 
patient 186.1 vs 127.2  in the Medicare population. It was 
also noted that hospitalization rates were substantially higher 
in glomerulonephritis patient [37].

The prevalence of kidney stones in the USA is 10.6% for 
men and 7.1% for women. The incidences of kidney stones 
rise with age, peaking in 60–69-year-old men at 19.1% and 
women 9.4%. Kidney stones are more common in a southern 
latitude with a higher sunlight index. It is not clear whether 
oxalate in vegetables is associated with a higher kidney 
stone incidence. However, the incidence rises with sugar- 
sweetened sodas, animal protein intake and supplemental 
calcium (in men), and decreased fluid intake. It decreases 
with increased fluid intake, increased dietary calcium intake, 
coffee and tea consumption, and fresh fruit intake. Kidney 
stones are associated with cardiovascular disease, the meta-
bolic syndrome, hypertension, and diabetes. They are associ-
ated with CKD. As expected, kidney stone patients have a 
higher hospitalization rate, especially emergency department 
visits [38].

Polycystic kidney disease is a single gene disorder that 
is autosomal dominant, reportedly prevalent in 1  in 400 
to 1  in 1000 live births, and has been calculated to affect 
greater than 10  million persons worldwide. In the USA, 
the incidence has been studied in Olmstead County and is 
2.06/100,000 person-years. In a rare variant, the prevalence 
is estimated to be 1  in 26,500 live births in North, Central 
and South America [39].

Alport syndrome is a rare X-linked disease that in 805 of 
patients is caused by mutations in the COL4A5 gene, affect-
ing type 4 collagen in glomeruli. It leads to progressive renal 
failure, is associated with hearing loss, and occurs mainly in 
men [40]. Clinical trials for therapy related to Alport syn-
drome are underway.

Diseases such as Bartter syndrome (prevalence 
1/1,000,000) and Gitelman syndrome (prevalence 1/40,000) 
are uncommonly encountered by the nephrologist. They are 
each caused by gene mutations that affect tubular transport 
in either the thick ascending limb, as in Bartter syndrome, 
or the distal convoluted tubule [41]. Other disorders such as 
Fabry disease are uncommon. Nephrologists in both an inpa-
tient and an outpatient setting must deal with hemo-mediated 
kidney injury, acute kidney injury, and interstitial nephritis 
that are related to drug-induced nephrotoxicity. Treatments 
vary, but acute kidney disorders are usually reversible by 
removing their underlying cause [42].

 Nephrology Practice in the USA

In the USA, after completing 2–3 years of nephrology fel-
lowship, individuals start clinical practice in either private or 
academic sectors. Some graduates may pursue an extra year 
of fellowship to specialize in transplant and then pursue one 
of the above two models for transplant practice.

In the private practice spectrum, physicians either go in to 
solo practice or join smaller- to medium-sized groups rang-
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ing from 2 to 4 partners or larger groups with 5+ individuals. 
Each practice consists of physicians and physician extend-
ers that see patients in the clinic, dialysis centers, hospitals, 
and often in interventional access centers. Private practice 
is more likely to be associated with business opportunities 
that include ownership or joint ventures into dialysis clinics 
(15.7% vs 4.1%), ambulatory surgery centers, and interven-
tional access centers (5% vs 2.5%) than academic practices. 
Private practice physicians also participate in medical direc-
torships (33.9% vs 15.6%) but conduct clinical research tri-
als less commonly (8.3% vs 57.4%). Some private practice 
physicians elect to assume teaching responsibilities in local 
medical schools and may opt for non-tenured clinical tract 
with respect to academic appointments. Almost half (47.1%) 
of the physicians elect to join either a group practice nephrol-
ogy or multispecialty clinic. 52.9% of men and 38.7% of 
women elect to go into private practice. 60.6% of group 
practice nephrologists have weekend call 13 times or more 
each year, in contrast to only 24.1% academic nephrologists. 
39.1% of group and 18.1% of academic nephrologists have 
night call greater than 26 or more weeks per year. The aver-
age annual salary for the private practice nephrologist is US$ 
207,176 vs US$ 176,438 for academia [43].

In the academic model, individuals join nephrology 
departments at large academic centers and balance duties 
between clinical practice, research, and training. Naturally, 
in the academic setting, direct involvement with trainees 
exists, providing excellent opportunities for teaching and 
for shaping future nephrologists. With respect to research, 
academic nephrologists conduct either clinical research or 
basic science investigations, and some combine both along 
with clinical practice. A tenured appointment for an aca-
demic position offers much greater security than a clinical 
appointment. About half (47.1%) of nephrologists complet-
ing their renal fellowship training enter academic medicine, 
the same as for private practice. 53.8% are women and 
42.4% are men. 5.8% of fellows align with neither tract. 
Academic physicians receive more support for career devel-
opment opportunities (37.3% vs 16.9%) and Visa sponsor-
ships (18.6% vs 13.6%). Sign-on bonuses (28% vs 5.1%) 
and income guarantees (33.2% vs 16.9%) are more likely to 
accompany private group practice in contrast to academia. 
Academic physicians are less likely to be dissatisfied with 
work hours (23.5% vs 35%) and work life balance (26.1% 
vs 33.6%). Academic nephrologists are more likely to rec-
ommend nephrology to medical students and residents (81% 
vs 69.7%) [43].

Regardless, unfortunately women are currently paid less 
than men in both settings $206,043 vs $175,152. According 
to an ASN survey, 25% of all nephrologists are unhappy with 
their salaries but find the intellectual challenges and relation-
ships with patients highly rewarding [43].

Salaries for dialysis nurses in the USA vary but are gener-
ally between US$ 72,000 per year and US$ 95,000 per year. 
Nurse practitioners are compensated at a higher rate, around 
US$ 107,000 per year [44].

 Future Perspectives of Nephrology 
in the USA

We have come a long way from 1961 when Belding Scribner 
established the first outpatient dialysis unit in the world. It 
was not until 12 years later, during Richard Nixon’s reelec-
tion campaign, that Congress passed Public Law 92-603 
extending Medicare coverage to individuals with ESRD 
requiring HD or transplantation.

What followed PL 92-603 was various policy and pay-
ment models over the years to improve patient care and 
physician reimbursement. Since then, dialysis has become 
the most expensive item that Medicare reimburses, and 
there are challenges for the program to add value as well as 
improve the quality of life and well-being for ESRD patients. 
Recently, there has been more movement and encourage-
ment for increasing preventative care and education in CKD 
and improving access and rates of kidney transplantation. 
What is being evaluated is incorporating various incentives 
to help build this framework and improve access to care for 
this vulnerable population. A major impetus is on home dial-
ysis. Thus, we have come full circle, as the original models 
of dialysis therapy envisioned strong home programs.

However, despite that patients are starting dialysis at an 
older age, the trends toward mortality in dialysis are improv-
ing as we discover better ways to care for patients. As our 
population ages, renal replacement therapy must adapt to 
accommodate the need for quality life and a minimized bur-
den of care.

As we advance care, we will discover several innovations 
along the way. An innovation initiative known as KidneyX 
(https://www.kidneyx.org) is a public-private partnership 
between the US Department of Health and Human Services 
and the American Society of Nephrology. It recently awarded 
a $75,000 prize to a team of collaborators, Shuvo Roy and 
William Frissell, to accelerate their development of an implant-
able dialysis device. Victor Gura, a nephrologist in Los Angeles, 
has developed an ergonomic miniature dialysis machine that is 
wearable. His machine weighs less than 10 pounds, is operated 
by 9-volt batteries, and uses less than 400 ml of fluid. A clinical 
trial was conducted between 2014 and 2016 [45].

The innovative concepts to manage patients with ESRD 
lie in the field of bioengineering, where steps in developing 
bioengineered organs and tissues for clinical use are being 
investigated [46]. Teams are investigating how to harvest 
stem cells from a prospective kidney transplant and implant 
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them into the blastocyst of an animal made deficient of kid-
ney genes. As the animal develops, a phenotypic human kid-
ney is generated that is immunologically compatible with the 
recipient and can be transplanted back. A proof of concept 
has been demonstrated by implanting pluripotential stem 
cells from a mouse into a Sall1-targeted anephric rat [47]. 
Other tissues and organs are being studied by other groups, 
and technical challenges are slowly being hurdled [48].

 Conclusion

Nephrologists in the USA provide dialysis care to over 
450,000 patients and manage over 200,000 functioning 
transplants. The fascinating development of technologies 
makes the care of patients with ESRD gratifying. Despite 
our advances, we face major challenges – the burdensome 
cost of care, the lack of patients being started with a fis-
tula, the fact that many patients are not being started on the 
modality they would choose if they were educated on their 
choices and managed earlier in the course of their disease, 
and the association of cardiovascular disease with CKD and 
the lack of transplantable kidneys. Efforts to increase home 
dialysis and education of CKD patients are underway. While 
it may sound like science fiction, there are several initia-
tives to develop more innovative ways to provide wearable 
and implantable dialysis machines and even to grow human 
kidneys for transplantation in another animal. Overall, the 
future to improve kidney disease is promising.
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Area 176,215 km2

Population1,2 3,505,985 (2018)
Capital Montevideo
Three most populated cities 1. Montevideo

2. Canelones
3. Salto

Official language Spanish
Gross domestic product (GDP)2 56,156.97 million USD 

(2017)
GDP per capita3 16,245.60 USD (2017)
Human Development Index (HDI)4 0.818 (2017)
Official currency Uruguayan peso
Total number of nephrologists 175
National society of nephrology Sociedad Uruguaya de 

Nefrología
www.nefrouruguay.org.uy

Incidence of end-stage renal disease 2018 – 165 pmp
Prevalence of end-stage renal 
disease

2018 – 771 pmp (on dialysis)
    461 pmp (renal 

transplantation)
Total number of patients on dialysis
(all modalities)5

2017 – 3322
2018 – 3365

Number of patients on hemodialysis5 2017 – 3024
2018 – 3069

Number of patients on peritoneal 
dialysis 5

2017 – 298
2018 – 296 (58% on CAPD)

Number of renal transplantations per 
year

2017 – 134
2018 – 152
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 Introduction

Uruguay (República Oriental del Uruguay) is a South 
American country (3,505,985 inhabitants, area of 176,215 
Km2). Uruguay is a democratic unitary state, of a presiden-
tial nature. The government is divided into three indepen-
dent powers: executive, legislative, and judicial. It has a 
consolidated political party system and is characterized for 
its secularism, advanced social laws, and the social secu-
rity, health, and educational systems. The entire popula-
tion has access to clean water from a state provider and 
free access to education (from elementary to university), 
so it has high levels of literacy. Life expectancy at birth is 
77.6 years for total population (male 74.4 years and female 
80.8 years in 2018).
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Nephrology is an internal medicine subspecialty prac-
ticed in the country since 1940. It was recognized as a spe-
cialty, and a postgraduate course began at the School of 
Medicine (Facultad de Medicina, Universidad de la 
República) in 1979, with a complete syllabus. Since then, 
250 nephrologists have graduated. Nowadays, there are 175 
practicing nephrologists (50.6 per million population) dis-
tributed throughout the country but mainly within the capital 
city, Montevideo, where half of the total population lives. 
Renal replacement treatment (RRT) for chronic kidney dis-
ease (CKD) stage 5 has been universally available since 
1980. The country also has a National Integrated Health 
System (SNIS) that provides medical care for the entire pop-
ulation since 2007.

 Brief History of Nephrology in Uruguay

In 1942, Franchi-Padé (“the father” of Uruguayan nephrol-
ogy) published the book Enfermedades Médicas de los 
Riñones [1] and an original article about renal glomerular 
and tubular function evaluation in an international publica-
tion [2]. Since then, kidney biopsies have been performed in 
the country, and the glomerulopathies registry was initially 
coordinated at the university hospital, albeit it is now a 
national registry [3].

In April 1957, the first acute peritoneal dialysis (PD) was 
performed [4], and, in January 1958, the first acute hemodi-
alysis (HD) [5] was performed. In May 1967, the first chronic 
kidney disease patient (with a polycystic kidney disease) was 
chronically hemodialyzed through a Scribner’s shunt [6]. In 
June 1969, the first kidney transplantation was performed 
from a deceased donor, although with very short survival. A 
better outcome was obtained with the first living donor kid-
ney transplantation performed in January 1973 (sister to 
brother) [7, 8]. In September 1969, the Act on Tissue and 
Solid Organ Transplantation began to be discussed, and this 
act was passed into law in August 1971 (Law no. 14005, sub-
sequently no. 17668) and was later regulated in 1977. The 
National Institute of Tissue and Organ Donation was then 
created, becoming responsible for histocompatibility evalua-
tion and for the regulation of universal procurement and dis-
tribution of tissue and solid organs for transplantation. Since 
then, kidney transplantation has expanded.

Law no. 14897 (subsequently no. 16343) was passed in 
1979, and as result, the National Resources Fund was cre-
ated, and the economic and administrative bases for CKD 
treatment were established (simultaneously with those for 
other high-cost treatments). Since then, dialysis and trans-
plantation have been available for the entire Uruguayan 
population.

The fact that Uruguayan fellows attend regional 
(Argentina, Brazil, and Chile) and international (France, 
Spain, Italy, Japan, the USA) reference centers has been of 
the utmost importance for the education of Uruguayan 
nephrologists and the development of the clinical and 
research activities in the field of nephrology. International 
cooperation agreements with France and Spain supported by 
the ISN in the last few years have been especially instrumen-
tal in having a fluid bilateral exchange that strongly contrib-
uted to the pursuit of excellence within the field of national 
nephrology.

The Uruguayan Society of Nephrology (SUN by its 
Spanish acronym) and, afterwards, the National Resources 
Fund held the Uruguayan Registry of Dialysis (RUD by its 
Spanish acronym) and the Registry of Transplantations (RUT 
by its Spanish acronym), a mandatory registry that included 
all dialyzed patients, their clinical and biochemical data and 
outcomes [9, 10], as well as all kidney transplantations per-
formed in the country. Kidney transplantation teams also 
registered detailed clinical data, treatments, and outcomes 
[11]. Since 2004, a National Renal Healthcare Program 
(NRHP) was created to improve CKD patients’ diagnoses 
and treatments, and a CKD registry was established, which 
nowadays includes over 20,000 patients with non-dialysis 
CKD [12, 13].

 Renal Diseases in Uruguay

Uruguayan nephrologists provide secondary and tertiary 
care to patients depending on their clinical condition, using a 
referral and counter-referral system with primary care physi-
cians (PCP) or other specialists at the primary level. Every 
institution linked to the National Integrated Health System 
(SNIS) provides outpatient nephrological care, dialysis 
equipment, and healthcare to hospitalized patients at the 
standard or intensive care sector.

 National Renal Healthcare Program

In April 2004, the NRHP was created by the Uruguayan 
Society of Nephrology (SUN) and the School of Medicine 
(Universidad de la República). Its goal was to improve 
renal healthcare and, more specifically, (a) to promote 
renal healthcare education and a healthy lifestyle among 
the general population in order to reduce cardiovascular 
and renal risk factors; (b) to increase accessibility to renal 
healthcare at the primary level; (c) to promote early diag-
nosis of CKD among at-risk population; (d) to improve the 
care given to patients at all stages of CKD, and (e) to pre-
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vent cardiovascular morbidity and mortality, which are 
high within the targeted population [14]. An Advisory 
Committee for Renal Health (ACRH), composed of repre-
sentatives from the National Resources Fund (FNR), the 
SUN, the School of Medicine (Universidad de la 
República), and a delegate from the Ministry of Health 
[14, 15], was committed to its implementation and evalua-
tion. Simultaneously, an online CKD registry was created 
and held by the FNR. Patients were registered whenever 
eGFR was lower than 60  ml/min/1.73  m2 (initially by 
MDRD 4 equation and later by CKD-EPI) or when persis-
tent  proteinuria higher than 300 mg/day (or microalbumin-
uria, higher than 30  mg/day in diabetic patients) was 
present. In order to minimize failure to follow-up, this 
CKD registry had a centralized “alarm system” that is acti-
vated whenever patients failed to keep an appointment. 
These patients were called by an FNR social worker or by 
the nurse from each nephrology team and scheduled for 
another appointment.

CKD screening has been incorporated into health check-
ups. In Uruguay, since 1936, it is mandatory for students, 
individuals with a stable job, and people who practice sports 
to have a regular health checkup once every 2 years. In 2009, 
the Department of Health passed a decree providing for 
serum creatinine tests to be included in diabetic and hyper-
tensive individuals’ health checkups. Patients who were pos-
itive for urine abnormalities or high serum creatinine levels 
in these checkups would be referred to PCPs or nephrolo-
gists to complete their evaluation. Between January 1, 2009, 
and December 12, 2012, 11,161 people were tested for serum 
creatinine levels at health checkups. CKD prevalence was 
higher in people with diabetes and hypertension (16.9%) fol-
lowed by those with diabetes and without hypertension 
(11.9%) [15–18].

 The CKD Registry

The registry and variables included have already been 
reported [17]. Between October 1, 2004, and December 
31, 2018, 21,399 patients were registered. The patients’ 
median age was 70 years (IQT 60–77), and 43.7% of them 
were female. The follow-up was 4.5 years, and the most 
frequent diagnoses were vascular nephropathy (40.8%), 
diabetic nephropathy (19.1%), obstructive nephropathy 
(7.9%), and primary glomerulonephritis (4.8%). The most 
frequent risk factors for kidney disease were hypertension 
(86.9%), dyslipidemia (54.2%), diabetes (37.3%), and 
obesity (37.7%). Most patients were referred to a nephrol-
ogist at CKD stage 3 (58.2%), followed by stage 1–2 
(17%) and stage 4–5 (24.8%). The latter were considered 

late referrals. 17.7% of patients had proteinuria >0.3 g/d. 
Every year, the ACRH carries out an annual evaluation and 
invites all nephrology groups included in the NRHP. Group 
coordinators meet to discuss the progress of clinical indi-
cators, and each group is given performance results for 
each indicator, as well as the median and percentiles 25–75 
for the program. This meeting is important to address each 
group’s strengths and weaknesses, as well as to holistically 
assess the program.

After 4.5  years of average follow-up, 4614 (22%) 
patients died, and 1275 (6%) had ESRD, 7890 patients 
(36%) had stabilized renal function (loss of eGFR <1 ml/
min/year), 1909 (12.3%) patients had rapid progression 
(>5 ml/min/year), and 3641 patients (16%) had slow pro-
gression (1–5 ml/min/year). The remaining 14.5% were not 
followed up. The survival of patients controlled at 10 years 
was significantly (p < 0.05) higher (71%) when compared 
to those not controlled (43%). Patients from the NRHP 
were 7  years older at admission to dialysis than patients 
without nephrological assistance before beginning dialysis, 
adjusted for nephropathy [14]. The mortality rate was 
6.20/100 patients/year. The main cause of death was car-
diovascular: 2.03/100 patients/year. Proteinuria and glo-
merular filtration rates were independent risk factors for 
new cardiovascular events [18].

 Registry of Glomerulopathies and Kidney 
Biopsies

Glomerulopathies have a national incidence of 58 cases per 
million population (pmp) [3]. The Glomerulopathies 
Prevention and Treatment Program (PPTG by its Spanish 
acronym) was created in 1989 by the Glomerulopathies 
Study Group from the Nephrology Department at the School 
of Medicine and by the Uruguayan Society of Nephrology. 
The Uruguayan Registry of Glomerulopathies has been run-
ning since 1970 by the Nephrology Department, and since 
1985, it is sponsored by the Uruguayan Society of Nephrology 
and includes patients from every institution nationwide. In 
2000, a ministerial ordinance made the PPTG official, grant-
ing the Nephrology Department at the School of Medicine 
power to develop that program, and made it mandatory to 
notify the registry of all clinically diagnosed cases of glo-
merulopathy and of their evolution (Uruguayan Registry of 
Glomerulopathies/Kidney Biopsies). Since 2001, the 
Managing Commission for the National Resources Fund 
sponsors the PPTG and collaborates with data collection. 
Some of the goals of the PPTG are to analyze epidemiology 
and to update the diagnosis and treatment of glomerulopa-
thies in Uruguay.
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The main activities carried out by the coordinating com-
mission of the PPTG are (1) epidemiological surveillance 
through the Uruguayan Registry of Glomerulopathies (RUG 
for its Spanish acronym) to make relevant national health rec-
ommendations; (2) weekly meetings (glomerulopathies grand 
round) to discuss clinical cases and their kidney biopsies, 
streamed live to enable the participation of nephrologists 
nationwide; (3) peer review of international-related publica-
tions; and (4) periodically updating of clinical practice guides 
for the diagnosis and treatment of glomerulopathies (www.
nefrologia.hc.edu.uy/images/Guias_de_Practica_clinica_
para_tratamiento_de_las_Glomerulopatias._Version_2018.
pdf). Nephrologists, internists, pathologists, laboratory tech-
nicians, hematologists, and gynecologists collaborate with 
the guides, verifying preexisting guides using the AGREE 
tool, conducting an updated bibliographical search, and, 
finally, attending the national consensus that completes the 
draft for the documents [19]. Having widely disseminated 
and regularly updated treatment guidelines has led to a more 
homogeneous treatment of glomerulopathies in the country.

The Registry of Glomerulopathies has shown that the 
incidence of multiple glomerulopathies has varied through-
out the years [3, 20]. From 1990 to 2014, 3390 biopsies on 
native kidneys corresponding to glomerular disease were 
performed in patients older than 14. The average biopsy rate 
was 58 per pmp/year. The glomerular disease incidence rate 
progressively increased over that period (p < 0.05). Trends 
analysis over 5-year periods demonstrated a progressive 
increase of IgA nephropathy (3.08 pmp/year 1990–1994 to 
12.53 pmp/year 2010–2014 p < 0.05), membranous nephrop-
athy (2.38 pmp/year 1990–1994 to 8.04 pmp/year 2010–
2014 p  <  0.05), and lupus nephritis (4.23 pmp/year 
1990–1994 to 7.81 pmp/year 2010–2014 p  <  0.05). Focal 
segmental glomerulosclerosis increased until 1996 and 
decreased afterwards [20].

Tubulointerstitial nephritis (TIN) study was performed 
with data from both registries (NRHP and RUG). This study 
showed that the female gender had a higher risk of TIN 
caused mainly by medications. The most common clinical 
presentation for the biopsied group was as rapidly progres-
sive renal failure (RPRF). A better evolution of the estimated 
glomerular filtration (eGF) was associated to a lower tubule- 
interstitial fibrosis score at biopsy in patients who received 
steroid treatment, exclusive or associated to other immuno-
suppressive agents (OR 0.143; 95% CI, 0.028–0.720; 
p < 0.05) [21].

The diagnosis and treatment of hypertension warrant spe-
cial attention by Uruguayan nephrologists, and a group of 
them actively participates in national and international epi-
demiology research, having produced numerous publica-
tions [22]. Information campaigns on vascular risk factors 
and on limiting the use of salt in the diet of the population 
have been performed.

 Acute Kidney Injury and Critical Care 
Nephrology

There is no information on the epidemiology of acute 
kidney injury (AKI) in the community. Nevertheless, 
multiple reports exist providing information on specific 
situations or contexts (leptospirosis, sepsis, cardiac sur-
gery, pregnancy, nephrotoxins, etc.). During an observa-
tional study of 40 intensive care units (ICU) in the 
country spanning over 2 weeks, a 9.1% frequency of AKI 
(AKIN criteria) was observed [23]. The main causes were 
ischemic acute tubular necrosis and sepsis, 52% in the 
context of multiple organ failure and 13.6% of which 
required RRT. Other studies report a frequency of 2.3% 
[24, 25] for severe AKI with RRT in cardiac surgery, of 
5.6% [26] at ICU, and 0.3 pmp/year in the case of severe 
leptospirosis [27].

AKI has been identified as a public health issue and 
has been included in the events report for patient check-
ups from the Renal Health Program Registry. Several 
interdisciplinary educational activities have been carried 
out to disseminate reno-protective strategies in the com-
munity and hospital areas, and both scientific societies 
and academia have participated in such activities [28]. 
More specifically, in 2014, the Ministry of Health made it 
mandatory to diagnose, report, and apply a prevention 
protocol for AKI caused by administration of iodinated 
contrast agents [29].

The treatment of AKI, regardless of its severity, is uni-
versally covered, can be equally accessed by the entire 
population, and is under charge and responsibility of both 
public and private integral healthcare providers. The regu-
latory ordinance authorizing the installation of critical care 
facilities requires having RRT techniques. Historically, due 
to availability and funding, the main form of RRT for AKI 
was intermittent HD, with anecdotal reports of peritoneal 
dialysis (PD) administration. Continuous RRT have not 
been habitually incorporated in the country. Consequently, 
in the past 10  years, sustained low-efficiency dialysis 
(SLED) was used, and, more recently, online hemodiafiltra-
tion for AKI in critical patients has been introduced. 
Nowadays, most hospitals offer RRT managed by their own 
professional teams organized into AKI treatment units 
equipped with HD machines with bicarbonate and con-
trolled ultrafiltration (UF). Most units use treated water 
obtained through portable osmosis systems, and only two 
units have a water treatment system that obtains ultrapure 
water.

There is no national registry for AKI episodes or their 
results. Nevertheless, hospital and long-term mortality for 
AKI, treated with RRT and reported in studies, resembles the 
mortality reported from observational studies in developed 
countries [23, 26, 30].
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 Renal Replacement Therapy in Uruguay

 Epidemiology

As from 1980, RRT started to be developed in Uruguay when 
the National Resources Fund Act became alive. The Fund is 
funded by every inhabitant of the country (with the exception 
of members from the armed forces and of police officers), 
and it finances several high-cost treatments, such as the 
chronic dialysis and renal transplantation programs.

The Uruguayan Society of Nephrology created the 
Uruguayan Registry of Dialysis (RUD), and the Uruguayan 
Society of Transplantations created the Uruguayan Registry 
of Transplantations (RUT) in 1981. Presently, the RUD is a 
mandatory registry of patients, and it collaborates with the 
National Resources Fund, annually providing reports on data 
it shares with the RUT [9–11]. As from its creation, both the 
RUD and the RUT have accumulated data on the entire popu-
lation that underwent different forms of RRT in the country. 
By means of different studies conducted, this has made it 
possible to know the epidemiology of CKD in RRT in the 
country [31–34], as well as to compare treatment results with 
results from other countries and regions [35–37].

The incidence of CKD in dialysis treatment has increased 
from 32 (in 1981) to 165 pmp (in 2017) [36, 38], with certain 
stability since 2008, and a constant predominance of male 
vs. female gender (215 vs. 118 pmp, respectively) and of 
patients from Montevideo (the capital city) vs. those from 
other parts of the country (187 vs. 151 pmp) in 2018. The 
average age of incident RRT patients progressively increased 
and reached 61.6 years in 2018. The etiology of CKD was 
diabetes at 28%, cardiovascular at 25%, chronic glomerulo-
nephritis at 11%, obstructive tubule-interstitial nephropathy 
at 11%, nonobstructive TIN at 2%, and other causes at 23% 
in 2018. In 2018, the most frequent prescribed dialysis ther-
apy was HD in 89.6% of the cases, whereas PD was pre-
scribed in 10.4% of the cases.

The prevalence of dialysis therapy increased from 38 in 
1981 to 771 ppm in 2018, also moving toward stability since 
2008, with a rate of 706 ppm in HD and 64 pmp in PD.

Only 14% of dialysis patients were waitlisted to receive 
kidney transplant in 2018 (13% from HD and 26% from PD).

Gross mortality was 24.9% in 1987, decreasing to 17.4% 
in 2018 (17,5% in HD and 15,8% in PD patients, stable 
between 15% and 17% in the last 10 years). The most fre-
quent causes of death in 2018 were cardiovascular (35%), 
infectious (19%), suspended treatment (7%), neoplasm 
(6%), and others (34%).

The incidence of kidney transplant increased from 3 pmp 
in 1981 to 44 pmp in 2018, and the prevalence of successful 
kidney transplant was 3 pmp in 1981 but increased to 461 
pmp in 2018 [9–11]. At present, 2689 kidney transplants 
have been performed in the country.

 Reimbursement Policies

 Chronic Kidney Disease Treatment: Legal 
Framework and Financial Coverage
In Uruguay, the right of healthcare to each inhabitant is regu-
lated by Law no. 18211 from 2007, which created the 
National Integrated Healthcare System (SNIS) and the 
National Health Insurance (SNS by its Spanish acronym), 
which compose the National Health Fund (FONASA by its 
Spanish acronym) [39].

Services are provided through comprehensive public and 
private healthcare providers and are defined within a Holistic 
Healthcare Plan, a benefits plan that ensures universal cover-
age through an explicit list of healthcare and medication ser-
vices [40].

In order to provide healthcare for people without insur-
ance and to cover out-of-pocket expenses, the SNIS is 
financed by public sources, by the SNS (employer, worker, 
and retired workers taxes), and by general revenue. 
Throughout the years, the contribution from the SNS has 
increased, and the out-of-pocket expenses have progres-
sively decreased, with Uruguay becoming the second Latin 
American country with the lowest percentage of out-of- 
pocket expenses for healthcare [41].

FONASA makes a per capita payment to integral health-
care providers according to age and gender and a variable 
payment based on performance and goal achievements. 
Additionally, public healthcare providers are financed using 
general revenue, as defined in the national budget. In the case 
of more complex, high-cost services and medications, the 
National Resources Fund (FNR) provides financing pursuant 
to Law no. 16343 of 1993 and acts as additional healthcare 
public insurance along with FONASA, thus reinsuring inte-
gral healthcare providers. Thereby, Uruguay reaches univer-
sal healthcare coverage, with equity and without exposing 
people to financial hardship [39, 40].

The FNR has been in place since 1980, financing the High 
Care Specialized Institutes (IMAE by their Spanish acronym). 
The public and private dialysis and transplantation Institutes 
are among these IMAE. When the SNIS was created, the FNR 
also began providing coverage for high-cost medications. 
Currently, it is a nongovernmental public entity governed by 
an Honorary Managing Committee comprised of nine mem-
bers: five representing the government and four representing 
healthcare providers and the IMAE [42–44]. It is funded by 
FONASA (82%), general revenue (10%), and out-of-pocket 
expenses (6%). Two percent of the funds stem from gambling 
taxes. In 2018, the FNR spent 250 million dollars [45].

In Uruguay, public and private healthcare providers and 
dialysis and renal transplant institutes are responsible for 
RRT in ESRD.  These institutes are funded by the FNR 
through tariffs agreed upon by the executive branch and the 
Association of IMAE centers [46]. Moreover, the FNR funds 
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treatments with immunosuppressive agents (tacrolimus and 
everolimus) for transplanted patients [47, 48]. Both living 
and deceased donor renal transplantations are funded, as 
well as combined organ transplantations (heart-kidney, 
pancreas- kidney, liver-kidney), covering the transplantation 
procedure and all complications that may arise [47, 48].

In the case of HD, the FNR pays the Institutes a tariff for 
each dialysis session performed. (At 2019, $5324 = US dol-
lars 38). Regarding PD, the IMAE receives a fixed amount 
per patient treated (At 2019, US dollars 1547/patient-month). 
Furthermore, the FNR acquires PD materials and provides 
them to patients through suppliers. The FNR also covers all 
the PD complications costs [47].

Additionally, the FNR has prevention programs, targeting 
the treatment of risk factors for the most prevalent noncom-
municable chronic diseases in the country as a risk manage-
ment strategy for new procedures.

The Renal Health Program [49] and the Glomerulopathies 
Prevention and Treatment Program developed by the National 
Resources Fund, the Ministry of Health, the Nephrology 
Department from the School of Medicine (Universidad de la 
República), and the Uruguayan Society of Nephrology aim to 
prevent and screen for kidney disease and stop/slow down its 
progression in cases in which it has already begun. These pro-
grams provide easy access to nephrological attention and have 
partial financial cover by the FNR.

The FNR develops quality and results assessment and 
follow-ups for services funded [50] and publishes results 
indicators differentiated by dialysis and transplant institutes 
(IMAE) [51]. Multidisciplinary teams from the FNR periodi-
cally audit facilities, equipment, and processes, boosting risk 
evaluation policies, medical error prevention, and epidemiol-
ogy surveillance. These teams control compliance with legal 
regulations and protocols, estimate staff training and 
strengthening, and seek to ensure that every treatment the 
population has access to is of equal quality [52].

 Hemodialysis

Chronic HD is broadly developed throughout the country 
and can be accessed universally, as earlier mentioned, in hos-
pital centers and clinics. In 2018, 3069 patients received 
chronic HD. There are 37 chronic HD centers, 17 located in 
Montevideo and 20 in the rest of the country, most of which 
(92%) treat between 30 and 90 patients, and 5% of them treat 
over 90 patients [11]. All centers have been authorized by 
sanitary authorities (Ministry of Health) and funded by the 
National Resources Fund. Operational rules have been well 
defined [53–55], are the same for all centers, and are annu-
ally audited by sanitary authorities [56].

Water treatment for HD complies with the best interna-
tional standards [57, 58]; reverse osmosis is used in every 

center (most centers using double pass reverse osmosis sys-
tem), and aluminum, endotoxins, and microbiology levels 
are periodically controlled. Online hemodiafiltration (HDF) 
with “ultrapure” water is also carried out in one center (at the 
University Nephrology Department) for 28 patients. Until 
2018, all centers reused dialyzers (reuse median of 15 
reuses), which were stored in peracetic acid. Since 2019, 
some centers have decided not to reuse; however, dialyzer 
reuse is allowed if the priming volume is at least 80% of the 
initial, and they are handled and stored as defined [53]. High- 
flux dialyzers from international suppliers are used. Dialysis 
solutions used are produced by the pharmaceutical industry 
under strict quality control (composition and microbiology) 
by sanitary authorities. Bicarbonate and controlled ultrafil-
tration HD/HDF machines are used.

Most patients receive 3 weekly sessions of HD, lasting 
231  ±  18  min/session [11, 38] on average, blood flow at 
least 350  ml/min. Vascular access is achieved through 
native arteriovenous fistula in 53% of patients, prosthetic 
fistula in 24% of patients, double-lumen tunneled central 
venous catheter in 14% in patients, and temporary central 
venous catheter in the remaining cases [11, 38]. When 
completing HD/HDF, all data for the procedures, prescribed 
treatments, and eventual complications are reported online 
at the computerized control system of the FNR (known as 
María system).

Pursuant to the regulations of the FNR, multidisciplinary 
teams provide care under the technical supervision of a 
nephrologist with proven experience [53–55]. A nephrolo-
gist (1 to every 16 patients) is always present during the 
dialysis sessions, and there is a nurse to every 16 patients and 
a hemodialysis technician to every 3–4 patients. Nutritionists 
and psychologists periodically check up on patients, and a 
social worker collaborates with them.

When beginning RRT, and semiannually, viral markers 
for hepatitis A, B, and C and HIV are controlled. AgHBs 
(0.7% positive) and susceptible patients received hepatitis B 
vaccination. In 2016, 65% of patients developed HB antibod-
ies after vaccination. The prevalence of antibodies to hepati-
tis C was 2.2% and to HIV was below 1% [11]. Between 
82% and 100% of patients on HD receive treatment with 
subcutaneous erythropoietin.

Compliance goals and objectives for monthly clinical and 
biochemical parameters (blood pressure, weight, azotemia, 
electrolytes, hemoglobin, phosphate, calcium, etc.) have 
been recorded for each session and are audited annually by 
sanitary authorities and included in the Uruguayan Registry 
of Dialysis, which allows for an annually published [11, 38] 
healthcare quality control [55, 58]. Mortality rate was 
15.2/100 patient-year in 2016 and adjusted to age, sex, and 
diabetes 9.2/100 patient-year [11, 38]. At present 346 patients 
(13.2% of prevalent patients) have been on HD for more than 
10 years.
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 Peritoneal Dialysis

PD is prescribed almost exclusively for the treatment of 
ESRD in adult patients and almost never for the treatment of 
AKI, except in pediatric population, as it will be described 
later. PD is used less often than HD, and only 10% of dia-
lyzed patients use this treatment, although it is universally 
available and all patients on RRT may use it [30]. In 2018, 
there were eight PD centers authorized by the Ministry of 
Health and funded by the FNR as is HD. Every inhabitant 
has access to these centers, being free to choose one for treat-
ment. Half of the centers provide care for 30–60 patients, and 
the remaining centers serve less than 30 patients each. In 
2018, 296 patients were dialyzed using this treatment 
method. Seven centers are in Montevideo (albeit they serve 
patients from other areas of the country), and one is in the 
city of San José. The FNR supplies these centers by calling 
for public tenders for suppliers (who then distribute supplies 
to the patients’ home), and nephrologists are free to choose a 
supplier and PD plan for each patient.

Based on preference of the PD team and on the clinical 
situation of each patient, peritoneal catheters (Tenckhoff, 
double cuff, straight, or coil catheters) are placed by punc-
ture by nephrologists, by surgical technique with enhanced 
local anesthesia, or by video laparoscopy.

Standard dextrose (or glucose) and icodextrin PD solu-
tions are used, albeit icodextrin is only limited to people 
under the age of 14, diabetic patients, or patients with very 
rapid peritoneal transport. Cyclers are obtained from only 
one supplier, which limits their use in clinical practice. 
Approximately 48% of patients use automated PD [11, 38]. 
By 2018, there were no bicarbonate or amino acid solutions 
available.

Pursuant to regulations by the FNR [53, 55], PD teams for 
each center are made up of a nephrologist with proven expe-
rience in the field acting as technical director, nephrologists, 
nurses, dietitians, social workers, and a psychologist/psy-
chiatrist, all of which provide multidisciplinary care focused 
on the patient and his/her family and social circle.

Clinical and biochemical checkups are conducted at least 
once a month on all patients treated, and all data are col-
lected. Medications, PD prescriptions, and complications/
hospitalizations are reported online at the computerized con-
trol system of the FNR (María system). Ninety-six percent 
of patients on PD receive treatment with subcutaneous 
erythropoietin.

As on HD centers, these centers have quality control cri-
teria, goals, and objectives based on the best scientific evi-
dence available and annual auditing for all centers conducted 
by national sanitary authorities (National Resources Fund 
and Ministry of Health) [24].

Since 2004, the Peritoneal Dialysis Group from the SUN 
steers the National Registry of Peritonitis in PD in order to 

determine the most common bacteria and their antibiotic 
sensitivity and to define the initial empiric peritonitis ther-
apy for this population [58–60]. The national peritonitis 
rate has decreased (from 0.49  in 2004 to 0.33 peritonitis/
patient-year in 2017), mainly cases caused by gram-posi-
tive bacteria [58].

Patient survival for patients treated with PD is similar to 
that of patients treated with HD, as well as clinical and bio-
chemical controls [11, 38]. The Uruguayan Registry of 
Dialysis and the National Resources Fund annually publish 
results on morbidity and survival indicators [11, 38]. 
Mortality rate was 16.2/100 patient-year in 2016 and adjusted 
to age, sex, and diabetes 11.4/100 patient-year [11, 38]. At 
present 36 patients (13.8% of prevalent patients) have been 
on PD for more than 10 years.

In the last few years, several young nephrologists from 
South America have come to Uruguay to complete their PD 
training with scholarships from Sociedad Latinoamericana 
de Nefrología e Hipertensión (SLANH) and International 
Society for Peritoneal Dialysis (ISPD).

 Renal Transplantation: Living and Deceased 
Donor

The first renal transplantation in Uruguay was performed in 
1969 [61]. Currently, there are three transplantation centers 
in Uruguay authorized to conduct kidney transplantations 
and one authorized to conduct hepatorenal transplantations, 
although the process of procuring and assigning deceased 
donor organs is centralized and regulated by law as described 
in the following paragraph. The teams providing care are 
multidisciplinary, directed by a nephrologist with proven 
experience [53], surgeons, urologists, anesthesiologists, 
nephrologists, nurses, nutritionists, psychologists, and social 
workers. Since 1979, 2689 kidney transplants have been 
performed.

In 2018, 44 kidney transplants pmp were performed, the 
highest figure in Latin America, as it has been the case for 
the past two decades [62, 63]. Ninety-three percent of these 
kidney transplants were performed with a deceased donor, 
and 7% with a living related donor [64], ratio that has 
remained historically stable with clear predominance of 
deceased donors. For 5.4% of patients, kidney transplant 
was the first treatment for CKD (preemptive). The age of 
donors and recipients has increased, with current ages at 
39 ± 16 and 46 ± 15 years, respectively. The pretransplant 
time on dialysis has decreased and is currently 
56.7 ± 47.0 months [65]. In 2018, the prevalence of kidney 
transplant was 461 pmp.

Immunosuppression usually includes tacrolimus, myco-
phenolate, and corticosteroids and, in 81% of cases, induc-
tion with mono- and polyclonal antibodies. The survival rate 
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for kidney transplants performed during this century is of 
96%, 90%, and 81% at 1, 5, and 10 years, respectively, and 
the survival rate for death-censored graft survival is of 92%, 
80%, and 68%, respectively. By 2018, the prevalence of 
patients living with successful kidney transplant was 461 
pmp, making up 31.5% of the total number of patients with 
RRT (dialysis and transplantation).

 Simultaneous Transplantation of Kidney 
and Other Organs

Cardiorenal The first kidney transplant simultaneous to a 
heart transplant was performed in 1995. Only two transplan-
tations of this nature have been performed so far.

Renal-pancreatic The first simultaneous kidney and pan-
creas transplantation was performed in 2002, within the 
framework of a national program developed by the School of 
Medicine. Since then, 57 transplantations of this nature have 
been performed. There were no cases of pancreatic trans-
plantations followed by kidney transplantations (PAK) or of 
isolated pancreatic transplantation. This program is now 
suspended.

Hepatorenal The first simultaneous kidney and liver trans-
plantation was performed in 2014 at the bi-institutional unit 
from the School of Medicine-Military Hospital where the 
National Liver Transplant Program operated. To this date, 
ten transplantations of this nature have been performed.

Professional Training The study of kidney transplants is part 
of the syllabi for nephrologists, urologists, surgeons, and other 
specialists, and there is also available a “Diploma in Organ 
Procurement and Histocompatibility.” Given the excellent 
results obtained, professionals from several Latin American 
countries such as Chile, Paraguay, Bolivia, Peru, and Ecuador 
complete their transplantation training in Uruguay.

 Organ Procurement and Transplantation 
Network Policies

The National Institute for Organ, Tissue and Cell Donation 
and Transplantation and for Regenerative Medicine (INDT 
by its Spanish acronym), a public entity reporting to the 
Ministry of Health and the Universidad de la República, has 
been around for over 40 years and has legal authority over all 
programs and therapeutic or scientific activities using human 
organs, tissues, or cells.

The institute has healthcare, regulation, teaching, 
research, and extension goals.

Within the area of healthcare, the institute is responsible 
for donations, procurement, immunogenetic studying of 
donors and recipients, managing single waitlists, assigning 
each organ transplant, and ablating, processing, and assign-
ing tissue, as well as for studying and looking for donors for 
hematopoietic transplantation.

Through various legal frameworks, Uruguay has man-
aged to maintain deceased donation rates above the Latin 
American average; in 2018, the rates per million population 
(pmp) were of 23.8 for organs and 15.8 for tissue.

Regulations have fostered changes that allowed for devel-
oping different types of organ, tissue, and cell transplanta-
tions. Organ transplantations with living donors are allowed 
among collateral relatives or up to four degrees of consan-
guinity, and, in the case of hematopoietic transplantation, it 
is also possible to make a nondirected donation through a 
registry for unrelated persons.

For over three decades, INDT operated based on the legal 
form of donation of explicit consent granted by an individ-
ual or by his/her relatives, form established by Law no. 
14005 approved in 1971, a groundbreaking law for Latin 
America establishing a broad criteria for death that remains 
functional and in force, when performing transplantation 
activities. As from 2003, an amendment introduced the fig-
ure of presumed donors in the case of death that required 
forensic examination, and, as from 2013, Law no. 18968 
came into force, establishing the status of presumed donor 
for all cases in which an individual has not stated otherwise 
while alive. This amendment made it necessary to notify 
families about donations rather than to consult them on the 
matter.

Kidney transplants and corneal grafts are the oldest and 
more active transplantations, with transplantation rates per 
million population of 48.9 and 44.2, respectively. Even so, 
the rate of waitlisted patients per million population is of 140 
and 170, respectively.

The institute is organized into five technical areas: trans-
plant coordination, immunogenetics laboratory assignment 
unit, multi-tissue bank, registry and statistics, and cellular 
transplantation (search and registration of HSC (hematopoi-
etic stem cells) donors).

Regarding the kidney transplantation program, we must 
highlight the active work conducted by the Transplantation 
Coordination whose operation is based on joint coordination, 
especially on coordinating with clinics. A legally approved 
National Network for Donations and Transplantations is cur-
rently being implemented by appointing institutional key 
agents for donation and transplantation activities. The 
Donation and Transplantation Coordination is made up of 
intensivists and psychologists in charge of choosing and keep-
ing donors and of interviewing their relatives, respectively.

Within the field of education, the INDT is responsible for 
three postgraduate diplomas: transplant coordination, immu-
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nogenetic basis of transplantation, and multi-tissue bank. 
Thus, ours is one of the first countries to offer university 
diplomas for these disciplines.

 Nephrology Practice in Uruguay

The Postgraduate Degree in Nephrology from the School 
of Medicine, Universidad de la República, was approved 
by the university authorities on May 8, 1979 [6]. The fact 
that this postgraduate degree is the only training program 
available (Nephrology Department from the Hospital de 
Clínicas) contributes to homogenize nephrology practices 
all over the country. This development was boosted in 
1990 with the creation of the residency program that, since 
1993, includes a nephrology residency; initially, it was 
carried out during the last year of the internal medicine 
residency, but, afterwards, a specific nephrology residency 
was created.

Afterwards, associated public and private teaching cen-
ters were accredited by the Graduate Department of the 
School of Medicine, allowing the nephrology residencies 
program to expand.

Nowadays, the postgraduate degree takes 3  years with 
additional time to write a thesis. Two final evaluation tests 
are performed. Many nephrologists have trained further 
through scholarships abroad and, in some cases, have been 
able to homologate degrees obtained abroad (Spain).

The training for nephrology nurses initially developed as 
a specialization within the practical work and, more recently, 
has been developed in specialized courses in the School of 
Nursing.

In 2018, there were 158 practicing nephrologists in 
Uruguay, corresponding to a rate of 50.6 nephrologists pmp.

Nephrological activity has diversified throughout the 
years. This, along with the expansion of the national inte-
grated healthcare system, has led to full employment in the 
area of nephrology for doctors and nurses alike.

The field of development for nephrological activity 
includes:

 1. Outpatient healthcare activities are carried out across the 
country. The renal health program indicates the need to 
provide 2  h of outpatient nephrological care to every 
10,000 users (20 years or older). Depending on the com-
plexity of the care system, nephrologists are organized 
into practice groups that establish a fluid relationship with 
other healthcare professionals. Normally, this outpatient 
care is associated with a hospital care group. Patients may 
also be directed to certain healthcare centers for special-
ized consults for glomerular diseases, lithiasis, and 
advanced chronic disease.

 2. Hospital care oversees RRT with nephrologists who care 
for hospitalized patients or patients in emergency facili-
ties, either when covering an in-hospital shift in high 
complexity healthcare centers or when being on call. In 
every case, these services are overseen by nephrologists.

 3. Nephrology departments in public and private hospitals 
develop general nephrological follow-up, outpatients 
care, and acute dialysis units, always under the supervi-
sion of an experienced nephrologist. These programs, 
along with the growing Renal Health Program, have pro-
gressively engaged more nephrologists providing hospital 
care, including the RRT for hospitalized patients, and the 
diagnosis and follow-up of patients with CKD at different 
stages of kidney disease.

 4. Activity at outpatient and in-hospital chronic HD centers, 
with on-site supervision during dialysis shifts and clinical 
follow-up for patients on chronic dialysis. This activity is 
complemented with multidisciplinary regular clinical 
meetings. Nephrologists with over 5 years of experience 
are technical directors at these centers (pursuant to regu-
lations by FNR). It can be estimated that 40% of the 
workload for nephrologists comes from this area.

 5. PD centers employ one nephrologist to every 20–30 
patients. Since PD is less developed, only 10% of the 
workload comes from this area. Once again, nephrolo-
gists with proven experience act as technical directors for 
these centers.

 6. Kidney transplantation centers employ about 20 nephrol-
ogists for direct care who deal with waitlists, monitoring 
the pre-transplantation period and doing post- 
transplantation follow-up. Once again, nephrologists with 
proven experience at renal transplantation act as technical 
directors for these centers.

 7. Academic activity is centralized at the Center of 
Nephrology from the Universidad de la República and 
the Associated Nephrology Units. The University 
Nephrology Department, with a staff of almost 20 
nephrologists, conducts nephrology courses for trainees 
and continuous medical education.

Nephrological research in Uruguay is conducted by differ-
ent research groups [3, 9, 12, 21, 22, 25, 33, 38, 58, 61, 64–67] 
from the Uruguayan Society of Nephrology and the School of 
Medicine (Universidad de la República) who have produced 
about 233 scientific papers published in peer- reviewed jour-
nals (search in PubMed: KIDNEY and URUGUAY).

Given how medicine works in the country, nephrologists 
normally have more than one paid job, for example, working 
at a hospital and then working at an outpatient chronic dialy-
sis center. Nephrologist monthly salary is on average US dol-
lars 2800 per 30 h/week, and renal nurse monthly salary is on 
average US dollars 2100 per 36 h/week.
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 Pediatric Nephrology

Until 1960  in Uruguay, general pediatricians dealt with 
nephrological pathologies. The first renal biopsy was per-
formed in 1959. During the 1960s, pediatric nephrology 
polyclinics were created at Hospital Pedro Visca and Hospital 
Pereira Rosell. In 1983, both units merged and settled at 
Hospital Pereira Rosell [66]. That year, two pediatric chronic 
dialysis centers were created: HD and PD [67]. Between 
1979 and 1989, the Pediatric Uro-nephrology Department 
was based at Hospital de Clínicas and directed by urology 
professors. Practicing pediatricians would get the degree of 
adult nephrologist or would train abroad with pediatric 
nephrologists (France, Japan).

The Pediatric Nephrology Postgraduate course was 
approved by the Postgraduate School of the Universidad de 
la República on April 12, 2013, and by the Central Board of 
Directors on July 1, 2014 [67]. The first generation of post-
graduate students started school in 2015. Nowadays, there 
are six pediatric nephrologists who hold this degree, and five 
professionals have retired in the last 5 years.

The incidence of pediatric patients with CKD in our 
country is unknown. The Pediatric Renal Health Program 
will begin operations at the Congenital Defects and Rare 
Diseases Center. There are 121 patients <16 year with CKD 
receiving care at that center and have been referred by pub-
lic and private care providers. Forty-two percent of the 
patients present with nephro-urological malformations, 
27.8% present with malformations at the neural tube, 17.4% 
present with CKD due to genetic causes, 11.3% present with 
acquired CKD, and, for 0.9%, the causes are unknown. 
67.8%, 13%, 7%, 4.3%, and 6.1% are at CKD stages 1, 2, 3, 
4, and 5 respectively. The last group is comprised of seven 
patients: one has received a transplant, one is on HD, and 
five are on PD. Five of the patients from stages 4 and 5 are 
currently being studied for transplantation (Data from 
Reference Center).

Since 1983, 203 children <15 years have been dialyzed: 
108 on HD and 95 on PD (Data from the Uruguayan Registry 
of Dialysis). In December 2018, there were 16 children on 
PD and 5 on HD (3 on temporary HD) between the ages of 2 
and 17. Two of these patients started on PD within the first 
month of life, and another patient started on PD at 6 months 
(Data from the Pediatric Dialysis Center, SENNIAD). All 
children receive nightly cyclic dialysis and, when prescribed, 
daily icodextrin PD solution.

PD and HD teams are multidisciplinary and made up of 
pediatric nephrologists, pediatricians studying nephrology, 
nurses, dietitians, psychologists, and social workers. Given 
the importance of nutrition and growth in pediatrics, dieti-
tians are present when routine checkups on pediatric PD 

patients are performed. For HD, it is fundamental for teach-
ers to participate as they coordinate activities based on the 
status of the patient. All teams comply with national regula-
tions for dialyzed patients [53–55]. The team in charge of 
pediatric dialysis for chronic patients also dialyzes acute 
patients, with PD being the preferable technique chosen for 
young children, both chronic and acute.

The first pediatric transplantation was performed on a 
14-year-old girl in 1978 at the Nephrology and Urology 
Institute (INU by its Spanish acronym); to this date, 61 trans-
plantations in <15 years old have been performed there, with 
12 of those patients not having been dialyzed prior to that 
(preemptive transplant) [10].

In 2018, five patients between the ages of 9 and 16 
received renal transplants: two are recipient from living and 
three from deceased donors (one of them received a re-trans-
plantation). There was one case of arterial thrombosis pri-
mary failure, but the other grafts were successful.

 Highlights of Nephrology in Uruguay

Nephrology in Uruguay has been characterized by multidis-
ciplinary teamwork focused on patients and by having 
nationwide registries for main activities such as renal biop-
sies, CKD, dialysis, kidney transplantations, their complica-
tions, and results. Cross-referencing data with that of the 
national registry of deaths has allowed for certainty about the 
survival rate of treated patients. Having universal access to 
RRT since the 1980s has made care homogenous, and having 
centralized funding has fostered the creation of mandatory 
registries. Consensual rules and guidelines for clinical prac-
tice that favor homogenous nephrological care nationwide 
and epidemiology research have come to exist thanks to spe-
cific research groups, university professors, and/or to the 
Uruguayan Society of Nephrology (glomerulopathies, ane-
mia in CKD, bone mineral metabolism, PD, AKI, etc.). The 
Renal Health Program has fostered the development of pre-
vention activities and has shown that patients monitored are 
at lower risk to start RRT and present lower mortality rates.

 Future Perspectives of Nephrology 
in Uruguay

Looking toward the future, it would be beneficial to extend 
the Renal Health Program to every institution of the SNIS 
in order to prevent or slow the progression of 
CKD. Additionally, the rational incorporation of new drugs 
and diagnostic methods for nephropathies is expected, with 
the idea of granting everyone access to them. Regarding the 

L. Gadola et al.



197

population in RRT, the objective is to expand the use of 
online HDF, make the use of icodextrin in PD available to 
all patients, make it easy to enter kidney transplant waitlists 
(improving the rate of waitlisted patients/patients on 
chronic dialysis), improve the transplantation rate (children 
and adults) through the optimization of the organ procure-
ment program and the implementation of donation upon 
cardiac arrest programs, and promote safe organ donations 
for and from living related donors.

Uruguay has modestly contributed to scientific data in 
this field, periodically publishing original articles at peer- 
reviewed journals on the specialty and collaborating, on mul-
tiple occasions, with other international groups. One area of 
interest is to integrate international research networks, in 
order to participate in multicenter clinical trials.

 Conclusion

Nephrology has gradually developed in Uruguay and yet has 
allowed for providing full, universal nephrological care to all 
inhabitants, both children and adults, across the nation. 
Looking toward improvement, the national nephrology reg-
istries activities have further assured a continuous quality 
control of the care provided, control carried out by both 
nephrologists and health authorities.
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Area1 916,445 km2

Population2 32,219,521 (2019)
Capital Caracas, DC
Three most populated cities 1. Caracas

2. Maracaibo
3. Valencia

Official language Spanish
Gross domestic product (GDP)3 276.30 billion US Dollar 

(2018, PPP)
GDP per capita3 8652 US Dollar (2018, 

PPP)
Human development index (HDI)4 0.726 (96° position out of 

189 countries)
Official currency Bolívar (Bs.)
Total number of nephrologists5 2009 – 614 nephrologists

2014 – 545 nephrologists
National society of nephrology5 Sociedad Venezolana de 

Nefrología (Venezuelan 
Society of Nephrology)
www.svnefrologia.com

Incidence of end-stage renal disease Not available
Prevalence of end-stage renal disease 
(on dialysis)

2019 – 321 pmp

Total number of patients on dialysis (all 
modalities)

2019 – 10,680 patients

Number of patients on hemodialysis 2019 – 10,360 patients
Number of patients on peritoneal 
dialysis

2019 – 320 patients

Number of renal transplantations per 
year6

2012 – 339 patients
2018 – 43 patients
2019 – No patients
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 Introduction

The Bolivarian Republic of Venezuela (Venezuela) is located 
in northern South America. The country is bound on the 
north by the Caribbean Sea and the Atlantic Ocean, on the 
east by Guyana, on the South by Brazil, and on the west by 
Colombia. It has a territory of 916,445 km2, divided in 23 
federal states and a federal district (Fig. 17.1) [1, 2]. States 
are divided in a total of 355 municipalities. Venezuelan offi-
cial language is Spanish. The general table summarizes the 
main information of Venezuela [1–6].

There are no official statistics about the ethnicity of the 
Venezuelan population, but it is estimated that there is a large 
Mestizo and European descendent population comprising 
more than 90%, whereas African descendent and indigenous 
may comprise around 3.5% and 2.5%, respectively. Other 
groups comprise about 1.5% [1].

Freedom of religion in Venezuela is guaranteed by the 
national constitution. However, the majority of the popula-
tion is mostly Christian, with predominance of Catholic 
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Roman and in lesser degree, Protestant groups. Other smaller 
groups are constituted by Muslims, Jews, and Indian to a 
lesser extent. Religious tolerance for minority groups is gen-
erally observed. After the last census of 2011, the estimated 
population of Venezuela for 2019 was 32,219,521 habitants 
with a density of 32.3 per km2 (data.UN.org). Approximately 
34% of the population is under 19 years of age. Caracas, the 
capital city, is the largest city in Venezuela with a population 
of roughly 5,576,000, Maracaibo with a population of 
2,450,599 and Valencia with 2,299,026 habitants are the sec-
ond and third largest cities, respectively [1, 2]. However, at 
the present time, these numbers might be misleading as cur-
rent estimates indicate that as a consequence of the national 
political and socioeconomic crisis, at least 4,000,000 
Venezuelans have fled the country representing over 13% of 
the country’s total population [7].

Venezuela was the first South American country to pro-
claim its independence from Spain in 1811. Over the years, 
Venezuelan political evolution has cursed between military 

governments, dictatorships, and democracy. Democracy has 
been the form of government since 1958. The current politi-
cal situation of the country is complex. After a period of 
40  years of stable democratic representative governments 
that followed the last recognized dictatorship in 1958, the 
new constitution adopted in 1999, declared the end of the 
representative democracy and proclaimed the Bolivarian 
Republic of Venezuela with a form of direct democracy that 
has lasted until the present time. The bicameral National 
Congress was abolished and a unicameral National Assembly 
was instituted. The current political situation in Venezuela is 
highly volatile and is accompanied of social unrest as well as 
economic instability leading to a marked decrease in the 
internal growth domestic product.

The economy of Venezuela is based mainly on oil and to 
a lesser extent on manufacturing sectors. During the last 
years, the capability of the Venezuelan oil industry has 
decreased progressively in terms of both production and 
refining. Thus, the oil production has decreased from 

Fig. 17.1 Venezuela political map
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3,155,000 barrels per day in 2000 to around 700,000  in 
2019. This has resulted in a marked decrease in the econ-
omy of the country.

The currency of Venezuela is the Bolivar. The official 
exchange rate by November 2019 was 30,435.05 per 
USD.  However, given the high inflation rate, estimated in 
13,475.8% in November 2019, the exchange rate is highly 
fluctuating. The 2018 report of the “Economic Commission 
for Latin America and the Caribbean (ECLAC)” stated that 
the Bolivarian Republic of Venezuela was going through what 
could be the highest inflationary episode in the history of 
Latin America and the Caribbean, with an inflation that in 
2018 would have reached 130,060.2% and a hyperinflation 
whose start dates back to November 2017 [3, 4, 8]. In 2018, 
the Survey on Living Conditions in Venezuela (ENCOVI) 
conducted by the main universities of the country revealed 
that extreme poverty increased from 23.6% to 61.2% in four 
years (2014–2018) and almost ten points between 2016 and 
2017 [9].

Health is guaranteed as a constitutional right in Venezuela. 
The Ministry of Health (Ministerio del Poder Popular para 
la Salud) is responsible for the design, control, and execu-
tion of health policies, whereas the Social Security (Instituto 
Venezolano de los Seguros Sociales-IVSS) provides atten-
tion to employees based on their contributions and the funds 
provided by employers and the national government. 
However, since 2000, the Social Security is also involved in 
providing health services free of charge to the general popu-
lation. It is also responsible for the national program of 
dialysis and the supply of immunosuppressive therapy for 
transplant patients. In addition to these two public systems, 
private health insurance companies and self-payed medicine 
are available for people and private companies with 
resources to cover such costs. Even though all these options 
are available, at the present time, an adequate coverage of 
health needs in the country is far from being satisfactory. 
Indeed, most health centers from primary to tertiary level 
are working well below than expected due to insufficient 
budget to cover costs of medication, personnel, equipment, 
and infrastructure.

 Brief History of Nephrology in Venezuela

Much of the early history of nephrology in Venezuela has 
been obtained from oral interviews over many years from 
some of Venezuela’s most distinguished and celebrated 
nephrologists, many of whom have been recognized over 
many years, both nationally and internationally. While 
some of this early history has not been in published form 

yet, its value and importance serve as a significant refer-
ence to the development and advances of nephrology in 
Venezuela.

In the very early 1960s, as it has been told, it was com-
mon practice for many Venezuelan physicians to seek 
advanced specialized training from diverse and prestigious 
universities abroad, particularly in the USA, Europe, and 
Mexico. It is important to remember that nephrology, as a 
multifaceted specialty as we know currently, did not exist 
before the 1950s. Thus, the birth of nephrology is interna-
tionally recognized to have its initiation in 1960 [10] and 
the early years that followed. As there were no fellowships 
or advanced training programs in nephrology available in 
Venezuela in those times, many physicians traveled out-
side the country to continue their studies and research. 
Upon their return to Venezuela, they began their work in 
the largest cities of several states throughout the country. 
These nephrology pioneers worked almost independently 
from each other. Some had to begin their activity attending 
patients in cardiology or internal medicine departments in 
order to later achieve, with much effort, perseverance, and 
passion for their work, the creation of the first Venezuelan 
nephrology centers.

Over the years, university postgraduate training and 
degree in nephrology were established, and new specialists 
were incorporated into the renal care of patients. At the 
same time, a considerable number of physicians continued 
to be trained outside the country, mainly in the USA, 
France, and Mexico. Upon their return to Venezuela, some 
of these physicians were incorporated in to national uni-
versities and laboratories in order to continue the research 
they had learned and developed during their stay abroad, 
while others devoted themselves to daily clinical practice 
and teaching. All of them, collectively, contributed to the 
growth and strengthening of nephrology in the country.

The number of nephrologists over the years is not well 
known. According to the archives of the Venezuelan 
Society of Nephrology, in 1972 the society had 17 mem-
bers. By 2008, the maximum number of 618 members (24 
nephrologist/pmp) was reached; however, the membership 
had decreased considerably by 2018 [11]. It is important to 
mention that these figures may not reflect the exact number 
of nephrologists in the country, as there is an undetermined 
number of specialists who are not enrolled in the Society. 
In addition, more recently, an increasing number of 
nephrologists, as in other specialties, have left the country 
as a consequence of the deteriorating political and eco-
nomic conditions that Venezuela has been facing during 
the last years.

17 Nephrology in Venezuela
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The certification process in nephrology and other medical 
specialties in Venezuela is done by the College of Physicians 
(Colegio Médico) and universities. There are two ways to 
obtain it: perform a university graduate training in nephrol-
ogy through a programmed residence of 2–3 years or by car-
rying out a non-university residency program for 2  years 
with recognition by the College of Physicians. In both cases, 
a residency in internal medicine for 2 years in an accredited 
hospital is required as a pre-requisite. In recent years, due to 
the scarcity of human resources, some of the nephrology 
graduate programs request at least 1 year of residence in 
internal medicine. The graduate program includes a practical- 
theoretical program in clinical nephrology, dialysis in its two 
modalities (peritoneal and hemodialysis), and renal trans-
plantation. As part of the evaluation of proficiency, graduate 
students must take periodic written and oral exams on 
nephrology.

Similarly, in order to obtain the pediatric nephrology spe-
cialty certification, it is required the completion of a 3-year 
residence in pediatrics at an accredited hospital, followed by 
a 2-year graduate residency in pediatric nephrology under-
taken at one of the five organized graduate programs in the 
country. All programs have a defined theoretical content with 
an overview of general and pediatric nephrology, as well as 
practical training in specific topics including pediatric hemo-
dialysis and both acute and chronic peritoneal dialysis. Three 
of these programs also include training in pediatric renal 
transplantation.

Programs are under the supervision of Ministry of Health 
directly and the local authorities and required the complex-
ion of a thesis to obtain the university degree in the specialty 
of nephrology.

The salary for physicians and nurses working in hospitals 
of the Hospital of the Ministry of Health depends on their 
years of service and the number of hours of work. As an 
example, in 2019, the monthly salaries of a physician during 
his nephrology fellowship was equivalent to 8.00 USD 
(262,206 Bs), 12.00 USD (391,498 Bs) for an attending phy-
sician with 8 hours daily hiring, and 13.00 USD (416,240 
Bs) for a head-of-service.

 Evolution of Nephrology Programs

In general, the development of nephrological care in 
Venezuela followed the general principles of health: (1) 
patient survival, (2) damage control of chronic kidney dis-
ease (CKD), and (3) improvement of health quality. In 
Venezuela, these principles have had an historical correlation 
with the change of denomination of the institutions and 
health programs. As shown in Table 17.1, along the years, 
these principles have evolved with changes in the name and 
scope of the Ministry of Health: from the “Ministry of Health 

and Social Assistance” (1936) to the “Ministry of Health and 
Social Development” (1999) and finally, in 2009, the 
“Ministry of the Popular Power for Health (MPPS)” to 
changes in the conception of renal diseases as a public health 
problem. Thus, the programs for renal disease control, ini-
tially centered in the control of the disease, have evolved to 
the promotion of renal health.

In fact, as time went on, and based on a better knowledge 
of the epidemiology of kidney disease and new develop-
ments in the pathophysiology and treatment of kidney dis-
ease, the Ministry of Health redesigned its policy based on 
four elements:

 1. Prevention by means of early detection and referral to 
multidisciplinary health teams, as well as promotion of 
health habits in the community.

 2. Prevention of progression of renal disease by pharmaco-
logic and non-pharmacologic means.

 3. An increase in the rate of coverage and reduction of dis-
parities in the access to dialysis.

 4. An increase in the rates of renal transplantation [12] 
through better organ procurement programs and rein-
forcement of transplant centers.

Table 17.1 Patterns, organizations, and programs of renal health poli-
cies in Venezuela

Pattern Institution Program Year
Patient survival National Center for 

Dialysis and 
Transplantation, the 
Ministry of Health

Program of 
attention to renal 
disease, focused 
on RRT
Development of 
a national 
network for 
renal disease

1977

Limitation of 
damage

National Center for 
Renal Disease, the 
Ministry of Health

Program of 
attention to renal 
disease
Integration of 
three levels of 
health

1995

Education to 
general 
population for 
healthy habits 
and life
Improvement of 
quality of life
Prevention of 
risk factors for 
renal disease
Early detection 
and treatment
Guarantee RRT 
for ESKD and 
AKI

Program of renal 
health. The Ministry 
of Health
Ministry of the 
Popular Power for 
Health (MPPS)

Program of 
Renal Health

2001
Updated 
2006
2009
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Unfortunately, part of these achievements has been lost in 
the last years due to the national political crisis that has 
affected directly the health programs for the population [13]. 
Table  17.2 summarizes several public policies and actions 
that have influenced the development of nephrology in the 
country. Some of these aspects will be addressed in the fol-
lowing sections of this chapter.

 Kidney Diseases

 Epidemiology of Kidney Disease

Very few studies address the epidemiology of kidney disease 
in Venezuela. However, several papers have been published 
about specific diseases, some of them endemic and others, 
over the course of epidemic bursts.

From 1985 to 1989, the most frequent causes of nephrol-
ogy consultation were arterial hypertension (35.5%) and glo-
merulonephritis (16%) followed by chronic renal failure 
(14.2%) and urinary tract infection (13.5%) [21]. 
Interestingly, however, the prevalence of diseases leading to 
end stage renal disease (ESRD) has changed considerably 
during the last 20 years. In 1999, diabetes, hypertension, and 
glomerular diseases accounted for more than 60% of the 
patient on chronic dialysis, followed by tubulointerstitial 
nephritis (9%) and obstructive nephropathies (5%); other 
diseases such as adult polycystic kidney disease and lupus 
nephritis were relatively less frequent in the dialysis popula-
tion [22]. More recently (2010), diabetes and hypertension 
have become the first causes of admission to dialysis. It 
should be taking into account that a high percentage of the 
ESRD population reaches specialized medical care at very 
advanced stages and without a clear history of renal disease, 
thus making an etiologic diagnosis almost impossible. 
Furthermore, because hypertension is an almost constant 
finding of ESRD, its place as one of the leading causes of 
admission to dialysis may represent an overestimation.

Regarding the etiology of biopsy-proven kidney disease, 
a retrospective analysis of 3541 native kidney biopsies per-
formed between 1998 and 2008, and originated mainly from 
the nephrology services of university hospitals, showed focal 
segmental glomerulosclerosis (FSGS) as the most frequent 
renal disease, accounting for 54% of primary nephropathies, 
whereas lupus nephropathy accounted for 46% of the causes 
of secondary glomerulopathies [23].

Acute post-streptococcal glomerulonephritis (AGN) has 
been recognized as an endemic disease in the city of 
Maracaibo (Zulia State) and perhaps also in other parts of the 
country. In 1968 an outbreak of 348 cases of AGN was 
described in Maracaibo [24] by Rodriguez-Iturbe et  al. 
Between 1973 and 1974, 120 of those patients were reexam-
ined; all but one had been completely asymptomatic. Out of 
the 120 patients, 16 (13.3%) had one or more of the follow-
ing abnormalities (AGN, group A): decreased creatinine 
clearance, microscopic hematuria, proteinuria of 1 g/day or 
more and hypertension, whereas 104 patients (86.7%) were 
normal by all clinical and laboratory parameters tested 
(AGN, group B). These findings led to the conclusion that 
uremia is rare in the first decade after epidemic post- 
streptococcal glomerulonephritis [20].

 Kidney Disease in the General Population

The prevalence of CKD in the general adult population in 
Venezuela is not well known. Only three studies have been 
carried out in small, non-urban population groups. In 2003, a 
study conducted from 1991 to 1998 estimated that the inci-
dence of CKD stage 5 in Goajiro Indians was 220 pmp/year 
[25]. Another investigation in 300 individuals from four 
aboriginal groups conducted in the Bolívar state showed that 
the two ethnic groups that are in contact with urban areas had 
a significantly higher blood pressure than the other two who 
lived distant from these zones. To assess the prevalence of 
ESRD among indigenous populations, we retrospectively 

Table 17.2 Public policies and actions that have influenced the development of nephrology in Venezuela

Policy Institution Year
Creation of the National Center for Dialysis and Transplantation [13] Ministry of Health 1977
Creation of the Direction of Nephrology, Dialysis and Transplantation. (http://www.ivss.gov.ve/
contenido/Nefrologia,-dialisis-y-trasplante-renal)

Venezuelan Institute of the Social 
Security (IVSS)

1992

The National Coordinated Program of kidney transplant in Venezuela [14] Ministry of Health 1986
Law of organ transplantation and anatomy materials in human being [15] Ministry of Health 1992
Creation of the National Organization of Transplant of Venezuela (ONTV) [16] NGO 1997
Norms for the authorization, regulation, and control of medical health establishments as 
transplant centers [17]

Ministry of Health 2000

Creation of the Organ and Procurement Program (SPOT) (D. Urbina, personal communication; 
[18])

ONTV (NGO) Ministry of Health 2001 
2003

Regulations and guidelines for the architectonic requirements and functioning of dialysis units 
in public and private institutions in the Venezuela [19]

Ministry of Health 2004

Law of donation and organ transplant, tissue and cells and in human beings [20] Ministry of Health 2011
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examined the records from two University hospitals in the 
area. Type 2 diabetes was the cause of ESRD in 66.6% of 
persons from four different ethnic groups. These data sug-
gest that the incidence of diabetes in this ESRD population is 
more than twice that of the country as a whole [19]. In 
another study carried out in 2000  in Choroni, a seashore 
town in the Aragua state with a total population of 2539 
inhabitants, of which 1665 were ≥15 years old and 1436 of 
them (86.2%) were included in the analysis, the prevalence 
of CKD in any of its evolutionary stages, was equivalent to 
4178 pmp. The main causes of CKD were hypertensive vas-
cular nephropathy, polycystic kidney disease, diabetic 
nephropathy, and primary glomerulopathy [26]. However, it 
is important to consider that this sample represents a cluster 
with special demographic and geographic characteristics and 
did not represent the prevalence of kidney disease in the 
whole country. In fact, an analysis in the whole Aragua state 
based on 40,083 death certificates in people ≥15 years old 
from 1986 to 1995, a diagnosis of CKD was reported in 1679 
cases, equivalent to an estimated prevalence of 134 pmp. The 
most frequent associated diagnosis in these cases were dia-
betes mellitus and arterial hypertension [27].

 Prevention of Kidney Disease

As an additional mean to look for possible solutions to the 
increasing demand in nephrological care, since 1977 the pro-
gram of attention to renal disease of the Ministry of Health 
proposed actions to develop prevention programs in nephrol-
ogy, focusing efforts and resources through the incorporation 
of the primary and secondary levels into the tertiary level of 
the health-care system. The purpose of this integration of the 
three levels of health care was to create a broad coverage 
system to optimize the care of the CKD population.

Unfortunately, at that time the effectiveness of this pro-
gram to attain specific objectives was limited, due in part to 
the relatively scarce medical resources available to apply 
preventive measures to control the progression of kidney dis-
ease and limited resources to approach early detection of 
kidney disease on a national scale.

Since 2001, with new developments and tendencies in the 
world focusing on renal health, the Ministry of Health refor-
mulated its objectives creating the program of renal health 
with a wider conception emphasizing the promotion of edu-
cation on primary prevention and control of risk factors for 
renal disease in the population, particularly oriented to those 
most frequently associated to CKD, such as diabetes and 
hypertension, among others. In this sense, the program hired 
and trained renal health coordinators for 19 of the 22 states 
of the country. These coordinators were involved in specific 
actions related to education, particularly to the disadvan-
taged population, schools, and patient associations. Of note, 

these coordinators joined efforts with other coordinators 
from related programs such as cardiovascular disease and 
diabetes. As an example, it can be mentioned that in 2008 
these coordinators (renal, cardiovascular, and diabetes) 
working together delivered 50,763 educational talks among 
the three programs national wide, on prevention and risk fac-
tors for these diseases. In addition, the renal health program 
carried out CKD investigations in 80,886 persons, of which 
4504 had risk factors for kidney disease [28]. Unfortunately, 
as occurred with other programs, most of these activities 
have been halted by the deteriorating political and economic 
conditions.

 Renal Replacement Therapy Scenario

 Hemodialysis

Hemodialysis is the most prevalent form of RRT in Venezuela. 
As will be described in the following paragraphs, the pro-
gram has evolved to a progressive coverage of the needs of 
RRT based on public policies designed and executed by the 
Ministry of Health and the Social Security. The majority of 
dialysis centers provide hemodialysis three times a week 
with a duration of approximately 4 hours for treatment. 
Patients receive chronic RRT at no cost.

In Venezuela, the public health system is constituted by 
all institutions financed by the state. As mentioned above, the 
Ministry of Health is in charge of the development and exe-
cution of the country health policies, including those related 
to renal replacement therapy, whereas the Social Security is 
in charge of providing health care to workers from the public 
and private sectors, as well as their family. All RRT supplies 
and the payment to private dialysis units for dialysis service 
are also covered by the Social Security. Very few patients on 
chronic RRT are covered by the private sector. During the 
initial years of nephrology in Venezuela, renal replacement 
therapy (RRT) was performed mainly in Ministry of Health, 
Social Security, and military hospitals. In 1976, only three 
hospitals in the country had human and technical resources 
for the specialized care of renal disease, including hemodi-
alysis (HD), peritoneal dialysis (PD), and kidney transplant. 
In addition, six regional hospitals had nephrologists for the 
management of clinical nephrology, but not RRT. The abso-
lute number of HD stations was 57, being 75% of them 
located in Caracas, the country’s capital, and Maracaibo, the 
second largest city of the country. The absolute number of 
patients was 72 for a country with an estimated population of 
13.7 million inhabitants in 1976, equivalent to a prevalence 
of treatment of 5 pmp (Fig. 17.2) [21]. That year the Ministry 
of Health acknowledged for the first time CKD as a public 
health problem and created the National Center for Dialysis 
and Transplantation (CNDT) ascribed to the Division of 
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Chronic Diseases [29]. The objectives of the center were the 
definition, planning, and execution of a national program to 
fight kidney disease through the creation of norms, guide-
lines, and procedures for the prevention, clinical care, educa-
tion, and research in all nephrology areas, dialysis, and 
transplant centers in hospitals of the public health system, as 
well as professional advice to other centers and institutions 
of the private and non-governmental sectors. The CNDT had 
an advisory committee formed by recognized national 
nephrology leaders, the Venezuelan Society of Nephrology, 
and representatives of other institutions involved in patient 
care [29].

These advances in public policy brought about signifi-
cant relief to the RRT demand. Thus, RRT had been in use 
in Venezuela since the early years of nephrology, only a 
relatively low number of patients had access to this type of 
therapy due to economic constraints, as well as to geograph-
ical, technical, and human resources limitations. The devel-
opment of national ESRD policies by the national 
government through the Ministry of Health and the Social 
Security in the late 1970s and early 1980s helped increasing 
the rate of RRT coverage, progressively [29]. Thus, accord-
ing to the Venezuelan registry of dialysis and transplanta-
tion, between 1990 and 1999 the  coverage increased to 197/
pmp, a rate still well below (48.7%) the minimum standard 
expected at that time by the SLANH for our region [30, 31]. 
However, it was evident a clear trend towards increasing the 
rates of coverage. The creation of the National Direction of 
Nephrology, Dialysis and Transplantation (by the Social 
Security), with the aim of standardizing and regulating the 
treatment of ESRD for patients covered by the social secu-
rity system, was an important factor in the progressive 
increase in coverage rates in subsequent years [32]. The 
Direction participated in the authorization and supervision 
of private outpatient dialysis units, providing RRT to the 
population, the purchase of dialysis supplies, and the RRT 
reimbursement (J.  Domínguez, personal communication, 

2019). In 1979, the first national private HD unit was cre-
ated (L. Troconis, personal communication, 2019), followed 
by the establishment of other outpatient private units in sev-
eral cities of the country and, later, to the creation of an 
association representing private outpatient dialysis facilities 
under regulation and control by the Social Security (the 
Venezuelan Association of Non-Hospital Dialysis Units  – 
AVUDE). These events resulted in a faster growth in the 
number of patients receiving RRT as well as in the number 
of outpatient centers authorized to provide dialysis treat-
ment. In the ensuing years, the Social Security assumed pro-
gressively the full cost of dialysis supplies in the country 
and the reimbursement for treatment in private units autho-
rized by the institution.

As part of the new actions of the program, in 2004 the 
Ministry of Health published the regulations and guidelines 
for the architectonic and operational requirements of dialysis 
units in public and private institutions in Venezuela [33], 
which helped not only to the development of dialysis centers 
according with national and international regulations but 
also to provide a better environment for patients, quality 
improvement of the treatment, and prevention of complica-
tions. In 2006, 122 dialysis units were in operation in the 
country, 29 of the Ministry of Health, 10 of the Social 
Security, and 83 outpatient private units under contract with 
the Social Security, all of them adapted to the regulations 
mentioned above. Five years later (2011), there were a total 
of 136 dialysis units in the country, of which 33 were in 
Ministry of Health hospitals, 12 in Social Security hospitals, 
and 91 in outpatient facilities under contract with the Social 
Security [15].

Unfortunately, these achievements have been progres-
sively lost in the last 5  years. In this period, a complex 
social, economic, and political situation has led not only to 
the arrest of the CKD treatment programs growth, but also 
to a severe deterioration of almost the entire structure of the 
RRT program. This can be appreciated in the following 
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unofficial numbers. By 2013, there were 15,130 patients on 
dialysis in Venezuela (12,899 on HD and 2231 on PD). At 
the estimated population of 30.3 million inhabitants, this 
corresponds to a prevalence of 500 pmp, equivalent to 
71.5% of the current goal for Latin America according to 
the SLANH [34]. However, it should be mentioned that 
while this figure may give the impression of relatively high 
dialysis coverage for the Latin American standard, actually 
the coverage is not uniform in the country, and an important 
proportion of it is at the expense of units located in large 
cities. Unofficial estimates indicate that currently (2019) 
there are a total of 10,680 dialysis patients, of which 10,360 
are in HD and 320 in PD. This represents a decrease of 29% 
of the total number of dialysis patients, corresponding to a 
decline of 19.6% in HD and 85.6% in PD patients as com-
pared with 2013. As for population coverage concerns, it 
has decreased to 321 pmp assuming a decrease in the total 
country’s population of about four million people due to 
migration to other countries as a consequence of the wors-
ening social, political and economic conditions [35]. At the 
present time, throughout the country, there are 141 dialysis 
units, which represent a scant growth of 5 dialysis units in 
the last 7 years.

The reuse of hemodialysis filters and lines was investi-
gated in 1987 and 1988 at the NCDT of the Ministry of 
Health, and a prototype device for filter reuse (IRMA-I) was 
built. After a cost/benefit analysis under the prevailing eco-
nomic conditions in the country as well as an analysis of 
environmental impact studies, the decision of the Ministry of 
Health was not to initiate a reuse program of hollow fiber 
dialyzers in Venezuela.

 Peritoneal Dialysis in the Country

Peritoneal dialysis began in Venezuela in the early 1960s 
mainly for the treatment of acute kidney injury (AKI) and for 
some ESRD patients. However, with the increasing availabil-
ity of HD, the use of acute PD decreased notoriously. In 
addition, unsatisfactory results associated to the use of PD 

fluid in glass bottles and rigid catheters rendered PD for the 
treatment of CKD short lived.

A new perspective arose with the introduction of continu-
ous ambulatory PD (CAPD) as a method for treatment of 
CKD in large scale. Three university hospitals started CAPD 
programs simultaneously at the end of 1979 and early 1980, 
using commercial plastic bags and permanent PD catheters. 
This development led to a rapid increase in the number of 
ESRD patients under this modality of RRT. Thus, approxi-
mately 16% of all dialysis patients were under this type of 
treatment in 1983 and by 1987, this percentage reached 
approximately 50% due to a shortage of HD machines in the 
country [14]. Figure 17.3 displays the evolution of the PD 
program over time. In 1982, there were approximately 70 
ESRD patients on PD, increasing to 665 patients by 2002 
[36]. That was the equivalent to 10% of the whole dialysis 
population. Of these, 78% used CAPD, 20% automated PD 
(APD), and 2% intermittent PD (IPD). In the following 
years, the PD program had an important expansion at the 
national level, not only with the opening of new units but 
also in education through guidelines, meetings, and work-
shops for nephrologists, paramedical personnel, and patients. 
In 2012 there were 2500 patients using this method, repre-
senting 19% of the dialysis population, with 92 PD units 
throughout the country. The PD program growth was sud-
denly interrupted in 2016 when the Social Security released 
a statement informing the suspension of the delivery of PD 
supplies to the PD units/centers. The distribution of PD sup-
plies continued only to active patients. This resulted in an 
impossibility to admit new patients into the program. But the 
most complex situation was that the home delivery of PD 
materials was inadequate. Consequently, many patients were 
re-allocated to HD. Table 17.3 shows the national impact of 
the interruption of the PD program. The goals of RRT for 
Latin America according to the SLANH, Pan American 
Health Organization (OPAS), and World Health Organization 
(WHO) for the period 2015–2019 included an increase of 
total RRT to 700 pmp and an increase in the proportion of 
patients assigned to PD with a goal of 20% of the total 
patients on RRT [34].
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 Continuous Renal Replacement Therapies 
(CRRT)

Continuous renal replacement therapies (CRRT) are uncom-
monly used in Venezuela, mostly due to high costs; equip-
ment and supplies are available only in a few private centers. 
Nephrologists perform the procedures in most cases. To our 
knowledge, the only study published comprises 66 patients 
in an intensive care unit (ICU) treated with continuous veno- 
venous hemofiltration (CVVH) using a three pump system. 
The results were comparable to other published studies [37].

 Dialysis Reimbursement Policies

In Venezuela, health is a fundamental social right established 
in the national Constitution [16]. According to this, all 
Venezuelan citizens are entitled to all health services, which 
include dialysis. In this regard, the nephrology centers of the 
Ministry of Health offer unrestricted dialysis care (HD, PD, 
and medications) to all patients with such requirements. The 
Social Security system likewise provides RRT to their affili-
ated patients and family, whether in their own hospitals or 
centers or in outpatient private dialysis units under contract 
with the institution through an agreement for materials sup-
ply and reimbursement for services. This also includes some 
medicines directly related to the CKD treatment, such as 
erythropoietin, vitamin D analogs, and intravenous iron. 
Therefore, RRT is, at least theoretically, covered by the pub-
lic health system at no cost for the patient. The coverage does 
not include acute RRT for inpatients in private hospitals.

Although access to health care is theoretically universal, 
there is a deficit in total coverage of the population as well as 
disparity in the access to RRT. Thus, while the urban popula-
tion in middle size to large cities may approach the expected 
coverage for the region, many small cities, towns, and rural 
areas are clearly ill covered. This disparity has increased 
with the reduction by 30% in the total number of dialysis 
patients in the last years. With current rising trends in the 
incidence of ESRD and costs of medical technology, the 
long-term goal of complete RRT coverage will become 
increasingly out of reach. In fact, with the ongoing economic 
and political crisis in the country, not only the expected cov-
erage has not been attained but in fact has decreased 
considerably.

 Acute Kidney Injury and Critical Care 
Nephrology

In Venezuela, the epidemiology of AKI is not completely 
defined, but sepsis, shock, nephrotoxicity, obstructive uropa-
thy, and acute CKD decompensation are among the most fre-
quent causes identified of AKI requiring RRT. It can also be 
noted that most of the nephrology centers in public and pri-
vate hospitals have the capability for the diagnosis and treat-
ment of this complication. At the beginning of the dialysis 
practice, in the 1960s, PD was the most used therapy modal-
ity for AKI. This procedure continued to be performed for 
many years, until HD became the method of choice. 
Currently, conventional intermittent HD, mainly performed 
by nephrologists, is the RRT of choice for AKI patients 
requiring dialysis (D. Urbina, personal communication).

While it is true that there is no epidemiologic information 
on AKI, it is important to mention what is occurring in 
Venezuela with the increasing number of malaria cases and 
AKI. In a review conducted between 1982 and 2001, there 
were 76 cases of AKI due to malaria treated in the nephrol-
ogy center of the one of the teaching hospitals that covers a 
broad endemic area. Sixty-two of them (82%) required dial-
ysis (50% HD and 13% PD) [18]. More recently, only in the 
year 2018, there were 54 cases of AKI associated to malaria, 
13 of which required HD (M. Grace, personal communica-
tion). Therefore, with the increasing trend of malaria it is 
possible that the requirements of RRT will increase.

 Renal Transplantation

 Living Donor and Deceased Donor

Kidney transplant in Venezuela has been an important part of 
the nephrology armamentarium since 1967 when the first 
renal transplant was performed at the University Hospital of 
Maracaibo, followed a year later for a second transplant at 
the University Hospital of Caracas. Along the ensuing 
52 years, the implementation and execution of the Venezuelan 
renal transplant program can be differentiated in at least 
three periods (Fig. 17.4).

Period A: 1967–1997: This period was characterized by the 
development of national nephrology, dialysis, renal trans-
plant centers, human resource training, the development of a 
solution for organ preservation [38] that was used in 
Venezuela for more than 25 years, a national histocompati-
bility laboratory, the establishment of the regulatory and 
legal framework for transplants [17], and a progressive 
growth of the number of successful kidney transplants, 
mainly in three hospitals: University Hospital of Maracaibo, 
University Hospital of Caracas, and Hospital Miguel Perez 
Carreño, as reference centers. Along the following years, the 

Table 17.3 Decline of the peritoneal dialysis program in Venezuela 
(2009–2019)

Years 2009 2012 2013 2016 2019
Patients on PD (n) 2600 2500 2231 1500 320
Patients on PD (%) 30 19 14.7 10 3
Active PD units (n) NA 92 NA 54 NA

Number and percentage of patients on PD (peritoneal dialysis) in 
Venezuela from 2009 to 2019. NA Not available

17 Nephrology in Venezuela
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program increased with the creation of five additional trans-
plant centers. The total number of transplants during this 
period was 1606; 54% of them from deceased donors 
(Figs. 17.4a and 17.5a) [39, 40].

Renal transplant activities of both donation and transplan-
tation were highly variable, mainly due to scarce financial 
resources to develop the area and the insufficient profes-
sional expertise in the procedure. In order to increase the 
number of kidneys from deceased donors, the Ministry of 
Health created the Coordinated National Program for Kidney 
Transplantation in 1986 and obtained the approval of a reso-
lution by the National Congress whereby it was mandatory 
for emergency rooms and ICUs the admission notification of 
patients with extensive cerebral damage to the transplant 
program [41].

By the end of the 1990s, despite policies and strategies 
developed by the CNDT of the Ministry of Health, and the 
Social Security, organ donation continued to be deficient 
or not concurring with the expected figures, mainly due to 
insufficient source from deceased renal donors 
(Fig.  17.5a). Furthermore, a relatively small number of 
potential candidates for deceased and living donor kidney 
transplant attended the transplant centers to perform the 
pre-transplant evaluation required for the surgery. In addi-

tion, there were limitations of resources in transplant cen-
ters to perform such evaluation. All these factors 
determined a low coverage of transplants in the country. 
This is how in 1997 a group of transplant experts from the 
active centers, interested in promoting the development of 
a robust national program oriented towards an increase in 
the waiting list of patient for transplant and the number of 
transplants, proposed, as an alternative to respond to this 
need, the creation of a non- governmental organization, 
the National Organization of Transplant of Venezuela 
(ONTV) [42, 43].

Period B: 1997–2014: The transplant community gathered 
in the newly created ONTV developed specific plans and 
actions to improve the transplant activity, taking as the pri-
mary objective to obtaining quality organs and tissues from 
deceased donors and guarantee the sustainability of the 
transplant process [44]. Therefore, the organization devel-
oped and submitted for consideration to the Ministry of 
Health, the project of the Organ and Tissue Procurement 
System (SPOT). This proposal was approved in January 
2001 [45] and ratified in September 2003 [46] to be applied 
in the whole country with force of law. These resolutions 
were the public policies that ruled the national transplant 
program [47] until its repeal in November 2014 [48].
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As a result of this intense and increasingly demanding 
activity of   donation and transplantation, in 2006 the Ministry 
of Health, in its concern to guarantee and comply with the 
constitutional principle of the right to life and the right to 
health, promoted the implementation of the National Organ 
and Tissue Donation and Transplantation Program 
(PNDTOT), separating it from the renal health program.

 Organ Procurement and Transplantation 
Network Policies

Built on the resolutions of 2001 and 2003, the SPOT pro-
gram was directed by ONTV and both of them were under 
the supervision of the Ministry of Health. Several strate-
gies were put into action to increase procurement, optimi-
zation of organ sharing, and improvement of the 
performance of transplant centers nationwide in order to 
meet the demand of patients that requiring a life-saving 
transplant. As a result, there was a progressive increase in 
the number of deceased donor transplants that outweighed 
the number of living donor transplants. The average of 
transplants increased about 4 times, (220 transplants per 
year) to a total of 3963 during the period, 56% of them 
from deceased donors. This growth in the number of trans-
plants was accompanied by new norms [49], an increase in 
transplant centers from 8 to 13, and an improvement in the 
supply of immunosuppressive drugs under the coverage of 
the Ministry of Health and the Social Security at no charge 
to the patient.

At the end of this period (2014), the following objectives 
were accomplished:

• A predominance of deceased donor (56%) over living 
donor transplants performed during the period.

• An increase in the national coverage of attention, control, 
and registration of patients on the waiting list for organ 
and tissue transplantation. Patients on the waiting list 
increased about 3 times, from 400 patients in 2004 to 
1220 in 2014.

• Achievements of record figures in the kidney transplant 
activity (Fig. 17.4b).

• Strengthening of transplant centers through the hiring of 
trained staff, provision of supplies, and financing of clini-
cal procedures required for pre-transplant evaluation of 
patients to be admitted in the waiting list, as well as their 
post-transplant follow-up.

• The Ministry of Health assigned a special fund to cover, 
by mean of inter-institutional agreements, the cost of 
transplant in other countries for patients with specific 
needs not able to be accomplished in the country.

• Coverage of post-transplant immunosuppressive treat-
ment by the Social Security.

• Design and putting into practice the policies, plans, and 
norms to consolidate the donation, procurement, and dis-
tribution of organs for renal transplantation, as well as the 
surveillance and control of the transplant activity.

• Promulgation of the new law of Organ Donation and 
Transplantation in 2011 [50], which includes a presumed 
consent or opting-out law. Notwithstanding, the relatives 
of the potential donors continued to be approached when 
possible as a mean to understanding the wishes of the 
deceased about donation, or as a way to getting the per-
mission to proceed with donation when the wishes of the 
deceased were unknown.

Unfortunately, as showed in Fig. 17.4b, there was a progres-
sive decrease in the number of transplants between 2008 and 
2011 partly due to the increase in unmet financial require-
ments as a consequence of a fixed budget, which represented 
only 31% of the estimated ideal needs. In addition, despite 
the previous improvement in the program, the number of 
patients enrolled in waiting lists for kidney transplant was 
only 8–12% during that period, although at least 30–40% of 
dialysis patients were expected to be on the list. The percent-
age of patients in the waiting list that received a transplant 
ranged between 15% and 30%.

The second period ends with the transfer of the power 
of execution of the SPOT by the ONTV to a public founda-
tion attached to the Ministry of Health, the Venezuelan 
Foundation for Donations and Transplantation of Organs 
and Tissues (FUNDAVENE). In July 2014 this organiza-
tion [51] assumed the stewardship and execution of all the 
aspects of the donation and transplant activity at the 
national level.

Period C: 2015–2018: As shown in Figs. 17.4c and 17.5c, 
during this period, the average of transplants per year 
decreased to 102. The total number of transplants during the 
period was 406 (32% from deceased donors). Since May 
2017, the deceased donor transplant procurement activities 
were discontinued, and there is no active waiting list since 
then. At the same time, transplants from living donors also 
decreased markedly due to deficiencies in public transplant 
centers. Only a somehow residual activity has remained in 
some private centers until the present time.

Among the factors behind the virtual closure of the trans-
plant program in Venezuela, we can mention the following:

 1. Staff without technical competence in donation and trans-
plantation ruling the official foundation in charge of the 
transplant program.

 2. A progressive decrease until cessation of financial sup-
port to execute the activities of organ and tissue 
procurement.
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 3. Deterioration of hospital infrastructure and support 
services.

 4. Decrease in the availability of specialized human 
resources trained in transplant activities due to a high 
migration rate (according to the Venezuelan Medical 
Federation, it is estimated that more than 30,000 physi-
cians have emigrated from Venezuela during the last 
5 years).

 5. Irregular supply of immunosuppressive agents used to 
prevent or control transplant rejection.

In conclusion, after a progressive improvement in trans-
plant activity in Venezuela based on the development of 
public policies, plans, and programs, in recent years, we 
have witnessed difficulties to meet the demand of trans-
plants of the Venezuelan population due to the progressive 
deterioration in various areas such as security, food, and 
timely access to the health system in general. These fac-
tors have led to a detriment in the quality of life of the 
population with emphasis on vulnerable sectors such as 
children, older adults, and patients with chronic diseases, 
including CKD.

In the health sector, the progressive deterioration of insti-
tutions is evident in the constant deficit of medicines, mate-
rial resources, and surgical and professional staff, the latter 
due in part to the flight and the decrease of contestants in our 
universities [52].

The situation of patients with kidney disease in its differ-
ent expressions and their treatment with dialysis and kidney 
transplantation are severely compromised. The limitation 
and even the lack of resources for the care of these patients 
have been documented by various professional and non- 
governmental organizations [53–56]. In this context, it is 
particularly noteworthy the continuous shortage of immuno-
suppressive agent to prevent rejection in patients already 
transplanted.

For the next few years, a series of priority issues must be 
addressed to restore donation and transplantation in the 
country. These include, but are not restricted to:

 1. Guarantee the integration of the components of the 
donation and transplant system to the National Health 
System.

 2. Guarantee optimal working conditions for professional 
personnel linked to the activity.

 3. Resume the training of the human resources necessary 
to expand the activities of donation and transplantation.

 4. Provide organs and tissues from deceased donors for 
transplantation to meet patient’s needs.

 5. Optimize the quality and safety of the deceased donor 
organ and tissue donation process.

 6. Establish information systems for donation and trans-
plantation of organs, integrated, robust, and safe.

 7. Promote the sustainability of a national system of dona-
tion and organ and tissue transplantation.

 8. Assure the delivery of immunosuppressive drugs to 
transplant recipients.

 9. Strengthen compliance with regulations against trans-
plant tourism and organ trafficking.

 10. Address new ethical dilemmas in the field of transplan-
tation that the current crisis in the sector in the country 
may trigger.

 Pediatric Nephrology

The development of pediatric nephrology in Venezuela can 
be traced back to the 1960s, with the creation of the pediatric 
nephrology service at the Children’s Hospital of Caracas. 
Subsequently the specialty began to develop in other cities in 
the country. Currently, there are five services with four pro-
grams of chronic dialysis and transplantation, which consti-
tute referral centers in the country. Additionally, there are 
many services of pediatrics with at least one pediatric 
nephrologist.

During the 1960s and 1970s, about ten pediatric 
nephrologists were trained abroad, mainly in Mexico, the 
USA, and Europe. These pioneers progressively devel-
oped five training centers in Caracas, Valencia, 
Maracaibo, Merida, and Barcelona, respectively. The 
Venezuelan Pediatric Nephrology Chapter of the 
Venezuelan Society of Pediatrics, created in 1993, has 
more than 120 members, 80% of them working at public 
hospitals and well-integrated to the Latin American 
Association for Pediatrics Nephrology (ALANEPE) and 
other international scientific societies of nephrology. 
This structure and organization have allowed reasonable 
and good attention of nephro-urological pathologies in 
children and adolescents in the country for decades. 
However, this has been dramatically affected during the 
last years due to the complex political and negative eco-
nomic situation of the country.

 Epidemiological Aspects of Pediatric 
Nephrology

The current population of the country has decreased about 
15% during the last decade because of emigration; more than 
85% of the population live in urban areas and about 33% is 
younger than 15 years of age.

Data from a regional analysis promoted by ALANEPE, 
which included Venezuela, showed that most of the pediatric 
nephrologists have undergone formal training in pediatric 
nephrology, 80% of them work in public hospitals and outpa-
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tient clinics, 75% were involved with teaching activities, 50% 
of them at university hospitals. Ninety percent were actively 
involved with acute dialysis methods, 80% with chronic dial-
ysis modalities, 50% with continuous hemofiltration, and 
50% with kidney transplantation. The most important pro-
fessional obstacles faced by the responders were eco-
nomic issues, especially related to inadequate government 
support for pediatric ESRD, general care and facilities, 
and the paucity of pediatric urologists, pathologists, and 
radiologists [57].

The Pediatric Nephrology Chapter of the Venezuelan 
Society of Pediatrics and the Venezuelan Society of 
Nephrology reported some years ago epidemiologic data on 
renal diseases in children. The Information was obtained 
from 14 hospital centers with at least one pediatric nephrolo-
gist. Over 3624 patients were evaluated during a period of 1 
year, either through a first outpatient consultation or at a first 
hospital admission [58, 59].

The patients were grouped into the following categories: 
(a) urinary tract infection (32%), with detection of abnor-
malities of urinary tract in 25% of them; (b) tubular and 
metabolic disorders (28%) mainly idiopathic hypercalciuria 
and hyperuricosuria; (c) “glomerulonephritis” (9.5%); (d) 
urolithiasis (7%); (e) acute nephritic syndrome (4.5%); (f) 
“primary” hematuria (4.2%); (g) AKI (2.8%); (h) ESRD 
(1.6%); and (i) miscellaneous diseases (4.8%) [57, 58].

 Hypercalciuria and Nephrolithiasis in Children

The epidemiology of nephrolithiasis was studied in a multi-
center study, which included 13 centers in Latin America, 2 
of them in Venezuela. Eight hundred and seventy children, 
63% boys and 37% girls of 2 months to 17 years of age, were 
evaluated. The initial symptoms reported most frequently 
were hematuria and abdominal or lumbar pain in 39% of 
patients. Interestingly, kidney malformations were found in 
8.9% of cases [59–61]. With the epidemiological demonstra-
tion of the frequency of hypercalciuria and urolithiasis in 
several areas of Latin America, a Latin American Registry on 
Urolithiasis is under organization.

 Epidemiological Aspects of Chronic Kidney 
Disease in Children

A study on the epidemiology of CKD in children and adoles-
cents in several Latin American countries (Argentina, Brazil, 
Colombia, Mexico, Uruguay, Chile, and Venezuela) showed 
that the incidence of CKD has a wide variability in the 
region, ranging between 2.8 and 15.8 new cases pmp. The 
incidence in Venezuela was about nine cases/year/pmp. The 
etiology of ESRD was glomerulopathies in 36% of the cases, 

obstructive uropathies and reflux nephropathy in 31%, sys-
temic diseases in 9%, and other disorders in 15%. The histo-
pathologic entity most frequently associated with ESRD was 
focal segmental glomerulosclerosis [62, 63].

 Continuous Ambulatory Peritoneal Dialysis 
in Children

Data concerning clinical practice and long-term outcome of 
PD in Latin America are scarce, although regional registries 
are increasing in number and quality.

Pediatric patients possibly represent 20–30% of the total 
PD population in Latin America. In Venezuela, 31/500 PD 
patients were in the pediatric age range in 2007. The main 
underlying renal disorders, in different proportions accord-
ing to centers, for starting PD included renal dysplasia, reflux 
nephropathy, hemolytic uremic syndrome, obstructive urop-
athy, and chronic glomerulonephritis. In Venezuela, at least 
one half of the PD patients are on CAPD [64].

A recent report on chronic PD in Venezuela in one of the 
two largest pediatric nephrology centers showed that during 
a 33 years’ period (1984–2017), 164 patients under 18 years 
of age (age range 18 months to 18 years) were included in 
the program. Primary glomerulopathies accounted for 36% 
of the cases, followed by uropathies (33%); other causes 
included heredofamilial diseases (13%), lupus nephritis and 
others systemic diseases.

Of the 164 patients, 31% underwent renal transplantation, 
33% were either loss to follow-up or died, and 37% were 
maintained in the program or referred to adult nephrology 
units [65].

 Renal Transplantation in Children

Data on the experience in pediatric renal transplantation 
has been published in the Registry of Pediatric Renal 
Transplantation in Latin America. Report 2018 [66]. This 
registry, initiated in 2004, analyzes demographic, epide-
miological, clinical data and global results of renal trans-
plantation in children and adolescents in Latin America in 
the period 2004–2017. Eighteen countries sent informa-
tion including Venezuela (about 400 kidney transplants) 
corresponding to a total of 4753 pediatric renal transplants 
in 4578 patients. The mean age of the patients was 
11.5  ±  7.5  years. The main causes of kidney disease in 
these patients were glomerulopathies (24%) (44% FSGS), 
hereditary diseases (13%), and renal hypoplasia/dysplasia 
(6%). Other causes included vascular diseases, and in 
more than 20% of cases, an etiology was not determined, 
unknown diseases 14%. Sixty percent of the transplants 
were from deceased donors and 40% from living donors.
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Actuarial patient survival at 1, 2, 3, and 4 years were 95, 
94, 92, and 91%, respectively, whereas graft survival were 
92, 90, 87 y 83%, respectively [67, 68].

 Science and Research in Nephrology 
in Venezuela

Since the appearance of nephrology as a specialty, there was 
a growth in number and quality of academic and clinical 
nephrology activities in Venezuela that started to take down-
turn at the beginning of this century.

This initial growth started when multiple physicians and 
scientists went overseas in the late 1960s, basically to the 
USA and Europe, to be trained in the top academic centers 
and with the leaders of the specialty at that time. Even though 
many were offered positions at their training centers, the vast 
majority returned to Venezuela creating centers of excellence 
where they continued to train young physicians and incorpo-
rated many master’s degrees and PhD into kidney disease 
scientific research. During the last several decades, around 
ten programs of nephrology training, most of them attached 
to universities, have been developed, providing many 
nephrologists involved in clinical activities, research, and 
education around the country.

Initially there were three centers, one of them at a basic 
research institute (Instituto Venezolano de Investigaciones 
Científicas (IVIC)) and two major university affiliated hospi-
tals (Hospital Universitario de Maracaibo and Hospital 
Universitario de Caracas). The main research areas in these 
centers have been renal and transport physiology, glomerulo-
nephritis, and immunology factors involved in hypertension, 
renal transplant, and bone and mineral research in renal dis-
ease, all together with more than 500 publications over the 
last four decades. Other research areas in these and other 
centers include clinical nephrology and epidemiology.

Different government administrations in the last three 
decades of the twentieth century, during a time of economic 
prosperity, provided significant research resources and post-
graduate training economic aid in the formation of new inves-
tigators through a commission of the Presidency of the 
Republic (The National Council for Scientific and Technologic 
Research-CONICIT), the Ministry of Health through the 
National Center for Dialysis and Transplantation (CNDT), 
and universities. Monetary resources were an important com-
ponent in research production, not only through direct project 
funding but also by financing specialty training and exposing 
young faculty members and scientists to research.

This led to a significant growth in academic production 
and research publications in nephrology. Simultaneously, 
many young residents and fellows took with them this incli-

nation for academic medicine and scientific research to other 
centers and universities around the country.

This was demonstrated in a study that examined the 
number and impact of peer-reviewed publications from 
Latin America included in the Institute of Scientific 
Information (ISI) and MEDLINE databases from 1981 to 
1997. In addition, it was analyzed the number of abstracts 
submitted to the congresses of the International Society 
of Nephrology (ISN), American Society of Nephrology 
(ASN), and SLANH during that time. The results showed 
that the number of peer- reviewed publications in nephrol-
ogy from authors in Latin America represented less than 
1% of the world’s total. Only 13 out of the 22 Latin 
American countries accounted for these publications, 
being one Venezuela. At the same time, the citation 
impact (3.52) was below the world average (7.82). 
However, this index showed a tendency towards growth 
in the five most productive countries. Likewise, the num-
ber of abstracts submitted to international nephrology 
meetings by Latin American authors has shown a steady 
growth but remained proportionately low compared with 
the rest of the world.

Similarly, it was examined the average impact of the uro- 
nephrological publications from Latin American countries 
between 1981 and 1997. In that period, only Brazil, Chile, 
Mexico, and Venezuela had an impact factor above the Latin 
American average, and only Venezuela exceeded the world 
average, a finding that could be partially explained by the 
total low number of articles and the fact that they have been 
generated in a few highly qualified research centers.

In that article, it was also demonstrated the importance of 
research funding on scientific productivity as there was a 
highly significant correlation between the nephrological 
publications included in the ISI and MEDLINE databases as 
a function of the gross national product (GNP). Unfortunately, 
the situation progressively deteriorated at the turn of this 
century when a socioeconomic and political crisis with mas-
sive emigration from the country has occurred. This is the 
worst economic crisis in Venezuela’s history and the worst 
facing a country that is not experiencing war since the mid- 
twentieth century.

This crisis has affected the life of the average Venezuelan 
on all levels, with a United Nation report estimating in March 
2019 that 94% of Venezuelans live in poverty, and more than 
10% (3.4 million) have left their country.

Many of the emigrants have been well-trained physicians, 
scientists, and academicians, including of course, many 
nephrologists that have been welcomed in many countries 
around the world. All the clinical and academic programs as 
well as scientific research have progressively declined and, 
practically at the present time, have come to a halt.
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We think that it could take up to a generation, once this 
crisis vanishes away, in order to get back in track of what this 
country once was in academic, research, and clinical 
nephrology.

 Conclusions

Several years have elapsed since the initiation of nephrology 
in Venezuela. As in many other countries, it started in the 
1960s and developed progressively into a mature specialty 
with well-designed plans and programs in the areas of epide-
miology, diagnosis, and treatment of renal diseases, as well 
as a progressive growth of RRT for the ESRD population. 
Education and research in renal diseases and physiology also 
grew particularly associated to universities and research 
institutions. These developments were in the majority of 
cases based on evolving public policies adapted not only to 
the requirements of the population but also to the advances in 
the specialty. As a result, in terms of population coverage, 
RRT approached the goal set by the OPAS and SLANH for 
the region. However, deficiencies, most of the time related to 
budget constraints, geographical difficulties for effective 
access of people to treatment centers, and human resources, 
did not allow a homogeneous coverage. Thus, although 
access to treatment, including RRT, is theoretically a funda-
mental social right established in the national constitution, it 
must be recognized that coverage has been considerably 
higher in middle to large cities as compared to small cities 
and rural areas and that coverage figures expressed by pmp 
are somehow misleading. This disparity has increased more 
recently due, among other reasons, to a political, social, and 
economic crisis that has disturbed the whole country. Health 
in all its expressions has been one of the most affected and 
visible areas. Thus, in terms of RRT, there has been a reduc-
tion in about 30% of the total number of patients on dialysis 
in the last years that affects equally adults and children. With 
the rising trends in the incidence of ESRD and costs of medi-
cal technology, adequate coverage of RRT will become 
increasingly out of reach.

The situation of the national transplant program is per-
haps more striking. After a progressive improvement in the 
number of kidney transplants based on a robust legal struc-
ture and the building of capacity to ruling the program, the 
erroneous substitution of an organization with expertise in 
the management of the program by another with no compe-
tence in the area, together with a marked budget reduction 
led to a complete stagnation of the deceased donor trans-
plants and a reduction of living transplant to a minimum. 
This situation is aggravated by a marked shortage of immu-
nosuppressive agents to prevent rejection.

It should be pointed out that these limitations are just a 
part of a general crisis of the health system in Venezuela, 
which includes limitations for early detection of diseases, 
prevention, specialized diagnosis, and basic treatment of 
acute and chronic diseases. These problems are aggravated 
by a progressive migration of the human resources required 
to attend the community and a reduction in the number of 
health science students and teachers in our universities as a 
consequence of the crisis. These problems have been 
addressed in a number of publications and alerts from several 
organizations (ISN, SLANH, SVN).

With all these difficulties, there is no doubt that the health 
system and particularly the attention of renal diseases in 
Venezuela need to be rethought. It is evident that the exces-
sive interference of national politics into the system is in the 
center of the crisis. Regarding RRT, it is necessary to retake 
the road of development to stabilize the different programs 
of attention and patient care. Budgets require to be balanced 
between the basic programs of attention to the population 
and those oriented to the treatment of costly diseases. 
Decreasing costs of RRT is without doubt a way to maintain 
or increase population coverage in an era of restrictive bud-
gets. In this regard, it is curious that costs of in-center thera-
pies such as HD, which requires equipment, space adapted 
to regulations, and specialized human resources, among 
others, are similar to that of PD which in most of the cases 
does not require such investments. A global tendency to 
improve coverage is to increase PD. This approach would 
also serve to reach many patients living in rural areas or far 
from larger cities with established dialysis units and to 
reduce disparity in attention at the same times.

Optimal working conditions for professional personnel 
involved in RRT is necessary to make this activity more 
attractive and guarantee a better and continued attention to 
the patient. In this regard, assuring the continuity or the re- 
initiation of training programs for technical personnel is an 
important ingredient to expand the activities of both dialysis 
and transplantation.

With regard to transplant, it is necessary to rebuild a 
strong program of organ procurement from deceased donor 
and to incentive living organ donation. Assuring the delivery 
of immunosuppressive drugs to transplant recipients is a 
very important part of this component of the program.

Within this context, it is necessary to strengthen compli-
ance with regulations against transplant tourism and organ 
trafficking as well addressing possible ethical dilemmas in 
the field of transplantation that the current crisis in the sector 
in the country may trigger.

We know that the multifaceted crisis Venezuela is suffering 
is difficult to control and even more, to solve. The damage to 
the nation has been immense at all levels. Actions to retake a 
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path towards stabilization or growth of the attention to kidney 
disease in all expressions have to be rethought within policies 
to rebuild the national health system; no simple or individual 
remedies seem possible at this time. But we are also certain that 
the country will at some point start retaking the route towards 
political stability, economic growth, and social development.
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Abbreviations

AAMI Advancement of Medical Instrumentation
ABO ABO blood group
ACEI Angiotensin-converting enzyme inhibitors
AKI Acute kidney injury
APD Automated peritoneal dialysis
ARBs Angiotensin II receptor blockers
AVF Arteriovenous fistula
BIRDEM Bangladesh Institute of Research and 

Rehabilitation in Diabetes, Endocrine and 
Metabolic Disorders

BMRC Bangladesh Medical Research Council
BRA Bangladesh Renal Association
BRJ Bangladesh Renal Journal
BSMMU Bangabandhu Sheikh Mujib Medical University
BSPD Bangladesh Society for Peritoneal Dialysis
c-ANCA Cytoplasmic anti-neutrophil cytoplasmic 

antibodies

CAPD Continuous ambulatory peritoneal dialysis
CGN Chronic glomerulonephritis
CIA Central Intelligence Agency
CKD Chronic kidney disease
CKD-EPI  Chronic Kidney Disease Epidemiology 

Collaboration
CMV Cytomegalovirus
CRRT Continuous renal replacement therapies
CT Computed tomography
CVD Cardiovascular diseases
CVVH Continuous veno-venous haemofiltration
DKD Diabetic kidney disease
DM Diabetes mellitus
eGFR Estimated glomerular filtration rate
ESRD  End-stage renal disease
FSGS Focal segmental glomerulosclerosis
GDP Gross domestic product
GFR Glomerular filtration rate
GN Glomerulonephritis
GoB Government of Bangladesh
GP General practitioners
HD Haemodialysis
HDI Human Development Index
HIV Human immunodeficiency virus
HLA Human leukocyte antigen
HTN Hypertension
ICUs Intensive care unit
IFKF International Federation of Kidney Foundation
IgAN IgA nephropathy
IHD Ischaemic heart disease
IPD Intermittent peritoneal dialysis
IPGMR Institute of Postgraduate Medicine and Research
ISN International Society of Nephrology
K/DOQI Kidney Disease Outcomes Quality Initiative
KAMPS Kidney Awareness Monitoring and Prevention 

Society
KDIGO Kidney Disease Improving Global Outcomes
KFB Kidney Foundation, Bangladesh
KYAMC Khaja Yunus Ali Medical College
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MCD Minimal change disease
McPGN  Mesangioproliferative glomerulonephritis
MD Doctor of medicine
MN Membranous nephropathy
MPGN Membranoproliferative glomerulonephritis
NGO Non-government organization
NS Nephrotic syndrome
NSAIDS Non-steroidal anti-inflammatory drugs
p-ANCA Perinuclear anti-neutrophil cytoplasmic 

antibodies
PD Peritoneal dialysis
PhD Doctor of philosophy
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PNSB Pediatric Nephrology Society of Bangladesh
PPP Public-private partnership
PSGN Post-streptococcal glomerulonephritis
RO Reverse osmosis
RRT Renal replacement therapy
SLED Sustained low efficiency dialysis
SOT Society of Organ Transplantation
T2DM Type 2 diabetes mellitus
UFF Ultrafiltration failure
UGC University Grants Commission
UK United Kingdom
USA United States of America
USD  United States dollar
USRDS United States Renal Data System
WHO World Health Organization

General Information Table

Area 147.57 km2

Population1 163.65 million
Capital Dhaka
Three most populated cities: 1. Dhaka (36,054,418)

2. Chattogram (28,423,019)
3. Rajshahi (18,484,858)

Official language Bangla
Gross domestic product (GDP)1 274.1 billion USD (2017–2018)
GDP per capita1 1675 USD (2017–2018)
Human Development Index 
(HDI)2

0.608 (2017)

Official currency Taka
Total number of nephrologists* 205
National society of nephrology 1.  Bangladesh Renal 

Association (BRA)
2.  Kidney Foundation, 

Bangladesh (KFB)
3.  Kidney Awareness 

Monitoring and Prevention 
Society (KAMPS)

4.  Society of Organ 
Transplantation (SOT), 
Bangladesh.

5.  Bangladesh Society for 
Peritoneal Dialysis (BSPD)

6.  Pediatric Nephrology Society 
of Bangladesh (PNSB)

Incidence of end-stage renal 
disease3

2018 – 244.4 pmp

Prevalence of end-stage renal 
disease3

(including patients with a 
functioning kidney transplant)

2018 – 305.5 pmp

Total number of patients on 
dialysis (all modalities)3

2017 – ~18,579 (113.52 pmp)
2018 – ~19,123 (116.8 pmp)

Number of patients on 
haemodialysis3

2017 – ~18,000 (110 pmp)
2018 – ~18,500 (113 pmp)

Number of patients on 
peritoneal dialysis3

2017 – 579 (3.5 pmp)
2018 – 623 (3.8 pmp)

Number of renal 
transplantations per year3

2017 – 159 (1.0 pmp)
2018 – 187 (1.1 pmp)

Table References:
1.  Bangladesh Bureau of Statistics. Gross Domestic Product (GDP) of 

Bangladesh (Final) 2017–18; 8. Available from http://bbs.portal.gov.
bd/site/page/dc2bc6ce-7080-48b3-9a04-73cec782d0df/-. Accessed 
on 23.06.2019.

2.  United Nations Development Programme. Human Development 
Indices and Indicators: 2018 Statistical Update, Bangladesh. 
Available fromhttp://hdr.undp.org/sites/all/themes/hdr_theme/coun-
try-notes/BGD.pdf. Accessed on 23.06.2019.

3.  Rashid HU. Year book of Kidney Foundation, Bangladesh, 2019 (in 
Press).

 Introduction

Bangladesh is one of the most densely populated areas in the 
world and is bordered by India and Myanmar. The total pop-
ulation is 163.65 million, of whom 65% live in rural areas. 
The World Bank classifies Bangladesh as a low-middle- 
income country.

According to the Global Burden of Disease Study, 
Bangladesh is in the bottom half of the list of 191 countries 
in terms of their socio-demographic index. However, the 
economic and health indicators of Bangladesh have remark-
ably improved from 2010 to 2016 as compared to Nepal, 
India and Pakistan. Unfortunately, the maternal, infant and 
under 5 mortality rates are still high (Table 18.1) [1].

The national policies for non-communicable disease con-
trol are still in the early stages of development. These poli-
cies are targeted towards management of diabetes mellitus 
(DM), hypertension (HTN), cardiovascular diseases (CVD) 
and cancer. The government has started to include kidney 
diseases among the non-communicable diseases. At present, 
the priority of healthcare budget is population control, sani-
tation, safe water supply, mother and child care and preven-
tion of communicable disease.

There is a rising trend in the incidence and prevalence of 
kidney diseases in Bangladesh. Most of this increase is 
driven by population growth. The incidence of chronic kid-
ney diseases (CKD) is increasing due to the increased inci-
dence of DM and HTN in the last decades. The burden of 
acute kidney injury (AKI) has not been accurately estimated 
in Bangladesh. Most cases of AKI seen in public hospitals 
are acquired in the community and are related to suboptimal 
sanitation and water quality, tropical infections, inadvertent 
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use of drugs like antibiotics and analgesics and poor obstet-
ric care [2, 3].

There is no policy for determining eligibility to renal 
replacement therapy (RRT) or choice of dialysis modality in 
our country. More than 95% of patients are receiving haemo-
dialysis (HD) [4]. In recent years, peritoneal dialysis (PD) 
patients are increasing in some hospitals. The availability of 
kidney transplantation is even more limited.

Renal services, however, are gradually expanding in 
Bangladesh with the support from the government, non- 
profit hospitals like Kidney Foundation Bangladesh (KFB) 
and other charitable organizations.

 Brief History of Nephrology in Bangladesh

There has been phenomenal improvement of nephrology in 
Bangladesh since its independence in 1971. In 1973, there 
was only one nephrologist in the country named Professor 
Dr. Matiur Rahman. He was trained in Glasgow (UK) and 
joined as associate professor of urology at the, then, Institute 
of Postgraduate Medicine and Research (IPGMR), now 
called Bangabandhu Sheikh Mujib Medical University 

(BSMMU), in the name of the father of the nation. He 
launched a nine-bed nephrology ward. In 1977 another post-
graduate doctor in internal medicine Dr. Harun Ur Rashid 
(corresponding author of this book) went to the University of 
Newcastle Upon Tyne (UK) for higher training in nephrol-
ogy. He returned home in 1981 after completing his PhD 
degree and joined as associate professor at that nephrology 
unit. Both the specialists worked together and expanded 
nephrology in Bangladesh from grass root level of clinical 
nephrology up to kidney transplantation.

The first renal biopsy was performed in 1973. In 1974 the 
treatment of end-stage renal disease (ESRD) with intermit-
tent peritoneal dialysis (IPD) made nephrology a distinct 
specialty. Although the first haemodialysis (HD) was 
attempted in 1965, it could not be continued because of the 
lack of specialists to implant Scribner shunts. Since 1986, 
HD has been considered as a regular form of therapy 
(Fig. 18.1). The first live related kidney transplantation (KT) 
performed in 1982 was the start of a new era of modern 
nephrology practice in Bangladesh [5]. Continuous ambula-
tory peritoneal dialysis (CAPD) was also started in 1982 [6]. 
However, due to non-availability of PD fluids, CAPD was 
stopped for a few years and restarted in 1992.

The formation of the Bangladesh Renal Association in 
1977 was a major breakthrough in the growth of nephrology 
in Bangladesh. The First National Convention and Scientific 
Seminar in nephrology was held in 1981 soon after Dr. Harun 
Ur Rashid joined in nephrology unit in IPGMR. Since then, 
scientific seminars in nephrology have been held every year. 
Nephrologists from foreign countries including Asia, Europe, 
and the USA attend the seminars as guest speakers. The only 
nephrology journal of the country named Bangladesh Renal 
Journal (BRJ) started its journey in 1982 [7]. Postgraduate 
courses in nephrology were started in 1986 at IPGMR, and 
the first physician obtained MD in nephrology in 1991. 

Table 18.1 General demographic, economic and health indicators of 
Bangladesh

Indicator Bangladesh
Percentage of rural population (%) 65
Life expectancy at birth, total (yr) 72.5
Population growth (annual %) 1.1
Mortality rate, infant (per 1000 live births) 28.2
Birth rate, crude (per 1000 people) 18.9
Cause of death, by non-communicable diseases (% of 
total)

66.9

Current health expenditure (% of GDP) 2.6
Domestic general government health expenditure per 
capita (current international dollars)

12.9

Out-of-pocket expenditure (% of current health 
expenditure)

71.8

Number of physicians (per 1000 people) 0.5
Maternal mortality ratio
(modelled estimate, per 100,000 live births)

176

Mortality rate, under 5 (per 1000 live births) 34.2
Health Access and Qualitya 47.6
Social Development Indexb 0.51

Data from The World Development Report 2016 (https://data.world-
bank.org/products/wdi), the Global Burden of Disease Study 2016 
(http://www.healthdata.org/gbd), the World Health Organization Global 
Health Observatory (http://www.who.int/gho/countries/en/) and CIA
World Fact book (https://www.cia.gov/library/publications/resources/
the-world-factbook/) [1]
GDP gross domestic product, PPP purchasing power parity
aHealth Access and Quality (0–100): measures personal access to 
healthcare and its quality, derived from the outcomes of 32 diseases that 
can be avoided or effectively treated with proper medical care
bSocial Development Index (0–1): measures development status of 
countries based on average income per person, educational attainment 
and total fertility rate

Fig. 18.1 First HD at IPGMR, 1986 with Professor Dr. Matiur 
Rahman, Professor Dr. Harun Ur Rashid and nephrology team 
members
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Research in the field of kidney disease has progressed slowly 
during the last four decades and has been confined largely to 
the teaching hospitals. The KFB has set up a voluntary renal 
registry for ESRD since 2002, and since then KFB has been 
publishing the ESRD registry every year. It has also been 
sending data regarding ESRD, dialysis and transplantation to 
United States Renal Data System (USRDS) since 2003.

 Renal Diseases in Bangladesh

 Chronic Kidney Disease (CKD)

The number of patients with CKD is increasing in Bangladesh. 
Unfortunately, it is not yet possible to define the incidence, 
prevalence and pattern of kidney diseases in the country to its 
full extent. However, study from disadvantaged urban and 
rural population suggested that the prevalence of CKD was 
16–18%; of them 11% were in stage III–V.  Hospital-based 
survey revealed that about 200–250 patients per million popu-
lation (pmp) are reaching ESRD each year in Bangladesh [8].

The pattern of kidney disease in Bangladesh has been 
changing over the last three decades. Acute post- streptococcal 
glomerulonephritis (PSGN) and nephrotic syndrome (NS) 
were the two predominant kidney diseases in the past. 
Chronic pyelonephritis, urinary tract infection, renal stone 
disease, obstructive uropathy, AKI and CKD were also part 
of the renal disease spectrum [9]. At that time, diabetic 
nephropathy (DKD) and hypertension (HTN) were not con-
sidered to be important causes of renal disease. At present, 
the principal causes of CKD have shifted from PSGN and 
NS to chronic glomerulonephritis (CGN) (37%), followed 
by DKD (33%) and hypertension 16% (Table 18.2) [8].

 Glomerulonephritis/Nephrotic Syndrome

In a study from 1990 to 2004, the histological diagnosis of 
GN/NS in 1238 patients was evaluated. The study showed 
that the primary causes were mesangioproliferative glomeru-
lonephritis (McPGN) 30%, membranous nephropathy(MGN) 
18%, membranoproliferative glomerulonephritis (MPGN) 

14%, proliferative glomerulonephritis (PGN) 12.6%, focal 
segmental glomerulosclerosis (FSGS) 9%, minimal change 
disease (MCD) 8% and IgA nephropathy 8%, whereas renal 
lupus (74%), post-streptococcal GN (PSGN) (21%) and sec-
ondary MGN (1%) were the most common causes of second-
ary GN. It is notable that McPGN was the commonest cause, 
followed by MGN, whereas IgA nephropathy contributed 
least among the causes of GN. Clinical presentations of those 
patients were also studied (Table 18.3) [10].

Management
In large hospitals, renal biopsies are performed to obtain a 
diagnosis before initiating GN treatment, whereas at districts 
and sub-centres (upazilas), GN is treated symptomatically 
and then referred to a specialist. KDIGO guideline is usually 
followed by most of the nephrologists. However, nephrolo-
gists use various textbooks as a reference to treat GN.  For 
example, idiopathic MGN is treated with oral prednisolone 
and cyclophosphamide by the majority of nephrologists; 
Ponticelli regimen is rarely followed. Cyclosporine, tacroli-
mus and rituximab are gold dust in Bangladesh due to its high 
cost. For FSGS, prednisolone is the first choice; as second- 
line treatment tacrolimus or cyclosporine is used mainly in 
tertiary hospitals by a limited number of nephrologists.

 Diabetes and Kidney Disease

Incidence and Prevalence
Diabetes mellitus (DM) is a leading cause of death and dis-
ability worldwide. In Bangladesh, the prevalence of diabetes 
among adults has escalated substantially from 4% in 1995–

Table 18.2 Aetiology of ESRD in CKD and RRT patients [4, 8]

Disease CKD HD CAPD Transplant
1998
(n = 994)

2012–2014 
(n = 954)

CGN 37% 40% 25% 20% 63%
DM 33% 31% 41% 75% 8%
HTN 16% 15% 33% 4% 7%

CGN chronic glomerulonephritis, DM diabetes mellitus, HTN 
hypertension

Table 18.3 Histology and clinical presentation of glomerulonephritis (n = 1187) [10]

Histology Number (percentage) Proteinuria >3.5gm/24 hours
HTN
BP > 140/90 mmHg

Creatinine
S/Cr > 140 μmol/L

MGN 214 (18%) 51% 41% 17%
PGN 150 (12.6%) 26% 32% 49
IgAN 95 (8%) 46% 28% 21%
MPGN 166 (14%) 45% 25% 37%
FSGS 107 (9%) 53% 24% 29%
McPGN 356 (30%) 32% 17% 30%
MCD 95 (8%) 61% 3% 4%

Abbreviations: MCD minimal change disease, FSGS focal segmental glomerulosclerosis, IgAN IgA nephropathy, MPGN membranoproliferative 
glomerulonephritis, PGN proliferative glomerulonephritis, McPGN mesangioproliferative glomerulonephritis, MGN membranous nephropathy
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2000 to 9% in 2006–2010 [11]. Diabetes is the second most 
common cause of CKD in Bangladesh. A study with 400 
type 2 diabetes mellitus (T2DM) patients in a tertiary 
 diabetes hospital (BIRDEM) in 2014 showed that the preva-
lence of nephropathy was 24.0% (male 27.1% and female 
21.8%) [12]. Another study at the same institute in 2015 
demonstrated that more than half (54.5%) of T2DM patients 
had CKD stages 3–5 according to CKD-EPI equations (male 
42% and female 63.6%) [13].

Prevention and Treatment
The prevention and treatment of DK is based on the manage-
ment of hypertension, hyperglycaemia, microalbuminuria 
and other co-morbidities. The treatment goal is fasting blood 
sugar ≤6.5 mmol and HbA1c <7.0. In practice, this is very 
difficult to achieve, and only 34% of the patients have an 
effective control of blood sugar in Bangladesh. Poor compli-
ance of patients to medications and to preventive measures 
such as lifestyle modification is the main obstacle to achieve 
treatment goals. In a study by Mumu et al., non-adherence to 
diabetic diet was 90%, to foot care 70%, to physical exercise 
25% and to self-blood glucose monitoring 32% [14].

Healthcare Expenditure
Healthcare expenditure for DM and DKD is increasing at an 
alarming rate. A study revealed that the annual cost of diabetes 
care per person in an outpatient department of a tertiary care 
facility was USD 314. Based on this information, it has been 
estimated a total annual burden of 1.5 billion USD to treat 5.1 
million diabetic patients in the whole country, which is a large 
burden for a low-middle-income country like Bangladesh [15].

The Bangladesh Diabetic Association, established in 
1958, is the largest non-governmental organization, which 
offers treatment to diabetic patients and provides free insulin 
to limited number of underprivileged population through its 
60 branches in the country.

 Hypertension and Kidney Disease

Incidence and Prevalence
HTN is an important worldwide public health challenge 
because of the concomitant risks of cardiovascular and kid-
ney disease. High blood pressure can be either a cause or a 
consequence of CKD. Patients with CKD have a high preva-
lence of high blood pressure even when GFR is only mildly 
reduced. The appropriate evaluation and management of 
high blood pressure remains a major component of the man-
agement of patients with CKD.

HTN is the third most common cause of CKD in 
Bangladesh. Although HTN is quite common, most people 
are unaware of its presence and consequences. In a study 
among 1000 urban disadvantaged and 1265 rural people, the 

prevalence of HTN was 11.6–19%, respectively. Strikingly, 
less than half of these people (only 35%) were aware of their 
HTN, and the other 65% were identified during the survey. 
More strikingly, less than half (43%) of the self-reported 
hypertensive patients were on medication, and among them 
only 25% had optimum blood pressure control [16, 17]. 
Another community-based study from two sites in 
Bangladesh and three sites in India revealed that the preva-
lence of HTN was 65%, and among them, only 45% were 
aware of their condition, 40% were taking antihypertensive 
medications, but only 10% achieved the target level. The 
prevalence was higher in urban than rural areas [18].

Pre-hypertension also elevates the risks of cardiovascular 
disease and CKD.  In a study by Khanam et al., the preva-
lence of pre-hypertension and hypertension was 31.9% and 
16.0%, respectively. Men had a higher prevalence (33.6%) of 
pre-hypertension compared to women (30.3%) [19].

Management
Hypertension is managed by both general practitioners (GP) 
and different specialists. The majority of the antihyperten-
sive medications are locally manufactured at affordable 
prices when compared to other South Asian countries. There 
is a national guideline, for management of hypertension and 
hypertensive kidney disease, prepared by specialists from 
Bangladesh in cooperation with the World Health 
Organization (WHO) in 2013 [20]. However, there is a lack 
of awareness among the population about the complications 
and effects of HTN. Moreover, there is poor compliance with 
lifestyle modification and medications among the patients.

 Acute Kidney Injury and Critical Care 
Nephrology

Epidemiology
AKI is associated with high morbidity and mortality through-
out the world. The epidemiology of AKI in Bangladesh dif-
fers from that in the developed world in many ways. In 
developed countries, AKI is predominantly seen in hospital-
ized patients, in intensive care units (ICUs) and in elderly 
patients. However, in Bangladesh it is noted among young 
patients, and most patients present after developing AKI in 
the community.

Incidence and Causes
The incidence of AKI in hospitalized patients varies from 
5% to 25% in Bangladesh. The predominant causes of AKI 
are acute gastroenteritis (related to suboptimal sanitation and 
water quality), inadvertent use of drugs, tropical infections, 
sepsis, poor obstetric care, insufficient monitoring after 
major surgeries, contrast use, burns, trauma, etc. [2, 3]. 
However, renal and postrenal causes are also common.

18 Nephrology in Bangladesh
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There are several reports of AKI published from different 
hospitals. In a study of 236 cases of AKI detected among 
admitted patients over a 9-year period, the causes of AKI 
were categorized as medical 65.3%, surgical 23.7% and 
obstetrics 11% [3]. One hundred and five cases of AKI were 
reported in a military hospital from 2007 to 2011, with 23% 
developing AKI from gastroenteritis, 9.5% rhabdomyolysis, 
7.6% septicaemia, 8.5% GN and 6.6% falciparum malaria 
[21]. Another study demonstrated a 38% diagnosis of AKI in 
ICU patients [22]. Contrast-induced AKI was also reported 
(11%) by Alam et al. [22].

The incidence of AKI increases by 18–24% during mon-
soon season secondary to an increase in new cases of acute 
gastroenteritis, dengue, leptospirosis and bacillary dysen-
tery. Malaria is prevalent in South Asian region, particularly 
in India and Bangladesh. Falciparum malaria is an important 
cause of AKI in Bangladesh in hill tract districts. It is esti-
mated that 1% of malaria cases develop severe malaria, jaun-
dice and AKI, a complication associated with 45% 
mortality.

In Bangladesh drug-induced nephrotoxicity was noted in 
about 15–26.3% of AKI cases [21, 23]. Common causative 
agents are NSAIDS (naproxen, diclofenac), ciprofloxacin, 
aminoglycosides (gentamicin, amikacin), ACEI, ARBs, con-
trast dye, cyclosporine and tacrolimus. In rural areas, herbal 
and homeopathic remedies are the major contributors to 
AKI, whereas AKI due to star fruit and snake bite is also 
common in Bangladesh.

Diagnosis, Treatment and Prognosis
In Bangladesh, AKI is generally diagnosed on the basis of 
serum creatinine and eGFR. There are substantial variations 
in diagnostic and therapeutic capabilities between the hospi-
tals, community clinics and medical colleges across the 
country.

Oral rehydration solutions are available everywhere 
including villages and community clinics. However, intrave-
nous fluids, antimalarial drugs and common antibiotics are 
only available in district hospitals and sub-centres. After ini-
tial management, patients are usually referred to tertiary care 
centres. At tertiary centres, critically ill patients are managed 
at ICUs. Inotrope drugs like dopamine, dobutamine and nor-
adrenalin are only available at tertiary centres. However, for 
the prevention or treatment of AKI, low-dose dopamine or 
diuretics are not recommended across the country. For the 
management of hyperkalaemia, calcium gluconate, 7.5% 
sodium bicarbonate, calcium resonium, insulin and salbuta-
mol inhalation are usually used. If medical treatment fails 
and the AKI patients require dialysis, they normally receive 
HD or SLED in most centres and CRRT in a few centres and 
IPD in district medical college. In some places, especially in 
a resource-limited setting, IPD is the only dialysis method 
available to manage AKI patients.

The prognosis of AKI patients has improved significantly 
over the years. A study in 1997 showed that the survival rate 
in medical, surgical and obstetric cases were 67.5%, 82.1% 
and 92.3%, respectively [3]. A more recent study in 2011, 
including 105 AKI patients, demonstrated that HD was 
required in 49 cases (46%), CRRT in 6 (5.7%) and PD in 5 
(4.7%); complete recovery was recorded in 88 patients 
(83%), 8 progressed to CKD (8%), 6 developed ESRD (6%), 
and 3 died (3%) [21].

The management of AKI is still limited by inadequate 
resources, lack of laboratory facility, insufficient medical 
and nursing personal and unorganized medical infrastruc-
ture. Delay in recognition and inappropriate treatment result 
in significant morbidity and mortality from AKI in remote 
places of Bangladesh.

 Paediatric Nephrology

History
Paediatric nephrology started its journey as a wing of paedi-
atrics in the year 1982  in the IPGMR.  In 1986, paediatric 
nephrology was established as a separate unit. First PD was 
performed in 1982, first paediatric HD in 2004 and first KT 
in January 2006. The Pediatric Nephrology Society of 
Bangladesh (PNSB) was established in 2004.

Incidence, Prevalence and Renal Disease Pattern
The prevalence of paediatric renal patients in Bangladesh is 
quite high. About 4–5 million children are suffering from 
different renal diseases. The incidence of paediatric renal 
patients is increasing day by day [24].

There is no epidemiological study to report the pattern 
of renal diseases in children of our country. One study was 
carried out in four tertiary care centres in order to observe 
the pattern of renal diseases in children in 2015. A total of 
6453 patients were studied, 1123 were inpatient and 5330 
were outpatient. Mean age was 5.8  ±  3.5  years for inpa-
tients and 6.90 ± 1.37 years for outpatients. Of the inpa-
tients, 64.1% were male and 35.8% female, whereas of the 
outpatients, 62.59% were male and 37.4% female. 
Nephrotic syndrome (76% in inpatient) was the most com-
mon disease followed by CKD (6%) in inpatient and uri-
nary tract infections (9.4%) in outpatients. Common 
presentations were proteinuria (27.6%), oliguria or anuria 
(26.2%) and oedema (25.7%) [25].

The incidence of AKI in children has declined due to 
better management of infections, diarrhoea, dehydration, 
and prevention of toxin-associated renal injury. Ignorance 
and lack of awareness among parents and physicians and 
limited opportunities for management have continued to 
result in considerable morbidity and mortality in children 
with CKD.
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 Renal Replacement Therapy in Bangladesh

Introduction
Worldwide, over two million people are being kept alive by 
RRT, the majority of which are from the developed high- 
income countries. In Bangladesh, according to hospital sta-
tistics, 35,000–40,000 patients reach ESRD every year. The 
existing facilities can hardly accommodate 9000–10,000 
new patients, which means RRT is not available for 70–75% 
of ESRD patients [8].

Incidence and Prevalence
The number of new patients reaching ESRD and starting on 
RRT is increasing dramatically in Bangladesh. In 2017, 
about 9364 (57.2 pmp) new patients were started on RRT, 
and in 2018 the incidence increased to 10,421 (63.6 pmp). 
Majority of these patients started HD (96%) followed by 
CAPD and renal transplantation [26] (Fig.  18.2). In 1996, 
only 2048 (17 pmp) patients were on different forms of RRT 
which rose to around 16,068 (107 pmp) in 2009, 19,546 (122 
pmp) in 2017 and 20,260 (123.8 ppm) in 2018 [26].

Age and Sex
On December 31, 2013, the mean age of the patients on RRT 
was 46 years (range 12–76 years). The mean age of patients 
on HD, CAPD and renal transplant was 41 years, 52 years 
and 34 years, respectively [8].

 Haemodialysis (HD)

RRT has evolved over the years, and Bangladesh can now 
offer various techniques of RRT such as maintenance HD 
(MHD), continuous RRT (CVVH), sustained low efficiency 
dialysis (SLED) and peritoneal dialysis (CAPD) [14]. 

However, HD has been the major modality of RRT in 
Bangladesh.

Incidence and Prevalence
In 2017, the number of new patients starting HD was 9000 
(55 pmp), and in 2018 it was 10,000 (61.1 pmp). Among the 
19,546 patients on RRT in 2017, 18,000 (110 pmp) were on 
HD, and in 2018 out of 20,260 RRT patients, 18,500 (113 
pmp) were on HD (Fig. 18.3) [26].

Haemodialysis Service in Bangladesh
There are now 170 HD centres across the country. Not all 
dialysis centres have a designated nephrologist, as most of 
them are based in the capital. In 84% of the dialysis centres, 
there are on-site doctors, and 16% centres are visited by doc-
tors when needed. The doctors in these centres are mainly 
medical officers trained in management of hypertension and 
other co-morbid conditions that are common in dialysis 
patients, but they do not receive any formal nephrology train-
ing. There are 750–1000 dialysis nurses operating these cen-
tres. There are only 40 dialysis engineers responsible for the 
preventive and corrective maintenance of the dialysis 
machines [4]. The majority of the HD centres are based in 
Dhaka catering to the 15 million population of Dhaka divi-
sion. The rest is scattered across the country, mainly in other 
six divisions Barisal, Chittagong, Dhaka, Khulna, Sylhet and 
Rajshahi. More than 80% of dialysis centres are profit- 
oriented, and only 20% are non-profit hospitals, including 
public and NGOs [8].

Typical HD Prescription
The frequency of HD is mainly twice a week. About 69% of 
the patients are dialyzed twice weekly compared to 22% who 
are on thrice weekly dialysis, 2.5% once weekly and 1.5% on 
four times a week dialysis. Depending on the financial situa-
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Fig. 18.2 Incidence and 
prevalence of renal 
replacement therapy (RRT)
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tion of the patient, 15% of them have a variable frequency of 
dialysis each week. The average blood flow is 250–300 [27]. 
In 1988, most of the dialyzate used were acetate buffer until 
bicarbonate buffer was introduced in South Asia in the 1990s. 
Acetate buffer is still used in about 5% of the HD patients in 
Dhaka and in more than 80% of the dialysis units in rural 
areas due to low cost [28]. Most of the HD sessions are per-
formed mainly at centres located in district and divisions, 
and only 20% of total HD patients in Bangladesh are based 
in rural areas. In the early 1990s, cuprophane, cellulose ace-
tate and polysulfone hollow fibre dialyzers were used. The 
sizes of the dialyzer membranes used then were 1 m2, 1.1 m2 
and 0.9 m2. Now the dialyzer membrane used is mainly poly-
sulfone with size range from 1.5 m2, 1.7 m2 to 1.9 m2 [28]. 
The dialyzer reuse is an integral part of HD in Bangladesh. 
Previously, the dialyzer membrane was cleaned manually by 
first rinsing with filtered water until it was blood free and 
then cleaned using 4% formalin [29]. Nowadays there are 
machines available in HD units to clean the dialyzers prop-
erly. The dialysers are checked mainly manually. Few cen-
tres in the capital use reprocessor machines. The frequency 
of reuse is recommended between five and ten times.

Water Quality
In HD, more than 90% of the dialyzate delivered to the dia-
lyzer is water. Water quality is extremely important for stan-
dard HD.  A standard water treatment system in the 
Bangladesh dialysis centres involves pre-treatment stages 
(softener, activated carbon, downsizing micro-filter). The 
reverse osmosis (RO) unit and deionizer are generally used 
to obtain ultrapure water. Ultrapure water must present 
<0.1  cfu/ml and endotoxin <0.03  IU/ml as per European 
standards. Water quality should be maintained by most HD 
units across the country as per environmental laws of 
Bangladesh. There is very few data on how the centres are 
maintaining the standards across the country. Shaha et  al. 
conducted a survey at six different dialysis centres and found 

that 67% of the tap water and 80% of treated water used in 
dialysis centres in Bangladesh complied bacteriologically 
with Advancement of Medical Instrumentation (AAMI) 
standards [30].

HD Vascular Access
Most patients present as a crash-lander, requiring temporary 
catheter to initiate urgent dialysis. Those who can afford to 
continue dialysis have the fistula done at a later stage. In a 
single-centre study of 2409 patients, 82% initiated HD with 
non-cuffed catheter and 8% with AV fistula. Among the fistu-
las 51% had brachial fistula, and 38% had radial fistula [31].

Causes of ESRD in HD Patients
A study demonstrated the causes of ESRD in HD patients 
from 2012 to 2014 as CGN (25.5%), DKD (41%) and HTN 
(33%). Another study in 1998 showed that, then, the causes 
were CGN (40%), DKD (31%), HTN (15%), obstructive 
uropathy (8%) and undetermined (10%) (Table  18.2).The 
number of patients with diabetic nephropathy reaching 
ESRD has increased dramatically from 24% in 1994 to 31% 
in 1998 and 41% in 2014 [4].

Outcome of HD Patients
A study including 1000 HD patients of twenty centres dem-
onstrated that the mean age of patients was 40 ± 15 years 
(range 16–68); 546 were males, and 454 were females. Mean 
haemoglobin was 8–10 gm/dl, and erythropoietin was 
received by 39% of the patients [8]. Another single-centre 
study demonstrated that the average KT/V in patients was 
1.03 (range 0.9–1.4), calcium 2.09  mmol/L, phosphate 
1.5 mmol/L, uric acid 285.5 μmol/L, total protein 70 g/l and 
serum albumin 38 g/l [27].

Complications, Mortality and Morbidity
Infection is very common in patients on dialysis. The most 
common is infection of the temporary venous catheter fol-
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lowed by respiratory tract infection, tuberculosis, hepatitis 
C, hepatitis B, acute pancreatitis, acute hepatitis and skin 
infection. Other than infections, HD patients also suffer from 
co-morbid conditions. In a study by Alam et al., the preva-
lence of co-morbid conditions in patients with HD (n = 328) 
was noted as hypertension 81%, heart failure 27%, coronary 
artery disease 18%, cardiovascular disease 16%, peripheral 
vascular disease 2%, diabetes 7%, cancer 3%, lipid abnor-
mality 17%, chronic liver disease 9% and other 25% [32].
Notably HTN, diabetes and heart diseases associated with 
ESRD are more prevalent among urban HD patients than 
rural HD patients. Anaemia, anorexia, pruritus, respiratory 
tract infection, chronic uraemia and malnutrition were more 
prevalent among rural residents than urban HD patient [33]. 
This could be due to low quality of HD in the rural sector 
where the cost of dialysis is less. HD patients are hospital-
ized more frequently than general people. In a study by Jishu 
et al., the mean hospital admission was 2.8 times per patient 
during the study period [34].

HD patient survival rates were estimated to be at 1, 3 and 
5 years of 90%, 75% and 55%, respectively, in 1993 and of 
90%, 70% and 40% in 2016 [35, 36] (Fig. 18.4).The decrease 
of survival in recent years could be due to increase number 
of DKD and older patients in HD as compared to earlier 
studies. The causes of death were left ventricular failure 
(LVF) (50%), congestive cardiac failure (CCF) (20%), cere-
brovascular disease (CVD) (20%) and coronary artery dis-
ease (CAD) (10%). The longest surviving HD patient has 
been dialysed for 21 years at one public centre [37].

Cost of HD
The costs of HD are dependent on several factors. The corpo-
rate hospitals are more expensive than other HD centres. 
Acetate dialyzate is cheaper than bicarbonate by USD 1.00. 

The total cost of dialysis also depends on the dialyzer mem-
brane type and size; for example, 1.9 m2 dialyzers are more 
expensive than 1.5  m2 dialyzers, and polysulfone filter is 
more expensive than cellulose. The cost of HD in profit hos-
pitals ranges from USD 44.00 to 60.00 per HD session, 
whereas in non-profit hospitals it ranges from USD 10.00 to 
30.00 per HD session. The government of Bangladesh (GoB) 
offers dialysis at a subsidized cost to ESRD patients, but the 
availability of these services is limited. About 80% of the 
cost comes from out-of-pocket expenditure.

Bangladesh is trying to keep up in the race of advance-
ment with the entire world. There have been some major 
advances in the field, but, unfortunately, due to the cost, there 
are certain orthodox practices that still prevail in the rural 
areas. Awareness and prevention are the keys to reduce the 
number of ESRD patients in Bangladesh.

 Continuous Ambulatory Peritoneal Dialysis 
(CAPD)

History
CAPD was first introduced in the world by Popovich and 
Moncrief in 1976. IPD was started in 1973 and CAPD in 
1981 in Bangladesh. PD was performed in a total of seven 
patients until December 1982. Unfortunately, it could not be 
continued due to non-availability of PD catheters and PD 
fluid; then, in 1993 CAPD was restarted.

Incidence and Prevalence
Over the last 10  years, effort is being made to popularize 
CAPD in Bangladesh. Acceptance rate is now gradually 
increasing among the patients, peritonitis rate is decreasing, 
and survival rate has been prolonged. In 2017 the number of 
new patients started CAPD was 205 (1.3 pmp), and in 2018 
it was 234 (1.4 pmp). The prevalence of CAPD patients was 
579 (3.5 pmp) in 2017 and 623 (3.8 pmp) in 2018 [26].

Cause of ESRD in CAPD Patients
The causes of ESRD among CAPD patients are DKD (75%), 
CGN (20%), HTN (4%) and others (1%) (Table 18.2).The 
mean age of these patients is 56  years (range 6–85  years; 
male 450, female 377) [4].

Indication of CAPD
The main indications of CAPD are haemodynamic instability 
(40%), poor vascular access (22%), poor general condition 
(20%) and remote residence (8%). In earlier periods, many 
patients were selected for PD, not as a matter of choice but 
because they were not fit for other modalities of RRT. Less than 
20% of PD patients are initiated on PD directly; the rest have 
been transferred from HD after a period of time on HD [4].
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CAPD Technique
In Bangladesh, PD catheters are inserted either percutane-
ously (Seldinger technique) or surgically (open dissection 
method). However, percutaneous puncture technique per-
formed by nephrologist is preferred by the patients 
(Fig. 18.5). The coiled and straight-tip Tenckhoff catheters 
are used. It was noted that the outcome of percutaneously 
placed catheters is comparable to the surgically placed cath-
eters. However, percutaneously placed catheters have the 
advantage of lower costs, avoidance of operation theatre 
scheduling issues, smaller incisions and shorter period 
between catheter insertion and initiation of dialysis. Flushing 
of the catheter is usually done on third, fourth and fifth days, 
and manual exchange is started from seventh day using twin 
bag system. During the first 1 week, treating nephrologists 
and PD nurses give education and training to patients and 
their attendants [38].

PD Bags
CAPD fluids are imported from Singapore and supplied by 
Baxter. The solutions are packaged in clear flexible plastic 
bags, typically made from polyvinyl chloride. Only 2 L bags 
of 1.5%, 2.5% or 4.25% dextrose solutions (Dianeal) are 
available. Very recently Extraneal (icodextrin) from Baxter 
is available in Bangladesh.

Cost of PD
The cost of PD is equal or lower than HD, if HD is per-
formed at for-profit dialysis centres. There are few CAPD 
facilities in public hospitals. In Bangladesh, most of the 
patients do three exchanges per day; very few perform two 
exchanges per day due to financial constrain. If three 
exchanges per day are performed, then the cost for 1 day is 
around USD 12.00 and for 1 year USD 4380 [8].

Complications of PD
Infections (exit site infection, tunnel infection and perito-
nitis) are the most common complication of CAPD in 
Bangladesh. However, the incidence of peritonitis has 
decreased from 1 in 14 patient months in 2003 to 1 in 34 
patient months in 2010 [8]. A more recent study revealed 
that a peritonitis rate of 1 episode in 30 patient months, 
technique failure due to omental wrap, tip migration and 
fluid leak were reported in about 1% patients, and 5% 
patients required catheter removal [39]. In a study by 
Iqbal et al., organisms responsible for peritonitis and their 
sensitivity to antibiotics were evaluated and found that 
77% samples were culture- positive; the organisms iso-
lated were gram-positive bacteria (Staphylococcus and 
Streptococcus species) in 41% of cases, gram-negative 
bacteria (Escherichia coli, Pseudomonas, Klebsiella spe-
cies) in 52% and fungus in 7% [40]. Patients with sus-
pected peritonitis are usually advised to come to hospital 
for treatment. However, those who are unable to come to 
hospital immediately are advised to start the empirical 
antibiotics at home.

Non-infectious complications of CAPD are classified in 
two groups on the basis of onset from the time of insertion 
of catheter: early onset (1–4 months) and late onset (12–
24  months). Early onset complications include exit site 
leakage, catheter malposition, haemoperitoneum, right-
sided hydrothorax and ultrafiltration failure (UFF). The 
late-onset complications include abdominal hernia, scrotal 
swelling, encapsulated peritonitis and catheter cuff protru-
sion. A study found that pain was the most common non-
infectious complication (30.8%), followed by ultrafiltration 
failure (4.7%), hydrothorax (1.9%), fluid leakage (0.9%) 
and others (27.1%) [38].

Malnutrition is a common problem in CKD patients espe-
cially those on PD. While mild to moderate malnutrition is 
present in 30–70% of PD patients, severe malnutrition devel-
ops in 2–9% of patients. The cause is multifactorial and 
includes delayed dialysis initiation, extreme protein restric-
tion in the pre-dialysis period which often continues even 
after starting dialysis because of inadequate dietary advice, 
uremic toxicity, catabolic factors and intercurrent 
infections.

Survival of CAPD Patients
A number of recent studies have shown that survival rates of 
HD and PD are similar, and PD patients have better cardio-
vascular stability over HD patients. Patient survival at 1, 2, 3 
and 5  years was found to be 68%, 48%, 38% and 22%, 
respectively. The cause of death is usually acute myocardial 
infarctions, cerebrovascular disease, pneumonia, malnutri-
tion, peritonitis and others [39]. Another single-centre study 
has shown that 1- and 3-year survival is 90% and 68%, 
respectively (Fig. 18.4) [36].

Fig. 18.5 Nephrologists performing PD catheter insertion by percuta-
neous technique in Bangladesh
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Challenges and Obstacles of PD
The major challenge of CAPD in Bangladesh is peritonitis 
either alone or in association with exit site and tunnel infec-
tions. Unfortunately, culture-negative peritonitis rates are 
high, which hinder the selection of appropriate antibiotics, 
and, therefore, resolution of infection is sometimes not 
achieved. This contributes to technique failure and shift 
from PD to HD. Inadequate sampling, lack of trained and 
dedicated manpower, lack of automated PD effluent culture 
system and poor culture technique are the possible reasons 
for high culture-negative infections. Other major chal-
lenges faced are high gram-negative peritonitis rates, infec-
tion from multidrug-resistant pathogens, shift from 
Candida albicans to non-C. albicans and mycelial infec-
tions [41, 42].

Proper training of patients and their relatives about asep-
tic exchange technique, good exit site care, improvement in 
catheter insertion technique, strengthening microbiology 
laboratory and rational use of antibiotics based on local sus-
ceptibility data are likely to reduce the peritonitis rate and 
preserve the peritoneal membrane function, thereby improv-
ing clinical outcome of peritonitis and helping in PD growth 
of Bangladesh.

Other obstacles in CAPD are lack of awareness among 
general people and physicians, lack of confidence and uncer-
tainty among patients and relatives and even in nephrolo-
gists, high cost of treatment, etc. [41].

Future
There are tremendous opportunities to expand CAPD in 
Bangladesh. Most of the dialysis centres are in the capital 
and in large cities. Due to lack of facility, a vast number of 
rural and semi-urban population are unable to travel long dis-
tances to avail HD. Hence, CAPD can be an available and 
effective form of therapy in this group of population.

Financing is the major barrier for CAPD. HD in public 
hospitals is partly reimbursed by the government, whereas 
CAPD patients pay out of pocket. As a result, most 
patients prefer HD as the first choice. To expand CAPD 
we need to manufacture PD fluids and accessories locally 
and need some reimbursement by the government and 
NGOs.

Peritoneal Dialysis Society of Bangladesh was estab-
lished in 2017 to expand CAPD in the country. The KFB is 
also working to enhance knowledge and awareness about 
PD among nephrologists, physicians and general people 
through educational programs, posters and electronic 
media and providing training to doctors and nurses. PD 
needs to be positioned as part integrated of the ESRD care, 
complementing HD, by improving awareness, patient 
training, care of PD-related infections and management of 
malnutrition.

 Renal Transplantation

Introduction
Organ transplantation is one of the best achievements in the 
medical history of twentieth century, and in Bangladesh KT 
is a well-established form of RRT.

History
The first living-related KT was performed in December 1982 
at IPGMR, Dhaka, Bangladesh, almost 30 years after suc-
cessful twin transplantation in the USA in 1954. The patient 
was 29 years old, and the cause of ESRD was CGN. His sis-
ter who was 42 years old donated her kidney. He was well 
post-transplant. Unfortunately, he developed pneumonia and 
passed away 4 weeks after transplantation with a functioning 
graft [5]. From 1982 to 1986, only six patients were trans-
planted at that centre, and survival rate was less than 
12 months. Successful KT started in 1988. Until 2003 there 
was only one centre in the country which performed KTs. 
From 2004 on, other centres started to perform KT in 
Bangladesh, and currently ten centres in the country are rec-
ognized by the government for performing KT.  However, 
only four centres are performing KT regularly. The other six 
centres were not regular but are now gathering more interest 
in transplant [43]. There are now 1791 KTs successfully per-
formed in Bangladesh [44].

Incidence and Prevalence
In 2017, the incidence of KT was 1.0 pmp (168 new patients) 
and 1.14 pmp in 2018 (187 new patients); each year about 
120–190 KT surgeries are being performed. The prevalence 
of renal transplant patients in 2017 was 967 (6 pmp), and in 
2018 it was 1137 (6.9 pmp) [26].

Workforce
The total number of urologists in Bangladesh is 160, out of 
which the number of transplant surgeons is only 25. However, 
few surgeons are interested in transplantation, and, as a 
result, the number of transplantation is not increasing as 
expected.

Organ Act Law
Bangladesh Organ Act Law was passed in the parliament in 
1999. According to the law, parents to child, siblings to sib-
lings, spouse to spouse and blood-related close relatives like 
uncle and aunt were eligible to donate solid organs [45]. To 
expand the living donor pool, the Organ Act Law was revised 
in January 2018, and grandfather, grandmother and blood- 
related cousins were included in the eligible donor list. 
However, live unrelated organ donation is completely pro-
hibited, whereas deceased transplantation is supported by the 
Organ Act Law. Donors should be between 18 and 65 years 
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of age and free from hepatitis B, hepatitis C and 
HIV.  Recipients should be between 2 and 70  years of age 
[46]. Selling and buying solid organs are completely prohib-
ited. This law has a provision of 2–3 years of rigorous impris-
onment or USD 5882 to USD 11,674 fine, or both for 
violation of the law, aiming to check the illegal trade of 
human organs [46].

Cause of ESRD in Transplant Patients
CGN (63%) was by far the commonest cause of ESRD in 
transplanted patients in Bangladesh. Other causes include 
DKD, HTN, polycystic kidney disease, renal lupus, Alport 
syndrome and unknown in one-tenth of the cases 
(Table 18.2) [4].

Preparation and Immunosuppression
Preparation for transplantation starts either in the clinic or 
during inpatient stay in hospital. Once patients reach ESRD, 
they are informed about KT in details. Then, patients discuss 
with their families, friends and close relatives. Once they 
wish to go ahead with transplantation, appropriate investiga-
tions are carried out, and they are reviewed by ethical and 
medical board. Transplant team reviews the patients only 
before surgery. During preparation, patients are usually rec-
ommended to take hepatitis B, pneumococcal and meningo-
coccal vaccination. Usually patients undergo MHD for 
3–6  months before transplantation. However, in few cases 
pre-emptive transplantation does take place.

The immunosuppression protocol from 1988 to 2005 was 
triple therapy including cyclosporine, azathioprine and pred-
nisolone for initial 6  months followed by withdrawal of 
cyclosporine in majority of cases and continuation of aza-
thioprine and prednisolone at appropriate dose. From 2006 
cyclosporine was replaced by tacrolimus in majority of cen-
tres, and azathioprine was replaced by mycophenolate 
mofetil in some centres.

For induction, generally methylprednisolone is used, and 
basiliximab is avoided because of its high cost. However, 
basiliximab is recommended specially if the donor is spouse 
and the HLA tissue match is poor.

Post-operatively, the patient stays in the hospital for a 
minimum of 14 days, and the donor stays for 7 days. In most 
centres, patients are followed up by their nephrologists. After 
discharge, patients are followed up weekly for first 3 months, 
thereafter fortnightly for next 3 months, then monthly up to 
1  year and then 2–3 monthly. Immunosuppression dose is 
gradually reduced after 6 months depending on cyclosporine 
or tacrolimus level. Tacrolimus trough level is usually 8–10 
for first 3 months and reduced to 6–8 after 3–6 months there-
after 5–6. Mycophenolate dose is adjusted as per body 
weight. Patients weighing >60  kg are given 1500–2000  g/
day, whereas patients <60 kg are usually prescribed 1000 g. 

Prednisolone is given as 0.5 mg/kg body weight at start and 
reduced to 5 mg after 6 months.

Transplant Outcome
Studies performed in Bangladesh to see the outcome of renal 
transplant patients are not many. However, studies concluded 
that the survival of transplant patients in Bangladesh is com-
parable to that in developed countries [47, 48].

In an earlier study (1993) including 94 patients, the graft 
survival was 96% at 1 year and 81% at 3 years [48]. A study 
including 262 patients who were followed up for 16 years 
(1988–2004) demonstrated that the 1-, 3-, 5-, 7- and 10-year 
survival rates of patients were 93%, 90%, 83%, 80% and 
70%, respectively [49]. More recent studies showed that the 
1-, 3-, and 5-year survival rates of transplant patients were 
94%, 86% and 77%, respectively, in one centre and 92%, 
85% and 80% in another centre (Fig. 18.4) [36, 47]. The lon-
gest surviving renal graft has been functioning for 33 years.

Female transplant patients are not usually encouraged to 
get pregnant because of the high risk of graft failure and risk 
of maternal and foetal morbidity and mortality. However, 
few patients become pregnant 14–28 months post-transplant 
and have successful pregnancy outcome with good graft 
function after delivery.

 Complication of Renal Transplantation

Immediate Complications
Infections remain the major concern in renal transplant 
patients in Bangladesh. The infections are usually respira-
tory (40%), followed by urinary tract infections and tuber-
culosis (10%) [8]. Acute rejection is the second most 
important complication comprising 20–25%. The other 
complications are acute tubular necrosis, CMV infection, 
superficial fungal infections and post-transplant diabetes 
mellitus. The surgical complications are urinoma, abscess 
and pelvic lymphocele [50].

Late Complications
The chronic complications are allograft nephropathy, trans-
plant glomerulopathy, drug toxicity, cancer and graft 
failure.

 Mortality and Morbidity
The main cause of death in Bangladeshi transplanted patients 
is infection, but cardiovascular disease also accounts for a 
significant number of deaths [49]. Biopsy of transplanted 
kidney is limited and only performed in few centres of 
Bangladesh. Unfortunately, we lack the capacity to perform 
C4D staining, staining for BK virus or CMV, electron 
microscopy and other specialized stains in our biopsy 
samples.
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 Outcome of Kidney Donors
In Bangladesh, females are the main bulk of donors. In a 
study, 76% of donors were females (mothers 40%, wives 
24% and sisters 12%), and only 24% were male. Donors are 
usually 21–55 years old. Outcome of donors is always a big 
concern for patients and their relatives as no one wants any 
harm to the donors. A study revealed that 5  years post 
nephrectomy, there was no significant rise of blood pressure, 
blood urea, serum creatinine or urinary protein in the donors. 
However, a small statistically non-significant fall in creati-
nine clearance from 75 ± 11.6 ml/min to 65 ± 5.7 ml/min was 
noted after 5 years. The study concluded that kidney donors 
did not suffer from any immediate or long-term complica-
tions after kidney donation [51].

 Transplant Tourism and Organ Trafficking
Because of the significant shortage of organs, organ traffick-
ing and transplant tourism have become a global problem 
accounting for about 10% of organ transplants that are per-
formed annually around the world. In Bangladesh, organ 
trafficking is one of the reasons behind the low number of 
transplantations performed each year. Even though organ 
trafficking is completely prohibited in Bangladeshi law and 
outlawed in almost every country in the world, each year 
nearly 250 Bangladeshi patients are transplanted outside 
Bangladesh [52].

 Cost of Transplantation
The cost for pre-transplant donor investigations is around 
USD 500, and that of the recipient is around USD 350. The 
cost of transplantation surgery with ICU and post-ICU stay 
for 14 days in public hospitals is around USD 1200.00. In 
non-profit centres, it is around USD 2200.00–3200.00 and in 
for-profit hospitals around USD 6000.00–10,000.00. After 
discharge from the hospital, patients bear the cost of medica-
tions, lab investigations and doctor’s fee which is around 
USD 2900.00–3500.00 for the first 6 months and thereafter, 
it reduces to around USD 3000.00 per year [4]. Patients usu-
ally pay the cost of transplantation and post-operative medi-
cations in the private sectors. In the public hospitals, 

out-of-pocket expenditure comprises about 80% of total 
costs, whereas only 20% comes from government funding.

 Barriers for Transplantation
Despite being the most costly RRT, the number of transplant 
remains low in Bangladesh. Potential barriers for living 
related donors include scarcity of donors mainly due to lack 
of awareness among people and fear of donation, high cost 
of immunosuppressive drugs, lack of trained workforce both 
medical and paramedical, frequent post-transplant infections 
and lack of necessary laboratory facilities [46].

Though deceased transplantation is the main form of 
transplantation in developed countries and is permitted by 
the law in Bangladesh, it is yet to be performed. Obstacles 
for deceased transplantation are (a) lack of proper ICU infra-
structure for early identification and management of brain 
death donors; (b) lack of proper knowledge about deceased 
transplantation in the public and even physicians; (c) certain 
sociocultural beliefs of people such as ‘dead body should be 
buried whole’ and ‘donation after death is against religious 
convictions’; (d) high cost with lack of certainty; and (e) lack 
of workforce and laboratory facilities.

 Nephrology Practice in Bangladesh

 Health System

The healthcare service in Bangladesh is divided into primary 
healthcare in rural areas, secondary health care in unions and 
sub-centres (upazila), district hospitals in each district and 
tertiary care hospitals in divisional cities (Fig. 18.6).

The primary centres in villages provide basic health ser-
vices like family planning, vaccination, etc. through 16,400 
community clinics run by health workers. The union health and 
sub-centres in 450 upazilas are run by graduate doctors. Each 
upazila has 30–50-bed hospital and limited lab facility. The 64 
district hospitals provide secondary care, while tertiary care in 
all specialties including nephrology is provided by 112 medical 
college hospitals and 8 postgraduate institutes (Fig. 18.6).
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There are many NGOs that provide renal services, namely, 
KFB and ‘Center for Kidney Disease and Urology’, which are 
the prime non-profit hospitals for KT and dialysis. Seventy-
five per cent of KTs are performed in these two centres, 
whereas 50% of PD services is provided by KFB alone. 
Another NGO, Gonoshasthaya Hospital, has been providing 
HD at an affordable price for poor patients for the last 2 years.

 Workforce and Job Market

In Bangladesh, there is insufficient number and uneven dis-
tribution of trained medical and paramedical professionals. 
There is a huge gap between the number of renal patients and 
the number of nephrologists available in Bangladesh. There 
are about 205 nephrologists across the country, which means 
that for about 0.8 million people, only one nephrologist is 
available. Moreover, the majority of the nephrologists (about 
70%) work in the capital, which has a population of 15 mil-
lion, only whereas districts and sub-centres comprise 70% of 
the total population and have few or no nephrologists to 
serve the renal patients. As a result, people from villages and 
districts have to travel a long distance to reach the city in 
order to consult with a nephrologist. There are also gaps in 
allied health professionals working in renal wards and dialy-
sis units. There is no national training programme for renal 
nurses, technicians and renal nutritionists. Normally general 
nurses and nutritionists get supervised training in renal wards 
and dialysis units for 1–3 months and thereafter provide ser-
vice for renal patients. The government, however, is launch-
ing a 1-year renal nursing training programme in the Kidney 
Foundation of Bangladesh.

Due to this huge shortage, there is a high demand of 
nephrologists and allied health professionals. Although there 
are limited nephrology posts in government medical college 
hospitals, they still have vacancies. In private hospitals of 
large cities, ample job opportunities are available. Because 
of the huge load of kidney patients, nephrologists are usually 
busy seeing patients and are unable to perform regular 
research works. The salary scale in public sectors for assis-
tant professor ranges from USD 400.00 to 900.00, for associ-
ate professors from USD 600.00 to 1200.00 and for professors 
from USD 1000.00 to 3000.00. In for-profit hospitals, the 
salary scale is three times higher than the government sector. 
In addition to the salary, doctors earn from private practice 
and from nephrology interventions.

 Facilities

The kidney care facilities in government hospitals are lim-
ited, whereas private hospitals are very expensive. Moreover, 
there is lack of laboratory facility in many areas, particularly 
in rural setup. Basic laboratory services like urine test, esti-

mation of serum creatinine, ultrasonography and X-rays are 
available in upazilas and in districts, but not in villages. CT 
scans are available in large cities. Albumin creatinine ratio, 
protein creatinine ratio, complement assay, antinuclear fac-
tor, anti-double stranded antibody, c-ANCA and p-ANCA 
and other specialized services are only available in a few 
centres in large cities. However, assay methodologies of dif-
ferent laboratories are not uniformly standardized.

Renal biopsies are performed in eight medical college 
hospitals and in four private hospitals. Immunofluorescence 
of the sample is available in limited centres only. Electron 
microscopy is unavailable across the country. There are 150 
histopathologists in Bangladesh; but only 10 (5%) of them 
report renal histology.

 Training and Research

Nephrology training programmes and kidney diseases 
research have progressed slowly over the last five decades 
and are largely confined to the teaching hospitals. There are 
now six centres offering higher training in nephrology. Both 
MD nephrology and FCPS nephrology are 5-year training 
programmes in nephrology. There are masters and PhD pro-
grammes available for nutritionists in collaboration with 
both local and foreign universities. Short training programme 
on deceased kidney transplantation is also available in col-
laboration with Korea University Anam Hospital.

The Bangladesh Renal Association (BRA), KFB and 
Kidney Awareness Monitoring and Prevention Society 
(KAMPS) all are working on awareness, prevention, 
 treatment and research. BRA is affiliated with the 
International Society of Nephrology (ISN). KFB is a sister 
renal centre of ISN and is affiliated with the International 
Federation of Kidney Foundation (IFKF). KFB in addition to 
providing services at affordable price is conducting various 
researches in collaboration with Royal London Hospital 
(UK) and Wayne State University (Michigan, USA).

Postgraduate doctors usually perform epidemiological and 
clinical studies as a part of their MD nephrology course. 
Besides that, some nephrologists pursue research by personal 
interest. Funding for research is available from Bangladesh 
Medical Research Council (BMRC), University Grants 
Commission (UGC) and the government funding scheme. ISN 
also supports capacity building and research in Bangladesh 
through partnership with ISN. Bangladesh Renal Journal usu-
ally publishes local and foreign researches twice a year.

 Paediatric Nephrology Practice

BSMMU is the first and leading paediatric nephrology cen-
tre in Bangladesh with 30 inpatient beds and 4 haemodialysis 
beds. This is the only paediatric renal transplant centre in 
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Bangladesh. To date 11 paediatric KTs have been performed. 
There are two postgraduate programmes on paediatric 
nephrology: MD residency and FCPS. In 2018, there were 
35 paediatric nephrologists across the country with a ratio of 
paediatric nephrologists to paediatric population (>19 years 
or less) to be approximately 1:1.1 million. The Pediatric 
Nephrology Society of Bangladesh (PNSB) arranges pro-
grammes to enhance public awareness about paediatric renal 
disease every year in the eve of world kidney day, and it 
arranges international conferences every biannually, national 
seminar every year and regional seminars in every 
2–3 months.

 Limitations of Renal Services in Bangladesh

The hurdles yet to be addressed are inability of general peo-
ple to bear the cost of renal treatment (though the cost is less 
than in neighbouring countries), lack of government subsidy 
and lack of adequate facilities. The insufficient number and 
uneven distribution of trained medical and allied health pro-
fessionals, lack of proper referral system, follow-up and con-
cise national guidelines are other factors that need attention 
to ensure good sustainable renal care across the country.

 Highlights of Nephrology in Bangladesh

 Interventional Nephrology

Nephrologists in Bangladesh are now increasingly using 
their hands-on ultrasound guiding temporary and permanent 
HD catheters and renal biopsies. PD catheter implantation 
and some AVF are also performed by nephrologists. The job 
of vascular surgeon is reserved mainly for complicated AVF.

 Transplant

ABO-incompatible kidney transplantation has started in one 
centre in 2018 in Bangladesh, and there are now five patients 
successfully transplanted (Fig. 18.7).

 Awareness Programmes

The use of electronic and print media is playing an important 
role to improve awareness about DM, HTN and kidney dis-
eases among common people, general physicians and allied 
health professionals. Articles are now published in print 
media in  local language demonstrating different aspects of 
kidney diseases. Doctors are also appearing in talk shows 
and radio programmes to discuss health issues. Some private 

hospitals and clinics are using Skype and telephone to com-
municate with patients living in remote places free of cost. 
To create awareness, ‘World Kidney Day’, ‘World Health 
Day’ and most of the days from the ‘health awareness calen-
dar’ are celebrated throughout the country.

 Pioneer Award

The International Society of Nephrology (ISN), a leading 
organization of nephrologists of 152 countries, has selected 
Professor Harun Ur Rashid, an eminent nephrologist of 
Bangladesh and the founding president of Kidney Foundation, 
for the South Asian region ISN Pioneer Award 2017. The 
award was given in recognition to his remarkable leadership 
in initiating and developing nephrology and KT in 
Bangladesh.

 Future Perspectives of Nephrology 
in Bangladesh

There has been enormous development in all sectors of 
nephrology including diagnosis, treatment availability, prog-
nosis of patients, workforce, etc., since its inaugural year in 
1973. It is expected that by 2030 there will be further 
improvements in the management of AKI, CKD and ESRD 
care.

 Prevention

The government is also giving more importance to the pre-
vention of DM, HTN and CKD by involving the community 
clinics. Community clinics in Bangladesh currently offer pri-
mary healthcare mainly vaccination, mother and child 
healthcare and population control to about 6000 people in 
every village. The government of Bangladesh is now prepar-

Fig. 18.7 Plasma exchange for ABO-incompatible kidney transplanta-
tion, 2018
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ing to include detection of non-communicable diseases in 
each community clinic so that DM, HTN and CKD could be 
diagnosed at a very early stage and treatment could be initi-
ated at the earliest stage of the disease. The community clin-
ics will be entitled to check height, weight, blood pressure, 
blood sugar and urine for albumin and sugar of all people 
attending the clinics every day (Fig. 18.8). If any of the above 
parameters are found abnormal, patients will be referred to 
sub-centres and district hospitals, and they will be further 
screened, estimating serum creatinine and eGFR.  District 
hospitals and sub-centres will refer the case to a nephrologist 
if serum creatinine is greater than 176 μmol/l. In a 10-year 
period, we are expecting that if DM, HTN and CKD can be 
detected at an early stage, 40–50% of prevention will be pos-
sible in Bangladesh.

 HD

Our government is now targeting 50% access to ESRD treat-
ment. The government is now setting up ten-bed dialysis 
units in all 64 districts of Bangladesh. The government has 
just started public-private partnership (PPP) as a pilot scheme 
to offer affordable dialysis at a mere cost of USD 5.0 per ses-
sion [4]. New methods of RRT therapy such as haemofiltra-
tion and haemodiafiltration are being piloted at some of the 
ICUs across the country and are expected to expand.

 CAPD

CAPD is gradually establishing as a popular modality of 
dialysis. KFB is providing training on CAPD in collabora-
tion with international organizations, which will promote 
CAPD further in Bangladesh. Automated peritoneal dialysis 
(APD) is expected to become available in near future. The 

government is also taking measures to manufacture PD fluid 
in the country.

 Transplantation

In the near future, we are hoping to see a lot more transplan-
tations to happen. To increase the number of live related 
transplantations, the ‘Organ Act Law’ was revised in 2018, 
extending the list of eligible living donors and permitting 
deceased transplantation.

Several round table discussions, conferences and semi-
nars have been arranged to disseminate the idea of deceased 
donation and to discuss about practicalities of deceased 
donation. The Society of Organ Transplantation in 
Bangladesh is trying to organize the deceased transplanta-
tion program. Steps are underway to improve brain death 
committees in designated ICUs, to form an organ procure-
ment committee and provide training for transplant coordi-
nator and grief counsellors. Each dialysis unit is now also 
encouraged to keep a registry of their patients’ blood group 
and tissue type. In order to train transplant coordinators, ICU 
specialists and transplant surgeons, a bilateral agreement 
with other Asian countries has also established.

ABO-incompatible KT has recently started, which will 
further increase the donor pool. Strategies also need to be 
developed to perform HLA-incompatible transplantations 
and ‘paired kidney exchange’ in the future. With all these 
efforts and enforcement of law, it is expected that the number 
of KTs performed each year in our country will hike in the 
near future, and, thereby, transplant tourism and organ traf-
ficking will reduce.

 Healthcare System

Healthcare delivery system in Bangladesh is anticipated to 
change in near future. KFB has taken initiative to formulate 
and implement local guidelines for the management of kid-
ney diseases. Communication with patients will improve 
remarkably with the use of digital technology (electronic and 
print media, Skype, telephone calls). The government is also 
taking measures to increase renal nursing and renal nutrition 
training in different government and private non-profit 
hospitals.

Along with the government, KFB is also working to 
enhance all aspects of kidney care including HD, CAPD, 
transplantation, DM screening, HTN, proteinuria and pre-
vention of kidney disease. It has already established four 
dialysis units in peripheries and is planning to establish dial-
ysis units in large cities and in districts. KFB and other orga-
nizations are training doctors, nurses and nutritionists, trying 
to disseminate knowledge and enhance awareness through 

Fig. 18.8 Screening camp for CKD, hypertension and diabetes for dis-
advantaged population, 2005
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electronic and print media. Regular national and interna-
tional seminars and conferences are being held. We hope that 
with the increasing support from the government and other 
organizations, kidney care will be accessible and affordable 
to the whole population in the near future.

 Conclusion

Kidney disease is emerging as an important public health 
issue due to its rising incidence and prevalence, high morbid-
ity, mortality and high healthcare cost. Although there has 
been phenomenal improvement in nephrology care in 
Bangladesh, renal services are still not accessible and afford-
able to the majority of the population. Lack of workforce, 
facilities, national guideline, lack of insurance and govern-
ment subsidy make difficulties in the proper care of renal 
patients. Moreover, inequality between organizations and 
lack of national policy complicate things further. The expand-
ing private sector is providing secondary and tertiary care, 
but it does not have a comprehensive health policy to 
strengthen the entire health system. The government of 
Bangladesh is beginning to recognize the economic and 
health impact of kidney diseases and is initiating strategies 
for prevention of AKI and CKD and to provide accessible 
and affordable renal care. Few NGOs are working alongside 
the government and delivering significant contribution to the 
ongoing improvement. However, research on nephrology 
and training for nephrologists and for allied health profes-
sionals are still in the early stages and hence need special 
concentration. In the future, with the support of the govern-
ment, NGOs and other charitable organizations, kidney care 
in Bangladesh is expected to improve further and meet inter-
national standards of renal care.
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Official language Khmer
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National Society of Nephrology Cambodian Association of 

Nephrology
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Incidence of end-stage renal 
disease

2018 – unknown

Prevalence of end-stage renal 
disease (on dialysis)

2018 – ~40 pmp

Total number of patients on 
dialysis (all modalities)

2017 – 407 (Phnom Penh)
2018 – 600 (Phnom Penh, 
Battambang, and Siem Reap)

Number of patients on 
hemodialysis5

2017 – 407 (Phnom Penh)
2018 – 600 (Phnom Penh, 
Battambang, and Siem Reap)

Number of patients on peritoneal 
dialysis

2017 – 0
2018 – 0

Number of renal transplantations 
per year

2017 – 0
2018 – 0

1Wikipedia the Free Encyclopedia. Accessed in Mar 2020. Available in: 
https://en.wikipedia.org/wiki/Cambodia [1]
2Cambodia – 10 Largest Cities. Accessed in Mar 2020. Available in; 
https://www.geonames.org/KH/largest-cities-in-cambodia.html [2]
5Pichthida T, Hyodo T, Elin P, Tan S, Kim S, Yim S, Chanseila H, Tith 
C, Sokhom P, Sochun L, Svay K, Chan S, Vadhana L. Cambodian renal 
registry 2017 and 2018 (Limited to Phnom Penh). Cambodian J 
Nephrol. 2019;4:14–21. https://www.cambodia-nephrology.org/ [5]

 Introduction

Cambodia is located in Southeast Asia. It shares borders with 
Vietnam, Laos, and Thailand. There are 25 provinces. The 
capital city is Phnom Penh. In 2018, total life expectancy is 
69.4 years with male 67.3 and female 71.2. Annual house-
hold income per capita is US$ 1376  in 2017. Khmer lan-
guage is the official language and is spoken by most of the 
population of Cambodia. Regarding religious practices, 
97.9% of the population is Theravada Buddhist, 1.1% Islam, 
0.5% Christian, and the majority of the remaining population 
follows, animism, or atheism [1, 2].

After World War II (1939–1945), there was moderniza-
tion in the medical system. During the Songkum Reasniyum 
regime (1953–1970), there was a huge accomplishment in 
the medical sector since main public hospitals were built. 
Unfortunately, the medical system disintegrated when the 
Khmer Rouge came to power, where only natural and herbal 
medications were used for treatment. The Khmer Rouge was 
a brutal regime that ruled Cambodia, under the leadership of 
Marxist dictator Pol Pot, from 1975 to 1979. Nowadays, with 
a multiparty democracy under a constitutional monarchy, our 
medical field has been improving gradually. However, it 
hasn’t reached the standard yet due to poverty, corruption, 
and lack of education. The lack of accurate statistics and sur-
veys makes planning for the development of the healthcare 
system difficult [1].

 Brief History of Nephrology in Cambodia

Cambodia suffered through a genocidal regime and dozens 
of years of civil war, leaving the country decimated. During 
the Pol Pot regime between 1975 and 1979, most of the 
educated population were killed. All hospitals were closed 
and the national healthcare system essentially ceased to 
function. When the regime fell in 1979, the new Cambodian 
government started to rebuild the country from the scratch. 
However, development proceeded haltingly, as the civil war 
continued for another decade until 1998. Fortunately, many 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_19&domain=pdf
https://doi.org/10.1007/978-3-030-56890-0_19#DOI
http://cambodia-nephrology.org
https://en.wikipedia.org/wiki/Cambodia
https://www.geonames.org/KH/largest-cities-in-cambodia.html
https://www.cambodia-nephrology.org/
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of our public hospitals started being reopened in 1979, but 
we have had to confront many obstacles along the way, 
such as a lack or shortage of equipment and healthcare 
workers. In the field of nephrology, particularly, general 
practitioners had to manage patients with kidney disease 
because there were no nephrologists or hemodialysis (HD) 
facilities until 1997, when the first HD center opened in 
Calmette Hospital in Phnom Penh. Initially, there were 
only four machines, which served approximately ten 
patients. More HD centers were opened as the incidence of 
end-stage renal disease (ESRD) increased. Now, we have 
12 such centers nationwide. According to unofficial (non-
governmental) data collected by members of the Cambodian 
Association of Nephrology (CAN), there are currently 
about 600 HD patients in Cambodia (500 in Phnom Penh, 
50 in Battambang, and 50 in Siem Reap) [3–5].

We have only ten nephrologists working in the country, 
all of whom trained in developed countries like France, 
Japan, and China. Supported by the Japanese nongovern-
mental organization Ubiquitous Blood Purification 
International (NGO UBPI; President, Hideki Kawanishi, 
MD), CAN was established in 2016 to rebuild the workforce 

in nephrology and HD. The Cambodian Journal of 
Nephrology (ISSN 2518-0381), CAN’s official journal, was 
established with support from Reiseikai Media (Cambodia 
and Japan) Co., Ltd. (CEO, Haruki Wakai, MD) (Fig. 19.1) 
[6]. The NGO UBPI membership is made up of members 
from the Japanese Society for Dialysis Therapy (JSDT) and 
the International Society of Nephrology (ISN), Japanese 
Society for Technology of Blood Purification (JSTB), Japan 
Association for Clinical Engineers (JACE), and the Japanese 
Society of Renal Nutrition and Metabolism (JSRNM). As a 
result, CAN maintains close relationships with JSDT and 
ISN, with CAN becoming an Affiliated Society of ISN in 
2017. CAN’s goal is to improve the quality of care and pro-
vide standardized treatments to patients with chronic kidney 
disease (CKD) in Cambodia through its close relationships 
with overseas organizations.

Nowadays, although the healthcare system has improved 
dramatically in terms of both medical equipment and person-
nel, nephrologists still have limited capabilities – we cannot 
perform renal biopsy, kidney transplantation (KT), or hemo-
diafiltration – and the lack of dietitians limits our manage-
ment of CKD over the long term.

Fig. 19.1 The Cambodian 
Association of Nephrology 
official journal The 
Cambodian Journal of 
Nephrology. ISSN 2518-0381
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 Renal Diseases in Cambodia

 ESRD Epidemiological Study by CAN

Common renal diseases in Cambodia that may lead to ESRD 
are hypertensive nephropathy, diabetic nephropathy, bilateral 
renal stones, and glomerulopathies. The true incidence and 
prevalence of ESRD and HD are not known because we do 
not have an official governmental system that tracks renal 
diseases, but estimates suggest that the prevalence may be 
rising year after year. In 2017, CAN members began collect-
ing unofficial data as part of preparations for an official renal 
registry. The 2017 data was presented at the Non-Western 
World Symposium held at the 63rd Annual Meeting of the 
Japanese Society for Dialysis Therapy (JSDT) [4].

In August 2017 and 2018, in efforts to collect further data, 
we conducted a cross-sectional study at the six main HD cen-
ters in Phnom Penh [5]. We compared the follow-up data from 
407 patients in 2017 with data from 499 patients in 2018: age, 
sex, geographic location, underlying diseases, HD frequency 
per month, and HD session duration. Data were analyzed 
using SPSS, with numerical and categorical data given as 
means, medians, and percentages. Of the patients surveyed, 
90.7% in 2017 and 91.0% in 2018 had been receiving HD until 
the previous year; thus, 9.3% in 2017 and 9.0% in 2018 were 
new HD patients. In 2017, 55.0% were living in Phnom Penh 
and 45.0% were living in the provinces; in 2018 the numbers 
were slightly different, at 57.5% and 42.5%, respectively. Men 
accounted for 57.2% of the total in 2017 and 51.3% in 2018. 
Age distribution, HD frequency per month, and underlying 
diseases are shown in Figs. 19.2, 19.3, and 19.4 [5]. HD dura-

tion per session was 4 hours at all HD centers. The peak age 
distribution was between 51 and 60 years. Mean HD frequency 
per month was 7.8 ± 2.4 in 2017 and slightly lower at 7.2 ± 2.5 
(mean ± SD) in 2018. As for the underlying disease, diabetes 
mellitus is also as serious as in the advanced countries.

As for the dialysis vintage, we do not have the precise 
data. However, we can estimate it from the report by Chan 
Sovandy [7]. The patients’ HD histories in four HD centers 
of Phnom Penh were analyzed. In Calmette Hospital, they 
have around 150 patients. Ninety (60%) patients have been 
on HD for more than 10 years, 23 (15%) 7 years, 23 (15%) 
5 years, and 15 (10%) less than 1 year. In Preah Ketomela 
Hospital, they have 60 patients. Six patients (10%) have been 
on HD more than 10 years, 30 patients (50%) 5–6 years, and 
24 patients (40%) less than 1  year. In Preah Kossamak 
Hospital, they have 40 patients. Twenty-four patients (60%) 
have been on HD for 3–4 years, 12 (20%) less than 2 years, 
and 4 patients (10%) less than 6  months. In Sen Sok 
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International University Hospital, they have eight patients. 
Three patients have been on HD for 2–5 years.

As for the incidence of hepatitis B, hepatitis C, and HIV 
population, there are no data even in Calmette Hospital. We 
did not investigate the percentage of temporary catheters, AV 
fistula, grafts, or long-term catheter in the surveys of 2017 
and 2018. However, we estimate around 98% of HD patients 
using AV fistula (AVF) for dialysis. Only around 2% of the 
HD patients use tunnel catheter at first, because AVF are 
rarely created before dialysis therapy start. The mortality rate 
could not be surveyed in the above study. However, the 
annual mortality rate of dialysis patients in Calmette Hospital 
is around 15% per year.

The results of our study indicate that the prevalence of 
ESRD and HD is increasing in Cambodia. Among the issues 
we identified was poor adherence to HD treatment, which 
needs to be tackled. State and private health insurance subsi-
dies would help with this, and a focus on primary, secondary, 
and tertiary prevention of hypertension and diabetes mellitus 
would also be crucial.

 Hypertension

In Cambodia, hypertension is the leading cause of cardiovas-
cular diseases such as myocardial infarction and stroke. 
Hypertensive patients, especially those with essential hyper-
tension, have been poorly managed with an unattainable tar-
geted blood pressure due to incorrect treatment and follow-up 
among the general population. Even after doctors explaining 
the importance of taking medications regularly, patients still 
think they need to take antihypertensives only when their 
blood pressure is high (e.g., >160/100 mmHg). Also, many 
traditional Cambodian foods, which are commonly eaten in 
rural areas, are very salty, and inevitably renal function dete-
rioration occurs fast.

 Diabetes Mellitus

Maintaining blood sugar or HbA1c at the target level in dia-
betic patients is quite a challenge for doctors in Cambodia. 
Patients tend to have a poor understanding of the disease and 
the importance of their diet in its treatment. They need close 
monitoring of their blood sugar levels to ensure that they 
receive adequate treatment, but they tend to neglect to attend 
follow-ups and maintain dietary therapy. As a result, their 
renal functions deteriorate rapidly.

Recently, the easy diabetic diet therapy “the basic carbohy-
drate counting” [8] has become rapidly popular among young 
doctors and medical students due to the seminars by NGO 
UBPI since 2015 and the education provided by the Annual 
CAN Congress [9, 10]. This will certainly result in educational 
benefit for the Cambodian people of the diabetic diet therapy.

 Glomerulonephritis

Determining the exact cause of glomerulonephritis in 
Cambodia is a major challenge due to the fact that renal 
biopsy cannot be performed. This is because we lack not only 
the equipment for acquiring and staining renal biopsy speci-
mens but also pathologists who can interpret the images. 
When a renal biopsy is needed, we usually recommend that 
patients visit a neighboring country like Vietnam or Thailand. 
If they cannot afford the trip and the cost of hospital care 
abroad, in practice, we have to decide how to proceed. For 
patients that we suspect have glomerulonephritis (proteinuria 
>1 g/24 h, excluding hypertension or diabetic nephropathy), 
we start them on glucocorticoids (Cortancyl®). Occasionally, 
we may encounter cases of glomerulonephritis secondary to, 
for example, disseminated lupus erythematosus or multiple 
myeloma. When we suspect glomerulonephritis with 
nephrotic syndrome (proteinuria >3  g/24  h, excluding dia-
betic nephropathy and hypertensive nephropathy), we nor-
mally start patients on methylprednisolone 1 g/day by bolus 
for 3 days followed by prednisolone 1 mg/kg (body weight)/
day. We can normally control proteinuria over 24  h after 
about 3–4 weeks of treatment. If 24-h proteinuria decreases, 
we can start to taper the prednisolone over a total treatment 
duration time of about 6–9 months. But if the amount of pro-
teinuria remains fairly constant or increases, we will switch to 
one of the immunosuppressive drugs available in Cambodia, 
namely, such as mycophenolate mofetil (Cellcept®), azathio-
prine (Imurel®), or cyclophosphamide (Endoxan®).

 Bilateral Renal Stones

In rural areas, people recognize that they might have kidney 
stones when symptoms such as renal colicky pain appear. 
Patients sometimes visit a doctor when they have symptoms 
of obstructive renal failure. The number of cases with bilat-
eral kidney stones progressing to ESRD is estimated to be 
about 3% of all CKD patients.

 Other Renal Failure Etiologies

We also encounter a substantial amount of different etiolo-
gies that may lead to CKD, such as polycystic kidney dis-
ease, contrast medium-induced nephropathy, and nonsteroidal 
anti-inflammatory drug (NSAID) abuse. The data collected 
by members of CAN about the underlying diseases in HD 
patients in 2017 and 2018 are shown in Fig. 19.4. Acute kid-
ney injury (AKI) accounts for around 5% of renal diseases 
and is usually caused by rhabdomyolysis following a traffic 
accident, methanol intoxication, improper NSAID use, or 
toxicity after consuming fish gallbladder (we return to 
describing all causes in detail in the section entitled AKI).
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 The Renal Replacement Therapy Setting

 Hemodialysis Protocol

Normally we tell all patients that three sessions per week are 
needed for adequate HD, but the cost prohibits many patients 
from receiving this prescription; most patients cannot afford 
and choose to do only two sessions per week while following 
a strict diet. Some patients even decide to do only one ses-
sion per week despite fully understanding the consequences 
of inadequate dialysis. The standard blood flow rate is 
250 mL/min, but we increase this to 280 or 300 mL/min in 
some patients if their fistula is good. The standard dialysate 
flow rate is 500 mL/min.

Standard HD protocol:
• HD machine: Surdial (Nipro Corp.)
• Dialyzer type: FB170 Tga (diacetate membrane)
• Surface area: 1.7 m2

• Blood flow rate: 250 mL/min
• Standard heparin: loading dose of 3000 IU and midterm 

dose of 1500 IU of unfractionated heparin
• Dialysate type: bicarbonate
• Dialysate flow rate: 500 mL/min

 Dialysis Access

For patients on long-term dialysis, we prefer a distal radial- 
cephalic AVF for vascular access. We create a middle-arm 
radial-cephalic or proximal brachial-cephalic AVF when it is 
not possible to make a distal radial-cephalic AVF.  Central 
dialysis catheters (CDC) are temporarily placed in patients 
with AKI or in urgent start chronic dialysis patients with no 
established vascular access. The preferred central venous 
sites are the jugular vein and femoral vein. Sometimes, 
establishing AVF access is a challenge because of diffuse 
atherosclerosis or AVF failure that cannot be repaired; in 
such cases, we place a tunneled CDC. An AVF costs around 
250 US dollars to create and the cost of a tunneled CDC is 
around 1000 US dollars. The cost of a normal CDC for tem-
porary use in dialysis is around 100 US dollars.

 Dialyzers and HD Machines

 Dialyzer
The two most commonly used dialyzers in Cambodia are the 
FB170 Tga and Polyflux. High-flux dialyzers are not avail-
able, so to save costs, dialyzer reuse is basically universally 
practiced. Dialyzers are reused three to five times. The aver-
age cost of a dialyzer is 30 US dollars, and patients have an 
additional fee whenever they change to a new dialyzer. For 
example, for a normal dialysis session costing 50 US dollars, 

they will have to pay 80 US dollars to use a new dialyzer. 
From time to time, dialyzers are manually cleaned and repro-
cessed by nonmedical staffs. The efficiency of reuse is not 
appropriately evaluated against standard measurements, with 
resultant negative effects on dialysis adequacy and outcomes. 
The formal process is described here below.

 Dialyzer Reprocessing
A dialysis reprocessing system is a medical device that auto-
mates the dialyzer cleaning and reprocessing activities in a 
dialysis center or hospital. The reprocessing procedure 
involves cleaning, testing, filling the dialyzer with a sterilant 
(Renalin® Cold Sterilant), inspecting, labeling, storing, and 
rinsing the dialyzer before it is used for the next renal 
replacement therapy (RRT) session. The most frequently 
used dialyzer reprocessing system in Cambodia is the 
Renatron II 100 series®. Nurses who work at dialysis centers 
are normally responsible for dialyzer reprocessing.

 HD Machine Console
The HD machine used in most HD centers is a single patient 
dialysis machine (Nipro Corp.) and the Surdial® console 
(imported by Dynamic Pharma Co.). Recently, a few HD 
centers started using a newer HD machine, the 4008s NG® 
(Fresenius Ltd.).

 Treatment of Anemia

Erythropoietin is commonly used for dialysis patients and 
patients with long-term renal failure. The following 
erythropoiesis- stimulating agents (ESA) are available in 
Cambodia: epoetin alfa (Hemapo® 3000 IU and 10,000 IU), 
epoetin beta (Recormon® 2000 IU, 4000 IU, and 10,000 IU), 
darbepoetin alfa (DERISE® 50 μg, 100 μg, and 200 μg), and 
methoxy polyethylene glycol-epoetin beta (Mircera® 50 μg 
and 100 μg). For ESA alfa and beta dosages, the loading dose 
is 50  IU/kg thrice weekly, while the maintenance dose is 
75–300 IU/kg once weekly. ESA alfa and beta are the most 
prescribed ones in Cambodia because they are cheaper than 
other agents and are easy to find. For our HD patients, we 
start with 3000  IU twice weekly and monitor hemoglobin 
4 weeks later. We increase the dose until reaching the maxi-
mum dose (10,000  IU, thrice weekly) until hemoglobin is 
between 100 and 120 g/L.

Blood iron and ferritin are controlled monthly. In the case 
of iron deficiency, we add iron orally or intravenously when 
oral iron intake is not adequate. The brands of intravenous 
iron currently available in Cambodia are Ferofer® and 
Venofer®. Unfortunately, because some patients can’t afford 
ESA, they decide to have a transfusion of one or two bags of 
blood each month. A standard blood bag in Cambodia is 
350 mL blood, collected in 49 mL sodium citrate, phosphate- 
dextrose- adenine (CPDA-1) anticoagulant/preservation 
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solution. Patients need to find a donor to donate one bag of 
blood, if they want a transfusion.

 Mineral and Bone Disorders

Like hemoglobin, calcium and phosphorus levels are con-
trolled monthly. Unfortunately, it is difficult to measure para-
thyroid hormone (PTH) levels. PTH can be measured at any 
private laboratory, such as the Pasteur Institute of Cambodia 
(blood samples are sent to France for testing at a cost of 
around 120 US dollars), Biomed Laboratory, or Paramed 
Laboratory (samples are sent to a neighboring countries like 
Vietnam or Thailand). For prevention and treatment of oste-
itis fibrosa in CKD patients, we usually manage with dietary 
phosphate restriction and administration of an oral phosphate 
binder (Sevelamer®) and calcitriol (Rocaltrol®). 
Calcimimetic agents are not yet available in Cambodia.

 HD Centers

In Cambodia, only HD is available. There were initially 
only four HD machines when the Chea Sim Center was 
opened at Calmette Hospital in 1997. In 2007, three HD 
centers were established; two of them were government 
dialysis centers at Preah Ket Mealea Hospital and the Health 
Science Institute Hospital. The latter stopped HD due to 
lack of funding in 2014. Another center is the La Santé 
Hemodialysis Center (a private clinic). In 2010, the 
Cambodia-Japan Friendship Blood Purification Center was 
established at Sen Sok International University Hospital 
with support from the NGO UBPI (the secretary general in 

2010: Dr. Hideo Hidai). In 2012, the first provincial HD 
center was opened at Siem Reap Referral Hospital with the 
support of the Takatsuki Rotary Club in Japan and Dr. 
Nobuhisa Shibahara of NGO UBPI. Then in 2013, a private 
center, the Yi Kouk Hemodialysis Center, was established in 
Battambang province, and another HD center was estab-
lished in Preah Kossamak Hospital. To date, a few private 
HD centers have been established, but they do not treat large 
numbers of patients. There are presently 12 HD centers in 
three regions only: Phnom Penh, Siem Reap, and Battambang 
(Fig. 19.5) [11].

 Maintenance HD Systems

The HD machine maintenance system in Cambodia is quite 
similar among the dialysis centers. Service engineers from 
the dialysis machine manufacturers come regularly to do a 
thorough checkup and perform maintenance on the machine 
every month as follows:

• Check the control panel.
• Test the function of each part of the machine (pump, drain 

valve, water refill valve, drain ball valve, used ball valve), 
and then flush and drain out the machine in clean mode.

• Check the function of each machine in clean mode and 
disinfect mode, and check the spray nozzle rod and clean 
float sensor.

• Check the bacterial and endotoxin levels in the dialysate, 
and perform reverse osmosis of the water at the console 
site every 3 months.

• Sterilize the console and the waterline from the tank every 
month.

Fig. 19.5 The location in the 
country where hemodialysis 
centers exist. Phnom Penh, 
Siem Reap, and Battambang
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 Peritoneal Dialysis

Recently, we have been able to introduce peritoneal dialy-
sis (PD) in Cambodia. Nephrologists have been trained to 
perform the procedure, specialized nurses can explain and 
take care of PD patients, and urologists can implant a peri-
toneal catheter into the peritoneal cavity. However, most 
patients seem reluctant to choose PD because it is a com-
plicated procedure and requires a high degree of under-
standing. Those who do choose PD face problems such as 
hygienic control and going through the daily dialysate 
input/output procedure. It is very difficult to find facilities 
or pharmacies in Cambodia where patients can buy the 
necessary PD solutions and ancillaries. Therefore, it isn’t 
such a practical method in Cambodia at present. In 2010, 
one of the authors (TH) asked a PD company to introduce 
continuous ambulatory peritoneal dialysis (CAPD) to the 
Cambodian market, but it was impossible because the mar-
ket was not mature enough and the situation has not 
changed as of 2019. So, we have no experience on CAPD 
in Cambodia. Acute PD was applied to only three cases of 
AKI at the Calmette Hospital, with PD solution donated 
from an organization.

 Dialysis Reimbursement Policies

CKD and RRT have been a significant financial burden to 
patients and their families, yet the government has not 
given it high priority when creating healthcare policies. 
That is why the cost of RRT continues to be a major issue 
in Cambodia. Excluding the costs involved with the dia-
lyzer and blood lines, the average cost of HD is 50 US 
dollars per session. This explains why many patients 
demand their dialyzer to be reused, at least, 3 or 4 times 
before changing to a new one. The costs of medicines 
such as antidiabetic, antihypertensive agents, and ESA are 
also borne by the patient. If a patient receives HD twice 
weekly, they have to pay around 800–900 US dollars per 
month. For the context, the annual household income per 
capita is estimated to be 1614 US dollars in 2019 [1]. 
Patients are totally responsible for their treatment costs, 
which include the additional costs of transportation and 
accommodation for patients who must travel to the city 
for treatment from the provinces. This heavy financial 
burden forces some patients to abandon dialysis therapy 
and die; others sell their properties, such as their house or 
piece of land, to pay for treatment; some have to live a 
lower quality of life because of inadequate dialysis and 
resulting anemia. This situation is similar to that in Japan 
before 1972 (the year the Japanese national health insur-
ance system was established and HD patients started 
receiving HD for free).

 Acute Kidney Injury

AKI, formerly known as acute renal failure, is a syndrome 
characterized by rapid loss of the kidney’s excretory func-
tion, and it is typically diagnosed based on accumulation of 
the end products of nitrogen metabolism (urea and creati-
nine), decreased urine output, or both. Patients are given 
RRT if AKI is present with severe biochemical or volume- 
related disturbances or if other uremia-related complications 
are of concern. The effects of AKI on in-hospital mortality, 
length of stay, and healthcare costs have not been well inves-
tigated in Cambodia. However, the leading causes of AKI in 
Cambodia are well established and include fish gallbladder 
toxicity, rhabdomyolysis following a traffic accident, and 
NSAID abuse.

 Fish Gallbladder Toxicity

People in rural areas believe that fish gallbladders can cure 
acne, improve poor vision, lighten the complexion, and are 
generally good for health. The gallbladders of the freshwater 
fishes grass carp (Ctenopharyngodon idellus) and black 
sharkminnow (Morulius chrysophekadion) are most com-
monly consumed. After a few days of eating it, the symptoms 
of AKI appear, and the patients come to the hospital with 
abdominal pain, repeated vomiting, oliguria, dyspnea, gener-
alized edema, and pulmonary edema. A diagnosis of AKI 
secondary to fish gallbladder poisoning is made based on 
history taking and biochemical investigations showing high 
levels of urea and creatinine in the blood. The main treatment 
is HD via a CDC inserted in the femoral or jugular vein. 
Renal function improves and normalizes over a period of 
5 weeks. We always ask the patients to explain the risk of fish 
gallbladder toxicity to their communities when they leave 
the hospital. The Cambodian Ministry of Health has devel-
oped a health education program to educate people in rural 
areas about the dangers of this toxicity, but the information 
has not yet been widely disseminated [12].

 Rhabdomyolysis Following a Traffic Accident

Traffic accidents continue to be a problem in Cambodia. 
People ride or drive carelessly and mostly do not respect the 
traffic laws. This means that the number of traffic accidents 
remains very high, so high that they are a leading cause of 
death. Sometimes muscle injuries sustained in traffic acci-
dents cause rhabdomyolysis-induced AKI. Rhabdomyolysis, 
a clinical syndrome caused by damage to skeletal muscle and 
the release of its breakdown products into the blood, can be 
followed by renal dysfunction in the form of AKI as a severe 
complication. The clinical symptoms of rhabdomyolysis are 
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myalgia and weakness and swelling of the damaged muscles, 
which is usually associated with myoglobinuria. When we 
see patients with multiple muscle injuries sustained in a traf-
fic accident, we diagnose rhabdomyolysis-induced AKI 
when patients have any symptoms of rhabdomyolysis and 
oligo-anuria or generalized edema, elevated blood urea and 
creatinine, and extremely high creatine phosphokinase in the 
blood. In the case of preserved diuresis, we start with conser-
vative management usually involving massive hydration 
with crystalloid solution, mannitol administration, urine 
alkalization, and forced diuresis. The initiation of RRT is 
decided based on the status of renal impairment and compli-
cations such as life-threatening hyperkalemia, hypercalce-
mia, hyperazotemia, anuria, or significant fluid overload 
with no response to diuretic therapy. Vascular access for tem-
porary dialysis is a CDC inserted in the femoral or jugular 
vein. After RRT, renal function usually improves in 
3–4 weeks.

 Improper Use of NSAIDs

Due to inadequate public healthcare services and low income, 
people tend to buy medicines from the pharmacy when they 
get sick rather than visit a doctor. They often buy painkillers 
(paracetamol and NSAIDs) and steroids. When not prescribed 
by a doctor, NSAIDs are often taken improperly, leading to 
serious complications such as gastric hemorrhage and AKI 
(due to elevated creatinine levels). Fortunately, the improper 
use of NSAIDs rarely causes severe AKI and need of HD. In 
these cases, we advise patients to stop taking the NSAIDs and 
follow them up regularly, monitoring their blood creatinine 
levels and explaining to them the possible complications of 
NSAIDs and kidney diseases. There have also been some 
cases of AKI caused by snake bites or wasp stings.

 Critical Care in Nephrology

When life-threatening complications of renal failure occur, 
such as severe pulmonary edema, severe metabolic disorders 
(metabolic acidosis), hyperkalemia with EKG changes, and 
uremic syndrome with loss of consciousness, we normally 
admit patients to the intensive care unit (ICU). Generally, 
when HD is needed, a doctor in the ICU places the CDC, and 
ICU staff then perform HD following the advice of a nephrol-
ogist. We do this routinely in all of the major hospitals in the 
city. When the patients improve, we transfer them to a general 
medicine ward or nephrology ward for follow-up. After 
receiving critical care, they will need to start dialysis at an HD 
center nearby or at the hospital. For patients with ESRD who 
need long-term RRT, we explain about the need to create an 
AVF, and we set up their schedules with the HD center.

 CDC Infections

A CDC is normally used for 3–4 weeks before we remove it. 
Sometimes, we might remove it earlier, especially when 
there are signs and symptoms of a catheter infection (red-
ness, pain, or swelling at or near the catheter site, pain or 
tenderness along the path of the catheter, or drainage from 
the skin around the catheter) in order to avoid severe sepsis 
and septic shock, as well as malfunctioning CDC, or when it 
causes too much pain. Lack of hygiene is a major cause of 
CDC-related infection.

 Pediatric Nephrology

In Cambodia, pediatric nephrology is underdeveloped; prev-
alence and incidence of pediatric renal disease are not 
known. There are no pediatric nephrologists practicing in the 
country. Diseases that are commonly observed in this popu-
lation are urinary tract infection, nephrotic syndrome, acute 
glomerulonephritis, lupus nephritis, polycystic kidney dis-
ease, vesicoureteral reflux, and neurogenic bladder. We also 
encounter cases of AKI caused by snake bites, wasp stings, 
and most commonly severe sepsis that result in multiple 
organ failure. Some investigative procedures such as KUB 
(kidneys, ureters, and bladder) ultrasound, intravenous 
pyelogram, and voiding cysto-ureterogram are available. 
Renal biopsy and renal pathology are not available. Recently, 
intermittent PD was performed successfully in two pediatric 
cases of AKI caused by snake bite and wasp sting at a chil-
dren’s hospital, Angkor Hospital for Children, in Siem Reap. 
Because PD solution cannot be imported, ICU doctors pre-
pared the PD solution themselves. HD and KT are not per-
formed for children in Cambodia, and therefore children 
with ESRD only receive conservative therapy.

 Kidney Transplantation

This treatment modality is not available in Cambodia. 
Patients who need a KT have to travel to a neighboring coun-
try where it is undertaken with living donors. In our experi-
ence, most patients go to India because the procedure is 
widely available and is affordable compared with other 
countries in the region. According to patients who underwent 
KT in India, the procedure costs around 40,000 US dollars. 
To develop this treatment modality in Cambodia, we need to 
overcome several major challenges. These include the lack 
of specialized personnel in KT (both a urologist for the oper-
ation and a nephrologist for posttransplantation follow-up), 
the lack of qualified laboratories that can run essential tests 
(e.g., checking the trough levels for immunosuppressive 
drugs), the lack of important training in renal biopsy (we do 
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not have any pathologists who can assess renal biopsy speci-
mens), and inadequate laws regarding transplantation. 
Recently, nephrologists and urologists met to discuss how to 
introduce KT in Cambodia with the help of specialists from 
France. The journey will be long, but the first steps have been 
taken. A law to regulate organ transplantation was recently 
proposed, and it is hoped that KT will soon become available 
in Cambodia.

 Highlights of Nephrology in Cambodia

The practice of nephrology in Cambodia is quite compli-
cated. There are many issues that must be addressed.

 Human Resource Problems

The quality of doctors who treat CKD patients depends on 
their knowledge and work location. For example, in rural 
areas (i.e., in provinces far from the cities), there are no 
nephrologists, it is difficult to find trusted laboratories, and 
local doctors often have limited knowledge of nephrology. 
Many patients come to general hospitals with ESRD and its 
complications (pulmonary edema, metabolic acidosis, hyper-
kalemia, or severe anemia). In addition to HD, the develop-
ment of other nephrological procedures is still proceeding 
haltingly. Increasing numbers of patients are reaching ESRD 
without a biopsy-proven diagnosis as renal biopsy remains 
unavailable. This is mainly due to the lack of pathologists to 
assess the biopsy specimens. Also, there are not enough 
nephrologists in the country to manage the large number of 
CKD patients. There are only 11 qualified nephrologists in 
the country and all work in the capital. One or two new 
nephrologists graduate each year, but this is too few to 
address the shortage. Generally, the nurses working at HD 
centers have attended some short training courses on HD and 
how to operate the HD machines, but only one or two spe-
cialized nurses are employed at each center. There are no 
dietitians, nurses, or doctors responsible for explaining dial-
ysis diets to patients.

 General Population’s Knowledge

The knowledge gap between healthcare personnel and the 
general population is sometimes marked. Some patients do 
not sufficiently understand their doctors’ explanations and 
have difficulty grasping the step-by-step plan for managing 
their health. In rural areas, people often choose traditional 
treatments first, when they have mild symptoms like edema. 
As a result, they often come to the hospital at a very late 
stage (of when they are already at the terminal stage of renal 

failure), and there is no option but dialysis. An intensive pub-
lic health campaign, especially targeting those living far 
from the city, could help to address this issue.

 Financial Burden

A number of procedures need to be developed in our country 
to improve quality of care and for effective diagnostic work-
ups and treatments. However, such services are expensive, 
and because Cambodia remains a lower-middle-income 
country and because patients must pay for healthcare ser-
vices themselves, medical care is unaffordable for most of 
the population. To move forward, proper business plans must 
be created before investment in advanced medical equipment 
can take place. Most Cambodians do not purchase health 
insurance, so healthcare expenses are generally paid out of 
pocket. In case of chronic diseases such as CKD that require 
long-term dialysis, this can be often catastrophic and 
impoverishing.

 Availability of Dialysis

All 12 HD centers in Cambodia are in big cities like 
Battambang, Siem Reap, and Phnom Penh. HD patients who 
do not live near these cities have to regularly travel long dis-
tances (sometimes 200–300 km) for HD, which imposes a 
heavy burden on them. The location of all HD centers in 
Cambodia is shown in Fig. 19.5.

 Nephrology Practice and the Job Market

In Cambodia, nephrology practice is focused on HD therapy. 
Other kidney diseases are usually managed by nephrologists, 
generalists, or other specialists. In fact, some doctors work-
ing at HD centers are actually generalists. This is a result of 
the lack of a standard policy for HD centers and means that 
the efficacy of treatment in nephrology is not well standard-
ized. As for the dialysis facility setting, there are no psychol-
ogist, social workers, renal dietitians, and dialysis clinical 
engineers in Cambodia. And we have no national rules for 
the setting.

Nurses providing dialysis nursing care do not have spe-
cialist training in HD. HD centers hire nurses based on their 
nursing experience. The average salary depends on whether 
the position is part-time or full-time and is around 300–400 
US dollars per month for working full-time at a HD center. 
The number of nurses at each center depends on the number 
of dialysis machines in use. As for the average salary for 
nephrologists in Cambodia, it is around 500–800 US$ per 
month.
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 Certificated Nephrologists in Cambodia

There is no official process to train nephrologist in Cambodia. 
The doctor who went to study nephrology in France is recog-
nized as a nephrologist. Currently, there are ten doctors who 
went to study nephrology in France.

Here is a brief process to become a recognized nephrolo-
gist in Cambodia: First you need to get medical certificate 
(study in medical university from year 1 to year 6). After 
finishing year 6, students need to pass a competition exam to 
start a specialist training to become a nephrologist. Total 
years of specialist training is 4 years. The first 2 years are to 
be spent in internal medicine, and then, two additional years 
in nephrology. During the final year, the training must be in 
France through cooperation between medical university in 
Cambodia and medical university in France. When they 
come back, they become recognized as nephrologist in 
Cambodia.

 The Nursing Care System at Chea Sim 
Hemodialysis Center at Calmette Hospital

The center has 26 machines and 13 nurses that serve around 150 
patients each month. The center offers a morning session start-
ing from 7 am and an afternoon session starting from 12 pm. 
Two nurses are on call for 24 h every 4 days. When not on call, 
they either work the morning session or the afternoon session. 
One nurse is responsible for three patients at a time, and there 
are three stages in HD-related patient care as follows:

• Stage 1: Before starting HD, nurses check the patient’s 
name on the schedule and complete documentation 
including the patient’s name, date of dialysis, dry weight, 
weight gain, fluid to be removed, type of dialysate solu-
tion (acetate or bicarbonate), and type of dialyzer. We 
reuse a dialyzer 3–4 times and blood lines 4–5 times. We 
do not reuse syringes and fistula needles. The nurses must 
always verify that the dialyzer and blood lines attached to 
the machine are matched to the correct patient before ini-
tiating dialysis. We store the reuse equipment with form-
aldehyde solution 40% in a small tank which has the 
name of the patient on it. Finally, nurses rinse the dialyzer 
and blood lines which we store with formaldehyde solu-
tion with 1 liter of normal saline. The process of rinsing 
dialyzer and blood line takes about 15 minutes to ensure 
that all the parts are safe for use before they connect to the 
patient. The nurses prepare the syringes, needles, and 
antiseptic solutions ready for needling into the AVF.

• Stage 2: During dialysis, the patient’s vital signs are con-
stantly monitored. Nurses monitor the machine, keep an eye 

out for patient movements that could affect the functioning 
of the dialysis machine, and make sure that the patient is 
comfortable. The most frequent complications during dialy-
sis are hypotension and hypoglycemia. From time to time, 
severe complications occur, such as hemorrhage, stroke, 
and cardiac arrest. In such cases, we stop the dialysis imme-
diately and transfer the patient to the emergency ward.

• Stage 3: A routine session takes 4 hours. When dialysis 
finishes, the nurse infuses all blood back into the patient’s 
circulation and measures their vital signs and conscious-
ness before letting them leave the bed. Finally, the 
patient’s post-dialysis weights are recorded, and the 
equipment is collected from the machine and cleaned.

 Cambodian Association of Nephrology

As the demand for dialysis grows with the number of ESRD 
patients increasing, more than 10 HD centers have been opened 
to serve the 600 or so HD patients around the country. The 
Cambodian Association of Nephrology (CAN) was established 
in 2016 to train the next generation of nephrologists, nurses, 
and doctors who will work in the fields of nephrology and HD.

 The Association’s Goals

• Provide better care for patients with kidney diseases and 
on dialysis by training doctors and nurses who will work 
in the fields of nephrology and dialysis. Such training has 
been conducted at the annual meeting since CAN was 
established.

• Raise awareness about ESRD and dialysis. In Cambodia, 
especially in rural areas, doctors’ knowledge of CKD 
remains limited. A program is being planned to educate 
Cambodian doctors about nephrology and the symptoms 
of renal diseases.

• Find solutions to lower the cost of dialysis. Around 80% 
of patients can barely afford HD and the medicines they 
need to take.

• Establish an exchange program with developed countries 
to improve the knowledge of Cambodian doctors.

 Recent CAN Activities

• CAN held its first annual meeting in 2016. The principal 
topics at each annual meeting are CKD management and 
HD procedures. CAN works closely with a team made of 
JSDT, JSTB, JSCE, JSRNM, and NGO UBPI members 
with one or two of their representatives attending and giv-
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ing the lectures in our annual CAN meetings. JSDT estab-
lishes the Human Resource Development Program 
Committee for Dialysis Specialists in Developing 
Countries and since 2016 has accepted several young doc-
tors and students from CAN and Cambodian medical col-
leges for short-term dialysis and CKD training courses 
(around 8 days). Speakers from other countries such as 
Vietnam, Germany, and France have also attended our 
annual meetings. The goal of the meetings is for experi-
enced nephrologists to provide new information to 
Cambodian healthcare professionals working in 
nephrology.

• CAN officially became an affiliate of the International 
Society of Nephrology in June 2017.

• The preparation for renal transplantation has begun at 
Calmette Hospital with assistance of French 
nephrologists.

• CAN began holding “World Kidney Day” events in 2018. 
Figure 19.6 shows “World Kidney Day 2019” events in 
Cambodia.

• CAN established its own official journal, The Cambodian 
Journal of Nephrology (ISSN 2518-0381), in conjunc-
tion with Reiseikai Media (Cambodia) Co., Ltd. 
(Fig. 19.1).

 The Future of Nephrology in Cambodia

As mentioned above, nephrology practice in Cambodia 
lags behind that of neighboring countries. To overcome 
this, we focus our efforts on achieving our goals. CAN was 
established not only to train the next generation of 
Cambodian nephrologists but also to share experiences 
and information and to promote nephrology through 
annual meetings, journal articles, and collaboration with 
international organizations (ISN and APSN). To provide 
effective medical care to patients, it is clear that new pro-
cedures are required. Our nephrologists need opportunities 
to train in developed countries to further hone their skills. 
Some nephrologists have already trained in France, 
Australia, Japan, and Thailand, but this just scratches the 
surface. Recently, a team of nephrologists from France 
came to help our nephrologists develop procedures for 
KT.  We hope that this medical procedure will become 
available in Cambodia in the near future. CAN’s next aim 
is to secure funding to lower the cost of dialysis and to 
organize educational programs for doctors practicing in 
rural areas (i.e., to teach them about renal symptoms that 
are cause for concern) and to raise public awareness of 
kidney diseases.

Fig. 19.6 World Kidney Day events in Cambodia 2019
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 Conclusion

Innovative improvements in dialysis practice are being made 
to optimize outcomes in Cambodia. In the aftermath of the 
Khmer Rouge genocide and years of civil war, Cambodia has 
made many efforts to rebuild and develop the healthcare sec-
tor. These efforts have brought us the current healthcare sys-
tem, which still has many challenges and obstacles to 
overcome but is making progress toward providing universal 
and adequate nephrology care to all patients in need. 
Nevertheless, outcomes would be improved substantially by 
having more well-trained personnel and more opportunities 
for better follow-up.
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 Introduction

People’s Republic of China (PRC) is a big country with an 
area of 9.6 million km2 and over 1.4 billion population. It has 
34 provincial-level administrative units: 23 provinces, 4 
municipalities (Beijing, Tianjin, Shanghai, Chongqing), 5 
autonomous regions (Guangxi, Inner Mongolia, Tibet, 
Ningxia, Xinjiang), and 2 special administrative regions 
(Hong Kong, Macau) with a total of 686 cities (Fig. 20.1). To 
the Han Chinese population, the territory of the country is 
defined by the regions of Tibet, Inner Mongolia, and 
Manchuria and the Xinjiang Province which is the most 
western land of China. China is the fourth largest country in 
the world after the United States of America, Russia, and 
Canada. China has great physical diversity. The eastern 
plains and southern coasts of the country consist of fertile 
lowlands and foothills and represent most of China’s agricul-
tural output and human population. The southern areas of the 
country (South of the Yangtze River) consist of hilly and 
mountainous terrain. The west and north of the country are 
dominated by sunken basins, rolling plateaus, and towering 
massifs and contain part of the highest tableland on earth, the 
Tibetan Plateau, and have much lower agricultural potential 
and population.

The people of China have gradually moved from rural 
farming areas to business-centered cities. The annual rate of 
increase in urbanization from 2015 to 2018 was 2.42%. 
Currently, China has an urban population of 59.3%. The 
most populated urban areas are Shanghai 25.582 million, 
Tianjin 13.215 million, Guangdong 12.683 million, Beijing 
(capital) 19.618 million, Shenzhen 11.908 million, and 
Chongqing 14.838 million. The life expectancy for the total 
population stands at 75.7 years in 2016 with men averaged 
out at 73.6 years and women 78 years [1].

The Chinese Mainland has a three-tiered system for 
healthcare delivery that remains today, consisting of large 
hospitals (first tier), intermediary hospitals (second tier), 
and community-based services/facilities (third tier). The 
public health sector is the main healthcare provider. In 
2017, 82% of inpatient care was provided by public hospi-
tals [2].

The central government is responsible for overall 
national health legislation, policy, and administration and 
is guided by the working principle of universal health 
coverage. However, benefits remain low, and quality and 
extent of care and coverage vary widely. Co-pays are 
often very high, certain drugs are excluded from cover-
age, and out-of-pocket expenses are insufficiently reim-
bursed. The out-of-pocket cost issue is the most pressing, 
especially in rural areas. In 2013, out-of-pocket spending 
per capita accounted approximately 34% of total health-
care expenditures [3].

The 2009 reform (the 12th 5-year plan) of the Chinese 
government was set out to establish a more affordable sys-
tem to supply essential drugs for all levels of medical facil-
ities and achieve national comprehensive universal health 
insurance coverage by 2020, by shifting resources into pri-
mary care. It included measures to strengthen a nationwide 
network of community health clinics and also train pri-
mary care physicians in order to divert resources away 
from the expensive acute hospital system. A key initiative 
involved the development of “medical alliances” which 
consists of group of hospitals including a tertiary hospital 
and primary care facilities that work together in a more 
coordinated fashion. It was hoped that this type of care 
coordination would meet the demand for chronic disease 
care and help to better contain rising costs and improve 
healthcare quality [4, 5].

In 2014, the Chinese Mainland spent approximately 5.6% 
of its gross domestic product (GDP) (3531 billion Renminbi) 
on healthcare, lower than most developed nations in the 
Organization for Economic Cooperation and Development 
(OECD), with 30% funded by central government and local 
government and 38% by publicly financed health insurance, 
private health insurance, or social health donations [4]. In 
2018, the total healthcare expenditure was around 6.39% of 
its GDP (data from Bloomberg 2019 Nov). Trends in total 
healthcare expenditure by the government and social health 
insurance system showed bigger increases than out-of- 
pocket payments between 2000 and 2017 [5]. The Chinese 
Mainland has three main basic health insurance schemes – 
rural and urban resident-based health insurance, which are 
funded mainly by government subsidies (about 70% of the 
total funds), and employee-based health insurance funded by 
employer and employee contributions. Publicly financed 
insurance consisted of urban employment-based basic medi-
cal insurance launched in 1988, urban resident basic medical 
insurance launched in 2009 (which provides coverage for 
urban residents without formal employment), and the new 
cooperative medical scheme for rural residents launched in 
2003 which covered more than 90% of all rural residents in 
2010. A brief overview of the three main insurance schemes 
is outlined in Table 20.1 [6].

The health system reform in the Chinese Mainland in 
the past decade covered five main areas: social health 
security, essential medicines, primary healthcare, basic 
public health service package, and public hospitals. The 
reform policies were designed to tackle access to health-
care and financial protection. Some key progress made in 
health reform policies included the following: (a) 95% of 
the population covered by the social health insurance 
schemes by the end of 2017; (b) catastrophic illness insur-
ance systems were established in all provinces; (c) the 
Chinese government has invested ¥ 965 billion in primary 
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Fig. 20.1 Map of China, provinces, municipalities, special administrative regions, and autonomous regions
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healthcare; government budgets for community and town-
ship health centers have increased by 20%; (d) tiered 
healthcare system providers (tertiary, secondary, and pri-
mary) were started in 95% of municipalities by the end of 
2017; (e) clinical pathways for 442 diseases were devel-
oped by the end of 2015 and 65% of secondary and tertiary 
hospitals implemented case-based payment reform by the 
end of 2017; (f) pricing policies also improved with 
removal of price mark-ups of drugs as a source of finance 
for public hospitals or primary healthcare providers; and 
(g) integration of rural and urban basic health insurance 
systems is also currently underway [5].

In 2016, Mr. Xi released the country’s first long-term 
blueprint to improve healthcare since the nation’s founding 
in 1949, called Healthy China 2030, which pledged to bol-
ster health innovation and make access to medical care 
more equal and achieve health targets aligned with the 
United Nation’s sustainable development goals. Healthy 
China 2030 was built on four core principles, namely, 
health priority, innovation, scientific development, and jus-
tice and equity (Fig. 20.2). The blueprint emphasized the 
importance of both prevention and cure, focusing on pre-
vention and control, Chinese and Western medicine, and 

changes in service mode to reduce gaps in basic health ser-
vices. The rural areas of the country are given special atten-
tion to promote equal access to basic public health services 
and to maintain public welfare. Furthermore, healthcare is 
prioritized and placed in a strategic position in public pol-
icy implementation [7].

 Brief History of Nephrology: How 
Nephrology Began in the Country

In 1977, the “Nephritis Symposium” held in Beidaihe 
City served as a landmark for the official founding of the 
Chinese Society of Nephrology (CSN) in 1980, under the 
auspices of Chinese Medical Association. During the 
symposium, Chinese nephrologist experts reached a con-
sensus on the classification, clinical diagnosis, and treat-
ment of primary glomerular diseases. After nearly 
40  years’ efforts, Chinese nephrologists established a 
comprehensive guide on the diagnosis and treatment of 
glomerular diseases.

Renal replacement therapy (RRT) was first available in 
the Chinese Mainland between the 1960s and 1970s. 
Peritoneal dialysis (PD) was first used to treat patient with 
acute renal failure (AKI) in 1963, and continuous ambula-
tory peritoneal dialysis (CAPD) in 1978, as a RRT modality 
for patients with chronic renal failure at the First Affiliated 
Hospital of Sun Yat-sen University in Guangzhou. Since the 
1970s, hemodialysis (HD) has been widely adopted as a 
RRT modality. The first kidney transplantation operation was 
successfully conducted in 1960 at the Peking University 
First Hospital by Dr. Jieping Wu, and the first kidney trans-
plantation with long-term patient survival was done by Dr. 
Huamei of the First Affiliated Hospital of Sun Yat-sen 
University and Dr. Huijuan Yu of Beijing Friendship Hospital 
in 1972 in Guangzhou.

Over the years, CSN working in close partnerships with 
the Chinese government has made significant progress in 
improving the standard and quality of the healthcare system 
and care delivery models for patients with kidney disease in 
the Chinese Mainland. At the same time, CSN has provided 
continuous medical education for health professionals and 
nephrology specialist training. CSN launched the National 
Dialysis Registry in 1999 with the first electronic registry 
established in 2009. A total of 14,000 HD patients and 6000 
PD patients’ data has been captured in the registry since 
2009. CSN has been working closely with the Chinese gov-
ernment to update the Dialysis Registry. In 2010, the Chinese 
National Renal Data System (CNRDS) was launched [8]. 
There is also significant development and progress made in 

Table 20.1 An overview of major health insurance schemes in the 
Chinese Mainland

Urban 
employee basic 
medical 
insurance 
(UEBMI)

Urban resident 
basic medical 
insurance

New rural 
cooperative 
medical 
insurance

Year introduced 1998 2007 2003
Insured 
population

Urban 
employees

Urban residents 
who are not 
covered by 
UEBMI

Rural residents

Number of 
insured by 
2010 year-end 
(million)

237 195 836

General 
outpatient 
services

Covered Limited and 
vary by location

Limited and 
vary by 
location

Outpatient 
services for 
catastrophic 
illnesses

Covered Covered Covered

Inpatient 
services

Covered Covered Covered

Premium paid 
by

Employer and 
employee

Government and 
insured 
individual

Government 
and insured 
individual

Reference source: Nofri [6]
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kidney research from basic science to epidemiology and 
clinical trials in the Chinese Mainland in the last 40 years. 
Professional nephrology associations were established at 
both provincial and city level across the entire country. The 
number of participants at the CSN annual meeting has 
increased dramatically in the last 40 years from having only 
a dozen of participants in the initial years to now over 10,000 
participants in 2018.

To tackle the growing burden of chronic kidney disease 
(CKD), CSN has continued to advocate efforts on CKD pre-
vention, screening, early detection, and treatment with an 
aim to delay the progression of CKD, reduce the need for 
RRT, improve patients’ quality of life and survival, reduce 
complications and hospitalizations, and reduce healthcare 
expenditure. CSN has partnered with several other key inter-
national nephrology societies and organizations to facilitate 
further development of kidney care and research and to 
reduce the burden of kidney diseases in the Chinese 
Mainland.

 Highlights of Nephrology in the Chinese 
Mainland

Nephrologists in the Chinese Mainland have conducted 
nationally representative studies to examine the burden of 
different kidney diseases. These data form an important basis 
to guide the government’s decision-making on healthcare 

policies and financing on kidney disease care in the Chinese 
Mainland. CKD is a public health issue. A cross-sectional 
survey conducted in a nationally representative sample of 
adults in China in 2012 showed that the overall prevalence of 
CKD was 10.8% (95% CI [confidence intervals] 10.2–11.3) 
and was higher in the northern (16.9% [95%CI 15.1–18.7]) 
and southwestern (18.3% [95% CI 16.4–20.4]) regions com-
pared with other regions. The degree of kidney damage was 
associated with the socioeconomic status of each region, in 
that patients from regions with lower socioeconomic status 
had more kidney damage [9]. Subsequent to this national 
cross-sectional survey, the prevalence of CKD in China was 
reported from two other sources. First is the Hospital Quality 
Monitoring System (HQMS), a mandatory national, hospi-
talized patients’ database set up by the National Health 
Commission of China that tracks all hospitalized patients’ 
discharge records from tertiary hospitals in the Chinese 
Mainland between 2010 and 2015. In contrast to tertiary hos-
pitals in developed countries, tertiary hospitals in the Chinese 
Mainland provide primary, secondary, and tertiary care and 
have a nationwide catchment of a nonselective patient popu-
lation. The database contains data of 35.3 million patients 
hospitalized between 2010 and 2015. Second, there was a 
general population-based study with a nationally representa-
tive sample of 47,204 subjects recruited between 2009 and 
2010. Data from these two additional sources have shown 
that CKD related to diabetic kidney disease (DKD) is now 
more common than CKD related to glomerular disease (GD) 

13 Core Indicators under 5 health themes

Health level Healthy life Health services and security Environmental health Health industry

1. Average life expectancy

2. Mortality rate of
    infants

3. Mortality rate of
    children <5years age

4. Mortality rate of
    pregnant women

5. Proportion of those meeting
    the national physical
    determination standard
    among urban and rural
    residents

1. Number of people
    doing physical exercise 

2. Level of health literacy
    among residents

1. Proportion of personal
    health spending in the
    total health expenditure

2. Number of registered
    doctors and registered
    nurses per 1000 residents

1. Rate of good air quality of
    all cities at prefecture level
    or above

2. Rate of surface water quality
    better than III

1. Total investment scale
of health services

3. Premature mortality as
    a result of major non-
    communicable diseases

Fig. 20.2 Framework of Healthy China 2030 vision with 4 key principles, namely, health priority, reform and innovation, scientific development, 
and justice and equity, and 13 core indicators under 5 main themes in health
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in both the general population cohort and in the hospitalized 
patients’ database since 2011 [10].

A nationwide, cross-sectional survey of adult hospitalized 
patients in 2013 showed that AKI also incurred enormous 
financial burden to the healthcare system in the Chinese 
Mainland. In addition, AKI was substantially underdiag-
nosed and undertreated, reflecting a huge service gap and 
unmet need in early detection and early initiation of treat-
ment for hospitalized patients with AKI and lack of accessi-
bility to acute dialysis support for AKI in rural parts of 
China. Many other developing countries in the world also 
face similar problems. The findings urged nephrologists in 
China to take up the lead and responsibility to improve AKI 
detection and improve accessibility to acute dialysis support 
for AKI [11].

The CNRDS, a nationwide kidney failure (ESRD) data 
collection system, is a landmark development of nephrology 
for the Chinese Mainland in 2010. It contains the largest and 
most comprehensive national ESRD patients’ registration. 
By the end of 2017, the CNRDS included data of 524,467 
HD patients and 86,344 PD patients from 5479 HD centers 
and 981 PD centers, respectively, covering 31 provinces, 
autonomous regions, and municipalities. The registry pro-
vides information on the national burden of ESRD as well as 
the prevalence, incidence, and severity of CKD in the 
Chinese Mainland and helps to raise the government’s aware-
ness of the importance and burden of ESRD. Most important 
of all, it prompts national coverage of ESRD in the country’s 
Critical Illness Insurance Program. The CNRDS Annual 
Data Report (ADR) provides the annual number of prevalent 
and incident dialysis patients and their mortality rates, 
enabling quality assurance of kidney care delivered. The 
CNRDS also enables monitoring of various ESRD- related 
complications including anemia and mineral and bone disor-
der so to assure quality of care for various ESRD- related 
complications.

Academic nephrologists in the Chinese Mainland also 
play an increasingly important role in conducting global 
clinical trials that made an impact to the global clinical 
practice guidelines (CPGs) development. Some examples 
are the Therapeutic Evaluation of Steroids in IgA 
Nephropathy Global (TESTING) study [12], the Study of 
Diabetic Nephropathy with Atrasentan (SONAR) [13], 
and the Canagliflozin and Renal Endpoints in Diabetes 
with Established Nephropathy Clinical Evaluation 
(CREDENCE) [14].

Chinese nephrologists also contributed to the develop-
ment of many international CPGs, including those of 
Kidney Disease: Improving Global Outcomes (KDIGO), 
International Society for Peritoneal Dialysis (ISPD), 

International IgA Nephropathy Network (IIgANN), and 
Renal Pathology Society (RPS). Chinese nephrologists also 
involved in steering clinical trials on roxadustat treatment 
for anemia in patients with kidney disease undergoing 
long-term dialysis and in non-dialysis CKD patients [15, 
16]. Based on the results of these trials, roxadustat was 
recently approved as a new drug treatment for renal anemia 
in patients with kidney disease in the Chinese Mainland. 
These landmark trials marked the emerging role of Chinese 
nephrologists in leading global clinical trials in kidney 
diseases.

Chinese nephrologists also performed significant 
groundbreaking work in basic research in kidney diseases. 
Mutations in two genes, polycystic kidney disease-1 
(PKD1) and PKD2, accounted for most cases of autosomal 
dominant polycystic kidney disease (ADPKD). A research 
group from China reported the 3.6-angstrom cryo-electron 
microscopic structure of truncated human PKD1-PKD2 
complex assembled in a 1:3 ratio and established a frame-
work for dissecting the function and disease mechanisms of 
the PKD proteins [17]. The study, for the first time, identi-
fied the structure of transient receptor potential channel 
family hetero-complex for further study to understand the 
pathogenesis of PKD.

A two-stage genome-wide association study (GWAS) of 
IgAN in the Han Chinese showed that IgAN was associated 
with variants near genes involved in innate immunity and 
inflammation [18]. This work from China contributed sig-
nificantly to the understanding of genetic factors in the 
pathogenesis of complex kidney diseases and provided 
important evidence that genetic factors play an important 
role in the pathogenesis of IgAN.

 Prevalence and Awareness of CKD

The Chinese Mainland has not had a national surveillance 
system for kidney disease until recently. This constitutes 
an important barrier to understand the exact scope of the 
problem and develop effective preventive and therapeutic 
strategies. In a cross-sectional nationwide survey of a rep-
resentative adult population in the Chinese Mainland 
between 2009 and 2010, the overall prevalence of CKD 
was estimated around 10.8% [9], being comparable to that 
of developed countries such as the United States (US) 
(13.0%) [19] and Norway (10.2%) [20]. It also implies that 
the Chinese Mainland has nearly 119.5 million adults with 
kidney disease. However, the prevalence and severity of 
CKD vary according to the economic development of the 
region, defined by the National Bureau of Statistics 
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(Table 20.2). As an example, the prevalence of CKD was 
higher in the north (16.9%) and southwest (18.3%) regions 
compared to other regions (Table  20.2) [9]. Rural areas 
showed lower prevalence of estimated glomerular filtra-
tion rate (eGFR) <60 mL/min/1.73 m2, but higher preva-
lence of albuminuria, compared with urban areas [1]. 
Furthermore, the prevalence of albuminuria was positively 
associated with economic status (evaluated by GDP) in 
rural areas but negatively associated with economic status 
in urban areas [1].

Most subjects (84%) presented in early stages of CKD 
with albuminuria and well-preserved kidney function [9]. 
This indicates the potential to institute early CKD screening, 
detection, and prevention programs as well as education 
campaigns to raise more awareness of the importance of kid-
ney health. In a more recent comparative study between 
China and the USA, the prevalence of eGFR <60  mL/
min/1.73 m2 was higher in the USA than in China (6.5% vs. 
2.7%) [21]. Nearly two-thirds of this difference was 
accounted for by the higher prevalence of various CKD risk 
factors, including increasing age, male gender, diabetes, 
hypertension, central obesity, cardiovascular disease (CVD), 
and hyperuricemia in the USA [21].

The Chinese Center for Disease Control and Prevention 
included both eGFR and urine albumin-creatinine ratio, in 
the China Chronic Disease and Nutrition Surveillance in 
2018, a nationally representative adult population from 
302 monitoring sites, in order to estimate the latest preva-
lence of CKD in the Chinese Mainland. Despite a high 
prevalence of CKD, the awareness of CKD diagnosis was 
low (10.04%) [22]. Subjects with advanced CKD were 

more aware of their diagnosis (15.6% for normoalbumin-
uria and 61.8% for albuminuria group) than those with 
early CKD or with normoalbuminuria (7.7–16.7%) [22]. 
The National Health and Nutrition Examination Survey 
(NHANES) 1999–2004 showed that 6.0% of CKD sub-
jects in the USA were aware of their diagnosis [23], an 
awareness rate lower than that reported in China. 
Compared with those unaware of their CKD diagnosis, 
subjects aware of their CKD diagnosis were more likely 
to be educated, have free medical insurance, received 
health examination during the previous 2 years, and have 
hypertension, family history of kidney disease, and self-
report concern about kidney disease [22].

 Burden of Kidney Failure

The growing burden of CKD in China implies an increas-
ing population requiring RRT [24]. The China Kidney 
Disease Network (CK-NET) developed a national surveil-
lance system for kidney diseases by integrating national 
administrative and claims data that covers millions of 
CKD subjects from all regions of China. According to the 
CK-NET 2015 ADR, the estimated prevalence of HD and 
PD was 402.18 and 39.95 per million population (pmp), 
respectively, and the age-adjusted incidence rate for dialy-
sis was 122.19 pmp [25]. The prevalence rates of dialysis 
population were higher than that reported previously for 
the Chinese Mainland [26]. Although HD and PD patients 
in total constituted only a small percentage (0.16% and 
0.02%, respectively) of the entire insured population in the 
Chinese Mainland, they incurred a disproportionately high 
percentage of healthcare expenditures (2.08% and 0.34%, 
respectively) [25].

The Beijing Regional HD Registry and Shanghai Renal 
Registry reported that the prevalence and incidence of main-
tenance HD in 2011 were 524.6 pmp and 107.3 pmp in 
Beijing [27] and 544.7 pmp and 82.9 pmp in Shanghai [28], 
respectively. The prevalence of ESRD was still lower in the 
Chinese Mainland than in most other parts of Asia such as 
Taiwan (2285 pmp in 2007) and Japan (2233 pmp in 2007) 
[29]. Factors contributing to the very different prevalence 
rates of ESRD in the Chinese Mainland versus other Asian 
countries may be related to limited affordability and poor 
accessibility to RRT in less developed regions [30]. With 
government support, the number of HD centers has grown to 
more than 4000 in 2015 [31]. New HD facilities were set up 
at both county level and township level to improve accessi-
bility and provision of HD service in less developed regions 
of the Chinese Mainland.

Table 20.2 Prevalence of CKD (%) in the Chinese Mainland stratified 
by geographical region and urban or rural residency (%)

eGFR <60 mL/min/1.73 m2 Albuminuria CKD
Region
  East 1.1 7.5 8.4
  South 1.3 6.0 6.7
  Middle 1.4 13.1 14.2
  North 2.5 15.4 16.9
  Northwest 1.5 5.6 6.7
  Southwest 3.8 15.1 18.3
Residency
  Urban 2.3 7.0 8.9
  Rural 1.6 10.1 11.3
Total 1.7 9.4 10.8

Note: Data were age- and gender-adjusted prevalence (%). Albuminuria 
was defined as a urinary albumin-to-creatinine ratio > 30 mg/g creati-
nine. CKD was defined as eGFR <60 mL/min/1.73 m2 or albuminuria
Abbreviations: CKD chronic kidney disease, eGFR estimated glomeru-
lar filtration rate
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 Evolving Spectrum of Causes of CKD/ESRD

The relative proportion of various causes of ESRD varies 
according to the race and geographical regions of China [32]. 
Diabetes is a leading cause, accounting for one-third of all 
incident ESRD patients worldwide [33]. However, this dif-
fers from the Chinese Mainland, where GD is the  predominant 
cause of ESRD. Data from the CNRDS 2015 showed that 
GD was the most common cause of ESRD (54.2%), followed 
by diabetes (17.0%) and hypertension (9.9%) [31].

The rapid urbanization of the Chinese Mainland in the 
last three decades with dramatic changes in lifestyle and 
dietary habits of native Chinese resulted in a very consider-
able increase in the burden of various metabolic and non-
communicable diseases such as obesity, diabetes, and 
hypertension [34]. The prevalence of obesity has increased 
from 0.6% in 1982 to 2.9% in 2002 [35], and that of diabetes 
has increased from 0.7% in 1980 [36] to 10.9% in 2013 [37]. 
The substantial burden of noncommunicable diseases has 
increased the incidence and prevalence of CKD and changed 
the relative proportion of causes of CKD/ESRD in the 
Chinese Mainland over the years.

Data from HQMS showed that CKD patients constituted 
4.8% of all hospitalized patients in the Chinese Mainland. 
The most common causes of CKD in hospitalized patients 
were DKD (27.0%), hypertensive nephropathy (HTN) 
(20.8%), obstructive nephropathy (ON) (15.6%), and GD 
(15.1%) (Fig. 20.3). An increasing number of hospitaliza-
tions were observed in patients with CKD due to diabetes 

[10]. The relative proportion of different causes of CKD 
varies according to the socioeconomic status and geographic 
areas (Fig.  20.4). For example, DKD (32.7%) and HTN 
(23.0%) were the leading causes of CKD in hospitalized 
patients in urban areas. However, in rural areas, the top 3 
leading causes of CKD were ON (21.4%), GD (18.5%), and 
DKD (17.4%) in hospitalized patients (Fig.  20.2) [38]. In 
North China, the percentage of hospitalized patients with 
CKD due to diabetes was higher among residents from 
urban than rural areas, while more hospitalized CKD 
patients in rural areas had GD than urban areas [38]. On the 
other hand, South China had higher prevalence of CKD due 
to ON than North China [38] (Fig.  20.3) [10]. In 2017, 
1.14% of all hospitalized patients had CKD due to DKD and 
0.68% of all hospitalized patients had CKD due to GD 
(unpublished data). The HQMS also showed an increasing 
proportion of hypertensive kidney disease and ON (mostly 
associated with kidney stones) as causes of CKD between 
2010 and 2015 [38].

In the last decade, GD was a principal cause of CKD in 
the Chinese Mainland [10, 39], accounting for nearly half 
of the causes of ESRD in dialysis patients in 1999 [40]. 
However, its prevalence has decreased since 2013 [10]. 
The percentage of hospitalized patients with CKD due to 
IgAN decreased from 19.0% in 2010 to 10.6% in 2015 
[41]. In a nationwide survey conducted in 938 hospitals 
(both tertiary and community hospitals) between 2004 and 
2014 [42] including 71,151 biopsy-proven GD, IgAN 
(36.3%) was the most common primary GD, followed by 
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membranous nephropathy (MN) (30.2%) with age and 
region standardization. In adults aged <45  years, IgAN 
was a leading cause of primary GD.  However, in adults 
aged >45  years, MN was the most frequent primary 
GD. Lupus nephritis and vasculitis- related nephritis were 
the most common secondary GD [41]. The proportion of 
hospitalized patients with CKD due to MN almost dou-

bled, from 4.6% in 2010 to 8.8% in 2015 (Fig. 20.5), pos-
sibly partly attributed to long-term exposure to air 
particulate matter (PM) that posed a serious  environmental 
hazard in some parts, especially in the northern region. 
Each 10  μg/m3 increase in PM2.5 was associated with a 
14% higher odds of MN in regions with PM2.5 > 70 μg/m3 
compared to regions with PM2.5 < 70 μg/m3 [42].

2010 2015
Year

IgA disease membranous disease

0.0

5.0

P
er

ce
nt

ag
es

 a
m

on
g 

ho
sp

ita
liz

ed
 p

at
ie

nt
s

w
ith

 g
lo

m
er

ul
ar

 d
is

ea
se

 (
%

)

10.0

15.0

20.0

25.0

19.0

4.6

10.6
8.8
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Fig. 20.4 Proportion of various causes of CKD stratified by geo-
graphic regions among hospitalized population with CKD in 2015. 
Note: numbers represented percentages among patients with 
CKD. Reproduced from Huang et al. [38]. (With permission from John 

Wiley and Sons, Inc). Abbreviations: DKD diabetic kidney disease, GN 
glomerulonephritis, HTN hypertensive nephropathy, CTIN chronic 
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 IgA Nephropathy (IgAN)

Three genome-wide association studies (GWAS) in the 
Chinese population [18, 43, 44] identified five genetic loci 
associated with IgAN [43]. Besides three independent loci in 
human leukocyte antigen (HLA) regions, variants in the 
complement factor H (CFH) and the related CFHR3 and 
CFHR1 genes on chromosome 1q32 that affected  complement 
activation through their influence on CFH levels and genetic 
variants of oncostatin M (OSM) and interleukin 6 family 
(LIF) on chromosome 22q12 may predispose individuals to 
develop IgAN [45]. A subsequent GWAS in the Chinese 
population identified two additional loci: 17p13 containing 
TNF superfamily member 13 (TNFSF13) and 8p23 contain-
ing defensin alpha (DEFA) [18]. Polymorphisms within the 
DEFA genes were involved in gene transcription regulation, 
and associated with clinical phenotype of gross hematuria, 
suggesting mucosal immunity may involve in the pathogen-
esis of IgAN [46, 47]. Another GWAS [44] in 20,612 indi-
viduals of European and East Asian origin identified six new 
loci that increased susceptibility to IgAN, namely, four in 
integrin subunit alpha M-X (ITGAM- ITGAX), vav guanine 
nucleotide exchange factor 3 (VAV3), and caspase recruit-
ment domain family member 9 (CARD9) and two at HLA-
DQB1 and DEFA.  This suggests interaction between the 
host and intestinal pathogens may play a possible role in 
shaping genetic predisposition to IgAN [44].

Glycosyltransferases are involved in the synthesis of the 
O-glycan of IgA1 molecules, and abnormal O-glycosylation 
of IgA1 molecules is involved in the pathogenesis of IgAN 
[48, 49]. One protective (YATIG) and two risk (YAGDA, 
YATDG) regulatory haplotypes in key glycosyltransferase 
genes for IgA1 O-glycosylation (C1GALT1) gene were 
associated with IgAN [50]. ADG haplotype in the promoter 
region of ST6GALNAC2, a key glycosyltransferase gene, 
has functional significance in increasing predisposition to 
IgAN [51]. Association has been demonstrated between 
C1GALT1 and ST6GALNAC2 gene with IgA1 glycosyl-
ation, as well as with the severity of IgAN [52].

The TESTING study [12] was a multicenter, double- 
blind, randomized controlled trial (RCT) that evaluated the 
efficacy and safety of corticosteroids in IgAN patients with 
proteinuria >1  g/day and eGFR between 20 and 120  mL/
min/1.73 m2, after at least 3 months of blood pressure control 
with renin-angiotensin-aldosterone system (RAAS) block-
ade. Study recruitment was discontinued after 262 subjects 
entered study and followed for a median of 2.1 years, because 
of significantly more serious adverse events in the methyl-
prednisolone group (14.7%) than placebo group (3.2%) 
(p  =  0.001; risk difference 11.5%), mostly due to serious 
infections (8.1% vs. 0; risk difference 8.1%; p  <  0.001), 
including two deaths. However, methylprednisolone group 

showed significant benefits in reducing the incidence of pri-
mary renal endpoint (5.9%) than placebo (15.9%) with a risk 
reduction of 63% (p = 0.02). The study protocol was amended 
using a reduced dose of methylprednisolone with septrin as 
prophylaxis and is currently ongoing.

Another recent multicenter RCT from the Chinese 
Mainland [53], comparing mycophenolate mofetil (MMF) 
plus prednisone versus full-dose prednisone in IgAN with 
active proliferative lesions, failed to show renal benefits with 
MMF, but combining MMF with prednisolone showed fewer 
adverse events compared to full-dose prednisolone.

In a prospective follow-up study of IgAN in the Chinese 
Mainland (mean follow-up, 45  months) of which subjects 
received mainly RAS inhibitors and steroids added, if persis-
tent proteinuria (n = 703) [54], the mean eGFR decline was 
−3.1 ml/min/1.73 m2 per year, and annual rate of ESRD was 
2.3%. Baseline eGFR (hazard ratio, 0.76 per 10  ml/
min/1.73 m2), proteinuria at 6 months (hazard ratio, 1.53 per 
1  g/day), and systolic blood pressure at 6  months (hazard 
ratio, 1.36 per 10 mmHg) were associated with an increased 
risk of composite kidney failure events using multivariable 
Cox regression analysis. Baseline eGFR (regression coeffi-
cient, 20.1), time-averaged proteinuria (regression coeffi-
cient, 20.2), and time-averaged mean arterial pressure 
(regression coefficient, 20.15) were independent predictors 
of eGFR slope by linear regression.

 Membranous Nephropathy (MN)

The prevalence of MN has increased quite substantially in 
the Chinese Mainland in the last 10 years. A nationwide sur-
vey of biopsy-proven GD showed that MN accounted for 
12.2% of all GD in 2004 but doubled to 24.9% in 2014 
(24.9%). The proportion of other major GD has remained 
similar [42]. This meant that the percentage of MN has 
increased by an average of 13% per year. Among hospital-
ized patients with primary GD, MN increased from 4.5% in 
2010 to 8.8% in 2015 [55] (Fig. 20.5). Notably, the propor-
tion of MN exceeded that of IgAN in the northern and north-
eastern China since 2014 and is now the leading cause of GD 
in these regions.

Air pollution has become a serious public health problem 
in some cities in the Chinese Mainland and may account for 
the rising prevalence of MN. Between 2004 and 2014 [56], 
the 3-year average levels of aerosol optical depth (AOD)-
derived PM2.5 have increased and plateaued in 2008, with a 
mean ambient level of 55.6 μg/m3 (range, 8.1–110.5 μg/m3). 
The aerosol level of PM2.5 was much higher than that reported 
in many developed countries. Indeed, a nationwide survey 
[42] showed that long-term exposure to high levels of PM2.5 
was associated with an increased risk of MN. Every 10 μg/
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m3 increase in PM2.5 concentration was associated with a 
14% higher odds of MN in the regions with a PM2.5 > 70 μg/
m3. Assuming a causal relationship, 15.2% of MN in the 
Chinese Mainland may be attributed to PM2.5 exposure. 
HQMS data showed that these patients were clustered in the 
Hebei Province and Guangxi Province [55]. The association 
between PM2.5 exposure and an increased risk of MN was 
confirmed in the Northern region demarcated by the Yangtze 
River. On the other hand, in Southern China, the Zhuang 
population, the largest minority population in China, showed 
a high preponderance of MN, but MN in this population was 
not associated with PM2.5 exposure [55]. These data showed 
how genes and environmental factors may both contribute to 
an increased risk of MN in the Chinese Mainland.

In a cross-sectional study (n  =  578) in the Chinese 
Mainland [57], 89% of patients with MN were phospholi-
pase A2 receptor (PLA2R)-associated, including 68% with 
circulating anti-PLA2R antibodies and 21% negative for the 
antibody but showing granular expression of PLA2R in 
glomeruli. Eleven percent had no detectable anti-PLA2R 
antibody or PLA2R antigen in immune deposits. Two per-
cent had thrombospondin type I domain-containing 7A 
(THSD7A)-associated MN, which accounted for 16% of the 
PLA2R-negative patients. These percentages were similar to 
those reported in the Western population.

A GWAS of primary MN identified two significant 
genetic loci: chromosome 2q24 containing the PLA2R1 
gene (SNP rs4664308) and chromosome 6p21 containing 
the HLA complex class II HLA-DQα1 chain (HLA-DQA1) 
(SNP rs2187668), with strong gene-gene interactions 
between the two risk alleles [58]. Validation studies in China 
showed that individuals carrying these risk alleles were 
strongly associated with positive serum anti-PLA2R anti-
bodies (73%) and glomerular expression of PLA2R (75%) 
[59]. In contrast, among individuals who did not carry these 
genotypes, none had anti-PLA2R antibodies and glomerular 
expression of PLA2R was weak or absent. This suggested 
that individuals carrying these risk alleles were predisposed 
to the generation of circulating anti-PLA2R autoantibodies 
that contribute to the pathogenesis of MN.

Three other studies from the Chinese Mainland also pro-
vided novel insights into the contribution of specific HLA 
alleles in primary MN [60–62]. A case-control association 
analysis identified DRB1*1501 and DRB1*0301 as increas-
ing the risk of primary MN among Han Chinese. Both HLA 
alleles exhibited interactions with PLA2R1 variant rs4664308 
and were associated with circulating anti-PLA2R antibodies 
[60]. Another study demonstrated the association of 
DRB1*1501 with anti-PLA2R-positive MN and suggested 
DRB3*0202 as the second independent risk factor for MN. 
DRB3*0202 resides on the same haplotype as DRB1*0301 
[61]. Extending these findings, another study showed that 

DRB1*0301 was associated with higher level of anti-PLA2R 
antibodies and DRB1*1502 was associated with lower eGFR 
at baseline, a worse renal outcome, and a higher risk of 
ESRD [62].

In a follow-up study (n = 371) in the Chinese Mainland 
[63], 68.5% of patients were treated with immunosuppressive 
agents with or without corticosteroids, and the others by RAS 
blockade alone. During a median follow-up of 27  months, 
87.6% achieved remission (of which 45.3% had complete 
remission and 42.3% had partial remission). Relapse occurred 
in 27.7% and 2.2% progressed to ESRD, while 18.1% expe-
rienced worsening kidney function with eGFR decline over 
50%. Multivariable Cox regression analysis identified the 
positivity of anti-PLA2R antibodies (HR = 2.5, p = 0.009) 
and failure to remit (HR = 3.2, p = 0.004) as independent risk 
factors for worsening kidney function in the Chinese popula-
tion. The severity of chronic tubule-interstitial injury 
(HR  =  25.8, p  =  0.035) and failure to remit (HR  =  10.2, 
p = 0.010) were independent risk factors for ESRD in Chinese.

As in the western population, rituximab induced remis-
sion in 41.7% of primary MN not responding to other immu-
nosuppressive therapy (with 36.1% being partial and 5.6% 
being complete remission) [64]. Those who responded to 
rituximab had lower baseline levels of anti-PLA2R antibod-
ies and all subjects had antibody depletion or reduction with 
rituximab.

 Minimal Change Disease (MCD)

A nationwide survey of kidney biopsies done in 7962 chil-
dren <18  years in the Chinese Mainland [65] showed that 
nephrotic syndrome was the most frequent (50%) presenta-
tion and MCD was the most common primary GD (29%) 
followed by IgAN (17%). Henoch-Schönlein purpura nephri-
tis (13%) and lupus nephritis (9%) were the most common 
secondary GD.  The proportion of MCD was significantly 
higher in boys (38%) than in girls (13%), whereas lupus 
nephritis was more prevalent in girls (20%) than in boys 
(3%). Purpura nephritis (23%) was the major pathological 
diagnosis in younger children (0–12 years old). MCD (33%) 
was the most common glomerular disease in adolescents 
(13–18 years old). The proportions of MCD, purpura nephri-
tis, and MN increased between 2004 and 2014, while the 
proportion of FSGS declined.

A RCT was conducted in 8 kidney centers in the Chinese 
Mainland, of which 119 adults with nephrotic syndrome due 
to MCD (n = 119) were randomized to receive either gluco-
corticoid or tacrolimus after 10-day treatment of intravenous 
methylprednisolone (0.8  mg/kg/day). The study showed 
non-inferiority of tacrolimus monotherapy to glucocorticoid. 
Remission occurred in 96.2% of glucocorticoid-treated sub-
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jects and 98.3% of tacrolimus-treated subjects with no sig-
nificant difference between them. Relapse rate was similar 
(49.0% and 45.5%, respectively) for glucocorticoid- and 
tacrolimus-treated subjects. However, adverse events 
occurred more frequently in glucocorticoid group [66].

 Focal Segmental Glomerulosclerosis (FSGS)

FSGS accounts for 3–4% of primary GD in the Chinese 
Mainland. Mutations of type IV collagen α3–5 (COL4A3–5) 
[67], inverted formin 2 (INF2) [68], transient receptor poten-
tial cation channel 6 (TRPC6) [69], and α-actinin-4 (ACTN4) 
[69] may contribute to FSGS development under dominant 
forms. NPHS1 gene mutations were quite common in spo-
radic Chinese FSGS patients [70]. Mutations in nuclear pore 
complex nucleoporin160 kD (NUP160) were implicated in 
steroid-resistant nephrotic syndrome [71].

Chronic tubulointerstitial injury predicted a worse prog-
nosis of FSGS. Han et al. found that C3a and suPAR drive 
versican V1 expression in tubular cells by promoting tran-
scription and splicing, respectively, and increases in tubular 
cell-derived versican V1 induced interstitial fibrosis by acti-
vating fibroblasts in FSGS [72].

The efficacy of glucocorticoids in ameliorating FSGS 
depends on the capacity to expand myeloid-derived suppres-
sor cells (MDSCs). Rapid elevation of MDSCs in peripheral 
blood may predict the efficacy of glucocorticoids in FSGS 
[73]. miR-30s protected podocytes by targeting Notch1 and 
p53 and loss of miR-30s may facilitate podocyte injury. 
Sustained miR-30 expression may be a novel mechanism 
underlying the therapeutic effectiveness of corticosteroids in 
treating podocytopathy [74].

Adult-onset FSGS is often associated with poor response 
to corticosteroid and immunosuppressive treatment and poor 
kidney survival. In a cohort (n = 98) of Chinese patients with 
biopsy-proven primary FSGS using treatment recommended 
by KDIGO guidelines 2012, 84.7% achieved remission dur-
ing a median follow-up of 58.9 months, 60.2% had relapse, 
11.2% progressed to ESRD, and 19.4% had worsening kid-
ney function with serum creatinine increased >30% from 
baseline or >1.5 mg/dL. Multivariable Cox regression analy-
sis showed that baseline eGFR, combined IgM and C3 depo-
sition, and IgM deposition alone were independent factors 
predicting worsening kidney function [75].

 Lupus Nephritis (LN)

Lupus nephritis is the most common secondary GD in 
Chinese. Chinese lupus patients showed a higher incidence 
of kidney involvement (50–60%) compared with 
Caucasians (30–40%) and had more severe kidney disease 

with worse long-term outcomes [76, 77]. A large number 
of genetic variants were associated with systemic lupus 
erythematosus (SLE) in Chinese. One GWAS in a Chinese 
Han population identified nine new susceptibility loci 
(ETS1, IKZF1, RASGRP3, SLC15A4, TNIP1, 7q11.23, 
10q11.22, 11q23.3, and 16p11.2) and confirmed seven pre-
viously reported susceptibility loci (BLK, IRF5, STAT4, 
TNFAIP3, TNFSF4, 6q21, and 22q11.21) for SLE [78]. 
Another GWAS involving a total of 3300 Asian SLE 
patients from Hong Kong, Mainland China, and Thailand 
[79] found genetic variants in ETS1 (rs1128334) and 
WDFY4 (rs7097397) associated with SLE. In a meta-anal-
ysis of GWAS in the Chinese Han population with replica-
tion in four additional Asian cohorts in a total of 5365 SLE 
subjects and 10,054 controls [80], genetic variants in or 
near CDKN1B, TET3, CD80, DRAM1, and ARID5B were 
associated with SLE.  These findings suggest potential 
roles of cell-cycle regulation, autophagy, and DNA 
demethylation in the pathogenesis of SLE.  Genetic bio-
markers that correlated with LN are however limited and 
require further exploration [81–86].

The first RCT using mycophenolate mofetil (MMF) was 
conducted in Chinese patients with diffuse proliferative LN 
[87] and showed a renal remission rate of >80% with 
12-month treatment of corticosteroids and MMF, compa-
rable to a sequential regimen of 6-month oral cyclophos-
phamide induction followed by 6-month maintenance 
azathioprine. MMF was associated with fewer adverse 
events including infections as compared with cyclophos-
phamide. The subsequent Aspreva Lupus Management 
Study (ALMS) confirmed that Chinese LN patients had 
similar renal response rates to MMF or intravenous cyclo-
phosphamide induction therapy [88]. Low-dose corticoste-
roids combined with azathioprine or MMF are now two 
commonly used maintenance immunosuppressive regimens 
for LN in China.

In Chinese patients with class IV LN, corticosteroids and 
cyclosporine also led to significant reduction in proteinuria 
after 1 month and histological improvement at 1 year with no 
significant deterioration in serum creatinine or creatinine 
clearance after a follow-up of 48 months [89]. Dual immuno-
suppressive treatment with corticosteroids and tacrolimus 
achieved a response rate similar to that with corticosteroids 
plus either cyclophosphamide or MMF in the treatment of 
class III/IV LN [90, 91].

Previous study from the Chinese Mainland showed that 
triple immunosuppression comprising corticosteroids, 
tacrolimus, and reduced-dose of MMF was more effective 
than corticosteroids plus cyclophosphamide in patients with 
class IV+V LN [92]. More recently [93], this “multi-tar-
geted therapy” was shown to achieve a higher complete 
remission rate (45.9 vs. 25.6%; p  <  0.001) and overall 
response rate (83.5 vs. 63.0%; p < 0.001) at 6 months with 

A. Y.-M. Wang et al.



263

similar adverse events when compared with corticosteroids 
and intravenous cyclophosphamide in patients with class 
III/IV +/− V LN. This multi-targeted therapy, when used as 
a maintenance treatment in patients who initially responded, 
showed similar cumulative renal relapse rates and similar 
eGFR but with fewer adverse events and lower withdrawal 
rate than maintenance azathioprine [94]. Another study 
comparing leflunomide with intravenous cyclophosphamide 
in treating type IV LN in the Chinese Mainland showed 
comparable complete remission and partial remission rates 
with the two treatments [95].

 Anti-neutrophil Cytoplasmic Antibody 
(ANCA)-Associated Vasculitis (AAV)

AAV nephritis is a common form of secondary GD in elderly 
Chinese. Data from the HQMS between 2010 and 2015 
showed that 0.25% of the hospitalized patients had AAV. The 
prevalence of AAV was stable throughout the 5-year period, 
and increased with latitude, and was associated with expo-
sure to carbon monoxide. In Yunnan Province, the prevalence 
of AAV increased by 1.37-fold after the Zhaotong earth-
quake in 2014. The Dong population, an ethnic minority of 
Chinese, showed the highest prevalence of AAV (0.67%). 
The mean age of diagnosis of AAV was 60.0 ± 15.6 years and 
46.4% were men [96].

In Chinese, microscopic polyarteritis (MPA) constituted 
about 80% of AAV [97, 98]. Even among patients with gran-
ulomatosis polyangiitis (GPA), 60% had ANCA specificity 
for MPO [98]. DQA1*0302 and DQB1*0303 are risk alleles, 
predisposing to the development of MPO-ANCA AAV in 
Chinese. HLA-DPB1 variant rs3117242 was also associated 
with GPA in Han Chinese population [99, 100]. Positive 
ANCA was also reported in 15–64% of patients receiving 
propylthiouracil but only a quarter developed clinical vascu-
litis [101, 102]. Their ANCA was against multiple antigens. 
Patients with propylthiouracil-induced AAV had less organ 
involvement and milder kidney lesions, compared to those 
with primary AAV.

Rituximab is a recent adopted induction and maintenance 
treatment regimen for AAV. Recent data showed the impor-
tance of alternative complement pathway activation in the 
pathogenesis of human AAV [103–105]. In particular, C5a 
plays a critical role in ANCA-mediated neutrophil activa-
tion. Inhibition of C5a has emerged as a potential therapeutic 
approach for AAV. Treatment resistance however occurred in 
10.7% of patients and around one-third relapsed [106]. 
Relapses were likely to develop in the same organ as with the 
disease onset [107].

One center from the Chinese Mainland reported that 
33.9% of AAV patients died during follow-up, including 
20.9% within the first 12 months after diagnosis. This was 

before the availability of rituximab [108]. Secondary infec-
tion was the leading cause of death in the first year. Other 
independent predictors included older age, pulmonary 
involvement of AAV, and initial kidney function. 
Cardiovascular events became the leading cause of death for 
those who survived the first year.

 Hepatitis B Virus (HBV)-Associated GD

China’s HBV prevention program that targeted toward inter-
rupting perinatal transmission has been highly effective. 
Compared with the survey done before vaccination was 
available in 1992, the prevalence of HBV surface antigen 
(HBsAg) positivity has declined 46% in 2006 and 52% in 
2014. Among children aged less than 5 years, HBsAg posi-
tivity has declined by 97% [109]. Work is ongoing to com-
pletely eradicate hepatitis B infection in the Chinese 
Mainland by 2030.

The China Kadoorie Biobank followed 469,459 partici-
pants for a median of 9.1 years (4.2 million person-years) of 
which 4555 were incident CKD cases. HBsAg-positive sub-
jects showed a 1.37 higher adjusted hazard for incident CKD 
compared with HBsAg-negative subjects [110].

A single-center review of 11,618 kidney biopsies showed 
that among the biopsies with a diagnosis of secondary GD, 
LN accounted for 26.5%, Henoch-Schönlein purpura GD 
accounted for 25.8%, HBV-associated GD accounted for 
14.6%, and DKD accounted for 10.7%. The detection rate of 
HBV-related GD between 2008 and 2012 (with age adjust-
ment) has declined significantly compared to the period 
between 1987 and 1992 (p < 0.001) [111].

 Diabetic Kidney Disease and Obesity- 
Related Kidney Disease

 Prevalence of Diabetes and Obesity in China

China faces a huge burden of diabetes with rapid societal 
modernization and adoption of a “westernized diet” by 
many local Chinese. The International Diabetes Federation 
(IDF) estimated that the burden of diabetes will increase 
from 90 million population in 2011 to nearly 130 million 
by 2030  in China [112]. According to the most recent 
national survey, the overall estimated prevalence of diabe-
tes and prediabetes were 10.9% and 35.7%, respectively, 
indicating that an estimated 110 million people currently 
suffer from diabetes in China. Of this population, only 
36.5% were aware of the diagnosis of diabetes and 32.2% 
received antidiabetic medications [37]. The increase in the 
prevalence of diabetes is attributed mostly to an increase in 
type II diabetes, which accounts for approximately 95% of 
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all diabetes in the Chinese Mainland. Chinese patients gen-
erally have type II diabetes diagnosed at a relatively 
younger age and with a lower body mass index than the 
Western population [113].

Similarly, the prevalence of obesity (defined as having a 
body mass index ≥27.5 kg/m2 in Chinese) showed a signifi-
cant increase from 8.6% in 2000 to 10.3% in 2005 and 12.9% 
in 2014 (Fig.  20.6). The prevalence of central obesity 
(defined as a waist circumference greater than 90 cm in men 
and greater than 85 cm in women) has dramatically increased 
from 13.9% in 2000 to 18.3% in 2005, and 24.9% in 2014, 
reflecting an enormous public health issue for the Chinese 
Mainland [115].

 Prevalence of Diabetic Kidney Disease (DKD) 
and Obesity-Related Kidney Disease in China

The dramatic increase in the prevalence of diabetes and obe-
sity in recent years changed the epidemiology of CKD in the 
Chinese Mainland. The CRDS 2011 showed that DKD 
accounted for 16.4% of the ESRD, second to GD (57.4%) 
[30]. In the CRDS 2015, GD was still the leading cause of 
ESRD in HD patients (45.8%) but the proportion of DKD 
had increased to 21.2% [116]. The prevalence of diabetes in 
the overall dialysis population was 27.1% with no significant 
difference between HD (26.7%) and PD (28.5%) [25].

DKD has become more prevalent than GD in hospital-
ized patients in the Chinese Mainland since 2011. The per-
centage of hospitalized patients with CKD due to diabetes 
was lower than that due to GD in 2010 (0.82% vs. 1.01%). 
However, in 2015, more hospitalized CKD patients had 
diabetes than GD as their causes of CKD (1.10% and 
0.75%, respectively) [10]. According to the ADR of the 
CK-NET in 2015, DKD was the most common cause of 

CKD among hospitalized patients in the Chinese Mainland 
(27.0%), followed by hypertensive nephropathy (HTN) 
(20.8%) and GD (15.1%) [25]. Notably, the prevalence of 
DKD was higher in developed areas than in rural areas. 
Among CKD population in developed areas, 32.7% had 
DKD. In rural areas, DKD accounted for 17.4% of all hos-
pitalized patients with CKD [25].

Cross-sectional surveys from Shanghai and Hong Kong 
estimated the frequency of DKD ranged between 10% 
and ~ 40% in patients with diabetes [114]. A new national 
CPG of DKD was recently published to standardize the 
screening, diagnosis, and treatment of DKD in China [117]. 
In keeping with the guidelines from the American Diabetes 
Association, the Chinese CPG recommended annual 
screening of urinary albumin-to-creatinine ratio (UACR) 
and eGFR in patients with type I diabetes with disease 
duration of ≥5  years and in those with type II diabetes 
immediately after diagnosis. DKD is diagnosed based on 
the presence of diabetes with increased UACR (≥30 mg/g) 
and/or eGFR (<60  ml/min/1.73  m2) after excluding other 
CKD due to nondiabetic kidney disease [117, 118]. Renal 
biopsy may be considered if the diagnosis is uncertain, for 
example, in patients with sudden onset of overt proteinuria, 
obvious or microscopic hematuria, or rapid progressive 
decline in kidney function.

Although kidney biopsy is not routinely performed in all 
patients with DKD, there is a rising trend of biopsy-proven 
kidney damage due to diabetes in the past two decades [119]. 
Based on the Renal Biopsy Registry of the National Clinical 
Research Center of Kidney Disease that included 40,749 
renal biopsies, the frequency of DKD nearly doubled from 
2003 to 2014. DKD accounted for 13% of all secondary GD 
between 2003 and 2006 but increased to 24% between 2011 
and 2014. Among patients with age between 45 and 70 years, 
DKD was the predominant cause of secondary GD, account-
ing nearly 40% [119]. Reports from other centers in the 
Chinese Mainland indicated that the prevalence of DKD 
ranged between 25% and 74% among patients with type II 
diabetes [120].

Obesity contributed significantly to CKD across all age 
groups and in both gender. A cross-sectional survey from the 
Chinese Mainland showed that among men aged ≥45 years, 
the prevalence of impaired kidney function in nonobese, 
peripherally obese, and centrally obese subjects was 5.1%, 
5.1%, and 10.1%, respectively. Among women aged 45 years 
or older, the prevalence of impaired kidney function was 
4.9%, 7.9%, and 20.3%, respectively [121]. The incidence of 
biopsy-proven obesity-related glomerulopathy (histologi-
cally manifested as obesity-associated FSGS with glomeru-
lomegaly or obesity-associated glomerulomegaly alone) 
showed progressive increase over the years, from 0.63% of 
all secondary GD in 1992–2002 to 4.94% in 2003–2014 
[119, 122].
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 Current Treatment and Prognosis of DKD 
in the Chinese Mainland

The Chinese CPG of DKD recommends lifestyle interven-
tions, glycosylated hemoglobin target <7% and blood pres-
sure <130/80  mmHg as well as low-density lipoprotein 
cholesterol <2.6 mmol/l for the general DKD population and 
<1.8 mmol/l for those with previous history of atheroscle-
rotic cardiovascular disease or eGFR <60 ml/min/1.73 m2. 
Less stringent glycosylated hemoglobin targets are recom-
mended for patients with impaired kidney function (≤8%) 
and older adults (8.5%). Sodium-glucose cotransporter-2 
(SGLT2) inhibitors are currently recommended for DKD 
patients who fail to meet their glycemic target after metfor-
min in the Chinese Mainland. Glucagon-like peptide-1 
receptor agonists are recommended when SGLT2 inhibitors 
are not tolerated or contraindicated [117]. Referral to 
nephrologists is recommended for subjects with an eGFR 
<30  ml/min/1.73  m2, or eGFR <60  ml/min/1.73  m2 and 
accompanied by metabolic disorders, or uncertainty about 
the etiology of kidney disease [117].

Recent prospective study including 8811 subjects with 
DKD in Tangshan, China, followed for a median of 6.9 years 
[123] showed that the incidence of cardiovascular events, 
ESRD requiring dialysis, and all-cause mortality were 
1227.3, 93.7, and 1626.4 per 100,000 person-years in sub-
jects with DKD having isolated kidney function decline. The 
incidence of cardiovascular events, ESRD requiring dialysis, 
and all-cause mortality increased to 1976.6, 602.2, and 
3886.5 per 100,000 person-years, respectively, in subjects 
with DKD having overt proteinuria combined with kidney 
function decline compared with 951.8, 2.4, and 354 per 
100,000 person-years, respectively, for diabetic subjects 
without DKD [123].

The huge growing burden of DKD has prompted Chinese 
government and clinicians to focus on early screening, pre-
vention, and evidence-based intervention for diabetes and 
DKD in China. Since the late 1980s, a series of primary 
prevention programs for diabetes and obesity were imple-
mented in different parts of the Chinese Mainland. For 
example, the Da Qing Diabetes Prevention Study demon-
strated positive benefits of lifestyle intervention in reducing 
the risk of cardiovascular and all-cause mortality among 
subjects with impaired glucose tolerance during a 23-year 
follow-up [124].

 Reimbursement Policies for DKD

In 2009, the Chinese government announced a healthcare 
reform plan to provide affordable and equitable basic univer-
sal healthcare by 2020. The basic national medical insurance 
scheme now covers over 95% of the residents in both devel-

oped and rural areas [125]. As CKD and diabetes are major 
chronic diseases, the basic medical insurance scheme pro-
vides insurance cover, most of which are partial cover, for all 
patients with DKD, including those with ESRD receiving 
HD or PD treatment. However, the reimbursement rates may 
vary from 70% to 90% of the expenses across regions with 
different socioeconomic status. New antidiabetic drugs such 
as SGLT-2 inhibitors and GLP-1 agonists are reimbursed by 
the national medical insurance scheme and available for use 
in DKD.

 Hypertension and Hypertension-Related 
Kidney Disease

The 2012–2015 national hypertension survey showed that 
the overall crude prevalence of hypertension was 27.9% 
(weighted rate 23.2%) in Chinese residents aged 18 and over 
and has increased compared to previously [126]. The preva-
lence of CKD in hypertensive subjects was 10.9–11.29% in 
the Chinese Mainland [127, 128]. On the other hand, CKD 
subjects showed a very high prevalence of hypertension. In 
one of the largest cross-sectional surveys that enrolled 6079 
CKD participants (mean age, 51.0  ±  16.37  years) with or 
without hypertension from 22 centers across the Chinese 
Mainland, the prevalence, awareness, and treatment rates of 
hypertension were 71.2%, 95.4%, and 93.7%, respectively. 
However, blood pressure control rates (<140/90 and 
<130/80 mmHg) were only 41.1% and 15.0%, respectively. 
The prevalence of hypertension increased with increasing 
age, smoking, body mass index, low physical exercise, fam-
ily history of hypertension, hyperuricemia, and increasing 
CKD severity.

Among patients with stage 1–5 CKD, 31% had hyperten-
sion. In patients with stage 3–5 CKD, 68–71% had hyperten-
sion. Blood pressure control rate was associated with CKD 
stage, blood pressure monitoring at home, and use of drug 
combinations [129]. Among patients receiving dialysis treat-
ment, hypertension-related kidney disease (17%) was second 
to GD as the most common causes of ESRD [130].

Given the poor control rates of high blood pressure in the 
Chinese Mainland, the Intelligent Hypertension Center 
(IHEC) was set up by the China High Blood Pressure 
Alliance and Shanghai Hypertension Research Institute in 
recent years (http://www.ihec.org.cn), with the aim to stan-
dardize blood pressure management and improve blood pres-
sure control rates in China using Internet platform and 
mobile technology. The China National Health and Food 
Safety Standard recommended that salt intake for healthy 
adult do not exceed 6 g salt (with 1 g salt equals to 400 mg 
sodium). However, it was noted that the daily salt intake for 
healthy adult in China averaged about 10.5 g (Chinese refer-
ence source).
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The 2018 Chinese Guidelines for Prevention and 
Treatment of Hypertension recommended that the blood 
pressure goal for general hypertensive patients should be 
<140/90 mmHg (I, A) and further lower to <130/80 mmHg 
as tolerated or if patients belong to high-risk category (I, A).

In patients with CKD and urine albumin excretion 
<30 mg/24 h (or equivalence), blood pressure goal should be 
<140/90 mmHg (I, A), and with albuminuria ≥30 mg/24 h 
(or equivalence) <130/80 mmHg (IIA, B).

The initial antihypertensive therapy in CKD patients 
should include one ACEI (IIa) or ARB (IIb) alone or in com-
bination with other antihypertensive drugs. Combination of 
ACEI and ARB is not recommended (A).

The recommended target blood pressure in patients with 
diabetes mellitus should be <130/80 mmHg (II a, B).

In the general elderly population aged 65–79 years with 
BPs ≥150 mmHg systolic and 90 mmHg diastolic, drug ther-
apy is recommended (IA), and when BPs are ≥140 mmHg 
systolic and 90  mmHg diastolic, pharmacologic treatment 
should be considered (IIa, B); for elderly aged ≥80 years, 
pharmacologic treatment should be initiated if SBP 
≥160 mmHg (IIa, B).

In elderly aged 65–79 years, pharmacologic treatment 
should be initiated if SBP ≥150  mmHg and DBP 
≥90 mmHg. If the treatment is well tolerated, BP can be 
lowered to <140 mmHg systolic and 90 mmHg diastolic 
(IIa, B), and for elderly aged ≥80  years, BP should be 
lowered to <150 mmHg systolic and <90 mmHg diastolic 
(IIa, B) [131].

 Aging and Kidney Disease Burden

The Chinese Mainland has been an aging society since 1999 
[132]. China’s one-child policy, together with improvement 
in healthcare, has contributed to increased life expectancy 
and decreased China’s birth rate. This demographic shift 
presents considerable social and economic challenges. 
According to the 6th China National Census, populations 
over the age of 60 years accounted for 13.26% of the total 
population in the Chinese Mainland [133].

An aging kidney is vulnerable to various stressors due 
to its structural and functional alterations. Aging is one 
of the major risk factors for the development of CKD 
[134]. Acute injury in aged kidney tends not to recover, 
leading to a higher risk of CKD and greater progression 
to ESRD in elderly [135]. The incidence and prevalence 
of CKD increased with increasing age. According to a 
population study from Beijing, the prevalence of CKD in 
the elderly aged between 60–69 years, 70–79 years, and 
older than 80  years was 20.8%, 30.5%, and 37.8%, 
respectively, and was much higher than that reported in 

the general population in the Chinese Mainland (10.8%) 
[9, 136] (Fig. 20.7).

The CK-NET ADR 2015 reported that 4.8% of the 18.5 
million hospitalized patients had CKD [25]. The prevalence 
of CKD increased with age, reaching 6.2% and 9.69% for 
those patients aged 60 years and 85 years or older, respec-
tively. Nearly half of the CKD patients were aged 60 years or 
older. Diabetes and hypertension were common among these 
patients (13.9% and 11.3%, respectively) and were common 
causes of CKD in the Chinese Mainland (27.0% for DKD 
and 20.8% for HTN).

The in-hospital mortality rate of CKD patients also 
increased with increasing age. The in-hospital mortality rate 
was 2.47% for subjects aged between 65 and 69 years but 
increased to 7.63% for those aged 80 years or over and was 
much higher than subjects with diabetes and non-CKD in the 
same age group (Table 20.3) [137]. Data from the CNRDS 
also observed an increase in the mean age of prevalent dialy-
sis patients, from 53.1 years in 2011 to 55.7 years in 2015. 
Patients’ aged ≥60 years accounted for 33.42% of incident 
dialysis population in 2011 and rose to 39.87% in 2015. In 
economically developed areas of China, nearly half of the 
incident dialysis patients had age ≥60 years [138].

Death was a more likely event than progression to ESRD 
in CKD subjects aged ≥60 years due to complications and 
comorbidities. CK-NET data showed that the mortality rates 
among Chinese CKD subjects aged 18–44 years, 45–64 years, 
and > 65 years were 11.80, 31.57, and 91.69 per 1000 patient- 
years, respectively. The all-cause mortality risk was nearly 
sevenfold higher in CKD subjects aged ≥65  years than in 
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Fig. 20.7 The prevalence of CKD in elderly

Table 20.3 In-hospital mortality rate (%). Mortality rate is in % strati-
fied by age group

Age group CKD DM Non-CKD
65–69 2.47 1.27 0.95
70–74 3.43 1.83 1.30
75–79 5.12 2.79 1.96
80–84 7.63 4.32 2.94

Note: CKD chronic kidney disease, DM diabetes mellitus
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subjects aged 18–44  years [138]. However, mortality rate 
from CK-NET registry may be underestimated because 
patients covered by commercial insurance scheme in the 
CK-NET registry may generally have higher socioeconomic 
status and better health awareness than those without insur-
ance coverage.

Elderly CKD subjects also suffered more depression, 
cognitive impairment, and protein-energy wasting [139]. 
The C-OPTION was a prospective observational study in 
1079 elderly CKD subjects recruited from 32 clinic centers 
from 24 provinces in the Chinese Mainland [140]. The esti-
mated prevalence of depression was around 23.0% in elderly 
Chinese CKD subjects and the severity of depression corre-
lated with the degree of kidney dysfunction. Furthermore, 
depression had a major negative impact on health-related 
quality of life (HRQOL) [141]. Further studies will need to 
examine risk factors for CKD progression among elderly 
population and develop models to identify elderly who are at 
high risk for CKD progression.

 Renal Replacement Therapy

In keeping with a global increase in the incidence and preva-
lence of ESRD [142], the burden of ESRD is on the rise in 
the Chinese Mainland. According to the CNRDS, the num-
ber of ESRD patients receiving dialysis treatment has 
increased from 261,877  in 2011 to 610,811 by the end of 
2017 (Fig. 20.8) [143]. This poses a huge burden on health-

care resources and manpower need. Among the registered 
dialysis population, HD accounted for 86%, while PD 
accounted for 14% (Fig. 20.8).

The reasons for limited access to PD in the Chinese 
Mainland include geographical variations in socioeconomic 
status, differences in access to healthcare between rural and 
urban areas, lack of training and education for healthcare 
professionals, and quality control in most parts of China. To 
facilitate and increase PD utilization, the Chinese govern-
ment adjusted the reimbursement policies, introduced new 
insurance systems (especially in rural areas), and initiated 
and supported the local production of PD solutions. 
Currently, 90% of the PD solutions consumed in the Chinese 
Mainland were imported, and international trade agreements 
were in place to reduce overall costs.

Kidney transplantation program began in the 1960s and 
the number of kidney transplants showed steady increase 
since 1985, with 1-year transplant graft survival above 80% 
between 1985 and 1993. There were two landmark develop-
ments for kidney transplantation policy in the Chinese 
Mainland in the last 10 years. First, it has become mandatory 
to allocate kidney organs for kidney transplantation through 
the China Organ Transplant Response System (COTRS) 
which is a national, open, and transparent computerized 
organ allocation system set up since September 1, 2013 
[137]. Second, since January 1, 2015, organs from death row 
prisoners were banned and civil donation has become the 
only legal source of organ donation. The number of kidney 
transplantations has grown from 1009 cases in 2010 to 
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13,029 cases in 2018 [144] (Fig. 20.9). The estimated 1-year 
and 5-year kidney graft survival rate ranged between 91% 
and 98.3% and 73.2% and 88.6% in different centers, respec-
tively [144].

 Hemodialysis

 Prevalence of HD

HD is the predominant dialysis modality, accounting for 
90.96% of all dialysis in the Chinese Mainland [127]. 
According to a nationwide registration in 1999, the preva-
lence of dialysis was 33.2 pmp [145] and increased rapidly to 
237.3 pmp in 2012 [26] and 442.13 pmp in 2015 [127]. The 
2018 National Report on the Services, Quality and Safety in 
Medical Care System issued by the National Health 

Commission of the PRC showed that HD patients have con-
tinued to grow from 174.1 pmp in 2011 to 379.1 pmp in 
2017 in the Chinese Mainland (Fig. 20.10). The prevalence 
of HD showed a significant increase in the last 10 years as 
government-operated medical insurance scheme reimburses 
a large proportion of the RRT since 2010. Patients only need 
to contribute a small amount for their RRT.  However, the 
prevalence of RRT in the Chinese Mainland remains much 
lower compared with other developed regions/countries 
including Hong Kong Special Administrative Region 
(HKSAR) [146], Taiwan Province [147], Singapore, Japan, 
and the USA.

It is anticipated that the prevalence of RRT will continue 
to increase in the Chinese Mainland and there will be a rapid 
growth in the number of dialysis centers in the near future. 
The physician- and nurse-to-patient ratios in HD centers are 
currently much lower when compared with other countries. 
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In Chinese Mainland, the average number of dialysis stations 
in each dialysis center is around 25–30, but larger ones may 
have more than 100 stations. The average number of patients 
per center is around 100. As an example, in Beijing and 
Shanghai, the smallest center has only 4 dialysis stations 
with 12 patients, but the largest HD center has 150 dialysis 
stations with 600 patients (unpublished data). The standard 
operating procedures (SOP) formulated by the Chinese 
National Health Commission require that there should be at 
least two physicians in each HD center and one nurse taking 
care of no more than five patients during one HD session. 
Meanwhile, each HD center should have one dialysis techni-
cian taking care of machines and water and dialysate quality. 
For PD centers, there should be one physician and one nurse 
taking care of 20–30 PD patients. Every 50 or 80 PD patients 
increase in the center should be accompanied by one nurse 
and one physician increase. On average, each nurse takes 
care of around 100 PD patients in most PD centers. Currently 
there are around 2000 PD physicians and 900 PD nurses in 
the Chinese Mainland. The number of patients per PD center 
may range between 20 and 1000. Most centers in the Chinese 
Mainland do not have psychologist, social worker, or renal 
dietitian.

 Current Status of HD

From the CK-NET 2015 ADR, arteriovenous fistula (AVF) 
and arteriovenous graft (AVG) were the predominant vascu-
lar access used, accounting for 80.48% of all vascular 
accesses used in prevalent HD patients [127]. Fewer diabet-
ics used AVF and/or AVG than nondiabetics (57.73% versus 
84.80%). On the other hand, incident HD patients used more 
catheters as vascular access than prevalent patients. From the 
Shanghai 2015 ADR, 31.38% of incident HD patients used 
short-term catheter, and 13.67% used long-term catheter 
(Fig.  20.11). The mean HD session length adopted in HD 
facilities was 243  min, and the mean blood flow rate was 

235 mL/min [148]. Nearly a quarter of the HD population 
receives twice-weekly HD [148, 149]. According to observa-
tional data from the China Dialysis Outcomes and Practice 
Patterns Study (DOPPS), 19% of patients received twice- 
weekly HD, and 78% received thrice-weekly HD. Patients 
who received twice-weekly HD had similar survival and hos-
pitalization rates compared with patients who received 
thrice-weekly HD [150].

Hemodiafiltration (HDF) use increased from 7% in 2007 
to 42% in 2014 [151] and majority of patients received HDF 
once a week. Usually online HDF is done. Most centers use 
post-dilution method and the convective volume commonly 
used is around 15 L per session. According to China DOPPS5 
(2012–2015), 15.6% of HD patients had hepatitis B and 
8.5% had hepatitis C (unpublished data). Dialyzer reuse is 
allowed but no centers in China currently reuse dialyzers.

 Survival Rate of Patients Receiving 
Hemodialysis

A study from Beijing that followed 11,175 HD patients for 8 
years showed that patients who initiated dialysis with an 
eGFR ≥15 ml/min per 1.73 m2 and between 10 and 15 ml/
min per 1.73  m2 had higher mortality rate than those that 
started dialysis with eGFR between 5 and 10 or <5 ml/min 
per 1.73 m2 (unpublished data). In Beijing, patients who ini-
tiated dialysis “early” (eGFR>10  ml/min per 1.73  m2) 
accounted for 15% of new dialysis start [152], and thus, there 
is a potential to delay the start of dialysis in the ESRD popu-
lation in the Chinese Mainland.

Notably, the mortality rate in the first 2 months after dial-
ysis initiation was high in the Chinese Mainland; thereafter 
mortality rate reduced to a lower level and stabilized at 
90 days after dialysis initiation [152]. The mortality rate was 
nearly 30 per 100 patient-years for diabetic patients in the 
first month after dialysis initiation but was much higher in 
nondiabetic patients (50 per 100 patient-years) [152]. The 
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exact explanation for this finding is uncertain. One specula-
tion may be that better pre-dialysis care in diabetic patients 
may contribute to survival benefits 90 days after dialysis ini-
tiation than nondiabetics.

The raw annual maintenance HD (MHD) mortality in 
Beijing has increased from 47.8 per 1000 patient-years in 
2007 to 76.8  in 2010 [153] but was still lower when com-
pared with the US Renal Data System (USRDS) results 
(236.3 in 2009). In Shanghai, the annual MHD patients mor-
tality rate was 7.5% in 2005 [154] and was lower than the 
mortality reported in Europe (15.6%) and the USA (21.7%) 
in 2003 but similar to that reported in Japan (6.6%). The 
observed survival advantage for HD patients in China/Asia 
compared to the western counterparts could be in part 
explained by differences in race and practice patterns among 
different countries.

 Management of Anemia and Mineral and Bone 
Disorder

Anemia management in dialysis patients is a challenge in the 
Chinese Mainland. Data from China DOPPS4 showed that 
21% of MHD patients had hemoglobin (Hgb) level <9 g/dl, 
compared with ≤10% in Japan and the USA [155]. Possible 
reasons for more anemia in Chinese HD patients could be the 
following: First, more patients from China received twice- 
weekly HD than other DOPPS countries. Second, 
erythropoietin- stimulating agent (ESA) dose used in China 
was lower than in the USA. Third, there was low insurance 
coverage for ESA treatment in China. In 2018, roxadustat, an 
oral hypoxia-inducible factor stabilizer and propyl hydroxy-
lase inhibitor, was approved for treatment of anemia in dialy-
sis patients in the Chinese Mainland. A 26-week, phase 3 
trial showed that oral roxadustat was non-inferior to paren-
teral epoetin alfa in treating anemia in Chinese dialysis 
patients [15], providing a novel treatment for renal anemia.

According to the questionnaires distributed to the dialy-
sis facility director in DOPPS5, the Chinese translated 
KDIGO guideline was the reference guide for mineral and 
bone disorder (BMD) management in the Chinese 
Mainland. However, serum calcium, phosphorus, and para-
thyroid hormone (PTH) control were not optimal. DOPPS5 
showed that more HD patients in the Chinese Mainland had 
hypocalcemia than in the USA and Europe, and the per-
centage of subjects with hypercalcemia was higher than 
other countries (Chinese Medical Journal, in press). 
Phosphate control was also worse in the Chinese Mainland 
than other DOPPS countries (26% of HD patients in the 
Chinese Mainland had serum phosphate >7.0 mg/dL com-
pared with 7–10% in other DOPPS countries). Twenty-
seven percent had serum PTH <150 pg/ml, and 21% had 
PTH >600 pg/ml.

 HD Quality Control

In 1998, Shanghai took the lead to set up the Hemodialysis 
Quality Control Center. The Beijing Health Bureau also 
established the Hemodialysis Quality Control and 
Improvement Center (BJHDQCIC) in 2002. Since then, dial-
ysis quality control centers were established in various prov-
inces and regions to promote the standardization of HD and 
strengthen the quality control of HD service.

This coincided with the setup of CNRDS in 2010, of 
which comprehensive epidemiological data of all dialysis 
patients were collected nationwide. It enables the govern-
ment to work out healthcare financing and formulate 
health policies. The CNRDS also published the Blood 
Purification SOP in 2010 that provided detailed guide-
lines recommendations on safe and quality HD service 
delivery.

In 2017, China national standardization management 
committee published a consortium on standard management 
regulations. Some organizations published their consortium 
standard for HD facility configuration (to be published by 
ZGC Nephrology Blood Purification Innovation Alliance) 
and service (published by Chinese Hospital Association) 
[156] to assure safe and quality HD service provision by all 
HD facilities.

 Peritoneal Dialysis

Similar to some developing countries in Asia [157], the 
Chinese Mainland is home to a large number of low-income 
people who live in rural and remote areas where HD facility 
may not be available or not accessible [158]. PD serves as a 
more feasible and cost-effective alternative dialysis modality 
than HD and has been in use in the Chinese Mainland for 
over 30 years [158]. Most patients do CAPD with four bags 
(2L/bag) per day, while only 0.9% of patients receive auto-
mated peritoneal dialysis (APD) [158]. Primary GD 
accounted for about 50% of background kidney disease in 
PD patients, while DKD accounted only for 15%~16% 
[143]. Table  20.4 shows the background causes of kidney 
disease in incident PD patients. Observational studies 
showed that patients receiving PD had comparable clinical 
outcomes and quality of life as those receiving HD [159]. 
Since PD is done by patients/caregivers at home and incurs 
lower cost, the Chinese government has been actively pro-
moting more PD utilization nationwide. This explains the 
rapid growth in PD utilization in the Chinese Mainland in the 
last 10 years [158]. The provision of PD education programs 
for health professionals by high-quality PD centers and 
nephrologists and health professionals trained in PD also 
contribute to increased PD utilization in the Chinese 
Mainland [160]. A representative model is the satellite center 
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program established at the Sun Yat-sen University PD center 
in Guangzhou, China. The center has trained dozens of cen-
ters, and over hundreds of nephrologists and nurses have 
become very experienced with PD practices and procedures 
across the Guangdong Province [161]. As depicted in 
Fig. 20.10, PD centers have increased from 930 in 2008 to 
1560 in 2018 in the Chinese Mainland, reflecting an average 
increase of 63 new PD centers per annum [143]. Accordingly, 
the number of nephrologists who practice PD has more than 
doubled in 10 years’ time (Fig. 20.12a) [143]. The number of 
ESRD patients receiving PD treatment has also grown 
remarkably from 17,897 in 2008 to the latest 99,145 in 2018, 

and the number is still on the rise (Fig.  20.12b) [143]. 
Figure 20.13 shows the distribution of PD utilization on a 
provincial level by 2018, the top ranked provinces being 
Guangdong and Zhejiang, with over 9000 PD patients in 
total [143]. Government’s active promotion, national  medical 
insurance coverage, improvement in PD technology, PD 
being a home-based therapy, and lower overall cost than HD 
are all important elements that drive the growth in PD utili-
zation [162]. Currently, PD accounts for only about 20% of 
the dialysis modality in ESRD [158]. Since less developed 
cities and more remote areas have resource constraints in 
expanding HD facility and service, it adds incentives for 

Table 20.4 The composition of primary kidney diseases for incident PD patients at each year

Year
Primary glomerular 
disease (%)

Diabetic kidney 
disease (%)

Hypertensive 
nephropathy (%)

Polycystic kidney 
disease (%)

Tubulointerstitial disease 
(%)

Others 
(%)

2013 52.6 15.6 14.9 1.5 1.4 14.0
2014 54.1 16.2 14.4 1.5 1.5 12.3
2015 50.8 16.1 15.1 1.4 1.7 14.9
2016 50.0 16.2 16.6 1.4 1.6 14.2
2017 51.1 13.0 14.3 1.3 1.6 18.8
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more PD utilization as the therapy is home-based and overall 
less costly than HD. Furthermore, patients are more engaged 
and empowered in managing their own dialysis treatment 
[160], and the average time on PD therapy (technique sur-
vival) has increased from a mean of 19.2 to 37.1 months in 
the last decade [144] (Table 20.5).

Nephrologists in the Chinese Mainland have put tremen-
dous efforts in developing high-quality PD programs in the 
last 10 years [158, 160, 170]. Table 20.5 listed the published 
reports of clinical outcomes of PD patients from large 
university- affiliated PD centers in the Chinese Mainland 
between 2008 and 2018, showing high patient survival rates 
and technique survival rates as well as low peritonitis rates 
[163–165, 168, 171, 172] compared to international reports. 
A recent observational study from the Chinese Mainland 
reported that patients who initiated PD during 2011–2015 
had better survival than those that initiated PD between 2005 
and 2010 [163]. Cardiovascular disease and infection are the 
two leading causes of death in PD patients. The key elements 

of a successful PD program include a multidisciplinary, col-
laborative team with nephrologists, nurses, and patients/car-
ers together with a comprehensive social support system 
[160]. Nephrologists in the Chinese Mainland have dedi-
cated tremendous efforts in developing PD research pro-
grams in basic, translational, and clinical science with an aim 
to identify evidence-based interventions to advance PD care 
quality. Between 2008 and 2018, the numbers of PD-related 
publications from the Chinese Mainland in local and interna-
tional journals have increased substantially [173]. Of note, 
the number of PD-related publications in internationally 
indexed journals has increased from 34  in 2008 to 92  in 
2016, with an average annual growth rate of 13% [173]. This 
reflects strong interests and engagement of nephrologists in 
the Chinese Mainland in PD research, growing impact of 
Chinese Mainland’s PD research on the global PD commu-
nity, and China gradually taking the lead as one of the major 
countries that contribute to advances in PD technology and 
practices.
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 Dialysis Reimbursement Policies

The median annual overall cost for PD was lower than that of 
HD (73,266 RMB vs. 87,125 RMB per patient per year) 
[137]. With China Healthcare Reform, basic medical insur-
ance now provides coverage for over 95% of its residents. 
The National Social Medical Insurance reimburses around 
70% of the total medical expenditures with PD.  In urban 
areas, for example, HD and PD patients had, on average, 
around 70.5% and 68.4% of the medical expenditures reim-
bursed, respectively [137, 158]. The National Development 
and Reform Commission has recently increased government 
insurance coverage for dialysis-related expenses [158]. This 
will facilitate and improve accessibility to dialysis treatment 
for ESRD patients in the Chinese Mainland.

 Organ Procurement and Transplant Policies

In 2007, the Chinese Mainland promulgated the Regulations 
on Human Organ Transplantation with a new national pro-
gram for deceased organ donation, procurement, allocation, 
and transplantation implemented in 2013 [174]. Organs har-
vest from executed prisoners has been banned since January 
2015 [175]. Three categories of deceased donors issued by 
the Organ Transplantation Committee under the Ministry of 
Health in China were summarized as follows: Category I, 
donation after brain death (DBD); Category II, donation 
after cardiac death (DCD), the same as the Maastricht cate-
gories (started in the Chinese Mainland in 2010) [176]; and 

Category III, DBCD, organ donation after brain death fol-
lowed by circulatory death [177].

According to China’s Human Organs Acquisition and 
Distribution Management Regulations, organ donation is to 
be coordinated and processed by organ procurement organi-
zations (OPOs), which are composed of organ transplant sur-
geons, neurologists, neurosurgeons, nurses, critical care 
medicine experts, and transplant coordinators.

 The Process of Organ Donation

After a potential deceased donor is identified in a hospital, 
the doctors will inform patient’s relatives of his/her illness 
status. The transplant coordinator will be involved in offer-
ing the potential donor’s immediate family the option of 
being a DCD donor. The potential donor could have his/her 
organs donated if (1) the deceased has expressed willingness 
to donate organs in either a living will or other written form; 
(2) their immediate family provides written consent for 
organ donation if the deceased has not expressed opposition 
to donating his/her organs prior to death; or (3) the deceased 
has verbally expressed a wish to donate while in a conscious 
state in the presence of two doctors, who are not part of the 
organ procurement or transplantation team, and the deceased’ 
s immediate family does not object [176]. The attending phy-
sicians will contact the OPO, and the OPO will be responsi-
ble for overall evaluation of the potential organ donor. The 
neurologists/neurosurgeons need to make sure that the 
deceased fulfills the Harvard definition of brain death. The 

Table 20.5 A review of the clinical outcomes of PD patients in major PD centers of the Chinese Mainland

District Reference
Number of 
cases

Time of 
review

Peritonitis rate (patients’ 
month per episode) Technique survival Patient survival

Guangzhou Yang et al. [163, 
164]

2021 2006–2014 75[170] 1 year: 97%
3 years: 90%
5 years: 83%
10 years: 57%

1 year: 97%
3 years: 87%
5 years: 74%

Beijing Xu et al. [165] 307 2002–2007 50.1~76.7 – 1 year: 97%
3 years: 71%
5 years: 51%

Beijing Li et al. [166] 577 1996–2015 77 1 year: 96.5%
3 years:89.1%
5 years: 81.7%

1 year: 91.3%
3 years: 70.9%
5 years: 49.7%

Shanghai Fang et al. [167] 339 2005–2009 62.5 1 year: 96%
3 years: 92%
5 years: 82%

1 year: 93%
3 years: 82%
5 years: 71%

Zhejiang Chen et al. [168] 712 2004–2011 75 1 year: 95%
3 years: 88%
5 years: 80%

1 year: 96%
3 years: 85%
5 years: 76%

Nanjing Liu et al. [169] 619 2005–2011 22.86~77.25 1 year: 90%~96%
2 years: 79%~93%
3 years: 77%~93%

1 year: 93%~97%
2 years: 82%~96%
3 years: 67%~96%
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transplant surgeons will be involved in organ evaluation but 
the transplant team is not allowed to contact relatives of the 
donor. The transplant coordinators are responsible for all the 
liaisons work. They need to confirm that the deceased indi-
vidual meets all the abovementioned criteria as an organ 
donor and all the required written consents have been signed 
by the deceased donor’s immediate family with witness from 
an independent observer from the Red Cross. In Guangdong 
Province, the package of clinical and ethical data will be pre-
sented to the ethical committee for approval before organ 
donation. To avoid organ trafficking, direct financial com-
pensation to the deceased donor’s family is forbidden. 
However, medical aid and funeral allowance is permissible.

DBDs will be procured after declaration of brain death 
according to the diagnostic criteria of brain death [178]. 
Following declaration of brain death in DBCD or DCDs, 
written consent for deceased organ donation and withdrawal 
of life support will be obtained from the donor’s immediate 
family. The obtained consent for organ donation will then be 
reported to the Organ Donation Committee, who will super-
vise the DBCD or DCD process. Deceased donors are moni-
tored with invasive blood pressure sensors in the operating 
room. Following condolences, mechanical ventilation and 
vasopressors will be withdrawn and vital signs will continue 
to be monitored. The definition of cardiac death is determined 
according to the aforementioned criteria, and death is declared 
after 5 minutes of observation following cardiac arrest and 
then the organ procurement will initiate. The protocols for 
DBD, DBCD, and DCD in the Chinese Mainland are detailed 
in the national guidelines for organ donation [174, 177].

 Organ Allocation and Transplant Waitlist 
Registry

The legal framework for organ donation is in place in accor-
dance with the WHO guidelines on organ transplantation. A 
third-party nonprofit organization is involved in implement-
ing organ donation policy according to the law [179]. 
Deceased organ allocation in the Chinese Mainland is now 
done via China’s Organ Transplant Response System 
(COTRS), an electronic distribution system maintained by 
the independent China Transplant Response System 
Research Center that is affiliated with the University of Hong 
Kong. The principles in the State Council Regulation call for 
“fairness, justice, and transparency” in assessing the medical 
need of waitlisted patients. This State Council directive is 
designed to ensure fairness and public trust in the organ allo-
cation system [174].

Before harvesting the deceased organs, information of the 
deceased donor will be uploaded to the organ allocation sys-

tem. Organ allocation takes into consideration medical 
urgency, waiting time for patients on the waitlist, HLA com-
patibility, and patients’ clinical need. The organ allocation is 
conducted electronically to ensure transparency and fairness 
of the process. In principle, the hospital where the OPO is 
located has the highest priority to receive the organs. If no 
eligible recipients are identified from that hospital, the 
donated organs will be allocated to another hospital that is 
out of region from the primary OPO. After kidney transplant, 
data of the recipients will be uploaded to the registry system 
within 72 hours. The China Health Authority will verify the 
recipients’ identity to avoid illegal change of recipients.

A national registry of transplant recipients has been estab-
lished [174] and is integrated with the COTRS and other 
regulatory databases. This enables a national surveillance 
network for organ procurement and transplantation in the 
Chinese Mainland and prevents possible illegal organ traf-
ficking, procurement, and transplant activities.

 Future Perspectives of Organ Donation

The Chinese Mainland needs to set up a national registration 
for volunteers of organ donation and actively promote both 
living-related and deceased donor’s organ donation. Other 
issues to be addressed include setting up an independent 
foundation managed by an independent third party to pro-
vide some medical aid and funeral service allowances to 
donor’s immediate family [180].

 Kidney Transplantation in the New Era

Organ Transplantation began in the Chinese Mainland in the 
1960s and is one of the largest organ transplant programs in 
the world, reaching over 13,000 transplants per year in 2004. 
The first living-related kidney transplant was done in 1972. 
The number of organ donors and organ transplants has steadily 
increased since the use of DCD in 2010 (Fig. 20.14). According 
to the Chinese Scientific Registry of Kidney Transplantation 
(CSRKT), 37,873 kidney transplants from DCD and 15,309 
from living donor were performed between 2010 and 2018 
[181]. However, this number remained far from meeting the 
demand for organ transplants in ESRD patients in the Chinese 
Mainland. It was estimated that 1–1.5 million people in the 
Chinese Mainland require organ transplantation every year. 
However, data from the China Organ Donation Administration 
Center showed that the estimated deceased organ donation 
rate increased gradually to 3.71 per million Chinese popula-
tion in 2017 (Fig.  20.15) and only around 10,000 patients 
received organ transplantation per year.
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A questionnaire survey conducted among holders of driv-
ing license in the Chinese Mainland showed that although 
74.4% of survey respondents supported voluntary organ dona-
tion and 64.0% advocated organ donation after death, only 
48.4% expressed willingness to be organ donors themselves 
[182]. In another recent survey of organ donation among 
healthcare professionals in eight hospitals in 2013/2014, only 
19.6% of the surveyed healthcare professionals knew where 
organ procurement and donations were conducted, and only 
13.7% knew how the procedure of organ donation happens 
[183]. Thus, more active promotion campaigns and education 
are required to promote voluntary organ donations among 
healthcare professionals, other than the public in China.

In 2014, the Chinese Mainland launched its official organ 
donation registration websites www.savelife.org.cn or www.
rcsccod.cn. All Chinese citizens can register as organ donors 
in the two sites. Since then, organ donation from community- 
based deceased donor has become one of the two legitimate 
primary sources of transplantable organs. Allocation of organs 
from deceased donor are conducted automatically through the 
China Organ Transplant Response Electronic System 
(COTRS, http://www.cot.org.cn) since September 1, 2013, as 
mandated by the Chinese government to ensure fairness and 
transparency in the donor organ allocation process [184].

The Red Cross Society has played an important role in 
registering organ donations in the Chinese Mainland in the 
past two decades since its establishment. From 2008 to 2009, 
the Red Cross Society received 10,423 registrations of dona-
tions [185]. Furthermore, the organization of organ donation 
and transplantation in the Chinese Mainland was restruc-
tured. According to the COTRS and scientific registries (as 
of February 3, 2016), between January 1, 2015, and 
December 31, 2015, there were 2766 community-based 
deceased organ donations, resulting in 2150 liver transplants, 
4931 kidney transplants, 279 heart transplants, and 118 lung 
transplants.

Figure 20.16 presents the annual number of kidney 
transplants performed between 2010 and 2018 from dif-
ferent donor sources in the Chinese Mainland (data from 
CSRKT). DCD is now the dominant source of organ dona-
tion and transplantation since 2014. The total number of 
cases has increased from 2900 in 2014 to 11,302 in 2018. 
Despite some initial fluctuations, there was a steady 
increase of kidney transplants in the Chinese Mainland 
since 2015, especially donations after cardiac death, 
which is anticipated to continue to increase. Some kidney 
transplant-related data from 2018 are shown in Figs. 20.17, 
20.18, and 20.19.

Fig. 20.16 An overview of kidney transplant in 2018. (Data from CSRKT)
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Kidney transplantation from DCD also increased steadily 
from near zero case in 2011 to 1283 cases in 2018 in the First 
Affiliated Hospital of Zhejiang University (Fig. 20.20), one 
of the major kidney transplant centers in China. This steady 
increase is expected to continue to the next decade. The num-
ber of living donor kidney transplantations in our center has 
also grown steadily since 2007 (Fig.  20.20). Figure  20.21 
presents a snapshot of percentages of eight different donor- 
recipient relationships in living-related kidney transplanta-
tion performed in the First Affiliated Hospital of Zhejiang 
University. The percentages of donation from mother to son 
were the highest, reaching 33% among all living-related 
donations, while donation from mother to daughter and 
father to son was 21% and 18%, respectively (Fig. 20.21). 
Kidney transplantation from DCD showed a high rate of 
delayed graft function (DGF) and infections. Of the 1283 
kidney transplantations from DCD performed without 
machine perfusion up to end of 2018, the rate of delayed 

graft function (DGF) was 17.2%, but 93.2% recovered from 
the DGF. Patients with DGF achieved similar eGFR at 1 year 
posttransplant when compared to patients without DGF 
(unpublished data).

Infection was an important complication posttransplant, 
accounting for 70% of all peri-transplantation deaths. Acute 
rejection is another important complication. According to 
unpublished data from the First Affiliated Hospital of 
Zhejiang University, 3.57% of kidney transplants from living 
donor and 3.99% from DCD had biopsy-proven acute rejec-
tion within the first 6 months posttransplant. Biopsy-proven 
acute rejection was diagnosed in 5.45% and 6.65% of living 
donor and DCD kidney transplant at 12 months posttrans-
plant; and 9.02% of living donor and 8.11% of DCD until the 
end of 2018, respectively.

 Acute Kidney Injury (AKI) and Critical Care 
Nephrology

 AKI Disease Burden

A nationwide cross-sectional AKI survey conducted by the 
International Society of Nephrology (ISN) 0 by 25 China 
Consortium screened 2.2 million adult hospitalized patients 
from 44 academic or local hospitals in 22 provinces from the 
Chinese Mainland, based on changes in serum creatinine by 
the Laboratory Information System [11]. The overall detec-
tion rate of AKI was 1.0% by KDIGO criteria (and varied 
between 0.8% and 1.2% among different geographic regions) 
and 2.0% by expanded criteria (i.e., ≥50% rise in serum cre-
atinine during hospital stay). The in-hospital mortality rate 
for AKI was around 12.4% and was lower than that reported 
from US nationwide inpatient data in 2002 (20.3%) [186]. 
Over half of the patients with AKI were >60 years old, and 
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half of the AKI were prerenal in nature, with renal hypoper-
fusion, nephrotoxic drugs, or environmental toxins being the 
most common causes. A striking feature of AKI in the 
Chinese Mainland is a high proportion of nephrotoxic drug 
exposure (71.6%) before or at the time of AKI compared 
with those reported in other developed countries (average 
between 20% and 50%) [187–189]. Nearly half of the AKI 
occurred in patients with severe critical illness and over a 
quarter of the AKI were of stage 3 or worse. Furthermore, 
increasing age, presence of cardiovascular disease, delayed 
AKI recognition, critical illness, higher peak AKI stage, and 
need for RRT were all independent risk factors predicting 
mortality from AKI. Notably, around 74.2% of the AKI that 
developed during hospitalization was not recognized by 
 physicians. Of the 25.8% of AKI that were recognized, diag-
nosis was delayed in 17.6%. Regions of lower socioeco-
nomic status were independently associated with more 
under- recognition or delayed diagnosis of AKI. On the other 
hand, patients with preexisting CKD, more severe AKI, and 
early referral to nephrologists were less likely to be under- 
recognized for their AKI. Since only 25% of the hospitalized 
patients had serum creatinine measurement repeated during 
hospitalization, the prevalence of AKI was likely vastly 
underestimated. Having a timely diagnosis of AKI with early 
referral to nephrologists may be an important strategy to 
lower mortality rates from AKI in the Chinese Mainland.

In another multicenter retrospective cohort study con-
ducted in 9 regional central hospitals in the Chinese Mainland 
in 659,945 adults hospitalized with a wide variety of clinical 
settings, the estimated incidence of community-acquired 
(CA)-AKI was 2.5%, and hospital-acquired (HA)-AKI was 
9.1%, giving rise to an overall incidence of AKI of 11.6%. 
Preexisting CKD was identified as a major risk factor of 
AKI, contributing 20% for the risk of CA-AKI and 12% for 
the risk of HA-AKI. The three most common clinical set-
tings associated with CA-AKI were sepsis (15.2%), urinary 
tract obstruction (12.3%), and CKD (11.8%). On the other 
hand, cardiac surgery (43.7%), sepsis (32%), and intensive 
care (30.3%) were the three most common clinical settings 
associated with HA-AKI. Nephrotoxic drugs were important 
causes of AKI, accounting for 39.2% of CA-AKI and 42.9% 
of HA-AKI.  Chinese traditional medicines/remedies were 
also important causes of AKI, accounting for 15.3% of 
CA-AKI and 16.2% of HA-AKI, while contrast agents con-
tributed to 9.1% of the HA-AKI [190]. The estimated in- 
hospital mortality of AKI in this study was 8.8% and 
increased in a stepwise fashion with increasing severity of 
AKI. The risk of mortality with AKI further increased among 
subjects with preexisting CKD and subjects who need inten-
sive care [190].

Treatment of AKI poses significant financial burden to the 
hospital systems in the Chinese Mainland. According to an 
analysis by Xu et al., HA-AKI increased healthcare expendi-

ture by more than 66% compared to patients without 
AKI. Average length of stay for patients complicated with 
AKI increased by a median of 5 days compared to those with 
no AKI.  According to a report from National Health and 
Family Planning Commission of PRC, an estimated 1.4 mil-
lion people with AKI by KDIGO criteria (2.9 million by the 
expanded criteria) were hospitalized in 2013 and consumed 
about US$13 billion, accounting for 10% of total healthcare 
expenditure in the Chinese Mainland. If patients with severe 
AKI were discharged without further treatment, an estimated 
700,000 patients would have died from AKI during 2013. 
However, only 16.7% of the AKI were presented to the 
healthcare system. Thus, the real clinical significance and 
financial impact of AKI may be grossly underestimated in 
the Chinese Mainland.

CA-AKI accounted for nearly 50% of all AKI in the 
Chinese Mainland [11]. Patients in Northern China were 
more likely to develop AKI due to renal hypoperfusion, 
whereas more AKI in Southern China were due to exposure 
to nephrotoxins or urinary tract obstructions [191]. Rates of 
timely diagnosis of AKI and appropriate initiation of RRT 
were higher in more developed regions of China [191].

Based on a pediatric AKI survey from 25 regional, cen-
tral, general, and children hospitals in the Chinese Mainland, 
the estimated incidence of AKI in pediatric population was 
20%, of which 7% were community-acquired and 13% were 
hospital-acquired. The three most common settings with 
AKI were heart failure (25%), respiratory failure (24%), and 
congenital heart disease/cardiac surgery (24%) [192]. The 
incidence of AKI in pediatric intensive care unit (PICU) was 
very high (46% on admission and 56% during the PICU stay) 
in one report from HKSAR [193].

 Critical Care Nephrology

AKI in the ICU settings was very often more complicated 
than AKI outside ICU and associated with more postopera-
tive complications, sepsis, advanced invasive procedures 
such as extracorporeal membrane oxygenation (ECMO), 
and vasoactive support. According to a nationwide survey, 
21.6% and 28.5% of the AKI occurred in surgical depart-
ments and ICUs, respectively [11]. ICU had the highest 
detection rate of AKI (22.46%) and had more severe AKI 
(nearly a third of the AKI were stage 3) and higher mortality 
rate (50%) than AKI outside ICU [194]. The most common 
risk factors for AKI in the ICU settings in the Chinese 
Mainland were renal hypoperfusion, use of nephrotoxic 
drugs, sepsis, and other critical illnesses. Data from a pro-
spective, multicenter, observational study conducted in 22 
ICUs in the Chinese Mainland showed that around 31.6% of 
the ICU patients developed AKI, with 30% being stage 3 
AKI, and 27% of patients with AKI died during hospitaliza-
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tion [195]. Tables 20.6 and 20.7 summarize the recent epi-
demiologic studies of AKI in the adult and pediatric 
intensive care units in the Chinese Mainland, respectively.

 Access to RRT for AKI

A nationwide survey in the Chinese Mainland showed that 
only 59.3% of patients with AKI requiring RRT received the 
required treatment. This meant nearly 41% of patients with 
AKI did not receive RRT as required. Extrapolating this data 
to the whole of China, this meant that an estimated 139,000 
patients who should receive RRT for their AKI did not 
receive the required treatment. Patients who were elderly, 
men, from lower socioeconomic areas, from local hospitals, 
and complicated with malignancies or other severe comor-
bidities were less likely to receive RRT.  Subjects who 
received RRT had lower mortality than those not receiving 

RRT despite requiring the treatment. In terms of the RRT 
modality for AKI, continuous renal replacement therapy 
(CRRT) was used in 53.9% of AKI cases, intermittent HD in 
38%, and PD in 1.1% [203]. On the other hand, over a third 
of the patients who received CRRT did not require the treat-
ment, suggesting that CRRT may be overutilized in some 
AKIs. The medical costs incurred in providing CRRT for 
those not requiring this modality [median (interquartile 
range), USD 7944 [4248, 16,055] vs. 5100 [2948, 9396], 
p  <  0.001] and the mortality rate were higher (10.6% vs. 
4.4%, p  =  0.047) compared to those receiving other RRT 
modalities [203].

Two hundred ICU physicians were surveyed about their 
clinical practice in sepsis-induced AKI. Forty percent of ICU 
patients with sepsis had AKI and 25% required extracorporeal 
therapy. CRRT was the most commonly used modality and the 
median duration of CRRT was 12 hours per day for 5 days. 
Heparin-based anticoagulation rather than regional citrate 

Table 20.6 Recent epidemiology studies of AKI in the adult intensive care unit in the Chinese Mainland

No. Study ICU admissions Incidence of AKI Mortality rate RRT rates Risk factors Ref
1 2013 nationwide 

retrospective survey 
of AKI

9657 22% 21.8% 17.4% Renal hypoperfusion, 
nephrotoxic drugs, other 
critical illness

[194]

2 Prospective survey 
of AKI from 30 
ICUs at 28 large 
tertiary hospitals

2526 (1731 
postoperative, 917 
sepsis)

46.3 (44.8% for 
postoperative, 
11.6% for septic 
AKI)

25.7% (9.3% and 
5.1% for 
postoperative and 
sepsis, 
respectively)

18.9% (35.5% 
for septic AKI)

Emergency surgery, CKD, 
nephrotoxic drugs, 
cardiovascular surgery, 
APACHE II, SOFA score, 
fluid overload, use of 
diuretics, and sepsis

[196–
198]

3 Retrospective review 
of stroke patients 
from neurology 
department

647 20.9% 36.3% – Higher NIHSS score, lower 
baseline eGFR, the presence 
of hypertension, and 
infectious complications

[199]

4 Prospective cohort 
study of 3063 
patients in 22 
tertiary ICUs in 
2009

1058 for KDIGO 
study and 1255 
enrolled for RIFLE 
study

55.4% for 
KDIGO study 
and 31.6% for 
RIFLE study

25.8% for 
KDIGO study and 
35.9% for RIFLE 
study

26.5% for 
RIFLE study

A higher burden of 
comorbidities and higher 
overall severity of illness 
scores

[195, 
200]

Abbreviation: ICU intensive care unit, CKD chronic kidney disease, APACHE Acute Physiology and Chronic Health Evaluation, SOFA sepsis- 
related organ failure assessment, NIHSS National Institute of Health Stroke Scale, eGFR estimated glomerular filtration rate, RIFLE risk, injury, 
failure, loss, and end stage, RRT, renal replacement therapy

Table 20.7 Recent epidemiology studies of AKI in the pediatric intensive care units in the Chinese Mainland

No. Study
ICU 
admissions

Incidence 
of AKI

Mortality 
rate RRT, rates

Risk 
factors Ref

1 Observational study from PICU of Children’s Hospital 
of Soochow University

370 6.8% – – Fluid 
overload

[201]

2 Multicentric retrospective cohort study of 25 medical 
centers comprising 9 of the 15 children’s hospitals and 
16 of the 17 general hospitals

14,866 34.6% – – – [192]

3 Critically ill children admitted to PICU with confirmed 
influenza A (H1N1) or enterovirus 71 infection (EV71 
group) from Oct. 2009 to Oct. 2010

28 25% 71.4% – – [202]

4 A local pediatric intensive care unit in Hong Kong 
between 2005 and 2007

140 56% 21% 6% – [193]

Abbreviation: PICU pediatric intensive care unit, RRT, Renal Replacement Therapy.
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anticoagulation method was preferred. Femoral vein was the 
predominant vascular access for CRRT. However, there was a 
lack of evaluation of treatment efficiency and no systematic 
follow-up. The mismatch between high cost of CRRT and lack 
of insurance cover and social support created difficulty in 
deciding the initiation of CRRT [204]. A retrospective study 
from a tertiary hospital in Ningbo, China, showed that lack of 
insurance coverage was one of the independent predictors of 
AKI-associated mortality in the ICU [205]. PD may serve as a 
useful alternative modality for AKI treatment in neonates. 
This was supported by a retrospective analysis in children that 
received PD as the RRT modality for AKI in a teaching hospi-
tal in Northwest China between 2003 and 2013 [206]. 
However, the lack of PD equipment for use in very young 
infants and neonates may pose a major barrier to adopt PD as 
the RRT modality in very young patients [207].

In order to improve AKI management and outcomes, an 
AKI electronic alert based on electronic monitoring of serial 
changes in serum creatinine levels in the medical laboratory 
system has been set up in several academic hospitals in 
China, such as Peking University First Hospital and 
Guangdong General Hospital. This enabled early detection 
and diagnosis of AKI [208]. Pilot studies (Chinese Clinical 
Trial Registry No. ChiCTR900021115, http://www.chictr.
org.cn/index.aspx) were initiated to evaluate AKI care bun-
dle which included screening of high-risk subjects, optimiz-
ing kidney perfusion in at-risk subjects, adjustment of drug 
dosages, etc. A multicenter clinical trial is currently under-
way to evaluate PD as a RRT modality for AKI. Preventive 
strategies for AKI in high-risk clinical settings such as car-
diac surgery and nephrotoxin exposure are also under 
 evaluation. There are also studies examining factors or bio-
markers that may be useful for risk stratification in AKI.

In conclusion, AKI poses a huge financial burden to China 
healthcare and hospital system. There are major challenges 
in making early AKI diagnosis and initiation of treatment. 
More collaborative efforts are required not only from the 

healthcare professionals but also from the Chinese govern-
ment in order to optimize the social-economic support and 
management of AKI, thereby improving the outcomes of 
patients complicated with AKI.

 Nephrology Practice and Job Market 
in the Chinese Mainland

The nephrology workforce is essential in tackling the 
increasing burden of kidney disease and providing kidney 
care in the Chinese Mainland. With the growing burden of 
CKD and an enormous demand of providing RRT for CKD 
patients approaching ESRD, current kidney care system in 
the Chinese Mainland faces an unprecedented challenge. 
However, the exact number of the nephrology workforce and 
its distribution in the Chinese Mainland are currently not 
known due to limited studies and lack of a central medical 
registration office that captures clinical manpower data. In 
this section, we provide a brief review of nephrology work-
force and nephrologists specialist training structure in the 
Chinese Mainland.

Most nephrology divisions are based in tertiary compre-
hensive hospitals, while some are in secondary referral hos-
pitals. In 2017, there were 2340 tertiary hospitals in mainland 
China (with 593 in North China, 538 in East China, 455 in 
South China, 323  in Southwest China, 269  in Northeast 
China, and 162 in Northwest China) (Fig. 20.22) [209]. The 
distribution of tertiary hospitals reflects the distribution of 
nephrology divisions in the Chinese Mainland. Overall, the 
density of nephrology divisions in the Chinese Mainland 
averaged around 1.69 pmp. There are about 8.46–33.84 
nephrologists pmp in the Chinese Mainland, assuming that 
each nephrology division had at least 5–20 nephrologists. 
The estimated density of nephrologists for the Chinese 
Mainland was higher than that reported (5.18 pmp) in the 
Global Kidney Health Atlas (GKHA) project of the ISN and 
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surpassed the density of nephrologists in upper-middle- 
income countries (7.23 pmp) [210]. However, nephrologists’ 
densities vary widely across different regions. The number 
of nephrologists is much lower in many county hospitals in 
underdeveloped and rural areas, while in many developed 
cities such as Beijing, Shanghai, Guangzhou, and Nanjing 
where large research centers of kidney disease are located, 
nephrologists’ densities are comparable to that reported in 
high-income countries (28.52 pmp) [210]. The variations in 
nephrologists’ densities across the country may impact the 
quality of kidney care delivery in different regions. According 
to the Science and Technology Evaluation Metrics report of 
China nephrology divisions from the Chinese Academy of 
Medical Science, more than 30% of the 100 top-tier nephrol-
ogy divisions in the Chinese Mainland are located in three 
major cities (14 divisions in Shanghai, 12 in Beijing, and 8 in 
Guangzhou). However, in the rural or underdeveloped areas, 
such as Southwest and Northwest Region that accounted for 
more than 20% of the total population, the number of top-tier 
nephrology divisions is disproportionately low with only 13 
divisions being among the 100 top-tier nephrology divisions 
in the country [211].

Apart from inpatient department of nephrology, the out-
patient dialysis center constitutes another important work-
ing area for nephrologists. According to the unpublished 
data from CNRDS, the numbers of HD centers and PD cen-
ters in the Chinese Mainland were 5419 and 1211, respec-
tively, in 2017. Most dialysis centers were based in tertiary 

and secondary referral hospitals and managed by nephrolo-
gists. In recent years, dialysis corporations, such as 
Fresenius and Wego, have started to set up dialysis chains 
in the Chinese Mainland. However, the number of these 
community-based dialysis centers remains very limited and 
serves no more than 5% of the total dialysis patients. This 
was different from the situation in developed countries like 
the USA, where community-based centers are very preva-
lent and operated by large dialysis organizations such as 
DaVita and Fresenius. The “tertiary hospital-based” struc-
ture has in part resulted in an imbalance distribution of 
dialysis centers in the Chinese Mainland. The Chinese gov-
ernment currently encourages investment and setting up of 
private or independent dialysis centers in order to meet the 
increasing market need and demand for dialysis in the 
country. It is foreseen that there will be a rapid growth in 
the number of dialysis centers in the near future. The ratios 
of physician to patient and nurse to patient in HD or PD 
centers is currently much lower in the Chinese Mainland 
compared with other countries.

The training program for nephrologists in the Chinese 
Mainland is divided into three phases: Phase 1 involves a 
standardized training program for residents for general inter-
nal medicine. Phase 2 involves standardized training pro-
gram for specialists (nephrologists) and phase 3 involves 
continuous medical education of specialists (nephrologists) 
(Fig. 20.23). Unlike the resident training program, specialist 
training (or fellowship training) program for nephrologists 
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(or other specialties) has not been implemented nationwide. 
Only a small proportion of nephrologists in developed 
regions of China receive specialist training in tertiary hospi-
tals/medical centers in the country or receive fellowship 
training abroad. In the GKHA project, the Chinese Mainland 
reported a nephrology trainee density of 1.46 pmp, a little 
lower than the global average level of 1.87 pmp and much 
lower than that of high-income countries (6.03 pmp) [210]. 
There is great disparity in the highest degree attained by 
nephrologists working in tertiary and secondary referral hos-
pitals. A master’s degree is usually an essential prerequisite 
for practicing nephrologists in first- or second-tier cities of 
the Chinese Mainland, and a large proportion of them (spe-
cifically for those age below 45 years) also hold a doctoral 
degree (MD or PhD). However, a bachelor degree is usually 
the highest degree attained by most nephrologists working in 
the third- or fourth-tier cities or underdeveloped areas. The 
salaries of nephrologists vary among different parts of the 
Chinese Mainland but are comparable to those of other 
physicians.

Apart from the nephrologists’ workforce, the Chinese 
Mainland faces significant gaps and deficiencies in special-
ized nephrology nursing manpower, especially nurses with 
skills and experience in providing dialysis service. The 
Chinese Mainland is in need of more renal pathologists. 
There are also significant gaps in other nephrology-related 
workforce or allied health professionals’ manpower such as 
renal dietitians [210].

Apart from clinical service provision, academic research 
is an integral part in many teaching hospitals. However, there 
are very few full-time academic positions in the Chinese 
Mainland. Research is mostly done by graduate students of 
Doctor of Philosophy (PhD) or master’s degree (MD). In 
general, research grants in the Chinese Mainland do not 
include the salary of research staff. This is very different 
from research grants funded in most other countries. This 
may possibly explain why the country has very low number 
of full-time researchers. Nevertheless, many young nephrol-
ogists are still interested in and enthusiastic with academic 
and research work as academic achievement adds merit for 
their career development and job promotion in most 
university- affiliated hospitals. Research grants are mostly 
supported by the National Natural Scientific Foundation, 
which provides 300–400 grant programs annually with each 
grant fund around USD 35,000–80,000. Chinese nephrolo-
gists have increasing academic contributions and publica-
tions in world leading, high impact kidney and medical 
journals in the recent years. There are also an increasing 
number of Chinese nephrologists involved in the leadership 
of global nephrology societies such as ISN, KDIGO, and 
ISPD. Chinese nephrologists are very open in establishing 
connections with global or regional nephrology organiza-
tions in order to contribute to kidney research and advances 
in kidney care.

 RRT in HK Special Administrative Region 
(SAR)

The hospital system in HKSAR is independent and entirely 
different from that in the Chinese Mainland. The Hospital 
Authority (HA) of HKSAR was set up in Hong Kong in 
1990 and is responsible for providing RRT and kidney care 
in over 80% of the ESRD patients in Hong Kong. The 
remaining 20% of ESRD patients are managed in private 
settings/hospitals. The RRT public services in Hong Kong 
are delivered through 7 clusters with 15 renal units under 
the HA. There are four kidney transplant centers in Hong 
Kong, including Princess Margaret Hospital, Prince of 
Wales Hospital, Queen Elizabeth Hospital, and Queen 
Mary Hospital. The Hong Kong Renal Registry (HKRR) 
was set up by the HA in 1995 and is an online computerized 
registry developed by the Central Renal Committee of HA 
of Hong Kong to capture data of all patients receiving RRT 
in the public healthcare system under HA of Hong Kong. 
Each individual renal center can access patients’ data from 
their own center online, and each center is responsible for 
inputting data of all patients receiving RRT in their center. 
The system provides important data for the unit as a whole 
and for the HA Head Office to produce an up-to-date regis-
try data for the RRT situation in the whole HA. The infor-
mation is useful for audit and monitoring purpose as well as 
healthcare financing and planning of future renal service 
development in Hong Kong. The HKRR also comprises the 
Organ Registry and Transplant System (ORTS) that 
includes the Organ Procurement System and Transplant 
Immunogenetics System. The Organ Procurement System 
collects demographic details, immunological and virology 
results of all cadaveric donors. Transplant and 
Immunogenetics System centralizes all the transplant 
immunogenetics and tissue typing data of deceased donor 
and patients on transplant waiting list. The HKRR also 
serves the function of deceased donor kidney allocation. A 
scoring system was developed, based on the years on RRT, 
HLA matching, and age of patients, so to assign the priority 
of the patients on the transplant waiting list. When a 
deceased donor is confirmed, tissue typing of the deceased 
donor will be performed by the Tissue Typing Laboratory 
centralized in the Queen Mary Hospital, Hong Kong, and 
inputted in the system so to generate the final scoring for 
deceased donor kidney allocation [212].

RRT service development in Hong Kong has undergone 
the following milestones over the years. The first acute HD 
was done in HK in 1962 followed by the development of 
chronic HD.  In 1969, the first cadaveric kidney transplant 
was performed and in 1980 the first living-related kidney 
transplant was performed. In the 1980s, CAPD was intro-
duced in Hong Kong. In 1985, PD-first policy was adopted 
by the HA of Hong Kong of which PD was reimbursed by 
the government as a first-line dialysis modality in patients 
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with ESRD. Automated PD (APD) was introduced in 1989. 
PD patients may face technique failure either due to 
PD-related complications such as peritonitis, peritoneal 
sclerosis/adhesions, or inadequate PD due to peritoneal 
membrane failure, requiring permanent switch to HD. Thus, 
there is an increasing demand for long-term HD support. 
HA of Hong Kong introduced the nocturnal home HD pro-
gram in 2006 and the public-private partnership HD pro-
gram since 2010 to cope with an increasing demand of HD 
services [212].

Data first captured by the HKRR in 1996 showed that the 
number of incident ESRD patients in Hong Kong was 615. 
This number showed steady increase to 1147 in 2013, equiv-
alent to an incidence rate of 159 pmp. By 2013, there were 
8510 patients receiving RRT in Hong Kong with 3501 kid-
ney transplants, 1192 HD, and 3817 PD. The ratio of PD:HD 
was 76.2:23.8. Over 90% of the HD is provided by hospital 
HD centers. Eighty-six percent of all PD patients received 
CAPD, while the remaining 14% received automated 
PD.  The use of APD showed a gradual increase in Hong 
Kong over the years. In 1997, only 3.14% of PD patients 
used APD but APD use was slowly increased to 5.52% in 
2007 and 13.89% in 2013. Data from the HKRR 2016 
showed that the annual mortality rate per 100 patient-years 
was 1.88 for patients who received a renal transplant, 17.89 
for patients on PD, and 18.89 for those on HD in Hong Kong 
[213].

Data from the HKRR showed a trend of increasing age in 
incident PD patients over the last 17  years from 1996 to 
2013. The median age of incident patients into the RRT pro-
gram was 59.1 years in 2013 with the biggest increase in the 
age group 45–64 years and age group over 75 years. There 
was a male preponderance in both incident (male-to-female 
ratio, 1.54) and prevalent (male-to-female ratio, 1.29) dialy-
sis population. Over the years, the demographics of back-
ground causes of kidney disease also changed. In 1995, GD 
accounted for 29% of the causes of kidney disease in inci-
dent dialysis patients but dropped to 17% in 2013. On the 
other hand, DKD increased from 26.2% in 1996 to 49.6% in 
2013 as the cause of incident ESRD cases requiring RRT and 
is the leading cause of ESRD followed by GD and unknown 
causes [212].

Hong Kong faces a serious shortage of organ donations 
that did not seem to improve much over the years. In 2013, 
there were 1991 ESRD patients on the kidney transplant 
waiting list. However, only 69 deceased donor kidney trans-
plants and 12 living-related kidney transplants were con-
ducted in Hong Kong. In fact, the number of living-related 
kidney transplants has not shown much increase in the last 
15  years (from 297 cases in 1996 to 415 cases in 2013). 
However, prevalent kidney transplant patients showed a 
steady rise from 956 in 1996 to 3498 in 2013, mainly because 
of an increase in deceased donor kidney transplants (from 
659 cases in 1996 to 3085 cases in 2013). Data from the 

HKRR showed that a living-related kidney transplant had 
higher 10-year graft survival rate (81%) compared with 
deceased donor kidney transplant (70%). The 20-year graft 
survival rate was 44% for deceased donor and 61% for living 
donor kidney transplant. However, the average waiting time 
could be approximately 6 years but may also be as long as 
28 years [213, 214]. Public education is therefore essential to 
raise general awareness of the need for deceased organ dona-
tion. In the second half of 2018, HA of Hong Kong intro-
duced a pair exchange scheme for kidney transplants that 
enables two pairs of donor-recipients to exchange kidney 
donors so that each recipient can receive a better-matched 
organ.

In terms of anemia treatment, there was a big increase in 
the proportion of dialysis patients receiving ESA treatment 
from 29.3% in 1996 to 65% in 2013 as the Hong Kong gov-
ernment has provided additional funding to support ESA 
treatment in dialysis patients. Currently, HKRR did not 
include data on patients with CKD or AKI. Thus, represen-
tative territory-wide data in these regards were not 
available.
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Area1 3.287 million Km2

Population1,2 1.353 billion (2018)
Capital New Delhi
Three most populated cities1 1. Mumbai

2. Delhi
3. Bangalore

Official languages Hindi, English
Gross domestic product (GDP)2 2.719 trillion USD (2018)
GDP per capita2 2009.979 USD (2018)

7762.882 Int$ (PPP, 2018)
Human development index (HDI)2 0.647 (129th position, 2019)
Official currency Indian Rupee (INR)
Total number of nephrologists3 1639 (in 2016)
National society of nephrology Indian Society of Nephrology

www.isn-india.org
Incidence of chronic kidney 
disease3

2016 – 2545.5 pmp

Prevalence of chronic kidney 
disease3

2016 – 33,509.6 pmp

Incidence of end-stage renal 
disease4

2006 – 151 pmp (average crude 
incidence)
     232 pmp (age-adjusted 

incidence)
Prevalence of end-stage renal 
disease
(on dialysis)

2017 – 130 pmp

Total number of patients on 
dialysis3, 5

2016 – ~130,000
2017 – 174,478

Number of patients on 
hemodialysis3, 5

2016 – ~120,000
2017 – ~166,000

Number of patients on peritoneal 
dialysis3, 4

2016 – ~10,000
2017 – ~8500

Number of renal transplantations 
per year3

2017 – 6587

1. Censusindia.gov.in (2011)
2.  The World Development Report (https://data.worldbank.org/prod-

ucts/wdi)
3.  Jha V, Ur-Rashid H, Agarwal SK, et al. The state of nephrology in 

South Asia. Kidney Int. 2019;95:31–7
4.  Modi GK, Jha V. The incidence of end-stage renal disease in India: a 

population-based study. Kidney Int. 2006; 70: 2131–3
5.  Varughese S, Abraham G. Chronic kidney disease in India: a clarion 

for change. Clin J Am Soc Nephrol. 2018;13:802–4

 Introduction

India contributes to 17.75% of the world population with 
1.35 billion people spread over 3.287 million square kilo-
meters. Although the climatic conditions vary in the dif-
ferent zones of the country, on the whole India is 
considered a tropical country. Geographically, the tropi-
cal region is limited to an area on either side of the equa-
tor limited by the Tropic of Cancer and Capricorn, 
respectively. A tropical area is characterized by a direct 
overhead presence of the sun at least once a year. The 
level of rainfall varies from 750  mm in the peninsular 
India to 2000 mm per year in the tropical rainforests [1]. 
Although urban population has swiftly risen due to 
migration, about two-thirds of the population in India 
still live in rural areas. 

 Economic and Health Indicators

India is classified by the World Bank as a lower middle- income 
country based on the gross national income per capita. In addi-
tion, there exists a huge socioeconomic stratification, with the 
richest 1% holding more than half of the country’s total wealth. 
This increases the disparity in access to healthcare, with the 
poor being severely disadvantaged.

While the gross domestic product (GDP) has risen in 
the recent years, the overall health expenditure constitutes 
a miniscule proportion (3.9% of the GDP) [2]. Only 30% 
of the health expenditure is borne by the public sector. 
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Out-of-pocket expenditure constitutes 70% of the current 
health expenditure in India. It has been estimated that 
about 7% of the population is pushed below poverty 
threshold every year due to medical expenses [3]. Despite 
substantial improvement in health indicators over the last 
50 years, the maternal, infant, and under 5 mortality rates 
remain unacceptably high. The doctor-patient ratio is 0.8 
per 1000, substantially lower than that recommended by 
the World Health Organization (1:1000). Only about 15% 
of the population is covered under various health insurance 
schemes. Most of insurance coverage is by government-
sponsored schemes and some by private insurers. The 
union government launched the National Health Protection 
Mission in 2018 with an aim of covering poor families for 
expenses incurred during hospitalization at secondary and 
tertiary healthcare centers.

In recent decades, noncommunicable diseases have over-
taken infections as the dominant cause of death and disabil-
ity in India. The union government has announced a national 
policy for prevention and control of NCDs. However, kidney 
diseases have not been included in the noncommunicable 
disease program despite being a major public health problem 
(see below).

 Brief History of Nephrology in India

Nephrology, as a specialty of internal medicine, was nonex-
istent until 1960s in India. The first systematic study of renal 
diseases, which involved reporting of 50 successful renal 
biopsies, was done by Dr. Kirpal Singh Chugh, fondly called 
the Father of Nephrology in India in the 1950s [4]. The 
Indian Society of Nephrology was formed in 1970 to create 
a common forum for nephrologists across the nation. The 
society encourages collaboration between centers across the 
country and worldwide in terms of research and harmization 
of clinical practice. The first hemodialysis was done using 
Kolff twin coil dialysis machine, given as a gift to Christian 
Medical College, Vellore, for treating a patient with chronic 
uremia in 1961. Long-term dialysis using Kiil dialyzers 
started later in 1968 with arteriovenous shunts made of silas-
tic tubing as vascular access. Less than 10 centers performed 
dialysis those days as compared to close to 5,000 dialysis 
centers currently. The existing infrastructure, however, is 
inadequate to meet the demands of >200,000 new patients 
developing kidney failure every year. Peritoneal dialysis 
(PD) was first performed in 1964 using polythene tubing as 
catheters and dialysate was prepared in- house. However, 
chronic PD was not popular until late 1990s. The first suc-
cessful kidney transplant was done in 1971. Currently, over 
250 centers perform kidney transplantation, mostly using 
kidneys from living donors. The deceased donor transplanta-
tion (DDT) rate in India is among the lowest in the world 

despite large numbers of potential organ donors. Inadequate 
sharing among hospitals, lack of trained transplant coordina-
tors, and awareness among the general public are the main 
reasons for inadequacy of the DDT program. However, a few 
states and union territories (Tamil Nadu, Kerala, Pondicherry, 
Chandigarh) have shown improvement in organ retrieval 
rates over the last decade. Nephrology training started in 
India with a 2-year course at the Postgraduate Institute of 
Medical Education and Research, Chandigarh, in 1969. 
Currently, there are 72 centers enrolling approximately 180 
students each year for a nephrology fellowship training [2].

 Measurement of Kidney Function

Serum creatinine is measured by either the Jaffe method 
or enzymatic method in Indian laboratories. There are 
limitations in the interpretation of serum creatinine. 
Firstly, different manufacturers use different assays for 
the same method, for example, two laboratories may be 
doing the Jaffe method for serum creatinine measurement 
but each with a different assay. Standardization to an 
IDMS reference measurement procedure, as recom-
mended in the 2012 KDIGO Guidelines for chronic kid-
ney disease definition and classification, is not routine in 
a large proportion of Indian laboratories. This limits the 
generalizability of serum creatinine with that of the world 
population, particularly for lower range of values [5]. The 
glomerular filtration rate (GFR) is estimated from serum 
creatinine-based equations which consider variability of 
serum creatinine due to age, gender, and ethnicity. Most 
commonly used eGFR equations are the Chronic Kidney 
Disease Epidemiology Collaboration (CKD- EPI equa-
tion) and Modification of Renal Diet (MDRD equation). 
These equations have not been validated in the Indian 
population. In a recently reported study on 130 healthy 
individuals and stable CKD patients from North India, 
CKD-EPI (creatinine) and MDRD were found to overesti-
mate GFR measured by inulin clearance [6]. eGFR values 
derived using the CKD-EPI (cystatin) equation were clos-
est to measured GFR (mGFR). Another interesting finding 
was the relatively low measured GFR in the healthy popu-
lation (79.44  ±  20.19  ml/min/1.73  m2, range: 41.90–
134.50 ml/min/1.73 m2). Similar values of measured GFR 
have been previously reported from other centers in India 
[7, 8]. Low mGFR in apparently healthy Indians was pos-
tulated to be due to low protein intake and small and thin 
body habitus [6]. The measured creatinine excretion rates 
were lower than what has been reported for Japanese par-
ticipants. The impact of having a low GFR on the future 
risks of renal failure or mortality in apparently healthy 
Indians is not studied. Decisions regarding kidney dona-
tion are made without really knowing the long-term impli-
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cations of donation at such GFR levels. It is possible that 
perfectly healthy individuals are not accepted as donors 
because of the mGFR being below the cutoffs described in 
the western population, or donors with falsely elevated 
eGFR may be accepted for kidney donation in centers 
where GFR is not measured.

 Acute Kidney Injury in India

India, being a tropical country, is a host to many different 
flora and fauna with whom human inhabitants interact regu-
larly. Kidneys are often involved in tropical infections, as a 
result of organisms directly affecting the kidneys, renal 
hypoperfusion (as a part of multiorgan dysfunction or diar-
rhea), and/or through postinfectious autoimmunity. Poor 
sanitation and hygiene predispose to contamination of food 
and water and breeding of vectors, even in urban areas. On 
top of that, there is a shift of wild animals and vectors from 
forests to urban areas as a result of deforestation. India is one 
of the top hotspots for zoonotic diseases with reemergence of 
the previously reported conditions like cutaneous leishmani-
asis or highly infectious diseases including Nipah virus, lep-
tospirosis, and scrub typhus [9].

The epidemiology of AKI in India is different from that 
seen in developed countries with temperate ecosystems. AKI 
is most often community-acquired (due to factors in the local 
environment) in otherwise healthy and young middle-age 
population. The common culprits are infection, toxins in tra-
ditional remedies or pesticides, snake or insect bite, and/or 
pregnancy-related. Patients usually have a single identifiable 
cause of AKI and present late to the hospital [10].

Snakebite is considered a neglected tropical disease and a 
public health problem in India. South Asia contributes to 
70% of global snakebite annually [11]. Urban-rural divide 
and geographical biodiversity contribute to increased human 
exposure to venomous snake species. Agricultural occupa-
tion, delayed treatment with antidotes, and inadequate care 
at primary healthcare contribute to the rising snakebite- 
related complications. About 70–80% of deaths due to 
snakebite occur before patients reach the hospital, and nearly 
all snakebite deaths occur in rural areas [12]. Snakebites 
peak during monsoons and specifically in field workers [13]. 
AKI typically occurs in up to one-third of patients bitten by 
a venomous snake, commonly hemotoxic venom. Viper bites 
are the most common cause of snakebite- related AKIs in 
India. Hemolysis, hypotension, and thrombotic microangi-
opathy, either singly or in combination, result in acute tubu-
lar necrosis or in severe cases acute cortical necrosis [14].

The burden of pregnancy-related AKI is still substantial 
in India with a previously reported prevalence of 22% [15]. 
The incidence of pregnancy-related AKI has decreased from 
15% in 1990s to 1.5% in the last decade [16, 17]. Decreased 

incidence of postabortal AKI following the legalization of 
abortion mandating hospital care has made a huge differ-
ence in the epidemiology of pregnancy-related AKI. 
However, puerperal sepsis-associated AKI was reported to 
be increased in the year 2003–2014 (~26%) as compared to 
1982–1991 (~9%) [16]. Puerperal sepsis and obstetric hem-
orrhage now constitute most of the cases of pregnancy-
related AKI [16]. About 60–70% of the patients with 
pregnancy-related AKI require dialysis, and a substantial 
proportion do not recover kidney function [16–19]. Renal 
cortical necrosis results from uncontrolled blood loss, sep-
sis, or preeclampsia, either in the antepartum or postpartum 
period. Underlying the complement pathway abnormality 
resulting in severe thrombotic microangiopathy, thereby 
renal cortical necrosis was suggested as a possibility [18]. 
While the overall incidence of renal cortical necrosis of 
obstetric etiology has decreased, the absolute numbers con-
tinue to be high [19]. Postpartum thrombotic microangiopa-
thy is increasingly being recognized as an important cause 
of renal cortical necrosis [18–20]. In a large recent series, 
43% of patients with postpartum renal cortical necrosis had 
postpartum hemorrhage preceding AKI, and the majority 
(95.2%) had laboratory features of thrombotic microangi-
opathy [13]. Pregnancy-related complications are important 
public health issues owing to its impact on maternal and 
fetal mortality rates. In addition, the burden of dialysis in 
these young patients is disturbing. Although the current 
maternal mortality rate (5.79%) has decreased significantly 
in India [16], it is still a nuisance among the vulnerable poor 
section of the society who do not get to avail high-quality 
obstetric care.

Renal replacement therapy (RRT) practices for AKI vary 
across different regions and between private and public hos-
pitals in India. The need for RRT in patients with AKI is 
usually considered lower in India (up to 30%) as compared 
to developed countries. Most of the centers have use of inter-
mittent hemodialysis (including slow low- efficiency hemo-
dialysis) as the only RRT modality in AKI [21, 22]. 
Convective therapies such as continuous veno- venous hemo-
filtration (CVVH) are barely used due to high costs of equip-
ment and inadequate man power. CVVH was found to be 
comparable to acute peritoneal dialysis (PD) in small groups 
of hemodynamically unstable patients with AKI [23, 24].

 Chronic Kidney Disease in India

With an increasing incidence worldwide, awareness about 
CKD and the associated burden on the nation have risen in 
India. CKD is recognized as a major noncommunicable dis-
ease across the globe that contributes to premature death 
[25]. With the increasing burden of hypertension and diabe-
tes [26] across all socioeconomic strata in India, the preva-
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lence of CKD is expected to rise further. The prevalence of 
CKD was reported to be between 13% and 17.2% based on 
detection of urine protein and MDRD or CKD-EPI eGFR 
(<60 ml/min/1.73 m2) [27, 28]. The prevalence varies across 
different regions across the country. Nationwide data on the 
prevalence and etiology of CKD do not exist. The first effort 
was the creation of the Indian CKD registry by the Indian 
Society of Nephrology in 2005 with an aim of nationwide 
data collection. In its first report, 52,273 adult patients from 
188 centers across all zones of the country were analyzed 
[29]. While diabetic nephropathy constituted majority 
(31.3%) of CKD in all geographical areas, CKD of unknown 
etiology (CKDu) was seen in 16% of the patients [29].

The southern state of Andhra Pradesh and some parts of 
Odisha have reported rising numbers of CKD of unknown 
origin, attributed to environmental triggers. In a recent study 
from Uddanam, part of Andhra Pradesh, out of 2210 sub-
jects, CKD was diagnosed in 403 (18.23%), and 73% of 
them did not have any known risk factors for CKD [30]. 
Multiple factors, which include pesticides; heavy metals 
such as cadmium, arsenic, and fluoride; intake of over-the- 
counter painkillers; and dehydration coupled with hot work-
ing conditions, are suspected to contribute to the development 
of CKDu. Renal histology in these patients is a characteristic 
of chronic interstitial nephritis. The disease is typically pau-
cisymptomatic until advanced stage, resulting in missed 
diagnosis. A substantial proportion of these individuals are 
young, in productive years of their lives. The development of 
kidney failure takes them out of the workforce, often plung-
ing these families in economic distress.

Renal injury from herbal remedies and heavy metals is 
unique to the country’s population which relies on traditional 
medicines to a large extent. Herbal medicines are usually not 
tested for content safety. Potentially toxic ingredients like 
heavy metals are used to increase their efficacy. Aristolochic 
acid-induced nephropathy is one such well-described exam-
ple in the Chinese and Balkan belt (Romania, Croatia, 
Bosnia, Serbia, and Bulgaria) population. The contribution 
of herbal remedies and heavy metals to CKDu in India has 
been speculated [31]. Heavy metals, specifically mercury, in 
traditional remedies (Ayurveda and Siddha system of medi-
cine) have been recently described to cause membranous 
nephropathy in Indians [32].

Over half of the patients with CKD in India come to 
medical attention only after they have developed advanced 
renal failure that requires dialysis. An urban population-
based study revealed an age-adjusted ESRD incidence rate 
of 232 per million population, suggesting that over 200,000 
new patients may be developing ESRD annually in India 
and 174,478 patients are on chronic dialysis [33, 34]. Similar 
to the western population, diabetic nephropathy was the 
commonest cause among new ESRD patients. However, 
Indian patients are younger at diagnosis of ESRD. Lack of 

awareness about kidney disease, screening for CKD, and 
access to healthcare are postulated to be the possible rea-
sons. The burden of CKD in India, measured in terms of 
death rate and disability-adjusted life years, has increased 
over the last two decades. Estimated age-standardized 
annual death rate due to CKD in 2016 was 17.81 per 100,000 
persons in India according to the Global Burden of Disease 
Study, [35] and CKD was ranked eighth among the causes 
of death [36]. This figure is unlikely to represent the true 
burden of CKD- related deaths due to the poor reporting sys-
tem in the country. According to the Million Death Study, 
which determined the cause of death by verbal autopsy, 
chronic kidney disease was responsible for about 3% of all 
causes of death in the age-group of 15–69  years [37]. 
Majority (>50%) of deaths occur at home with a high likeli-
hood of misclassification of the cause of death by question-
naire-based surveys [38]. CKD-related deaths were found to 
have regional differences, with age-standardized renal death 
rates being highest in the southern and eastern states [37]. 
Diabetes was the strongest predictor of renal failure deaths. 
The growing prevalence of CKDu in the several states may 
add to the CKD burden. The national programs for noncom-
municable diseases do not include regular screening for 
CKD, even in a high-risk population. Little is known about 
the prevalent treatment patterns, especially about imple-
mentation of evidence- based guidelines for management of 
kidney disease in India [39].

 Renal Replacement Therapy in India

High costs, chronic nature of treatment, and lack of avail-
ability in large parts of the country make access to renal 
replacement therapy difficult for a large proportion of cases 
in India. Hemodialysis is the most common modality fol-
lowed by renal transplantation. There are about 174,478 
patients on HD, and <5% patients are undergoing peritoneal 
dialysis [2]. Dialysis is expensive for most families, with the 
median dialysis-related expenditure exceeding household 
nonsubsistence expenditure [40]. The mean cost of HD borne 
by the government health system in a public sector hospital 
was reported to be INR 4,148 (US$ 64) per HD session. 
Most of it is on human resource followed by building infra-
structure. The mean out-of-pocket expenditure (OOPE) by 
the patient per HD session was INR 2,838 (US$ 44). Majority 
of the OOPE is on medicines followed by travel [41]. As a 
result, over 80% of families of patients requiring RRT incur 
catastrophic healthcare expenditure (>40% of nonfood 
expenditure) [42].

The existing number of hemodialysis (HD) facilities is 
insufficient to cater to the growing incidence of ESRD. Many 
young ESRD patients are forced to lose their jobs and 
social role. Only a minority of patients receive thrice a 
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week HD, with twice a week frequency being the most 
prevalent practice comprising about 79–100% in reports 
from South India [43, 44]. A substantial proportion receive 
HD even less frequently, including a “as-needed” basis 
because of financial constraints. Home hemodialysis is 
rare, with the estimated number being less than 100 
patients. The quality of care is further compromised by the 
inability to receive ancillary treatment, like that for anemia 
and mineral and bone disease. The Indian Society of 
Nephrology has issued guidelines for setting up dialysis 
units [45]. Dialyzer reuse is allowed and widely practiced. 
Dialyzers are reprocessed by chemical disinfectants and 
tested for performance using automated machines or manu-
ally. Based on the performance of dialyzer after reprocess-
ing, they are discarded or reused. A dialyzer is typically 
reused up to ten times in some centers. A typical dialysis 
unit in India has one dialysis doctor (a nephrologist in most 
urban centers or an internist in peripheral centers), one 
dialysis technician or nurse, and a dialysis attendant/sanita-
tion personnel. The patient to technician/nurse ratio of 3:1 
is recommended by the guideline. A typical renal nurse in a 
public hospital gets about 60,000 INR per month as salary.

Both the central and state governments have started a 
variety of health insurance schemes for covering the costs 
of dialysis [41]. The National Dialysis Service was 
announced by the central government in 2016 with an aim 
to cover all 688 districts in India [46]. A few states like 
Andhra Pradesh (AP) and Tamil Nadu have been running 
such schemes for approximately 10 years. Since there are 
not enough facilities in public hospitals, most units are run 
by private entities under a public-private partnership model 
[47]. A recently published analysis of insurance claims in 
AP showed that even though the number of patients access-
ing HD increased on a year-by-year basis, the outcomes 
remained dismal. The median survival on dialysis was just 
about 6 months, and over 60% of patients “dropped out” of 
the program [48]. Out-of-pocket expenditure on associated 
medications, travel, and loss of income were speculated to 
be the reasons for these dropouts. In 2018, the AP govern-
ment introduced a “pension scheme” to reduce out-of-
pocket costs and improve the sustainability of dialysis 
programs. Research is also underway for development of 
technologies to reduce cost of HD [47].

Peritoneal dialysis (PD) is vastly underutilized in India 
despite its theoretical advantages in resource-constrained 
settings, with <10% of all dialysis patients being on this 
modality. Most patients who choose PD receive full reim-
bursement of costs from their employers (through Central 
Government Health Scheme) as the expenses involved are 
higher (approximately US $500/month) than that in mainte-
nance hemodialysis (US $10–65/session, mostly twice a 
week) [49]. Reducing the current high price of PD bags by 
setting up indigenous manufacturing facilities and introduc-

ing quality improvement programs that improve technique 
survival would help in popularizing this treatment option 
[47]. A couple of PD manufacturers had started an innovative 
payment model for PD in 2003. In this “once-in-a-lifetime 
payment” scheme, a legal agreement between the patient and 
PD provider would enable the patient to avail lifelong sup-
plies of PD bags for approximately US$15,500 [49]. The 
scheme was abandoned after a few years, however. The 
Government of India recently announced the inclusion of PD 
in the National Dialysis Program, which may improve pen-
etration of PD in the country. Operational guidelines that 
describe the practical modalities of its implementation are 
yet to be released, however.

Of the 200,000 new ESRD patients, only about 8000 
receive renal transplantation in India, mostly from living kid-
ney donors [50]. On an average, about 8–8,000 patients get a 
kidney transplant every year [2]. Paradoxically, state coverage 
of the costs of treatment for kidney transplant is limited, with 
there being no national policy analogous to that for dialysis. 
Exceptions include the states of Tamil Nadu and Pondicherry, 
where patients are eligible to receive free care for surgery as 
well as postsurgical care including immunosuppressive ther-
apy. Data on allograft survival on patients following renal 
transplant is fairly uniform across the country. While 1-year 
and 5-year death-censored allograft survival after live-related 
transplant in a referral center in North India were 94% and 
79% [51], a report from South India showed 1-year and 5-year 
survival to be 92% and 75%, respectively [52]. Deceased 
donor transplant programs are poorly developed in most states. 
Notable has been the policy of providing free transplantation 
facility for the underprivileged and public- private partnership 
in organ sharing advocated by the state government of Tamil 
Nadu [53]. Modern monitoring practices, such as measure-
ment of donor-specific antibodies using single antigen beads, 
are slowly receiving greater uptake as the costs come down. 
The practice of transplantation across the ABO blood group 
barrier has also become fairly widespread in recent years. 
Protocols followed for immunosuppression induction and 
maintenance after transplant are as per international recom-
mendation. Majority of low-risk patients (first transplant, 
absence of sensitization, and/or living related donors) are not 
given induction therapy (with either depleting agents or basil-
iximab). In addition, owing to the expenses involved in these 
induction agents, many patients are given tailored dose to opti-
mize cost. Maintenance immunosuppression comprises of 
combination of calcineurin inhibitors, mycophenolate mofetil, 
and steroids. All immunosuppressive drugs are manufactured 
as generic drugs by local pharmaceuticals and are available at 
a significantly reduced cost. The immunosuppressive drugs 
are largely self-funded by patients, except in the southern 
states where the government pays for medicines, investiga-
tions, and follow-up. On a long term, renal transplant is still a 
cheaper alternative to chronic dialysis in India [52].
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Comorbidities and Infections in Patients 
on RRT

Despite improvement in ESRD care, ~10% of patients on 
HD in India die within a year of starting treatment [54, 55]. 
Ischemic heart disease and infections together comprise 60% 
of overall mortality in patients on HD in India [55]. A signifi-
cant number of patients choose nontunelled catheters owing 
to cost constraints and develop catheter-related bloodstream 
infections. Apart from bacterial catheter-related infections, 
7–10% of patients on maintenance HD acquire tuberculosis, 
and 10–13% acquire chronic viral infections such as hepati-
tis B and hepatitis C [56]. Infections account for the most 
number of deaths with functioning graft in India, with 36% 
of deaths attributable to sepsis/infection as found in a study 
conducted in North India. Most of the deaths due to infec-
tions occurred within the first 5 years of transplant [57].

 Renal Diseases in Childhood

Nephrotic syndrome is the most common (about 40–50%) 
renal disease seen in a pediatric nephrology unit in India. 
About 5–10% of them are steroid-resistant nephrotic syn-
drome [58]. AKI following tropical fever is common in chil-
dren as well. Hemolytic uremic syndrome (HUS) is a 
frequent cause of AKI, and a majority (50%) of them were 
found to be anti-factor H-related atypical HUS [59]. The 
prevalence of risk factors of CKD such as low birth weight is 
widespread. The exact burden of CKD in children is not 
known as nationwide registry is not yet available. Among 
various causes of CKD, obstructive uropathy due to posterior 
urethral valve is the commonest followed by chronic glo-
merulonephritis, reflux nephropathy, and others [60]. Most 
children present late with 25–50% already in end- stage renal 
failure at presentation [60, 61]. A dedicated hemodialysis 
unit for pediatric patients is largely restricted to a handful of 
centers in only metropolitan cities. Majority of children opt 
out either due to financial constraints or vascular access 
issues. PD is the most frequently utilized modality of RRT in 
children [58]. Few centers do pediatric renal transplant 
across the country, most being live-related, and graft survival 
at 1 year is up to 90% [62].

 Nephrology Practice in India

According to a recent report, there were 1,639 trained 
nephrologists (members of the Indian Society of Nephrology) 
in India in 2016, and approximately 170 are being enrolled 
every year for nephrology fellowship across 72 centers [2]. 
Most of the nephrologists are concentrated in large cities. 
Awareness of guideline-based care for early stage kidney 

disease that can be managed in the community is low among 
primary care physicians, resulting in poor quality of care. As 
a result, patients living in remote rural areas have to travel 
large distances to receive specialist care. Nephrologist short-
age is compounded by low numbers of appropriately trained 
allied health professionals like nurses and dialysis techni-
cians. The remuneration of the healthcare professional is 
quite variable. For example, the average monthly salary of a 
nurse in a public sector hospital is about 2500–3300 Int$, 
whereas the corresponding figure in a private hospital is 
1300–1800 Int$. A large proportion of the dialysis units that 
have been set up under the public-private partnership (PPP) 
model are staffed primarily by paramedical personnel, under 
the supervision of a physician.

 Future Perspectives of Nephrology in India

Despite substantial challenges, the commitment by the Indian 
government to provide universal healthcare to its citizens 
presents opportunities to introduce several reforms to improve 
the care of patients with or at risk of kidney diseases [63]. 
These include improved focus on early prevention and health 
promotion, improving care for kidney diseases in advanced 
stages and the generation of evidence to inform policy inter-
ventions. Stakeholders must work together to ensure resources 
are used in a valuable and ethical way so that effective and 
sustainable models of care can be developed.

Of particular urgency is the need to generate evidence to 
support these initiatives. Areas where such evidence is 
needed include linking health promotion to improved health 
and economic outcomes regarding kidney diseases; measur-
ing effectiveness, scalability, sustainability, and safety of all 
initiatives implemented to improve care of patients with kid-
ney disease, whether in primary care (e.g., case-finding ini-
tiatives, task-shifting allowing community health workers to 
provide essential preventative care) or for advanced stage 
disease (e.g., better access to home-based peritoneal dialysis 
and supportive care where clinically appropriate); continu-
ous monitoring of quality of care; and costs to assess the 
impact of different financing mechanisms so that financial 
protection of patients can be balanced with sustainability of 
health systems. Research is needed to identify novel risk fac-
tors that cause kidney disease including those related to 
upcoming challenges like climate change and COVID-19 
pandemic. Barriers to access need to be removed in a socially 
participative model that responds to the needs of the most 
vulnerable and the worst off. A recent survey conducted 
among the Indian nephrologists identified the development 
of guidelines for prevention of kidney disease at primary 
care level, developing research capacity in kidney disease, 
improved support for deceased donation programs, adapting 
kidney disease treatment guidelines for local application, 
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advocating development of sustainable dialysis programs, 
and setting up open access national dialysis registries as pri-
ority areas worthy of attention.

 Conclusions

Renal services in India are characterized by increasing dis-
ease burden and a rapidly growing demand for service and 
research in the face of inadequate financial and manpower 
capacity. Increasing number of trained nephrologists, 
improved evidence base that can inform policy, growing 
government support to improve care for kidney disease at all 
levels including renal replacement therapy, and development 
of locally appropriate models of service delivery offer hope 
for the future of nephrology in India.
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 Introduction

Indonesia is the world’s fourth most populous country with 
an estimated population of 270 million in 2019, 10 million 
higher than the 2016 estimate of 260 million [1]. Indonesia 
nowadays is a developing country facing a double burden of 
infectious and chronic noncommunicable diseases. In the 
two decades since 1990, chronic noncommunicable diseases 
have been topping the national chart of the causes of death 
and disease [2].

Chronic kidney disease (CKD) is currently one of the 
major health challenges faced by Indonesia. Impaired kidney 
function was the number ten risk factor contributing to dis-
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ease burden in 2016 [2]. Meanwhile, end-stage renal disease 
(ESRD) was the third largest healthcare expense, after heart 
disease and cancer, in nationwide health insurance scheme 
conducted by the Indonesian National Health Insurance 
System (INHIS) [3]. With the current dialysis coverage, 
more than 1.5 trillion IDR (1 USD = ~13,500 IDR) was spent 
in 2014.

A nationwide household survey in 2018 on basic health 
showed that 0.38% of the Indonesians are at risk of develop-
ing ESRD [4]. The data shows an increasing number since 
the 2013 survey, which showed that 0.2% of the population 
were at risk [5]. The survey is consistent with the ESRD find-
ings from the Indonesian Renal Registry (IRR), an annual 
report that describes the CKD statistics in Indonesia. The 
2018 report shows that the incidence rate of ESRD increased 
from 108 pmp in 2014 to 251 pmp in 2018. Meanwhile, the 
prevalence rate increased from 158 pmp in 2014 to 499 pmp 
in 2018 [6]. The increased prevalence and incidence of 
ESRD prompted the increased demand for renal replacement 
therapy (RRT), which consisted of three options commonly 
available: hemodialysis (HD), peritoneal dialysis (PD), and 
renal transplantation.

The growing burden of CKD and consequent increased 
need for RRT in Indonesia provides challenges for the 
nation’s healthcare professionals in nephrology.

 A Short History of Indonesian Society 
of Nephrology (InaSN)

The development of the medical fields on nephrology and 
hypertension in Indonesia is inseparable from the historical 
development of internal medicine at the Faculty of Medicine 
of Universitas Indonesia. After the end of the Dutch coloni-
zation, the Department of Internal Medicine at the Dr. Cipto 
Mangunkusumo General Hospital, Faculty of Medicine 
Universitas, Indonesia, was led by Dr. Aulia, an internist 
who had received his education during the Dutch coloniza-
tion at the School tot Opleiding van Inlandsche Artsen 
(STOVIA), which means “School for Native Physician,” in 
1949–1955.

In order to keep up with the ever-growing global develop-
ment of internal medicine, some experts felt that it was nec-
essary to pay greater concern on the medical fields of specific 
body organs. Therefore, branches of internal medicine sub-
specialties were developed, such as pulmonology, cardiol-
ogy, nephrology, hepatology, etc.

For nephrology and hypertension, Dr. Aulia appointed Dr. 
Oei Eng Tie to give special attention for renal diseases and 
hypertension cases. The efforts were then continued by Dr. 
Busjra Zahir. Medical service and outpatient care for kidney 

diseases and hypertension were performed at the outpatient 
clinic of Dr. Cipto Mangunkusumo General Hospital twice a 
week. Later on, Dr. Zahir was elected to be the rector at the 
University of Andalas in Padang, West Sumatera; therefore, 
the clinic was then led by Dr. R. P. Sidabutar. Afterward, the 
Division of Nephrology and Hypertension was established 
and operated under the supervision of the Department of 
Internal Medicine in 1966.

The main concern in nephrology at the time was kidney 
failure. In order to manage the problem, the development of 
PD care was initiated in 1969. Only after the arrival of the 
first dialysis machine from abroad in 1970, the first HD was 
performed. Starting in 1971, the chronic HD program offi-
cially started.

The development of nephrology care in Jakarta was then 
followed by other big cities in Java and Sumatera. Experts in 
internal medicine from Jakarta branch moved out to other 
cities and became pioneers and founders of local universi-
ties and faculty of medicines such as in Yogyakarta, 
Surabaya (East Java), Semarang (Central Java), Bandung 
(West Java), and Medan (North Sumatera). A further 
increase in the number of internists led to the development 
of nephrology and hypertension care in Makassar (South 
Sulawesi), Manado (North Sulawesi), Malang (East Java), 
Solo (Central Java), Padang (West Sumatera), and Denpasar 
(Bali).

The Faculty of Medicine of Universitas Indonesia, located 
in the capital city of Jakarta, had become a role model in 
nephrology for other areas alongside Universitas Airlangga 
in Surabaya. Furthermore, the cities maintained good rela-
tionships with experts from the Netherlands and the United 
States of America (USA) to support the growing nephrology 
and hypertension care of both universities. This was fol-
lowed by networking with Australia and other neighboring 
countries. The event of the First Asian Colloquium in 
Nephrology, which was held in Singapore in 1974, was 
attended by many Indonesian physicians who had their main 
interest in nephrology and hypertension.

After receiving an invitation from the First Asian 
Colloquium in Nephrology in Singapore 1974, Dr. R.  P. 
Sidabutar, through the Indonesian Society of Internal 
Medicine (InaSIM), urged the local InaSIM branches 
throughout Indonesia to send their delegations to attend the 
event. Senior experts in internal medicine of some big cities 
in Java and Sumatera sent off their assistants to participate in 
the event. After witnessing that most participants were sent 
by a scientific organization in nephrology from their coun-
tries, Dr. R.  P. Sidabutar encouraged experts and doctors 
with interests in nephrology to form a scientific organization, 
with the hope of shaping a better nephrology care in 
Indonesia.
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October 5, 1976, was a historical day, and, though there 
were only ten doctors who had interest in nephrology and 
hypertension from Jakarta, Bandung, Semarang, Surabaya, 
and Medan, the Indonesian Society of Nephrology (InaSN) 
was founded at Sari Pan Pacific Hotel in Jakarta, which was 
then acknowledged by the Indonesian Medical Association 
(IMA) as a society of doctors with common interest on 
nephrology and hypertension.

Members of the society included members from 
Jakarta, who were Dr. R. P. Sidabutar, Dr. Pudji Rahardjo, 
Dr. H.  M. S.  Markum, Dr. Roemiati Oesman, Dr. Jose 
Roesma, and Dr. Enday Sukandar from Bandung, West 
Java; Dr. Imam Parsoedi from Semarang, Central Java; 
Dr. I Made Sukahatya and Dr. Soewanto from Surabaya, 
East Java; and Dr. Harun Rasyid Lubis from Medan, North 
Sumatra, the only member from outside of Java. On the 
first InaSN Congress, October 5, 1976, the Committee of 
InaSN was officially introduced as well as a plan of draft-
ing bylaws.

The early development of InaSN cannot be separated 
from the role of InaSIM and Dr. R. P. Sidabutar, who was at 
that time the medical education chief in InaSIM. Dr. R. P. 
Sidabutar tried to establish interests on nephrology and 
hypertension, particularly with internists who lived outside 
Jakarta, by giving lectures in nephrology and hypertension. 
Every time they visited other areas, Dr. R. P. Sidabutar and 
his assistants, such as Dr. Pudji Rahardjo, Dr. H.  M. 
S.  Markum, and Dr. Jose Roesma, were always on the 
search for doctors who had interest in pursuing further edu-
cation in nephrology and hypertension. They subsequently 
sent those doctors to the InaSN headquarters that were 
located in the 2nd Pavilion of Dr. Cipto Mangunkusumo 
General Hospital, Jakarta.

Thanks to the efforts made by Dr. R. P. Sidabutar, InaSN 
has progressed and soared to international level with his per-
sistent efforts since 1965, by building correspondences with 
experts in nephrology worldwide, including from the 
Netherlands, England, Germany, and Japan, and establishing 
networking by sending his assistants to have further educa-
tion abroad. His persistence and diplomatic skills in estab-
lishing networks with foreign countries had propelled InaSN 
into the international realm with ease. On the event of the 
Second Asian Colloquium in Nephrology in 1976  in 
Bangkok, InaSN participated as an organization of nephrol-
ogy and hypertension representing Indonesia. It was then 
officially accepted as a member of International Society of 
Nephrology (ISN) in Montreal, Canada, in June 1978 as stip-
ulated in the congress.

Meanwhile, InaSN had its homeward progress to other 
big cities such as in Bali, Sulawesi (Makassar and Manado) 

and Sumatera (Medan, Padang, and Palembang), and Java 
(Jogjakarta and Solo). The second InaSN Congress was held 
on September 27, 1981, and the Indonesian Kidney 
Foundation was proclaimed and a founding board estab-
lished, consisting of five doctors from various expertise: Dr. 
R.  P. Sidabutar, Dr. Hermanses (pediatrics), Dr. Djoko 
Rahardjo (urology), Dr. Soetisna Himawan (pathology anat-
omy), and Dr. Nico Lumenta (representing private hospital). 
On this second congress, Prof. Dr. Busjra Zahir signed and 
legalized 14 members of InaSN with a nephrologist title, and 
other 14 members were legalized as nephrology 
consultants.

InaSN also pioneered the development of the Asian 
Transplantation Society, with the first congress being car-
ried out in Bali 1989, in which Dr. R. P. Sidabutar was the 
Executive Committee President, whereas the best achieve-
ment of InaSN was to successfully manage the event of the 
13th Asian Colloquium in Nephrology (ACN) in Bali on 
November 23 to 25, 2000. The event was a collaborative 
work with Australian and New Zealand Society of 
Nephrology (ANZSN). The event, which was initiated by 
Dr. Wiguno Prodjosudjadi, successfully united 3000 experts 
in nephrology and hypertension across Asia Pacific region 
and provided the best speakers from various countries. 
During the ACN, a Manifest of Understanding was also 
signed to allow Indonesian nephrologists to have an oppor-
tunity for further studies in Australia or Japan for 
3–6  months. After the ACN event in Bali, InaSN has 
become widely known overseas. InaSN also fully supported 
the implementation of the first kidney transplantation in 
Indonesia at Dr. Cipto Mangunkusumo General Hospital in 
Jakarta in 1977. Prof. Kazuo Ota from Japan who led the 
procedure was a special member of InaSN.  The donors 
were brother and sister and the first transplantation was 
done successfully.

Dr. R. P. Sidabutar passed away in 1995. His leadership 
in InaSN was continued by Dr. Pudji Rahardjo, continuing 
all programs initiated by the former leader until 1998. 
Afterward, the InaSN leadership was continued by Dr. 
Wiguno Prodjosudjadi between 1999 and 2005. During 
that time, InaSN achieved a lot of progress in various 
fields. Various programs have been developed such as the 
Sister Renal Center Program, encouraging young nephrol-
ogists to participate in the ISN fellowship program, 
improving the education program for nephrologists and 
the InaSN organization system. The leadership of InaSN 
continued successively by Dr. Suhardjono and Dr. 
Dharmeizar Bahar, and now InaSN is led by Dr. Aida 
Lydia. Hopefully InaSN will further contribute to the 
improvement of kidney health in Indonesia.
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 Renal Diseases in Indonesia

Indonesia is a tropical country with warm and humid atmo-
sphere. Its tropical ecology provides a large plant and animal 
reservoir that ensures the development, persistence, and evo-
lution of a dense microbiological environment. This causes 
widespread distribution of diseases transmitted from plants, 
animals, and microbial toxins, as well as common viruses 
and bacteria. This is further complicated by genetic variation 
and traditional beliefs and practices with regard to medical 
treatment. These tropical infections and administration of 
certain herbal or other traditional medicine, which may be 
nephrotoxic, can predispose to acute kidney injury (AKI) 
[7]. As reported by Sitprija in 1996, infections are the most 
common cause of AKI in the rural area where the majority of 
the population resides. Falciparum malaria, leptospirosis, 
typhoid fever, and diarrheal diseases are typical etiological 
factors [8].

The InaSN has established a registry compiling data of 
dialysis, renal transplantation, as well as epidemiological data 
of kidney disease and hypertension from all over Indonesia. 
This so-called Indonesian Renal Registry (IRR) has been 
published annually for the past 10  years and includes data 
from 651 among 797 renal units in Indonesia [6].

According to the IRR, HD patients in Indonesia come 
from three types of diseases, namely, AKI, chronic kidney 
disease (CKD) stage 5, and acute-on-chronic kidney disease. 
Incidence CKD stage 5 is the most common cause of HD 
(27,637 people, 90%), followed by AKI (2375 people, 8%) 
and acute-on-chronic kidney disease (593 people, 2%) in 
2009 [9]. The 2018 annual report showed a CKD stage 5 
incidence increase to 60,852 people (92%), followed by AKI 
(3822 people, 6%) and acute-on-chronic kidney disease 
(1273 people, 2%) [6].

According to the Basic Health Research (RISKESDAS) 
2018, the prevalence of CKD in Indonesia was 3800 pmp. 
This is an increase when compared to RISKESDAS 2013, 
which reported a prevalence of 3000 pmp [4]. IRR reported 
that until 2017, there were 77,892 people with ESRD 
undergoing HD, while the number of new cases of ESRD 
was 30,831  in 2017. IRR reported that until 2018, there 
were 132,142 people with ESRD undergoing HD, while the 
number of new cases of ESRD was 60,852. According to 
Sitprija V, Indonesia had the largest number of people 
undergoing HD compared to other countries in Southeast 
Asia in 2003 [7].

The most common CKD etiology is hypertensive nephro-
sclerosis (36%), followed by diabetic nephropathy (29%) 
and primary glomerulopathy (12%), among many others [3]. 
A community screening of CKD in Indonesia that was con-
ducted in four major cities in Indonesia (Jakarta, Yogyakarta, 
Surabaya, and Bali) reported a high prevalence of CKD 
among patients with hypertension and diabetes. Of 9412 

subjects, CKD was found in 12.5% of the patients with 
hypertension, proteinuria, and/or diabetes [9].

AKI is most commonly reported to be found in people 
with malignancy (21%), followed by cardiovascular disease 
(15%), other urinary tract diseases (10%), gastrointestinal 
disease (8%), cerebrovascular disease (4%), tuberculosis 
(3%), hepatitis B (2%), hepatitis C (2%), and others [6].

Acute-on-chronic kidney disease is mostly found in 
hypertensive kidney disease (30%), followed by diabetic 
nephropathy (18%), obstructive nephropathy (16%), and 
primary glomerulopathy and others (11%). Regarding 
comorbidity, IRR reports that cardiovascular disease is the 
most prevalent (23%), followed by malignancy (19%), other 
urinary tract diseases (14%), cerebrovascular disease (8%), 
gastrointestinal disease (5%), tuberculosis (4%), and others. 
The most common cause of death was cardiovascular com-
plications (37%), followed by sepsis (10%), cerebrovascular 
disease (9%), and gastrointestinal bleeding (2%). The most 
common reasons for cessation of HD were death (70%) and 
dropped out due to unknown causes. There is a possibility 
that these unknown dropouts are due to difficulties in find-
ing and reaching HD units. Some medical centers are situ-
ated so far that it may take hours for patients to reach via 
multiple modes of transportation (ferry boat, chartered cars, 
etc.); besides, many factors such as weather or geographical 
challenges might hinder patients from getting proper treat-
ment [6].

 Renal Replacement Therapy in Indonesia

All RRT modalities are available in Indonesia, namely, HD, 
CAPD, and kidney transplantation. In Indonesia, HD therapy 
was initiated in the late 1970s and PD program started at the 
late 1980s. Most of the patients with ESRD are on HD treat-
ment (98%), while the rest are on PD or kidney transplanta-
tion [6].

Since 2014, Indonesian government has launched a com-
prehensive universal health coverage program called the 
Indonesian National Health Insurance System (INHIS). 
There are specific grouping codes for each modality of RRT 
in Indonesian Case-Based Grouping stated by the Ministry 
of Health [10].

 Resource for Nephrology Care

In Indonesia, there are only 154 nephrologists for the 268 
million population, which translates to 0.57 nephrologist 
pmp [6]. Due to the lack of nephrologists, both by number 
and by distribution, Indonesian nephrologists need to dele-
gate some of their competencies to other dialysis-trained 
medical professionals, such as general internists and general 
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practitioners. For this reason, the InaSN has carried out a 
dialysis training program for internists and general practitio-
ners to be certified for dialysis (HD and PD) treatment. 
Currently, there are 665 certified dialysis internists, 995 cer-
tified general practitioners, and 7249 certified dialysis nurses 
in 905 dialysis centers, treating 132,142 patients with HD 
and 2105 patients with PD. Certified dialysis internists are 
trained to have the competency as standing doctors respon-
sible for the care of dialysis patients in both out- and inpa-
tient setting. Certified general practitioners are general 
physicians who are trained for dialysis and have the compe-
tency as doctors on duty, capable of managing certain medi-
cal problems during their dialysis shift that need immediate 
attention. Likewise, there is an insufficient number of medi-
cal staff and dialysis centers to provide adequate treatment 
for all patients [6].

 Dialysis Unit

The Ministry of Health’s (MoH) regulation on dialysis ser-
vice in Indonesia was first launched in 1998. For a dialysis 
unit to be established, it must meet some requirements that 
include medical staff, building facilities, machines, and stan-
dard operational procedures, among others. The MoH has 
published a guideline book entitled Pedoman Pelayanan 
Dialisis di Indonesia which translates to Indonesian Dialysis 
Service Guidelines for the hospitals and other healthcare 

facilities that provide dialysis services. This book consists of 
national standards for medical staff, dialysis room, water 
treatment, water loop, storage, sink, infectious room, medi-
cal record, as well as the monitoring and evaluation of the 
dialysis service [11].

The minimum requirements of medical staff are nephrol-
ogist or certified dialysis internist as a standing physician, 
certified dialysis general practitioner, and certified dialysis 
nurse as staff who delivers the treatment. In case a dialysis 
unit has no nephrologists, the InaSN will assign a nephrolo-
gist from the nearby area to supervise the unit [11]. According 
to the 11th annual IRR report (2018), the dialysis service 
data showed as follows (Table 22.1) [6].

 Reimbursement Policy

As mentioned earlier, RRT is covered by the INHIS with 
specific grouping code for each modality of RRT: HD, PD 
(CAPD), and kidney transplantation. The reimbursement 
systems are as follows:

• Primary healthcare: paid by capitation.
• Secondary or tertiary healthcare (hospital): paid by 

Indonesian Case-Based Groups (Ina CBGs), Ina CBGs 
regulation is stated by the MoH. The scheme of Ina CBGs 
is based on:
 1. Hospital classes A, B, C, and D

Table 22.1 The annual report of Indonesian Renal Registry (IRR) 2018: dialysis staff [6]

Region Province Dialysis unit Nephrologist
Dialysis-certified 
internist

Dialysis-
certified GP

Dialysis-certified 
nurse

West Aceh 15 4 16 9 170
West North Sumatra 52 7 33 41 513
West Riau 20 1 19 15 136
West West Sumatra 16 4 8 13 115
West Riau Islands 14 1 15 12 123
West Jambi 6 1 6 7 50
West Bengkulu 7 Supervised by West Sumatra 8 10 77
West South Sumatra 27 4 20 21 208
West Bangka Belitung Islands 4 1 3 2 49
West Lampung 25 2 15 29 218
Central Banten 36 4 26 50 283
Central Jakarta 135 39 58 138 997
Central West Java 168 14 130 202 1096
Central Central Java 116 14 101 128 1163
Central Yogyakarta 46 9 34 42 346
Central East Java 102 15 79 64 893
East Bali 37 7 24 36 342
East West Nusa Tenggara 6 1 6 6 45
East East Nusa Tenggara 7 1 7 6 41
East West Kalimantan 3 Supervised by Jakarta 3 3 21
East East Kalimantan 17 1 17 13 133
East Central Kalimantan 4 Supervised by East Java 4 6 33
East South Kalimantan 10 1 9 11 106
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 2. Class of service: 1, 2, or 3 (class 1 can be upgraded to 
VIP with co-sharing by the patient)

 3. Outpatient or inpatient service

 Hemodialysis

In Indonesia, a majority (98%) of ESRD patients are on HD, 
IRR 2018 (Fig. 22.1) [6].

Incidence and prevalence of HD patient have increased 
consistently in Indonesia, IRR 2018 (Fig. 22.2) [6].

Indonesian Statistic Bureau has reported that the 
Indonesian population was 258.7 million in 2016 and 
increased to 265 million in 2018 and predicted to be 296 mil-
lion by 2030. This situation poses big challenges for nephrol-
ogy health service [12]. RISKESDAS 2018 report found that 
the prevalence of CKD was 0.38%, and 19.33% of them 
were on dialysis treatment [13]. Survival rate at 60 months is 
53.7% [13]; it is higher than the United States (37%) and 

almost the same as Malaysia (50%) and Europe (52%). IRR 
2018 annual report showed an increase in new cases, from 
15,128 in 2013 to 66,433 in 2018, and current active patients 
from 15,128  in 2013 to 134,247  in 2018 yielding a preva-
lence rate of 499 pmp and an incidence rate of 251 pmp by 
2018. By the end of 2019, the current active number of HD 
patients in Indonesia was predicted to be about 147,340, with 
90% of them being covered by INHIS [6].

In Indonesia, in addition to HD, there are other RRT tech-
niques used for ESRD patients such as hemodiafiltration 
(HDF) and hemoperfusion reinfusion (HFR), although they 
are only a small number. The development of continuous 
renal replacement therapy (CRRT) may allow the hemody-
namically unstable patients undergoing critical care to get 
RRT. Initiation of CRRT should be done by a team consist-
ing of intensivist, nephrologist, nutritionist, critical care 
nurse, and pharmacist. Currently, the CRRT devices in 
Indonesia are scarce and are limited to the tertiary hospitals 
in Jakarta, thus inhibiting the nationwide intensivist or 
nephrologist to gain experience in utilizing CRRT devices. 
The limitation is related to tremendous cost of CRRT, which 
may further burden the insurance scheme.

 Peritoneal Dialysis

PD is not very popular as a treatment choice for ESRD 
patients in Indonesia; the prevalence was only 2% in 2018. 
CAPD is the only type of PD system available in Indonesia 
[6]. Some factors were identified that are related to the small 
uptake of PD patient in Indonesia: reimbursement value, 
Indonesian geography, number of available trained medical 
staff, and logistic issues. The current reimbursement of 
CAPD only covers for PD solution bags and minicaps for 1 
month; laboratory examination, oral medication, and 
erythropoiesis- stimulating agents are not covered. The study 
conducted in 2016 showed that PD-first policy, in which 
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Fig. 22.1 Renal replacement therapy in Indonesia [6]
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ESRD patients are offered PD as initial care followed by HD 
if complications occur, was found to be more cost-effective 
compared to the HD-first policy in INHIS setting [14]. IRR 
2018 report showed the mapping of CAPD patients in 
Indonesia (Fig. 22.3) [6].

The MoH Research Department made a health econom-
ics study entitled “Economic Evaluation of Policy Options 
for Dialysis in End-Stage Renal Disease Patients Under the 
Universal Health Coverage in Indonesia.” It was found that 
the budget impact analysis indicated that the required bud-
get for the PD-first policy is 43 trillion IDR for 53% cover-
age and 75 trillion IDR for 100% coverage in 5 years, 
which is less than the HD-first policy, i.e., 88 trillion IDR 
and 166 trillion IDR. The PD-first policy was found to be 
more cost- effective compared to the HD-first policy [14]. 
Budget impact analysis provided evidence on the enormous 
financial burden for the country if the current practice, 
where HD dominates PD, continues for the next 5 years. 
Based on this study, MoH made a breakthrough program to 
increase uptake of CAPD patient; the first step is the 
Increasing Uptake of CAPD Pilot Project in West Java on 
May 2018. This pilot project ended on June 2019 and is still 
being evaluated [14]. The results have not yet been pub-
lished as of December 2019; however, the MoH has already 
made a statement that they would prepare a budget for 
increasing the uptake for the CAPD program in 2020. West 
Java province has already this program with an advanced 

training of CAPD for internists and nurses (40 medical pro-
fessionals from ten hospitals).

 Renal Transplantation in Indonesia

The first renal transplantation was performed on November 
11, 1977, in Dr. Cipto Mangunkusumo General Hospital 
and was supervised by Professor Ota, a Japanese urologist 
from Tokyo Women’s Medical College. During 1977–1985, 
the number of transplantation procedures was still less than 
five per year in two hospitals, Dr. Cipto Mangunkusumo 
General Hospital and PGI Cikini Hospital. There were less 
than ten surgeons who were able to perform the procedure. 
Back then, Indonesia was yet to have any judicial and reli-
gious consensus regarding renal transplantation. The experts 
continued to share their knowledge in renal transplantation 
procedure with other experts outside of Jakarta. After this 
point, Kariadi Hospital and Telogorejo Hospital in Semarang 
successfully handled some transplantations. However, the 
rate of renal transplantation was still less than 20 in a year 
[15, 16].

The first law regulating surgical procedure in deceased 
body and transplantations of human tissues was issued by the 
government, as in Government Regulation (Peraturan 
Pemerintah) No. 18/1981. It provided the first guideline for 
the use of organs from deceased and living-unrelated donors, 

Fig. 22.3 Mapping of CAPD patients in 2018 [6]
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supported by an international consensus from the Society of 
Transplantation.

In the early 1990s, centers for renal transplantation opened 
in numerous big cities, such as Bandung, Semarang, 
Yogyakarta, and Medan. Although the growth of renal trans-
plantation in Indonesia was relatively slow, it had doubled 
compared to the previous decades. According to Markum 
[15], numerous factors that affected the rate of organ trans-
plant donor in Indonesia were donor availability, availability 
of living donors, the hesitancy of using deceased organ donors, 
and the cost of transplantation. In this period, several regula-
tions strengthened the economic and health programs, such as 
the earlier form of health insurance and well- distributed health 
services through primary healthcare centers. The law about 
organ transplantation was revived in Law (Undang-Undang) 
No. 23 in 1992, which explained about humanitarian purposes 
of organ transplantation and the prohibition of transplant 
organ commercialization. Later in 1995, religious leaders and 
medical experts made a consensus named Kesepakatan 
Kemayoran (Kemayoran Agreement), in which it was con-
cluded that renal transplantation was one of the RRT options 
for ESRD, and the usage of deceased organ donor was permit-
ted from the perspective of all official religious, medical, and 
cultural point of view. It was then formulated at the 2nd 
Indonesian Society of Nephrology (Perhimpunan Nefrologi 
Indonesia  – Pernefri) and National Kidney Foundation 
(Yayasan Ginjal Nasional – YAGINA) symposium [15–17].

A new transplantation law was issued by the government 
to further prevent the commercial motivation of renal trans-
plantation, as stated in Undang-Undang No. 36  in 2009. 

Improvement also came from the health insurance in 2005. 
Undang-Undang No. 40  in 2004 about National Social 
Security System (Sistem Jaminan Sosial Nasional) was cre-
ated to ensure that vulnerable population, such as the impov-
erished, were guaranteed healthcare services. After that, 
renal transplantation started to increase especially in Dr. 
Cipto Mangunkusumo General Hospital, although the rate of 
transplantation was still relatively low compared with the 
present times. This happened because transplantation was 
still considered as a special procedure, requiring expensive 
resources, and there was no clear standard operating proce-
dure (SOP). Fortunately, the distribution of transplantation 
skills and knowledge is still going strong, proven by the ini-
tiation of kidney transplantation in Malang, Solo, and Padang 
[16]. Figure 22.4 shows the trend of renal transplantation in 
Indonesia from 1996 to 2010.

The year of 2011 was a very important milestone for the 
development of renal transplantation in Indonesia. The rate 
of renal transplantation in Dr. Cipto Mangunkusumo General 
Hospital rose dramatically in this period. The first laparo-
scopic living donor nephrectomy (LLDN) was successfully 
performed at Dr. Cipto Mangunkusumo General Hospital in 
November 2011. LLDN was generally considered to cause 
less postoperative pain, post-operational morbidity, and bet-
ter recovery and downtime [16].

Another breakthrough of Indonesia’s renal transplanta-
tion in this period was the first pediatric renal transplantation 
in March 2013 [18]. Pediatric transplantation was known to 
be more complicated than adult organ transplantation. The 
factors that need to be considered before doing a transplanta-
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Fig. 22.4 Trend of renal transplantation in Indonesia [16]
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tion to children are the prescription of chronic immunosup-
pression, immune response, dosage changes, risk of 
posttransplant viral infections, and lymphoproliferative dis-
orders (LPD) [16].

In 2014, the Ministry of Health appointed 16 general hos-
pitals to begin renal transplantation services (Table 22.2). Dr. 
Cipto Mangunkusumo General Hospital then established a 
multidisciplinary renal transplantation team to manage the 
high number of renal transplantation demand and provide 
comprehensive service to patients with ESRD.  The team 
consisted of nephrologist, urologist, cardiologist, pulmon-
ologist, anesthesiologist, clinical and anatomical pathologist, 
radiologist, pediatrician, forensics and medicolegal team, 
and nutritionists. Renal transplantation program in Aceh, 
Medan, Padang, Palembang, Solo, Malang, and dan Denpasar 
has been supervised by Dr. Cipto Mangunkusumo General 
Hospital until now. In the same year, the Indonesia 
Transplantation Society was established by multidisciplinary 
physicians involved in organ transplantation.

Based on the Peraturan Menteri Kesehatan Republik 
Indonesia No. 38 Tahun 2016, the Ministry of Health estab-
lished the National Committee on Transplantation as a commit-

tee for hospitals that provide organ transplantation program in 
2016. The revision of the reimbursement for renal transplanta-
tion in Indonesia was made by the INHIS, due to the high long-
term cost of HD.  Later on, the INHIS endorsed renal 
transplantation as the recommended ESRD treatment [16].

As of today, there is still no specific management or orga-
nization that helps facilitate for those people who want to be 
organ donors. The management of organ transplantation is 
mainly conducted by the related hospital [15–17].

Most of the kidney transplantations are performed at Dr. 
Cipto Mangunkusumo General Hospital. Overall, there have 
been 734 renal transplantation procedures performed at Dr. 
Cipto Mangunkusumo General Hospital from January 2010 
to July 2019 (Fig. 22.5). Thirteen pediatric renal transplanta-
tions have been performed until August 2019. All recipients 
received transplantation from living donors and more than 
70% were emotional-related donors [18].

A serial study from 2011 to 2017 by Marbun et al. [19] has 
shown that from 492 renal transplantation procedures with 
living-related donors, 335 recipients (70.7%) and 317 donors 
(66.9%) were male. The mean age of recipient was 47 (13.18) 
years and the median age of the donors was 30  years (17–
66 years). Most of patients (93.9%) had undergone HD. Family 
relationship with recipients was found in 119 patients (25.1%), 
while the rest was emotionally related (Table 22.3).

As seen in Figs. 22.6 and 22.7, patients and graft survival 
trends are getting better every year. But according to a study 
by Marbun et al. [19], the survival rates in the first 3 years 
compared to the first year were 90.6% to 92% for graft 
 survival and from 79.7% to 87% for patient survival. Some 
factors that were suspected to affect the patient survival rate 
were serum creatinine levels (p = 0.0001), comorbidity (dia-
betes mellitus p  <  0.01), and surgical complications 
(RR = 5.64) [20–22].

The dominant factors from recipient that may affect sur-
vival include comorbidity, infectious disease, and unrelated 
donors. Other factors that should be considered are patients’ 
compliance after transplantation such as the usage of immu-
nosuppressant drugs and healthy lifestyle. In some cases, 
compliance may be affected by the problem of drug avail-
ability and distance between patients’ residence and trans-
plant hospital [19]. Table 22.4 shows graft failure rate after 
kidney transplantation from 2013 to 2018.

Although Indonesia renal transplantation program has 
much improved, it is still less well-developed than other 
ESRD modalities. Patients’ preferences due to social and 
religious views, medical conditions, accessibility to treat-
ment, and healthcare insurance definitely play a role. Support 
from the government is much needed, especially in order to 
make new laws and continuous national health insurance 
support. There’s still a long way to increase the quantity and 
quality of the renal transplantation program. We have to 
develop more advance technology and research, to build 

Table 22.2 General hospitals providing renal transplantation services

No Hospital
Year
2015 2016 2017 2018 2019

1 Dr. Zainoel Abidin General 
Hospital, Aceh

0 1 1 1 1

2 Dr. M. Djamil General 
Hospital, Padang

1 0 2 3 11

3 H. Adam Malik General 
Hospital, Medan

0 1 2 0 1

4 Dr. Mohammad Hoesin 
General Hospital, Palembang

0 1 2 1 0

5 Dr. Cipto Mangunkusumo 
General Hospital, Jakarta

125 115 114 108 63

6 Dr. Hasan Sadikin General 
Hospital, Bandung

1 0 0 0 0

7 Dr. Moewardi General 
Hospital, Surakarta

3 1 1 0 0

8 Dr. Kariadi General Hospital, 
Semarang

4 3 7 9 21

9 Dr. Sardjito General Hospital, 
Yogyakarta

0 0 2 12 14

10 Dr. Soetomo General Hospital, 
Surabaya

41

11 Dr. Saiful Anwar General 
Hospital, Malang

2 2 5 0 20

12 Sanglah General Hospital, 
Denpasar

0 1 5 8 2

13 Prof. Dr. R. D. Kandou 
General Hospital, Manado

0

14 Prof. Dr. Wahidin Sudiro 
Husodo, Mojokerto

0

15 PGI Cikini Hospital, Jakarta 342
16 Gatot Soebroto Army 

Hospital, Jakarta
51
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donor and organ procurement programs, and also to share the 
skills and knowledge among centers.

 Nephrology Practice in Indonesia

 Nephrologist and Medical Education 
of Nephrologist in Indonesia

There are currently 133 board-certified nephrologists in 
Indonesia. The number is scarce when compared to 

Indonesian huge population. The nephrologists are full 
members of Indonesian Society of Nephrology or InaSN 
(Perhimpunan Nefrologi Indonesia – Pernefri). InaSN is the 
national professional organization for nephrologist, estab-
lished on October 5, 1976. IRR was an accomplishment of 
the InaSN, introduced first time in 2007.

The board-certified nephrologists in Indonesia spend 
years in medical school to become a nephrologist. The study 
period of the undergraduate program in medical school is at 
least 3.5 years of preclinical studies, followed by a 2-year 
clinical phase [23]. Then, the prospected nephrologist needs 
to take 5-year postgraduate medical education in internal 
medicine to be eligible to take the 3-year subspecialties 
training in nephrology and hypertension. The medical 
schools that are qualified to provide subspecialties training, 
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Fig. 22.5 Annual rate of adult renal transplantation in Dr. Cipto Mangunkusumo General Hospital, Jakarta [18]

Table 22.3 Characteristic of renal transplant patients from January 
2011 to May 2017 [19]

Characteristic (n = 474) Value
Recipient age (years), mean (SD) 47 (13.18)
Donor age (years), median (range) 30 (17–66)
Recipient sex, n (%)
  Male 335 (70.7)
  Female 139 (29.3)
Dialysis type, n (%)
  Hemodialysis 445 (93.9)
  CAPD 16 (3.4)
  Preemptive transplantation 13 (2.7)
Cross-matching
  0–10% 4 (0.8)
  10–20% 69 (14.6)
  20–30% 247 (52.1)
  >30–40% 57 (12.0)
  Data is not available 97 (20.5)
Recipient-donor relationship, n (%)
  Related 119 (25.1)
  Unrelated 355 (74.9)
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Fig. 22.6 Patient survival rate within 1 year after transplantation in Dr. 
Cipto Mangunkusumo General Hospital, Jakarta [18]
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especially in nephrology, are limited in Indonesia because 
the institution must fulfill certain accreditation requirements 
to be deemed qualified.

 Health Professionals Associated 
with Nephrology Practices in Indonesia

As mentioned earlier, there are other physicians who contrib-
ute and are associated with nephrology practices in Indonesia. 
In 2019, there were 555 general internists who have taken a 
short dialysis therapy course in order to provide service in a 
HD unit under supervision of a nephrologist. There are also 
pediatric nephrologists and urologists who work in surgery 
for renal transplantation and vascular surgeons who work in 
surgery for dialysis access in patients undergoing 
HD.  Currently, there are 45 pediatric nephrologists in 
Indonesia. An aspiring pediatrician who wants to be a pedi-
atric nephrologist needs to take the 2-year subspecialties 
training in nephrology after completing 4-year residency in 
pediatrics.

IRR 2018 reported that there were 7660 dialysis nurses 
nationwide [6]. The report also explained that more than 
2000 additional dialysis nurses are needed to overcome the 
scarcity of the dialysis nurse currently. The need is growing, 
expecting the increment of dialysis unit worldwide in the 
period of nationwide health insurance scheme conducted by 
the Indonesian National Health Insurance.

The undersupply of nephrologist and dialysis nurse in 
Indonesia nowadays creates a major challenge for nephrol-
ogy practices in the country. The supply for these profession-

als requires careful calculation for the professional expected 
income, which is determined by some factors: the local regu-
lation of healthcare facility (determined by initial employ-
ment contract and given in remuneration, fee for services, or 
revenue sharing), professional organization guidance, and 
the type of healthcare facility.

 Working in Indonesia as a Foreign 
Nephrologist

One of the biggest challenges in globalization was the chance 
for the importation of foreign nephrologist to work and give 
medical services in Indonesia. This opportunity shall lead to 
prospected transfer of medical knowledge, experience, and 
technology. Health services in international trade is one of 
the components of services trade, which is currently regu-
lated in bilateral and ASEAN regional agreements. The 
influx of foreign health professional is regulated according to 
domestic regulation in Indonesia.

According to Undang-Undang 13/2003 about labor, 
which is explained in the Decree of Ministry of Labour and 
Transmigration No. 2/2008, MoH has a role as promotor to 
the application of working license for foreigner. According 
to the Decree of No. 67/2013, the MoH also has the role to 
permit foreigner health professionals for knowledge and 
technology transfer, education and training, research on 
health services, and/or social services.

Besides qualifying in nephrology, foreign nephrologists 
who want to work in Indonesia are demanded to satisfy the 
labor-normative and health technical requirement. The 
requirements consist of certificate of competence, temporary 
registration certificate of doctor, medical practice license, 
and certificate of Bahasa Indonesia language proficiency. 
Certificates of competence are obtained by foreign nephrolo-
gists after passing the competency evaluation by the 
Indonesian Medical Council. The certificate is the prerequi-
site requirement to obtain temporary registration certificate 
of doctor, which is 1-year valid and may be extended for 
another 1 year. Both certificates may be used to procure the 
medical practice license in the corresponding regional public 
health office.

 Future Perspective of Nephrology in Indonesia

In 2013, the president of the Republic of Indonesia issued a 
President Decree No. 12/2013, as amended by President 
Decree No. 111/2013, regarding healthcare insurance man-
aged by the newly established Indonesian National Health 
Insurance System (INHIS). Both the Healthcare and Worker 
Social Security schemes are compulsory for all workers. The 
healthcare insurance program is handled by INHIS. Employ-
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Fig. 22.7 Graft survival rate within 1 year after transplantation in Dr. 
Cipto Mangunkusumo General Hospital, Jakarta [18]

Table 22.4 Chronic rejection rate after renal transplantation [18]

2013 2014 2015 2016 2017 2018
Graft failure 4 9 12 15 18 20
Graft function 32 68 138 252 361 472
Total Patients 36 77 150 267 379 492
Failure Rate 11% 12% 8% 6% 5% 4%
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ees are required to participate and contribute to this health-
care scheme. Indonesian citizens and all residents of 
Indonesia, including long-term expatriate employees, are 
required to join. Registration with INHIS covers the whole 
family. Only one spouse is required to contribute to gain 
family coverage. By the end of 2019, all Indonesians would 
have universal healthcare coverage [24, 25]. This healthcare 
insurance covers dialysis treatment. During 2014, INHIS 
reported that kidney failure patients claims were placed at 
the second place in the list of catastrophic diseases, after 
heart diseases. It is shown that 2,165,507,578,258 IDR or 
around 161,606,000 USD were claimed by kidney failure 
patients during 2014. This claim tends to increase through-
out the years [26]. Most of INHIS funding comes from the 
national budget or regional government budget targeting to 
support poor populations and from civil servants, public fund 
as subscription of individuals or private company workers. 
This fund will mostly go to secondary or tertiary centers 
where dialysis services are running [25, 26].

HD is a health service with characteristic of high cost, 
high volume, and high risk; therefore, it needs standardized 
service through evidence-based national clinical guideline 
and implemented as hospital standard procedure. It should 
be supported by well-organized dialysis unit and competent 
human resources. The basic of HD should be aimed at good 
outcomes and manifested reduced mortality with low cardio-
vascular complication, good nutritional status, and optimal 
quality of life. It may be achieved by targeted Kt/V, mainte-
nance of vascular access, and adapted technology of dialysis 
machine and dialyzer. Implementation of health technology 
assessment and anti-fraud regulation on this technology 
application will lead to a cost-effective service in expensive 
dialysis treatment [27, 28]. The human resources involved in 
one dialysis unit in Indonesia, which are regulated by the 
Indonesian Society, are nephrologist, internist with 3 months 
of dialysis training, and general practitioner with 3 months 
of dialysis training [27, 29]. Most of the financial support for 
HD treatment comes from INHIS (the Indonesian National 
Health Insurance System). Nowadays, more than 80% of 
Indonesian population has been covered by this insurance 
agency. A minority of the population is supported by regional 
health insurance, other commercial insurance, and fee for 
service [30].

In order to choose more cost-effective treatment in dialy-
sis service, MoH performed HTA (health technology assess-
ment) in 2015 and evaluated cost-effectiveness between HD 
and CAPD.  The result was that PD is more cost-effective 
when compared to HD.  In order to improve an affordable 
treatment as well as improve access care for RRT, then 
PD-preferred policy is encouraged. The MoH has just started 
a pilot PD program in some region of West Java [30].

Studies in some countries have shown that kidney trans-
plantation is more cost-effective than dialysis treatment [31–

33]. Indonesian MoH in conjunction with 13 major hospitals 
in Indonesia has launched a development kidney transplanta-
tion program. A National Committee of Organ Transplantation 
was established in 2016 in order to regulate organ transplan-
tation, including the kidney. Although deceased kidney trans-
plantation national program is still in infancy, the government 
has committed to pursue this program by dispatching a team 
of doctors to Spain for deceased organ transplantation.

The treatment of kidney disease is a complex problem. In 
addition to great burden of kidney disease, high technology 
and human resources are involved in the management of the 
disease. Indonesian Society of Nephrology has developed 
short- and long-term programs in conjunction with MoH, 
including unleashing the PD-preferred program for the 
endorsement of CAPD, early detection and preventive pro-
gram for CKD in the community and primary healthcare, 
and development of kidney transplantation in some tertiary 
hospitals. Indonesian Society of Nephrology is involved on 
collaborative studies with ANZSN (Australian and New 
Zealand Society of Nephrology) and ISN on randomized 
controlled trials with HD patients. In cooperation with the 
Taiwan Society of Nephrology, Indonesian Society of 
Nephrology is developing a preventive kidney disease pro-
gram in Indonesia. An interventional nephrology society has 
been established recently, aiming to develop training for doc-
tors who are interested in enrolling in education and training 
in nephrology. New developed educational curriculum to 
become nephrology consultant, targeting physicians, has 
been proposed to the Collegium of Internal Medicine.

 Pediatric Nephrology in Indonesia

Pediatric nephrology care in Indonesia varies, ranging from 
province with comprehensive care that provides all RRT to 
others offering no possibilities to provide dialysis or trans-
plantation to children with ESRD.  Most children are dia-
lyzed in adult centers; there is only one center in the capital 
city Jakarta that has a pediatric dialysis unit separated from 
the adult unit. In 2017, there were 14 pediatric nephrology 
centers in major cities [34].

Nephrotic syndrome is the most common pediatric kidney 
disease in Indonesia, although the precise incidence is 
unknown. Steroid-resistant nephrotic syndrome is still a 
problem, since a small number of cases become end-stage 
renal disease within 10 years. AKI also remains an important 
problem, whose etiology includes post-streptococcal acute 
glomerulonephritis, severe hypovolemia from acute gastro-
enteritis, sepsis, and post-cardiac operation cases.

An impressive improvement has been made in the care 
of pediatric renal diseases during the past few decades. A 
total of 220 children underwent RRT in a pediatric nephrol-
ogy center in 2017 [34]. Pediatric living donor kidney 
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transplantation program was initiated in 2013 [35], and 
until 2019 there have been 17 children transplanted (unpub-
lished data from Pediatric Nephrology Working Group of 
Indonesian Pediatric Society). The leading causes of ESRD 
in pediatric patients are glomerulonephritis (49.5%) and 
congenital anomalies of kidney and urinary tract (CAKUT) 
(26.4%) [35].

RRT in children remains inaccessible in most of our 
country especially in the area with no pediatric nephrology 
center. High cost of renal healthcare makes management of 
either acute or chronic RRT in children in Indonesia faced 
with diverse challenges, which contribute to the overall poor 
outcome of renal disease as well as the high general mortal-
ity and morbidity in the region. Future development is to for-
mulate policies to improve pediatric nephrology services, 
including to alleviate the inaccessibility and unsustainability 
of RRT in children in such resource-limited setting.
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Abbreviations

AIDS Acquired immunodeficiency syndrome
AKI Acute kidney injury
AMS Academy of Medical Sciences
CAPD Continuous ambulatory peritoneal dialysis
CKD Chronic kidney disease
CRF Chronic renal failure
CVD Cardiovascular disease
DATPA Dialysis and Transplant Patients Association
DDRT Deceased donor renal transplantation
eGFR Estimated glomerular filtration rate
ERA-EDTA European Renal Association-European 

Dialysis and Transplant Association
ESRD End-stage renal disease
FMF Familial Mediterranean fever
GBD Global Burden of Disease
GCS Golestan Cohort Study
GDP Gross domestic product
HCV Hepatitis C virus
HD Hemodialysis
HDI Human development index
HIV Human immunodeficiency virus
IDMP Iranian Donor Maintenance Project
IF Impact factor
IIEP Iranian Interviewers Education Program
IJKD Iranian Journal of Kidney Diseases
IPDDP Iranian Possible Donor Detection Project
IrODaT Iran’s Office of Dialysis and Transplantation
IrSN Iranian Society of Nephrology
ISI International Scientific Indexing
ISN International Society of Nephrology

ISOD Iranian Society of Organ Donation
KDOQI Kidney Dialysis Outcome Quality Initiative
km2 Square kilometer
LPP Lifestyle Promotion Project
LRD Living-related donor
LURD Living-unrelated donor
MCTSD Management Center for Transplantation 

and Special Diseases
MoH Ministry of Health
NCD Noncommunicable disease
OD Organ donation
OPU Organ procurement units
RRT Renal replacement therapy
UNOS United Network for Organ Sharing
WKD World Kidney Day

Area 1,648,195 km2

Population1 81,672,342 (2016)
Capital1 Tehran
Three most populated cities: 1. Tehran 8,154,051

2. Mashhad 2,749,374
3. Isfahan 1,756,126

Official language Farsi
Gross Domestic Product (GDP)2 454.013 billion USD (2017)
GDP per capita2 5627.749 USD (2017)
Human Development Index (HDI)2 0.798 (2017)
Official currency Rial (each Toman is 10 Rials)
Total number of nephrologists 340 adult nephrologists

55 pediatric nephrologists
National society of nephrology Iranian Society of Nephrology

www.isn-iran.ir
Incidence of end-stage renal 
Disease3

2018 – 109.9 pmp

Prevalence of end-stage renal 
Disease3 (including patients with a 
functioning kidney transplant)

2018 – 892 pmp

Total number of patients on 
dialysis3 (all modalities)

2017 – 34,931
2018 – 35,744

Number of patients on 
hemodialysis3

2017 – 31,421
2018 – 34,059

Number of patients on peritoneal 
dialysis3

2017 – 1755
2018 – 1685
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Number of renal transplantations 
per year

2017 – 931 live donors; 1351 
deceased donors
2018 – 1018 live donors; 1263 
deceased donors
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 Introduction

Iran is the second most populated country in the Middle East. 
Based on the 2016 census, the population of Iran is 81,672,342 
[1]. Iran has an area of 1,648,195 km2 (636,372 mi2) with 31 
provinces. According to the same census, 74% of Iran’s popu-
lation is distributed in urban areas and 25.9% in rural areas. 
Iran’s elderly population has also been gradually increasing 
since 1986: the 30–64 age group population having increased 
from 25.1% to 44.8% in 2016 and the population over 65 years 
of age having grown from 3.1% to 6.1% (Statistical Center of 
Iran, accessed August 2017, https://www.amar.org.ir).

The system of government in Iran is that of an Islamic 
Republic where the government is composed of a supreme 
leader, president, parliament, cabinet of ministers, as well as 
several councils, such as the Expediency Council, all of 
whom share power. All health issues are administered by the 
Ministry of Health (MoH), the head of which holds a cabinet 
position. All patients with end-stage renal disease (ESRD) 
and on any form of renal replacement therapy (RRT) are pro-
vided full coverage by a national insurance at minimal to no 
cost. Health issues need to be looked at in the context that the 
Iranian currency (Rial) has sometimes experienced free-fall, 
making it hard for the Iranian citizen to purchase any 
imported medications or medical instruments other than 
those fully covered by the national healthcare system.

The World Bank has categorized Iran as a higher middle- 
income country with a gross domestic product (GDP) 
exceeding 454 billion USD in 2017 and a GDP per capita of 
approximately 5593 USD [2]. The total health expenditure 
estimate of the GDP was 5.8% in 2006 (Plan and Budget 
Organization Newsletter, March 2006) and increased to 
9.9% in 2017 (Plan and Budget Organization Newsletter, 
May 2019). The World Bank, Washington DC, confirmed 
similar data in 2017.

 Brief History of Nephrology in Iran

Nephrology is a branch of medicine that concentrates on the 
well-being of the kidneys. In 1827, Richard Bright described 
features of kidney disease in his book Reports of Medical 
Cases. Thereafter, for 100 years kidney disease was named 

Bright’s disease universally. The term “nephrology” was 
used first at a conference in September 1960, being accepted 
all over the world and replacing the term “Bright’s disease.”

The situation with kidney disease was the same in Iran. 
Prior to 1960, the term nephrology was not being used and 
only some internists were involved in the care of patients that 
were presenting with discoloration of the urine, oliguria, and 
edema. These physicians were called kidney doctors instead 
of nephrologists. Some university professors like the late Dr. 
Mehdi Azar (specialized in adults) and Professor Mohammad 
Gharib (pediatrics) were more involved in the management 
of patients with kidney disease until 1960. At the time, sev-
eral beds in the Internal Medicine and Pediatric ward in 
Tehran University Hospital, then called Hezar Takhtekhab 
(1000 bed hospital), were devoted to kidney patients. After 
1960, some of the medical graduates of Tehran University 
who had spent some time in Europe or the United States and 
had focused part of their training on the treatment of kidney 
disease returned to Iran and indeed composed the primary 
nucleus for the field of nephrology in Iran.

Modern nephrology began in Iran in the early 1960s after 
the return of a number of nephrology specialists from France, 
England, Germany, and the United States. Dr. Abdol-Hossein 
Samiee was the first American-trained nephrologist who pro-
vided a great deal of care for kidney and dialysis patients in 
the country. In 1961, Dr. Ahmad Farhad Motamed and Dr. 
Abdol-Mohammad Rafat founded an association with ten 
members, which was in fact the first Iranian Nephrology 
Society. The group held monthly meetings but until the mid- 
1970s was not very active due to the small number of mem-
bers. In 1972, ten well-known physicians (Dr. Esfandiar 
Bodaghi, Dr. Mehdi Ghavamian, Dr. Noreldin Hadavi, Dr. 
Bijan Nikakhtar, Dr. Hooshang Saadat, Dr. Abdolsamad 
Raafat, Dr. Mansoor Hashemi Rad, Mehdi Khanmohammadi, 
and a few others) who were involved in the care of renal 
patients established a group, which later became known as 
the Iranian Society of Nephrology (IrSN), with main activi-
ties of monthly conferences in university hospitals, present-
ing and discussing difficult cases of patients with renal 
diseases and hypertension. Dr. Nour-Aldin Hadavi was 
elected and remained the president of the society until 1975.

Then, Dr. Behrooz Broumand returned from the United 
States as the first American board-certified internist- 
nephrologist and was elected as the president of the IrSN 
with 26 members. As the society became more active, it 
started having weekly case review meetings and renal pathol-
ogy conferences to discuss and interpret renal biopsy with 
pathologists from the Medical College of the Tehran 
University. The first international congress on hypertension 
with around 500 participants was held in Iran by the IrSN in 
February 1977. The society continued its activities until 
1980. When the Iran-Iraq War began, the IrSN slowly halted, 
similar to that of many other Iranian scientific societies in the 
country. In 1992, the IrSN was formally re-established with 
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approved bylaws by the MoH. Dr. Ahad Jaafari Ghods, an 
American-trained nephrologist, as president and Dr. Ali 
Nobakht Haghighi as secretary-general were elected and 
served in these positions in the new IrSN for three consecu-
tive 2-year terms. Dr. Ghods was the chairman of the 1st–6th 
International Congresses of Nephrology, Dialysis, and 
Transplantation in Iran, which were held from 1991 through 
2000, roughly every 2 years.

In 2000, Dr. Behrooz Broumand was re-elected as presi-
dent of the society and served for 6 years until 2006, with Dr. 
Ezatollah Abdi as the secretary-general of the society. Dr. 
Broumand hosted the 7th–10th International Congresses of 
Nephrology, Dialysis, and Transplantation in Iran, roughly 
every 18 months, as well as a joint conference between the 
IrSN and the European Renal Association-European Dialysis 
and Transplant Association (ERA-EDTA) in May 2001. The 
10th Congress of Nephrology was held in Urumia (a midsize 
city in northwest Iran). During the period of 1992–2002, the 
board-certified internists who had served as associate mem-
bers in the IrSN for 10 years were recognized as eligible for 
the board of nephrology certification, and after passing the 
board exam, ten Iranian board-certified nephrologists were 
introduced as members to the society. Nephrology training 
officially started at the Tehran University and the Iran 
University of Medical Sciences, each with a 2-year curricu-
lum for Iranian board-certified internist to become nephrolo-
gists. Around 20 internists are annually accepted into the 
nephrology fellowship programs in ten medical schools in 
Iran. Between November 2006 and 2019, the IrSN has had 
several presidents including Dr. Ezzat Abdi, Dr. Mohammad 
Reza Ganji, and Dr. Mohsen Nafar.

By 2018, the IrSN was composed of 395 nephrologists 
(340 adult and 55 pediatric nephrologists) and 35 associated 
members. Every 2 years, the society holds national nephrol-
ogy congresses in Tehran and the international congresses in 
other cities of Iran, with the presence of prominent Iranian 
and international speakers providing the news and updates in 
nephrology to the Iranian and international nephrologists. 
Since 2001, all the members of the IrSN have been registered 
in the International Society of Nephrology (ISN) in a collec-
tive membership program with a reduced rate for member-
ship. Today, Iran has one of the largest member groups in the 
ISN. Since 1991, many of annual conferences of nephrology 
in Iran have been endorsed by the ISN. The ISN has sup-
ported the presence of three international speakers at a num-
ber of the IrSN international congresses through endorsement 
and CME credits. For instance, an ISN-CME conference was 
held in Tehran and Isfahan in 2014 with the collaboration of 
international and Iranian speakers. Each year, members of 
the IrSN actively hold the World Kidney Day (WKD) in vari-
ous cities of Iran in collaboration with the ISN. As of April 
2019, the IrSN has been recognized by the ISN to have 
enough clout, stature, and depth of expertise to host ISN- 
supported nephrology fellows from other countries. Today, 

there is one young physician from the Avicenna University 
of Dushanbe city in Tajikistan being trained in the Iran 
University of Medical Sciences at Hasheminejad kidney 
training center.

The major nephrology problem in Iran is the nonexistence 
of renal pathology. The biopsies are being interpreted by 
general pathologists and usually by light microscopy. Some 
university hospitals are equipped with immunofluorescence 
microscopy, but electron microscopy is only available in the 
Imam Khomeini Hospital in Tehran which was previously 
called the Hezar Takhtekhab Hospital. Much effort has been 
spent on creating a nephro-pathology fellowship training 
program in one of the university hospitals, but these efforts 
have been unsuccessful to date due to difficulty in recruiting 
fellows which in turn is due to the poor financial prospect for 
a pathologist devoting his/her efforts exclusively to renal 
pathology.

The Iranian Journal of Kidney Diseases (www.IJKD.
org), the official publication of the IrSN and a peer-reviewed 
journal in English, is indexed in PubMed International 
Scientific Indexing (ISI), Scopus, and Google Scholar. The 
recent impact factor (IF) of the IJKD is 0.979, and it is avail-
able free of charge online globally. The aim of the IJKD is 
to provide the worldwide nephrology community the possi-
bility to read and reflect on the experience and knowledge of 
the Iranian kidney scientists and clinicians. It has been pub-
lished quarterly since 2007 and every 2  months since 
January 2011. The journal’s objective is to serve as a focal 
point for debate and exchange among researchers at a global 
level. Original papers, case reports, and reviews on all 
aspects of kidney disease, hypertension, diabetes mellitus, 
dialysis, and transplantation are published in the IJKD. 
Contributions on basic science research, clinical practice, 
and renal health socioeconomics are also welcomed by the 
editors of the journal. Several handbooks have been pub-
lished by the IrSN including the Essentials of Chronic Renal 
Disease, as well as dialysis and management guidelines in 
renal transplantation.

 The Progress of Dialysis in Iran

In 1970, Professor Mehdi Azar arranged for Dr. Mehdi 
Ghavamian, his former assistant in Hezar Takhtekhab 
Hospital in Tehran Medical School, to travel to the Cleveland 
Clinic in the United States to be trained in ESRD and hemo-
dialysis (HD) with Professor Willem J. Kolff who was then 
one of the pioneers of HD. Meanwhile, the first dialysis ward 
was established by Dr. Azar in Hezar Takhtekhab Hospital 
(called Pahlavi Hospital at the time), and Dr. Ghavamian 
introduced the newly developed HD under the supervision of 
Dr. Azar. By 1972, there were small dialysis wards in Hezar 
Takhtekhab Hospital as well as two other university hospitals 
in Tehran: Dariush Kabir and Sina. At the time, due to the 
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scarcity of nephrologists in Iran, it was not feasible to expand 
RRT to other major cities in Iran.

With the MoH cooperation in 1974, ten general physi-
cians were assigned to be trained in the management of 
ESRD at the Behavar Hospital where Dr. Broumand super-
vised a 20-bed dialysis ward and a 24-bed nephrology ward. 
This training program led to the opening of dialysis wards in 
several other cities including Isfahan, Tabriz, Mashhad, 
Shahi, Urumia, Yazd, Kerman, and Kermanshah. The young 
physicians had 6 months of intense training to run dialysis 
units in those cities.

Another major problem was the lack of qualified nurses 
familiar with ESRD requiring RRT. Dr. Broumand started a 
program to teach nephrology courses focused on dialysis at 
the Azarmidokht nursing school of the MoH and first trained 
12 registered nurses to work in Behavar Hospital, a hospital 
belonging to the MoH. The total number of patients under 
maintenance HD was 109 in 1976 [3], whereas data available 
as of 2019 shows that the number of patients under mainte-
nance HD has increased to 34,059, with 7248 dialysis 
machines at 758 wards in Iran.

 Achievements of the Iranian Nephrologists 
in the ISN

Dr. Behrooz Broumand served as a member of the ISN 
Middle East board from 2011 to 2017. He was then replaced 
by Dr. Mohammad R.  Ganji, followed by Dr. Shahrzad 
Ossareh from 2017 on. Prof. Behrooz Broumand was 
awarded the Pioneer of Nephrology in the Middle East at the 
ISN World Congress in Cape Town, South Africa, in 2015. 
Prof. Shahrzad Ossareh (the director of the Nephrology 
Fellowship Program at the Iran University of Medical 
Sciences/Hasheminejad Kidney Center and council member 
of the Iranian Society of Nephrology) was elected as an ISN 
counselor representing the Middle East region and serving as 
the co-chairwoman of the ISN Middle East Regional Board 
in March 2017 and in April 2019, finally becoming the chair 
of the ISN Middle East Regional Board.

On December 26, 2003, a magnitude 6.5 earthquake dev-
astated the small city of Bam in southeast Iran. Incidentally, 
the IrSN annual meeting was being held in the city of 
Zahedan about 115 miles away. Bam’s earthquake was felt in 
Zahedan, and within a few hours, many victims of the earth-
quake were transferred to the hospitals in Zahedan. Dr. 
Behrooz Broumand, the president of the IrSN at the time, 
and Dr. Ali Nobakht Haghighi, then secretary-general of the 
Iranian Academy of Medical Sciences, called for an emer-
gency IrSN council meeting and established a Renal Disaster 
Relief Task Force composed of the members of the IrSN to 
prevent and treat acute kidney injury (AKI) in the victims of 

Bam’s earthquake. The earthquake resulted in 26,271 deaths 
and around 200 victims with crush syndrome receiving dial-
ysis treatment. Once the IrSN communicated with the ISN 
Renal Disaster Relief Task Force, several international 
nephrologists experienced in crush syndrome including Dr. 
Vanholder R, Dr. Van Biesen W, Professor Lameire N, and 
Dr. Sever MS arrived in Bam and cooperated with the IrSN 
to create a protocol for the management of earthquake vic-
tims and prevention of AKI following crush syndrome [4].

A few weeks later, an ISN handbook on the guidelines for 
prevention of AKI entitled Recommendations for the 
Management of Crush Victims in Mass Disasters was sent by 
the ISN to the IrSN and was translated into Farsi/Persian and 
published by the IrSN.  Dr. Iraj Najafi from the IrSN was 
appointed as the director of the IrSN Renal Disaster Relief 
Task Force. Later, in January 2004, the IrSN president Dr. 
Broumand and Dr. Nobakht, both permanent members of the 
Iranian Academy of Medical Sciences, organized a 2-day 
meeting in Tehran on the management of earthquake 
victims.

 Renal Diseases in Iran

All types of kidney disease exist in Iran. Renal injury follow-
ing hypertension and diabetes mellitus are the most common 
causes of renal disease [5], followed by different glomerular 
diseases, either primary or secondary such as systemic 
immunological diseases (lupus nephritis and vasculitis), 
obstructive and infectious renal diseases, different malignan-
cies, analgesic nephropathy, and renal injury secondary to 
nephrotoxins including opium. In northwestern Iran, renal 
amyloidosis secondary to familial Mediterranean fever 
(FMF), a form of recessive hereditary nephritis such as 
Alport’s syndrome with dominant autosomal recessive 
inheritance, is a common occurrence as in small remote vil-
lages, familial marriage between cousins and close relatives 
is common. There are reports about renal diseases following 
viral infections including AIDS [6] and following noncom-
municable diseases [7]. Finally, trauma, especially in case of 
natural disaster such as earthquake, resulting in AKI and 
ESRD is reported [4]. The rate of CKD incidence in different 
provinces of Iran is different with the highest prevalence 
being in Khorasan and the lowest in the Alborz province. In 
a large population-based study, the overall prevalence of 
CKD reported was 18.9% [8], whereas in the Golestan 
Cohort Study (GCS), a prevalence of 23.7% (26.6% in 
women and 20.6% in men) was reported [5].

Iran could be considered a fast-emerging economy [2]. 
The fraction of GDP allocated to total health expenditure has 
risen from 5.8% in 2006 to 9.9% in 2019 (2019 Newsletter 
Plan and Budget Organization of Iran), as it would be 
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expected in any other similar country in the world facing an 
increasing burden of CKD. To describe the burden of CKD 
in any country, a good renal registry is required, which at 
present is not available in Iran. A few national and provincial 
(state-level) studies that may elucidate the status of CKD and 
its risk factors in Iran have been reported [8–11]. Well-known 
risk factors of noncommunicable diseases such as diabetes 
mellitus and arterial hypertension have been shown to be 
increasing as there is an increase in the age of the population 
living in urban areas. GCS is the largest prospective cohort 
observational study in Iran having enrolled 11,409 partici-
pants aged 45–70 [5]. In the second phase of this study, gen-
der, age, literacy, residence, anthropometric measurements, 
smoking, opium use, self-reported history of cardiovascular 
disease (heart disease and/or stroke), hypertension, diabetes, 
and lipid profile were the predictors of interest. The out-
comes of interest were eGFR and CKD defined as 
eGFR  <  60  ml/min/1.73 m2. The prevalence of CKD was 
23.7% (26.6% in women, 20.6% in men). The prevalence of 
CKD stages 3a, 3b, 4, and 5 were 20.0%, 3.3%, 0.4%, and 
0.1%, respectively. Female gender, older age (greater than 
65), urban residence, CVD history, hypertension or diabetes, 
larger body mass and surrogates of body fat, and opium 
abuse were all associated with CKD.

Opium had a significant positive association with CKD in 
an adjusted model. The clinical manifestation of kidney dis-
ease in opium-addicted patients is similar to that of other 
patients except that there are several reports of high inci-
dence of renal and urological malignancies in patients with 
opium addiction. There are no studies on the prevalence of 
opium addiction in the general Iranian population, although 
the statistics reveal that opium addiction is the main modality 
of illicit substance use in all provinces of Iran. Well-designed 
studies on this latter topic are currently lacking in Iran.

All anthropometric measurements had positive linear 
association with CKD.  Being literate had inverse associa-
tion. Gender had a significant interaction with anthropomet-
ric indices, with higher odds ratios among men compared to 
women. A significantly high association was observed 
between the rate of change in waist circumference and sys-
tolic blood pressure with the risk of CKD. One in four people 
in this cohort had low eGFR. Overweight, obesity, diabetes, 
hypertension, and dyslipidemia are major risk factors for 
CKD [5]. Gender had a significant association with CKD in 
both crude and adjusted models, with men being less likely 
to have CKD.

Higher incidence of CKD in GCS compared to a few other 
reports can be due to high prevalence of untreated hyperten-
sion and diabetes in this cohort of approximately 54,000 
patients, which incidentally was originally designed to study 
factors relevant to the cancer of esophagus, as well as high 
opium use and high prevalence of overweight and obesity.

The Global Burden of Disease (GBD) study reveals that 
mortality due to CKD in Iran increased from less than 1% in 
1990 to over 2% in 2013, and low glomerular filtration rate 
(GFR) is the main risk factor of mortality and morbidity in 
Iran [12]. Considering Iran’s aging population and the increas-
ing prevalence of other risk factors of CKD such as obesity, 
hypertension, diabetes, and cardiovascular disease, Iran is 
likely to face a higher burden of CKD in the near future.

GCS has shown that diabetes mellitus and hypertension 
are the most common causes of CKD.  Importance of DM 
and high BP beyond CKD is likely secondary to increasing 
incidence of CVD in the older population and secondary to 
advancing age. High systolic blood pressure has been the 
leading cause of death accounting for 80,000 deaths in Iran 
in 2011 [11]. One report indicates that CVD occurs in a rela-
tively younger population in Iran than in high-income coun-
tries [13]. Recently, like other countries in the globe, CKD 
following viral diseases such as HIV and HCV is becoming 
more of a problem. A report from biobehavioral studies in 
Iran revealed the prevalence of HIV in about 4.5% of female 
workers [6].

It is known that hypertension is the strongest modifiable 
risk factor of CVD and CKD. More than 50% of Iranians 
older than 55  years have been found to be hypertensive 
according to the GCS study [5]. Early CKD detection can 
help prevent the progress of CKD significantly. A major dif-
ficulty in detection and management of hypertension in many 
remote small villages in Iran is that they have no physician or 
medical facilities. Since more than 50% of Iranians older 
than 55 years of age were found to be hypertensive in the 
GCS study, and that hypertension is the strongest modifiable 
risk factor for both CVD and CRF [14], the Iranian health-
care system has created a unique category of caregivers who 
are at somewhat similar to the category of Nurse’s Aids in 
the United States system, named Behvarz (literally translated 
as health promoter) [15, 16]. By making the diagnosis, 
proper management, and control of hypertension and diabe-
tes mellitus [15], this program decreased the incidence of 
CKD in the remote areas between 1996 and 2002 [16]. This 
program still continues in many remote areas in Iran.

Considering that a major problem in early detection of 
CKD is the lack of ESRD data, efforts to solve this problem 
were initiated by conducting larger national population- 
based studies on determinants of CKD and establishing a 
renal registry in Iran. It is well known that the general public 
needs education about the hazards of hypertension. 
Therefore, a national mobilization project to measure the 
blood pressure of 20 million Iranians between ages 30 and 
75 was organized by the MoH. This study was done from 
June 8, 2019, until July 6, 2019, in public outlets and by vari-
ous official institutions, and the IrSN played a very active 
role in guiding it. This project is being named the “National 
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Screening Days for the Detection of and Education about 
Hypertension,” which also educated the public about the 
influence of physical activity and diet to prevent obesity, 
hypertension, and as a result ESRD in Iran (May 2019 by the 
MoH).

In addition, efforts to encourage a healthier lifestyle are 
being carried out in different parts of Iran including Tabriz in 
the East Azerbaijan province. As reported by the Tabriz 
Health Services Management Research Center (the Faculty 
of Management and Medical Informatics), the Lifestyle 
Promotion Project (LPP) was designed as a prospective 
study aimed at implementing healthy lifestyle interventions 
and the monitoring of noncommunicable disease (NCD) risk 
factors. The interventional phase of the study is aimed at life-
style modification of the general population. The experience 
with the LPP in Iran may support the idea that a well- 
organized, fully evidence-based, and well-developed 
community- based program could be affordable and able to 
reduce noncommunicable disorders and its consequences in 
developing countries [7–14].

 Renal Replacement Therapy in Iran

 Hemodialysis

The program of chronic maintenance HD began and gradu-
ally developed between 1967 and 1976  in several govern-
mental and private hospitals. Starting with the establishment 
of the Behavar Dialysis Center in 1975, now called the 
“Center for the Management of Special Diseases,” dialysis 
facilities were developed throughout the country. The statis-
tics of October 2018 revealed that there are currently 34,059 
patients in 758 wards in the country undergoing maintenance 
HD.  According to the general manager of the Organ 
Transplant Administration and Disease Treatment Center, 
Dr. Shadnoosh, in an interview with Shafaonline (Shafaonline.
Ir) on May 31, 2019, 16,000 dialysis treatments are being 
delivered in Iran every day and 10 patients expire daily. The 
cost of each dialysis is 500,000 Tomans (almost equivalent to 
45 USD based on the conversion rate of Rial to USD as of 
December 2019), and 3000 new patients are being added to 
the HD patient population each year.

All patients undergoing maintenance HD have access to 
erythropoietin and similar drugs, and patients receive such 
medications if they are anemic. These medications are pro-
vided based on a prescription by the nephrologist at the time 
of dialysis, and their costs are fully covered by the special 
national insurance for ESRD patients, which also fully cov-
ers the costs of dialysis. If a CKD patient is not under main-
tenance dialysis and is anemic, erythropoietin could be 
purchased at a highly reduced price of 19,000 Tomans (1.5 
USD in 2019) for every 4000  units. Iron panel, including 

serum ferritin, is measured in all patients, and intravenous 
iron (Venofer) is administered when necessary, restoring val-
ues to normal levels and anemia being resolved. For patients 
with hyperparathyroidism (PTH > 300), active vitamin D or 
oral and IV calcitriol will be administered according to the 
guidelines of the Kidney Dialysis Outcome Quality Initiative 
(KDOQI guidelines).

No reuse of dialyzers is allowed in Iran today. It was only 
allowed during the difficult period of the 1980–1988 Iran- 
Iraq War, due to the economic problem and shortage of dial-
ysis supplies. At the time, all dialyzers were imported from 
abroad. Today, all dialyzers are manufactured domestically, 
and therefore no reuse of them is necessary.

The dialysis team is composed of a nephrologist for every 
15 beds/patients, one registered nurse for every 3–4 patients, 
one dialysis technician for every six patients, and one renal 
dietitian for every dialysis unit composed of 15–20 beds. 
Psychiatrists and psychologists are consulted only when 
needed. We prefer the ratio of one registered nurse for 3–4 
patients in order to maintain high quality of care. This has 
been the norm particularly at the dialysis centers at univer-
sity hospitals in medium-to-large metropolitan areas. In 
underserved areas in remote small town in Iran, a dialysis 
center may only be staffed with dialysis technician and no 
registered nurses or even a nephrologist.

The quality of dialysis treatment is under the auspices and 
supervision of the MoH.  The MoH Dialysis Center was 
established in 1974 and gradually has had its structure and 
responsibilities changed. By changing the tasks, the name of 
the center was first changed to the Dialysis and Organ 
Transplantation Center in 2000, and then to the Management 
Center for Transplantation and Special Diseases (MCTSD) 
with tasks and responsibilities much more extensive than just 
the management of kidney diseases. Now, the main responsi-
bilities of the MCTSD are RRT policy making, program-
ming, and supervising. HD condition is evaluated using two 
sets of statistics: (1) quantitative indices (these include the 
number of dialysis sessions/week and the type of HD 
machines and patient/machine ratio) and (2) qualitative indi-
ces (these include the kind of buffer used, dialyzer type, 
dialysis adequacy, and water purification).

Surveillance and assessment of dialysis adequacy is one of 
the objectives at the MCTSD, which was started in 2007. The 
main objective is to implement assessment of dialysis ade-
quacy (Kt/V) in HD centers as a routine activity [3]. In the 
Tehran (the capital) province, it has been shown that the dura-
tion of each dialysis treatment is 234. ± 17.4 min. The mean 
Kt/V, as a measure of adequacy of dialysis, is 0.97 ± 0.25. 
Bicarbonate-based HD was started in 2000 as a pilot study in 
nine dialysis centers, and the number of centers using bicar-
bonate-containing dialysate gradually increased to a point 
that, at present, all centers in Iran use bicarbonate- containing 
dialysate. High-flux dialyzers are being used at present to 
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improve the quality of dialysis in most dialysis centers. 
Almost all dialysis centers are equipped with advance water 
treatment and reverse osmosis [17]. The results of these qual-
ity control studies were reported in several papers. Data of 
560 hemodialysis patients in the Hasheminejad Hospital were 
used to evaluate 9-year survival rates and predictors of mor-
tality. Survival rates were 91.9%, 66.0%, 46.3%, and 28.5% 
at 1, 3, 5, and 9 years, respectively, in all patients and 90.8%, 
61.6%, 42.1%, and 28.0% in 395 incident patients starting 
HD after 2004 [17]. According to data published by the 
MCTSD, the mortality in patients undergoing maintenance 
HD in Iran is 14.2%, well within the range of the worldwide 
mortality in the dialysis patients of 10–15%.

An overall anti-HCV antibody prevalence of less than 1% 
was reported in the general population of Iran. The most 
dominant genotype of HCV in Iran was subtype 1a (44.9%) 
followed by 3a (39.6%) and 1b (11.3%) among the general 
population. The overall prevalence of HCV infection among 
HD patients in Iran according to the last decade’s publica-
tions was estimated as 12% (95% CI: 9–15%) [18].

 Peritoneal Dialysis

Peritoneal dialysis (PD) started as acute intermittent perito-
neal dialysis (IPD) with Baxter catheter in 1975  in Tehran 
Behavar Hospital, which was later renamed as Hasheminejad 
Hospital. In 1978, continuous ambulatory peritoneal dialysis 
(CAPD) was first started in Mashhad, Iran’s second largest 
metropolitan area, and later in Tehran (the largest) and 
Isfahan (the third largest metropolitan area). In collaboration 
with other Iranian nephrologists, Dr. Iraj Najafi used the PD 
registry established in Tehran to conduct and publish several 
studies on various PD aspects [9]. In 2009, while the preva-
lence of ESRD was 507 per million of population (pmp), the 
reported CAPD prevalence was 4.1% of the RRT. At the end 
of 2018, the prevalence of ESRD in Iran was 892 pmp, and 
the CAPD was 20 pmp (2.2%). Currently, 1721 CAPD 
patients are being treated in 75 PD centers with the most 
active being the Alzahra Hospital in Esfahan with 130 
patients, Imam Reza Hospital in Tabriz with 130 patients, 
Shahid Sadoughi Hospital in Yazd with 110 patients, Shafa 
Hospital in Kerman with 100 patients, and Imam Reza 
Hospital in Mashhad with 63 patients. The most common 
causes of ESRD in patients under CAPD are diabetes melli-
tus (33.5%), hypertension (24.4%), and glomerulonephritis 
(8.2%). The mean age of CAPD patients is 46 years [9].

The most common cause of change in modality of dialy-
sis has been peritonitis (17.6%) with Staphylococcus 
(coagulase- negative and S. aureus) being the most prevalent 
causative organism in peritonitis episodes.

In a comprehensive review of the PD outcomes in Iran 
reported in 2013, patient survival was calculated using the 

Kaplan-Meier technique. Patients were included if they had 
been on PD for at least 90 days. As a result of the study, the 
overall patient mortality was 25%, with more than 93% of 
deaths not being directly related to PD complications such as 
peritonitis and sepsis. The main causes of death were cardiac 
events (46%), cerebral stroke (10%), and infection (8%). 
Overall, the mean patient survival at 1, 3, and 5 years was 
89%, 64%, and 49%, respectively [9]. Diabetic patients and 
those more than 40 years of age had a lower survival at all- 
time points. In univariate analysis, age, ESRD etiology, edu-
cation, marital status, appetite, edema, and type of selection 
(positive or negative) were the factors that significantly 
affected patient survival. In Iran, patients are initially edu-
cated about PD by a registered nurse specially trained in 
CAPD as well as additional assistance through nursing aids.

The ESRD prevalence and incidence rates have been 
increasing in Iran from 238 pmp and 49.9 pmp in 2000 to 
357 pmp and 63.8 pmp in 2006, respectively. In 2012, the 
prevalence of kidney transplant patients was 463 pmp, HD 
411 pmp, and CAPD 19 pmp (with incidence being 9 pmp) 
[9]. In 2018, while the prevalence of ESRD was reported to 
be 892 pmp, the most common RRT was kidney transplanta-
tion (50.1%), followed by maintenance HD (45.8%) and 
CAPD (4.1%). Currently, all patients with ESRD, renal 
transplant recipients, and patients undergoing dialysis belong 
to a group of patients called patients with special disease and 
are eligible for government-provided medical insurance.

 Renal Transplantation

The ideas for transplantation have prevailed since ancient 
times, reflected in some notable Iranian artworks resembling 
chimeras such as the griffin (an imaginary figure with the 
head of a human and the body of an animal, or vice versa). 
Indeed, the evidence for the idea of xenotransplantation 
dates back to early days of Iranian dynasties as far back as 
the days of Achaemenidae (from the Achaemenian dynasty) 
recorded by the engravings of many mythologic chimeras 
still present in Persepolis (the Persian palace dating back to 
2500 years ago). In support of this claim, a report of medical 
practice from the medieval times as reported by Seyyed 
Esmail Jorjani (1042–1136  AD) in his book Zakhireye 
Khwarazmshahi appears to be one of the earliest documenta-
tions of xenotransplantation specifically noting that dog 
bones could be used to cure human bone fractures [19].

Kidney transplantation in Iran started almost 10–20 years 
following the rest of the world. The first living-related kid-
ney transplant was performed at Shiraz University Hospital 
in 1967, followed by 112 renal transplantations from living- 
related donors in Tehran within 2 years. Two cadaver kidneys 
were transplanted in Shiraz and Tehran in 1968 [20], 14 
cadaver kidneys were imported via the Euro Transplantation 
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Network and were transplanted from 1968 to 1979. 
Interestingly, two of these kidneys were harvested in 
Hennepin County in Minneapolis, United States, and were 
considered unsuitable for any candidates in the United States 
(those days the donors and recipients had to have compatible 
blood groups). As kidneys were shipped after 24 h in preser-
vative solution in Europe, the transplant teams did not accept 
those kidneys. At that time, the Behavar Hospital was in con-
tact with the Euro Transplantation Network and the informa-
tion on its patients’ blood group available to the Euro 
Network. As there were two recipients with the same blood 
group waiting in Iran for transplantation, those kidneys were 
flown to Tehran via Germany in 1977 and transplanted suc-
cessfully after 74 h of cold ischemia time. One of those kid-
neys was transplanted to a 16-year-old girl on maintenance 
dialysis in Behavar Hospital in Tehran. This kidney func-
tioned well for 20 years until the recipient developed myo-
cardial infarction. The report is available in Eugene 
Register-Guard of April 18, 1977 (Fig.  23.1) [21]. In the 
1980s, the process of kidney transplantation was slow in Iran 
as a result of the 1979 revolution and the ensuing Iran-Iraq 
War. Between 1980 and 1985, around 429 Iranian patients 
traveled abroad, mostly to the United Kingdom and occa-
sionally to India, to be transplanted from either a living-
related donor traveling with the recipient or to purchase a 
kidney from the destitute indigent donors in India. These 
transplants often had a poor outcome.

In late 1985, Professor Iraj Fazel, an American-trained 
vascular surgeon, initiated an organized kidney transplanta-
tion program in a major university hospital. Dr. Fazel’s team 
succeeded to carry out two to four transplantations per week 
[22]. Within 8 months, several general surgeons and urolo-
gists had been trained for kidney transplantation. These 
recently trained transplant surgeons started performing 

transplantation in another university hospital. From late 1985 
to 1987, 274 renal transplants were carried out from living- 
related donors (LRDs) in just two transplant centers. In 1994, 
the Scientific Society of Iran’s Organ Transplantation was 
established with Professor Iraj Fazel at its helm, with the 
goal of expanding the science of transplantation. In October 
1994, the second Middle East Society of Organ 
Transplantation Conference was held in the city of Isfahan, 
which helped increase awareness about the field of trans-
plantation in Iran. Meanwhile, chronic HD facilities were 
expanding significantly, and as a result, the number of 
patients on the waiting list for kidney transplantation was 
also increasing.

Since there was a shortage of LRDs, a government- 
regulated and government-funded living-unrelated donor 
(LURD) program with compensation for the donors began in 
1997 to end the expensive transplant tourism that included 
trips by the donors from Iran to the United Kingdom or to 
India with mostly poor outcomes [22]. When renal transplan-
tation was needed and the recipient had no living-related 
donors, the recipient would be referred to the Dialysis and 
Transplant Patients Association (DATPA). DATPA is a chari-
table organization composed of ESRD patients and some 
nephrologists that was founded in 1997 to help search for 
suitable unrelated donors. The workup would be carried out 
by a nephrologist at DATPA to make sure that the vendor is 
compatible and suitable and has no contraindication for 
donation. When the vendor was found to be suitable, both the 
vendor and the recipient would be referred to one of the 
transplant centers. Following transplantation, donors would 
receive a government allowance of 1,000,000 Tomans 
(equivalent to 1200 USD in 1997) plus medical insurance 
coverage for 1 year for the donor. In addition, DATPA always 
arranged a meeting between the recipient and the selected 
donor for more money, usually four times higher than the 
government allowance. Today, in 2019, this extra requested 
money by the vendors could be as much as 180 million 
Tomans or approximately 15,000 USD (please note there has 
been 1600% inflation in the value of USD in Iran). So, in 
2019, a vendor could ask for up to 100 times more in terms 
of the Iranian currency than he did in 1997. According to the 
Iranian law, this process could just be carried out between 
two Iranian citizens.

As Dr. Francis L. Delmonico clearly stated in his article in 
Kidney International, “the experience of Iran and the rest of 
the world has clearly shown that vendors are poor, hapless, 
jobless, indebted, and largely destitute. It is this social condi-
tion that compels the vendor to sell a kidney” [23]. However, 
the cadaver kidney was not adequately available and public 
acceptance for retrieving organs from deceased donors 
required long periods of preparation and education. In addi-
tion, the brain death concept needed religious and legal 
approval. In 1989, a fatwa (religious approval) was issued by 
late Imam Khomeini at the request of Dr. Iraj Fazel, the 

American’s kidney flow to Tehran for transplants

   MINNEAPOLIS (UPI) - Kidneys
removed from a suicide victim t the
Hennepin County Medical Center were
flown-to Tehran. Iran, and transplanted
into two person, all within 48 hours
the center said today.

made arrangements to ship them to
Germany. Dr. Robert Christian Andersen
removed the kidneys from the donor
about 1 a.m. Wednesday and they
were flown out of Chicago about 5 p.m.
that day to Frankfurt, Germany.

   A doctor on the National Dialysis
Committee in Iran said 120 persons in
Iran were on the waiting list to undergo
kidney transplant operations.

   Euro-Transplant reported the kidneys
began functioning immediately.

   “So Euro Transplant called Tehran
and arranged to send the kidneys there.
They reported that a Dr. Nibkin and
team of surgeons transplanted the kidneys
into two recipients in operations
that took several hours on Thursday.

   “The doctor there did not want to
use them because we had shipped them
on ice in a preservatives solution. Some
surgeons don’t like to transplant kidneys
that have been on ice very long.”

   “Euro Transplant in Leyden,
Holand, which coordinated the arrange
-ments, called us and saidthe kidneys
were transplanted and were working
beautifully,” a spokesman at the medical
center said.

   The sucide victim was brought into
the center last Tuesday and died at 6:50
p.m He left Instructions that his kidneys be
donated for a transplant.

   “Its’s difficult to find recipients for a
donor with his A-B blood type,” a
spokesman for the center said, “We
have a computer system for finding
recipients but none was waiting for this
type in the Unites States.

   “ So we called Euro Transplant and

Fig. 23.1 Media coverage of one of the earliest deceased kidney trans-
plantations in Iran
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founder of renal transplantation in Iran. This fatwa, the first 
one regarding this matter in the Shia Islam tradition, con-
firmed the validity of brain death from the religious stand-
point. This was a giant step forward because the legal courts 
needed religious validation before legislation.

After two rejections by the house of representatives of the 
Islamic Republic of Iran, the Brain Death Act for organ 
transplantation was finally approved by the parliament of 
Iran in June 2000. Following this approval, cadaver organ 
harvest and transplantation from deceased donors became a 
safe practice for medical professionals. A ratification was 
also issued by the cabinet on May 22, 2002, was issued as 
follows: “Brain death should be confirmed by four special-
ists” including: one neurosurgeon, one neurologist, one 
internist and one anesthesiologist, independently. After con-
firmation of brain death by these specialists, one forensic 
specialist should also confirm the legal process. All the pos-
sible donors should be reported to organ procurement units 
(OPU) by the hospitals. The management, allocation of 
organ donation, and transplantation program should be done 
according to the regulations of the Ministry of Health’s 
Transplant Management Center. Deceased donation and 
transplantation expenses should be covered by the MoH.

Following this cabinet act, a parliamentary act issued to 
facilitate and legalize organ harvesting from brain death indi-
viduals clarified that only well-equipped governmental hos-
pitals approved by the MoH have the permission to harvest 

organs after family consent was obtained. Furthermore, brain 
death confirmation should be done by specialists who have 
been appointed by the MoH for 4 years, and the members of 
this team could not be involved in the transplantation 
program.

Following these two acts, the Iranian Network for 
Transplantation and Organ Procurement was established. 
These acts helped expand heart, lung, and liver transplanta-
tion programs in Iran as well [24]. By 2003, 82% of kidney 
transplantations performed in Iran were from living- 
unrelated donors, 8% from living-related donors, and 10% 
from cadaver donors. Reported experience about transplan-
tation in Iran showed that until 2006 the highest global num-
ber of living-unrelated donors for renal transplantation was 
in Iran [25].

Although cadaver organ donation had started following 
the cabinet ratification in 2002, the rate of organ donation 
was still too low. Hence, the MoH assigned several experts in 
organ procurement to establish the Iranian OPU for trans-
plantation. In 2015, the Iranian Society of Organ Donation 
(ISOD) was established (http://www.ehda.center). As a result 
of their activities, the rate of organ procurement from brain 
death donors increased from 0.2 pmp in 2000 to 11.57 pmp 
in 2017  – data provided by Iran’s Office of Dialysis and 
Transplantation (IrODaT) (Fig. 23.2).

According to the ISOD, this great achievement became 
possible by starting the following programs: (1) the Iranian 
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Possible Donor Detection Project (IPDDP) established in 
2009, (2) the Iranian Interviewers Education Program (IIEP) 
established in 2009, and (3) the Iranian Donor Maintenance 
Project (IDMP) established in 2010. This level of intense 
attention and organization has been allocated to the brain- 
dead cases because such donors often suffer from many 
imbalances including hemodynamic, electrolyte, hormonal, 
and many other issues. Close management of these cases is 
crucial. For instance, in the IDMP program, all the Glasgow 
Coma Scale-3 (GCS-3) cases that had two or less reflexes 
were closely observed, and one trained coordinator stayed at 
beside until organ donation took place. With appropriate 
skills and proper necessary management of potential donors, 
organ donation rate has increased to up to 25% in some 
hospitals.

According to the reports by the ISOD, there are 3000 
cases of brain death in Iran each year from which 1000 kid-
neys are retrieved for transplantation [26]. The ISOD became 
more successful and efficient by providing donation cards to 
general public with this sentence printed on the donation 
card: “When my time comes, I would like to give life to oth-
ers.” The achievement of the ISOD was very impressive after 
distributing the donor cards [27]. Another efficient recruit-
ment technique was creating a system where anyone could 
register for organ donation simply by inserting a four-digit 
unique verified code in their mobile phone.

At the beginning, the absence of infrastructure for the 
deceased donor (DDRT) program made its progress slow. 
The need for transplant and the pressure from recipients 
made the so-called Iranian model of renal transplantation 
with payments to the LURT donors the main modality of 
transplantation. This situation resulted in transplant com-
mercialism and transplant tourism in Iran. With the estab-
lishment of the deceased donor renal transplantation 
(DDRT) program in 1988 and the successful efforts of the 

Iranian Society of Organ Donation (ISOD), the pattern of 
transplantation has reversed in favor of DDRT since 2015 
(Fig. 23.3) [27].

To prevent transplant tourism, in 1992, the high council of 
organ transplantation in the MoH and Medical Education 
ruled to forbid foreign nationals to be transplanted in Iran 
unless they present living-related donor of their own nation-
ality and approved by the MoH. Since April 2010, following 
the Istanbul Declaration, and to respect its contents, kidney 
transplantation of foreign individuals was completely 
removed from transplantation activities in Iran. Despite the 
tireless efforts to encourage and promote cadaver organ 
donation, the large gap between available organs and the 
demand makes the unrelated donation an alternative unpleas-
ant choice.

To support the LRD and their recipients, a state insurance 
system was initiated and a reward was offered to the volun-
teer donors following the transplant procedure. Although the 
monetary compensation by the government was acceptable 
by the living-unrelated donors at the beginning, it gradually 
lost its real value due to the annual inflation so that in the 
present day the sum being asked by the vendor to sell their 
kidney is unaffordable by most recipients.

In order to regulate this new situation and to prevent 
transplant tourism and commercialism, and to respect the 
ethical and social importance of this issue, the Iranian 
Society of Organ Transplantation presented this matter to the 
Bioethics section of the Academy of Medical Siences (AMS) 
of Iran. The AMC established a committee that started a 
series of meetings. The committee was composed of medical 
specialists, legal experts, philosophers, sociologists, psychi-
atrics, and clergies. Following detailed discussions in several 
sessions, the committee released the following statement on 
February 4, 2008: Since the protection of lives of human 
beings should be considered the most fundamental moral 
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principle, which is, by the way, subject to different cultural 
and social interpretations, and to offer the best and advanced 
medical services to the patients, the Bioethics Committee of 
the Academy of Medical Sciences of Iran declared that the 
act of kidney donation from living-related and living-unre-
lated volunteers is generally acceptable, and offering a 
reward as a gratitude or gift or compensation is not consid-
ered unethical and should not discourage this noble act of 
giving as long as the following conditions are met:

 1. The donor is truly willing to donate a kidney in the right 
mind and free from coercion by the living-unrelated 
donor.

 2. The donor undergoes complete medical and psychologi-
cal evaluation and is found to be fit for the procedure.

 3. There is no contraindication for the operation.
 4. The donor is able to get long-term medical attention.
 5. The medical team has no part (personal stake) in the pro-

cess of donation.
 6. The donor and recipient should be from the same nation-

ality (tourist transplantation is forbidden).
 7. No one under age of 18 and over 45  years should be 

accepted for donation.
 8. A national committee assigned by the Ministry of Health 

and Medical Education with the cooperation of the Iranian 
Transplantation Society will regulate and supervise the 
renal transplantation centers nationwide [28].

Indeed, the ISOD by collecting data, allocating retrieved 
organs, education, and research functioned like the United 
Network for Organ Sharing (UNOS) equivalent in Iran and 
worked toward having a registry of renal transplantation in 
the near future. In September 2017, a mutual agreement pro-
tocol was signed between the undersecretary of the MoH and 
the chief of ISOD council to coordinate the education of 
public on organ donation and teach social workers how to 
obtain consent from relatives of donors with brain death.

To achieve this goal, the ISOD established three commit-
tees: (1) the scientific committee to regulate education of 
medical personnel and research for increasing organ dona-
tions, with special attention to the cultural aspects of organ 
extraction from cadavers for transplantation; (2) the social 
workers’ committee, especially for training of new trans-
plant social workers concentrating on the living-unrelated 
donors; and (3) cultural and art committee to increase the 
knowledge of the public about organ donation, creating edu-
cational films, videos, and shows and infomercials by artists 
and celebrities. This cultural effort helped the social workers 
obtain more consent for use of cadaver donors. In an 
18-month period of organ donation drive, 353 potential 
brain-dead organ donors were referred to organ procurement 
units. The mean age of the cases was 42.6, and 62% were 
male. The main causes of brain death were cerebrovascular 

accidents and trauma (41.2% and 32.6%, respectively). The 
family consent rate was 84.4%, and 55 families rejected the 
request for organ donation. The leading cause for family 
refusal was religious beliefs, mainly from Sunni families 
(43.6% denials by Sunnis vs. 8.6% denials by Shiites in 
2009). Brain death denial reduced significantly from 44.4% 
in 2009 to 12.7% in 2015 and 2016 (P < 0.001) [29].

Indeed, the transplantation in Iran has been organized and 
progressed according to the need and the available facilities 
of the time. The Iranian transplant surgeons first started with 
the living-related transplantations. Then, due to the shortage 
of enough related donors and with the demand to decrease 
the mortality of the candidate recipients, the process of 
living- unrelated transplantation was also added to the trans-
plant program.

While the number of LURDs increased, LRD’s decreased 
simultaneously. In reality after 1  year of using living- 
unrelated donors, no real significant rise was seen in the total 
number of transplantations because living-related donors 
decreased just as much as LURDs increased, so for several 
years total transplantation remained the same [20].

Finally, as a result of successful expansion of the deceased 
donor program, living-unrelated use trended downward 
starting in 2015 as shown in Fig. 23.3. As the Iranian Society 
of Organ Transplantation has declared, occasionally, there 
were misuses of the facilities in Iran for transplantation and 
tourism; thus, the Transplant Office of the MoH managed to 
prevent transplantation of non-Iranians to Iranians in accor-
dance to the Istanbul Declaration to fight transplantation 
tourism and commercialism. As a matter of fact, by the time 
Iran implemented these changes, other countries had also 
concluded that the promise of eliminating a waiting list for 
transplantation through mostly an LURD program was not 
possible.

In a New York Times article on the topic of elimination of 
the transplant waiting list, a commentator debated: “Such 
claims about the Iranian waiting list, which are commonly 
invoked in support of kidney markets in the United States 
and elsewhere, are simply false. People with ESRD living in 
the United States are more likely to receive a transplant than 
those living in Iran.” As a document of their statement in 
Table 2 of this New York Times article, they reported 17,910 
patients on the wait list for transplantation in 2011, while in 
that same year just 2273 kidney transplantations were carried 
out in Iran [30].

Although many patients with ESRD have received trans-
plants through the paid living donors, the Iranian model has 
now been shown to have serious flaws and potentially inhib-
iting factors and is being replaced by a substantial growth in 
the deceased donor program in Iran [31]. It was shown by 
several researchers that elimination of the waiting list for 
transplantation was not real [30]. If, indeed, the number of 
patients who need transplantation under maintenance dialy-
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sis is considered, the waiting list had not even changed, and 
if one looked more carefully, indeed, the number had 
increased [30]. Direct monetary relation between the donor 
and the recipient with resultant commercialization and 
exploitation of the poor and the suppression of the living- 
related and altruistic donations all argued that the Iranian 
model should be abandoned.

Indeed, the experience of the Shiraz team (sixth largest 
metropolitan area in Iran) proved that the best way to stop 
monetary transplant is expanding transplant organ from 
deceased donors together with refusing to transplant kidney 
from LURD.  The admirable policy of transplantation in 
Shiraz was a big push for success of the DD transplantation 
in Iran and resulting in a significant decline in transplant 
commercialism. The Shiraz experience provides an opportu-

nity for an evidence-based analysis of the potential contribu-
tors to the growth of the DD program in this city compared 
with other areas in the country. In the year 2011, the national 
kidney transplant rate was 30 pmp. In the same year, 255 
kidney transplants were performed in Shiraz, yielding a rate 
of 37 pmp from DDs in the Shirazi transplant population. 
The latest data provided by Abu Ali Sina Hospital which is a 
700-bed transplant hospital specialized in a variety of trans-
plantations (Fig. 23.4) shows that from 1993 until June 15, 
2019, a total of 4617 kidney transplantations were per-
formed. In fact, since 2008, no LURD transplants were car-
ried out in Shiraz (Fig. 23.5).

Another valuable achievement of the Shiraz Transplant 
Society is its publication of the International Journal of 
Organ Transplantation Medicine (IJOTM), which is the offi-

19
89

-1
99

5

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

 (
15

 J
u

n
.)

Kidney Transplant (Shiraz Transplant Center) 1993-2019 (15 Jun.)
Total:4617 After 2008: NO UNRELATED

000000000000
1516182018202229242638

24

137

226

315
342

266
248257

213225

161

102
86100938882

107

4447

141304
25

82

135

35 43 49 59 49 53 62 55 65 60 54 64
35 42

24 23
6 6 3 2 0 0 0 0

145

Deceased Related Unrelated

Fig. 23.4 Statistics on 
kidney transplant numbers in 
Shiraz, Iran

Kidney transplant (Shiraz Transplant Center) 2008-2018
After 2008: NO UNRELATED

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Total Related Deceased

Fig. 23.5 Sources of kidney 
for transplantations in 
Shiraz-Iran by year

B. Broumand



325

cial journal of the Iranian Society of Organ Transplantation 
and the Avicenna Organ Transplant Institute. Electronic 
IJOTM is available online at www.ijotm.com, free of charge. 
Avicenna Organ Transplant Institute is planning to establish 
a college for educating fellows from Iran and the neighbor-
ing countries, and as a step in that direction to date, Avicenna 
has already trained several young applicants from Tajikistan, 
Uzbekistan, and Afghanistan, and some have already started 
performing kidney and liver transplantations in their coun-
tries. Indeed, Avicenna hospital is devoted to all kinds of 
transplantation and achieved the highest number of liver 
transplantations in the world for 2018.

 Practice of Nephrology in Iran

Within developing countries, each country has a different 
training system for nephrologists. In Iran, for example, there 
was no such thing as a nephrology training program in the 
past. Training in the field of nephrology was only started in 
Iran in 1980. The initial nephrologists’ training was infor-
mal, as they were only physicians able to treat kidney dis-
eases and acted as nephrologists, until the American- and 
European-trained nephrologists returned to Iran and official 
formal training programs began. In recent years, candidates 
first have become board eligible in internal medicine and 
then complete a 2-year nephrology fellowship. Today, even 
major cities other than the capital (Tehran), Shiraz, Tabriz, 
Mashhad, Isfahan, Kermanshah, Sari, and Rasht contain 
many physicians who practice nephrology but are not board 
certified.

Iran currently has about 350 formally trained adult 
nephrologists, and the majority of them work in the major 
metropolitan areas such as Tehran, Isfahan, Tabriz, Shiraz, 
and Mashhad. The current training is composed of 3 years of 
postgraduate training in internal medicine and 2  years in 
nephrology. However, since the compensation for the prac-
tice of nephrology is little, these training programs do not 
have enough applicants. Therefore, the MoH is planning to 
reduce the training to a total of 4 years of combined internal 
medicine/nephrology postgraduate training. However, some 
of the most rigorous medical students still do not apply to 
nephrology due to low pay for nephrologists. Low to unsat-
isfactory reimbursements for the nephrologists is the biggest 
danger to the field of nephrology in Iran. The latest develop-
ment to accomplish the required manpower in December 
2019, in case of remote places that do not have access to 
nephrologists, a 96 h training period in both the theory and 
practice of dialysis has been designed through which the 
general practitioners may obtain a 1-year permit to visit and 
treat dialysis patients. In situations where this continued 
need is demonstrated and proven, the permit may be renewed 
for one additional year.

The number of adult nephrologists in Iran in 2019 was 
350 for a population of 81 million or 4.19 pmp. In order to 
comply with its needs, Iran still needs to train more nephrol-
ogists. According to the IrSN, the number of nephrology fel-
lows (trainees) in Iran is now 40, which corresponds to 0.49 
pmp. More nephrology training programs are needed in 
order to increase this ratio to 1 pmp. This goal is hard to 
achieve as the number of applicants to nephrology fellow-
ships is decreasing because of the low salaries offered to 
nephrologists in Iran. The average income of a nephrologist 
in Iran is 10 million Tomans per month (or 800–900 US dol-
lars per month), which is even less than those of the other 
subspecialties such as GI or cardiology. The Scientific 
Society of Nephrology is trying to find a solution to this 
problem and is currently working hard to collaborate with 
the rest of the world’s scientific community and to help train 
fellows from other Persian (Farsi)-speaking countries in the 
art and science of nephrology.

For pediatric nephrologists, the training is 3  years of 
training in pediatrics and 2 years of nephrology. At present, 
the majority of the seats on the board of directors of the IrSN, 
five out of seven, are being held by women. The nephrology 
registered nurses did not have a formal training until approx-
imately 10 years ago. Back then, the nurses only did a brief 
training period. Today, nurses are trained in dialysis and RRT 
skills. Currently, there is a shortage of nephrology nurses in 
Iran. As described earlier in the text, renal pathology fellow-
ship does not exist in Iran yet, but plans are in place to create 
one.

 Highlights of Nephrology in Iran

 Renal Transplant Surgery in Iran

In the subspecialty of transplantation surgery, except for 
transplantation specialists such as Dr. Malek-Husseini, who 
trained in liver and kidney transplantation in Pittsburgh, 
United States, and is known for having performed the largest 
number of liver transplantations in the world in 2018, there 
are only general surgeons or urologists who work side by 
side with the transplant surgeons and learned their skills by 
performing transplantations.

 World Kidney Day in Iran

Another significant achievement of the IrSN is raising pub-
lic education and awareness. Since 2008, the World Kidney 
Day (WKD) has been held in Iran every year [3]. The third 
WKD was celebrated on the second Thursday of March in 
2008 (13/03/2008) and delivered lectures about the 
“Amazing Kidney” in several hospitals, city halls, and offi-
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cial ministries. With the support of famous athletes and 
celebrities, the WKD was celebrated on the streets of major 
cities and attracted the attention of the general population 
and educated them about the importance of the kidney. The 
fourth WKD was celebrated in Iran in 2009 with a focus on 
hypertension, a focus on kidney disease and diabetes melli-
tus in 2010, and interaction between kidney and heart in 
2011, each year following the agenda suggested by the WKD 
organizing committee [3]. The last WKD was held in 2019 
with the theme “Kidney Health for Everyone Everywhere.” 
In its February issue, the IJKD published the content sug-
gested by the WKD organization in its editorial section.

 Conclusion

The science of renal disease is relatively new globally, espe-
cially in Iran, where unusual events took place such as a cul-
tural revolution in 1979 (which closed all universities and 
halted education in all medical schools as a result) and 
8 years of war between Iran and Iraq (1980–1988) that led 
many physicians, including nephrologists and a few trans-
plant surgeons, to leave the country. These events influenced 
all aspects of health, medical education, and management in 
Iran. All varieties of RRT slowed down. Other negative influ-
encers included health policies and the less- than- satisfactory 
reimbursement of physicians. In Iran, the average compensa-
tion for a transplant physician in 2019, regardless of their 
subspecialty, was between 6000 and 30,000 US dollars. 
Finally, in spite of all of these difficulties, the future perspec-
tive of nephrology and RRT in Iran is bright, as dedicated 
young nephrologists are trying very hard to keep up with the 
scientific and clinical advances in the rest of the world and 
especially Persian-speaking countries in medical education 
and also in the art of nephrology.
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 Introduction

The State of Israel is situated in the Levant, the Eastern 
Mediterranean region of Western Asia. Israel is a parliamen-
tary democracy with universal suffrage. It is governed by a 
120-member parliament, known as the Knesset. The Prime 
Minister is the head of the government and the President of 
Israel is the head of state, with limited and largely ceremo-
nial duties [1]. There are 255 local authorities distributed in 
six districts (Jerusalem, Tel Aviv, Haifa, Northern, Southern, 
and Central) [2]. They are divided according to their munici-
pal status into municipalities, local councils, and regional 
councils. The local authorities are responsible for municipal 
services, as prescribed by the law, such as education and 
sanitation.

According to the classification system of the World Bank 
[3, 4], Israel is considered as a high-income country with a 
2018 gross national income per capita of 40,850 current 
USD.  Prominently, Israel is spiritually significant for the 
world’s three major monotheistic religions: Judaism, 
Christianity, and Islam. The Baháʼí World Centre is also situ-
ated in Israel, in two cities, Acre and Haifa. Israel has a rich 
history for the past millennia. Because of massive immigra-
tion, the population is multicultural and multilinguistic. 
About 21% of the population is of Arab ethnicity and 79% is 
of Jewish ethnicity [1]. The above table summarizes the main 
general information about Israel [1, 4–7].

According to the State Health Insurance Law, the state is 
responsible for insuring the health of all residents accord-
ing to a defined basket of health services. Overall, the gen-
eral health status in Israel is favorable [8]. Life expectancy 
is 80.7 years for men and 84.6 years for women, which is 
substantially higher than that in neighboring countries, and 
ranking 8th among Organisation for Economic Co-operation 
and Development (OECD) countries [8–10]. Several unique 
characteristics have affected Israel’s age pattern, the most 
notable of which is immigration [10]. Infant mortality rate, 
an important health indicator, is 3 per 1000 live births, 
among the best in the world [1, 11]. However, despite pop-
ulation growth and increased demand, the relative expendi-
ture on healthcare has stayed largely static over the past 
decade [8]. In 2018, the national expenditure on health was 
NIS 95.3 billion (7.5% of gross domestic product). Notably, 
82.8% of all households purchased supplementary health 
insurance [1]. Compared with OECD countries, there are 
fewer acute hospital beds and lower relative numbers of 
employed physicians and nurses in health services (in 2018, 
rates per 1000 residents were 1.8, 3.1, and 4.6, 
respectively).

Unfortunately, inequalities in noncommunicable diseases 
do exist between the subpopulations of Israel, across different 
socioeconomic levels, and between urban and peripheral 
regions [12]. Age-adjusted mortality rates from heart disease, 

stroke, or diabetes remain higher in Arabs, whereas the age-
adjusted incidence and mortality of cancer are higher among 
Jews. The Ministry of Health (MoH) acknowledges the wide 
gaps between certain sectors of the population. Since 2010, 
the MoH has launched several comprehensive programs to 
overcome hurdles leading to health disparities [10, 12].

 Brief History of Nephrology in Israel

Nephrology was recognized worldwide as a new specialty in 
the 1960s and 1970s, following the recognition that hemodi-
alysis (HD) could be used to treat end-stage renal disease 
(ESRD) [13]. In the initial practices using HD, it was per-
formed to treat acute kidney injury (AKI) [14]. Following 
the successful treatment of ESRD, new clinical units were 
established. Nephrologists started treating chronic kidney 
disease (CKD) and hypertensive patients and to carry out 
research in these fields.

Israel gained its independence in 1948, but medical facilities 
had been established several years before. They expanded after 
1948 to provide medical care for the entire population [8].

HD was first utilized for treating AKI in Israel in 1947 by 
Kurt Steinitz (1907–1966). Kurt Steinitz was born in Breslau 
and worked for a period in Turkey, publishing his research 
related to kidney physiology [15, 16]. He immigrated to 
Palestine in 1943, and following the description of dialytic 
treatment of patients by WJ Kolff and N. Alwall, he decided to 
build a device similar to that of Alwall (a vertical drum dia-
lyzer). With the help of collaborators at the Technion in Haifa, 
he built an Alwall type dialyzer and treated three patients at the 
Rothschild hospital (now Bnei Zion) in Haifa [17]. The treat-
ment with HD resulted in a substantial decline in the blood 
urea; however, the first two trauma patients died. The third 
patient was a young woman, who had an extrauterine preg-
nancy and had developed AKI following a mismatched blood 
transfusion. She was dialyzed three times at the end of 
September 1948 before gaining consciousness. She recovered, 
lived a long life, and gave birth to two children. Unfortunately, 
due to financial constrictions and lack of support, K. Steinitz 
was unable to continue with his work in dialysis.

David Ullmann (1908–1975) was the true pioneer of 
nephrology in Israel. He was born in Würzburg, studied in 
Würzburg and Dusseldorf, and immigrated to Palestine in 
1934, initially working as a chemist in a paint factory. In 
1940, he joined the Department of Internal Medicine at 
Hadassah University Hospital in Jerusalem, where he spent 
most of his career. Early on, he was active in the investiga-
tion of renal disease and in 1948 published an article on para-
thyroid activity in renal failure due to a congenital anomaly 
[18]. During the period 1949–1951, he completed a fellow-
ship at the Montefiore hospital in New York, one of the first 
centers to investigate water and electrolyte balance in man. 
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Among his publications, he described the effects of mercu-
rial diuretics on renal function [19]. On his return to 
Jerusalem, he was able to establish a “kidney unit” within the 
framework of the Department of Medicine in Hadassah hos-
pital. The research in this unit focused on the excretion of 
nonionic substances, the effects of antihypertensive sub-
stances on renal function, renal excretion of salt and water by 
hypertensive patients, the effects of volume expansion on 
electrolyte excretion, and the pathophysiology of toxemia of 
pregnancy. In 1957, following a trip overseas, he obtained an 
artificial kidney apparatus (Travenol 100-liter tank for use 
with the Kolff twin-coil disposable dialyzer), as a gift from 
Dr. EA Friedman of Brooklyn, and established the first and 
only HD unit in Israel at that time [20]. Over the next few 
years, similar units for the treatment of acute renal failure 
were established by JB Rosenfeld at the Beilinson hospital 
(now part of the Rabin Medical Center) and by HE Eliahou 
at the Tel Hashomer hospital (now Sheba Medical Center).

In 1960, the Seattle group of Scribner reported on the use 
of HD to treat patients with ESRD [13]. The directors of the 
three HD units in Israel carried out the necessary adaption of 
equipment and staff and the first ESRD patients were treated 
with HD at Beilinson in 1963, Hadassah in 1964, and Tel 
Hashomer in 1965. In 1965, D. Erlik of the Rambam hospital 
in Haifa obtained a donation, which enabled O. Better to set 
up the first HD unit in the north of the country (Fig. 24.1). As 

HD became an accepted method for the treatment of ESRD 
and as more patients were accepted for treatment, dialysis 
units were opened at other hospitals, until there was a unit at 
every general hospital in Israel.

One of the important developments, which was responsi-
ble for the general acceptance of HD as a feasible treatment 
for ESRD, was the description of the use of a surgically cre-
ated arteriovenous fistula (AVF) as an access to the vascula-
ture [21]. B.  Hurwich, who was one of the authors of the 
seminal paper, immigrated to Israel and became director of 
nephrology at the Shaare Zedek Medical Center.

The acceptance of new patients requiring HD treatment 
was limited by the lack of equipment and disposables in the 
various hospitals. An attempt was made in 1974 to engage 
the MoH Director-General, B.  Padeh, who was unable to 
provide the necessary funding and, within days of the meet-
ing, resigned from this position. B.  Modan, who became 
MoH Director-General in 1979, decided that dialytic treat-
ment would be provided to every ESRD patient. Following 
this decision, there was a rapid increase in the number of 
treated patients. New units opened within hospitals and in 
the community, in parallel with the expansion of specialist 
clinics for the investigation and treatment of renal disease 
and hypertension, and the development of both basic and 
clinical research.

There were sporadic attempts to introduce peritoneal dial-
ysis (PD) as a chronic treatment for ESRD. L. Gotloib at the 
Afula hospital was one of the first proponents of this treat-
ment. However, it was only after the description of continu-
ous ambulatory peritoneal dialysis (CAPD) and the 
introduction of CAPD at Beilinson and Tel Hashomer, and 
later at Be’er Sheva’, that this method of treatment became 
routine in Israel [22].

The 1960s saw the launch of research and collaboration 
between the units. The Israeli Society of Nephrology and 
Hypertension (ISNH) was established in 1964. The Society 
subsequently held annual meetings with the presentation of 
scientific papers. There was also an active “Salt and Water 
Club,” which met regularly to discuss various subjects. 
Pediatric nephrology became an independent specialty 
inspired by C. Boichis, H. Stark, and A. Drukker.

The 1950s also saw the introduction of renal transplanta-
tion as a means of ESRD treatment, initially by means of 
living donors and at a later stage utilizing deceased donors 
[23]. In 1964, M. Levi, a cardiac surgeon, performed a living 
donor kidney transplant (mother to son) at the Beilinson hos-
pital. The recipient survived more than 30  years after the 
transplant. In 1966, D.  Erlik, a general surgeon at the 
Rambam hospital, performed the first deceased kidney trans-
plant [24]. These early attempts led eventually to the found-
ing of transplant units at Beilinson, Hadassah, Tel Hashomer, 
Rambam, Soroka, and Sourasky hospitals, as well as tissue- 
typing laboratories and an administrative center for organ 

Fig. 24.1 First dialysis machine at Rambam Medical Center, Haifa, 
Israel, 1965. Left to right: David Erlik, MD, the first surgeon to trans-
plant a kidney from a deceased donor in Israel; Ilana Ungerman, RN; 
Ori Better, MD, Director of Nephrology at Rambam, 1965–1993, the 
first recipient of the ISN Bywaters Award
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sharing (Israel Transplant). In 1994, the National Transplant 
Center was established by the MoH in order to establish a 
neutral, national body to manage and coordinate the organ 
donation system in Israel.

B. Modan, an epidemiologist at Tel Hashomer, received 
in the 1960s a NIH grant to investigate dialysis requirements 
in Israel in order to provide estimates on dialysis require-
ments throughout the world. Modan and colleagues exam-
ined the files of all patients hospitalized during 1965–1966, 
who had a blood urea nitrogen level above 60 mg/dl. They 
reported that the annual incidence of ESRD requiring main-
tenance dialysis was 70 new patients per million population 
(pmp), in ages 15–59 years [25].

In 1973–1974, the Israel Transplantation and Dialysis 
Association was established, creating a central registry of 
patients being treated for ESRD.  Previously, the units had 
reported to the European Dialysis and Transplant Association 
(EDTA). At the end of September 1975, there were 350 
patients being treated in 20 dialysis units, with a mean of 17 
patients per unit, of whom 14 were on home HD and 4 on 
PD.  During a 1-year period, 161 new patients were intro-
duced, 28 were transplanted, and the net increase in the num-
ber of patients was 100 [26].

Today, the Israeli nephrology community participates in 
the activities of nephrology throughout the world. In 1974, 
the annual conference of the EDTA (now the European Renal 
Association-European Dialysis and Transplant Association, 
or ERA-EDTA) was held in Israel. This was followed by the 
conference of the International Pediatric Nephrology 
Association (IPNA) in 1975 and the World Congress of the 
International Society of Nephrology (ISN) in 1993.

The pioneer work by the physicians mentioned in this 
short description and many others resulted in the Israeli 
nephrology community being at the world forefront in pro-
viding dialysis treatment for ESRD patients, caring for 
patients with renal disease and hypertension, and for con-
ducting both clinical and basic research.

 Renal Diseases in Israel

In 2013, CKD was the seventh leading cause of death in 
Israel, accounting for 3.7% of all deaths, after cancer (25%), 
heart disease (15.9%), diabetes and stroke (5.6% each), sep-
sis (5.2%), and accidents (4.2%) [27].

Epidemiology In Israel, as in many other countries, 
population- based cohort studies on the incidence and preva-
lence of AKI are scarce and imprecise, because of inconsis-
tent definitions, underreporting, and lack of national surveys. 
In a 1-year retrospective cohort study from a single center in 
northern Israel, Shema and associates reported that the 
annual incidence rate of AKI among hospitalized adult 

patients was 1–5.1%, depending on the AKI definition that 
was used [28].

The actual number of prevalent patients with CKD at each 
eGFR stage of the Kidney Disease: Improving Global 
Outcomes (KDIGO) classification in Israel is uncertain. It is 
likely to be in line with global estimates [29]. However, no 
Israeli CKD registry for CKD G1–G4 exists. Recently, a 
large cohort from Maccabi Healthcare Services (1,011,789 
adult Israeli individuals without CKD, of whom 72,480 were 
diabetics) participated in a multinational longitudinal study 
(the CKD Prognosis Consortium), aiming to develop equa-
tions that predict the 5-year risk of developing CKD (defined 
as eGFR ≤ 60 ml/min/1.73 m2) [30]. Of note, baseline char-
acteristics differed between the two subgroups of the Israeli 
cohort. Baseline features of the nondiabetic participants 
show the following: the cohort mean age was 43 ± 15 years, 
58% of whom were females, mean eGFR at the start of the 
study 104 ± 17 ml/min/1.73 m2, 6% with a history of cardio-
vascular disease (CVD), 23% had hypertension, 25% were 
ever smokers, and mean body mass index (BMI) was 
27 ± 5 kg/m2. In comparison, baseline characteristics of the 
diabetic participants indicate older age (60 ± 13 years), male 
preponderance (55%), lower eGFR at the start (92 ± 15 ml/
min/1.73 m2), and increased associated comorbidities: a his-
tory of CVD in 25%, hypertension in 75%, 30% were ever 
smokers, and mean BMI was 31 ± 6 kg/m2. Accordingly, in 
nondiabetic cohort, the cumulative incidence rates of con-
firmed events of CKD at different stages (defined as eGFR 
≤60, ≤45, and ≤30 ml/min/1.73 m2), during a 5.3-, 5.4-, and 
5.5-year follow-up period, were 1.29%, 0.696%, and 0.172%, 
respectively. In comparison, during a follow-up of 5.7, 6.3, 
and 6.7 years, the cumulative incidence rates of confirmed 
events of CKD for eGFR ≤60, ≤45, and ≤30 ml/min/1.73 m2 
in diabetic individuals were 19.73%, 7.8%, and 2.5%, 
respectively. These figures are striking and need further eval-
uation. Based on this study of the CKD Prognosis Consortium 
[30], we anticipate that the proposed risk equations will soon 
be used as an individual risk assessment tool for CKD to help 
clinicians adapt primary preventive measures for at-risk 
patients and health policy planning.

Estimates of the prevalence and incidence of ESRD are 
more reliable because each patient who has receiving renal 
replacement therapy (RRT) is listed in a national database, 
which will be discussed later.

Causes of Chronic Kidney Diseases Diabetes mellitus is the 
main cause of CKD in adults. However, genetic disorders 
have received much attention in pediatric and adult nephrol-
ogy in Israel, because of the demographic strata of the coun-
try. The genetic preponderance of the different ethnic groups 
in Israel has been shaped by their history and cultural prac-
tices [31, 32]. In one study of Palestinian Arabs, more than 
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40% of the marriages were between relatives, and of these, 
50% between first cousins [33]. In the Bedouin society, 40% 
of women of childbearing age are married to first cousins 
[34]. Nevertheless, a comprehensive recent study, conducted 
in a single Muslim village in Israel, demonstrated significant 
sociodemographic changes during a 50-year time period 
[35]. A shift from the practice of marrying a first cousin to 
marrying a remote relative was noted. There was a signifi-
cant reduction in the mean number of children born per 
woman and in parallel, the mean age of first-time mothers 
increased progressively. The impact of these changes on 
future incidence of recessively inherited diseases among this 
population is of much interest.

In contrast, the consanguinity rate among Israeli Jews is 
reported to be 2.3%, and of these, first-cousin marriages 
account for 0.8%. The highest consanguinity rate among 
Israeli Jews (7.1%) is found among Eastern Jews [36]. A 
comprehensive list of genetic kidney diseases of Israeli and 
Middle Eastern subpopulations was reviewed by Assady and 
colleagues [32] and partly detailed below in the pediatric 
nephrology section.

In northern Israel, the main indication to perform kidney 
biopsy was nephrotic range proteinuria, and membranous 
nephropathy was the main diagnosis (personal communica-
tion). Of note, initiatives have recently been launched under 
the auspices of the ISNH, to detect the genetic basis for 
ESRD in Israel and to establish a kidney biopsy registry.

 Renal Replacement Therapy in Israel

All modalities of RRT are accessible to every patient with 
ESRD in Israel. Since 1995, the National Health Insurance 
law regulates the rights of residents in Israel, the basket of 
health services, and supplemental insurance. According to 
the law, RRT is included in the list of “Severe Diseases” 
and is funded differentially [37, 38]. Therefore, each 
Israeli resident who requires RRT is entitled to receive the 
treatment, free of charge, regardless of their socioeco-
nomic status. Dialysis health basket is comprehensive, 
including dialysis treatments, hospitalizations, surgical 
interventions such as creation and maintenance of vascu-
lar access, and partial coverage of transportation to and 
from the dialysis center. Dialysis patients are not required 
to pay for medications, such as erythropoietin-stimulating 
agents (ESA), heparin, vitamin D derivatives and ana-
logues, calcimimetics, and all other medications adminis-
tered during dialysis. There is a payment “ceiling” for 
nutritional preparations included in the health basket. 
Cyclers used in PD are also fully covered. At this time, 
there is an initiative to develop and expand home HD, 
which will also be provided at no cost.

When traveling abroad, dialysis patients are eligible for 
reimbursement for dialysis treatments done on-site in accor-
dance with the cost of treatment in Israel. In addition, dialy-
sis patients are exempt from paying income tax and receive a 
special status in the National Insurance program.

Epidemiology As described previously, RRT was initiated 
in Israel during the 1960s. In parallel, a registry of patients 
being treated for ESRD was founded [26]. Unfortunately, the 
data regarding the years up to 1990 were partially lost.

The Israel Renal Registry (IRR) was established by the 
ISNH during the 1990s. The IRR cooperates with the Israel 
Center for Disease Control (ICDC) of the MoH. Each patient 
initiating RRT is reported to the ICDC by the treating unit, 
on a special form with the following data: demographics; 
primary renal disease using the coding system of the ERA- 
EDTA Registry; type of RRT (in-center HD, online hemodi-
afiltration (HDF), home HD, or PD); type of vascular access 
used to initiate HD/HDF; and viral positivity for hepatitis B 
(HBV), hepatitis C (HCV), and human immunodeficiency 
virus (HIV).

The information is analyzed by the ICDC staff. Each year, 
the data is summarized and reported to the various dialysis 
units, as well as to the MoH Director-General. The national 
data is also presented to members of the ISNH during the 
annual conference. The results were published in Hebrew for 
the years 1990–2007 [39] and then updated up to 2010 [40] 
and 2015 [41]. The next update will cover up to 2020 and is 
expected to be published in 2021–2022.

The IRR/ICDC also cooperates with international regis-
tries, such as the ERA-EDTA Registry and the United States 
Renal Data System (USRDS). Due to the regulatory limita-
tions, we provide aggregated data instead of individual 
patient data, which was transferred to the ERA-EDTA 
Registry during the 1970s.

As shown in Table  24.1, the number of new patients 
increased from 1990 to 2000 and then plateaued. The rate 
pmp reflects the increase in the Israeli population (from 
4,821,700 at the end of 1990 to 8,899,796 inhabitants at the 
end of 2018) and the aging of the Israeli population [10]. In 
1990, the mean and median age of incident ESRD patients 
were 55.4 and 60 years, respectively, while in 2018 this rose 
to 66.55 and 68.54 years, respectively.

In contrast to the incidence of RRT, the prevalence of 
patients receiving dialysis did not plateau, probably reflect-
ing aging of the population, improvement of treatment over 
the years, and the low number of kidney transplants 
(Table 24.1). The mean age of prevalent patients in 1990 was 
55.82 and the median 59.01 years, while in 2018 they were 
66.6 ± 14.72 and 68.55 years, respectively.

Remarkably, there is a male majority among ESRD 
patients (61%) and a growing number of patients older than 
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85 years (321 males and 210 females), accounting for 7.9% 
of dialysis patients in 2018.

Etiology The primary causes of ESRD are detailed in 
Fig.  24.2. As in many countries, diabetic kidney disease 
(DKD) is the leading cause of ESRD in Israel. However, the 
interpretation of this data could be misleading. It is well 
known that a proportion of diabetic patients with CKD may 
have various etiologies for their kidney failure [42] and most 
of them do not perform a kidney biopsy. Therefore, the 
reported DKD is mostly a presumed rather than a biopsy- 
proven diagnosis.

Dialysis Practice HD is by far the preferred treatment 
modality of the Israeli ESRD patients. In 2018, 87.83% of 
patients were on HD, of whom only two patients were on 
home HD, and 5.05% on post-dilution online HDF. PD com-
prised the RRT modality in 7.12% of patients, consisting of 
CAPD in 56.51% and automated PD (APD) in 43.29%. Of 
note, in 1994, PD accounted for 33.8% of dialysis therapy in 
incident patients and 25% in prevalent patients [41]. This 
decline in the proportion of patients treated by PD in Israel 
over the past two decades parallels the trend observed in 
many developed countries worldwide, as described by Li 
et al. [43] and Jain et al. [44].

At the end of 2018, 50.4% of the 6211 HD patients were 
treated in 45 community-based HD facilities, dispersed 
throughout the country, which had been previously operated 

Table 24.1 The incidence and prevalence of dialysis in Israel

Year
New 
patients

Incidence rate 
(pmp)

Number of 
patients

Prevalence rate 
(pmp)

1990 527 113 1558 334
1991 577 117 1677 339
1992 585 114 1793 350
1993 633 120 1939 368
1994 680 126 2113 391
1995 749 135 2284 412
1996 796 140 2468 434
1997 912 156 2688 461
1998 934 156 2854 478
1999 1100 180 3145 513
2000 1092 174 3398 540
2001 1152 179 3605 560
2002 1178 179 3769 570
2003 1257 188 4009 599
2004 1284 189 4235 622
2005 1290 186 4413 637
2006 1357 192 4603 653
2007 1388 193 4800 669
2008 1387 188 5052 685
2009 1429 198 5273 729
2010 1375 182 5479 726
2011 1407 190 5692 723
2012 1418 181 5795 729
2013 1509 186 5896 725
2014 1727 201 6287 758
2015 1558 186 6434 768
2016 1582 185 6566 768
2017 1637 186 6700 762
2018 1628 181 6687 752
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Fig. 24.2 Primary cause of end-stage renal disease in Israel. GN glomerulonephritis, PN pyelonephritis, PKD polycystic kidney disease, HT 
hypertension, RVD renovascular disease, DM diabetes mellitus, MISC miscellaneous
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by local dialysis owners. However, since 2016, an interna-
tional dialysis provider, Fresenius Medical Care, has become 
the owner of 30 of them. The remaining patients, usually 
with comorbidities and less stable, were treated in 35 in- 
hospital facilities. The vascular access encompassed native 
AVF in 59.6%, AV grafts in 8.04%, permcaths in 32.13%, 
and temporary HD catheters in 0.23% of HD patients. The 
standard HD prescription is mostly 4 h, thrice weekly, and a 
blood flow of 300–400  ml/min. However, very elderly 
patients are often prescribed fewer weekly hours and reduced 
blood flow if comorbidities exist. There is also one unit that 
performs thrice weekly nocturnal dialysis. HDF is conducted 
in a few centers, and prescription targets convection volumes 
of more than 21–22 liters per session. However, the achiev-
ability of the recommended convection volume was neither 
investigated nor reported to the IRR.

PD treatment is offered by 20 nephrology institutes in 
general hospitals. They usually utilize conventional dextrose- 
based PD solutions. Sixteen units report using icodextrin and 
five use amino acid-based PD solution (Nutrineal®).

The ISNH publishes position papers and national guide-
lines, which are updated periodically, in line with KDIGO 
guidelines, and are implemented in all dialysis facilities. 
They address standards of therapy of anemia, CKD- 
associated mineral bone disorders (CKD-MBD), viral infec-
tion control and vaccination, hypertension, and quality of 
care. The MoH has strict regulations regarding the infra-
structure and quality of dialysis water and dialysates. The 
Quality and Service Administration of the MoH leads the 
national quality indicators program, which includes 
Kt/V among others, and performs audits for all hospitals and 
dialysis facilities, ensuring safety and quality of care. It also 
conducts investigation and analysis of information on mor-
talities, adverse events, and  cases of medical negligence 
[45].

In 2017, a steering committee composed of the ISNH 
leading nephrologists, nurses, dietitians, social workers, rep-
resentatives of the public, patients, and the MoH-Quality and 
Service Administration recommended standards of quality in 
the field of dialysis. It includes both PD and HD. Based on 
these recommendations, a national peer-review audit was 
conducted between September and December 2017 and a 
full report was published in 2019. Analysis of the informa-
tion—gathered from various sources: interviews with multi-
disciplinary teams in 44 dialysis units, 1238 patient medical 
record reviews, 165 inspections, and 764 patient inter-
views—revealed a 92% compliance rate. Adherence to HD 
water and PD quality standards were the highest (98%).

Apparently, implementation of routine viral testing, strict 
isolation measures, HBV vaccination, no reuse of dialyzers, 
and ESA administration with few blood product transfusion 
requirements have resulted in a low prevalence of both HBV 
(1.7–2%) and HCV (3.7–5.7%) infection among Israeli 

patients receiving dialysis between 2005 and 2010, accord-
ing to the 2012 ICDC report [40]. At the end of 2018, 87 
patients were reported to be positive for HBV, 47 for HCV, 
and 10 for HIV. It is expected that within a few years, HCV 
infection will be eliminated from ESRD patients as many of 
them are offered direct-acting antiviral oral therapies. 
Seventeen patients were treated during 2018 and reported as 
sustained viral response.

The unadjusted 1-year, 2-year, 3-year, and 10-year sur-
vival rates among Israeli dialysis patients were 86.6%, 73%, 
61.3%, and 15%, respectively, from 1990 to 2015 [41]. 
Interestingly, there appears to be a survival advantage for 
Arab over Jewish patients on maintenance dialysis in Israel, 
in contrast to the life expectancy of Arabs in the general pop-
ulation which is 3–4 years lower than that of the Jewish pop-
ulation [10, 12, 46].

In the setting of AKI, HD but not PD is utilized. 
Nephrologists’ involvement varies and can have an impact if 
the intensive/intermediate care unit (ICU) is not completely 
independent. Generally, ICU physicians and nurses are qual-
ified to perform continuous veno-venous  hemofiltration 
(CVVH), hemodialysis (CVVHD), and hemodiafiltration 
(CVVHDF). Depending on the policies of each hospital, 
either nephrology or ICU personnel evaluate patients and 
perform these continuous therapies. However, intermittent 
RRT, HD and sustained low-efficiency daily dialysis 
(SLEDD), are under the responsibilities of nephrologists.

 Kidney Transplantation in Israel

Currently, six adult transplant centers are active in Israel. 
They include Soroka Medical Center in the south, Rambam 
Health Care Campus in the north, Hadassah University 
Hospital in Jerusalem, and three in the center of Israel, 
Rabin, Sheba, and Sourasky Medical Centers. In addition, 
two centers perform pediatric kidney transplantation (see 
below). A supporting central tissue-typing laboratory was 
established at the Sheba Medical Center. In 1994, the MoH 
set up a National Transplant Center [47]. In 2008, the Israeli 
Knesset passed two laws, one regulating organ transplanta-
tion and the other defining brain death.

Israel Transplant Law 2008 This Israel Transplant Law was 
introduced in order to regulate the transplantation of organs 
both from live and deceased donors [48, 49]. The law defined 
the legality of the transplants and stated that any commer-
cialization of transplantation was illegal and subject to legal 
procedures. However, the law does allow remuneration for 
loss of income and other costs to living donors. The perfor-
mance of a transplant in a foreign country is sanctioned only 
if the country has similar strict regulations. In the same year, 
the Istanbul Declaration was passed with similar restrictions 
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on organ trafficking [50, 51]. Based on the legal aspects, the 
MoH published the requirements for the use of kidneys from 
living altruistic donors. These regulations require physical 
and psychological testing, followed by a decision of a 
national statutory committee. Of note, living organ donors in 
Israel are exempted from paying health insurance for a 
36-month period, if the following conditions are met: the 
organ recipient is an Israeli resident and the donation took 
place in Israel as of 2010 onwards [52].

Brain-Respiratory Death Act 2008 This law defines brain 
death and regulates the requirements for transplanting organs 
from deceased donors [53]. The directives based on this law 
require that there is a complete cessation of spontaneous res-
piration. The diagnosis requires the use of an apnea test and 
mandatory performance of ancillary testing or brain-
stem auditory evoked potentials [54].

National Transplant Center The center was assigned impor-
tant tasks in the regulation of transplants in Israel. These 
include (1) the enrollment of all potential recipients for organ 
transplantation, (2) coordinating the acquisition of organs 
from deceased donors from the various hospitals in Israel, 
(3) promoting living organ donations, (4) allocating organs 
to specific recipients, (5) publicizing the need for organ 
donors, and (6) the establishment of a donor card and main-
taining the list of potential donors. All personnel in the 
Transplant Center are MoH employees. There is a steering 
committee, with representatives of the organizations promot-
ing transplants (the transplant center, the central laboratory, 
transplant surgeons and physicians from various specialties). 
There are subcommittees for the various transplant organs, 
and each chairperson serves on the steering committee. 
These are responsible for establishing the guidelines regard-
ing the organ allocation and for quality control in the trans-
plant centers, as well as providing the information required 
for informed consent by recipients and living donors.

Allocation of Organs for Transplantation As Israel is a 
small country, it was decided initially that transplants would 
be offered primarily to patients on dialysis treatment. All 
patients on dialysis are entitled to be included on the list of 
potential transplant recipients. According to international 
and Israeli guidelines, the patient must undergo a series of 
examinations in order to ascertain his or her suitability to be 
listed. Each dialysis unit is responsible to oversee the perfor-
mance of these examinations and then to refer the patient to 
a transplant center at the patient’s choice, before being regis-
tered at the National Transplant Center. All potential recipi-
ents are listed according to a graded point system. The points 
are granted according to the following criteria: (1) age (most 
points are given to the youngest patients and no points to the 
elderly ones), (2) time on dialysis (most points are given to 

patients on dialysis for the longest period and none to those 
initiating dialysis), (3) preformed antibodies (points are 
given to the patients with high levels), and (4) tissue-typing 
matching (points are given for a DR locus match). Following 
the implementation of the Transplant Law in 2008, addi-
tional points are given to dialysis patients who donated an 
organ or had a first-degree relative who donated an organ. 
Points are also given to patients who have signed a donor 
card or have a relative who has signed the donor card. When 
a kidney becomes available for transplantation, the recipients 
with a matching blood group are listed according to the total 
number of points and the organ is offered to the patient with 
the most points. There is also a program for allocating kid-
neys from deceased donors over the age of 60 to suitable 
recipients over the age of 60.

Acquiring Organs for Transplantation The National 
Transplant Center communicates with transplant nurse coor-
dinators at all general hospitals in Israel. These coordinators 
are informed of all potential donors within their respective 
hospitals. They follow the status of the potential donors and 
discuss the possibility of organ donation with the family. If 
the patient is pronounced brain-dead and the family has con-
sented to a donation, the Israel Transplant Center is 
informed. Blood and/or a lymph node are sent to the Central 
Tissue-typing laboratory. Upon receiving the tissue typing, 
an allocation decision is made based on suitable recipients 
listed according to the number of points. The dialysis unit 
where the patient is treated is informed of a possible trans-
plantation. When a final decision is made, the patient travels 
to the hospital where he is registered as a transplant recipi-
ent. Preemptive transplantation is performed only if a living 
donor is available. Therefore, there are no preemptive 
deceased donor transplants and time on dialysis is equal to 
time on the waiting list, except if the patient suffers from 
type 1 diabetes mellitus and needs combined pancreas and 
kidney transplants.

Kidney Transplantation: The Role of Nephrologists The 
assessment of the suitability of patients for transplantation is 
carried out by the nephrologists and nurses dedicated to this 
task. Living-related donors are examined by the nephrolo-
gists in the transplant center. They undergo psychosocial 
examination by a social worker and psychologist/psychia-
trist evaluation. Donors who are not related to the recipient 
undergo a psychological examination at an independent 
institution and are then referred to a national statutory com-
mittee for the final decision.

Nephrologists and transplant coordinators at the various 
transplant centers are responsible for the follow-up of all 
transplanted patients during hospitalization and at the outpa-
tient clinics.

S. Assady et al.



337

The Israeli Transplantation Society The Israeli 
Transplantation Society (IST) represents all the professions 
who participate in transplantation. The IST organizes scien-
tific meetings and has an annual conference. It publishes the 
Society Position on important subjects. Numerous nephrolo-
gists are active members of the IST. The present chairwoman 
of the Society is a nephrologist.

The Number of Kidney Transplants in Israel Until 2010, the 
number of both deceased donor and living donor kidney 
transplants was relatively low, with a total of about 150–160 
per year or about 20 pmp (Table  24.2). During the last 
decade, there has been a steady increase in the number of 
transplants, especially from living donors, so that in 2018 the 
number of kidney transplants was 399, almost 45 pmp. 
Sixty-one percent of single-kidney transplants were from liv-
ing donors. There are several reasons for this twofold 
increase in the number of kidneys. Public awareness of the 
importance of kidney transplant, following use of the media 
by the National Transplant Center, has resulted in more peo-
ple signing donor cards and more families allowing the use 
of organs from their deceased loved ones. In fact, there is a 
60% acquiescence rate on approaching the families of poten-
tial donors. Public awareness has also resulted in a sharp 
increase in the number of living donors. An additional impor-
tant factor was the establishment in 2009, by a Rabbi, him-
self a kidney recipient, of a community-based organization 
for facilitating living donors from the religious sector of the 
population [55]. The number of potential recipients for a 
transplant increased annually until 2014, when there were 
849 patients on the waiting list. Since then, the number has 
stabilized and even decreased to 813 by the end of 2018.

Outcome The outcome of kidney transplant in adults is 
favorable after the introduction of modern immunosuppres-
sive drugs, which are available and provided free of charge. 
All centers use high-dose steroids with either IL-2 receptor 
antagonist or anti-thymocyte globulin for induction. Highly 
sensitized patients may receive plasmapheresis, immuno-
globulins, or rituximab before transplantation. Maintenance 
therapy usually consists of a combination of calcineurin 

inhibitors (mostly tacrolimus) or mammalian target of 
rapamycin inhibitors with steroids and mycophenolate. The 
minority of patients are on steroid-free regimens.

According to the 1990–2017 kidney transplant data, 
death-censored renal allograft half-lives (t ½) from deceased 
donors, one haplotype living donor, and HLA-identical sib-
ling were 15.7 years, 18.3 years, and 35.2 years, respectively 
(personal communication).

 Pediatric Nephrology in Israel

Israel’s child population is over 2.85 million according to the 
last 2016 census. Since 1995, when a National Health 
Insurance law was ratified by the Israeli Parliament, all 
Israeli children have free access to preventive care—includ-
ing immunizations and prenatal care—as well as curative 
medical care. General and comparative national health indi-
cators in Israel are very good. Between 1955 and 2000, the 
overall infant mortality rate declined sevenfold in all Israeli 
communities, exceeding the goal set by the World Summit 
for Children in 1990 [56]. These major achievements have 
been ascribed to an extensive primary care infrastructure, 
where doctor visits are free. Secondary healthcare (including 
subspecialty consultations) is also relatively affordable, 
around 10 USD per visit. Tertiary care is mainly offered in 
regional hospitals, which are owned by the state or by non-
profit organizations. Pediatric nephrology services are pro-
vided by experts who practice in these hospitals.

The pediatric nephrology subspecialty was recognized by 
the Israel Medical Association (IMA) Scientific Council, 
which supervises all postgraduate medical training for the 
MoH, in 1994. In the 1970s, most of the specialists were 
trained abroad. There are currently more than 30 certified 
pediatric nephrologists in Israel, who are organized in the 
Israeli Society of Pediatric Nephrology. This provides a rate 
of 1.05 pediatric nephrologists per 100,000 children, higher 
than the 0.5 rate for the United States [57]. This service is 
accompanied by a broad supportive infrastructure, including 
imaging and laboratory systems, trained nurses, and support-

Table 24.2 Total number of wait-listed transplant candidates and kidney transplants in Israel

Numbers at end of year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Wait-listed 690 733 729 755 762 849 843 847 840 813
Deceased donors 83 56 97 57 112 71 105 109 128 148
Living donors 69 78 119 108 134 135 174 222 222 231
Kidney + liver 3 4 8 3 1 – 4 5 8 8
Kidney + pancreas 7 3 12 7 10 5 6 10 9 7
Two kidneys – 2 5 3 5 5 5 6 2 5
Total 162 143  241 178 262 216 294 352 369 399
Total/million inhabitants 21.64 18.76 31.03 22.5 32.51 26.29 35.08 41.19 42.35 44.91
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ing medical personnel. All this has enabled the provision of 
good and accessible medical care, including dialysis and 
transplantation for pediatric ESRD patients.

 Pediatric Chronic Kidney Disease

Estimates of pediatric CKD prevalence are substantially 
below those noted for adults. For example, the prevalence of 
pediatric CKD (stage >2) in two European countries (Italy 
and Spain) has been estimated to be no more than 75 cases 
pmp. However, such estimates were based on CKD detected 
by tertiary care centers, probably in higher stages. Current 
literature evidence hints for under-detection of childhood 
CKD in a sizeable enough fraction that would contribute to 
the rise in the young adult CKD prevalence. A recent true 
population frequency study in Turkey demonstrates that the 
prevalence of childhood CKD approaches 1% [58]. Data 
from Israel supports this finding. Landau et al. [59] reviewed 
all detected cases of pediatric CKD (stages 1–5) in southern 
Israel during a 15-year period and then prospectively sum-
marized the incidence and prevalence of CKD during the 
subsequent 2 years. In December 2008, the prevalence was 
795 cases pmp for all CKD and 331 pmp for CKD stage 2 
and above. Calculated annual CKD incidence was 46 pmp. 
Pediatric CKD resulted mainly from renal hypodysplasia 
(35%), genetic renal diseases (28%), glomerulonephritis 
(15%), and obstructive uropathy (13%). CKD stage 1 com-
prised 50% of the cohort; stages 2–4 and stage 5 were 30% 
and 20%, respectively. Thus, pediatric CKD prevalence may 
be underestimated [59]. In population-based, retrospective 
cohort studies, overweight, obesity, normal renal function 
with a history of any childhood kidney disease, and persis-
tent asymptomatic isolated hematuria detected in 17-year- 
old young conscripts to the Israeli army were strongly 
associated with an increased cumulative incidence of treated 
ESRD, with crude hazard ratios of 3, 6.89, 4.19, and 18.5, 
respectively [60–62]. Thus, early detection and treatment of 
pediatric CKD and its complications may have a significant 
impact beyond the pediatric age.

 Genetic Kidney Diseases

Genetic kidney diseases (GKDs) are pathological renal con-
ditions caused by an absent or defective gene or by a chro-
mosomal aberration. They may manifest as steroid-resistant 
nephrotic syndrome, as a  specific tubular transport defect 
(e.g., Bartter syndrome), or  as  a major disarrangement in 
kidney structure (e.g., polycystic kidney disease). Some 
GKDs may lead to secondary renal inflammation and fibro-
sis (e.g., nephronophthisis, atypical HUS). Most of the 

GKDs are inherited in a recessive mechanism, present in 
early childhood, and are therefore a well-known entity to the 
pediatric nephrology community. Given the high rate of con-
sanguinity in several communities in Israel (both Jews and 
Arabs) and because of the availability of high-quality and 
easily accessible medical care, many GKDs have been 
described in Israel, including novel mutations [32, 63]. Since 
the prevalence of rare GKD is difficult to assess, Landau 
et al. calculated that in southern Israel, where consanguinity 
is particularly prevalent, the GKD/ESRD prevalence ratio 
was close to 4:1.

 Pediatric Dialysis Services

While the Arab minority comprises approximately 21% of 
the population, the prevalence of ESRD for the decade from 
2004 to 2013 was 43.1 pmp for non-Jewish children (over-
whelmingly of Arab ethnicity) compared to only 13.3 pmp 
for the population as a whole. Chronic dialysis services for 
children are provided in five hospital-based pediatric units 
dispersed in the country: four of them provide both HD and 
PD and one provides PD only. At the end of 2018, 44 chil-
dren (roughly 15 per million children, like other Western 
countries) were treated with chronic dialysis,  of whom 33 
patients received HD and the remaining utilized PD [64, 65].

 Pediatric Transplantation

The Pediatric Renal Transplant Program in Israel was initi-
ated at Beilinson Medical Center (later Schneider Children’s 
Medical Center) in 1981. Until 2013, this was the only 
government- approved pediatric renal transplant program in 
Israel. Since the beginning of the program through the end of 
2013, 420 children received a total of 469 grafts including 42 
with two grafts and 7 with three grafts; 296 transplantations 
were in children of Jewish origin and 173 in Arab children. 
The proportion of children younger than 6 years was 21.6%. 
The proportion of deceased donor (DD) transplantations was 
higher in the Arab subpopulation: 76.3% vs 53% (p < 0.002). 
In 88 cases (18.8% of the total number of transplants), pre-
emptive transplantation of living donor (LD) kidneys was 
performed; the remaining 381 transplantations were per-
formed in children after they started dialysis. The mean wait-
ing time on dialysis did not differ significantly between Arab 
and Jewish children: 20.2 ± 18.1 and 16.4 ± 21.0 months, 
respectively (p = 0.52).

Twenty-year patient survival was 91.6% for living donor 
and 86.8% for DD recipients. These results compare favor-
ably to those reported in the United States by the North 
American Pediatric Renal Trials and Collaborative Studies 
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(NAPRTCS) [66] and those reported by other centers 
around the world. Respective 20-year death-censored graft 
survival was 52% and 44%, and expected half-life 28.7 and 
17.8 years. These outcomes of graft survival compare with 
the recently reported data from a single-center experience 
in France [67], the NAPRTCS registry and from the 
Scientific Registry of Transplant Recipients (SRTR) [68]. 
Long-term graft survival improved significantly with each 
decade of transplantation for recipients of both LD and DD 
allografts. The improvement in outcome is most likely 
attributable to more potent immunosuppressive protocols 
along with infection surveillance and management, similar 
to reports in the literature [69, 70]. As in other published 
reports of long-term renal allograft survival [71, 72], 
chronic allograft nephropathy remains the major cause of 
graft loss in these patients.

There is no impact of recipients’ age at transplantation 
on graft survival. This differs from the NAPRTCS and 
SRTR data [73], which show poorer long-term graft sur-
vival among adolescents than among younger recipients. 
The discrepancy in results may be due to the greater inci-
dence of nonadherence reported among adolescents in 
those studies. Here there were no such differences in adher-
ence, nor was this reported in studies from centers in 
Europe [71] or Japan [72]. Differences in outcome may be 
related to cultural differences. Increased parental supervi-
sion extending into adult life in a more traditional culture 
may explain the more favorable outcome in the Israeli teen-
age group compared to other studies. Moreover, the Israeli 
social health system, which covers all healthcare expenses, 
including medications and clinical visits, regardless of 
socioeconomic status may also play a role. The percentage 
of LD transplants in our cohort was 38.4%. This is low 
compared to the United States, where LD transplants pro-
vide more than 50% of the kidneys transplanted in children, 
and in some countries in Europe, where as many as 80% of 
grafts of the pediatric kidney transplants are from LD [73]. 
The scarcity of living donors in Israel results in a rather 
long waiting time of 22  months among Israeli pediatric 
ESRD population. More recently, we noted an increasing 
proportion of living donation, reaching 49%, which should 
reduce waiting time and further improve results. The 
increase in living donation is presumably related to the 
changes in the law regulating organ donation in 2008. 
Increased living donation should reduce waiting time and 
further improve results for transplant recipients.

Graft survival does not differ between the Arab and 
Jewish children, in contrast to ethnic disparities reported in 
the United States, Europe, and New Zealand [74–77]. This 
could be attributed to equality of access to pre- and post-
transplant healthcare. The genetic similarities of the two 
populations, Arabs and Jews, which lead to similarities in 

immunologic responses, may also explain comparable 
results. The long- term data demonstrate positive and 
improving results over time in a national center of pediatric 
kidney transplantation.

 Nephrology Practice in Israel

The ISNH is a branch of the IMA. It was founded in 1964 to 
bring together physicians and allied scientists interested in 
nephrology and arterial hypertension and represent them at 
the IMA, official institutions, and national and international 
forums. Its goals include, among others:
• Professional evolvement of medical disciplines related to 

nephrology and hypertension
• Education and empowerment of the future generation of 

physicians engaged in the practice of nephrology and 
hypertension

• Establishment and monitoring of procedures and stan-
dards of care

• Promotion of collaborative clinical and basic research
Currently, the Society has several sections including HD, 

PD, transplantation, hypertension, research, and a regional 
Israeli-Palestinian nephrology forum. During 2019, the 
ISNH had 318 members; of them, 294 are physicians and 24 
nonphysicians, mainly basic scientists. Interestingly, 92 
members of the Society are retired and 10 are pediatric 
nephrologists.

The body authorized by law to grant licenses to practice 
medicine in Israel is the MoH.  Nephrology training pro-
grams are offered as a subspecialty (after residency in medi-
cine or pediatrics) in accredited nephrology institutes in 
general hospitals and continue for 2.5 years. At the end of the 
fellowship, it is mandatory to pass a two-part board examina-
tion to acquire approved certification in nephrology from the 
Scientific Council of the IMA. Since nephrology is contem-
plated as a complex profession, with a hard fellowship and 
less attractive remuneration, the new generation of young 
physicians hesitates to pursue this track. In 2019, there were 
26 trainees at different stages of their fellowship being con-
ducted in 19 general hospitals.

Physicians who graduated and are certified as specialists 
abroad, and practiced clinical medicine for 14 years or more, 
apply to the MoH and to the IMA’s Scientific Council for 
recognition of their specialty. They are usually required to 
successfully complete an observation period at a department 
in an accredited institution. Otherwise, foreign nephrologists 
might be asked to complete one- or two-part board 
examination.

It is estimated that 150 active ISNH members, i.e., 17 
pmp, are practicing nephrologists, mainly in general hospi-
tals. Indeed, most nephrologists develop their entire profes-
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sional career in hospitals. Working in such a setup, they are 
exposed to the multifaceted fields of nephrology, such as 
intensive care nephrology, out- and inpatient HD, PD, trans-
plantation, clinical nephrology, hypertension, pregnancy- 
related kidney diseases, and more. A nephrologist in Israel 
may engage in one or more professional activities, such as 
renal consultant, senior staff physician in in-hospital or 
ambulatory dialysis unit, transplantation unit, outpatient 
clinics, and ICUs, which can be combined with clinical or 
translational research. Five Israeli medical centers have 
active kidney transplantation programs. Interventional pro-
cedures such as kidney biopsies are mainly performed by 
nephrologists and less by interventional radiologists. In a 
few centers, nephrologists are also responsible for insertion 
of long-term HD tunneled catheters (permcaths) and PD 
catheters.

Prior to 1995, Israel had a voluntary health insurance sys-
tem. A law sanctioned in 1994, the National Health Insurance, 
made health insurance both compulsory and universal, with 
four general health providers (health funds) [78].

In addition to hospital-based services, ambulatory 
nephrology care is managed by each of these providers. Not 
surprisingly, there is a shortage of nephrologists, taking into 
account (1) the growing number of patients with CKD, 
including dialysis patients; (2) aging of the population; (3) 
increasing tasks not only in hospitals but also in community 
clinics; and (4) few new posts for nephrologists which have 
been created over the past 5 years. Financially, salaries in the 
field may vary, but the basic pay is relatively low and is sup-
plemented by “extra” work, mainly “on duty” jobs in hospi-
tals. A significant number of nephrologists have 
complementary occupations in health funds, private dialysis 
clinics, or other positions.

A shortage of dialysis nurses is also noted, especially in 
areas in the south and east of the country. Today, nursing 
studies take 4  years in most universities. Nurses need to 
undertake postgraduate studies to accomplish a nephrology 
specialization before they engage in dialysis activities. Israeli 
regulation determines a ratio of 1 nurse to 4 HD patients. 
Nurses working in the private dialysis sector may travel long 
distances to provide the adequate number of nurses in periph-
eral dialysis units.

There is an unmet need for allied healthcare professionals 
in nephrology. Israeli regulation clearly states criteria for 
dietitian consultations and frequency of visits in ESRD. There 
is scarcity of nephrology dietitians. Historically, they were 
hired part-time, both in the hospital setup and in community- 
based dialysis units. Therefore, necessity for dietitians is 
high because of an enormous workload. Likewise, nephrol-
ogy social workers were historically hired in part-time jobs 
and still are the most unpaid sector in nephrology care. 
Alongside a shortage of professionals, the growing complex-

ity of ESRD in the elderly has become a real challenge for 
health policy leaders.

 Highlights of Nephrology in Israel

 Management of Crush Injury

Due to military conflicts, nephrologists in Israel gained 
expertise in the management of casualties with crush injuries 
and subsequent devastating AKI, hemodynamic  instability, 
and electrolyte disturbances. Ori S.  Better, together with 
international colleagues, has coined protocols for prevention 
of developing AKI in traumatic rhabdomyolysis [79–81]. He 
received the 1991 ISN Bywaters Award for his major contri-
butions to AKI research.

 CKD-MBD Research

The Minerva Center for Calcium and Bone Metabolism at 
Hadassah University Hospital directed by Justin Silver and 
Tally Naveh-Many has published cutting-edge research, illu-
minating the role of phosphate, parathyroid hormone (PTH), 
fibroblast growth factor 23, and vitamin D in the pathogene-
sis of mineral and bone disorders in CKD. For decades, they 
have provided novel insights into the regulation of PTH in 
health and disease, which helped devise rational therapy for 
secondary hyperparathyroidism and transformed clinical 
approach worldwide [82].

 Future Perspectives of Nephrology in Israel

The nephrology community in Israel, led by the ISNH, set 
major goals to establish screening programs for early identi-
fication and treatment of CKD, to implement national quality 
measures for the treatment of ESRD, and to increase the con-
sent of deceased kidney donors as well as living-related 
donors and paired-exchange kidney transplantation 
programs.

In Israel, about half of ESRD patients are treated in hos-
pital centers, and a half in community centers. In principle, 
the healthier and more independent patients are treated in the 
community centers. The ISNH has initiated a program to 
implement national quality measures, with the purpose of 
unifying the standard of care. These measures include param-
eters such as Kt/V, hemoglobin, calcium, infection rate, and 
number of transplant candidates in each unit.

CKD is often clinically silent and traditional clinical data 
alone cannot differentiate disease subtypes. There is an 
urgent need to expand medical examination for all young 
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adults including those who are not recruited for army service 
to detect silent kidney diseases and risk factors. The ISNH is 
also in the process of establishing a national registry to 
 identify subjects with genetic diseases within the population 
of young patients with CKD.

An additional quest of the ISNH is to increase the number 
of ESRD patients treated at home. Currently, less than 10% 
are using home modalities, mainly PD. We are planning to 
integrate home HD into the ESRD program and are striving 
to increase the number of peritoneal dialysis patients by uti-
lizing assisted PD.

Finally, the aging of the population and the exceptional 
growth in the absolute number of older people with CKD and 
RRT provide an impetus to develop home and community 
services, which are viewed as the best economically and 
humane solutions.

 Conclusion

Israel is a relatively small country, which has kept a high 
standard of medical care since its establishment. The burden 
of kidney diseases is high in Israel. Practicing nephrologists 
are familiar with the genetic background, social habits, and 
diverse culture of their patients. The emerging epidemic of 
diabetes mellitus is significant, being the major cause of 
CKD in Israel. The prevailing genetic kidney diseases in the 
various population subgroups are also of much importance. 
All patients reaching ESRD are entitled to receive RRT, 
which is fully reimbursed. Today, approximately 50% of 
patients are dialyzed within their community. Early sporadic 
attempts were made to introduce kidney transplantation, but 
it was only in the 1990s, with the establishment of the 
National Transplant Center, that kidney transplantation was 
conducted on a national level. The enactment of the 
Transplant and Brain Death laws in 2008 was pivotal in 
encouraging the acceptance of deceased donor and living 
donor transplantation, which has led to a continuous growth 
in both types, and since 2014, the number of candidate trans-
plant recipients has plateaued. Many nephrologists devel-
oped an interest in basic and clinical research, conducted 
within the hospital institutes or in cooperation with research-
ers from local and international universities.

Despite this success story in clinical care and research, 
and involvement in the global nephrology community over 
the past 60  years, there is still much to achieve. First and 
foremost is to attract young physicians to specialize in 
nephrology, to provide them with positions, and to encour-
age them to devote time to high-quality research. Additional 
needs include (1) addressing issues related to geriatric 
nephrology and onco-nephrology; (2) expanding both in- 
center convective dialysis and home dialysis modalities; (3) 

encouraging organ donation through deceased donors, 
living- related donors, and paired-exchange kidney transplan-
tation programs; (4) establishing nationwide screening of 
subpopulations at risk for CKD and genetic screening as well 
as increasing awareness of the public to endorse a healthy 
lifestyle and periodic physical examination, among others; 
and (5) educating our medical colleagues for early referral of 
kidney patients to dedicated nephrology clinics.
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Area 378,000 Km2

Population1 126,453,000 (2018)
Capital Tokyo
Three most populated cities 1. Tokyo (9,272,740)

2. Yokohama (3,724,844)
3. Osaka (2,691,185)

Official language Japanese
Gross Domestic Product (GDP)1 4.971 trillion USD (2018)
GDP per capital1 39,306 USD, 2018 IMF
Human Development Index (HDI) 0.909 (2018)
Official currency Yen
Total number of nephrologists 5317 (JSN board-certified 

nephrologists, as of 2019)
5898 (JSDT board-certified 
fellows, as of 2019)
441 (JSCRT board-certified 
fellows, as of 2019)

National Society of Nephrology Japanese Society of 
Nephrology (JSN),
Japanese Society for Dialysis 
Therapy (JSDT), Japanese 
Society for Clinical Renal 
Transplantation (JSCRT)
www.jsn.or.jp; www.jsdt.or.jp

Incidence of End-Stage Renal 
disease2 (on dialysis)

2017 – 323 pmp
2018 – 320 pmp

Prevalence of End-Stage Renal 
disease2 (on dialysis)

2017 – 2640 pmp
2018 – 2687 pmp

Total number of patients on 
dialysis2 (all modalities)

2017 – 334,505
2018 – 339,841

Number of patients on 
hemodialysis2

2017 – 325,415
2018 – 330,396

Number of patients on peritoneal 
dialysis2

2017 – 9090
2018 – 9445

Number of renal transplantations 
per year3, 4

2017 – 1742
2018 – 1865

Table References
1Statistical Bureau, Ministry of Internal Affairs and Communications. 
https://www.stat.go.jp/english/data/jinsui/tsuki/index.html (04 May 
2019 last access)
2Annual Dialysis Data Report 2017, JSDT Renal Data Registry [1]
3Annual Dialysis Data Report 2017, JSDT Renal Data Registry [2]
4Fact book 2018 of organ transplantation in Japan http://www.asas.
or.jp/jst/pdf/factbook/factbook2018.pdf (04 May 2019 last access)

 Introduction

Japan is located in the east edge of Asia and Japan is totally 
surrounded by the sea; its western coastline faces the Sea of 
Japan and its east coastline faces the Atlantic Ocean. Japan 
is composed of four main islands, Hokkaido, Honshu, 
Shikoku, and Kyushu, and other numerous islands, which 
are finally counted down to 6852. Therefore, Japan is com-
pletely isolated from the neighboring countries by the 
sea. The Japanese population has been decreasing with an 
annual reduction rate of −0.1 ~ 0.2% since 2010; the fixed 
population was 128,057,352  in 2010 and 126,443,180  in 
2018.

The official currency is the yen, introduced in 1871 and 
symbolized as JPY, In February 2020, JPY 1.00 was worth 
0.0091 US dollar and 0.0082 euro. The Japanese gross 
domestic product (GDP) was 4.972 trillion in 2018, which 
makes Japan the third largest economy in the world. Japan is 
one of the matured countries with a population decline and 
economical shrinkage in the future. Being isolated from the 
neighboring countries by sea, 98% of Japanese population 
speaks Japanese, as the official language.
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The Japanese political regime is a parliamentary demo-
cratic one, ruled by the prime minister with the emperor as a 
symbol of the state. Japan has 47 prefectures as a local politi-
cal matrix, but the independency of each prefecture from the 
nation government is not so strong when compared with the 
state system or federal system. There are 1741 municipali-
ties, and the 3 most populated are Tokyo, Yokohama, and 
Osaka. The country is also divided into nine major regions: 
Hokkaido, Tohoku, Kanto, Chubu, Kansai, Chugoku, 
Shikoku, and Kyusyu/Okinawa. Although the regions have 
no political or legislative autonomy, there are some cultural, 
geographical (climate, vegetation), and economic similari-
ties among the states within each region. The differences in 
culture and accent actually exist among the regions; how-
ever, the diversity is not so accentuated as compared with 
other mixed-race nations.

Historically, the Yamato race, which was the major ances-
tor of the Japanese, and other some indigenous races lived in 
the ancient Japan. In the early history of Japan, there were 
many local kings or strong men, and they repeatedly fought 
each other. They were united into one country as the primer 
of Japan by Toyotomi in 1590, and it was followed by the 
long and stable Edo era. The current parliamentary demo-
cratic political system with one era per emperor started at 
1889, when “the Constitution of the Japanese Empire (Meiji 
Constitution)” was built. Japan is a unique country that has 
not experienced a major invasion by the neighboring coun-
tries because of its unique geographic situation.

The first public medical insurance system was introduced 
in 1922, but this system only covered company workers. 
Since 1935, several local systems, which were intended to 
cover the general population, were introduced and modified. 
Finally, in 1961 the current national health insurance system 
in which each Japanese residence must be included into one 
public health insurance system was established. In the cur-
rent system, the patient’s self-pay rates are 20% for less than 
6 years old, 30% for 6 to less than 70 years old, 20% for 70 
to less than 75 years old, and 10% for greater than 75 years 
old. All Japanese people can freely visit any types of medi-
cal facilities; however, if they want to visit a university or 
regional general hospital, they have to contribute a minor 
additional payment.

 Brief History of Nephrology in Japan

 History of Chronic Kidney Diseases

Richard Bright (1789–1858) is widely regarded as the founder 
of the nephrology specialty. His name was given to Bright’s 
disease, which was classified as follows: nephrotic syndrome, 
glomerulonephritis, and sclerosing glomerulonephritis or 

atrophic kidney [3]. In Japan, the first kidney biopsy was 
performed by Kinoshita in 1954, and it was the beginning of 
clinical nephrology based on kidney pathology findings [4]. 
The Japanese Society of Nephrology (JSN) was established 
in 1959, earlier than International Society of Nephrology 
(1960) and American Society of Nephrology (1967), and the 
official journal entitled Japanese Journal of Nephrology was 
also launched in 1959. In the 1960s, acute nephritis was the 
most serious problem leading to students’ long absence from 
school, and it evoked the feasibility of an early and routine test 
for pediatric kidney diseases. In 1974, the mandatory urine 
test system was established, as first in the world, and there-
after many kidney diseases could be detected in their early 
stages. The patients who are checked in these opportunities 
can smoothly receive further examinations including kid-
ney biopsy because of the public health insurance system. 
Thereby, the mainstreams of the nephrology based on the kid-
ney pathology were established in Japan.

Under these conditions, several kidney diseases classifica-
tions were introduced. Ueda et al. [5] proposed a classifica-
tion of nephrotic syndrome in 1962. Kinoshita et al. [6] also 
classified kidney disease into nonprogressive sub- chronic 
glomerulonephritis (GN) and progressive chronic GN 
according to the clinical course and pathology. Furthermore, 
they divided glomerular diseases into nephrotic syndrome 
and GN, and they recommended to use corticosteroids for 
nephrotic syndrome. In 1968, Oshima et al. [7] revised the 
classification, and they classified the nephritis with heavy 
proteinuria and hypoproteinemia into chronic GN.  JSN 
expressed their appreciation to Dr. Ueda and Dr. Oshima 
for the distinguished contributions to the development of 
nephrology in Japan, and they created the “Ueda Award” 
and the “Oshima Award” for encouraging excellent young 
nephrologists.

Other several unique findings have also been introduced 
from Japan. Suwa et  al. [8] proposed the glomerular scle-
rosis index for the quantitative evaluation of kidney biopsy 
in 1968, and the index has been used until now. Renal tubu-
lar acidosis secondary to Sjogren’s syndrome was reported 
from Japanese nephrologists in 1970 [9]. Lipoprotein glo-
merulopathy which is one of the hereditary glomerulopathies 
with unique features of glomerular lipoprotein thrombi was 
reported in 1989 [10]. IgG4-related tubulointerstitial nephri-
tis was first reported by Saeki et  al. [11] in 2010, and the 
diagnostic criteria for IgG4-related kidney disease were pub-
lished in 2011. One more recent contribution from Japan was 
the creation of an accurate glomerular filtration rate (GFR) 
estimation formula for the Asian population [12]. Three hun-
dred and fifty participants from 80 medical centers in Japan 
participated in the trial to validate the estimated GFR based 
on creatinine and inulin in 2009; the elements composing the 
formula were serum creatinine, age, and gender [12].
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The prevalence of ESRD on dialysis and KT have been 
surveyed by the JSDT Registry and the Japanese Society for 
Clinical Renal Transplantation (JSCRT); however, a nation-
wide CKD registry has not yet been established. The preva-
lence of overall CKD in the adult Japanese population has 
been estimated as 11%, out of 574,000 people participating 
in the annual health checkup program [13]. In order to out-
line CKD population in Japan, several registries have been 
started, such as the Japan Renal Biopsy Registry (J-RBR) 
in 2007 and the Japan Kidney Disease Registry (J-KDR) in 
2009, both established by JSN [14]. However, these regis-
tries were not enough to grasp the overall features of CKD 
in Japan, so it is necessary to conduct a nationwide CKD 
epidemiological surveillance.

In 2018, the government released the next 10-year plan 
to prevent and manage CKD. The first topic of it was educa-
tion about CKD for the general population, CKD prevention, 
early CKD diagnosis, appropriate intervention, and renal 
replacement therapy (RRT). To achieve these goals, JSN 
released the CKD guidelines for general practitioners (GPs) 
and general population [15]. The second topic was the coop-
eration between GPs and nephrologists. The third topic was 
promoting research activities in the genetic field, regenera-
tive medicine, developing new drugs, and megadata-based 
medicine. These nationwide approaches are expected to 
clarify the outline of CKD in Japan and improve its outcome 
in the future.

 Dialysis History

The history of dialysis therapy was reviewed at the time of 
the JSDT 50th anniversary in 2018 and the memorial book 
published in 2019 [16]. The following brief history of dialy-
sis therapy in Japan is an excerpt of the book.

The first dialysis therapy performed in Japan dates back 
to the Korean War. The soldiers who suffered from crush 
syndrome were transferred to the Army base in Kyushu or 
the Army hospital in Tokyo, where they could receive hemo-
dialysis (HD) with use of Kolff-Brigham dialyzer. The Kolff- 
Brigham dialyzer was then introduced to Kyushu University. 
However, the dialyzers imported were expensive, and stud-
ies researching the production of original types of dialyzers 
began in this era. These studies were publicized in 1954–
1957 by the investigators at the Departments of Surgery at 
the University of Tokyo and Gunma University. Thereafter, 
the economic development of Japan enabled the import of 
dialyzers, which were mass-produced and commercially 
available in oversea countries. Such a trend promoted the 
wider use of HD treatment for CKD stage 5.

The first chronic HD treatment program was initiated 
in 1963. First home HD was performed in 1964, and over-

night HD performed in 1965. At the beginning of HD 
history, imported dialyzers were used. However, the first 
dialyzer was produced domestically in 1965. In 1967, 
CKD stage 5 therapy began to be reimbursed by the pub-
lic health insurance system, and then the number of CKD 
patients started expanding. HD machines production man-
ufacturing domestically was initiated in 1969. Although 
HD became widely available, the prognosis was poor, and 
the average survival only 2.5 years in 1968. The HD cost, 
which the patients payed from their pocket, started being 
covered by the government as a form of the Services and 
Supports for Persons with Disabilities in 1972. Since then, 
the medical cost for dialysis treatment has been covered by 
the government.

The first hollow-fiber dialyzer was produced in 1971, and 
they started being produced domestically in 1972. Together 
with that, the cellulose membrane was gradually replaced by 
the synthetic membrane materials. The ultrafiltration (UF) 
mechanism was further improved, and automated UF con-
troller developed in 1983, and the safety management levels 
have been improved much.

The first dialysis fluid, bicarbonate-containing dialysate, 
was on the market in 1967, whereas the acetate-containing 
dialysis fluid was introduced in 1969 and widely used until 
the 1980s when acetate intolerance was recognized, and the 
bicarbonate dialysis fluid resumed to be used. At the same 
time, the dialysis fluid production system was also improved 
with reverse osmosis water purification, and centralized dial-
ysis fluid delivery system (CDDS) [17] implemented. The 
standard for dialysis fluid quality was established by JSDT 
in 1995 [18]. The current biological and chemical contami-
nation of dialysis fluid guideline was published by JSDT in 
2016 [19]; the efforts to improve the quality of dialysis fluid 
have been a continuous undertaking.

Hemodiafiltration (HDF) treatment was proven to enhance 
the removal of middle molecular uremic toxins. Online HDF 
in Japan was started around 1995 when the treatment was 
not approved officially by the government. However, the 
machines which can perform online HDF were approved in 
2010 and the online HDF itself also approved, started being 
reimbursed in 2012. After that, the numbers of the patients 
receiving this therapy have dramatically increased. Moreover, 
intermittent infusion HDF (IHDF) was firstly reported in 
2007 [20, 21], and the JSDT guideline determined the IHDF 
requirements in 2013 [22]. Since then, this modality has also 
become popular. As of 2017, a total of 70,604 and 17,105 
patients are receiving online HDF and IHDF, respectively, 
among a total of 334,505 HD patients [2].

The surgeons at Nagasaki University started continuous 
PD (CPD) for acute kidney injury (AKI) in 1959, and PD 
started being performed for CKD patients in 1963 because 
the modality did not require expensive dialyzers or machines. 
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However, the modality presented several problems such as 
the difficulty during procedures, low uremic toxins removal 
rates, and catheter-related complications. After that, PD 
began to be reimbursed in 1982. The PD patients increased at 
first, but the number of 9858 PD patients in 2009 turned into 
decline just after the report of a serious PD complication, 
namely, encapsulating peritoneal sclerosis (EPS) [23]. In the 
last couple of years, the number of PD patients started aug-
menting again, as biocompatible PD solutions and icodextrin 
were launched in Japan in the early 2000s and the incentives 
for PD established in 2018.

The Society of Internal Organs was established in 1957, 
and it has developed into JSAIO. The first meeting regard-
ing dialysis therapy was held in 1968 named as Society for 
Artificial Kidney; the society evolved into JSDT. Therapeutic 
Apheresis and Dialysis (TAD) has become the official jour-
nal of JSDT in 2003, and another English official journal 
of RRT was also commenced in 2015. JSDT has published 
as many as 22 guidelines regarding the clinical practice of 
dialysis therapy since 2004, when the first version of anemia 
guideline was published. Most of them were translated into 
English and published either in TAD or RRT [24]. Notably, 
JSDT implemented the renal data registry for dialysis patient 
in 1968; at first, the registry system only covered a facility 
survey. Individualized patient data collection was initiated in 
1983; and since then, the same structure of the registry has 
been maintained. The individual data had been interlinked to 
each year from 2001 to the present, and over 950,000 indi-
vidual data were stored in the JRDR data at the end of 2018.

Clinical engineer, as the professional in charge of dialysis 
therapy from the perspective of technology, was approved by 
the Japanese government in 1987. These professionals have 
played a tremendous role in the development and improve-
ment of dialysis therapy. Several academic societies are run 
by them and the scope has been widened outside of dialysis 
therapy.

 Kidney Transplantation History

The first KT in Japan, autotransplantation of dogs, was 
reported by Yamauchi [25] at the congress of the Japan 
Surgery Society in 1910. The first human KT was per-
formed in 1956 by Kusunoki et  al. [26, 27]. The recipient 
was a 30-year-old man who attempted to commit suicide by 
bichloride mercury intoxication and developed AKI. A graft 
kidney was removed from a 56-year-old man due to severe 
idiopathic renal bleeding and was transplanted into the left 
femoral space of the patient. About 50–200 mL urine output 
per day from the transplanted kidney was observed; how-
ever, the grafted kidney was removed 4 days after transplan-
tation because bleeding from the wound was getting worse 

and urine output from the native kidneys increasing, which 
indicated recovery from AKI. First cases of cadaveric KT in 
Japan were reported by Shikata et al. in 1964 [28].

The first KT for an ESRD patient in Japan was performed 
by Takahashi et  al. [27] in 1964, and it was also the first 
KT in Japan, in which azathioprine (AZP) was admin-
istered as immunosuppressive medicine. The transplant 
surgery was successfully finished; however, transplanted 
kidney did not function due to renal artery occlusion so the 
recipient died 9  days after surgery. Even though this first 
living KT in Japan failed, the number of institutions start-
ing KT as well as clinical KT cases was gradually increas-
ing, and a few cases of long-term survival were reported 
after AZP appearance in the late 1960s. The Japanese 
Society for Transplantation was established in 1965, and 
the predecessor of the Japanese Society for Clinical Renal 
Transplantation in 1969 with the aim of discussing limited 
KT cases to improve KT outcomes. As in the rest of the 
world, the appearance of ciclosporin dramatically improved 
the short-term graft survival in Japan as well [29]. At the 
same time, mizoribine, which is an antiproliferative agent 
with less hepatotoxicity and bone marrow suppression com-
pared to AZP, was developed in Japan and was approved for 
clinical use in 1984 [30, 31]. Tacrolimus, which has been 
used worldwide as one of the most important immunosup-
pressants in KT, was discovered as a substance produced 
from one of actinomycetes identified from the soil at the 
foot of Mt. Tsukuba at Ibaraki Prefecture in Japan in 1987. 
Ochiai et al. [32] demonstrated that tacrolimus had powerful 
immunosuppressive effect, and it was approved as an immu-
nosuppressant in KT in 1996, after clinical evaluation of its 
immunosuppressive effect on KT [33].

Even though the Japanese first law of cadaveric kidney 
and cornea donation was enacted, cadaveric organ donation 
did not increase. To compensate for the lack of organ dona-
tion, two methods were taken into practice in Japan. One was 
ABO-incompatible living transplantation to expand the indi-
cation for living kidney donor transplantation. The first ABO-
incompatible living kidney transplantation was successfully 
performed with the use of double filtration plasmapheresis 
(DFPP) combined with immunoadsorption for pretransplant 
removal of anti-ABO blood type antibodies and splenectomy 
at the time of transplantation [34]. ABO- incompatible KT 
has been performed continuously, and it accounts for about 
30% of living kidney transplantation nowadays [35]. The 
other taken practice was shipped kidney for transplantation 
from the USA to Japan [36]. In May 1981, Terasaki initi-
ated the sending of kidneys from the USA to Japan for the 
purpose of trying to change the negative attitude of Japanese 
citizens toward the postmortem donation of their organs. 
About 160 kidneys were sent to 10 centers throughout Japan 
during the following 2 years.
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The number of KT in Japan has gradually increased 
with the progress that has evolved in the clinical aspects; 
conversely, organ donation from cadaveric donor has not 
increased [35]. The organ transplant law was enacted in 1997, 
which paved the way for heart, lung, liver, kidney, pancreas, 
and small intestine transplants from heart-beating donors; 
however, the number of organ donations from heart- beating 
donor did not increase because heart-beating organ donation 
was only possible if the patients had expressed in writing 
in advance their willingness to donate their organs and their 
family members approved the organ donations [37]. The 
organ transplant law was revised in 2010, which has made 
it possible to procure organs from heart-beating donors who 
had not expressed their readiness to donate. Cadaveric KT 
from heart-beating donors has gradually increased; how-
ever, the total number of cadaveric kidney transplantations 
still remains low due to decline in organ donation from non-
heart-beating donors [35].

 Kidney Diseases in Japan

 Outline of CKD in Japan

The definition of CKD was proposed in 2002 when the 
rapid increase of dialysis patients became a serious prob-
lem worldwide [38]. CKD patients have a higher risk of 
developing cardiovascular diseases (CVD), and it acceler-
ates the mortality risk for ESRD patients. The diagnosis and 
evaluation can be simply defined by proteinuria and eGFR, 
which is calculated based on serum creatinine, gender, 
and age [12]. The JSN scientific committee published and 
updated the CKD guidelines, targeting both nephrologists 
and GPs [15]. The prevalence of CKD patients in Japan 
was estimated by Imai et  al. [13], and the results shown 
in this study had a great impact for the promotion of CKD 
prevention. The prevalence of CKD stages 3–5, defined as 
an eGFR of less than 60 ml/min per 1.73 m2, was 13% of 
the Japanese adult population  – approximately 13.3 mil-
lion people were predicted to have CKD. The prevalence of 
CKD stage 3 was 10.5%, much higher than that of the USA 
at 4.5% [39].

In Japan, lifelong health checkup systems and the public 
health insurance system have been well established, so many 
CKD patients, who are usually asymptomatic, are found 
and sent to further examinations. The frequency of CKD 
in Japanese general population was evaluated in a famous 
Japanese cohort study named as the “Hisayama study” [40]. 
They reported that the prevalence of CKD increased signifi-
cantly in men, but not in women over the last three decades 
in a general Japanese population as follows: 13.8% (1974), 
15.9% (1988), and 22.1% (2002) in men and 14.3% (1974), 

12.6% (1988), and 15.3% (2002) in women. CKD stages 3–5 
increased over the three decades in both genders.

The risk of CVD in Japanese CKD patients was evalu-
ated by the Gonryo study [41] and the CKD Japan Cohort 
Study (CKD-JAC) [42]. The risk of CVD depends on the 
underlying disease: diabetic nephropathy and hypertensive 
nephrosclerosis showed more unfavorable outcome than pri-
mary glomerular disease [41]. On the contrary, the risk of 
cardiovascular events increased as the eGFR decreased, with 
a significant difference only between CKD stage 5 and CKD 
stage 3a with the hazard ratio of 3.16 and 95% confidence 
interval of 1.28–7.76 [42].

 Primary Glomerular Diseases

The Japan Renal Biopsy Registry (J-RBR) was established 
to evaluate the CKD primary diseases, collecting data of 
clinical and pathological findings since 2007. The first report 
from J-RBR showed that the indications for a kidney biopsy 
were different among countries; it was performed based on 
wider indications in Japan than those in the USA or other 
countries. In this paper, the primary diseases of 2427 CKD 
patients were clarified by a kidney biopsy. The most frequent 
primary disease was IgA GN as 29.1%, the second vascu-
litis syndrome 9.9%, and the third membranous nephropa-
thy 7.6% [14, 43] (Fig.  25.1). The proportion of diabetic 
nephropathy was just 4.8% because the patients with a typi-
cal clinical course of diabetic nephropathy were not usually 
indicated for a kidney biopsy in Japan.

 Diabetic Kidney Disease

As previously addressed, diabetic nephropathy has been the 
leading cause of the incident dialysis patients since 1998 and 
of the prevalent dialysis patients since 2011. Recently, the 
concept of diabetic kidney disease (DKD) has been proposed 
to clarify the diversity of the progression of CKD in patients 
with diabetes. “Diabetic nephropathy” has been usually used 
for CKD with a classic clinical course of massive proteinuria, 
retinopathy, and hypertension. However, we occasionally 
encountered many types of diabetic CKD patients without 
the above classic manifestations. In Japan, the relationship 
between the pathological findings of the kidney, clinical man-
ifestations, and outcome are evaluated. Non- proteinuric DKD 
patients had better control of blood pressure and didn’t have 
the typical morphological changes. The risk of CKD progres-
sion and all-cause mortality were lower in non-proteinuric 
DKD [44]. Histological differences of the vascular damages 
and the risk of CVD between DKD and nephrosclerosis anal-
ysis have been well evaluated in Japan [45, 46].

25 Nephrology in Japan



350

Various medicines have been used for DKD and comor-
bidities to prevent the progression of CKD. RAS inhibitors 
are now essential for CKD management as Taguma et  al. 
[47] reported that captopril was effective to reduce protein-
uria in advanced DKD patients. SGL2 inhibitors have been 
also used for DKD not only to control the blood glucose but 
also to preserve the residual kidney function (RRF) and pro-
tect CKD events. Statins and non-purine-type xanthine oxi-
dase inhibitors, which were originally discovered in Japan 
[48, 49], were widely used to treat the comorbidities in DKD 
as well as CKD. These drugs have been expected to reduce 
proteinuria and preserve RRF.

 Other Kidney Diseases

Polycystic kidney disease (PCKD) is the fourth most fre-
quent cause of ESRD with a prevalence of 3.6% and an 
incidence of 2.5% PCKD patients newly started dialysis 

during 2016 according to the 2018 JSDT registry report 
[2, 50]. Vasopressin 2 antagonist, tolvaptan, was officially 
approved by the government to prevent the enlargement of 
the kidneys and the decline of kidney function for PCKD 
patients in 2014. The payments are almost fully covered 
by the public health insurance system for the patients with 
intractable diseases.

Fabry disease is one of the hereditary enzyme deficiency 
diseases, “lysosome disease” in which multi-organs such as 
the kidney, heart, and neural system are affected. Enzyme 
(recombinant human alpha-galactosidase A, r-alphaGalA) 
replacement therapy was approved by the government in 
2004. Now two types of r-alphaGalA are available, agalsi-
dase alfa and agalsidase beta. The payments are also covered 
by the same insurance system as PCKD.

Drug-induced kidney disease or polypharmacy is another 
difficult issue, especially in elderly people with normal kid-
ney function as well as with CKD. As previously addressed, 
people in Japan can freely have access to any type of medical 
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facilities and are fully covered by the public insurance sys-
tem. The self-payments are cheaper for elderly patients than 
young patients as previously addressed in the “Introduction,” 
so the risks of polypharmacy and drug-induced kidney dis-
ease are higher in elderly. There have been many attempts, 
in collaboration among doctors, pharmacists, visiting nurses, 
and social workers, to prevent CKD patients from drug 
adverse effects and polypharmacy.

 Action Plan Against CKD

In 2008, the Japanese government took actions against CKD 
in order to inhibit an increase of ESRD patients. These 
actions partially succeeded after 10 years as the age-specific 
incidence of ESRD decreased in the 74-year-old or younger 
population [51]. However, the total number of incident 
 dialysis patients is still increasing, and new actions are being 
taken against lifestyle-related diseases since 2018. The main 
purpose of these actions is to inhibit the progression of DKD, 
by organizing the local collaboration among nephrologists, 
diabetologists, GPs, and other healthcare providers. The goal 
of our efforts for the next 10 years is to reduce the incidence 
of ESRD by 15%, from 40,000 to 35,000 by 2028.

 Renal Replacement Therapy in Japan

 Overview of Chronic Dialysis

The annual dialysis JSDT data report is the most accu-
rate information overviewing the present status of chronic 
dialysis therapy in Japan. The annual JSDT data collection 
has been performed since 1968, and the JSDT Renal Data 
Registry (JRDR) has more than 900,000 dialysis patients’ 
cohort data. However, JSDT has been collecting only data 
of chronic dialysis patients, but not of patients treated with 
KT. RRT medical costs for HD or HDF, PD, and KT have 
been reimbursed by the governments. The average costs are 
around 40,000–50,000 US dollars for in-center HD, 50,000–
55,000 HDF, 45,000–50,000 PD, and 45,000–50,000 HHD 
per year. For KT it is 65,000–85,000  in the first year and 
13,000–17,000 in the following years. The patient has to pay 
0/2500/5000/10,000/20,000 JPY (0/23/46/92/184 USD) per 
month, according to their incomes. Dialyzer or bloodlines 
reuse is not permitted neither in in-center HD nor HHD in 
Japan. There are no RRT first-treatment policies in Japan, so 
patients and doctors can freely choose any type of RRT, if no 
contraindications.

At the end of 2018, there were 339,841 chronic dialysis 
patients in 4402 dialysis facilities in Japan [2]. The major-
ity of the dialysis facilities (78%) are private hospitals and 
dialysis clinics, and 85% of all dialysis patients are treated in 
private dialysis facilities. Nephrologist, nurse, clinical engi-
neer who has a national license for the specialist of medical 

devices, dietitian, and social worker are generally involved 
in dialysis care in the Japanese dialysis facilities. There are 
few rules to regulate the allocation of medical staffs includ-
ing doctors, but the director of a dialysis facility must be one. 
Moreover, at least one doctor must be present at the dialysis 
facility when the dialysis treatment is being performed. The 
average number of dialysis staffs are two nurses or clini-
cal engineers for each ten dialysis patients. Even if a doc-
tor were not nephrologist, the doctor could open a dialysis 
clinic. A clinical engineer, a unique-to-Japan dialysis career 
within the national license system, is a specialist for medical 
devices and dialysis care. In Japan most of dialysis facilities 
used centralized dialysis fluid delivery system (CDDS), in 
which dialysis fluid is prepared at the central dialysis fluid 
delivering machine and delivered to bedside dialysis con-
soles. One CDDS can use only one type of dialysis fluid so 
the patients who are treated under one CDDS are treated by 
the same dialysis fluid composition.

The dialysis population in Japan has been getting older, 
as the average age of the incident dialysis patients in 2018 
was 69.3 years for male, 71.6 years for female, and 70.0 in 
total. On the other hand, the average age of the prevalent 
dialysis patients in 2018 was 68.0 years for male, 70.3 years 
for female, and 68.8 in total. 65.4% of the prevalent dialy-
sis patients were males. The average dialysis vintage was 
6.8 years for males and 8.3 years for females, and the lon-
gest dialysis vintage was 50 years and 4 months. The annual 
crude death rate was 10.0% in 2018, and it has hovered 
between 9% and 10% since 1983 [2].

The incident dialysis patients CKD primary diseases 
distribution are as follows: diabetes at 42.5%, chronic GN 
16.3%, nephrosclerosis 14.7%, and unknown cause 13.2%. 
Diabetes has been the most common primary disease in the 
incident dialysis patient group since 1998 [2]. The prevalent 
dialysis patients CKD primary diseases distribution are as 
follows: diabetes 39.0%, chronic GN 27.8%, nephrosclero-
sis 10.8%, and unknown cause 10.2%. Diabetes has been 
the most common primary disease in the prevalent dialysis 
patient group since 2011 [2].

Of all dialysis patients, 324,731 (97.1%) are treated by in-
center HD/HDF, 684 (0.2%) patients on home hemodialysis 
(HHD), and 9090 (2.7%) patients on PD. Japan has one of 
the lowest home dialysis (HHD and PD) prevalence among 
all countries with home dialysis [52].

 In-Center Hemodialysis/Hemodiafiltration (HD/
HDF)
As previously addressed, 97.1% of all dialysis patients are 
treated by in-center HD or HDF. HDF, especially of online 
HDF, has been prescribed in 37% of all in-center dialysis 
patients [2]. The standard in-center HD/HDF program is 
three times per week and 4–5 hours each session. More than 
85% of all dialysis patients were treated under this program 
in 2017. The average dialysis time was 239 minutes in HD 
and 243 minutes in HDF. The average blood flow rate was 
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206  ml/min in HD and 224  ml/min in HDF.  The average 
blood flow rate in Japan has been rather lower than in other 
parts of the world. The dialysis fluid flow rate is usually 
500 ml/min.

Online HDF is a rapid emerging modality, which is 
aimed to remove low molecular weight proteins (LMWPs) 
efficiently, ameliorate the dialysis-related symptoms, and 
improve the survival of dialysis patients [53]. Online HDF 
got reimbursed by the government in 2010; and an additional 
payment of 500 JPY (4.5 US dollars) for each online HDF 
and IHDF session was introduced in 2012. After that, the 
number of dialysis patients treated with all types of HDF 
has rapidly increased up to 37% of all in-center HD/HDF 
patients by the end of 2018 [2]. The patients treated with 
online HDF in 2018 were 70.9% of all HDF patients, 26.0% 
of the patients treated with IHDF, and 3.1% of the patients 
treated with the conventional HDF [2]. Online HDF is gener-
ally performed by postdilution throughout the world, but in 
Japan it has been performed mostly by predilution in greater 
than 90% of all patients treated with online HDF [2]. The 
reason for that is closely related to the Japanese dialysis con-
cept, which will be described later here, entitled as “Japanese 
Dialysis Concept.”

There have been developed various membrane materials 
for dialysis, polysulfone (PS) being the most frequently used 
in the world. There are several unique membrane materials 
made in Japan, which have been available, such as polymeth-
ylmethacrylate (PMMA), polyether polymer alloy (PEPA), 
and polyether sulfone (PES). These membranes have unique 
properties as protein adsorption, high protein permeability, 
and better biocompatibility compared with previous mem-
brane materials. In the 2017 JSDT registry, the distribu-
tions of dialysis membrane materials in HD were 56.5% PS, 
16.4% PES, 15.6% cellulose triacetate (CTA), 4.1% PMMA, 
and 3.1% PEPA [2]. Abe et al. [54] reported that PMMA and 
PES had beneficial effects on patient survival using JRDR 
data.

 Home Hemodialysis (HHD)
HHD in Japan started in 1968 and it got reimbursed by the 
government in 1998. The number of the patients treated with 
HHD has been slowly increasing up to 720 patients at the 
end of 2018 [2]. The average age of the HHD patients was 
55.2 years old, and they were 13 years younger than those in-
center dialysis patients in the 2016 JSDT data [50]. Globally 
speaking, there are two major HHD programs: nocturnal 
HHD (NHD) and short daily HHD (SDHD). However, the 
frequently performed HHD program in Japan differs from 
them as they are performed 4–6 times per week and during 
3–5 hours. The special dialysis machines for HHD have not 
been approved by the government, so the same individual 
dialysis machines as used in in-center dialysis have been 
generally used.

 Peritoneal Dialysis (PD)
PD in Japan started in 1963 and got reimbursed in 1982. The 
number of PD patients steeply increased until 1996, when 
the serious PD complication, encapsulating peritoneal scle-
rosis (EPS), became well known [23]. After the number of 
PD patients reaching a peak at 9858  in 2009, the number 
gradually decreased to 9090 patients in 2017 at the low-
est. In 2018, with the additional reimbursement for proper 
introduction of PD and KT to the patient, the number of PD 
patients increased to 9445. The average age of PD patients is 
63.8 years, 5 years younger than that of all dialysis patients. 
The average time on PD therapy is 3.1 years, and the patient 
distribution with long PD period greater than 8  years was 
only 7.1% [2].

The most unique point of the Japanese PD program is 
the combination therapy or hybrid therapy with in-center 
HD. Out of 9445 PD patients, a total of 1863 (19.7%) patients 
were under the combination therapy in 2018 with 1505 
(16.6%) of them being treated with 1 HD session weekly [2]. 
Icodextrin solution was used in 54.4% of all PD patients, and 
the APD machine was used in 41.7% of the patients. 72.5% 
of the PD patients used aseptic PD bag connecting system by 
UV irradiation or heat sterilization.

 Acute Kidney Injury

There are no national registries of acute kidney injury (AKI) 
in Japan. Japanese Society for Blood Purification in Critical 
Care started collecting AKI data in 2019, but the results 
of the survey have not yet been published. Generally, AKI 
develops as a part of multi-organ failure after surgeries, sep-
sis, or other systemic diseases. Continuous renal replace-
ment therapy (CRRT) such as continuous hemodiafiltration 
(CHDF) is usually performed for AKI mainly in an intensive 
care unit. The substitution fluid is conventional bottle type 
one, and online HDF is not usually performed for AKI.  In 
cases of septic AKI by Gram-negative rods, endotoxin adsor-
bent column is occasionally used. In the case of acute hepatic 
failure, plasma exchange is generally performed as aimed 
for supplementing coagulation factors, and CHDF aimed for 
improving the conscious level. In several institutions, online 
HDF with large substitution volumes is prescribed in order 
to try improving the conscious level.

 Kidney Transplantation

The number of total kidney transplantations has gradually 
increased annually [35]. The total of 1742 in 2017 was the 
largest number of kidney transplantations performed in 
Japan; however, the number was much smaller than that 
of patients introduced to dialysis therapy. While cadaveric 
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donation kidney transplantation is the mainstream in the 
world, in Japan it has not increased, and living donation kid-
ney transplantation accounts for the majority. Organ dona-
tion from heart-beating donor is increasing little by little 
after revision of the Japanese law related to organ donation 
in 2010; on the other hand, donation from non-heart-beating 
donor, which had been majority until 2012, has gradually 
decreased. As a result, the total number of cadaveric kidney 
transplantations was limited to 198 cases in 2017. The dura-
tion of the waiting list period for about 12,000 candidates 
who have registered with Japan Organ Transplant Network 
has reached an average of 15  years. The main obstacle of 
organ donation in Japan is not the unique way of thinking, 
such as cannibalizing of one’s own body or the body of a 
loved one. The option to donate organs from brain-dead 
patient is not regulated by the law in Japan and depends on 
the decision of the physicians in charge. Organ procurement 
organization, which plays an important role in organ dona-
tion, has not been established yet, and lots of institutions 
which were designated by the MoH to be qualified to partici-
pate in the organ donation program have not been prepared 
for organ donation. To increase organ donation in Japan, it is 
necessary to resolve these structural obstacles by both medi-
cal and political aspects.

In order to compensate such lack of cadaveric organ dona-
tion, ABO blood type-incompatible living-donated kidney 
transplantation has been established as a conventional treat-
ment in Japan [37]. The number of kidney transplantations 
for this category has increased and reached 300  in 2010, 
which was about 20% of all cases of kidney transplantations 
in Japan, continuing to increase to more than 300 cases since 
then. Splenectomy was once considered essential to avoid 
antibody-mediated rejection in ABO-incompatible kidney 
transplantation. The efficacy and safety of desensitization 
protocol which includes induction therapy of low-dose ritux-
imab has been well established, and patients and graft out-
comes of ABO-incompatible KT are now comparable those 
of ABO-compatible kidney transplantations [55, 56].

Even though the rate of diabetes and elderly candidates 
have increased, patient and graft survival have gradually 
improved. Five-year patient survival from 2010 to 2016 was 
97.1% in living donor transplantation and 93.1% in cadav-
eric donor transplantation, whereas the earlier results for the 
period 1983 to 2000 were 93.5% in living donor transplanta-
tion and 85.5% in cadaveric donor transplantation. Five-year 
graft survival from 2010 to 2016 was 94.3% in living donor 
transplantation and 88% in cadaveric donor transplantation, 
whereas the earlier results for the period 1983–2000 were 
82.0% in living donor kidney transplantation and 64.8% in 
cadaveric donor kidney transplantation. Not only improve-
ments of diagnosis and treatment for rejection, infectious 
diseases, and cardiovascular diseases but also increase of the 
number of preemptive living kidney transplantations (PEKT) 

have contributed to the improvement of kidney transplanta-
tion outcomes in Japan. A Japanese single-center cohort 
study showed that the rate of clinical events consisting of 
death with functioning graft, graft loss, and cardiovascular 
events was lower in PEKT patients than that in non-PEKT 
patients, even though long-term outcomes of HD patients in 
Japan are thought to be excellent [57, 58].

The number of living donor kidney transplantations has 
increased yearly in Japan. Both PEKT and the increasing 
number and improvement of outcomes of ABO-incompatible 
kidney transplantation have contributed to that. However, the 
number of cadaveric donor kidney transplantations is still 
very small, leading to the persistent need for further efforts 
to increase deceased donation in Japan.

 Nephrology Practice in Japan

 Medical Systems in Japan

The three most important features of the Japanese medi-
cal service are the health insurance system, easy access to 
facilities, and enhanced medical access to medical devices. 
In accordance with the Japanese government policy, all 
Japanese citizens are covered by the public health insur-
ance system. Therefore, most clinical practices in nephrol-
ogy, including dialysis care and kidney transplantation, 
are insured by government regulation. Patients with ESRD 
(Ccr  <  10  mL/min or serum creatinine ≧8.0  mg/dL) are 
categorized as “first class of physical disability,” whose 
medical expenses related to kidney diseases are paid by 
the government. Dialysis patients in Japan are entitled to 
receive dialysis therapy forever, regardless of their income. 
In addition, CKD patients with some “intractable diseases” 
as defined by the Japanese government have all medical 
expenses fully paid by the government. Although the crite-
ria for “intractable diseases” are complex, this system may 
ensure better survival for these patients, as effective drugs 
for these diseases are often expensive, such as tolvaptan for 
PCKD, immunosuppressants for SLE, and immunosuppres-
sants for vasculitis. Moreover, there is a High-Cost Medical 
Expense Benefit system in Japan that sets a ceiling of pay-
ment according to patients’ income. In this system if the 
patient has paid more than the limit of monthly payment, 
the patient could be refunded the additional payment over 
the limit [59].

The second important feature is the “free-access policy.” 
Patients can choose any type of hospital or clinic with almost 
the same co-payment. University hospitals and general hos-
pitals are always crowded because most of the CKD patients 
are elderly, with systemic complications, and desiring to be 
seen by different specialists in one institution. This free- 
access policy is the same in emergency medicine.
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The third important feature in Japanese clinical prac-
tice is enhanced access to medical devices including com-
puted tomography (CT) and/or magnetic resonance imaging 
(MRI), not only in large hospitals but also in some small 
clinics. This contributes to quick and accurate diagnosis of 
kidney diseases.

Although medical systems are universally available in 
Japan, these services are less accessible in some rural areas. 
These regional gaps can be observed not only in medical ser-
vices but also in many other social services in Japan. With 
the increase in the elderly population in Japan, the amount 
of overall medical costs for kidney diseases has also been 
increasing every year, reaching about 1.5 trillion yens (14 
billion US dollars) in 2014, corresponding to 3.75% of the 
total national healthcare costs. More than 80% of medical 
expenses are used for patients aged 65 or more, who are 
likely to have more critical and multiple complications.

 CKD Clinical Practice by Doctors and Medical 
Specialists

Many facilities provide CKD educational programs for renal 
patients, by multidisciplinary clinical teams of doctors, 
nurses, and dietitians; many of them also have additional 
educational programs for advanced CKD patients, mainly 
focusing on the choice of RRT as well as preservation of the 
remaining kidney function. These programs can be done in 
both outpatient services and during hospitalization. For med-
ical specialists, the Japanese Society of Nephrology recently 
started a certified CKD educator program to encourage mul-
tidisciplinary CKD care and improve the quality of care [60].

 Nephrologists in Japan

If patients are hospitalized, it is usual to be treated by the 
same attending physician at the outpatient service. The 
main nephrology tasks for hospitalized patients are diverse, 
including internal medical care, kidney biopsy, vascular 
access (VA) surgery, VA angioplasty, VA catheter insertion, 
PD catheter insertion, and treatment of dialysis-related com-
plications. Specialist consultation to other departments is 
also among the primary nephrology tasks in the hospitals. 
Kidney transplantation is usually performed by transplant 
surgeons and/or urology specialists. Nephrologists may 
sometimes care for patients after kidney transplantation, 
depending on the hospital. There are several certifications 
in nephrology, dialysis, and transplantation from each of the 
different academic societies. The pre-requirements for the 
nephrology board-certified examination in Japan are as fol-
lows: (a) those having Japanese medical license and those 
having board certified from the Japanese Society of Internal 

Medicine, the Japan Pediatric Society, the Japanese Surgical 
Society, or the Japanese Urological Association for certain 
years, (b) those working under the nephrologist training pro-
gram more than 3 years at certified facilities, and (c) those 
being a member of the Japanese Society of Nephrology for 
more than 3 years. Usually, doctors need to work for long 
hours. They may receive a call from hospitals during the 
night and holidays when a patient’s condition changed. The 
salary of nephrologists and other medical specialists are 
widely distributed, which totally depends on the institution’s 
policy. The expected annual salary of doctors is approxi-
mately 15 million yen (136,000 US dollars); that of nurses 
is approximately 5 million yen (45,000 US dollars) in gen-
eral. However, a rural doctor’s salary is higher than for those 
working in large cosmopolitan hospitals, as the demand for 
doctors and medical staffs in rural areas is higher due to scar-
city. However, both are considered as an above-average sal-
ary profession as well.

 Highlights of Nephrology in Japan

 Intensive Therapy of IgA Nephropathy

IgA nephropathy (IgAN) is one of the most common pri-
mary GN worldwide, especially in Asian countries. In the 
early stage of IgAN, recurrent benign hematuria is a major 
manifestation; however, the prognosis of IgAN is not benign. 
In the next stage of the disease, persistent proteinuria and 
hypertension worsen renal function, and finally 30–40% of 
the patients with IgAN end up with ESRD after 20  years 
[61]. Many of the IgAN patients in Japan have been initially 
identified during the annual health checkup programs per-
formed in schools and offices and then diagnosed by a kid-
ney biopsy.

Gross macrohematuria could occur during or after upper 
respiratory infection or tonsillitis, and tonsillectomy was 
occasionally performed as IgAN supportive treatment since 
the early 1970s. However, the efficacy of tonsillectomy 
alone was still controversial because well-designed stud-
ies with larger subjects and long observation period have 
not yet been conducted [62]. Recently, a multicenter ret-
rospective cohort study in Japan found that tonsillectomy 
is associated with improved renal survival rates in patients 
with IgAN [63].

Corticosteroids are anti-inflammatory and immunosup-
pressive agents and have been administered to IgAN patients 
for 40 years. Kobayashi et al. [64] reported that the conven-
tional oral administration of prednisolone to IgAN patients 
with proteinuria of 1 g/day or more could stabilize renal func-
tion and reduce proteinuria for 10 years. However, after cor-
ticosteroids withdrawal, the renal function worsened again. 
Katafuchi et  al. [65] reported the results of a randomized 
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controlled trial where the conventional low-dose predniso-
lone of 20 mg daily was effective for reducing proteinuria, 
but not effective to prevent the progression of IgAN.

In 1988, Hotta et  al. [62] first successfully treated a 
young male IgAN patient with active necrotizing glomerular 
lesions and moderate proteinuria with a combination therapy 
of tonsillectomy and steroid pulse therapy. They reported the 
results of their new intensive treatment, which were better 
than previously reported [66]. IgAN patients (n = 329) in var-
ious disease stages were treated by the combination therapy 
between 1977 and 1995. The urinary pathological findings 
completely disappeared on 48% of the subjects, and none of 
them developed ESRD. They also reported the efficacy of the 
combination therapy; hematuria disappeared in more than 
80% of the patients regardless of the histological lesions, but 
proteinuria remained according to the histological damages. 
They proposed the paradigm shift in the treatment of IgAN, 
from “slowing the progression of nephropathy” to “remis-
sion of nephropathy” [62]. Many Japanese nephrologists 
tried the combination therapy and realized its efficacy, and 
the new strategy for IgAN was rapidly spread to the entire 
Japan by the end of the 2000s [67]. Kawamura et  al. [68] 
conducted a multicenter randomized controlled trial between 
tonsillectomy with steroid pulse therapy (n = 33) and steroid 
pulse therapy alone (n  =  39). After 12-month observation, 
proteinuria was significantly reduced in the combined ther-
apy. They proposed whether this antiproteinuric effect might 
improve kidney survival. There have been many basic stud-
ies which were intended to clarify the interaction between 
the tonsil, immune system, and kidney. Recently, the identi-
fication of Toll-like receptor 9 [69] and the overexpression of 
a proliferating inducing ligand has been demonstrated in the 
tonsils of IgAN patients [70]. These studies could explain the 
basic mechanism of the efficacy of the combination therapy 
with tonsillectomy and steroid pulse therapy in the future.

 Japanese Dialysis Concept

The survival rate of dialysis patients in Japan has been excel-
lent when compared with European countries and the USA 
[57]; however, the reasons have not been fully clarified. We 
believe that some of them could be related to the unique 
dialysis system and to the concept of chronic dialysis in 
Japan. They are the centralized dialysis fluid delivery system 
(CDDS), excellent dialysis fluid quality, protein-permeable 
dialysis, and patient-centered dialysis care.

 CDDS and Dialysis Fluid Quality
In generally used dialysis fluid delivery systems, reverse 
osmosis (RO) water is provided from the RO machine placed 
in the central area to each patient’s dialysis machine, and 
then the final dialysis fluid is made by mixing RO water 

with electrolyte concentrate and the buffer concentrate in the 
dialysis machine. The CDDS is a unique dialysis fluid deliv-
ery system, which has been developed in Japan and widely 
used in most of the Japanese dialysis facilities [17], where 
the final dialysis fluid is composed in the central area where 
the CDDS is placed and is directly provided to the individ-
ual dialysis console. The advantages of the CDDS are good 
cost performance, easy and efficient rinsing of the entire 
dialysis fluid delivery system, and, finally, enabling most of 
the dialysis facilities the possibility to use highly purified 
dialysis fluid. Even though JSDT has the strictest standard 
requirement for dialysis fluid bacteriological contamination 
in the world [19], the adherence rate for the standard dialysis 
fluid was 97.0% and 74.6% for the ultrapure dialysis fluid 
[2]. Based on the JRDR analysis report, there is a dialysis 
patient survival advantage when using ultrapure dialysis 
fluid when compared with the standard dialysis fluid [71]. 
In Japan there is a national license profession named “clini-
cal engineer” who manages medical devices such as dialysis 
machines [72]. The clinical engineer has various important 
roles in maintenance dialysis therapy, especially in maintain-
ing a high-quality level of the dialysis fluid delivery.

 Protein-Permeable Dialysis and HDF
Protein-permeable dialysis is a concept of chronic dialysis, 
enhancing the removal of larger low molecular weight pro-
tein (LMWP) as well as permitting some albumin leakage 
during a dialysis session [53]. Saito et al. [73] reported that 
renal anemia and joint pain associated with dialysis-related 
amyloidosis were ameliorated by HDF, with massive albu-
min leakage during a dialysis session. They hypothesized 
that protein-permeable dialysis might have some beneficial 
effects for the dialysis patients. After these experiences, vari-
ous types of protein-permeable or protein adsorptive dialysis 
membranes have been developed to remove larger LMWPs. 
In Japan the dialysis membranes were classified into five cat-
egories in 2004 and reclassified into four categories in 2012; 
both classifications were based on the clearance of beta-2 
microglobulin (2004, 2012) and sieving coefficient of albu-
min (2012) [53]. The dialysis membrane with higher protein 
permeability is better reimbursed by the government.

Online HDF is one of the options to remove larger 
LMWPs by convection. As previously addressed, predilution 
online HDF has been generally performed in Japan as greater 
than 90% of all online HDF treatments, even though postdi-
lution is the major method prescribed elsewhere in the world 
[50]. In Japan, various types of protein-permeable dialyzers 
are available for online HDF; and the predilution mode is 
more suitable and safer to remove larger LMWPs, including 
some albumin with these membranes.

Several randomized controlled trials and systematic 
reviews have shown clinical advantages of postdilution 
online HDF; however, the hard evidence for the survival 
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advantage of dialysis patients had not been established. 
Recently, Kikuchi et al. [74] reported that online predilution 
with large volume of substitution fluid has a survival advan-
tage when compared with high-flux HD and low substitution 
volume online predilution HDF.

 Patient-Centered Dialysis Care
The principle of medicine in the twenty-first century is 
“patient-centeredness.” However, what kind of actions 
should we take for patient-centeredness in the dialysis 
field? Recently, several approaches have been introduced 
to identify the outcomes of dialysis therapy, which would 
be beneficial for the patients or compatible to their life val-
ues [75]. These outcomes are either closely related to qual-
ity of life (QoL) or their feelings. Dialysis-induced fatigue 
or delayed recovery from fatigue has been reported as an 
independent prognostic factor [76], which deteriorates both 
the QoL and ADL of the patients. We established a dialysis 
practice pattern based on the patient’s symptoms, which 
is called “patient-oriented dialysis” system (POD system) 
[53, 77]. In the POD system, 20 dialysis-related symptoms 
are systematically evaluated, and the dialysis prescriptions 
may be changed in order to improve the identified symp-
toms. Some of these symptoms, such as fatigue, skin itchi-
ness, depressive sense, and dialysis-related hypotension, 
have been reported as a mortality risk factor. Saito et al. 
have reported improvement in the severe renal anemia and 
joint pain when utilizing postdilution HDF with massive 
albumin leakage during dialysis session in the early 1980s 
[73]. Thereafter, many Japanese nephrologists became 
interested in the relationship between the patients’ symp-
toms and larger LMWPs removal. Online HDF provided 
improvement in dialysis- related hypotension, skin itchi-
ness, and bone/joint pain. Sakurai reported that aggres-
sive removal of larger LMWPs, with greater than 35% of 
alpha-1 microglobulin removal rate, could eliminate rest-
less legs syndrome [78].

 Patients with Long Dialysis Vintage

Dialysis patients in Japan have a uniquely longer dialysis 
vintage. The Dialysis Outcomes and Practice Pattern Study 
(DOPPS) reported that the mean Japanese dialysis vintage 
was 8.9 years in 2011, which was the longest vintage com-
pared to ten other DOPPS countries (www.dopps.org). In 
addition, the number of patients with long dialysis vintage is 
continuously increasing in Japan, although the mean age of 
all incident patients is also increasing annually (69.4 years at 
the end of 2016). It has been reported that the proportion of 
patients with vintages of 20 years or longer in Japan reached 
8.3% of all dialysis patients at the end of 2016, whereas it 
was <1% at the end of 1992 [50].

In Japan, biocompatible membranes became standard in 
the 1980s, use of high-flux membranes became widespread 
in the 1990s, and reverse osmosis and endotoxin-retentive 
filters came into use in the late 1990s [79]. Based on the 
JSDT surveys, the proportion of dialysis clinics that attained 
an endotoxin concentration below 0.001 EU/mL (which is 
the requirement for ultrapure dialysis fluid according to the 
JSDT standard) stood at only 13.4% in 1999 [80], whereas 
it dramatically increased to 62.1% in 2010 [81]. With further 
development of these dialysis technologies, mortality has 
greatly improved since the 1980s. In 1985, it was reported that 
more than 10% of patients had a dialysis vintage of 10 years 
or longer [79]. On the other hand, the survival improvement 
yielded a new concept of dialysis-related complications: 
dialysis-related amyloidosis (DRA). In the 1980s, it was 
reported that more than 60% of patients with dialysis vin-
tage of 16 years or longer had symptoms of dialysis- related 
amyloidosis [79]. Thereafter, it was recognized as one of the 
inevitable complications of long-term dialysis, especially for 
vintages >20 years [82]. Thanks to advances of dialysis tech-
nology, the risk of first-time carpal-tunnel surgery has almost 
halved in the last two decades, according to JRDR reports 
(1998–2010) [83]. However, it remains one of the important 
complications for longer vintage dialysis patients.

The main causes of death among deceased dialysis 
patients were heart failure (25.7%), followed by infectious 
disease (21.9%), malignant tumor (9.7%), and cerebrovas-
cular disease (6.5%) in 2016 [50]. Among them, only infec-
tious and tumor deaths had been consistently increasing 
since around 1993. Although these proportions were not 
specified for long-term dialysis patients, this data suggests 
that infectious disease and malignancy are important prob-
lems faced by long-term dialysis patients. In addition, with 
the increase in the mean age of prevalent dialysis patients, 
frailty also became an important problem. Accordingly, the 
concept of renal rehabilitation – including exercise therapy, 
diet therapy, education, and mental support  – has become 
widespread among dialysis specialists to improve survival 
and quality of life.

 Future Problems and Perspectives 
of Nephrology in Japan

 Frail in Dialysis Patients

Age distribution of dialysis patients shows a rapid aging of 
this population in Japan [50]. The age increase of dialysis 
patients is due to an increase in new patients with 70 years 
of age or more [84]. The older dialysis patients often mani-
fest nutritional derangement or wasting-related syndrome 
[85]. These malnutrition-wasting conditions are associated 
with worse activities in daily living, QoL, cardiovascu-
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lar mortality, or even all-cause survival. There are similar, 
but distinctive, related-conditions: sarcopenia, dynapenia, 
protein-energy wasting (PEW), and frailty. Sarcopenia is 
translated as a decline in muscle mass, strength, and physical 
function. Dynapenia is mainly focused on muscle strength, 
which is a more powerful predictor of clinical outcomes 
than muscle mass. Comparative associations of muscle mass 
and muscle strength with mortality in dialysis patients have 
been shown by a Japanese investigator [86]. PEW, a condi-
tion in which the protein and/or energy reserve in the body 
decreases, has been described by the International Society 
of Renal Nutrition and Metabolism [87]. Many conditions 
related to kidney failure may cause PEW, which in its turn 
can lead to worse clinical outcomes.

Frailty encompasses a wide variety of conditions, which 
eventually result in a decline in both physical and mental 
functions. Physical frailty is most commonly recognized; 
cognitive, psychological, social, or even oral frailty can be 
associated with worse clinical conditions. Moreover, frailty 
implies reversibility, and appropriate intervention may tech-
nically reverse this condition. These four conditions share 
the phenotypes of malnutrition and wasting manifestation. 
Thus, these conditions should be managed.

Strategies against malnutrition and wasting condi-
tions have been discussed extensively in the community of 
Japanese professionals in charge of dialysis clinical practice. 
A broad number of strategies have been investigated; the two 
main strategies which include dietary therapy and exercise 
training are now priority #1. More precisely, dietary therapy 
includes adequate protein intake and energy intake. The 
criteria for PEW include protein intake <0.8 g/kg/day and 
energy intake <25 kcal/kg/day, which reinforce the signifi-
cance of maintaining dietary intake of protein and energy. 
Historically, the Japanese health insurance used to cover 
the meals during dialysis treatment offered by the facility 
until the year 2002. Thus, some facilities offer meals during 
the dialysis therapy or allow the patients to have the meals 
brought by the patients themselves even now. Such culture 
might be associated with the better survival of the dialysis 
patients. Two nephrology societies concerning kidney dis-
eases, JSN [88] and JSDT [89], have published guidelines 
regarding nutritional management for CKD patients and 
patients on dialysis. The guidelines recommend detailed 
nutritional intake targets, including protein, energy, sodium, 
potassium, phosphorus, and fluid. Besides that, nephrolo-
gists should monitor the presence of malnutrition or wasting 
in prescribing dietary therapy. Even for predialysis patients 
who are supposed to receive a low-protein diet, the amount 
of protein can be increased when the patient manifests mal-
nutrition and/or wasting. The point is to ensure adequate 
dietary energy intake when prescribing a low-protein diet.

On the other hand, exercise training has been prohibited 
for patients with an increase in proteinuria or reduced renal 

function in Japan, based on the fear of renal function dete-
rioration or increased proteinuria. However, the evidence is 
accumulating that exercise training might preserve kidney 
function rather than deteriorating it. Moreover, many exer-
cise training clinical trials of patients on dialysis revealed 
that the intervention improved exercise tolerance or physi-
cal function of the dialysis patients [90]. Therefore, the 
Japanese Society of Renal Rehabilitation decided to compile 
evidence regarding exercise training on patients with kidney 
disease as a form of a meta-analysis. The society issued a 
guideline regarding renal rehabilitation, especially focus-
ing on exercise training in 2018 [91, 92]. This is the world-
first evidence- based guideline concerning exercise training. 
A study was published demonstrating that more than 4000 
steps on non- dialysis days were associated with a better sur-
vival [93]; exercise training both during dialysis and on non-
dialysis days are now encouraged.

Another intervention against malnutrition and wasting 
conditions has been investigated, which includes modest 
ultrafiltration and removal of uremic solutes, ensuring dialy-
sis length and biocompatible membrane materials. Future 
clinical trials are required to ensure adequate nutritional 
intake and to avoid wasting conditions in CKD patients.

 Conclusion

Many patients with kidney diseases, especially GN, have 
been detected in early stages by means of the mandatory 
annual health checkup. However, the number of patients who 
require dialysis treatment is still increasing. Academic soci-
eties and the Japanese government have started collabora-
tive efforts to decrease the incidence of ESRD by managing 
the current status of expansion of kidney disease patients. 
On the other hand, the demographics or characteristics of 
the patients with kidney disease are dramatically chang-
ing during the past several decades in Japan, which is the 
reflection of low birth and death rates and the improvement 
of the noncommunicable diseases management. Thus, we, 
the Japanese nephrology community members, are facing 
changes in the framework of kidney diseases management. 
Knowledge obtained through such experience may be uti-
lized by healthcare professionals in other nations as well as 
in the fields of other diseases.
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Area1 330,803 km2

Population2 32.6 million (2018)
Capital Kuala Lumpur (KL)
Three most populated cities3 1. Kuala Lumpur

2. Penang
3. Johor Bahru

Official language Malay
Gross Domestic Product (GDP)4,5 314.5 billion USD (2017)

345.4 billion USD (2018)
GDP per capita6 10,557 USD (2018)
Human Development Index 
(HDI)7

0.802 (2018)

Official currency Malaysian Ringgit (RM)
Total number of nephrologists8 179 (adult)

17 (pediatric)
National society of nephrology Malaysian Society of Nephrology

www.msn.org.my
Incidence of End-Stage Renal 
disease9,10

2016 – 251 pmp
2017 – 252 pmp
2018 – 254 pmp (estimate)

Prevalence of End-Stage Renal 
Disease9,10

2016 – 1345 pmp
2017 – 1356 pmp
2018 – 1375 pmp (estimate)

Total number of patients on 
dialysis (all modalities)9, 10

2016 – 39,711
2017 – 41,607
2018 – 42,717

Number of patients on 
hemodialysis9, 10

2016 – 35,781
2017 – 37,324
2018 – 38,297

Number of patients on peritoneal 
dialysis9, 10

2016 – 3930
2017 – 4283
2018 – 4420

Number of renal transplantations 
per year9, 10

2016 – 82
2017 – 108
2018 – 85

1https://en.wikipedia.org/wiki/Malaysia. Accessed 17 Mar 2019.
2Department of Statistics Malaysia. https://www.dosm.gov.my/v1/
index.php?r=column/ctwoByCat&parent_id=115&menu_id=L0pheU4
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3https://en.wikipedia.org/wiki/List_of_cities_in_Malaysia. Accessed 
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Qa09RVUlHbDFjQT09&menu_id=TE5CRUZCblh4ZTZMODZIbmk
2aWRRQT09. Accessed on 10 June 2019 (average USD 1 = RM 4.3).
5Department of Statistics Malaysia, pocket statistics Q4 2018. Accessed 
17 Mar 2019 (USD 1 = RM 4.14).
6Department of Statistics Malaysia, assessed 17 March 2019 (average 
USD 1 = RM 4.00).
7United Nations Development Programme, Human Development 
Reports 2018, http://hdr.undp.org/en/countries/profiles/MYS. Accessed 
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8National Specialist Register, Malaysia, https://www.nsr.org.my/list-
1pview.asp?page=1. Accessed 17 Mar 2019.
9Personal communication – Registry manager, email: nrr@msn.org.my, 
17 June 2019.
10Wong HS, Goh BL (eds). 24th Report of the Malaysian Dialysis and 
Transplant Registry 2016, Kuala Lumpur 2018, https://www.msn.org.
my/nrr/mdtr2016.jsp.

 Introduction

Malaysia is a country in Southeast Asia, a constitutional fed-
eral monarchy with a democratically elected government run 
by a prime minister. The head of state is the king who is 
elected by and from nine hereditary rulers. The monarch 
changes every 5 years and the duties are largely ceremonial. 
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Malaysia has 13 states and three federal territories. The capi-
tal city is Kuala Lumpur. Each state is run by an elected chief 
minister and state legislative assembly [1].

Geographically, it is made up of two parts: a peninsula 
which includes the southernmost point of continental Asia 
which is 138 km north of the equator and a part of the island 
of Borneo which it shares with Indonesia and Brunei. The 
peninsula is known as West Malaysia while the Malaysian 
part of Borneo is East Malaysia. Peninsular Malaysia has a 
land border with Thailand in the north and is connected to 
the island of Singapore by a causeway across a narrow strait 
in the south. The two parts of Malaysia are separated by the 
South China Sea [2] (Fig. 26.1).

Historically, Malaya was colonized by the Portuguese in 
1511, the Dutch in 1641, and the British in 1824. During the 
nineteenth century, Chinese and Indians had migrated to the 
country to work in tin mines and rubber plantations. Japan 
occupied Malaya during the Second World War (1942–
1945). The country gained independence from colonial 
British rule on 31 August 1957 [1]. This period is depicted 
in the literature of Somerset Maugham, Anthony Burgess, 
and Han Su-Yin.

The population of Malaysia has grown steadily since 
independence from 7.5 million in 1957 to 32.6 million in 
2018. The country is multicultural, multiethnic, and multilin-
gual consisting of 67% Malays, 25% Chinese, 7% Indians, 
and 1% others. The main religion is Islam, with freedom to 
practice others, e.g., Buddhism, Hinduism, and Christianity. 
The national language is Malay with English being the sec-
ond language.

The climate is equatorial, hot, and humid throughout the 
year with an average temperature of 27 °C. The rainy seasons 
comprise the northeast monsoon (October to March) and 
southwest monsoon (May to September). There is 250 cm of 
rain a year. The country is not in the path of typhoons, hur-
ricanes, or earthquakes, and the only natural disaster is occa-
sional flooding usually during the northeast monsoon.

The official currency of Malaysia is the ringgit (RM). In 
November 2019, RM 1.00 was worth 0.24 US dollar, 0.22 
Euro, 26.23 Japanese Yen, and 1.69 Chinese Yuan Renminbi. 
The gross domestic product (GDP) was RM 1429.8 billion in 
2018 [3], and it is the 35th largest economy in the world [4].

It is an upper middle-income country, a growing, newly 
industrialized market economy. The average growth rate of 
GDP is 6.5% per annum since independence. The main earn-
ings used to be from natural resources, e.g., tin and agricul-
ture from rubber and palm oil. This has been superseded by 
the export of petroleum, manufacturing, and by tourism. The 
people enjoy a high standard of living with low income tax, 
low cost of local food, transport fuel and household essen-
tials. There is fully subsidized public healthcare, and com-
prehensive social welfare benefit.

Healthcare in government clinics and hospitals is almost 
free, funded by the government, while there is a parallel sys-
tem of private healthcare, which is funded by private insur-
ance and out-of-pocket payments. The overall expenditure 
on health is 4.24% of GDP [5], which is rather low. Dialysis 
provision is a priority. Most politicians are supportive of 
increasing funding for dialysis as it is expensive and not 
affordable by the man in the street. Nephrology as a specialty 

Fig. 26.1 Map of Malaysia with states
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is allocated an oversized portion of the healthcare budget, 
out of proportion to the number of patients treated. There is 
usually extra development allocation for building and equip-
ment in the yearly federal budget. The rate of renal transplan-
tation on the other hand is not limited by lack of funds but 
rather by cultural and religious norms that are hard to shift 
despite concerted efforts in the last few decades.

This chapter aims to give the reader an idea of nephrology 
as practiced in Malaysia from the 1960s until the present day 
(2019).

 Brief History of Nephrology in Malaysia

The first hemodialysis (HD) was done in Kuala Lumpur 
Hospital (HKL) in 1964 using a Kolff dialysis machine. This 
was for acute kidney injury (AKI) to stabilize patients before 
surgery for bilateral obstruction due to kidney stones. 
Peritoneal dialysis (PD) for AKI started in 1966 using a stiff 
catheter on an intermittent basis [6].

Long-term HD for end-stage renal disease (ESRD) in 
Malaysia started in 1967 on a single patient. In 1969, a small 
chronic HD program was started in HKL and it exists, today, 
as a large hemodialysis unit with 183 patients.

The first renal biopsy was done at the KL University 
Hospital in 1968 [7]. The renal histopathology service had 
grown first in the universities and then in Ministry of Health 
(MOH) hospitals. Lupus nephritis is common in Malaysia 
and early reports came from the KL University Hospital in 
the 1970s [8].

Nephrology as a discipline probably started with dialysis 
services at the Institute of Urology and Nephrology (IUN) at 
HKL in 1974. The Human Tissues Act legislation was intro-
duced in the same year to enable organ retrieval from 
deceased donors for transplantation. This law serves the 
basis for the “opting-in” system of deceased organ donation, 
which remains to this day. The first living-related (sibling) 
donor kidney transplant was done in 1975 and the first 
deceased donor kidney transplant was performed in 1976, 
both at the IUN HKL [6].

Pediatric nephrology had its beginnings in the KL 
University Hospital in the 1960s [9]. The first pediatric kid-
ney transplant was done in 1986 in HKL and, in 2000, a pedi-
atric HD unit was started there.

As there was initially a lack of provision for dialysis for 
ESRD, a home HD program was started in 1979. Some 
patients were also dialyzing at their office, i.e., at their place 
of work. At its height there were more than 350 patients dia-
lyzing at home or at work as no HD units existed outside 
Kuala Lumpur.

Continuous ambulatory peritoneal dialysis (CAPD) 
started at the KL University Hospital in 1980, followed by 

HKL in 1985. Automated PD (APD) for children started in 
1991. CAPD extended out of Kuala Lumpur to several large 
state hospitals in 1992 and then decentralized to all govern-
ment hospitals with nephrologists. Very few private centers 
offered CAPD. A nucleus of nephrologists and nurses were 
instrumental in this initial endeavor to expand the PD pro-
gram, providing training and support in establishing PD 
units in other states of the country in the 1990s.

The first CAPD connectology was a single bag-spike sys-
tem in the early 1980s (Travenol system with a connection 
shield), and then the UVXD (ultraviolet exchange device to 
sterilize the bag-spike junction) was used from 1987. The 
bags were still connected to the patient who had to roll up the 
bag and tie it to the waist. In 1993, the disconnect (UltraSet) 
system was introduced, and then, in 2001, a twin bag with 
pre-connected Y set (UltraBag, Baxter). These innovations 
reduced the rate of peritonitis as spiking of bags was no lon-
ger necessary.

The country used the Carex system by B.  Braun for a 
short time. There was also the Fresenius ANDY-Disc fol-
lowed by the Stay-Safe twin-bag system. The development 
of PD was further facilitated by the availability of automated 
cyclers. From the large and heavy Pax-X cyclers, we now 
have Baxter Homechoice, Homechoice Claria, Fresenius 
Sleep-Safe, and Sleep-Safe Harmony.

During the early years of the PD program, PD access pro-
cedures were performed by urologists. General surgeons 
were subsequently involved. In 2003, some nephrologists 
started placement of Tenckhoff catheters using the perito-
neoscopic method. Over the years, increasing numbers of 
nephrologists have been trained to insert the PD catheter on 
their own. This has resulted in significant growth of the PD 
program. Serdang Hospital has been organizing an annual 
seminar and workshop on peritoneoscopic insertion of PD 
catheter, with participation of delegates from neighboring 
countries.

At present, the methods used for Tenckhoff catheter inser-
tion at various PD centers are minilaparotomy, percutaneous 
Seldinger, peritoneoscopy, and laparoscopy [10]. In most 
state hospitals, the PD catheters are inserted by nephrologists 
using the peritoneoscopic and percutaneous techniques. 
Most surgeons still adopt the open minilaparotomy method 
for catheter placement. Selayang Hospital has become a ter-
tiary referral center for laparoscopic PD access and salvage 
by surgeon for challenging abdomens. There has been a 
steady growth of PD utilization, from only 3 PD patients in 
1981 to 4420 patients in 2018 ([6], Registry manager, email: 
nrr@msn.org.my, 25 November 2019, “personal 
communication”).

The idea of setting up the Malaysian Society of 
Nephrology (MSN) was discussed at a meeting in 1983, and 
the inaugural general meeting was held the following year. 
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MSN has hosted many international and regional confer-
ences (Table  26.1) and will host the World Congress of 
Nephrology in 2022.

MSN has links with the International Society of 
Nephrology (ISN) and regional nephrology societies. It is a 
provider of continuing medical education (CME) through 
congresses every year, short courses, and workshops. It is the 
adviser for HD and PD standards, nephrology training, cre-
dentialing to the Ministry of Health and produces local clini-
cal practice guidelines e.g. on chronic kidney disease.

The National Kidney Foundation of Malaysia (NKF) 
was started in 1969. It is a dialysis provider and a charita-
ble organization promoting prevention and screening for 
kidney  diseases. World Kidney Day, which takes place on 
the second Thursday of March, started in 2006 as an initia-
tive of the ISN and International Federation of Kidney 
Foundations has been celebrated every year by NKF and 
MSN.

The Malaysian Society of Transplantation was inaugu-
rated in 1994. It hosted the 8th Congress of the Asian Society 
of Transplantation (CAST) in 2003 and will host the 17th 
CAST in 2021.

The Dialysis and Transplant Register was started in 
1992 in HKL; the first report of the Malaysian Dialysis and 
Transplant Registry (MDTR) was published in 1993, and it 
is still reporting today, more than 25 years later [11]. The 
Malaysian Registry of Renal Biopsy (MRRB) started report-
ing in 2005 [12], and the deceased donor kidney transplant 
waiting list linked to MDTR (Malaysian Organ Sharing 
System) started in 1999 [13]. Data on renal replacement 
therapy (RRT) in Malaysia are shared with the United States 
Renal Data System (USRDS) and with the Global 
Observatory on Donation and Transplantation.

In the 1980s, there was a pressing need for HD units. The 
first few were started outside KL in 1984 and all MOH hos-
pitals had HD units by 2008. At the same time, nongovern-
mental organizations (NGOs) like NKF started HD units in 
the 1990s. Private HD units, which were few (first one started 
in 1985 at Pantai Hospital in KL), mushroomed in the 2000s. 
These developments paralleled the improving finances of the 
country and the willingness of the government to pay for 
dialysis. Financial subsidies were given to NGO centers 
from 1991 and payment to private centers for HD of govern-
ment servants, their dependents, or those with social security 
followed.

For dialysis provision, the incidence rate increased from 
13 pmp in 1990 to 101 pmp in 2005 and 251 pmp in 2018; 
the prevalence rate increased from 46 pmp in 1990 to 497 
pmp in 2005 and 1319 pmp in 2018 ([6], Registry manager, 
email: nrr@msn.org.my, 25 November 2019, “personal com-
munication”). The percentage of HD performed in govern-
ment, NGO, and private centers gradually changed over the 
years. Initially, HD was provided predominantly by MOH 
centers. The percentage decreased when NGO and private 
centers started providing services from the early 1990s. 
Since 2007, the percentage of HD provided by private cen-
ters predominated (58% in 2018) (Registry manager, email: 
nrr@msn.org.my, 25 November 2019, “personal communi-
cation”). Despite the increase of HD centers nationwide, 
there remains inequitable distribution in favor of urban areas 
especially the West Coast of Peninsular Malaysia. This is 
being addressed by MOH with the setting up of 17 HD units 
in public health clinics in smaller towns and rural areas 
between 2006 and 2019.

In 2006, the government implemented the Private 
Healthcare Facilities and Services Act of 1998. A license is 
required to provide HD services in private premises.

Continuous renal replacement therapy (CRRT) for AKI 
started in HKL in 1984. The veno-venous approach was 
used, initially with a Nipro single pump system followed by 
the Gambro AK10. In 1993, the Hospal BSM machine was 
used and the first prototype of the Prisma machine was 
acquired in 1996. Commercially prepared bicarbonate solu-
tions became available in 2000. Sustained low-efficiency 
daily dialysis (SLEDD) started in 2006. CRRT, SLEDD, and 
HD have superseded PD in intensive care units (ICUs) in 
major hospitals as modalities to treat AKI.

With the increase of services, there was a need for more 
nephrologists and nurses/medical assistants. The number of 
nephrologists has increased from a handful in 1985 to nearly 
200 in 2019. Similarly, the number of renal-trained nurses/
medical assistants has gone up from a handful in the mid- 
1980s to nearly 4000 in 2016.

Unlike the earlier years, when kidney transplantation 
from a living-related donor was the only treatment option to 
stay alive, the widespread availability of dialysis unfortu-

Table 26.1 International and regional conferences hosted by MSN 
since its creation

Year Conference Place
1985 6th Asian Colloquium in Nephrology Kuala 

Lumpur
1998 12th Asian Colloquium in Nephrology Kuala 

Lumpur
2005 Satellite Symposium on Acute Renal Failure 

post-World Congress of Nephrology
Penang

2008 11th Asian Pacific Congress of Nephrology Kuala 
Lumpur

2012 14th Congress of the International Society of 
Peritoneal Dialysis

Kuala 
Lumpur

2015 9th Congress of the International Society for 
Hemodialysis

Kuala 
Lumpur

2017 1st Asia Pacific AKI CRRT Congress Kuala 
Lumpur

2019 4th Congress of Asian Pacific Society of Dialysis 
Access

Kuala 
Lumpur

2019 3rd Asia Pacific AKI CRRT Congress Kuala 
Lumpur
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nately led to a decrease in kidney transplants performed 
locally. KL University Hospital did its first kidney transplant 
in 1991 and Selayang Hospital in 1999. Deceased donor kid-
ney transplants were not common due to lack of donors. 
Some living-donor transplants were done in private hospi-
tals, including Prince Court Medical Centre in Kuala 
Lumpur, for patients with access to personal funding. The 
first laparoscopic living-related donor nephrectomy and the 
first robotic living-related donor nephrectomy were done in 
2000 and 2006, respectively, in HKL. Primary immunosup-
pression was steroids and azathioprine in the 1980s. 
Cyclosporine was introduced in 1987, anti-thymocyte 
 globulin (ATG) and OKT3 in 1989, tacrolimus and basilix-
imab in 1999, mycophenolate mofetil in 2000, sirolimus in 
2006, and thymoglobulin in 2008. The first report of the 
National Transplant Registry [14], reporting on the annual 
incidence, prevalence, and clinical outcomes of organ trans-
plants in the country, was published in 2003.

In the 1990s, many Malaysians travelled to India for 
living- unrelated donor kidney transplants. In the last few 
years, an increasing number of transplants from unrelated 
living donors were performed in Cambodia, Sri Lanka, and 
China. China was the source of many overseas transplants 
from deceased donors since the late 1990s, but this has 
almost stopped after a clampdown by the Chinese authori-
ties. The international transplant community has outlawed 
these hazardous and unethical commercial kidney trans-
plants. Current MOH policy requires such patients to pay for 
their own immunosuppressive medications.

There is an alarming increase in patients on dialysis with 
diabetes mellitus. The percentage of incident ESRD patients 
with diabetes, which has been more than 50% since 2002, 
has increased to 65% in 2016 [11]. Measures to curb the ris-
ing prevalence of diabetes are ongoing.

Several papers on nephrology topics from Malaysia have 
been published since 1960. In an era of large multicenter 
research trials, Malaysian nephrologists have embarked on 
three CAPD trials [15–17] and a lupus nephritis trial [18] 
within the country. They have also taken part in many well- 
known international trials [19–29].

The three randomized multicenter CAPD trials were 
done to compare new CAPD systems against the ones cur-
rently used. Their outcomes have been instrumental in 
changing the type of CAPD system being used in the coun-
try. From the earlier days when a handful of Malaysian 
centers took part in the RENAAL [19] and IDNT [20] tri-
als on diabetic nephropathy, many centers became active 
especially in the SHARP trial [21]  – the Study of Heart 
and Renal Protection. Subsequently, they continued to take 
part in large multinational or regional trials, e.g., 
FAVOURED [23], CANVAS [24], CREDENCE [25], 
SONAR [26], TRANSFORM [27], EMPA-KIDNEY [28], 
and IMPROVE [29].

MOH nephrologists published a practical pocket-sized 
book on RRT in 1999, which is used widely by nurses and 
doctors alike. This book had its fourth edition in 2017 [30]. 
Malaysia also participated in the Global Kidney Health Atlas 
on ESRD published by the ISN in 2019 [31].

 Renal Diseases in Malaysia

The MRRB has collected data since 2005 [12]. About half of 
native renal biopsies (43%) were for secondary glomerulo-
nephritis (GN) – most commonly lupus nephritis (80%), dia-
betic nephropathy (11%), and post-infectious GN (4%). For 
primary GNs, the most common is minimal change disease 
(33%), followed by focal segmental glomerulosclerosis 
(31%), IgA nephropathy (21%), membranous GN (8%), 
non-IgA mesangial proliferative GN (3%), membranoprolif-
erative GN (2%), idiopathic crescentic GN (1%), and ANCA- 
positive crescentic GN (1%).

 Lupus Nephritis

The most common serious GN seen in Malaysia is lupus 
nephritis. Observational series on this disease had been quite 
common from various centers in Malaysia [32–35]. The 
MRRB reported 2652 biopsies for lupus nephritis between 
2005 and 2012 (8 years) in patients >15 years old. The mean 
age of adult patients with lupus nephritis at the time of biopsy 
was 30 years. The most predominant age group was between 
15 and 25 years old, which accounted for 39% of cases. The 
onset of lupus above the age of 45 was uncommon and con-
stituted 12% of cases [12].

Based on the MRRB report, lupus nephritis predominantly 
affected females; the female to male ratio was 6.6:1. In adult 
patients with lupus nephritis, 35% presented with urine 
abnormalities, 28% with nephrotic syndrome, 14% with a 
combination of nephritic and nephrotic features, and 9% with 
nephritic syndrome. Thirty-three percent had hypertension on 
presentation. Thirty-four percent had impaired kidney func-
tion (defined as eGFR <60 ml/min/1.73 m2) at the time of pre-
sentation and 6.6% had eGFR <15 ml/min [12].

Seventy-nine percent of biopsy-proven lupus nephritis 
was proliferative (i.e., class III&III+V or IV&IV+V). Class 
IV and class IV in combination with class V lupus nephritis 
was the predominant histopathological diagnosis accounting 
for 57% of patients. Classification is a mix of WHO and ISN/
RPS as different centers transitioned their reporting from one 
to the other in different years [36, 37].

Of the non-proliferative groups, class V and II+V contrib-
uted 11% of all cases. Mild forms of lupus nephritis, namely, 
class I and class II, made up 8%. A small number (1%) had 
advanced sclerosing lupus nephritis (class VI).
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There was no correlation between histopathological find-
ings and clinical presentation. However, incidence of 
impaired kidney function correlated with histology. The pro-
portion of patients with eGFR <60ml/min/1.73 m2 was 65%, 
43%, 22%, 18% and 10% for class VI, IV or IV+V, class III 
or III+V, class V or class V+II, and class II, respectively.

Presentation of lupus nephritis in Malaysia is usually with 
a severe proliferative form, sometimes with hypertension 
and impaired kidney function. It is now treatable with newer 
immunosuppressive drugs and steroids.

One of the earliest trials on proliferative lupus nephritis 
with mycophenolate mofetil (MMF) was a multicenter 
investigator-initiated randomized trial of 6 months of induc-
tion therapy using steroids and either MMF or intravenous 
cyclophosphamide in eight centers in Malaysia [18]. This 
trial started in 2001 and the 3-year follow-up ended in 2004. 
It showed no difference in remission rate for both therapies 
and resulted in MMF being registered by the Malaysian 
Drug Control Authority for the treatment of lupus nephritis 
in 2006, the first in the world. Some Malaysian centers took 
part in the Aspreva Lupus Management Study (ALMS), a 
large multinational trial of MMF versus intravenous cyclo-
phosphamide for induction, and this reported the same out-
come in 2009 [22]. Other multinational trials on lupus 
nephritis are underway.

 IgA Nephropathy

Of the primary GNs, IgA nephropathy (IgAN) is somewhat 
atypical in Malaysia. It is also uncommon. Over the 8-year 
period (2005–2012), there were 303 reported cases of 
IgAN. The mean age at biopsy was 33 years, and 81% were 
between ages 15 and 45 years. There is a female preponder-
ance (57%). This is contrary to what has been reported in the 
literature but may reflect local nephrology practice where the 
threshold to biopsy females is lower due to the high inci-
dence of lupus nephritis [12].

Asymptomatic urine abnormalities remain the most com-
mon presentation of IgAN (49%) but 24% had nephrotic syn-
drome. This is much higher than the 5% usually quoted in the 
literature [12] and may reflect relatively conservative local prac-
tices with regard to investigation of asymptomatic urine abnor-
malities. At presentation, hypertension was present in 44%, and 
47% had eGFR <60 ml/min/1.73 m2. Five-year renal and patient 
survival were 78% and 93% respectively [12].

The rate of progression to ESRD in 20–25 years is gen-
erally reported to be 25–30%, and the local rate measured 
over a shorter period seems higher. IgAN in Malaysia seem 
to have a different natural history and progression, and 
nearly a quarter are presenting with nephrotic range 
proteinuria.

 Chronic Kidney Disease

Chronic kidney disease (CKD) represents a major public health 
problem as it is common and has significant socioeconomic 
and health consequences. In 2011, the National Health and 
Morbidity Survey (NHMS) found that the prevalence of CKD 
among adults in West Malaysia was 9.07% [38]. Diabetes, 
hypertension, and older age were identified as risk factors. A 
second CKD prevalence study was conducted in 2018 to iden-
tify national trends and to extend the survey to include East 
Malaysia. This has shown a rise in CKD prevalence to 15.48% 
with majority of cases (6.48%) in CKD stage 3.

The rising trend in CKD prevalence is likely due to an 
aging population and increasing prevalence of noncommuni-
cable diseases. In addition to the previous risk factors, 
increasing body mass index (BMI) was found to be associ-
ated with the development of CKD [39]. The NHMS has 
shown an alarming increase in the prevalence of diabetes in 
the population from 11.6% in 2006 to 17.5% in 2015. 
Hypertension prevalence has remained stable at 30.3% in 
2015. However, the prevalence of overweight and obesity 
among adults has increased from 14.0% in 2006 to 17.7% in 
2015 [40, 41].

Awareness of CKD among the Malaysian population is 
low and barely improved over the last 7 years (5% in 2018 
versus 4% in 2011) [38, 39]. Efforts to control and monitor 
CKD have included the following measures:

 1. Education of public and healthcare providers – a Renal 
Retardation Program that emphasized early detection and 
prevention of CKD for healthcare providers and a Kidney 
Care Program for public education was run in the form of 
roadshows in every state (2003–2008).

 2. Development of local clinical practice guidelines on 
Management of Diabetic Nephropathy (2004) and 
Management of Adults with CKD (first and second edi-
tions, 2011 and 2018) [42].

 3. Development of a National Strategic Action Plan for 
CKD in 2018 [43]. This has been adopted into the 
National Strategic Plan for Non-Communicable Disease 
in the country [44]. This action plan includes stakeholders 
in primary care, public health, nephrology, professional 
societies, and nongovernmental organizations. It aims to 
improve all levels of CKD care from prevention and early 
detection to the other end of the spectrum, i.e., renal 
replacement options.

The problem cannot be addressed by nephrologists alone 
but involves government policy and general practitioners. 
There have been declared a ban on smoking in all eateries in 
Malaysia and a “sugar tax” imposed on fizzy drinks or soda 
with a high sugar content in 2019 [45].
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 Acute Kidney Injury (AKI) and Critical Care 
Nephrology

The causes of AKI are the same as in developed countries.
A prospective, multicenter, observational study of 

patients fulfilling the KDIGO (Kidney Disease Improving 
Global Outcomes) criteria for AKI has been conducted in 
five Malaysian tertiary hospitals for 3 months. Of 21,621 
patients screened, 1527 developed AKI (incidence 7%); 209 
(14%) developed in ICUs (incidence in ICU 26%). Sixty-
one percent were males and the mean age on admission was 
60 years. The most common comorbidities were hyperten-
sion (58%), diabetes mellitus (49%), ischemic heart disease 
(16%), and CKD (13%). The commonest causes of AKI 
were extrarenal infections (27%), pneumonia the most fre-
quent, hypovolemia (14%), pyelonephritis or urinary tract 
infection (5%), and hemorrhage (5%). A total of 126 (8%) 
patients required dialysis, and of these, 62 (49%) were 
admitted into ICU. Acidosis (41%), uremia (27%), and elec-
trolyte disturbances (13%) were the most common indica-
tions for initiation of dialysis. On discharge (1212, 79%) or 
transfer (20, 1%), 897 (73%) achieved full renal recovery, 
206 (17%) had partial renal recovery, and 100 (8%) failed to 
recover. The mortality rate was 16%. Mortality was higher 
among those who required dialysis (44%) versus those who 
did not (13%). The median length of stay in hospital was 6 
days [46].

In another observational study, on a large cohort in four 
ICUs in Malaysia, 24% of 26,663 adult patients had AKI 
(AKI being defined as twice the baseline creatinine or 
urine output of <0.5 ml/kg/h for 12 h). Of those with AKI, 
48% died and 32% of the total cohort had sepsis. Those 
with AKI and sepsis had a more than threefold risk of mor-
tality [47].

A single center report of AKI episodes requiring RRT in 
ICU showed that 56% were treated with CRRT, 27% SLEDD, 
and 17% HD [48].

In a recent survey of RRT practices for AKI in 19 ICUs, 
58% used continuous veno-venous hemofiltration as the 
treatment of choice for AKI in critically ill patients. The 
mean blood flow rate and effluent flow rate used for CRRT 
were 189 ml/min and 31 ml/kg/h, respectively. Replacement 
fluid solutions containing both lactate and bicarbonate were 
commonly used during CRRT, applied both pre- and post- 
dilution [49]. Several machines are used for CRRT, including 
Prismaflex (Baxter), Multifiltrate (Fresenius), and Plasauto 
(Asahi).

Dialysis was first started in the country for the treatment 
of AKI, as it is considered eminently treatable and may 
return the patient to normal health. Resources for dialysis for 
patients with AKI are therefore provided as a priority and not 
denied when indicated.

 Pediatric Nephrology

Currently, Malaysia has 17 credentialed pediatric nephrol-
ogists for a child population of about ten million. To be 
credentialed, a pediatrician should have received at least 
3  years of training in accredited centers, demonstrating 
satisfactory performance of patient management and 
procedures.

Pediatric nephrology centers are located mainly in the 
more developed parts of the country. Attempts are being 
made to have these centers located in the various regions of 
the country. In the interim, pediatric nephrology services are 
provided by visiting pediatric nephrologists as well as pedia-
tricians with an interest in nephrology. Adult nephrologists 
who are more in numbers and distribution assist in provision 
of services to children particularly in the area of dialysis 
therapy.

The main kidney disease affecting children is idiopathic 
nephrotic syndrome – the majority of which are steroid sen-
sitive, and other glomerulonephritides. With the country 
becoming more developed, acute psot-infectious GN due to 
streptococcal infection is uncommon, but that due to Henoch-
Schönlein purpura is increasing in frequency [12]. Urinary 
tract infections and congenital hydronephroses are common 
conditions in children that are managed by pediatric 
nephrologists.

The incidence of RRT in children and young people 
(<20  years of age) varies from 10 to 12 per million age- 
related population (pmarp) with a prevalence of about 100 
pmarp. However, in children <5 years of age, the incidence 
is only about 1–2 pmarp, those who are 5–10 years old 5 
pmarp, 10–15 years old about 10 pmarp, and 15–20 years 
20–25 pmarp [11]. This is partly due to the time needed for 
CKD to progress to ESRD. In addition, due to constraints of 
service, including insufficient pediatric nephrologists and 
that children can only be transplanted when they have 
achieved a body weight of 15 kg, children <5 years of age, 
particularly those <2  years of age, are not universally 
accepted for RRT.

For children and young people with ESRD, 42% are due 
to GN and 15% due to renal dysplasia with or without vesi-
coureteric reflux or urinary tract obstruction. Twenty-seven 
percent were reported to have unknown cause of CKD. These 
patients present late and investigations to find the cause are 
limited or not done [11].

The majority (80%) of children and young people on RRT 
are on dialysis. About 40% of new dialysis patients are 
accepted for HD. There are very few pediatric HD units. A 
significant number of bigger children and young people are 
dialyzed in adult units. Sixty percent of children and young 
people with ESRD are started on PD, with over 90% of them 
on CAPD [11].
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Only about 1–2% of those on dialysis receive kidney 
transplants each year. About 60% of kidney transplants are 
deceased donor and 40% living-related donor transplanta-
tion. Patient survival at 5 years was 94% for transplant recip-
ients and about 80% for those on dialysis. Graft survival was 
90% at 1 year and 80% at 5 years [11].

 Renal Replacement Therapy

At the end of 2016, there were 41,525 people on RRT in 
Malaysia. The dialysis incidence rate was 248 pmp (HD 216 
pmp, PD 32 pmp) and the kidney transplant incidence rate 
was 3 pmp. Prevalence rates were 1159 pmp for HD, 127 
pmp for PD, and 59 pmp for kidney transplantation [11].

The highest treatment rates for dialysis are in the 55–64 
and >65 years age groups. Eighty-seven percent of incident 
patients started center HD. Center HD accounts for 89% of 
prevalent patients, etc. It accounts for 89% of prevalent 
patients, with 10% on PD and 1% on home or “at work” HD.

The private sector provided 48%, government 31% and 
NGOs 21% of the dialysis. In 2016, about two-thirds of new 
patients had diabetes mellitus as the primary renal disease. 
Hypertension was the primary disease in 19% of new 
patients, GN and systemic lupus erythematosus (SLE) 3% 
and unknown primary renal disease 11% [11].

The number of HD and PD centers is 814 (26 pmp). Of 
these, 51 were PD centers and the rest HD. Of the PD cen-
ters, 41 were in the public sector and 10  in the private 
sector.

In contrast to the economically advantaged and urban 
West Coast states, where most patients are dialyzed in the 
private sector, the public sector provides dialysis to most 
patients in the economically disadvantaged (rural) East Coast 
states and East Malaysia.

The number of registered dialysis nurses/medical assis-
tants in Malaysia increased from 1808 (62 pmp) in 2011 to 
3920 in 2016 (127 pmp).

The annual mortality rate on dialysis in 2018 was 14.3%. 
The annual mortality rate among HD patients was 13.8%, 
while PD patients had a mortality rate of 18.5% in 2018 
(Registry manager, email: nrr@msn.org.my, 25 November 
2019, “personal communication”). From the MDTR report 
of 2016, cardiovascular disease remained the main cause, 
accounting for 33% of all deaths. Sepsis was the second most 
common cause of death, accounting for 28%. Death at home 
accounted for another 16% and many of these were probably 
due to cardiovascular events [11].

In 2018, 20.3% of the dialysis population was working 
either full time or part time, of which 59.8% was full time. 
Twenty-seven percent of males worked, while for females it 
was 12%. For patients on HD, 19.9% worked, 58% full 
time. Twenty-one percent of males worked compared to 
11% females. For the much smaller cohort of PD patients 

24% worked, 74.5% full time. Twenty-nine percent of males 
worked compared to 19% females (Registry manager, email: 
nrr@msn.org.my, 25 November 2019, “personal communi-
cation”). Calcium carbonate was the main phosphate binder 
for both HD patients (93%) and PD patients (84%). 
Lanthanum carbonate and sevelamer were rarely used due 
to cost constraints. Calcitriol was the main vitamin D ana-
logue, used in 55% of HD patients and 38% of PD patients. 
About 1% of dialysis patients had a parathyroidectomy in 
2016 [11].

 Peritoneal Dialysis

In 2018, there were 4420 patients on PD (49% male) (Registry 
manager, email: nrr@msn.org.my, 25 November 2019, “per-
sonal communication”). From the MDTR report of 2016, 
most patients (84%) were on CAPD, 13% were on APD, and 
3% were on DAPD (daytime ambulatory peritoneal dialysis). 
Fifty-nine percent of patients were on Baxter and 41% on 
Fresenius PD fluids. APD patients were mainly (87%) being 
prescribed 10  l as total infusion volume daily. Most CAPD 
patients (90%) performed four exchanges per day and used 
8 l (87%) total infusion volume daily. Assisted care contrib-
uted to 21% in CAPD patients compared to 41% in APD [11].

The median peritonitis rate was one in 42.3 patient- 
months with wide inter-center variation. Gram-positive 
organisms accounted for 32% of peritonitis with coagulase-
negative Staphylococcus (CoNS) as the predominant gram-
positive pathogen. Gram-negative peritonitis made up 31% 
with E. coli being the commonest organism. Peritonitis was 
caused by fungi in 3.8% and mycobacteria in 0.8%. The cul-
ture-negative rate was 24.5% [11].

The incidence of PD-related peritonitis has improved 
with better connectology and twin-bag system, patient 
care, and selection. CME from regular workshops and 
conferences have led to a better quality of trained nurses. 
Home visits should play an important role in the expan-
sion and improvement of PD program. However, due to 
inadequate resources and increasing demand, home visits 
have been carried out on an ad hoc basis. These are 
arranged to counsel patients and family members and to 
check the home environment. Retraining of PD technique 
would be carried out as well for patients with episodes of 
peritonitis.

Technique survival was 80% at 1 year and 24% at 5 years. 
For PD technique survival in the first 5 years, the younger 
age group (age <14 years) fared better than older age groups 
after censoring for death and transplant. However, after 5 
years, the older age groups had better technique survival. 
There was no difference in technique survival between dia-
betic and nondiabetic, and female patients performed better 
than their male counterparts. The top three reasons for PD 
dropout were death, peritonitis, and membrane failure [11]. 
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For the prevalent patients of 2018, 11.6% have been on PD 
for 5 or more years (Registry manager, email: nrr@msn.org.
my, 25 November 2019, “personal communication”). Thirty- 
five patients who were HIV positive were on PD in 2018 
(Registry manager, email: nrr@msn.org.my, 25 November 
2019, “personal communication”).

The annual mortality rate of PD patients has been around 
15–19% over the last 20 years. It is 4–5% higher compared 
to HD patients. The difference observed could be partly con-
tributed by the negative selection of patients, e.g., using PD 
on patients with intolerance to HD or severe cardiovascular 
disease [11].

Eighty-three percent of patients were on erythropoietin (a 
median dose of 4500  U per week), with a median serum 
hemoglobin level of 10.2 g/dl. Fifteen percent were on intra-
venous iron. Patients on CAPD have a better quality of life 
than those on HD [50, 51].

In PD units, the current nurse ratio is of 1 to 30–40 
patients (Dr Lily Mushahar, “personal communication”).

Increasing the proportion of patients on PD could lead to 
a substantial saving in dialysis-related expenditure [52]. To 
achieve this objective, a PD-preferred or PD-first policy 
should be implemented. This idea has been proposed for the 
past 10 years, but only public hospitals have adhered to it. No 
financial incentives for PD are provided to the private sector. 
The uptake of PD may improve if doctors in the private sec-
tor are paid in a “bundle” for their patients on PD equivalent 
to what they receive for patients on HD [53].

 Maintenance HD, Including Convective 
Therapies

In 2018, there were 38,297 patients on HD. Males made up 
54.6% (Registry manager, email: nrr@msn.org.my, 25 
November 2019, “personal communication”). From the 
MDTR report of 2016, 85% had an arteriovenous (AV) fis-
tula, 1.4% used AV grafts, 6.7% cuffed catheters, and 6.9% 
non-cuffed catheters. Ninety-one percent were on erythro-
poietin (a median dose of 5000 U per week) and 36% were 
on intravenous iron, with a median serum hemoglobin level 
of 10.3 g/dl [11].

Ninety-eight percent were on HD three times a week and 
99% of all patients had a duration of four hours per session. 
Ninety-eight percent were on HD three times a week and 
99% 4 hours duration per HD. Eighty-seven percent used 
synthetic dialyzer membranes and 13% modified cellulose. 
Mean and median delivered Kt/v was 1.4 and median urea 
reduction ratio (URR) was 72%.

Bicarbonate dialysate and reverse osmosis water treat-
ment are universal. HD machines are supplied by multina-
tional companies like Fresenius, B.  Braun, Baxter, Nipro, 
and Toray. Reuse of dialyzers was reported in 15,794 patients 
and 65% reused >10 times. No one reused more than 13 

times. Standards for delivering HD in Malaysia are in a doc-
ument “The National Haemodialysis Quality Standards 
2018” [54]. The two previous editions were in 1994 and 
2012.

In the latest analysis done in 2017, the cost of a year on 
HD was RM 39,790, of which 37.6% was the cost of staff, 
29.3% dialysis consumables, and 2.4% laboratory tests 
[55]. The other components included medications 9.1%, 
equipment 8.3%, overheads 4.4%, access surgeries 3%, 
hospitalization 2.2%, building and land 2%, clinic visits 
and referrals 1.1%, and radiology 0.6%. A reverse osmosis 
water system costs about RM 100,000 and a HD machine 
RM 45,000.

There are specific regulations on facility layout, staff-
ing, and patient care. For every six dialysis patients, there 
is at least one renal-trained nurse/medical assistant in each 
shift. Each HD unit has a “person-in-charge” (PIC) who is 
a nephrologist. In areas where there is a critical need for 
HD services, the PIC may include a physician/pediatri-
cian. If this is not possible, any doctor who has completed 
200  hours of recognized training in hemodialysis treat-
ment and maintains an affiliation with a nephrologist is the 
PIC. One of the many responsibilities of the PIC is ensur-
ing that there are arrangements to provide immediate med-
ical care when needed. There is no nephrologist-to-patient 
ratio at present, and he or she does not need to be in the 
unit at every shift.

Current regulations in Malaysia require all patients with 
hepatitis B or C to be segregated in separate rooms. 
Seroconversion to HCV is rare in HD units, and the overall 
HCV prevalence has dropped from 11% in 2007 to 2% in 
2016. The HBV rate remains static at 3% [11]. Fifty patients 
who are HIV positive were on HD in 2018 (Registry man-
ager, email: nrr@msn.org.my, 25 November 2019, “personal 
communication”).

For the prevalent patients of 2018, 32.2% have been on 
HD for 5 or more years (Registry manager, email: nrr@msn.
org.my, 25 November 2019, “personal communication”).

There is no danger of foreign monopolies developing into 
the HD provision as MOH regulators demand that ownership 
of each center must be more than 50% local. The license 
holder must be a local doctor with training in HD or a 
nephrologist.

There were very few patients on hemodiafiltration (HDF): 
124 were started, with a total of 439 prevalent in 2018 
(Registry manager, email: nrr@msn.org.my, 25 November 
2019, “personal communication”).

 Dialysis Reimbursement

Malaysia, an upper middle-income country with a GDP 
per capita of USD 10,557 and a population of 32.6 million 
in 2018, has an active and growing RRT program. Funding 
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for RRT has not been well structured; nonetheless, most 
patients with ESRD who are medically suitable receive 
treatment.

The government is the major player in funding RRT [56], 
and it does so through several agencies rather than a single 
dedicated bureau. These agencies include MOH, which runs 
the largest network of government dialysis centers, Ministry 
of Education (University Hospitals), Ministry of Defense, 
the Pension Division of the Public Services Department 
which pays for dialysis of government pensioners, and 
SOCSO which is a government body responsible for social 
security of workers. Together, these agencies fund 67% of all 
patients on maintenance dialysis. The remaining patients are 
funded by charitable bodies (13%), out-of-pocket expenses 
(15%), and others (5%).

The role of charitable bodies in funding HD in Malaysia 
is quite unique. The major charity bodies include the National 
Kidney Foundation of Malaysia, faith-based organizations, 
service clubs such the Rotary or Lions, and other groups. 
Many of these bodies do not just fund treatment but also set 
up HD centers to cater for the underprivileged who are not 
fortunate enough to get into government-funded centers. 
These organizations raise funds from the public and corpo-
rate bodies. In predominantly Muslim Malaysia, a major 
source of contribution for charity bodies is the Zakat, a tithe 
mandatory on all Muslims who have excess income. 
Contributions sometimes come in the form of HD machines 
or consumables. Most of these organizations also receive 
subsidy from the government to help pay for the cost of treat-
ment. The governmental subsidy, which initially covered 
about 30% of the cost of treatment, had been increased in 
2017 to cover 60%. Insurance payments play a minimal role 
in funding HD (0.5%). The government funds most patients 
on PD and patients who had kidney transplantation done in 
the country.

Two economic evaluations showed that the HD:PD cost 
ratio was almost equal. The cost per life year saved was RM 
33,642 for HD and RM 31,635 for CAPD in 2011 (HD:PD 
1.06) [57]. The cost per patient per year was RM 39,790 for 
HD and RM 37,576 for CAPD in 2017 (HD:PD 1.06) [49]. 
The cost per quality-adjusted life year gained was RM 
46,594 for HD and RM 41,527 for CAPD in 2017 (HD:PD 
1.12) [58]. The quality of life for PD was slightly better than 
HD but survival was better on HD.

The total number of patients on dialysis had gone up 
quickly and so had the ability to pay with a rising 
GDP.  This was helped by the relative drop in prices of 
machines and disposables due to economies of scale and 
in some cases ability to assemble or produce the items 
within the country. Erythropoietin, which was very expen-
sive, is now off-patent with the advent of biosimilar, 
which is cheaper.

 Renal Transplantation: Organ Procurement 
and Transplantation Policies

More than 40 years after the start of the local transplant pro-
gram, the country is still struggling with low transplantation 
rates from both living and deceased donors. The rate of kid-
ney transplantation from local donors had never exceeded 3 
pmp, while the rate of deceased kidney donation had never 
exceeded 1 pmp. In contrast, the number of patients with 
ESRD treated with dialysis continues to rise annually, mak-
ing Malaysia one of the countries in the top ten highest rates 
of incident and prevalent dialysis patients globally. Malaysia 
is ranked lowest in the international comparison for kidney 
transplantation rate per 1,000 dialysis patients, as reported 
by the United States Renal Data System [59].

In response, several initiatives have been implemented 
by the MOH. These include establishment of the National 
Transplant Council and National Transplant Technical 
Committee (NTTC), National Transplant Resource Center 
(NTRC) in 1997, and a National Policy on Cell, Tissue 
and Organ Transplantation in 2007 [60]. Tissue and Organ 
Procurement (TOP) teams were set up at major public 
hospitals. These were manned by nurses and doctors to 
identify patients in ICU as potential brain-dead organ 
donors, counsel family members on organ donation, and 
coordinate the organ retrieval process with the retrieval 
team.

Nurses, transplant coordinators, laboratory technolo-
gists, nephrologists, and surgeons were sent overseas for 
training in well-known organ procurement centers in Spain, 
Australia, and Turkey. A Renal Sistership Program exists 
between the Department of Nephrology HKL and Royal 
Prince Alfred Hospital in Sydney, Australia, aiming to assist 
the former to develop and improve kidney transplantation 
services. The program is sponsored and facilitated by the 
ISN and The Transplantation Society since 2015. Short 
training programs were arranged which enable experts to 
visit Kuala Lumpur and doctors to receive training in 
Sydney.

There was collaboration with official religious bodies at 
state and federal levels to increase public awareness regard-
ing their view on organ donation and transplantation, espe-
cially from deceased donors. Religious edicts and opinions 
of authoritative scholars of Islam were published and dis-
seminated for public information.

Malaysia is a signatory to the WHO Guiding Principles 
on Human Cell, Tissue and Organ Transplantation (2010), 
and a representative of the Malaysian Society of 
Transplantation participated in the Declaration of Istanbul on 
Organ Trafficking and Transplant Tourism in 2008.

A health economic research to assess the cost and utility 
of kidney transplantation in Malaysia was published in 2015. 
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The study which used micro-costing method showed that the 
cost per quality-adjusted life year in adults was USD 8826 
(RM 30,224) for living-donor kidney transplant and USD 
13,592 (RM 46,546) for deceased donor kidney transplant in 
adult patients [61].

When it comes to living-donor transplantation, many do 
not believe in it. In a recent study, a sample of Malaysians 
were surveyed asking their decision on becoming unrelated 
living kidney donors if the reward was financial incentives. 
From the 1310 respondents, 72% said “no” on becoming a 
living donor. The reason “I don’t think humans can live with 
only one kidney” scored the highest (36%) [62].

 Clinical Transplant Practices and Outcomes

Most of the living-related kidney transplants performed 
were from genetically related pairs. Emotional donors 
were confined to spousal donation. The national transplant 
policy disallowed unrelated living donors until 2011 when 
an independent committee under MOH, Unrelated 
Transplant Approval Committee, was established to assess 
potential unrelated pairs for transplant approval [63]. 
However, the evaluation process was very thorough and 
strict conditions were applied making unrelated live kid-
ney donation approval difficult to achieve. No altruistic 
live donor transplant, either directed or undirected, has 
taken place so far.

Kidney transplantation involving ABO-incompatible 
donors started in Prince Court Medical Centre in 2011. In 
subsequent years, HKL and University Hospital followed 
suit, using therapeutic plasma exchange and anti-CD20 agent 
rituximab pretransplant to reduce circulating anti-A or anti-
 B titers to levels below 1:8. Maintenance agents are like the 
ones for ABO-compatible transplants: tacrolimus, mycophe-
nolate mofetil, and corticosteroids.

Transplantation for highly sensitized patients is not fre-
quently performed due to limited resources, sub-optimal 
transplant immunology services, and inadequate clinical 
experience.

In the deceased donor transplant program, a national wait-
ing list of patients is maintained by the MSN. The Malaysian 
Organ Sharing System (MOSS) was established in 1999 and 
changed to the electronic online version, eMOSS, in 2006. 
Suitable patients on dialysis up to 60 years of age and agree-
able to be listed in the database were screened for exclusion 
criteria. At its peak, more than 20,000 patients were listed. A 
major revamp of the organ allocation system has been under-
taken in 2019, given the low deceased organ donation rate 
and the number of available kidneys never exceeding 60 per 
year. This uses modified UNOS (United Network for Organ 
Sharing) criteria, incorporating Kidney Donor Profile Index 

(KDPI) and Estimated Post Transplant Survival (EPTS), in 
order to optimize the utility of the scarce kidneys and pro-
duce better allograft and recipient outcomes. The new alloca-
tion system is referred to as MyKAS (Malaysian Kidney 
Allocation System).

The total number of renal transplants done in Malaysia 
between 1975 and 2018 was 2001, of which 1447 were from 
living donors and 554 from deceased donors. Another 2160 
had been done overseas (Registry manager, email: nrr@msn.
org.my, 25 November 2019, “personal communication”).

The number of functioning kidney transplants in 2018 
was 1802 (Registry manager, email: nrr@msn.org.my, 25 
November 2019, “personal communication”). From the 
MDTR report of 2016, the mean age for new transplant 
recipients was 44 years, 66% were male, 24% had diabetes, 
6% were HBV positive, and 2% were HCV positive at the 
time of transplantation. Ninety-five percent of prevalent 
kidney transplant recipients were on prednisolone, 61% 
mycophenolic acid, 50% tacrolimus, 36% cyclosporine, and 
12% azathioprine. Even though the use of proliferation sig-
nal inhibitors had gradually increased over the years, only 
9% of prevalent patients were on everolimus or sirolimus in 
2016 [11].

Annual transplant death rate between 2007 and 2016 
remained stable in the region of 3%, while annual graft loss 
varied between 2 and 3% in the same interval. Graft survival 
rates (uncensored for death) were 92% at 1 year, 82% at 5 
years, and 57% at 10 years posttransplantation. Patient sur-
vival of local living-donor kidney transplants was 98%, 96%, 
and 92% at 1 year, 5 years, and 10 years, respectively. For 
local deceased donor transplants, patient survival at 1 year 
and 5 years was lower at 92% and 85%, respectively. The 
most important causes of death at 30% were combined car-
diovascular death and sudden death at home, followed by 
infection in 27% of patients [11].

Sixty-three percent of patients with renal transplants were 
working either full time or part time, 90% of which were full 
time. Seventy-five percent of males were working, while for 
females it was 45% (Registry manager, email: nrr@msn.org.
my, 25 November 2019, “personal communication”).

 Nephrology Practice in Malaysia

There is a shortage of nephrologists in Malaysia. Currently, 
there are 179 adult and 17 pediatric nephrologists, equivalent 
to six nephrologists per million population. They are distrib-
uted mainly in large centers with fewer numbers in remote 
and smaller towns. As there are 814 centers delivering RRT 
with only about 4000 trained medical assistants and nurses, 
there is also a shortage of staff with the same inequity of 
distribution.
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To become a nephrologist, a fully registered medical 
practitioner must undergo a structured training in internal 
medicine for 3 years and obtain a recognized postgraduate 
qualification, e.g., MRCP (UK) or Master of Medicine 
(Internal Medicine). Nephrology training is on a modular 
system of 4 months each in large hospitals: two modules 
each for general nephrology, HD and kidney transplantation, 
one module each for PD, critical care nephrology, and an 
elective posting, the options of which include research meth-
odology, renal histopathology, transplant immunology, pedi-
atric nephrology, interventional nephrology, and advanced 
PD. To fulfill the criteria to train for such modules, the cen-
ters must have enough procedures and trainers. A trainee 
usually gets at least two trainers within the 3 years of train-
ing. Further training overseas is optional, dependent on fund-
ing and ability to obtain study leave. Various places where 
trainees had gone for their fellowship include the United 
Kingdom, Australia, Italy, Canada, Hong Kong, Singapore, 
and Japan.

Nephrology training is either within the local accredited 
universities or MOH hospitals with an exit examination at 
the end of it. The exit examination was started in 2003 in the 
MOH training program. This became a common exam with 
the universities in 2007, organized by the Malaysian Society 
of Nephrology.

In 2005, a subspecialty board for nephrology was set 
up by the Academy of Medicine. From 2017, the board is 
directly under the Malaysian Medical Council which 
also upkeeps the National Specialist Register (NSR). 
The training logbook, report, and exam results of each 
trainee are evaluated by the subspecialty board, and he/
she is granted registration on NSR as a nephrologist 
hereafter.

Foreigners or foreign-trained Malaysians wishing to 
work in the country should be fully registered by MMC 
first. Their credentials in nephrology are reviewed on a 
case-by-case basis. There may be a need to do some mod-
ules that had not been done before. The applicant may be 
asked to go through the exit examination. There is also a 
need to be attached to a major center for 6 months for 
assessment as it is thought that familiarity with local condi-
tions is necessary.

Nephrologists in Malaysia may hold licenses to run free- 
standing HD centers and have responsibilities rather like the 
Medical Director in a HD unit in the United States. They not 
only take care of patients but are also responsible for the 
smooth running of the HD center.

A post-basic renal nursing course started in HKL in 
1984 as HD units are dependent on nurses and medical 
assistants to carry out the treatment. Other entities includ-
ing private nursing schools and NKF have started these 
courses now. Medical assistants and nurses attend a 
6-month renal nursing course after their basic certificate/

diploma. They are in short supply. For the provision of HD 
services, there must be at least one renal-trained nurse/
medical assistant in every shift with at least one staff who 
has a certificate in basic life support. The average pay of a 
renal-trained nurse/medical assistant is RM 48,000 
per annum.

Almost all CAPD is done in MOH as there are no finan-
cial incentives for it to be provided in the private sector. 
Perhaps a different reimbursement system needs to be pro-
posed to get CAPD off the ground in private practice. 
Increased uptake of PD may produce economic benefits and 
improve patients’ access to dialysis [64].

In the case of critical care nephrology and dialysis in 
ICUs, there are centers where CRRT is done solely by 
nephrologists, centers where CRRT is run by intensivists 
or anesthetists, and centers where CRRT is done by both 
nephrologists and intensivists. This depends on the avail-
ability of one or the other. Nephrologists deliver almost 
all the HD, PD, and SLEDD in ICUs throughout Malaysia. 
Nephrology being an older specialty than intensive care in 
Malaysia, the balance is still on the side of more nephrol-
ogists doing CRRT. The transitioning to HD and SLEDD 
involves nephrologists. Management of AKI in the wards 
is the purview of nephrologists including management of 
severe diffuse proliferative or crescentic GN due to SLE, 
acute infections, heart failure, urological conditions due 
to kidney stones and cancers, and postoperative surgical 
acute tubular necrosis. Obstetric causes include HELLP 
(hemolysis, elevated liver enzymes, low platelet count) 
syndrome, preeclampsia, and abruptio placentae. If the 
hospital has a cardiothoracic unit, AKI due to post-CABG 
(coronary artery bypass grafting) cardiogenic shock is 
also commonly seen. Tumor lysis syndrome is managed in 
hospitals with large hematology/oncology units and liver 
failure in large tertiary hospitals and in those with liver 
units.

The pay for work in MOH for a nephrologist is low, but 
the range of conditions and experience is very broad. 
Remuneration in the private sector is higher for less work 
done with fewer inpatients and procedures. It is estimated 
that a moderately successful nephrologist in the private 
sector earns about RM 800,000 a year while those in the 
public sector earn about half of this. In Malaysia, 72% of 
all admissions and 85% of outpatient consults are in gov-
ernment hospitals [65]. A search of the National Specialist 
Register showed that 46% of all adult nephrologists and 
65% of pediatric nephrologists work in the public sector 
(www.nsr.org.my assessed on 8 April 2019). The number 
of specialists in medicine in the private sector was esti-
mated to be 46% in 2011 [66]. Some nephrologists in the 
public sector supplement their income by working ses-
sions in the private sector. In the future, if a healthcare 
financing scheme gets underway, remuneration would be 
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the same across both sectors. At present, there is a public-
private partnership with unequal remuneration between 
sectors.

 Highlights of Nephrology in Malaysia

The rate of diabetes mellitus had gone up drastically over the 
years along with a rise in obesity and a stable high rate of 
hypertension of about 30% [40, 41]. It has been documented 
that diabetes is not well controlled in the country [67]. The 
challenge is to arrest the increase in these conditions along 
with promoting a healthy lifestyle in a hope of stopping the 
increasing incidence of diabetes and later ESRD.

 Future Perspectives of Nephrology 
in Malaysia

Initially, there was a rush to save lives and to provide dialy-
sis. It is time to refine what is available and to look closely at 
quality of care. Nephrologists need to know about the man-
agement of chronic disease, diabetes, cardiovascular disease, 
and vascular access. There is a need for implementation of 
nutritional advice, management of CKD mineral bone dis-
ease, and palliative care by training more dietitians and doc-
tors with such expertise.

 Conclusion

In summary, the challenges facing nephrology in Malaysia 
include the capacity to train enough nephrologists, physi-
cians and dialysis personnel to care for patients, providing 
for an aging dialysis population with complex medical prob-
lems and reducing inequity in dialysis provision. This 
encompasses recording, auditing, and improving quality and 
outcome of dialysis, containing costs, encouraging kidney 
transplantation as the preferred option, and decreasing the 
incidence of diabetic ESRD.
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GDP per capita2 1196.60 USD (2018)
Human development index 
(HDI)

0.562 (2017)
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Total number of nephrologists 150
National society of nephrology Pakistan Society of Nephrology

www.psn.com.pk
Incidence of end-stage renal 
disease

2018 – 15 ppm

Prevalence of end-stage renal 
disease

2018 – 49 ppm

Total number of patients on 
dialysis (all modalities)

2017 – ~9000 – 10,000
2018 – ~10,000 – 10,500

Number of patients on 
hemodialysis

2017 – ~8800 – 9800
2018 – ~9800 – 10,300

Number of patients on 
peritoneal dialysis

2017 – ~150 – 200
2018 – ~150 – 200

Number of renal 
transplantations per year

2017 – ~350 – 500
2018 – ~350 – 500

1. https://www.worldometers.info/world-population/pakistan-population/
2. https://tradingeconomics.com/pakistan/gdp-per-capita

 Introduction

Located on the continent of Asia, Pakistan covers 770,875 km2 
of land and 25,220 km2 of water, making it the 36th largest 
nation in the world with a total area of 796,095  km2 [1]. 
Pakistan shares an eastern border with India and a northeast-
ern border with China. Iran makes up the country’s south-
west border, and Afghanistan runs along its western and 
northern edge. The Arabian Sea is Pakistan’s southern 
boundary with 1064 km of coastline. Pakistan geologically 
overlaps with both Indian and Eurasian tectonic plates. The 
Northern areas have 5 of the world’s 17 highest peaks, along 
with the highest range of mountains, the Himalayas and 
Karakoram, as well as extensive glaciers [2].

The country of Pakistan has a history that dates back to 
almost 2500 years B.C. In ancient times of the Indus valley 
civilization, it was considered to be one of the most advanced 
and highly developed civilizations. Finally, Pakistan became 
an independent state on August 14, 1947. It has four different 
provinces: Punjab, Khyber Pakhtunkhwa, Sindh, and 
Baluchistan.

According to the 2017 census, the country’s population is 
213.619 million [2]. As seen in Table 27.1, Pakistan has a 
growing population, with over 50% living in rural areas [3].

According to the 2017–2018 Pakistan Economic Survey, 
the overall literacy rate, including children 10 years old and 
above, is 58% [4].

Table 27.1 Selected demographic indicators for country

Year 2014 2015 2016
Total population (million) 188.02 191.71 195.4
Urban population (million) 72.50 75.19 77.93
Rural population (million) 115.52 116.52 117.48
Total fertility rate 3.2 3.2 3.1
Crude birth rate/1000 26.4 26.1 25.6
Crude death rate/1000 6.90 6.80 6.70
Population growth rate (%) 1.95 1.92 1.89
Life expectancy (year)
  Females 66.9 67.3 67.7
  Males 64.9 65.2 65.5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_27&domain=pdf
https://doi.org/10.1007/978-3-030-56890-0_27#DOI
http://www.psn.com.pk
https://www.worldometers.info/world-population/pakistan-population/
https://tradingeconomics.com/pakistan/gdp-per-capita
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The gross domestic product (GDP) per capita in Pakistan 
was last recorded at 1196.60 USD per annum in 2018 [5]. 
Pakistan, indexed 0.562, ranks 150th on the Human 
Development Index (HDI); only 31.2% of the people are for-
mally employed, and skilled laborers make up 28.3% of the 
labor force [6].

In the past 15 years, there has been a 14% increase in the 
total healthcare infrastructure. According to the 2014–2015 
Pakistan Economic Survey, there were 1167 hospitals, 5695 
dispensaries, 5464 basic health units (BHU) subhealth cen-
ters, 733 maternity and child healthcare centers, 675 rural 
health centers, and 339 tuberculosis (TB) centers, compris-
ing a total of 118,869 beds and a population per bed of 1613. 
There have been 184,711 registered doctors, 16,652 dentists, 
94,766 nurses, 34,668 midwives, and 16,488 lady health 
workers. It is observed that the tertiary care units in Pakistan 
are overburdened [7].

A large proportion of people living in rural areas and 
urban slums are desperately poor with limited access to 
improved health care. Other sources of disparity include con-
tinuing class and gender bias, which puts females and people 
belonging to certain classes of the society at a disadvantage.

 Brief History of Nephrology in Pakistan

Nephrology as a separate discipline of medicine started in 
1970 when the first nephrology facility was established at 
one of the largest health institutions of Pakistan, the Jinnah 
Postgraduate Medical Centre, Karachi [8]. Pakistan Society 
of Nephrology (PSN) came into existence on May 18, 
1995, and launched its journal entitled Pakistan Journal of 
Kidney Disease (PJKD) in September 2017. Over almost 
five decades, nephrology has expanded countrywide, and, 
as of current statistics, there are 150 registered nephrolo-
gists, with many registered for postgraduate program in 
nephrology [9].

Renal replacement therapy (RRT) was started as intermit-
tent peritoneal dialysis (IPD) in 1970, hemodialysis (HD) 
was started in 1972, and the first renal transplant was per-
formed in 1979.

 Renal Diseases in Pakistan

Most data regarding disease burden estimates are center- 
based, and the lack of a central registry system results in 
poor unanimity regarding epidemiology of any disease in 
the country. Because of poor health infrastructure, many 
patients seek nephrology advice only when disease has 
already advanced to end stage, and finding out the exact 
cause of renal failure is close to impossible in many of such 
patients. Those who can either be seen earlier and/or pro-

vide a good medical history certainly lead to the assump-
tion that diabetic nephropathy and hypertensive 
nephrosclerosis are major contributing factors to end-stage 
renal disease (ESRD). Other contributing causes could be 
renal stone disease, glomerular diseases, tubulointerstitial 
nephritis, polycystic kidney disease (PCKD), reflux 
nephropathy, renovascular disorders, and other irreversible 
renal failure causes, which could have been prevented with 
proper medical care [10, 11].

Kidney stone disease is one of top causes of obstructive 
nephropathy in Pakistan, affecting all age groups. Stones, if 
left untreated, especially when causing obstruction to urinary 
outflow, may cause ESRD [12].

 Acute Kidney Injury

The tropical countries are those between the tropics of 
Cancer and Capricorn; Pakistan lies in this region. A num-
ber of diseases are confined to this region, and physicians 
must be aware of these conditions, even when people have 
travelled to other parts. The causes of acute kidney injury 
(AKI) in tropical countries can be due to infections, ani-
mal and plant toxins, drugs, poisons, or obstetric compli-
cations along with some newly emerging and rare causes 
for AKI [13].

 Infections

Although any severe infection can cause AKI, common trop-
ical infections are malaria, leptospirosis, salmonellosis, shig-
ellosis, and melioidosis, whereas less common are 
clostridium, diphtheria, dengue, leprosy, and rickettsia. 
Reported infections causing AKI, malaria, and dengue 
remain the most frequent ones for Pakistan.

Malaria Malaria is a common tropical infection acquired 
through the dermal sting of an infected Anopheles mosquito. 
AKI caused by malaria can be mediated through several 
mechanisms. It may be due to parasitized red blood cells in 
circulation causing obstruction in microcirculation. Another 
factor is hypovolemic shock, which can result from hyperpy-
rexia, sweating, decreased fluid intake, vomiting, and, in 
some cases, diarrhea. Vascular endothelial changes can also 
activate platelet adhesions, thrombocytopenia, and dissemi-
nated intravascular coagulation. Rise in inflammatory cyto-
kines particularly tumor necrosis factor α, interferon γ, 
interleukins 1,4,6,8, endothelial leukocyte adhesion mole-
cules- 1, and intracellular adhesion molecules-1 is well estab-
lished [14–17].

Though AKI has been mostly reported with P. falci-
parum in the literature, it can result from P.vivax as well 
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[14, 17, 18]. In a large published series [17], it was reported 
that malaria contributes to 12% of total AKI, while 59% of 
malarial AKI are falciparum and 16% vivax, and some 
reported having dual infection with both species. The 
prognosis in malarial AKI reported in a large series of 671 
cases in Pakistan [17] showed complete recovery in 65% 
and death during acute illness in 21% of patients. 
Hyperkalemia, deranged liver functions, and altered sen-
sorium were reported as indicators of poor prognosis in 
terms of death in patients with falciparum malaria associ-
ated with AKI [17, 18].

Dengue Dengue is an important viral infection transmit-
ted through mosquito bites. It is widely spread in tropics 
and subtropical countries. Reported incidence is 50–100 
million new cases every year across the globe [19, 20]. 
The first case of dengue in Pakistan was reported in 1982 
[21]. Dengue can affect various organs simultaneously or 
one at a time; involvement of liver, hematological, ner-
vous, and respiratory system has been widely reported 
[22]. A spectrum of renal involvement reported with den-
gue infection ranges from proteinuria, glomerulonephritis 
(GN), IgA nephropathy, to AKI [23]. AKI is mainly asso-
ciated with hemorrhagic fever and shock syndrome and 
may present as part of multi-organ failure. Transient dis-
ruption in the function of endothelial layer is characteris-
tic of dengue infection, which eventually leads to multiple 
consequences [19]. A Pakistani study comprising 43 
patients with dengue-associated AKI reported complete 
recovery in 37 (86%) and death during acute phase in 6 
cases (14%) [24].

Leptospirosis Leptospirosis has been widely studied in 
many Asian countries except Pakistan. Therefore, limited 
Pakistani literature on serum-prevalence studies is available. 
In a published study, the prevalence of leptospirosis during 
different months of the year revealed its highest number of 
cases in March, April, and August [25]. In the literature 
search for leptospirosis-associated AKI in Pakistan, no pub-
lished report was found. In addition, salmonellosis causing 
AKI in country is nonexistent in the literature.

 Toxins

Use of certain poisonous substances for self-harm, acciden-
tal, or professional exposure may result in AKI. Paraphenylene 
diamine (PPD), methanol, organophosphorus compounds, 
phenobarbitone, benzodiazepines, paraquat, copper sulfate, 
tartaric acid, datura, and rat killer are the most common sub-
stances reported to be associated with AKI in Pakistan. In a 
published study of 184 patients with AKI secondary to poi-
soning, 133 recovered, and 37 died during acute illness [26].

Paraphenylene Diamine Poisoning PPD is an organic com-
pound, a derivative of analine, with the formula C6H4(NH2)2. 
Human exposure is primarily through hair dyes and fortified 
“henna” which is used for tattooing. Occupational exposure is 
through photocopying and printing inks, black rubber, lithog-
raphy plates, etc. [27]. PPD can cause local symptoms, par-
ticularly contact dermatitis in sensitive cases, oropharyngeal 
edema; rhabdomyolysis and AKI have been reported after oral 
intake. PPD ingestion is followed by complex reactions, lead-
ing to formation of several intermediate oxidation compounds. 
However, the major product is Bondrowski’s base, which is an 
allergen, mutagenic, and highly toxic [28]. Hepatotoxicity is 
believed to result from direct exposure to oxidized substances. 
The largest published case series in Pakistan of AKI secondary 
to PPD poisoning reports 100 patients affected with this poi-
son. RRT was required in 97% of the cases. Complete renal 
recovery occurred in 77%, while 16% died during the acute 
phase of illness. Liver functions started improving in 
1–2 weeks, and complete renal recovery was observed over 
6 weeks (range 2–10) [29].

 Animal Toxins

Snakebites Snakes commonly found in this country are (a) 
Indian pythons, which are found in vegetation near rivers and 
lakes; (b) two subspecies of cobras, which are found in des-
ert areas, especially in vegetation such as damp grassland, 
often found around villages or areas with some cultivation; 
(c) two subspecies of the saw-scaled viper, found in large 
numbers in dry desert areas, sandy areas, rocky areas, and 
scrub forest; (d) Russell’s viper found around India-Pakistan 
border in the east and to the Indus Valley in the west; and (e) 
the Indian krait found in the coastal lowlands in the north and 
eastward to Waziristan and Quetta regions. Snake envenom-
ation in human, which can be complicated with AKI, remains 
an important public health problem among rural and semiur-
ban communities in Pakistan. Renal injury has been reported 
from saw-scaled viper, Russell’s viper, Indian krait, and 
cobra [30, 31]. Like other developing countries, the majority 
of victims are initially treated by professional snakebite heal-
ers, snake charmers, and religious men. Deaths often occur 
before the patients reach the hospital. In a published study of 
115 cases of AKI secondary to snakebite, complete renal 
recovery was reported in 51% of patients, while 13% of 
patients died during acute phase of illness. Thrombocytopenia 
and deranged liver enzymes were statistically significant fac-
tors found in the deceased population [32].

Scorpion Stings According to published reports, there are 
about 2000 species of scorpion existing all over the world, 
most populated in warm and dry tropical regions. Among 
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these, approximately 25–40 species have toxins dangerous 
to human. More dangerous species have been reported from 
Iran, Indian subcontinent (which includes Pakistan), Turkey, 
and Middle Eastern countries. Mesobuthus tumulus, an 
Indian red scorpion, is the most lethal species in the region 
[33]. Toxicity of the venom is contributed by its proteolytic 
content and phospholipases A2; each venom contains 
50–100 different polypeptides. The renal injury may be 
caused by pigment nephropathy (myoglobin or hemoglobin 
pigment), interstitial nephritis by direct toxin effect, rhabdo-
myolysis, intravascular hemolysis, or vasculitis [34]. AKI 
may occur as part of multi-organ failure in selected cases. 
The largest study published from Pakistan is based on a 
series of 18 patients with AKI after scorpion sting. Patients 
in this series belonged to Baluchistan, a province of Pakistan. 
RRT was required in all patients. Complete renal recovery 
occurred in 72%, while two patients died during acute phase 
of illness [35].

 Rhabdomyolysis

A series of 334 cases of AKI secondary to rhabdomyolysis 
has been registered in Pakistan over a period of 25 years, and 
the authors have reported changes in the causes of rhabdo-
myolysis. The prevalence of traumatic rhabdomyolysis 
(which is mainly related to road traffic accidents) remained 
unchanged throughout the study period, whereas nontrau-
matic exertional rhabdomyolysis showed decline during the 
last 5 years of the study, this group mainly included rhabdo-
myolysis in people who were forced to do prolonged exer-
cise by law-enforcing agencies in most of cases, and the 
nontraumatic non-exertional rhabdomyolysis showed a dra-
matic increase due to marked increase of PPD poisoning dur-
ing the last 5  years. This series has shown a remarkable 
number of cases who developed rhabdomyolysis after physi-
cal torture [36]. Rhabdomyolysis in patients after PPD poi-
soning have shown good recovery; 77% of patient revealed 
complete recovery in an average of 6 weeks time [29].

 Obstetrical

AKI, in association with pregnancy, invariably occurs as a 
result of potentially preventable causes. Availability of health-
care facilities varies widely in different parts of world, even in 
same region, neighboring countries, or different parts of same 
country, and can present a wide range of statistics in this 
regard. In developed countries, the incidence of pregnancy- 
related AKI fell from 22% in the 1950s to 1% in the 1990s 
[37]. Published reports from Pakistan revealed 11–36% of 
total AKI resulted from complicated obstetrics [38, 39].

The development of AKI in obstetric patients differs 
pathogenically in early or late part of pregnancy or postpar-
tum period. In the first months of pregnancy, prerenal AKI 
may result from hyperemesis or excessive blood loss, with 
inevitable abortion, or as a result of urinary tract infection or 
induced abortion. During the last months of pregnancy, intra-
renal AKI is more prevalent, with preeclampsia being the 
most commonly addressed condition – although pathogene-
sis is not yet clearly understood; placental and systemic 
endothelial activation both may play a role. Other causes 
include HELLP syndrome, thrombotic microangiopathy, 
acute fatty liver, pyelonephritis, and acute tubular necrosis. 
Excessive blood loss before or soon after childbirth remains 
a main contributing factor to ischemic tubular necrosis. 
While sepsis may cause AKI in multifactorial manner, intra-
renal hemodynamic changes, infiltration of inflammatory 
cells in renal parenchyma, endothelial dysfunction, activa-
tion of mediators, intraglomerular thrombosis, and tubular 
obstruction with necrotic debris may all contribute to pathol-
ogy [40]. A published study over a span of 25 years from a 
tertiary renal care center in Pakistan described an increase in 
the incidence of pregnancy-related AKI during the last 
5 years of the study period [11].

 Chronic Kidney Disease in Pakistan

Pakistan is one of the two most populous countries in South 
Asia. According to published reports, the burden of noncom-
municable diseases has increased in recent years, and the 
estimated number of noncommunicable diseases has contrib-
uted to around 40% of all deaths [41].

A population-based study published from the metropoli-
tan city of Karachi, which used albuminuria along with 
serum creatinine for determination of CKD, revealed a kid-
ney disease prevalence of 16.6%. This study looked for the 
relationship of CKD with age, gender, history of diabetes 
mellitus and hypertension, as well as smoking status. 
Researchers found that none of the potential risk factors was 
statistically significant for mild kidney disease. However, 
they found that increasing age, presence of diabetes and/or 
hypertension, and history of smoking were statistically sig-
nificant with the moderate kidney disease [42].

Since diabetes and hypertension are important risk factors 
for the development of CKD, the prevalence of diabetes has 
been reported after performing a cross-sectional survey in all 
provinces of country. The total number of subjects examined 
in this survey was 5433, and the prevalence of diabetes in the 
urban versus the rural areas was 6.0% in men and 3.5% in 
women, against 6.9% in men and 2.5% in women, respec-
tively [43].

The prevalence of hypertension was also evaluated by 
analyzing the National Health Survey of Pakistan in different 
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ethnic groups, and it was found that hypertension was more 
prevalent in urban (22.7%) versus rural population (18.1%). 
Proteinuria, which is a marker of CKD, was also evaluated in 
the same population-based study that differentiated protein-
uria in ethnic terms and reported that one ethnic group dif-
fered from the others. An interesting observation in this 
study was that the ethnic group that was more prevalent for 
hypertension was not equally prevalent for proteinuria [44].

Another community-based cross-sectional study per-
formed in the metropolitan city of Karachi reported a crude 
prevalence of reduced eGFR of 5.3% and albuminuria of 
9.4%. CKD was observed in 12.5% of adults over 40 year of 
age. The prevalence of CKD and reduced eGFR was higher 
in women than in men in this study [45].

In the only national registry source of reported causes of 
CKD, based primarily on available data from dialysis patients 
(and not including the largest dialysis center in the country), 
hypertension contributes with 39.78% of the cases, diabetic 
nephropathy 35.8%, chronic GN 13.4%, PCKD 4%, renal 
calculus disease 3.2%, and others/unknown 3.7% [46].

The Sindh Institute of Urology and Transplantation (SIUT) 
data published in 2002 reported diabetes mellitus and hyper-
tension contributing equally with 19.67% and 19.45%, kid-
ney stone disease 7.2%, glomerular disease 9.9%, autosomal 
PCKD 3.6%, tubule-interstitial diseases 2.7%, renovascular 
diseases 2.1%, and unknown in 26.31% [10].

Among patients with AKI secondary to GN, according to 
a published report, 19.49% developed CKD [47]. Similarly, 
a study on AKI secondary to tubule-interstitial nephritis 
reported that 14.83% of the patients developed CKD [48].

 Kidney Stone Disease in Country

As Pakistan lies in the Afro-Asian stone belt, there is always 
a concern about knowledge of the incidence or the preva-
lence of renal stone disease in the country. A survey done in 
1931 in the region revealed a high incidence in the northern 
part, while south India had the lowest. The highest incidence 
was in the provinces of Sindh and Punjab; both of these are 
part of Pakistan after 1947 [49].

A SIUT study published in 2002, which included 18,490 
patients with urolithiasis, reported a prevalence of 12%; and 
the stone composition was calcium oxalate 65%, uric acid 
and urate 20%, struvite 12%, and others 1%. In the same 
study, urinary metabolic analysis found hyperoxaluria in 
52%, hyperphosphaturia in 12%, hyperuricosuria in 10%, 
hypocitraturia in 57%, and hypomagnesuria in 34% [50].

Improved technology has revolutionized the management 
of stones; the introduction of extracorporeal shock-wave 
lithotripsy, fiber-optic semirigid and flexible ureteroscopes, 
and narrow caliber endoscopes have expanded minimally 
invasive options in management of urolithiasis, and people 

developing ESRD reaching to nephrologists has certainly 
minimized over the last decades.

 Renal Replacement Therapy in Pakistan

Internationally, it has long been recognized that there is an 
association between a country’s GDP and its dialysis treat-
ment rate.

The first RRT program started with a peritoneal dialysis 
(PD) facility established at the Civil Hospital, Karachi, in 
1970. Subsequently, dialysis facilities became available at 
hospitals attached to the various medical colleges across the 
country.

 Hemodialysis

HD was started at the Military Hospital in Rawalpindi in 1972. 
The Kidney Foundation was established in 1996 by the most 
senior nephrologist in the country in association with some 
industrialists and journalists. This foundation worked raising 
financial funds for RRT in the country. According to their pub-
lished 2014 report, there were 107 dialysis centers in both pub-
lic and private sectors, with 891 total available dialysis machines. 
The dialyzer reuse is practiced in 76 of 107 (71%) centers [46]. 
Incidentally, one of Pakistan’s largest institutions, the SIUT in 
Karachi, was not included in the published report. It is the larg-
est dialysis center in Pakistan and performed about 28,000 dial-
ysis sessions each year in the late 1990s [51]; this number has 
enormously increased to 368,754 sessions per year in 2018, 
with an increase in number of dialysis machines to 368 at 6 dif-
ferent satellite centers of the same institution (unpublished 
data). According to dialysis centers published registry, dietitians 
are available for dialysis patients in 17.76%, social workers in 
21.49%, erythropoietin prescribed at 54.86%, parenteral iron in 
47.30%, and oral iron in 52.70% of the centers. Same report 
mentioned 59.24% patients getting HD twice/week, 16.55% 
thrice/week, and 24.21% infrequently/irregularly HD. Doctors 
are available in 95% of dialysis centers. Long- term HD patient 
survival >10 years is 1.5%. Among registered dialysis popula-
tion, 63% are male and 37% females [46].

About 82% of HD patients are getting dialysis via perma-
nent angio-access. There is no strict observation of number 
of dialysis patients under care of dialysis technician or nurse; 
it may vary from one to four to eight patients a representative 
from SIUT has presented at alocal conference Hepatitis con-
version rate of 40 % in 2017 while another center from same 
city of Karachi presentated Hepatitis C conversion rate of 
14%. All patients who get registered for HD are screened for 
hepatitis B, C, and HIV. Most of the dialysis centers have 
segregated machines or areas for hepatitis B-positive patients 
and have applied this policy for hepatitis C as well. 
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Seroconversion for hepatitis C is quite high in dialysis popu-
lation, ranging from 15% to 40% at different centers (unpub-
lished data). During last year, one dialysis center faced an 
outbreak of seroconversion for HIV, though no published 
data can be found on exact figures.

There is no unanimous reimbursement program for dialy-
sis expenditure, but some local government bodies and some 
private firms do pay for their employees, partial or in full. 
Private hospital may charge between 3000 and 11,000 PKR 
per HD session, and reimbursement is not uniform; some 
bodies reimburse 100% of expenditure, while others do not.

 Peritoneal Dialysis

The first PD facility in Pakistan was established at the Civil 
Hospital, Karachi, in 1970. In the beginning, only IPD was 
carried out at most PD centers. CAPD reached Pakistan by 
1998. This modality on one hand has advantages of not 
requiring dialysis machine, can be done at home, decrease 
need of hospital visits by patients, blood loss is negligible, 
provides to a great extent a liberal diet (especially, some 
restrictions regarding fluid and sodium intake), better blood 
pressure control, and can be done at remote areas with less 
health facilities after giving little training to patient or one of 
the family members. Despite the abovementioned advan-
tages, CAPD could not flourish in the country for various 
reasons, the most important ones being its cost and sustained 
availability of CAPD solutions. Then, there is the competi-
tion with the established modality of HD; it was thought that 
many nephrologists running their own HD centers would not 
like their business to be affected [52].

Currently, IPD is practiced on a very limited scale at some 
hospitals, and CAPD is further limited. Across the country, 
only 45 CAPD patients (40 adult and 5 pediatric) are regis-
tered, with only one company supplying solution with a cost 
of 21,000 PKR/month for the PD solutions, while a Tenckhoff 
catheter costs 16,000 PKR (conversion rate in early 
September 2019 was 1 USD = 156.40 PKR). According to a 
published report by Philip et al., in Bangladesh, PD costs 1.2 
times more than HD, while in Pakistan, it costs 2.7 times 
more [53]. The source of this information is unknown to the 
authors (Philip et al.), as our communication with the sup-
plier of Fresenius International Company concluded that PD 
solutions, if available, cost less for a whole month than get-
ting HD at any private sector facility in the country. 
Automated PD (APD) is nonexistent in the country.

 Renal Transplantation

The ever-increasing number of patients on maintenance dial-
ysis therapy demanded the initiation of a renal transplant 
program in Pakistan. The first renal transplant in Pakistan 

was performed in Rawalpindi in 1979. Since then, the renal 
transplantation program has gone through various stages of 
development. At the urology department of civil hospital 
Karachi (which attained status of SIUT in 1992), transplant 
activity started in November 1985. During the initial years, 
transplant activity was very slow, performing less than ten 
transplants/year across the country. In those years, the neigh-
boring country, India, was the hub of commercial transplants, 
and people used to travel there to get transplant done mostly 
with purchased organs and rarely taking their family mem-
bers as organ donors. After legislation in 1994 in India [54], 
the transplant activity graph has suddenly risen in Pakistan. 
While SIUT kept strict sustenance to do transplant with 
living- related donors, commercial transplant activity 
increased many folds in the cities of Lahore and Rawalpindi, 
in the Punjab Province. SIUT started a campaign against 
organ trade and the promulgation of a law in 1994, which, 
after overcoming several hurdles, finally was approved as a 
law for transplantation of human organs and tissues in 2010. 
Nevertheless, from time to time, the press reports some ille-
gal transplant going on in one of these two cities of Punjab or 
in province of Khyber Pakhtunkhwa (KP) [55–57].

Currently, at least nine centers are performing renal trans-
plants; six of them are in the government sector. The number 
in the private sector is not exactly known, as not all of them 
are performing legal transplants with living-related donors.

SIUT alone is performing the largest numbers of trans-
plants; from November 1985 until September 12, 2019, 6037 
transplants were performed. Of these, only 38 were from 
deceased donors (8 from national deceased donors and the 
rest of the kidneys were supplied by Eurotransplant founda-
tion, Netherlands). The remaining renal transplants were 
done from living-related donors. One-year graft survival rate 
at this center is 92% and at 5 years 80% [51].

A survey done in 2006 at small villages of Punjab, evalu-
ating causes for kidney sale, found that these vendors are 
living below the poverty line; 66% of them were bonded 
labors and sold their organs to pay debts or fulfill basic living 
requirement [58].

 Pediatric Nephrology in Pakistan

Kidney disease is a global public health problem affecting 
over 750 million persons worldwide. The burden of kidney 
disease varies substantially across the world, as does its 
detection and treatment [59]. Pakistan ranks sixth among 
nations with largest population and fifth among countries 
with largest youth population. Sixty-three percent of our 
population is less than 25 years of age, 53% below 19 years, 
and 35% between 15 and 24 years [60].

Because of complex and costly nature of kidney disease 
care, its provision is tightly linked with the public policies 
and financial status of the countries. The current burden of 
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neither CKD nor ESRD care can be entirely publicly 
financed, and CKD prevention efforts are limited. 
Collaboration between public and private sector has 
emerged in order to provide RRT.  This partnership has 
existed for more than 40  years in the city of Karachi, 
between SIUT and the public sector [59]. SIUT has played 
a vital role in raising the awareness, at the primary care 
physician level, about the prevalence and incidence of kid-
ney diseases in Pakistan.

As this awareness honed further, the primary care physi-
cians and even the newly trained nephrologists began iden-
tifying a large number of cases in the pediatric population. 
By the early 2000s, nearly 30% of the patients attending the 
nephrology clinics at SIUT were in the pediatric age group. 
This prompted the institution to establish Pakistan’s first 
pediatric nephrology unit in 2005. However, pediatric 
nephrology services in Pakistan were first offered at the 
National Institute of Child Health (NICH), Karachi, where 
pediatricians with an interest in nephrology began offering 
HD and PD to children presenting with ESRD.

The pattern and prevalence of biopsy-proven renal dis-
ease (BPRD) vary across geographic areas, socioeconomic 
conditions, ethnicity, and age. Although a few reports of 
BPRD have been published from Pakistan, the true pattern of 
renal disease is still largely unknown [61].

Mubarak et al. reported nephrotic syndrome with its clini-
cal subtypes as the most common in his series accounting for 
69.4% of the cases. AKI and nephritic syndrome were indi-
cations for biopsies in 19.7% and 6.5% of the cases, respec-
tively. Systemic diseases involving kidney-like systemic 
lupus erythematosus and Henoch-Schonlein purpura are rare 
entities. Further breakdown of nephrotic syndrome revealed 
minimal change disease (MCD) as the predominant lesion in 
29.4% of the biopsies. This is in keeping with several studies 
around the world, which showed that MCD is the most com-
mon lesion in children with BPRD. The next most frequent 
renal disease in this study was focal segmental glomerulo-
sclerosis (FSGS), noted in 21.8% of the cases. Out of 158 
cases of renal failure in children, renal biopsy showed cres-
centic GN as the most common cause 24.6%, followed by 
chronic sclerosing GN and postinfectious GN in 12.6% and 
10.1%, respectively [62].

Pediatric kidney stones disease remains endemic in the 
developing nations like Pakistan, affecting children at ages 
less than 1 year to adolescence. The prevalence rate is high at 
5–15% compared to 1–5% in developed countries [63].

The province of Sindh has one of the highest prevalence 
of stone disease in Pakistan. Multiple factors including hot 
humid climate, inadequate fluid intake, consanguineous mar-
riages, and recurrent diarrhea in malnourished children pre-
dispose to occurrence of urinary tract stones [64]. This has 
resulted AKI and CKD in 14% and 20%, respectively. It is 
also responsible for ESRD in 20% of the children undergo-
ing renal transplantation [65, 66].

Tresa V. described etiology, clinical profile, and short- 
term outcome of AKI in children from tertiary care centers in 
Pakistan and found that primary renal disease (intrinsic 
renal) was the most common cause of AKI in 63.8% fol-
lowed by obstructive uropathy (postrenal) in 24.1% of the 
cases. Among primary renal disease, postinfectious GN was 
the most common entity followed by crescentic GN. However, 
urolithiasis was seen as the leading cause among obstructive 
uropathy [67].

RRT options available in Pakistan include PD, HD, and 
renal transplantation. However, the overwhelming majority of 
dialysis modality offered to patients is HD as most centers are 
not equipped to impart patient education and training for PD.

Because of the fact that the SIUT was one of the first pub-
lic sector kidney hospital and the largest, it offers the wide 
spectrum of pediatric RRT to its patients who represent 
nearly 50% of the documented pediatric nephrology popula-
tion of the country [68].

In all, there are about ten pediatric centers spread across 
the five major cities of Pakistan offering these services to the 
patients. There are three centers in the country that perform 
pediatric kidney transplantation.

Until recently aspiring physicians had to travel abroad to 
seek training in pediatric nephrology, but now five centers 
have been approved for the fellowship training in pediatric 
nephrology across Pakistan.

An overwhelming percentage of the pediatric population 
seeks RRT in the few public sector hospitals where it is made 
available. There is no government program of cost reim-
bursement, while it is pertinent to note that less than 1% of 
the population has health insurance [68].

The Pakistani pediatric nephrology group was established 
few years back and provides an effective platform for the 
pediatric nephrologist to interact and collaborate.

Pediatric nephrology in Pakistan has now been firmly 
established as a specialty, and an ever-increasing number of 
general pediatricians are seeking placement for this fellow-
ship; however, the magnitude of the patient population far 
exceeds the available resources in all respects. There is a 
need to train more people and have more pediatric renal units 
available, especially in the smaller cities which are closer to 
rural areas where such diseases are rampant. There should 
also be a focus of the health authorities on the prevention 
aspect of these diseases in order to reduce the disease burden 
in the long term.

 Nephrology Practice in Pakistan

Nephrology is a rapidly growing specialty in Pakistan, and 
there are two types of postgraduate degrees awarded in this 
sub-specialty of medicine. One is M.D, which only some 
recognized institutions can award, and the candidates, after 
getting trained under supervision of certified nephrologist, 
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go through extensive evaluations of theory and practical 
exam and writing of thesis which they have to defend at the 
time of the final evaluation. The other is FCPS, a fellowship 
degree awarded by a college for postgraduate doctors; the 
candidate has to take training at a recognized institution 
under supervision of certified nephrologist and have to go 
through theory and practical exam and write either a disser-
tation or publish two original papers in recognized journals. 
University hospitals or state-run hospitals are in the process 
of developing the nephrology specialty at each of these hos-
pitals, similarly private hospitals want to install few dialysis 
machines and little set up of nephrology so that they can earn 
more. Therefore, every now and then, there are job advertise-
ments for nephrologists. However, a budding nephrologist 
would be at a loss in the long term if joining some small 
private clinics and also private hospitals, as they do not pay 
much, and, then, the nephrologist also has to practice in other 
clinics. On the other hand, university-based hospitals always 
provide an opportunity to progress in learning as well as 
teaching at the same time. Dialysis nurses or trained techni-
cians are in a better situation to find higher salary jobs at 
private clinics.

 Future Perspectives

We forecast that the global burden of kidney disease will 
continue to grow due to the increased demand for care as the 
population ages and prevalence of systemic diseases like dia-
betes and hypertension is also increasing, contributing to 
CKD. There is an unequal distribution of the ratio of nephrol-
ogists to patients throughout the country (more population 
residing in rural areas and more nephrologists and nephrol-
ogy care based in main cities). This is a problem without a 
simple solution as choice of where to practice is influenced 
by additional factors aside from patient location. There 
should be state-run programs together with the nephrology 
community to promote interest and provide a robust nephrol-
ogy workforce for years to come.

A well-designed future plan for a selected path to deal 
with CKD burden will require demands for country’s health-
care system and burden on health budget. Without adequate 
preparation and planning, a progressive mismatch may occur 
between the kidney care services demand and the supply of a 
trained nephrology workforce. This may lead to a reduction 
in the quantity and quality of care.

There is also need for future effective training programs 
at the undergraduate and postgraduate level and adoption of 
novel recruitment strategies. Enhanced opportunities for 
research in the field of the most prevalent renal diseases in 
the country should be part of the implementation process. 
Cooperation at international level is desirable, and the 
International Society of Nephrology (ISN) is already offer-
ing different training and supportive programs at availing 

facilities at sister renal units abroad. Postgraduate in nephrol-
ogy and opportunities to get trained at recognized renal units 
are real today; the only problem with these programs is that 
some of candidates do not return to the home country and 
thus desired effect not achieved.

One of pediatric nephrology center in city of Karachi is 
planning to start automated PD (APD) and CAPD in children, 
as children of less than 2 years of age are dying because of 
nonavailability of age-matched HD disposables in Pakistan.

 Interventional Nephrology

Nephrologists have to come across some interventions in 
routine practice, which includes renal ultrasonography, 
renal biopsy, PD catheter placement for IPD as well as for 
CAPD and APD, achievement of vascular access via tem-
porary and tunneled catheters, vascular mapping, percuta-
neous balloon angioplasty, thrombectomy, and intravascular 
coil and stent insertion. In Pakistan, many of these proce-
dures used to be done by nephrologists previously (the 
author has experience of doing these procedures along with 
creation of arteriovenous fistulas and placing Scribner’s 
shunt for dialysis access in the early 1990s). Over recent 
years, many of these procedures have been taken over by 
radiologist and surgeons, even though it would be more 
advantageous for patients if the nephrologists perform 
these procedures, as they know their patient more than oth-
ers. Recent data from various countries have shown that a 
nephrologist can be successfully trained as a competent 
interventionist [69].

 Deceased Organ Transplant

Deceased donor organ transplant has not yet taken off in the 
country; SIUT, being the largest transplant center, is fully 
committed to improving the practice.

There is dire need of making central registry for all CKD 
patients, along with central registry of all intensive care units 
(ICU) and trained staff in these ICUs. There is a need for 
well-trained transplant counselors who can approach the 
family of the potential donor diagnosed with brain death in 
any of the registered ICUs. There should be criteria, well 
agreed upon for the selection of recipient; and, then, this 
recipient list would be identified from the registry and pro-
cessed for transplant, all of this in accordance with interna-
tional standards of care and practice. Organ procurement 
comes next on the list, and staff would require training for 
performing the procedure. Further down is the step of trans-
ferring retrieved organs from one place to other.

In the country, the public is not very well aware of possi-
bilities and details of organ donation and transplantation, 
even healthcare professionals lack knowledge about the sub-
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ject. For increasing awareness among common men and 
healthcare professional, multiple steps were taken including 
use of print, electronic and social media, as well as organiz-
ing seminars for the latter group. However, much informa-
tion and education remain to be done in this regard.

Religious leaders, from all religions practiced in the coun-
try, were approached and provided with knowledge of 
 science about organ transplantation; many of them were con-
vinced and promised to use this knowledge to help common 
men make organ donation decisions during life and after 
death.

 Conclusion

In conclusion, like other developing countries, Pakistan has 
very limited resources on budgeting and provision of health-
care facilities; furthermore, there is disparity in distribution of 
available resources. Some institutions have attracted the atten-
tion of philanthropists who provide funds and try to reach the 
poor population of the country to address their ailments result-
ing from renal diseases; to aid this cause, the government also 
provides some extra funding to such institutions. Lack of a 
central registry system is one of the primary obstacles to estab-
lishment of a deceased donor organ transplant program; other 
hindrances are undertrained ICU staffs, transplant coordina-
tors, lack of proper ICU facilities, and poor understanding by 
healthcare professionals and society members regarding the 
issue. There is an increasing number of young postgraduates 
in both adult and pediatric nephrology, and, hopefully, this 
upcoming generation with more enthusiasm may expedite 
these shortcomings in country in the near future.
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 Introduction

The Kingdom of Saudi Arabia is a peninsula covering a large 
area of 2,150,000 Km2. Its population is 34 million, of whom 
39.6% are under the age of 18 years. The Arabian Sea in the 
South, the Arabian Gulf on the East, and Red Sea on the 
West. The capital city is Riyadh with the two main other cit-
ies being Jeddah on the Red Sea and Dammam on the Red 
Sea. Saudi Arabia is bordered by Jordan and Iraq to the 
north; Kuwait to the northeast; Qatar, Bahrain, and the 
United Arab Emirates to the east; Oman to the southeast; and 
Yemen to the south.

Saudi Arabia is the birthplace of Islam and encompasses 
the two most holy cities of Islam  – Mecca and Medina, 
which attract millions of Moslem visitors every year as part 
of their religious obligations and rites. The Saudi population 
is rising at a rate of 4.4% a year and is becoming urbanized 
very rapidly.

The official currency is the Saudi Riyal, which is pegged 
to the US dollar so that the exchange rate remains constant 
at around 3.75 riyals per dollar. The Saudi political system is 
a monarchy but has a consultative parliament through which 
major policy decisions have to pass. Free health care is pro-
vided by the government to Saudi citizens with the cost paid 
largely by the Ministry of Health but shared by other govern-
mental medical sectors.

Saudi Arabia is divided into 13 regions, each with its 
own regional capital. The regions are further subdivided into 
118 governorates, which are further subdivided into sub- 
governorates or centers.

Saudi Arabia is the largest economy in the Arab world and 
is member of the G20 World Economic Group. Saudi Arabia 
is the world’s largest exporter of petroleum and has the fifth- 
largest proven natural gas reserves.

The life expectancy in Saudi Arabia is 74.9 years accord-
ing to World Bank data. It has a high prevalence of adult 
overweight and obesity, 69.7% and 35.5%, respectively. The 
infant mortality rate is 6 per 1000.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_28&domain=pdf
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 Epidemiology and Nature of Kidney Diseases 
in Saudi Arabia

The Kingdom of Saudi Arabia is a peninsula covering a large 
area of 2,150,000 Km2. Its population is 33 million of whom 
39.6% are under the age of 18 years and 30.4% of the total 
population are in the age range of 0–14 years [1]. This may 
be compared to the United Kingdom (UK), in which only 
18.9% of the population is under 16  years old [2] and to 
Denmark in which only 16.4% of the population is below the 
age of 14 years [3]. Saudi Arabia has a high prevalence of 
consanguineous marriages; therefore, a high prevalence of 
kidney diseases inherited though recessive mutation inheri-
tances is to be expected [4].

In 2017, it was reported that there were 18,270 patients 
on hemodialysis (HD), 1389 on peritoneal dialysis (PD), 
and 9810 patients being followed up with a functioning kid-
ney transplantation (KT). The prevalence of Saudi patients 
on renal replacement therapies (RRT) is 1294.3 pmp with a 
breakdown of 802.4 pmp (HD), 61 pmp (PD). and 430.8 pmp 
(KT). The total RRT incidence is 273.4 pmp/year; and the 
breakdown by modality is 211.7 pmp/year (HD), 21.3 pmp/
year (PD), and 40.5 pmp/year (KT). The KT incidence when 
broken down between deceased and living donors is of 6.4 
pmp/year and 34.1 pmp/year, respectively.

The estimated prevalence of end-stage renal disease 
(ESRD) (dialysis dependence) among Saudi children is 59.6/
million pediatric population. A prevalence of 51 pmp has 
been reported in Jordanian children [5] and around 65 pmp 
in Australia, Canada, Malaysia, and Western Europe [6].

The Kingdom of Saudi Arabia (KSA) has one of the 
highest prevalences of diabetes mellitus in the world, 
which has been rapidly rising over the years. It was 
reported to be 4.3% in 1987 (5.9% among females and 
2.9% among males); in the same paper, obesity was 
observed in 41.2% of the diabetics and in 29.3% of the 
nondiabetics [7]. Since then, the prevalence of diabetes 
in the Saudi population has risen to 30% (34.1% in males 
and 27.6% in females), as reported by Alqurashi KA et al 
in 2011 [8]. The authors also reported a body mass index 
prevalence of ≥25 in 72.5% of the general population and 
of 85.7% among diabetics [8].

In the mid-1980s, the prevalence of diabetic nephropathy 
among the Saudi HD patient was reported to be 4% [9]. Now 
the prevalence ranges between 42.5% and 50% depending on 
the region of the country [10, 11]. In 1999, we reported that 
diabetic nephropathy accounted for 40.5% of incident ESRD 
patients [9]; and now it is approaching 50%.

In another KSA study, it was shown that the prevalence 
of diabetic nephropathy had increased from 2–6% in 1983 
to 16–25% in 1999 (fourfold to eightfold rise). Similarly, the 
ESRD incidence due to diabetic nephropathy increased from 
2% to 44% over the same period of time [12].

Saudis with diabetic nephropathy progress to ESRD 
faster than other ethnic groups. In a study in Saudis with 
biopsy- proven diabetic nephropathy, a mean baseline EDTA 
GFR of 44 ± 29 mL/min and a mean baseline serum creati-
nine of 165 umol/L, it was found that twenty patients (57%) 
required dialysis within 2 years of follow-up. Four patients 
(11%) died, and nine (26%) remained off dialysis. The fac-
tors associated with progression were found to be high base-
line proteinuria, high levels of serum creatinine, histologic 
severity, lower baseline serum albumin, lower EDTA GFR, 
and higher BMI [13].

The substantial rise in the prevalence of diabetic nephrop-
athy in KSA is associated with the obesity epidemic that 
has occurred, including in children. It is estimated that the 
energy intake (Kcal/day) among Saudis has increased from 
86% of the recommended daily allowances (RDA) in 1961–
1963 to 140% of RDA in 1995 and the protein intake has 
increased from 91% of RDA to 162% over the same period. 
The changes in dietary habits that occurred in 20 years in 
KSA took 137 years in Japan and 200 years in the United 
Kingdom [14].

The overall prevalence of overweight among Saudis is 
38.3% in males and 27.6% in females [15]. More women 
(23.6%) than men (14.2%) are obese. The obesity rate in 
KSA is higher than that seen in the United States, Sweden, 
Italy, and Australia [16].

The prevalence of hypertension in KSA, as reported in 
2007, was 26.1% in crude terms (28.6% in males and 23.9% 
for females) [17]. In a more recent paper, the overall preva-
lence was found to be 25.5% with only 44.7% of the affected 
population being aware that they are hypertensive and only 
37.0% of them had the blood pressure controlled. Significant 
predictors of hypertension included male gender, urbaniza-
tion, low education, low physical activity, obesity, diabe-
tes, and hypercholesterolemia [18]. In another recent study 
among Saudi hypertensive persons, it was found that 41.4% 
had uncontrolled SBP and 34.8% had uncontrolled DBP [19].

There is only one paper that we are aware of that looked 
into the prevalence of chronic kidney disease (CKD) among 
the Saudi general population (mean age, 37.4  years). This 
study estimated CKD prevalence to be 5.7% using MDRD-3 
equation and 5.3% using the CKD-EPI equation. CKD was 
significantly higher in the older age groups, with higher 
serum glucose, higher waist/hip ratio, and higher blood pres-
sure [20].

Sickle cell disease (SCD) is prevalent in two areas of 
Saudi Arabia: the eastern and the southwestern regions. In 
patients from the eastern region, the disease is less severe, 
as it is associated with the Asian beta globin haplotype, 
whereas those in the southwestern region have the Benin 
haplotype [21].

In a study from the eastern region, the prevalence of pro-
teinuria among the SCD population was estimated to be 
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8.4%, which is much lower than what has been reported in 
other SCD populations [22]. This is also consistent with the 
finding that only 1.17% of SCD patients from the eastern 
region developed ESRD.  Furthermore, SCD patients who 
developed ESRD constituted only 1.44% of the ESRD popu-
lation despite the high prevalence of SCD in this region. The 
prognosis of SCD patients developing ESRD and whether it 
differs from other SCD population has been studied. In this 
study the survival among SCD with ESRD patients did not 
differ from the other ESRD population in the same center, 
bearing in mind that the SCD group was younger than the 
general dialysis population (46.6 versus 60 years) [23].

Renal transplantation in KSA is carried out under the aus-
pices of the Saudi Center for Organ Transplantation (SCOT). 
In 2017, a total of 921 kidneys were transplanted wherein 
776 were from living donors and 145 from deceased donors. 
Since the start of the transplant program in 1979, a total of 
8401 patients have been transplanted from living and 3108 
from deceased donors.

The Saudi population is generally highly religious. It 
follows the teaching of Islam very closely. This has had an 
impact on the timeline and history of KT, which is discussed 
under the section on renal transplantation. Doctors looking 
after Muslim patients need also to know about the impact of 
fasting during the month of Ramadan on their patients with 
CKD, those on HD or PD, and those who have been trans-
planted; these issues are discussed at the end of the chapter.

While there are a number of causes of kidney failure in 
Saudi patients on dialysis, as reported in the registry of the 
SCOT [11], genetic and congenital anomalies of the urinary 
system are listed as the cause in only 2% and 1.6% of cases, 
respectively. However, we believe that this is an underesti-
mation and many of the causes listed as “unknown” (7%) 
or hypertension (38%) may well be due to genetic factors. 
In one study done in 1080 HD patients from six cities in the 
Kingdom, it was observed that 21.5% have self-reported first-
degree relatives with kidney disease, with no significant dif-
ferences noted between regions or cities. Although there was 
higher prevalence in Jeddah patients than Riyadh patients, 
this did not reach a statistical significance. It is of note that 
there were significantly more patients with “unknown” or 
“hypertensive” diagnostic labels among the patients with 
family history of kidney disease than in the group without a 
family history (personal communication).

 Spectrum of Renal Biopsy Findings in Adults 
in Saudi Arabia

Among 1294 renal biopsies done in six large referral hospi-
tals from different regions of KSA, 77.2% showed glomeru-
lonephritis (GN); of these, 72.6% were primary GN. Focal 
and segmental glomerulosclerosis and membrano- 

proliferative GN were the commonest types (21.3% and 
20.7% respectively) of primary GN. Membranous GN and 
IgA nephropathy were found in 10.6% and 6.5%, 
respectively.

Lupus nephritis (LN) was the commonest form of sec-
ondary GN (57.0%) whereas amyloidosis was found in only 
3.2% of the biopsies [24].

A recent study looked at changes in the pattern and 
spectrum of renal biopsy findings among Saudis over four 
5-year- long eras, spanning the last 20 years. Focal segmental 
glomerulosclerosis remained the most common pathology 
with constant frequency throughout the four eras (23.6%, 
19.8%, 24.1%, and 17.1%). IgA nephropathy prevalence 
increased progressively and membranoproliferative GN 
decreased significantly. LN remained the most common type 
of secondary GN [25]. Reports from the United States also 
show the dominance of FSGS among primary GN [26]. On 
the other hand, reports from China indicate the most com-
mon GN to be IgA nephropathy [27].

In a study of 99 Saudi patients over a 9-year period with 
biopsy-proven LN, 35.5% had nephrotic range proteinuria, 
46.8% had eGFR < 60 ml/min/1.73 m2, 65.5% had histologi-
cal class IV, and the female to male ratio was 3.7:1. During 
follow-up, 28.2% required dialysis. The survival rates at 5, 
10, and 15 years were 92%, 77%, and 77%, respectively [28].

Another study on crescentic GN among adult Saudi 
patients enrolled 72 cases. LN accounted for 49.3% of 
the cases, pauci-immune GN (PIGN) for 26.5%, other 
immune complex GN (ICGN) for 19% and post-infectious 
GN accounted for only 6.3%. The majority (85.7%) of 
the patients had renal impairment at presentation. By the 
end of the follow-up period of 26  months, 25.8% of the 
patients were requiring dialysis (16.7% in the LN group, 
50% in PIGN and 25% in ICGN) and 21.7% had nephrotic 
range proteinuria. Half of the Saudi patients with crescen-
tic GN were associated with LN, which is higher than that 
reported by others where PIGN was the more prevalent 
etiology [29].

 Acute Kidney Injury (AKI) in Adults

In a study of AKI from the Southern region of KSA cover-
ing a two-year period, 38.0% were community-acquired 
and 62.0% hospital-acquired AKI and it was determined 
that the incidence of AKI among the hospitalized patients 
was 0.6%. The spectrum of the causes of AKI was not dif-
ferent from previously reported in the developed world, 
except that snakebite and malaria contributed to 4.6% of 
the causes [30].

Snakebite and malaria are common health problems in the 
southern region of Saudi Arabia. Although it is a common 
problem, the true incidence of AKI following snakebite in 
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the region is not known and few case reports have been pub-
lished [31].

In one KSA study, AKI was seen in only 3% of cases of 
P. vivax malaria infection [32]. Almost similar findings were 
reported from Pakistan [33] whereas studies from India and 
Thailand reported much higher prevalences of AKI in 19 and 
21% of patients, respectively [34, 35].

Severe forms of AKI were not observed in the malaria 
cases in KSA, as severe malaria leading to AKI is usually 
observed with heavy parasitemia or intravascular hemolysis 
with or without glucose-6-phosphate dehydrogenase defi-
ciency [36].

Middle East respiratory syndrome coronavirus (MERS- 
CoV) was identified in Saudi Arabia in 2012 [37] and is 
postulated to be related to contact with camels. Many out-
breaks have occurred since then. This infection is compli-
cated by AKI in 40.9% of cases [38], and the occurrence 
of AKI is associated with a poor prognosis [38]. This 
compares to AKI occurring in only 5% during the SARS 
epidemics in Canada. The high prevalence of AKI among 
MERS-CoV patients may be related to preexisting comor-
bid conditions, such as diabetes, old age, and hypertension. 
The isolation of MERS- CoV from the urine of affected 
patients suggests the possibility of direct viral involvement 
of the kidneys [39].

The outbreak of Dengue fever was initially reported in 
Jeddah 2001. Since then, reports of outbreaks in Jeddah and 
Mecca in the Western Province of Saudi Arabia have been 
reported. The common symptoms are fever (100%), malaise 
(83%), musculoskeletal pain (81%), headache (75%), nau-
sea (69), vomiting (65%), and abdominal pain (48%). 9.5% 
developed AKI [40].

 Aspects of Pediatric Nephrology in KSA

The KSA has a preponderance of young persons among its 
population. The prevalence of the age range 0–14 years among 
the Saudi population is 30.4% and the prevalence of those in 
the age range is 0–19 years is 39.1% [1]. This compares to the 
United Kingdom in which only 18.9% of the population was 
under 16 years old [2] and to Denmark in which only 16.4% of 
the population is below the age of 14 years [3].

Out of a total of 18,270 HD patients in KSA in 2017, 
196 were under the age of 15 years (1.1%) and of a total of 
1389 PD patients, 167 belonged to the pediatric age group 
(12%) [11]. The number of children on PD in KSA has not 
changed over the last 8 years [11]. The estimated prevalence 
of ESRD (dialysis dependence) among Saudi children is 
59.6/million pediatric population. A prevalence of 51 pmp 
has been reported in Jordanian children [5]. The prevalence 
was reported to be around 65 pmp in Australia, Canada, 
Malaysia, and Western Europe [6].

SCOT – the organ procurement agency in Saudi Arabia – 
gives a higher priority for transplanting children such that 
25% of standard deceased kidneys retrieved are offered to 
children although they contribute less than 2% of the total 
waiting list [11]. In 2016, 125 transplants from deceased 
donors were carried out in Saudi Arabia. Out of these, 88 
(70%) were standard criteria donors and 37 (30%) were 
from expanded criteria donors. Out of the standard kidneys, 
twenty-one (23.9%) were given to children. The incidence 
of transplantation among Saudi children on dialysis can be 
estimated to be 5.9% per year and its incidence among the 
Saudi pediatric population under the age of 14 years is 3.4/
million per year.

 Chronic Kidney Disease Among Saudi 
Children

A number of reports on the etiology of CKD among Saudi 
children confirm that the commonest causes are congenital 
malformation (50–64%) followed by heredofamilial causes 
in about 12–18% [41–43]. Similar findings were reported 
elsewhere. In a recent North American Pediatric Renal Trials 
and Collaborative Studies (NAPRTCS) report, congenital 
causes, including congenital anomalies of the kidney and 
urinary tract (CAKUT) (48%) and hereditary nephropathies 
(10%), were the most common causes whereas GN accounted 
for only 14% of cases [44, 45].

The rate of consanguinity among Saudi families exceeds 
50% [46, 47]. This could explain the commonness of renal 
hereditary diseases, particularly those that are inherited in 
autosomal recessive fashion.

One study on 82 Saudi children with urinary tract infec-
tion (UTI) revealed that that Saudi children below the age of 
7 years, who present with UTl, have a high incidence of vesi-
coureteral reflux and scarring (41%) [48], higher than what 
has been reported from elsewhere recently [49].

In a study of 85 Saudi children with urolithiasis, Al 
Rasheed et al. found that 10.6% had metabolic cause for 
their stone formation, 11.8% had a predisposing anatomi-
cal anomaly, and 17.6% presented with urinary tract infec-
tion [50].

 Spectrum of Renal Biopsy Findings 
in Children in Saudi Arabia

Most of the reported studies on the renal biopsy findings in 
Saudi children show that FSGS is the commonest histology type 
found. However, it should be noted that these reports emanated 
from tertiary care pediatric referral centres in KSA to which dif-
ficult cases would normally be referred and thus their findings 
may be selective and non-representative of the general trend.
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In a study of 167 renal biopsies in Saudi children, Al 
Rasheed et al. found that nephrotic syndrome was the com-
monest indication for renal biopsy (in 77% of all cases); 
23.3% showed minimal change, 24% showed mesangial 
proliferative glomerulonephritis, and 24% showed focal 
segmental glomerulosclerosis. The prevalences of congeni-
tal nephrotic syndrome and Alport’s syndrome were higher 
than noted in the Western world (4.8% each). However, IgA 
nephropathy was less common, with no cases of IgA GN 
found. Only three biopsies revealed crescentic rapidly pro-
gressive GN, all of which were from children above 7 years 
of age [51].

In another study involving 36 renal biopsies, FSGS was 
found in 39%, IgM nephropathy and mesangioprolifera-
tive GN in 17% each, and minimal change disease and IgA 
nephropathy in 3% each [52]. In yet, another study involving 
376 renal biopsies in children with GN, FSGS was found to 
be the most common (31.9%), followed by mesangioprolifer-
ative GN in 26.3%, minimal change disease in 14.6%, mem-
branoproliferative GN in 8.0%, membranous GN in 4.8%, 
IgA nephropathy in 4.0%, post-infectious GN in 4.0%, Alport 
syndrome in 3.7%, and rapidly progressive GN in 2.7% [53].

Forty-nine Saudi families with 62 cases of nephrotic syn-
drome were studied for the frequency of inherited nephrotic 
syndrome by screening for mutations in NPHS1, NPHS2, 
LAMB2, PLCE1, CD2AP, MYO1E, WT1, PTPRO, and Nei 
endonuclease VIII-like 1 (NEIL1). Likely causative muta-
tions were found in 51% of the families, the commonest 
genetic cause being a homozygous mutation in the NPHS2 
gene in 22% of the families, followed by mutations in the 
NPHS1 gene 12%, PLCE1 gene in 8%, and MYO1E muta-
tions in 6% of the families [54].

 Novel Hereditary Diseases with Tubular 
Dysfunction Described in Saudi Children

There have been some novel hereditary diseases with renal 
tubular components reported for the first time from Saudi 
Arabia. Among these is the syndrome of “marble brain dis-
ease” (osteopetrosis), manifested with renal tubular acidosis 
and cerebral calcification. Children suffering from this dis-
ease also have stunted growth and mental retardation. This 
syndrome has been shown to be linked to carbonic anhydrase 
II enzyme deficiency [55, 56].

In a study by Al Rasheed et al. carried out over a 10-year 
period, 28 Arab children with autosomal recessive osteope-
trosis were seen in two hospitals in Riyadh, of whom 64% 
had associated renal tubular acidosis and 32% had malignant 
infantile osteopetrosis. Parental consanguinity was observed 
in 56% and 40% among patients with and without acidosis, 
respectively. Cerebral calcification and optic atrophy were 
more frequent in patients with acidosis [57, 58].

In another study, two novel mutations were identified 
in each of AVPR2 and AQP2 causing nephrogenic diabetes 
insipidus in Saudi families [59].

In a study of eight confirmed cases of cystinuria from 
five unrelated families, two new variants in the SLC3A1 and 
SLC9A7 genes were discovered. It is of note that 37.5% of 
these patients developed hypertension. Unlike other reports 
from the Mediterranean region, which report the most fre-
quent mutation to be in the SLC3A1 gene is M467T, three 
of the Saudi children with cystinuria (37.5%) from a single 
family were homozygous for the less common M467L muta-
tion [60].

Familial hypomagnesaemia with hypercalciuria and 
nephrocalcinosis was described in seven KSA children from 
four different families. The presenting features were convul-
sions and carpo-pedal spasms, rickets, as well as recurrent 
UTIs and nephrocalcinosis in all patients. The renal func-
tion deteriorated in one patient progressing to ESRD after 
4.4 years of follow-up. It was concluded that the clinical and 
biochemical findings were similar to previous reports, but 
with slower rate of kidney function deterioration [61].

 AKI in Children

We could find no reports on community or in-hospital AKI in 
Saudi children. However, the general impression is that the 
etiology and outcome in Saudi children do not differ greatly 
from what has been reported from the developed world with 
a prominence of volume depletion, sepsis, hemolytic uremic 
syndrome, and rapidly progressive GN [62].

In one pediatric study with biopsy-proven crescentic GN, 
a striking finding was that LN contributed 54.1% of the cases 
whereas in other reports, LN constituted less than 10% of the 
cases [63]. In an Indian pediatric report, LN contributed only 
9.1% while post-infectious GN was the underlying etiology 
in 36.8% of the cases. Moreover, the report on Saudi children 
with crescentic GN observed a better renal outcome in the 
patients compared to the other reports; this is attributed to the 
less severe baseline renal impairment in that group [63–66].

There are a number of KSA Pediatric Intensive Care Units 
(PICU) AKI reports; in one report from Jeddah City, 102 
cases of AKI were observed over a one-year period among 
admitted patients. These constituted 29% of all admis-
sions to that PICU. Their mean age was 50.7 month and the 
underlying cause of AKI was sepsis in 34.3% [67]. Another 
study reported that 511 (37.4%) out of 1367 admitted to the 
PICU developed AKI, of whom 19.7% had severe AKI [68]. 
Their mean age was 47  months. The incidence of AKI in 
these PICU patients of 37.4% compares to 26.9% in a report 
involving a multicenter study of 32 PICUs [69]. In the Saudi 
study, it was found that even a small rise in the serum creati-
nine level was associated with increased mortality rate. This 
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is similar to previous studies [70, 71]. Like in other studies, 
sepsis was found to be a major contributing factor for AKI in 
the Saudi study [72].

The causes of AKI among children differ between coun-
tries. The commonest causes in developed countries are 
sepsis, cardiac diseases, and inborn errors of metabolism 
[73–75]. The Saudi Arabian spectrum of AKI in the PICU 
setting is of similar pattern [68].

One study from Saudi Arabia looked into the use of CRRT 
in 96 critically ill children with a mean age of 6 years in the 
PICU. In two thirds of cases, the indication for CRRT was fluid 
overload followed by tumor lysis syndrome (18.8%) and meta-
bolic encephalopathy (9.4%). Half of the patients who required 
CRRT died with the least mortality seen in primary renal dis-
ease (15.8%). This study found that the presence of fluid over-
load was associated with increased mortality. Similar finding 
was reported by Hayes et al. in 76 pediatric CRRT patients with 
an overall mortality 44.7% with sepsis and greater fluid over-
load being more common among patients who died [76].

 Hemodialysis

HD was started in in Riyadh Central Hospital in 1972 with 
two Travenol machines. Six months later another dialysis 
center was established in Jeddah. In 1975, two other units 
were established in Mecca and Medina.

According to Dr. Ayman Karkar, a prominent nephrolo-
gist from the eastern province of Saudi Arabia, the first HD 
unit in the area was established equipped with two Travenol 
machines in Dammam Central Hospital in 1974. In 1984, a 
large unit with 20 HD machines was established in the same 
city. This was followed, years later, by the establishment of 
more dialysis units in many areas all over the eastern region, 
including rural areas. In 1988, the medical services at the 
Arabian American Oil Company (ARAMCO) established its 
own HD unit. In 1996, additional space was granted and a 
PD unit was established next to the HD unit at Dammam 
Central Hospital (Ministry of Health).

In 2001, with a generous donation from the Kanoo family, 
Kanoo Kidney Center was established in Dammam Central 
Hospital (Ministry of Health) and is considered as a referral 
and training center. It trained more than 1300 nurses from all 
over the health sectors in Saudi Arabia.

The dialysis services in the eastern province were 
well developed due, at least in part, to the creation of the 
Directorate of Dialysis, which was tasked with the super-
vision of performance, clinical outcomes, education, and 
training (including weekly Journal Club meeting, monthly 
Nephrology Club and annual Nephrology, Dialysis and 
Transplantation Congress).

Until 5 years ago, the dialysis services in the Kingdom of 
Saudi Arabia were provided by three major medical sectors: 

the Ministry of Health (MOH), Governmental non-MOH 
sector (which cares for the employees of the Ministries of 
Defense, Interior, and the National Guard and their rela-
tives), and the private sector. Over the last 5 years, a fourth 
important sector was added. This is the outsourcing sec-
tor, whereby a significant proportion of MOH stable dialy-
sis patients were outsourced to be dialyzed in stand-alone 
centers run by major international dialysis provider compa-
nies, namely, DaVita and Diaverum. These companies won 
a 5-year tender and signed contracts to serve 5000 patients 
each. Both companies established additional dialysis clin-
ics in different parts of KSA. More recently, these contracts 
were renewed with both companies for other 5 years.

Out of 10,203 patients on HD in the Kingdom in 2008, 
65.9% were treated by the Ministry of Health (MOH) hos-
pitals, 17.7% by non-MOH governmental hospitals, and 
16.4% from the private sector [77]. By 2017, the number of 
patients on HD rose to 18,270 patients divided between the 
sectors as follows: 30.5% by MOH hospitals, 39.5% by non-
MOH governmental hospitals, 16.8% by the private sector, 
and 13.2% by the dialysis provider companies (DaVita & 
Diaverum) [11]. Male gender contributes with 56% of all the 
dialysis population in Saudi Arabia.

The prevalence and incidence of ESRD increase sharply 
with age. The life expectancy in Saudi Arabia rose from 
an average life expectancy of 52  years in the 1950s to 
74.8 years now [78]. With this, as well as the horrendous 
increase in the rate of obesity and diabetes in the Saudi 
population, a substantial rise in the ESRD incidence and 
prevalence is observed which is not the case in developed 
countries, in which these rates have declined or stabilized 
recently [79, 80].

In 2010, the incidence of ESRD among those over 65 years 
old was 893.7 pmp per year while they contributed only 
3.2% of the total Saudi population [77]. Of all the patients 
on dialysis, 66.2% were over >45 years of age in 2008 and 
this has now risen to 70.5%. Of the HD patients, 68.5% are 
in the age range of 26–65 years, 0.27% are <10 years of age, 
and 9% are >75 years of age [11]. The other highly notice-
able trend is the rise in the mean age of patients on dialysis. 
In the KSA, the mean age increased from 37.9 years in the 
early 1980s to 51.3 years by the end of the twentieth century 
[81]. By 2030, we estimate that the population over the age 
of 65 years will increase up to 13% in Saudi Arabia and that 
the number of ESRD in this age group will be four times 
what it is now.

The prevalence of HCV infection among Saudi HD 
patients was 68% in 1995 [82], dropping to 33% in 2010 
[77] and to 10.7% in 2017 [11]. The decrease in prevalence 
is due to improved application of strict universal precautions 
by nurses. Some units in the Kingdom use geographical or 
temporal isolation of HCV positive patients. Nevertheless, 
there are still pockets of high prevalence of HCV particularly 
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in the western and southern region, but even in these pockets, 
there has been a major reduction in HCV prevalence. It is 
worth mentioning that the number of patients with Hepatitis 
C has been continuously declining for the past 5 years with 
the current prevalence rate being 10%. Hepatitis B infections 
is well controlled with only 4% of HD patients being posi-
tive. There are only 18 HIV positive patients (0.1%).

Conventional hemodialysis is used in 89% of the HD 
patients. In some centers, however, such as those run by 
the Ministry of the National Guard centers as well as in the 
outsourced private centers (DaVita, Diaverum), the rate of 
hemodiafiltration (HDF) reaches 50% of the patients.

The most common vascular access is the arteriovenous 
fistula (AVF), being used by of 61% of HD population, fol-
lowed by permanent dialysis catheter in 32%.

The target blood flow in HD is at least 350 ml/min, Kt/V 
of at least 1.3 and 12 h/week of dialysis. The target hemoglo-
bin level is 11–12 g/dL.

It is estimated that the number of dialysis patients might 
reach 34,680 by 2030. At the current rate of reimburse-
ment incurred by the Ministry of Health (MOH) for pri-
vate dialysis management companies, the cost for dialysis 
by 2030 will be a staggering SR 7,022,700,000 annually 
(USD 1,872,720,000). This cost, of course, does not include 
expenses that result from the high hospitalization rates of 
dialysis patients (due mainly to cerebro-vascular disease, 
infection, and vascular access issues) as well as the cost of 
taking care of their multiple comorbidities, especially car-
diovascular diseases.

The numbers of consultant and specialist nephrologists 
taking care of the dialysis patients in KSA are 295 and 457, 
respectively, and the number of nurses is 4693.

The prevalence of tuberculosis, a high proportion of which 
is extra-pulmonary [83], among Saudi HD patients has been 
reported to be 7%, which is twelve times more frequent than 
in the general population of KSA.

 Peritoneal Dialysis

PD was first introduced to Saudi Arabia by Professor Hassan 
Abuaisha in 1980, when he used intermittent peritoneal dial-
ysis (IPD) to treat AKI at King Abdulaziz Hospital in Riyadh. 
In 1982, he introduced continuous ambulatory peritoneal 
dialysis (CAPD) at King Saud University–affiliated hospi-
tals. We asked him to summarize his experience starting PD 
and he wrote the following:

“Saudi Arabia was one of the early starters of CAPD/
APD compared to most countries worldwide. PD is per-
haps the oldest modality of RRT in history, especially 
IPD.  When I came to the KSA in 1976, I had a reason-
ably good experience with IPD based on our work on AKI 
[formerly known as acute renal failure (ARF)], in Sudan. 

I believed that IPD could save many lives threatened by 
AKI, but IPD never found a place in KSA because HD 
and KT were flourishing in the leading hospitals in the 
Kingdom in the 1980s.

“CAPD came first to existence worldwide in 1980s after 
the work of US and Canadian nephrologists/scientists in the 
late 1970s. The first congress on CAPD was held in Mexico 
in 1980, and I was fortunate to attend it. Here was a new 
approach to PD where you could use only 4–6 cycles of PD 
fluid (instead of 20 or so per 24-h as in IPD) and there was 
the fascinating concept of a permanent peritoneal access, 
which meant less infection episodes during PD. So, it was 
possible to treat ESRD using CAPD.  The advantages for 
young children and patients living away from the major 
cities were convincing. However, almost all nephrologists 
working in the leading hospitals in KSA, especially the 
King-Faisal Hospital and Research Center (KFHRC) and 
the Military Hospital at Riyadh (mostly nephrologists from 
Europe and North America at that time), were not interested 
in CAPD.  I once discussed the prospects of CAPD with 
an eminent British nephrologist and he told me: ‘Frankly, 
to me, CAPD stands for Continuous Ambulatory Purulent 
Dialysis!’ Well, to some extent he had a point then. The peri-
tonitis rates were at best one episode every 6 months or so, 
those days. However, the situation has changed dramatically 
over time; currently, most guidelines do not accept peritoni-
tis rates more frequent than an episode every 24 months, as 
adequate PD. In fact, nowadays peritonitis rates of as few as 
one episode every 5 years do not raise any eyebrows.

“When I came back from the conference at Mexico in 
1980, I was enthusiastic about CAPD.  So, I discussed the 
matter with Dr. Siraj Zagzoug, director of King-Abdelaziz 
University Hospital at Riyadh at that time. He listened care-
fully to my suggestions, looked at my detailed pictorial 
report, and decided to give it a try! Fortunately, the fund 
needed for the project was not a big obstacle. That was how 
CAPD was introduced to KSA (and in the whole region) for 
the first time and it became operational in 1982. Within a few 
years, automated peritoneal dialysis (APD) became a regular 
treatment, often preferred to the classical CAPD, in many 
hospitals across KSA. So, the Kingdom is a leading starter of 
regular PD compared to many countries worldwide.

“One of our very first patients was a boy only 1 year old at 
the time and we trained his mother to take care of his CAPD 
at home. After 2 years he was well enough to go for renal 
transplantation in the United States. We lost his follow- up, 
but 20 years later he showed up with an intention to get mar-
ried, and I gladly accepted the invitation to attend his wed-
ding ceremony. That is just a marker on the effectiveness of 
renal services on the survival of patients if well orchestrated.”

At the present time, there are 37 centers in Saudi Arabia 
providing PD.  There are 1389 patients, of whom 167 are 
children. The number of patients on PD has not changed 
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substantially over the years. Continuous cycling peritoneal 
dialysis/automated peritoneal dialysis (CCPD/APD) modal-
ity is the commonest, being used in 71% of the patients fol-
lowed by CAPD in 22% [11].

While the number of patients on HD rises in absolute 
numbers on annual basis, no such change in the number of 
patients on PD is seen. The prevalence of Saudi patients on 
PD is 61.0 pmp and the incidence is 21.3 pmp/year.

In a study covering a 5-year period about the experience 
on PD in a Saudi tertiary care center and published in 2011, 
the average age was reported to be 50.7 years with diabe-
tes being the leading cause of ESRD. Among these patients. 
38.9% were on CAPD and 61.1% APD. The peritonitis rate 
was one episode per 24.5 patient-months. The incidence of 
exit site infection was 0.214 per person-years. The common-
est organisms causing peritonitis and exit site infection were 
Staphylococcus and Pseudomonas aeruginosa, respectively. 
At the end of the 5-year follow-up, 55.6% of the patients 
were still on PD, 20.6% were shifted to HD, and the overall 
mortality rate was 15.3% [84].

Another study looked into peritonitis rate among PD 
patients in the Saudi setting, with an overall peritonitis rate 
of one episode per 28.3 patient-months [85].

Tuberculous peritonitis has been reported to occur in 
3.88% of all episodes of peritonitis among Saudi patients 
on PD [86]. This is higher than the one reported from India 
[87]. In a literature search on tuberculous peritonitis between 
January 1976 and January 1999, published in 2000, only 13 
cases were reported from the United States [88].

A study comparing Saudi patients on HD and PD found 
that the quality of life (QoL) scores were significantly higher 
in PD patients in all domains and in the total QoL, with the 
exception of the score of physical QoL, which was higher in 
the HD patients [89].

In as survey of Saudi nephrologists, it was reported that 
most nephrologists were not satisfied with the rate of PD uti-
lization among their patients. Many felt that 30% or more 
of their dialysis patients should be on PD. The responding 
nephrologist felt that the main the reason for underutilization 
was patient refusal (72%). The top reasons for patient refusal 
given by the nephrologists were “PD is not easy to perform 
at home” (79.8%) and “patients think HD is better” (73.7%). 
The nephrologists surveyed put forward the following sug-
gestions to improve the utilization of PD in Saudi Arabia: (1) 
proper predialysis patients’ education, (2) early referral, and 
(3) increase nephrologists’ motivation [90]. They conducted 
another survey with 920 HD patients who had never been 
on PD in order to find out the reasons behind PD underuti-
lization in KSA from the patients’ perspectives. This study 
concluded that the main reason was that these patients had 
not received proper counseling and education about PD from 
their treating nephrologists at any time during the course of 
their disease [91].

 Kidney Transplantation

The organ transplantation history in Saudi Arabia went 
through a number of phases.

During the 1970s, Saudi patients were sent for KT to the 
United States when it was still possible for non-US citizens 
to receive deceased donor organs there. This phase allowed 
KSA transplant physicians early and close exposure to, the 
then new, immunosuppressive agents (cyclosporine and later 
tacrolimus).

The second phase involved the performance of living 
related transplantation within Saudi Arabia by a visiting 
team from St Thomas’s Hospital, London, UK, who would 
perform a few transplants every few weeks. This phase 
spanned from 1979 to 1981, during which time Saudi trans-
plant physicians and surgeons were being trained.

The third phase, besides continuing living related trans-
plantation, incorporated obtaining deceased kidneys from 
Eurotransplant. This phase was of enormous benefit to us 
because it introduced us to the important business of organ 
procurement logistics and coordination. This initial phase of 
the Saudi experience with deceased kidney donation came 
through an agreement with Eurotransplant in 1981, by which 
it provided us with 64 deceased kidneys during 3  years, 
which for some reason were often suboptimal. However, this 
historical phase was useful to us in that it gave us a signifi-
cant insight into deceased organ procurement logistics and 
coordination. This experience also led us to document in the 
medical literature, the utility of many of the then often dis-
carded (marginal) kidneys with acceptable results, including 
those with exceptionally long ischemic times. A lot of those 
kidneys were what would now be labelled as “expanded 
pool” kidneys and thus were rejected by European centers as 
per clinical practice of the time, but we accepted them as we 
had an immense shortage of kidney organs. Such expanded 
pool kidneys are now routinely used in European and US 
centers. Among the kidneys we used, there were such as a 
half “horseshoe” kidney, one “third-hand” kidney [92], and 
kidneys with cold ischemic time as long as 72 h [93].

The fourth phase involved the use of kidneys from 
deceased donors procured locally. The very first deceased 
donor KT took place in December 1984 [94].

The fifth phase witnessed the establishment of the SCOT 
and the spread of KT across the country with the founding 
of ten renal transplantation centers serving all the regions 
of the country and the introduction by SCOT of multiorgan 
donation.

SCOT has a wide range of functions, including dona-
tion boosting from living and deceased donors, meticulous 
gathering of data on ESRD patients, and supervision of the 
ethical organ allocation. SCOT also carries out the important 
task of enabling the coordination between donor hospitals 
and transplant centers by providing coordinators, procuring 
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teams, and assuring consent. SCOT has published a directory 
that regulates the practice of organ donation and transplanta-
tion in the KSA.

Since its inception, SCOT has been pivotal in developing 
and implementing strategies to increase awareness in both 
the medical community and the public with frequent school 
visits as well as in providing education for medical staff in 
ICUs and Emergency Departments.

Moreover, SCOT has developed strong collaborative links 
and communication with international bodies involved in 
organ donation and transplantation as well as contributing 
to international guidelines in these fields, becoming a model 
and prototype for an organ procurement organization in the 
Muslim world.

In order to organ donation and transplantation be a reality 
in KSA, the organ transplant medical community needed to 
have Fatwas (theological opinion) from the highest religious 
authorities that establishes the permissibility, in Islam, of per-
forming transplantation using organs from brain-dead per-
sons and equating brain death diagnosis as reflecting death. 
A decisive fatwa came about in 1982 (Decision No. 99, dated 
25-8-1982), stating that according to Islamic Jurisprudence, 
it is permissible to perform deceased donor transplantation, 
which paved the way for us to start a cadaveric renal trans-
plant program. Another landmark fatwa issued during the 
Islamic Jurisprudence Conference in 1986 in Amman opined 
that the diagnosis of brain death was permissible and can be 
used to diagnose an irreversible process. Another landmark 
fatwa issued in Saudi Arabia in 1988 allowed cessation of 
therapy, including ventilation, in hopeless cases.

There are 142 ICUs in the KSA, of which 74% partici-
pate in the brain death diagnosis and organ donation pro-
gram. The active and willing involvement of these ICUs in 
close collaboration with SCOT has become a central com-
ponent of organizing the KSA organ procurement during the 
past 30 years. By the end of 2015, a total of 11,220 possible 
deceased donors have been reported to SCOT.

Organ transplantation program in the Kingdom started in 
1979 when the first kidney from a living donor was trans-
planted in Riyadh Military Hospital. By the end of 2017 a 
total of 11,509 kidneys were transplanted; 7838 were from 
living related donors, 3108 from deceased donors, and 563 
from living unrelated donors.

In 2017, a total of 921 kidneys were transplanted; 776 
from living and 145 from deceased donors. Among the 145 
deceased kidneys, 26 were used for pediatric recipients and 
119 for adults [11].

Out of the 145 deceased kidneys transplanted in KSA in 
2017, 83% were from standard criteria donors and 17% from 
expanded criteria donors.

Kidney Donor Risk Index (KDRI) for locally deceased 
donors ranged between 0.73 and 2.58 with an average of 
1.23. It is worth mentioning that 23 (31%) of the cases had 

a KDRI less than one, 38 (51%) were between (1.0 and 1.5), 
and 14 (18%) had a KDRI above 1.5.

The cold ischemia time (CIT) for locally transplanted 
deceased kidneys ranged between 2  h 30  min and 29  h 
26 min with an average CIT of 10 h. In 75% of the cases, the 
deceased KT was done with a CIT of less than 12 h, in 22% 
transplantation was done within 12–24 h and in only 3% it 
was done within 24–29 h [11].

The standard maintenance immunosuppressive therapy 
consists of tacrolimus, prednisolone, and mycophenolate 
mofetil (MMF). Induction therapy for living-related trans-
plantation is IL2 inhibitors and for deceased kidney donors 
is ATG. The therapy is paid by the government.

Some interesting observations arising from KT practice in 
Saudi Arabia are worth mentioning. For social reasons, preg-
nancy among Saudi post-transplant patients in the reproduc-
tive age group is manyfold commoner that in the West. This 
allowed for many publications on this topic [95, 96] report-
ing good outcomes for the mothers and babies [97–99], even 
after repeated pregnancies [100].

Reports on infections common in the region such as 
tuberculosis, non-typhoid salmonella and parasitic infections 
were also published [100, 101] as well as recommendations 
for appropriate cyclosporine dose adjustment when using 
rifampicin [102].

Kaposi sarcoma accounts for 75% of all post- transplantation 
malignancies in KSA and we had the opportunity to publish 
many papers on its natural history and treatment [103] and its 
involvement in children [104], the chest, [105] and the gas-
trointestinal tract [106]. A novel classification was developed 
for staging of post-transplantation Kaposi sarcoma, [107], its 
association with human herpesvirus 8 described [108], and 
the first report of its recurrence after reintroduction of immu-
nosuppression also described [109].

 Fasting the Month of Ramadan and Kidney 
Disease

 Fasting in Post-transplant Patients

Fasting is one of five fundamental pillars of Islam [110, 111]. 
As such, it is obligatory for all adult Moslems to fast in the 
month of Ramadan [112]. There are clearly defined and 
specified exceptions to this rule, which allows for non- fasting 
[113]. Exceptions include the sick, travelers, debilitated 
elderly people, and pregnant and lactating women.

The Moslem Hejri calendar year is 11 days shorter than 
the Gregorian calendar. Therefore, Ramadan time moves 
throughout the four seasons and makes a full circle every 
33 years. The time from sunrise to sunset and the ambient 
temperatures vary according the season that Ramadan falls 
under and the location in the world.
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It is considered very sinful for an adult Moslem not to fast 
unless they come under one the categories exempted from 
fasting. It is, therefore, customary for transplanted patients 
to ask the advice of their doctors about the safety of fasting 
and feel that they are religiously released from the obligation 
to fast if a reliable doctor advises them against fasting. More 
KTs are being performed in Islamic countries and more 
Muslim transplanted patients living in non-Moslem coun-
tries [114, 115]. It is therefore important that doctors should 
have some reliable information on which they can reliably 
and honestly give advice to such patients.

The concern about fasting harming the transplanted 
patients is that volume depletion might lead to AKI that 
might lead to permanent damage [116, 117].

Another potential problem associated with fasting by sick 
patients has to do with drug compliance. In a study of 750 
Ramadan fasting patients who were on prescribed drugs or 
diets for their conditions, 10% did not adhere to their medica-
tions and 19% did not adhere to their diets [118]. In another 
study of 81 fasting patients, 37 altered their drug dosage pat-
tern, 35 missed doses, and four took all their medications as 
one single daily dose after breaking fast [119].

A number studies have investigated the effect of Ramadan 
fasting on kidney function in renal transplant patients. 
However, those were mostly single–center studies involving 
a small number of patients. Furthermore, they occurred at 
different times of the year with different durations between 
sunrise and sunset and at different daytime temperatures 
[120–127].

 Fasting and HD Patients

Intravenous fluids given during HD renders fasting invalid. 
Fasting is valid during non-dialysis days or if the HD session 
occurred after breaking of the fast (after sunset).

In one study, it was found that fasting HD patients were 
more likely to have higher interdialytic weight gain and potas-
sium level and that was attributed to the increased intake of 
fluids and potassium-rich food after breaking the fast at sun-
set [128]. However in another study comparing fasting and 
non-fasting HD patients, no differences have been observed 
in relation to pre- and post-dialysis blood pressure, serum 
potassium, albumin, or weight gain. However, serum phos-
phorous was significantly higher in the fasting group as well 
as the rate of non-adherence to the dialysis sessions [129].

 Fasting and PD Patients

If fasting by a PD patient is to be religiously valid, the infu-
sion of PD fluid should end before sunrise (the beginning of 
fast) and no further infusion is given until after the breaking 
of the fast (sunset).

The concern is that volume depletion would occur if 
their normal PD regimen is used without fluid intake for 
the 12–14  h of the fast. Moreover, following breaking the 
fast, there is usually an excessive consumption of fluid and 
potassium- rich juices and foods. To avoid these, Al Wakeel 
et  al. suggested regimens aimed at reducing the dialysis 
workload in the evening and avoiding excessive removal of 
fluid during the daytime [130].

 Fasting and Predialysis CKD

In a study with 31 patients (14 stage III CKD, 12 stage IV 
and 5 stage V with a mean e-GFR of 29 ± 16.3 mL/min), all 
the patients tolerated fasting the whole month of Ramadan 
with weight reduction and lower blood pressure; and eGFR 
showed a significant improvement during the fast and the 
month after [131].

In another study, the GFR using DTPA dynamic renal 
scan was estimated as well and tubular cell damage by mea-
suring the level of N-acetyl-B-D- glucosaminidase (NAG) in 
a fasting CKD group and fasting normal group before and 
after Ramadan. The change in GFR was not significantly 
different between the two groups. However, the percentage 
change in the urinary NAG was significantly higher in the 
CKD patients (236 versus −49.1, p = 0.03), suggesting that 
fasting Ramadan may have an injurious effect on the renal 
tubules in CKD patients [132].

 Nephrology Practice in Saudi Arabia

To work as a consultant nephrologist in Saudi Arabia, one 
needs to have trained in and passed a recognized and accred-
ited Board in Internal Medicine (such as the Saudi Board in 
Internal Medicine which is a 4-year training program) fol-
lowed by a Fellowship in Nephrology (such as the Saudi 
Fellowship in Nephrology which is a 2-year training pro-
gram). Furthermore, a consultant must be registered and 
accredited to work as a consultant by the Saudi Council for 
Health Specialties (SCHS).

The salary scale for a consultant nephrologist differs 
from a medical sector to another but is in the region of USD 
13,000–18,500/month plus free accommodation, leave travel 
and the children’s tuition fees and free medical insurance for 
him/her and their dependents.

On average, the HD patient to nurse ratio is 1–3 and HD 
patient to consultant ratio is 1–100.

Most of the dialysis nurses are expatriate. Normally they 
are required to have a minimum of 2-year experience to 
be employed. The salary scale for dialysis nurses is really 
quite variable and could be anything between USD 1300 
and 2100 month plus free accommodation and free medical 
cover.
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In Saudi Arabia, there are 120 HD units, 37 PD centers, 
and 10 centers where renal transplantation is carried out. 
Most dialysis units have vascular access coordinator, social 
workers, renal dietitian, and, in some cases, a transplant 
coordinator.

The renal services are normally in charge of critical care 
nephrology where continuous renal replacement therapy 
(CRRT) is the normal mode of RRT in the ICUs. The ICU 
nurses are normally responsible for the CRRT.

Most tertiary care nephrology services are equipped with 
full laboratory support, renal pathology support, and with 
trained nephropathologists.

Many courses, workshops, and symposia on all aspects of 
nephrology are often organized in Saudi Arabia and nearby 
Dubai.

The capital city Riyadh is less than 2.5 h flight away to 
Dubai, Abu Dhabi, Bahrain, Doha, Amman and Cairo. If you 
have a working visa in Saudi Arabia, you will be able to visit 
most of these destinations without a visa.

Although the language of Saudi Arabia is Arabic, the day- 
to- day language used in hospitals and medical services is the 
English language. It is also the language of tuition in Saudi 
Medical schools. All doctors and nurses working in Saudi 
medical centers speak English. Translators are provided 
for non-Arabic-speaking doctors to communicate with the 
patient. It is also surprising that non-Arabic-speaking phy-
sicians do not learn sufficient Arabic to communicate with 
their patients.
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Area 724.2 km2

Population1 5.64 million (2018)
Capital Singapore
Three most populated cities: Not applicable

(Singapore is an island 
city-state)

Official languages English, Malay, Chinese, 
Tamil

Gross domestic product (GDP)2 491.175 billion SGD
GDP per capita2 87,108 SGD
Human development index (HDI)2 0.932 (2017)
Official currency Singapore Dollars (SGD)
Total number of nephrologists 108
National society of nephrology Singapore Society of 

Nephrology
Incidence of end-stage renal disease3 2017 – 324.5 pmp
Prevalence of end-stage renal disease3 
(including patients with a functioning 
kidney transplant)

2017 – 2160.5 pmp

Total number of patients on dialysis3 
(all modalities)

2016 – 6671
2017 – 7007

Number of patients on haemodialysis3 2016 – 5848
2017 – 6113

Number of patients on peritoneal 
dialysis3

2016 – 823
2017 – 894

Number of renal transplantations per 
year3

2016 – 95
2017 – 112

Table Reference:
1. Department of Statistics, Singapore. https://www.singstat.gov.sg. 
Accessed 30 June 2019
2. United Nations Development Programme. Human development 
reports. https://hdr.undp.org/en/countries/profiles/SGP. Accessed 30 
June 2019
3. National Registry of Diseases Office. Singapore Renal Registry 
Annual Report 2017. https://www.nrdo.gov.sg/publications/kidney-
failure. Accessed 1 Feb 2020

 Introduction

Singapore is a small densely populated island nation at the 
southern tip of the Malaysian Peninsula. It is a multi-racial 
and multi-religion community, with four major ethnic 
groups using English as the primary national language. 
Healthcare delivery had improved significantly since the 
country gained its independence in 1965, with life expec-
tancy at birth increasing from 76.0  years in 1990 to 
83.2 years in 2017 [1]. The public healthcare sector com-
prises seven tertiary level general hospitals, two specialized 
hospital looking after maternal/child health and mental 
health, respectively, and 18 primary care centres known as 
polyclinics. In addition, nine community hospitals provide 
subacute and intermediate care for patient requiring pro-
longed recovery. Polyclinics provide subsidized outpatient 
healthcare to about 25% of the population, with the remain-
ing 75% being cared for by private general practitioners 
[2]. On the other hand, the private healthcare sector is sup-
ported by ten private hospitals, which provide both private 
inpatient and specialized outpatient care.

 Brief History of Nephrology in Singapore

The first renal unit was established at the site of the current 
Singapore General Hospital in 1961 by Professor Khoo 
Oon Teik, who is universally acknowledged to be the 
‘Founder of Nephrology in Singapore’ [3]. During those 
times, only patients with acute kidney injury were offered 
dialysis, with the first patient receiving dialysis through 
the twin coil artificial kidney. It was not only until 1968 
that the chronic haemodialysis programme took shape in 
Singapore [4]. Peritoneal dialysis, on the other hand, was 
only introduced in Singapore in 1980, with a formalized 
chronic peritoneal dialysis programme beginning later in 
1986, while the first kidney transplant in Singapore was 
performed on 8 July 1970, from a deceased donor with a 
brain tumour [5]. This landmark surgery was deemed a 
success and paved the way for the country’s first renal 
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transplantation programme which celebrated its 500th 
renal transplant in 1994.

With the advent of the chronic haemodialysis programme 
in 1968, it was realized that funds are required to assist needy 
patients who required long-term dialysis. A year later, on 7 
April 1969, Professor Khoo formed and inaugurated the 
National Kidney Foundation of Singapore (NKF) [3], which 
held the first fundraising event for needy patients requiring 
dialysis through a film premiere in the same year. In 1972, 
the Singapore Society of Nephrology was then established to 
promote the development of nephrology in the country, with 
the first Asian Colloquium of Nephrology Conference orga-
nized in Singapore as a meeting of expert nephrologists in 
the region.

 Renal Diseases in Singapore

Kidney disease continues to impose a heavy burden on 
Singapore’s healthcare system, with the country ranking 5th 
and 4th in the world for incidence and prevalence of treated 
end-stage renal disease (ESRD), respectively [6]. While data 
for ESRD is available, a formal registry for chronic kidney 
disease (CKD) has not been established in Singapore. Based 
on the National Health Survey in 2010 [2], the prevalence of 
CKD Stages 3–5 amongst residents aged 18–69 years was 
2.3%, with males having a higher prevalence than females 
(2.8% versus 1.7%). The prevalence of CKD was also 
affected by age, increasing from 0.4% for those under 
40 years to 2.0% between 40 and 54 years, and 6.8% amongst 
those aged 55–69  years. Furthermore, the prevalence of 
CKD was found to increase at an annual rate of 21.3% from 
2007 to 2011 [7], amongst patients in the polyclinics, with 
majority being contributed by diabetic kidney disease.

Indeed, diabetic kidney disease has been the main cause 
of the ESRD burden in the country, with Singapore placing 
second amongst countries in the world having the highest 
incidence of treated ESRD due to diabetes [6]. This has 
alarmed the Singapore government sufficiently to declare a 
countrywide war on diabetes [8], with a national HALT- 
CKD programme implemented in 2017 to screen high-risk 
patients for CKD and to control CKD risk factors at the pri-
mary care level [9].

Notwithstanding the high incidence of diabetic kidney 
disease, glomerulonephritis (GN) remains an important 
cause of CKD and ESRD in Singapore. IgA nephropathy 
continues to be the most common pattern of biopsy-proven 
GN over the last four decades in the local setting, though 
its incidence has decreased from 1.8 in 100,000/year in the 
1970s to 0.34  in 100,000/year in the current era [10]. In 
addition, there had been significant increases in the preva-
lence of focal segmental glomerulosclerosis in the last 
decade.

 Renal Replacement Therapy in Singapore

Healthcare financing in Singapore is anchored on the twin phi-
losophies of individual responsibility and affordable healthcare 
for all, and it is disbursed through heavy government subsidies 
and the 3M framework (Fig. 29.1) – Medisave, Medishield Life 
and Medifund [11]. In the same way, fiscal support for renal 
replacement therapies (RRT) is built around these foundations 
of healthcare financing to help defray the high cost of dialysis 
treatment in Singapore. Patients with ESRD, depending on 
their financial situation, would be able to utilize:

 (a) Government dialysis subsidies, which assist patients 
who are financially challenged, and are available at a 
tiered quantum based on their household per capita 
income. Patients with household income above a certain 
ceiling will not be able to enjoy these subsidies 
(Table 29.1).

• Keeping health care affordable

• Universal access with co-payment to promote
  appropriate care

• Building up savings

• To pay for smaller healthcare bills

• Risk-pooling via insurance schemes

• To help with large healthcare bills and disability
   for long term care needs

• Safety net

• To provide help to needy Singaporeans
Medifund

Medisave

Subsidies

MediShield life &
integrated shield

plans, eldershield &
eldershield

supplements

Fig. 29.1 Framework of healthcare financing in Singapore

Table 29.1 Monthly government subsidies for patients on haemodi-
alysis or peritoneal dialysis

Household 
per capita 
monthly 
income 
(SGD)

Community 
haemodialysis subsidies 
per month (SGD)

Peritoneal dialysis 
subsidies per month 
(SGD)

Singapore 
citizens

Permanent 
residents

Singapore 
citizens

Permanent 
residents

$700 and 
below

$1160 $927 $1210 $977

$701 to 
$1100

$813 $650 $863 $700

$1101 to 
$1600

$581 $465 $631 $515

$1601 to 
$1800

$476 $382 $526 $432

$1801 to 
$2600

$337 $268 $387 $318

$2601 and 
above

$0 $0 $0 $0

Reference: Ministry of Health [20]
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 (b) Medishield Life is a basic health insurance plan for all 
Singaporeans, which will provide coverage for dialysis 
but capped at SGD 1000 per month or 90% of the 
remaining cost of RRT after government subsidies, 
whichever is lower.

 (c) Medisave is a compulsory personal saving plan, which, 
after the above assistance, could be used to offset the 
monthly cost of dialysis, up to a maximum of SGD 450 
per month.

 (d) Out-of-pocket payment after exhausting the above assis-
tance programmes.

 (e) Financial assistance from Voluntary Welfare Organizations 
(VWO) such as the NKF if the residual costs continue to 
be beyond the financial means of the patients.

Over the years, Singapore has seen a rapid rise in the incidence 
of ESRD patients treated with dialysis, from 165.3 per million 
population (pmp) in 1999 to 296.3 pmp in 2017 [12]. 
Notwithstanding the high incidence of diabetes mellitus and 
an ageing population, the greater availability and avenues for 
dialysis funding had ensured that no patient is ever denied 
RRT because of financial concerns. Therefore, the provision 
of substantial financial assistance from the above initiatives 
had removed high dialysis costs as a deterrent for RRT. Patients 
are less resistant in considering dialysis treatment, and physi-
cians are less hesitant in promoting RRT, and both of these two 
perspectives had contributed to the rapid increase in ESRD 
patients being initiated on dialysis treatment in recent years.

 Haemodialysis

Haemodialysis remains the predominant RRT modality in 
Singapore, with 87.2% of the prevalent dialysis population 
undergoing long-term chronic haemodialysis in 2017, 

albeit a gradual decline in the percentage of incident ESRD 
patients being placed on this modality from 87.5% in 2008 
to 78.0% in 2017 [12]. The significant growth in the ESRD 
population over the last decade has placed significant pres-
sure to provide affordable dialysis treatment for all 
patients. This resulted in less discriminative financial sub-
sidies against haemodialysis. Coupled with the greater 
familiarity with haemodialysis, inequitable levels of peri-
toneal dialysis expertise and a higher demand for dialysis 
therapies, this had resulted in a surge of patients being 
placed on haemodialysis towards the end of the last decade 
(Fig. 29.2).

Chronic haemodialysis in Singapore is a community- 
based programme, with patients undergoing dialysis treat-
ment in satellite haemodialysis centres near to their place of 
residence. The majority of the patients (62.1%) are receiving 
haemodialysis therapies in dialysis centres managed by 
VWOs, with the remaining being treated mainly in private 
haemodialysis centres (36.2%) [12]. A small proportion 
(1.7%) of haemodialysis patients are managed in govern-
ment hospitals, who are considered to require more intensive 
nursing care or have greater haemodynamic instability dur-
ing dialysis. Consequently, as of August 2018, the NKF, 
which is the largest renal-related VWO in Singapore, oper-
ates 33 of the 100 licensed haemodialysis centres in the 
country.

All chronic haemodialysis centres in Singapore no longer 
reuse dialyser, with single-use dialyser being the norm for 
both patients with or without blood-borne virus infections 
(hepatitis B, hepatitis C and HIV). While convective thera-
pies such as haemodiafiltration and haemofiltration are avail-
able in Singapore, the cost of these treatments is significantly 
higher and without additional reimbursement from the 
national insurance or government subsidy programmes. 
Consequently, their utility is rare and the prevalence of these 
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therapies is not systematically collected by the Singapore 
Renal Registry.

The 1-year, 5-year and 10-year reported survival rates 
of patients on definitive haemodialysis are 90.5%, 61.1% 
and 35.7%, respectively, with a median survival of 
6.8 years [12]. There is no national registry pertaining spe-
cifically to haemodialysis; however, the NKF, which 
received the greater proportion of haemodialysis patients 
in the country, do report on clinical outcomes. While a 
high proportion of incident patients in the NKF (66.6%) 
were initiated with a tunnelled haemodialysis catheter 
without a pre-fashioned native vascular access, the major-
ity eventually end up with a functioning arteriovenous fis-
tula (AVF) or graft (AVG) [13]. Of the prevalent patients in 
the NKF programme, only 16.3% will be on long-term 
catheter-based haemodialysis [13].

 Peritoneal Dialysis

The high haemodialysis population in the last decade had 
resulted in significant stresses on healthcare resources, and 
the continued establishment of community haemodialysis 
centres in land-scarce Singapore is not sustainable to miti-
gate the dialysis demands in the long term. In a major review 
of dialysis provision in 2000, the Ministry of Health, 
Singapore, estimated that the direct cost of dialysis treatment 
and its associated services was in excess of SGD 90 million 
or about SGD 36,000 per patient per year [14]. In addition, it 
was also observed that despite the overall lower cost of peri-
toneal dialysis, there was a disproportionately higher number 
of patients receiving haemodialysis treatment.

Consequently, the Ministry of Health set a target in the 
2000 review to increase the proportion of patients receiving 
peritoneal dialysis to 35% by 2005 and 40% by 2010 [14]. 
The levels of government subsidies for peritoneal dialysis 
were subsequently increased vis-à-vis haemodialysis, so that 
the direct out-of-pocket expenses for patients would be less 
for peritoneal dialysis. In tandem, educational initiatives 
were introduced to improve the public’s and patients’ aware-
ness and understanding of peritoneal dialysis and resulted in 
a significant increase in the prevalence and incidence of 
patients on peritoneal dialysis to about 44.4% in 2002 
(Fig. 29.2).

Unfortunately, the pressure to provide affordable dialysis 
to all patients in the mid-2000 removed the differential finan-
cial benefits towards peritoneal dialysis and the initial growth 
of peritoneal dialysis was not sustained, hovering below 20% 
of the dialysis population in the last 10 years. Recognizing 
the impetus to ensure a sustained provision of ESRD care 
and changes in the healthcare setting in this era, the Ministry 
of Health revisited the options of care delivery in this popu-
lation again in 2015, and mapped out a strategy to increase 

the utilization of peritoneal dialysis in Singapore, which 
included the following:

 (a) Peritoneal dialysis was accorded a slightly greater 
amount of financial subsidy from the government across 
all tiers of household per capita income (Table 29.1).

 (b) Promoting the awareness and enhancing the community 
support for peritoneal dialysis by both the government 
healthcare and VWO sectors.

 (c) Physician-integrated CKD programmes, with emphasis 
placed on peritoneal dialysis education, harmonization 
of dialysis counselling towards greater peritoneal dialy-
sis focus and minimizing administrative hurdles towards 
peritoneal dialysis.

In terms of peritoneal dialysis outcomes, the Singapore 
Renal Registry reported 1-year, 5-year and 10-year survival 
rates on peritoneal dialysis to be 88.6%, 40.5% and 21.1%, 
respectively, with a median survival of 3.9 years [12]. While 
this appeared to be inferior to the survival of patients on hae-
modialysis, it may be a reflection of the differences in the 
casemix of patients and did not take into account the improve-
ment in care and technology across different time periods. 
Indeed, when stratified across different time intervals, the 
survival of patients on peritoneal dialysis had improved sig-
nificantly across the years, with even a suggestion that peri-
toneal dialysis may have a superior survival over 
haemodialysis in recent years (Table 29.2).

 Renal Transplantation

In 1987, the Human Organ Transplant Act (HOTA) was 
implemented in Singapore to improve organ transplant rates 
through deceased donation. Since then, the HOTA had under-
gone several revisions till the key iteration in 2009, where 
deceased donation was extended to include corneas, kidneys, 
liver and heart from all Singaporeans and permanent resi-
dents 21 years old and above, who do not have any mental 
disorders [15]. Deceased donation, therefore, became an opt- 

Table 29.2 Differences in survival of patients on haemodialysis and 
peritoneal dialysis, stratified by different time periods

1999–
2002

2003–
2007

2008–
2012

2013–
2017

HD PD HD PD HD PD HD PD
1-year survival 
(%)

91.5 84.3 89.2 87.5 90.0 90.2 91.6 92.4

5-year survival 
(%)

62.4 32.2 59.0 37.9 60.5 45.7 – –

10-year survival 
(%)

40.1 16.3 33.7 20.2 – – – –

Median survival 
(years)

7.6 3.2 6.5 3.7 6.6 4.5 Not 
reached
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out system across the nation, rather than through an unsolic-
ited voluntary process.

Deceased donors remain the predominant source of kid-
neys for transplantation in Singapore, while efforts are made 
to increase the rate of living donation in the last few years 
(Fig.  29.3). Overseas transplantation, often through com-
mercial means, used to be rampant at the start of this cen-
tury; but with the concerted international efforts to abolish 
commercialized transplantation, the incidence of this group 
of transplant recipients had decreased significantly in the 
last decade [12].

Currently, all deceased donor renal transplantations are 
performed exclusively in two public hospitals, while living 
donor renal transplantation occurs in the same two public 
hospitals and three private sector healthcare institutions. 
Efforts have been made over the last two decades to improve 
the renal transplantation rates in Singapore, and some of 
these included nationwide educational efforts to promote liv-
ing donation, preferential subsidies for immunosuppression 
medications post-transplantation and developing capabilities 
and infrastructure for ABO-incompatible renal transplanta-
tion and paired exchanges.

The outcomes of renal transplantation in Singapore are 
excellent, with 1-year, 5-year and 10-year graft survival being 
97.2%, 88.9% and 75.5%, respectively [12], with patient sur-
vival noted to parallel similar exceptional trends (Table 29.3). 

Like in many countries, the outcomes of living donor renal 
transplantation surpassed that of deceased donor renal trans-
plants (Table  29.3). A living donor care registry exists in 
Singapore, and outcomes of living donor after nephrectomies 
for transplantation are excellent. Over a 2-year period, while 
the eGFR of living donors decreased by 33.8% from baseline 
after kidney donation, the renal function recovered gradually 
to stabilize at 29.6% from baseline [16]. There were also no 
cases of ESRD or deaths amongst local living donors, when 
followed up for 24 months after kidney donation [16].

 Other Nephrology Services in Singapore

 Paediatric Nephrology

Paediatric nephrology services are provided by only two 
children hospitals in Singapore  – the National University 
Hospital (NUH) and the Kandang Kerbau Women and 
Children Hospital (KKWCH). Both hospitals have capabili-
ties for management of children with general nephrology 
conditions, critical care nephrology and continuous renal 
replacement therapy (CRRT), chronic haemodialysis and 
chronic peritoneal dialysis. Renal transplantation, both 
deceased donor and living donor, however, is only performed 
in the NUH.
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Table 29.3 Graft and patient survival in Singapore 1999–2017, stratified by type of kidney transplantation

Graft survival Patient survival
Local living donor Deceased donor Overall Local living donor Deceased donor Overall

1-year survival (%) 99.2 95.8 97.2 99.2 97.4 98.2
5-year survival (%) 94.5 85.1 88.9 96.1 91.6 93.4
10-year survival (%) 83.1 68.1 75.5 90.0 82.0 85.4
Median survival (years) Not reached 16.2 Not reached Not reached Not reached Not reached
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 Acute Kidney Injury and Critical Care 
Nephrology

Critical care nephrology with capabilities for all forms of 
CRRT is available in all the acute public hospitals in 
Singapore and managed by nephrologists in collaboration 
with intensivists. There is, however, no registry data that 
exists for acute kidney injury or the casemix and outcomes of 
nephrology-related conditions in the intensive care setting. 
Information regarding this area is therefore limited.

 Nephrology Practice in Singapore

 Training

Nephrology training for physicians in Singapore is a 3-year 
training programme that occurs after 3 years of accredited 
internal medicine training and is administered only in three 
sponsoring institutions in the public sector healthcare institu-
tions. The average annual intake of nephrology fellows hov-
ers around two to three training candidates per institution per 
year. The training programme consists of structured rotations 
of 4–6 monthly blocks in core specialties of nephrology, 
including general nephrology, haemodialysis, peritoneal 
dialysis, renal transplantation, glomerulonephritis and criti-
cal care nephrology. Trainees are also assessed and evaluated 
on the six core competencies that are modelled after the 
Accreditation Council for Graduate Medical Education 
(ACGME) system [17] and include Practice-Based Learning 
and Improvement, Patient Care and Procedural Skills, 
System-Based Practice, Medical Knowledge, Interpersonal 
and Communication Skills and Professionalism. A summa-
tive assessment examination is conducted at the end of the 
3-year training period, which upon passing the necessary 
requirements, the candidate will be accorded nephrology 
specialist privileges with the Singapore Specialist 
Accreditation Board.

Renal nursing training occurs mainly on the job, while a 
1-year advanced diploma course in nephrology is available 
and administered by one of the polytechnics. However, 
attaining the diploma is not a prerequisite for nephrology 
nurse practice. Similarly, there are no formal postgraduate 
training programmes for renal pharmacists or renal dieti-
cians to enter into these specialized allied health fields of 
nephrology practice.

 Hospital-Based Practice

Nephrologists in Singapore are mainly in hospital-based 
practice, with about 80% practising exclusively in the public 

institutions and the remaining 20% in the private sector. The 
daily duties are mainly clinical, comprising both inpatient 
and outpatient responsibilities, while a proportion of time 
may be devoted to undergraduate and postgraduate educa-
tion, clinical research or administrative obligations. In addi-
tion, nephrologists may be required to review patients in 
community haemodialysis centres on a regular basis.

Currently, seven public sector hospitals provide renal care 
to all the subsidized patients in the country. All these hospi-
tals have the capability to deliver all aspects of basic nephrol-
ogy care, including renal biopsies, continuous renal 
replacement therapies (CRRT), critical care nephrology, 
acute and chronic haemodialysis and chronic peritoneal dial-
ysis, while only two hospitals have been designated to have 
transplantation capabilities. Most, if not all, with some 
degree of variability, have multidisciplinary teams that 
include renal nurses, renal pharmacists, renal dieticians, 
medical social workers, dialysis or transplant counsellors 
and coordinators.

 Salaries of Nephrologists

In 2012 and 2014, the Ministry of Health underwent a major 
review of the salaries of doctors in the public healthcare 
institutions, with an aim to improve the retention of doctors 
in the public sector [18]. The new salary framework took into 
account the roles of doctors in the public sector in areas such 
as education and research, as well as market trends, so as to 
close the salary gap between the public and private sectors. 
While speculative, this could have been one of the successful 
reasons in reducing the exodus of nephrologists from the 
public institutions to the private sectors in recent years.

 Future Perspectives of Nephrology 
in Singapore

The burden of kidney diseases and dialysis poses a signifi-
cant pressure on the healthcare system in Singapore, and the 
prospect of expanding haemodialysis centres in land-scarce 
Singapore is not sustainable in providing accessible RRT for 
all ESRD patients. Consequently, a strategic roadmap for 
mitigating the rising ESRD load was developed by the 
Ministry of Health and comprised five broad areas:

 (a) Prevention, Early Intervention and Management of 
Kidney Diseases

 (b) Peritoneal Dialysis Preferred Strategy
 (c) Promotion of Living Donor Renal Transplantation
 (d) Optimizing Haemodialysis Capabilities
 (e) Advance Care Planning and Palliative Care Nephrology

D. Tan and A. Liew
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 Prevention, Early Intervention 
and Management of Kidney Diseases

Given that diabetes mellitus and hypertension are the two 
leading causes of preventable ESRD in Singapore [12], it is 
important strategically to focus on upstream preventive mea-
sures to reduce the prevalence of ESRD. The HALT-CKD 
(Holistic Approach to Lowering and Tracking CKD) pro-
gramme [9] is a national initiative that started in 2017, which 
systematically screens for CKD in patients with diabetes and 
hypertension in the primary care institutions. Key interven-
tions are implemented in patients diagnosed with early stages 
of CKD, involving blood pressure and diabetic control, opti-
mizing the doses of ACE inhibitors or angiotensin receptor 
blockers and lifestyle modifications. Patients are tracked lon-
gitudinally for compliance and response, with early referral 
to nephrology services for pre-emptive preparation for RRT 
at CKD Stage 3B. In its early stages of implementation, the 
HALT-CKD will be evaluated for its effectiveness in reduc-
ing the rate of ESRD in the country within the next 3–5 years.

 Peritoneal Dialysis Preferred Strategy

Peritoneal dialysis has been assessed to be more cost- 
effective and is a much more sustainable RRT modality in 
managing the ESRD load in Singapore. Taking into account 
the relatively lower current prevalence rate of ESRD patients 
on peritoneal dialysis, the aim is to increase the utilization of 
peritoneal dialysis in the country to 30% by the year 2025 
[19]. To achieve this endeavour, the Ministry of Health in 
Singapore will progressively effect several initiatives, which 
include:

 (a) Strengthening professional and patient education on 
peritoneal dialysis

 (b) Providing adequate support for patients on peritoneal 
dialysis through assisted peritoneal dialysis programmes

 (c) Enhancing community support for peritoneal dialysis 
patients, including home visits

 (d) Having a more discriminative financial differential for 
out-of-pocket payment between both dialysis modali-
ties, in favour of augmenting the subsidies towards peri-
toneal dialysis

 Promotion of Living Donor Renal 
Transplantation

With renal transplantation providing the best outcomes for 
patients with ESRD, efforts to increase living donor renal 
transplantation is a key strategy in improving the care of 

ESRD in Singapore. Public educational efforts will be aug-
mented, to begin earlier at the schooling age. Initiatives to 
minimize inconvenience to potential living donors will be 
examined and implemented accordingly, to encourage living 
donation and remove administrative and financial obstacles 
to renal transplantation. Issues such as time off work, lack of 
insurance coverage and financial cost of pre-donation evalu-
ation, surgery and post-surgical care are identified deterrents 
to living kidney donation and will be reviewed with the 
respective stakeholders to make the process less onerous.

 Optimizing Haemodialysis Capabilities

Expanding the number of haemodialysis centres is a chal-
lenge in land-scarce Singapore, and the nursing manpower 
required to support these centres will be limited. Therefore, 
instead of building more haemodialysis centres with the need 
to augment nursing manpower, the strategy would be to opti-
mize the utilization of resources in existing centres such as 
promoting self-dialysis and nocturnal haemodialysis in these 
units. The Ministry is also exploring the feasibility of devel-
oping a home haemodialysis programme in Singapore.

 Advance Care Planning and Palliative Care 
Nephrology

Besides dialysis, conservative management is also an option 
for ESRD patients, particularly for those in poor condition, 
with multiple co-morbid illness or have haemodynamic 
instability, and who would not benefit from dialysis treat-
ment. However, given the sensitive and emotional consider-
ations for the patients and their caregivers, there is a need to 
provide more support and assurance to patients opting for 
conservative management in the decision-making process. In 
addition, there is a need to develop a robust palliative care 
framework for patients who have eventually decided on non- 
dialytic treatment for their ESRD condition, so that they do 
not feel abandoned during the last phase of their condition. 
The fraternity will work to align the advance care planning 
parameters for CKD and ESRD patients, so that the discus-
sion can start earlier at CKD Stage 3 or 4. The Ministry is 
also currently working to ramp up the capacity for palliative 
care services in the home and inpatient settings, and to part-
ner with home care providers to expand home palliative care 
services beyond oncology, so as to include patients with 
 end- stage organ failure. With stronger palliative care and 
support available, the option of conservative management 
would be less intimidating to patients and their caregivers, as 
they would be more assured of receiving timely symptomatic 
treatment and emotional support in their end-of-life stages.

29 Nephrology in Singapore



408

 Conclusion

Singapore continues to face challenges in providing care to 
patients with kidney diseases. Despite having the necessary 
infrastructure and healthcare resources currently to provide 
renal replacement therapies to the increasing ESRD popula-
tion, dialysis alone is not a sustainable option in the long run. 
Prevention of ESRD and retarding the progression of CKD 
continues to be a key strategy in addressing the high ESRD 
disease burden, while decreasing the reliance on haemodial-
ysis would be necessary to ensure appropriate access to care 
for all patients.
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CKD Chronic kidney disease
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CVA Cerebrovascular accident
CVC Central venous cannula/catheter
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UKRR United Kingdom Renal Registry
UN United Nations
USA United States of America
USRDS The United States Renal Data System
WHO World Health Organisation

Area 309,500 Km2

Population1 4,647,110 (2018)
Capital Muscat (Mct)
Three most populated cities 1. Bushar (299,238)

2. As Seeb (265,901)
3. Salalah (235,563)

Official language Arabic
Gross domestic product (GDP)2 79.277 billion USD 

(2018)
GDP per capita2 16,415.157 USD (2018)
Human Development Index (HDI)3 0.834 (2018)
Official currency Oman Rial (OMR)
Total number of nephrologists 110
National society of nephrology Oman Renal Failure 

Society
Incidence of end-stage renal disease 2018 – 200 pmp
Prevalence of end-stage renal disease (on 
dialysis)

2018 – 1150 pmp

Total number of patients on dialysis (all 
modalities)

2018 – 2300
2019 – 2500

Number of patients on hemodialysis 2018 – 2056
2019 – 2201

Number of patients on peritoneal dialysis 2019 – adults 190, 
pediatric 37

Number of renal transplantation per year 2018 – 30 pmp
2019 – 25 pmp

Vascular access rate AVF – 76%
AVG – 6%
Permcath – 16%
Temporary access – 2%

Mortality rate 2018 – 8.1%
2019 – 10.8%

1.  National Center for Statistics and information. Population statistics. 
At URL https://www.ncsi.gov.om/Elibrary/LibraryContentDoc/bar_
population2018_ea9a7a9b-65d1-4b2a-856e-093d4406209d.pdf

2. The World Bank. https://data.worldbank.org/country/oman?view=chart
3.  United Nations Development Programme Human Development 

Reports. http://hdr.undp.org/en/countries/profiles/OMN

 Introduction

The Sultanate of Oman is in the south-eastern corner of the 
Arabian Peninsula. The total area of the Sultanate is around 
309.500 square kilometers and the density is 16 per Km2 [42 
people per mi2 [1]. The population of Oman according to the 
National Center for Statistic and Information was 4.65 mil-
lion by the end of 2018, of which about 56% are Omani citi-
zens [2], and with 1 million aged 14 years and below [2]. The 
Omani population is relatively young [median age, 

29.3 years], of which 12% and 34% of the population are 
under 5 years and under 15 years, respectively, whereas only 
3.8% are 60 years and above [2]. Oman population is equiva-
lent to 0.06% of the total world population and 71.0% of the 
population is urban (3,551,726 people in 2019) [2]. The sex 
ratio is 102 males per 100 females; and the cingulate mean 
age at first marriage is 25 years for females and 28 years for 
males [3].

Since 1970, Oman has undergone rapid socioeconomic 
development along with demographic trends that have been 
positively reflected in all sectors, including the health service 
sector. Examples include a rise in life expectancy at birth and 
a decline in the frequency of infectious diseases. Free-of- 
charge health services are provided to all citizens by the 
Ministry of Health (MoH) with a total workforce of 56,152, 
including 9132 registered physicians, 19,938 nurses (372 are 
specialized in renal dialysis; 291 [78%] of them are Omanis), 
2387 laboratory technicians, 1350 dentists, 2445 pharma-
cists, and 2020 assistant pharmacists [4]. According to the 
MoH 2017 annual report, for every 10,000 population, there 
are 20 doctors and 43.7 nurses in the country when compared 
to 9.0 doctors and 26.0 nurses in 1990. In 2017, the nurse–
doctor ratio was 2.2, and medical officer–specialist ratio was 
1.3 [4]. The MoH provides primary health care through 270 
health care centers (including non-MoH), 76 hospitals, and 
1215 private clinics and diagnostic health centers [5, 6].

In recent years, Oman has been facing a rapid change in 
the disease profile, from first-generation diseases such as 
infectious to non-communicable diseases, including cardio-
vascular diseases [CVD], diabetes mellitus [DM], chronic 
kidney disease [CKD], and cancer. In fact, the burden of non- 
communicable diseases has been a global public health con-
cern, with chronic disease accounting for 61% of global 
deaths and 49% of the worldwide burden of disease. 
According to the World Health Organization (WHO), CKD 
is the sixth main cause of death in Oman, with a rate of 18.10 
per 100,000 population (2.97% of total deaths) [7, 8]. Oman 
was ranked 51st among the top world countries in which 
CKD is a major cause of death [7]. In addition, 40% of inpa-
tient and 55% of outpatient morbidity in 2005 was caused by 
chronic non-communicable diseases, compared to 36% and 
43% in 1995. The prevalence of hypertension [defined as 
blood pressure ≥ 140/90 mm Hg] among individuals of both 
sexes aged ≥20 years has increased considerably, from 27% 
in 1995 to 32% in 2000 [6]. CKD is a global issue and is 
ranked among the top 25 causes of years of life lost due to 
premature mortality. In Oman, using this ranking system, 
CKD was ranked 11th in 2010, moving from its previous 
position of 22nd in 1990. Similarly, CKD was ranked 22nd 
within the top 25 causes of disability-adjusted life years in 
the Omani population [6]. Oman has witnessed significant 
development over the past 49  years, becoming one of the 
wealthy countries in the Arabian Gulf area [9, 10]. Health 
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services have developed accordingly, including services for 
CKD patients. However, this dramatic enlargement in eco-
nomic status has been accompanied by changes in the life-
style of the Omanis which are presumed to contribute to 
increasing the incidence of end stage renal disease (ESRD) 
[10, 11]. This dramatic alteration in lifestyle has challenged 
the healthcare system in Oman to meet the increase in non- 
communicable diseases. The causes of renal failure are still 
mostly due to DM, hypertension, and chronic glomerulone-
phritis (GN); and many cases present at an advanced stage. 
DM is responsible for almost 50% of the causes of CKD on 
dialysis in this population [7, 10, 11].

The delivery of treatment for ESRD presents significant 
expenses and ethical challenges in all countries, including 
Oman. The national dialysis services in Oman have stretched 
between 1985 and 2019 to include an additional private- 
sector dialysis unit to meet the demands for dialysis treat-
ment. Since the health services in Oman are provided by the 
national health system, the services for citizens with renal 
failure are fully paid for by the government [11]. Despite the 
expansion of dialysis services of hemodialysis (HD) and 
peritoneal dialysis (PD), kidney transplantation (KT) is lim-
ited within Oman, which could be a factor that may chal-
lenge the sustainability of the health services [3, 7, 10, 11].

 History of Nephrology in Oman

Introduction In the 1950s–1960s, nephrology care was 
launched in the modern world. After two to three decades, 
nephrology care was started in Muscat, the capital of Oman, 
in the early 1980s as a result of initial efforts from the MoH, 
and some non-Omani nephrologists pioneers who worked 
for the MoH of Oman at that time [12].

Initial Nephrology Services The first renal replacement 
therapy (RRT) care in Oman was PD for acute kidney injury 
(AKI) cases. The hospital-based modality was the only treat-
ment of kidney disease at that time in Oman. This service 
started in April 1980 by Dr. AM AL Riyami who was a con-
sultant in general internal medicine. General nephrology ser-
vices were made available in Muscat between the years 
1980–1983 [12]. The general nephrology services consisted 
of a nephrology Out-Patient Department (OPD), a hyperten-
sion referral clinic and a pediatric nephrology (out-patient 
clinic) on a weekly basis in Al-Nahda Hospital (an old hos-
pital situated in Muscat, and which still exists). Between 
1980 and 1983, PD was still the only conducted RRT in 
Oman, but only for AKI patients [7, 10, 11].

Development of Nephrology and Dialysis Capacity The first 
HD center opened on March 12, 1983, at the Al-Nahda 
Hospital with seven HD machines and serving 35 patients [9, 

12]. The patients who were on HD outside the country in 
places such as Bombay, India were transported gradually to 
Oman to resume their dialysis in the Al-Nahda Renal Dialysis 
Center where the father of nephrology in Oman, Dr. Humood 
Al Marhuby, orchestrated their return back home. Al-Nahda 
Renal Dialysis Center took the role required at that time for 
teaching and training nephrology staff, this center being part 
of a program developed by the MoH at that time. This pro-
gram was called Chronic Renal Failure Program (CRFP), 
and directed to treat Omani patients in their country, instead 
of taking them abroad for treatment [8, 11]. In 1986, the 
transplant program was started in cooperation with Oxford 
University (United Kingdom – UK), the patients and donors 
being sent to the UK for renal transplant. In 1986, the HD 
availability increased to thirteen beds. Moreover, a plan was 
made by the MoH to establish additional HD centers across 
the country, the outreach places of Oman [9, 10, 12].

In 1987, the Royal Hospital (a large tertiary teaching hos-
pital where all specialties and subspecialties are offered for 
all the Omani’s citizens) was inaugurated, with the Renal 
Center with six HD beds. Intermittent Peritoneal Dialysis 
(IPD) was also made available besides HD. In 1988, the first 
living related KT was performed at the Royal Hospital. In the 
same year, the first cadaveric renal transplant was accom-
plished at the Royal Hospital [7, 11].

Continuous ambulatory peritoneal dialysis (CAPD) was 
introduced in Oman in 1992, and the first patient was dia-
lyzed in the Royal Hospital at Muscat. In 1993, the PD struc-
tured program was properly started in Oman [9, 10].

The first remote Renal Dialysis Center (RDC) outside the 
capital and the second in Oman started its service in the 
northern region of Oman in September 1991. On April 4, 
1992, a third RDC was opened in the southern region of 
Oman. The central RDC (named Bushar) of the Royal 
Hospital was launched on January 29, 1998 in the capital of 
Oman, Muscat. This RDC is managed by a nephrology team 
led by a nephrologist and assisted by nephrology nurses. The 
creation and maintenance of the Oman’s RRT register was a 
personal effort from Dr. Hamood Al-Marhubi who was the 
nephrologist in charge of the central RDC.  The effort was 
continued after Dr. Hamood’s retirement by Dr. Yaqoob 
Almaimani, who is the current nephrologist in charge of the 
central RDC.  Credit should be given to these people for 
securely retrieving these fundamental data for all these years 
[10]. Dr. Hamoud Amur Ali Al Marbury joined MOH in 1973 
and retired in December 2013 [10]. In 1982 after completing 
a nephrology training at the University of Vienna, he joined 
the nephrology services at Al-Nahdha Hospital. PD services 
of acute and hospital-based facility were the only treatment 
for ESRD available at that time. He devoted most of his life to 
improving the nephrology services in Oman. He has a big 
role in supporting and starting training Omani nurses in the 
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specialty of nephrology, followed by renal dialysis specialty 
program launched at Oman Specialized Nursing Institute (it 
is renamed at present to be the Higher Institute of Health 
Specialties), which has helped to train Omani nurses in deal-
ing with renal patients. He showed great interest in spreading 
and improving the awareness of kidney disease and its man-
agement among health care providers as well as the general 
population. One of the activities he established was “Think 
Kidney Symposium.” He started the first kidney disease 
awareness campaign during the celebration of World Kidney 
Day in March 2008 along with a Walkathon, followed by 
yearly awareness campaign during Muscat festival.

The 2004 annual health report published by the Oman’s 
MoH showed that Oman had 13 RDCs (Ministry of Health- 
MoH, 2004). These RDCs had a combined total of 113 HD 
stations and served 558 patients by the end of December 
2003 (Ministry of Health – MoH, 2004). These HD centers 
increased gradually to 15 RDCs by the end of 2005 (Ministry 
of Health – MoH, 2006). The 15 RDCs had a combined total 
of 158 HD stations and treated 618 patients per annum. By 
2008, the MoH was successfully running 17 RDCs that com-
bined a total of 169 HD stations serving 737 patients on HD 
(Ministry of Health – MoH, 2009).

The Minister of Health, His Excellency Dr. Ahmed Al 
Saidi, appointed Dr. Issa Al Salmi, MD, BA, MB, Bch, BAO 

(Trinity College), FRCPI, MRCP (UK), FRCP, MIPH (AUS), 
PhD (AUS), FASN (USA), as the chairperson for the 
Committee for Improvement of Renal Service in the Sultanate 
of Oman, as per Ministerial decision number 92/2011. The 
committee consists of nephrologist clinicians, nurses, phar-
macists, engineers, and administrative and support personnel 
to enable it to perform its tasks throughout the country.

By the end of 2015, the MoH owned 18 RDCs with 217 
HD stations covering 1439 patients on dialysis per  annum 
per total population (Ministry of Health  – MoH, 2016). 
Between 2012 and 2015, the MoH did not increase the num-
ber of RDCs (Fig.  30.1), but increased the number of HD 
stations in some of the existing RDCs such as the central 
RDC, which started with 28 HD stations and increased to 42 
HD stations by the end of 2015; also the MoH handed over 
160 patients to a private contractor to run these patients’ 
dialysis. At present, there are 24 HD centers around the 
country serving all dialysis patients in the country.

The standard HD prescription blood flow for a new patient 
first HD ranges from 150 to 300 ml/mint, and later on, it is 
increased to a range of 200–600 ml/mint. The frequency for 
most patients is three times/week for 3–4 h, but almost 10% 
have twice/week for 3–4 h. It is based on patients’ general 
condition, vascular access flow, and blood pressure. The 
average dialysis facility setting consists of one nurse to 2–4 

2016-2018 24 RDCs are under service in Oman

2012-2015 18 RDCs were under service

2008 17 RDCs were under service

2003 13 RDCs were under service

1998 New central RDC has opened

1992 Introduction of CAPD

1991 Opening of the 1st remote RDC

1983 Introduction of  hemodialysis

1982 Introduction of general nephrology

1980 Start of the treatment

Before 1980 no nephrology specality in Oman

Fig. 30.1 The increase in 
dialysis treatment capacity in 
Oman 1980–2018
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patients and one nephrologist per maximum 50 patients. 
Each dialysis facility has a pharmacist, technicians, dieti-
cians, non-medical helpers, and administrative personnel. In 
addition, in each region of the country the hospitals have 
social workers to help in providing certain logistics and 
funding for many patients across the country.We have HDF 
post dilution and it works only with high flux dialyzers, 
which are very expensive; they are not available most of the 
time, but mostly used for AKI.

Nephrology Nursing Education Program Renal dialysis 
specialty program was launched at Higher Institute of 
Health Specialties in 1997 and is one of the major accom-
plished nursing education programs to meet the demands of 
competent nurses in nephrology specialization. The main 
aim of this program is “to prepare post-basic nurses for spe-
cialist practice so that they will deliver high-quality care to 
those patients in need of this specialist care and to prepare 
qualified nephrology nurses to be able to work indepen-
dently, efficiently and effectively”. Three hundred forty-
four nephrology nurses have graduated from this program 
and made significant career changes [Higher Institute of 
Health Specialties, 2017/2018; Higher Institute of Health 
Specialties, 2018]. Nephrology nursing involves both pre-
venting diseases and assessing the health needs of patients 
and families where the often highly technological setting is 
contrasted with the caring, supportive, and educative envi-
ronment, necessary for the care of those who are chronically 
ill. This postgraduate program consists of 30 credit hours 
which consists of ten [10] courses which are extended over 
three semesters. This program’s curriculum “is designed 
with integrated theoretical and clinical courses that work 
interdependently to meet the program’s requirements, along 
with the acquisition of advanced knowledge and skills as 
well as development of highly acceptable professional atti-
tude and values” (Higher Institute of Health Specialties, 
2017/2018; Higher Institute of Health Specialties, 2018). 
The program learning outcomes outlined to be achieved by 
the nephrology student nurses are the following:

 1. Critical evaluation of service delivery to inform the opti-
mizing of care within the national health care system at 
primary, secondary, and tertiary level

 2. Professional understanding and accountability in the 
application of socio-cultural, legal, and ethical principles 
to achieve the delivery of optimum patient care within the 
nephrology care setting

 3. Efficient utilization of leadership, knowledge of manage-
ment strategies, and skills to promote enhanced levels of 
professional nursing practice in the nephrology setting

 4. Analytical decision making in applying the principles of 
physiology to underpin practice

 5. Critical evaluation of the concepts and principles of dif-
ferent diagnostic and treatment modalities for short- and 
long-term care

 6. Efficient utilization of research in the practice through 
critical appraisal of existing evidence and evaluating 
practice outcomes

 7. Critical evaluation of the bio-psychosocial scope of treat-
ment and care of patients with kidney disease

© (Higher Institute of Health Specialties, 2017/2018; 
Higher Institute of Health Specialties, 2018).

 Renal Diseases in Oman

Today, the main cause of ESRD in many countries, including 
Oman, is DM as a consequence of the global obesity pan-
demic. In fact, DM is the most prevalent disease in the 
Middle East and North Africa (MENA) region among 
International Diabetes Federation (IDF) regions, with 
approximately 40 million adults [18–99 years] affected and 
373,557 deaths due to diabetes [13]. In 2017, almost 370,104 
adults (18–99 years) had DM in Oman, forming a national 
prevalence of 10.4% and age-adjusted comparative preva-
lence of 12.0% [13]. Thus, it is estimated that one in ten 
adults has DM in Oman [13]. A study of diabetes complica-
tions and associated conditions amongst Omani patients 
showed that 51% of the subjects were obese, 20% had coro-
nary artery disease, 66% hypertension, 10% retinopathy, 
15% micro-albuminuria, 31% overt diabetic nephropathy, 
and 9% neuropathy [6, 14].

Glomerular diseases are fundamental health concerns 
causing CKD in Arab countries, yet limited epidemiological 
data is available due to the lack of national renal biopsy reg-
istries in most of these countries. In Oman, the spectrum of 
glomerular diseases is similar to that of other Arab countries. 
Primary glomerular diseases are more frequent (69.1%) than 
secondary glomerular diseases (30.9%), and lupus glomeru-
lonephritis (LN) is the main dominant pathology (30.4%) 
[15]. Focal segmental glomerulosclerosis (FSGS) is the most 
common primary glomerular disease followed by minimal 
change disease (MCD), whereas lupus nephritis (LN) is the 
most prevalent types of secondary glomerular diseases. In 
pediatrics (˂14  years), LN and membranous glomerulone-
phritis (MCD) are the most frequent glomerular diseases 
compared to LN in young adults (15–25 years) and MGN in 
patients of older age (≥25 years) [16]. Similar to other Arab 
countries, a few cases of immunoglobulin A (IgA) nephropa-
thy are detected in Oman by renal biopsy [15].

Nephrolithiasis is defined by the formation of crystal 
aggregates in the urinary tract leading to kidney stones, while 
nephrocalcinosis is characterized by the deposition of cal-
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cium salts in the renal parenchyma. In Oman, kidney and 
urinary stones are common reasons for requesting medical 
consultation. Approximately 190 per 10,000 population are 
hospitalized annually for the treatment of calculus of the kid-
neys, ureters, and lower urinary tract, hence requiring fre-
quent urological treatments [17]. A recent study evaluating 
the biochemical, metabolic, and radiological data of 255 
patients with this disease revealed that hypertension, DM, 
urinary tract infection, obesity, and atrophic kidney are the 
most common comorbidities associated with nephrolithiasis 
and uric acid stone formation [17]. Stone analysis detected 
calcium oxalate as the most frequent composition (73%) in 
patients from Oman, which is similar to those reported in 
Kuwait, Iraq, the United States, and France [17]. Mostly, the 
probability of stone formation is high in the Middle East 
countries where environmental and sociocultural factors 
such as hot and humid climate and diets as well as genetic 
make-up are the primary contributors [17].

The incidence and prevalence of inherited diseases caus-
ing renal diseases are substantially more common in the 
Arab world than other regions, leading to significant mortal-
ity and morbidity, possibly associated with the high rate of 
consanguinity [18]. Similarly, inherited and congenital kid-
ney disease may be essential causes of ESRD in the Omani 
population with high degrees of consanguinity [56.3%] [19]. 
A wide range of autosomal recessive diseases leading to 
CKD in childhood are common in Oman, causing a serious 
healthcare burden, including autosomal recessive polycystic 
kidney disease (ARPCKD) [19], congenital hepatic fibrosis 
and Caroli’s disease [20], renal tubular acidosis and congeni-
tal nephrotic syndrome [19], ciliopathy syndromes [19], and 
primary hyperoxaluria [21]. Additionally, cystinuria is a rare 
autosomal recessive disease characterized by the formation 
of cysteine stones in kidneys, found more frequently in 
Oman and constituting 4% of adults’ stones, opposed to the 
worldwide prevalence of 1% [17]. A recent study found that 
genetic kidney diseases comprise 5% of all causes of ESRD 
[7], which is in line with the estimated percentage of the Gulf 
Cooperation Countries (GCC) (4.43%) [22]. In Oman, 
patients with inherited kidney disease start RRT at a younger 
age (mean age, 29 years), being more prevalent in the pediat-
ric and early age group (0–19  years: 46.8%, 20–44  years: 
23.7%) when compared to the elderly patients (≥65 years: 
3.6%) [7]. Autosomal dominant polycystic kidney disease 
(ADPKD) was the most prevalent genetic kidney disease 
causing ESRD amongst Omani [7].

Systemic lupus erythematosus (SLE) is a common chronic 
multi-systemic autoimmune disease which follows an 
aggressive course in many patients [23]. The SLE clinical 
disease spectrum of Omani patients appears to be consistent 
with that found in neighboring Middle East countries and 
Caucasian populations, upon which half of patients have 
renal involvement [23–27]. An epidemiological study of 
familial juvenile SLE revealed that mucocutaneous manifes-

tations, arthritis, and nephritis are the most prevalent features 
in Omani and Saudi children, anticipating an autosomal 
mode of inheritance [24]. Furthermore, differences in the 
mean age of SLE onset has been observed in Omani children 
as they have an earlier age of onset (8.6 years) when com-
pared to Saudi (12.1 years) and other Arabic countries, sup-
porting the demand for more comprehensive multi-centers 
studies [24, 27]. In terms of organ involvement, a tribal and 
geographical variance among Omani SLE patients has been 
found, indicating both genetic and environmental effects [24, 
26–28]. Moreover, geographical clustering of childhood 
onset SLE was recognized in the eastern region of Oman 
(Sharqiya region), accounting for 41% of the cases [25, 26]. 
Another recent study of 966 patients diagnosed at the Royal 
Hospital, from 2006 to 2014, revealed that SLE is more prev-
alent in Omani female (88.7%) and the overall mean age at 
presentations was 35.5 years [23]. Analysis of clinical pre-
sentation of SLE patients indicates that musculoskeletal 
manifestations such as arthralgia, myalgia, and arthritis are 
frequently seen in Omani patients [23].

 Chronic Kidney Disease Epidemiology 
in Oman

CKD is ranked as the eighth highest cause of all deaths in 
Oman in 2017, with an increasing percentage of 78% between 
2007 and 2017, and it is the 10th cause of years of life lost 
(YLLs) due to premature mortality, with 77.7% increase 
between the same period (2007–2017) [3, 8]. In 2009, a pre-
liminary survey carried out with nearly 40,000 persons aged 
40 years or more all over Oman to evaluate non-communica-
ble disease (NCDs) in the general population estimated that 
70.9% of this population was obese, 14.4% had hypertension, 
8% DM, and 9.9% CKD with an estimated glomerular filtra-
tion rate (eGFR) ≤ 60 ml/min/1.73m2 [10, 11]. It also showed 
that 29% had mild renal failure (eGFR 60–90 ml/min/1.73 m2), 
9% moderate renal failure (eGFR between 30 and 59  ml/
min/1.73  m2), while 1% had severe renal failure 
(eGFR < 30 ml/min/1.73 m2) [11]. Since a strong relationship 
exists between kidney disease and NCDs that are considered 
as risk factors for CKD including DM, hypertension, and 
obesity, it is essential to recognize CKD as a major NCD in 
Oman [10, 11]. In a recent study of 208 children aged 
0–13 years with different CKD stages, who were followed at 
the Royal Hospital for over 12 years, a mean annual incidence 
rate of 24.0 per million child populations was reported [16]. 
A low number of those children (12.9%) presented in stage II, 
while 25% in stage III, 20.7% in stage IV and the majority 
(41.3%) in stage V at diagnosis [16]. These alarming figures 
of CKD prevalence in general population might still be under-
estimated since CKD is often silent or under recognition in 
the general population unlike the onset of ESRD, which is 
certainly recognized by the requirement of RRT.
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The prevalence of ESRD patients receiving RRT in Oman 
at the end of 2013 was 655.8 per million population (pmp), 
with an incidence of 120 pmp [11]. The yearly prevalent 
counts of new patients treated for ESRD faced rapid increase; 
for example, it rose from 1535 in 2008 to 2851 in 2015, with 
a change in the prevalence rate from 463.5 to 670.1 pmp at 
the same period. In Oman, CKD is more prevalent in males 
than in females and the mean age of starting RRT is approxi-
mately 50 years [8–11], which is in line with Middle East 
countries. However, a remarkable difference is noted with 
the developed countries including the United State (US) and 
the United Kingdom where the median age is ≥61 years [8, 
9]. Furthermore, a sharp rise in the incidence and prevalence 
of ESRD patients with ageing in Omani population has been 
noted, particularly after 45 years of age [11].

Nowadays, diabetic and hypertensive nephropathies are 
the two major causes of CKD in Oman, accounting for 46% 
and 19–22% of ESRD patients requesting RRT, respectively 
[10, 11]. DM is more prevalent among older patients 
[≥45 years] and its incidence has raised from 5.8% in 1983 
to 46% in 2013 [10, 11]. Chronic GN is the third underlying 
cause of renal failure, accounting for 15–18% of ESRD 
patients [7, 8, 10, 11]. The alteration in the main cause of 
CKD from GN in 1983 to diabetic nephropathy in recent 
times is a reflection of satisfactory health care diagnoses sys-
tem as well as alteration in the socioeconomic status and life-
style of the population in Oman [11]. In general, diabetic and 
hypertension are considered as the major leading causes of 
kidney failure in many Arab countries including Egypt, 
Jordan, Kuwait, Saudi Arabia, Tunisia, UAE, and Qatar [11]. 
Rises in these chronic diseases may be associated with popu-
lation growth and aging, deficiency of physical activities, 
obesity, and urbanism, which are themselves considered as 
dominant CKD risk factors [10, 11]. In recognition of these 
challenges, and with the expected increase of diabetes and 
hypertension in the developing countries during the next two 
decades, it is essential for health care providers in Oman to 
develop strategic health care actions that shift from care and 
treatment to prevention of these epidemics.

 Renal Replacement Therapy Scenario 
in Oman

ESRD is a serious and irreversible condition. Understanding 
the impact of ESRD and its treatment on an individual’s 
quality of life (QoL) is important. There are limited studies 
that assess QoL and health-related QoL (HRQoL) in Arab 
Muslim patients, and Oman in particular. Thus, a large-scale 
cross-sectional study was conducted to assess the level and 
predictors of QoL/HRQoL among Omani patients [3]. 
Results revealed that, similar to ESRD patients worldwide, 
Omani patients have low levels of HRQoL, particularly on 
the physical and mental health components. These findings 

were consistent with results from three observational studies 
in ESRD patients and patients with other chronic conditions, 
such as osteoporosis. However, Omani patients rated their 
mental health components better when compared to physical 
health components. Families in Oman are more of an intro-
verted type of families and looking after family members is 
considered as an obligation. It was not surprising that patients 
reported better level of social function compared to the other 
aspects of QoL [3]. Supportive social environment, friends, 
and family can improve patients’ mental health and role 
functioning [3].

Omani patients on dialysis usually experience a burden 
of symptoms and complications associated with dialysis 
and ESRD; recent studies show that the life expectancy and 
bearing of the burden of disease and treatment among 
ESRD patients have increased. This seems encouraging 
because it perhaps reflects that the current standards and 
complex medical care provided to ESRD patients are effec-
tive and could be an influencing factor for better HRQoL. In 
fact, it may lend support to nephrology services within and 
outside Oman to further improve the care of patients with 
ESRD [3].

Fatigue and pain were significant among Omani ESRD 
patients, and this is consistent with the results of previous 
studies in ESRD patients. Fatigue and pain were the most 
significant burdensome symptoms that patients reported. It 
was found that about 50% of patients with ESRD experi-
enced pain, using the McGill QoL Scale [3]. It is not surpris-
ing that these findings are important for a number of reasons: 
first, ESRD patients have numerous symptoms, many of 
which can be severe. Second, symptoms that are common in 
dialysis patients such as muscles cramps, drowsiness, or rest-
less legs usually are not included in symptoms measures, 
which raises the possibility that symptom burden might be 
even higher than that observed in this study. Also, many 
ESRD patients found that physical symptoms accounted for 
one-third of the impairment in HRQoL [3].

Mood symptoms are commonly experienced by ESRD 
patients. Forty-one per cent of patients reported symptoms of 
anxiety and 43% reported depressive symptoms. Also, 25.9% 
patients had anxiety and 28% of patients had depressed 
symptoms, using the Hospital Anxiety Depression Scale 
(HADS) instrument [3]. However, the diagnosis of mood 
symptom in ESRD patients could be highly variable, from 
patients showing no symptom of the disease to patients who 
show severe symptoms. This is perhaps due to different con-
cepts of depression and anxiety, which may vary from iso-
lated symptoms to major depressive and anxiety disorder. 
Anxiety and depression may affect the patient with ESRD in 
many ways. Overall, patients with ESRD have higher mor-
bidity and mortality caused by the chronicity of the disease. 
For this reason, early recognition of mood changes and 
establishment of specific intervention to this group of patients 
are necessary [3].
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Lastly, the concept of spirituality must also be consid-
ered as a possible drive for providing the purpose of life for 
some individuals. It is a kind of connectedness and it 
describes a way of being that is characterized by certain 
identifiable values in regard to self, others, and life. 
Religiosity is often understood as an individual’s involve-
ment in a set of beliefs and social activities as a means of 
spiritual expression, and this may include adherence to reli-
gious practices and traditions, such as Christmas, fasting 
during Ramadan, or adhering to specific dietary regimens 
such as avoiding alcohol and being vegetarian. The inter-
play between the two concepts of spirituality and religios-
ity may affect how individuals live and may also affect their 
moral decisions. These consequently affect their day-to-
day choices. In Islam, for instance, being religious is con-
sidered an essential element of happiness. Muslims perceive 
life satisfaction to be connected with Allah’s or God’s sat-
isfaction through the dialogue and performance of worship, 
which results in the belief of having a pleasant and satisfied 
life [3].

 Peritoneal Dialysis in Oman

The outcome of PD has improved over the last years and is 
becoming equal to HD, even its survival being better in the 
first 2 years.

Despite the long distances to RDC and the delay in the 
creation of permanent vascular accesses for many patients, 
PD was only provided to sporadic cases initiated at the ter-
tiary hospital in Muscat (Al-Nahda and the Royal Hospital). 
It started as an urgent start indication of dialysis, first at 
Al-Nahda Hospital in 1982, then at the Royal Hospital in 
1987 [9]. First cases for chronic PD started at the Royal 
Hospital in 1992 [9]. In 2010, chronic PD service became 
available by the MoH and started at secondary hospitals 
mainly at Nizwa Hospital (a hospital situated at about the 
middle of Oman, 150 km far from the capital). Since then, 
the PD penetration has increased from 30 to 190 patients, 
representing 10% of the total Omani dialysis population, 
while it comprises 54% of the total dialysis population at 
Nizwa Hospital (90 PD out of total 166 dialysis patients). 
Set-up for PD services mainly at Nizwa and Royal Hospitals 
includes:

• Pre-dialysis clinic for counselling and preparation of 
stage 4/5 CKD to RRT and selection of modality

• Bedside PD catheter insertion under fluoroscopy guid-
ance by nephrologist for most of the cases; and surgical 
by laparoscopic insertion, as backup for those failed cases 
by the nephrologist

• Protocol for early initiation during break-in period for 
patients who need dialysis to avoid insertion of CVC

• Training for patients and caregivers for PD and exit site 
dressing followed by home visit post training

• PD OPD attended by nephrologist and nurse staff expert 
in PD and training

• Monthly review of PD prescriptions for necessary adjust-
ments as per clearance; UF and laboratory tests

• Periodic procedures and KPI:
 1. Retraining every 6 months and whenever necessary
 2. Transfer set exchange every 6 months and whenever 

necessary
 3. Kt/v [PD and urine] every 6 months and after prescrip-

tion change
 4. PET every year

Out of the 190 PD patients in Oman, 17.5% are pediatric 
patients (defined as younger than 13 years old) and 18.5% 
adult patients (13 years old or older); both groups are being 
treated at the Royal Hospital. Meanwhile, 51.5% of adult PD 
patients are being followed at Nizwa Hospital and the 
remaining 30% are being treated at secondary hospitals in 
six different regions around Oman. The Royal Hospital, 
however, receives the patients from all the secondary hospi-
tals for difficult cases and major complications, and even for 
initial catheter insertion and initial management. Thereafter, 
these patients are referred back to the secondary hospitals for 
further follow-up.

Eighty percent (80%) of our PD patients have selected 
PD as initial modality from pre-dialysis clinic, whereas 
20% were transferred from HD (8% selected PD and 12% 
had vascular access failures  – Fig.  30.2). Mean age is 
50.3 years with nearly equal female to male ratio. Patients 
on PD for more than 5 and 3  years are 10% and 21%, 
respectively.

Seventy percent (70%) of PD patients are using APD and 
CCPD while 30% are on CAPD. PET showed equal percent-
ages between low and high transport membrane. Sixty per-
cent of CAPD patients are high/high average transporters, 
while 51% of APD patients are low/low average transporters. 
Ninety-one percent (91%) have Kt/v more than 1.8.

Peritonitis rate in 2018 was one episode/54 patient- 
months or 0.22 episode/year. Refractory peritonitis repre-
sented 21% of the total peritonitis episodes for these patients 
whereas 63% (7 out of 11 episodes) of them were managed 
successfully without HD by simultaneous insertion of a new 
PD catheter with the clearance of the infection. Four of the 
refractory episodes were due to fungal peritonitis that was 
noticed to happen after the use of broad spectrum of antibiot-
ics and steroids. Therefore, we added prophylactic flucon-
azole in our protocol when these drugs are used, and until 
now no new episode has been detected.

All episodes of relapsing peritonitis are managed success-
fully without removal of peritoneal dialysis catheter (PDC), 
using Heparin-Antibiotic Lock of PDC throughout treatment.
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Initially, PD catheter insertion was mainly in the operation 
theater (OT), either surgically or laparoscopically; but since 
2016 the main approach is through percutaneous insertion under 
fluoroscopy guidance by nephrologist at Nizwa Hospital while 
those with previous surgeries or who failed bedside insertion are 
going for laparoscopic insertion in the OT (Fig. 30.3).

To avoid the use of CVC and their complications, if the 
patient needs dialysis during the break-in period, we initi-

ate PD using APD with small volumes, frequent cycles, 
and long duration in supine position. Also, for patients 
with no permanent vascular access, we offer temporary PD 
until the creation, maturation, and use of vascular access, 
in order to avoid the use of CVC. We are encouraging tem-
porary PD as CRRT therapy for critical area patients 
instead of HD (continuous or intermittent) and CVC. Both 
timed insertion of PDC and PD initiation during the break-

10%

21.00%

46.50%

22.50%

0%

10%

20%

30%

40%

50%

> 5 years > 3 years > 1 year < 1 year

Duration on PD

80%

20%

0%

20%

40%

60%

80%

100%

PD 1st
choice

Shift
from HD

No
vascular
access

Select PD

PD selection

Fig. 30.2 Duration and PD selection in Oman

0

5

10

15

20

25

30

35

40

45

50

2016 2017 2018

PDC Insertion Outside OT

Total Success Failed

0

20

40

60

80

100

120

140

Out OT OT

Method of PDC insertion

Bedside Laparoscopic

Fig. 30.3 Peritoneal dialysis catheter (PDC) insertion outside operation theater (OT) and method of PDC insertion

30 Nephrology in the Sultanate of Oman



418

in period result in a significant increase in the number of 
PD patients and reduction in the use of CVC and their 
complications.

The PD dropout is mainly due to death (42%), 28% 
shifted to HD (being 24% due to technique failure: mainly 
refractory peritonitis, and 4% due to patient’s request), and 
19% other causes. A positive dropout reason is KT represent-
ing 11% (Fig. 30.4).

 Maintenance Hemodialysis in Oman

Prevalence Woods and Prabhakar (1985) reported 113 
patients who were diagnosed with ESRD and started dialysis 
between March 1983 and July 1985 [12]. The mortality at 
that time was 17.7% (of the whole dialysis population in 
Oman including AKI) [10, 12].

The prevalence statistics from 1998 to 2015 showed an 
overall increase in HD treatment in Oman [7, 8, 10]. The HD 
subpopulation increased from 35 patients in 1983 to about 
2056 patients in 2018 (31 December 2018). The available 
HD prevalence in the years 1983–2015 in Oman is illustrated 
in Fig. 30.5. The mean prevalence for the years 1983–2018 
was 1090 HD-treated patients per annum. The overall trend 
showed an increase in HD treatment prevalence over the 
years with slight dips in years 2003, 2005, and 2006 
(Fig. 30.5) [10]. Since 2007, the prevalence of ESRD on HD 
has been steadily increasing. For the past 3 years, the preva-
lence has increased to 1617 (2016), 1767 (2017), and 2056 
patients on HD in 2018 [10].

It was possible to calculate the prevalence rate for HD 
treatment as the estimated census for Omani population and 
total population at risk was available for the years 1983 and 
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onward. However, the prevalence for the years 2003 and 
2013 was selected and calculated to the last available census 
of 2018 (Table  30.1). This prevalence rate was calculated 
across the total population in order to observe the significant 
increase in prevalence rates [10].

Incidence Statistics of the ESRD incidence were available 
for the years 1983–2018. The new patients registered in 1983 
were 34 patients, and in 2015 there were 230 patients per 
total population. The incidence of ESRD patients across the 
years until the end of 2015 per Oman is displayed in Fig. 30.6. 
The incidence reported by the end of the year 2018 was 400 
patients per country per annum [10].

Death Frequency and Causes It is an important piece of 
information to report the causes of death of HD patients and 
all modalities as well. The causes of death for the three 
treatment modalities  – HD, PD, and KT  – have been 

recorded in Oman’s RRT register at the central RDC for the 
years 1983–2010. There were seven causes of death identi-
fied as follows: CVD, cerebrovascular accidents (CVA), 
hemorrhage, hepatic causes, infection, malignancy, and 
other causes where other causes were either not listed or 
unknown causes secondary to not knowing the cause of 
death when death occurred, as most of these persons died at 
their homes. The causes of RRT population death in 2001–
2010 are displayed in Fig. 30.7 [10].

The overall statistics results for the causes of death over 
the years 1983–2010 are displayed in Table 30.2. Finally, the 
death causes for years 2011–2015 were reported precisely in 
total as 449 death causes and the top three causes were: 
unknown (n = 148 = 33%), CVD (n = 108 = 24%), and infec-
tion (n = 107 = 23.8%) [10].

The Cost The total dialysis sessions increased from 45,113 
dialysis sessions in 1998 to 191,638 dialysis treatments in 
2015 across the whole of Oman, as reported by Oman’s 
MoH (Fig. 30.8). The direct cost of a single dialysis session 
in the public sector was given by MoH as 49.8 Omani Rials 
(49.8 OMR = 129.4 USD). So, from these data, the cost of 
the dialysis sessions increased dramatically from 2,246,627 
OMR (~5.8 million USD) in 1998 to 9,543,572 OMR (~25 
million USD) in 2015 which is a 325% increase. In addi-
tion, in Oman, by law, we cannot reuse the dialyzer for 
more than one time. The cost for all years is displayed in 
Fig. 30.8 [10].

Table 30.1 Prevalence rates for hemodialysis-treated patients in cer-
tain years

Year Prevalence Omani pop. PR of Omani pop.
2003 523 1,782,000 29.3/100,000
2013 1281 2,172,000 59/100,000
2018 2056 2,579,000 89.2/100,000

Pop. population, PR prevalence rate, NOTE the registry does not 
account for non-Omani who usually return home country for their 
RRT. Only a very small number of non-Omani continued to dialyze in 
private but not included in the registry
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Table 30.2 Causes of RRT population death across genders

Period Cause of death

HD patients n RT patients N PD patients n All patients n
M F T M F T M F T M F T

1983–1990 Not recorded* 28 29 57 2 6 8 0 1 1 30 36 66
Infection 6 3 9 7 9 16 0 0 0 13 12 25
Cardiac 10 8 18 2 3 5 0 1 1 12 12 24
Hepatic 0 0 0 4 3 7 0 0 0 4 3 7
CVA* 2 0 2 2 1 3 0 0 0 4 1 5
Other cause 2 1 3 0 1 1 0 0 0 2 2 4
Malignancy 0 0 0 2 1 3 0 0 0 2 1 3
Hemorrhage 0 1 1 1 0 1 0 0 0 1 1 2
Total 48 42 90 20 24 44 0 2 2 68 68 136

1991–2000 Not recorded* 64 83 147 11 8 19 1 0 1 76 91 167
Infection 29 30 59 37 30 67 1 1 2 67 61 128
Cardiac 47 24 71 9 3 12 0 0 0 56 27 83
Hepatic 4 2 6 5 7 12 0 0 0 9 9 18
CVA* 16 6 22 2 3 5 0 0 0 18 9 27
Other cause 7 7 14 2 0 2 0 0 0 9 7 16
Malignancy 4 7 11 5 2 7 0 0 0 9 9 18
Hemorrhage 4 3 7 3 0 3 0 1 1 7 4 11
Total 175 162 337 74 53 127 2 2 4 251 217 468

2001–2010 Not recorded* 136 122 258 8 12 20 4 2 6 148 136 284
Infection 112 90 202 14 14 28 5 6 11 131 110 241
Cardiac 102 102 204 11 5 16 0 2 2 113 109 222
Hepatic 6 3 9 5 1 6 0 0 0 11 4 15
CVA* 20 20 40 2 1 3 0 1 1 22 22 44
Other cause 24 27 51 0 2 2 0 0 0 24 29 53
Malignancy 15 8 23 4 4 8 0 0 0 19 12 31
Hemorrhage 10 5 15 0 0 0 0 1 1 10 6 16
Total 425 377 802 44 39 83 9 12 21 478 428 906
Total 648 581 1229 138 116 254 11 16 27 797 713 1510

M males, F females, T total, Not record not recorded, CVA cerebrovascular accident 
*<0.05
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 Convective Therapies in Oman

Developments of Continuous Renal Replacement Therapy 
(CRRT) in Oman In 1977, Dr. Peter Kramer was the first to 
describe such type of therapy in the literature. It was named 
CAVH (continuous arterio-venous hemofiltration). The 
blood was moved from an artery to a vein through a hemofil-
ter. Ultrafiltration rate was controlled by raising and lower-
ing the drain bag.

At the Royal Hospital, the first form of RRT was intro-
duced in 1991; it was not a very complex technique, but 
two large bore cannulas were inserted in both femoral 
veins and were run through a membrane, and ultrafiltration 
was done.

Since the early 1980s, a blood pump and a double-lumen 
catheter in a large vein have been used to provide a consis-
tent blood flow, and thus ultrafiltration. This so-called Veno- 
Venous technique has been since then adopted and improved 
to become the standard in CRRT. In the 1990s, the first fully 
automatic machines were made and became immediately 
popular in intensive care settings.

The Royal Hospital embraced this therapy quite early, and 
the first proper CRRT was done in the adult ICU of the Royal 
Hospital in 1997, using double lumen catheter in femoral 
vein. This was done using earlier model of Fresenius 
machine, heparin as anticoagulation in most cases, but other 
means of anticoagulation, such as using prostacyclin (Flolan) 

or saline flush, were also used in patients who had heparin- 
related risks of bleeding.

In 2000, the Royal Hospital then started using CRRT 
machines from B. Braun, and most of the patients had con-
tinuous veno-venous hemofiltration (CVVH) as the preferred 
modality of CRRT technique. Most critically ill patients with 
hemodynamic instability admitted in Adult Intensive Care 
unit at the Royal Hospital who required renal support would 
get this treatment. This therapy was a combined initiative of 
Nephrology and Adult Intensive Care at that time.

In 2003, the Royal Hospital acquired state-of-the-art 
CRRT machines for adult ICU from Fresenius Medical, and 
started the program of CRRT in critically ill patients in ICU, 
with proper training of ICU nurses and doctors. This training 
module established at the Royal Hospital ICU has helped 
train the nurses to run this modality of therapy in adult ICU, 
independent of nephrology department involvement, 
 considering that the resource utilization in the nephrology 
department were stretched beyond limits. From 2003 onward, 
most patients in ICU have had CVVHD modality as the pre-
ferred mode. It is worth noting that CRRT program in Sultan 
Qaboos University Hospital (SQUH) was established around 
the same time. The program ran successfully in adult ICU 
patients for the next 8–9  years, but there were challenges 
faced when patients were in DIC, had risk of bleeding due to 
heparin, or developed heparin-induced thrombocytopenia.

In 2011/2012, the Royal Hospital adopted the citrate- 
calcium method of regional anticoagulation, along with the 
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SQUH, for critically ill patients in ICU. Oman has been the 
first GCC country to take up this modality on records. As is 
the norm in the ICU, the nursing staff and doctors at Royal 
Hospital underwent extensive training before starting this 
modality in ICU patients. The staff are well trained to run 
CVVH and CVVHD in sick ICU patients, and recently 
CVVHDF has also been added to the treatment options, in 
patients where it is indicated.

Adult ICU at the Royal Hospital is a busy unit, and a 
snapshot of the ICU will suggest that at least 2–3 patients 
will be receiving CRRT treatment at a given time (30 CRRT 
days/month).

From 2015 to 2016 onward, most hospitals in the Sultanate 
of Oman are using CRRT modality of treatment in ICU 
patients who require renal support.

In pediatric intensive care unit, CRRT has been used since 
2011, and since 2014, it has been incorporated as a proper 
training program for ICU nurses and doctors.

The Royal Hospital staff at adult ICU is also involved in 
training other staff (doctors and nurses) in CRRT. Adult ICU 
team has also conducted workshops on nephrology critical 
care for doctors and nurses in the country.

 Dialysis Reimbursement Policies in Oman

Our policy is that there is no reuse of dialysis catheters. All 
expenses are paid by the MoH, with no exception. Free-of- 
charge health services are provided to all citizens by the 
MoH. All types of renal dialysis are free-of-charge as well as 
if it is provided either by the national public system or by the 
private sector. Non-Omani ESRD are few cases and they are 
self-paid. The Oman’s MoH has to endure a source of fund-
ing, which will support in achieving all the vision planned by 
2050. This sustainability is very challenging since the income 
of Oman is diminishing because of the reduction in the oil 
prices in the international market. Renal care is also one of 
the health services that is struggling to sustain persistent 
fund to keep this important service running up to the golden 
standards and free of charge to enhance accessibility and 
equitability [10, 11].

 Acute Kidney Injury and Critical Care 
Nephrology in Oman

There are limited knowledge and studies about AKI in Oman; 
in one study done by Balushi F et al. to determine the inci-
dence, etiology, and outcome of AKI at a teaching hospital in 
Oman (Unit of Nephrology, Department of Medicine, Sultan 
Qaboos University, Al-Khoud, Oman) from July 2006 to 
June 2007, they found that the incidence of AKI was 0.54% 
whereas the etiology of AKI was pre-renal (50.9%), obstruc-
tive (4.6%), and acute tubular necrosis (44.4%). RRT was 

required in 24.1% of the cases; 33.3% of the patients who 
developed AKI died during same hospital admission, 34.26% 
recovered to discharge with no renal impairment, and 1.85% 
recovered with dialysis dependence [29]. A prospective 2018 
study by Al Majarfi et al. included all consecutive incident 
HD patients at the Royal Hospital, Muscat, Oman for a 
1-year period from 2014 to 2015 showing that sepsis is the 
main cause of AKI, 17% of all patients initiating on HD, and 
it is leading cause of AKI in critical care and intensive units 
with high mortality rate, while contrast induced nephropathy 
(CIN) represent 2.5% of the patients of the same studies 
[30]. This Hospital-based study of initial HD session at a 
tertiary care found that 5% patients became dialysis indepen-
dent and that 4.5% of patients died during their admission for 
initial HD [30].

There is a great need to establish AKI registry or data 
entry program to record the incidence of AKI at a national 
level. Also, more studies are needed to give clear input and 
more details about AKI and its causes and management 
issues. The MoH has started CKD and AKI classification as 
a must, whenever a patient is seen, and to be entered in the 
computerized system medical record, a national program 
that can be accessed everywhere from all MoH health centers 
of the.

 Pediatric Nephrology in Oman

In Oman, most children with renal disease are referred from 
all over the country to the pediatric nephrology center at the 
Royal Hospital. This center provides services to all pediatric 
patients with renal disease. All types of pediatric dialysis 
including PD and HD are provided. It is also the only pediat-
ric KT center in Oman. Some children with renal disease are 
seen at SQUH, as it is the second pediatric nephrology center 
in the country. Ultimately, all children who need RRT, dialy-
sis, or transplantation are referred to pediatric nephrology 
center at the Royal Hospital. The renal disorders commonly 
seen by the pediatric nephrology team at the Royal Hospital 
are described as follows.

Congenital Anomalies of Kidney and Urinary Tract 
(CAKUT) They are common in children and represent 
approximately 30% of all prenatal diagnosed malformations. 
Reported incidence in live and stillborn infants is 0.3–1.6 per 
1000 children. CAKUT is one of the most common diseases 
encountered in our outpatient and inpatient daily work. 
These children can be diagnosed by antenatal scan or later as 
incidental finding during routine ultrasound of kidney and 
urinary tract, or these children may present with urinary tract 
infection or voiding dysfunction or with CKD. CAKUT is 
the most common etiology of CKD in our patients [52.9%], 
including obstructive uropathy, renal dysplasia/hypoplasia, 
vesico-ureteric reflux, and neurogenic bladder [7]. Children 
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with CAKUT have lower progression rate to CKD compared 
to children who have GN, this observation being seen in our 
patients [7] as well as in other previous reports [16]. In 1996, 
a retrospective study about the frequency of posterior valve 
(PUV), done on Omani newborns, concluded that the fre-
quency of PUV was higher when compared to previous 
reported and associated with increase consanguinity, but 
there was no clear pattern of inheritance [31].

CKD A retrospective study was conducted of all children 
followed at the Royal Hospital below the age of 13  years 
diagnosed with CKD stages 2–5. A total of 208 children were 
diagnosed with CKD from January 2004 to January 2016. 
The mean annual incidence rate was 24.0 (SD ± 5.6) per mil-
lion. Sixty-three percent were males. The mean age at diagno-
sis was 3.6 ± 3.5 years (median 2.0) with 61% below the age 
of 3  years. Consanguinity was seen in 42%, and 31% had 
positive family history of renal disease. The most common 
etiology study was congenital CAKUT in 110 children (53%). 
Hereditary renal disease was seen in 66 children (32%), of 
which ARPCKD was the leading cause in 25 patients (12%). 
Chronic GN accounted for 8% of the cases [7, 16].

More than half of the children were hypertensive at the 
time of diagnosis, and 63.1% had anemia of chronic disease. 
The median follow-up period was 4 years, during which 116 
children (57.9%) required dialysis. Fifty-seven children 
(27.4%) underwent KT, while thirty-six children (17.3%) 
died [32].

Hereditary Renal Disease Oman similar to other Middle 
East countries has a high incidence of consanguineous mar-
riage, and this explains the higher incidence of hereditary 
renal disease in Omani children. In a recent report about 
CKD in Omani children, hereditary renal disease was the 
second most frequent etiology in our patients, including 
ARPCKD, primary hyperoxaluria type 1, familial focal seg-
mental glomerulosclerosis, and congenital nephrotic syn-
drome [16, 21]. In a previous report from four different 
families with each family having more than one affected 
child, eighteen children were diagnosed to have primary 
hyperoxaluria with a median presentation at 7 months of age. 
The consanguinity rate in this study was 100%; and the most 
common mutation in the AGXT gene in these children was 
c.33–34ins [16, 21].

RRT in ESRD Pediatric Population PD was started for adult 
ESRD patients in 1980, while HD was introduced in 1983 
for both adults and older children [7, 8, 16]. The first pediat-
ric CAPD treatment in Oman was performed in 1994 at the 
Royal Hospital [8, 16]. This was a 17-month-old boy with 
ESRD secondary to Deny-Drash syndrome (WT1 mutation). 
In the pediatric nephrology center at the Royal Hospital all 
children who progress to ESRD are offered dialysis, except 

if the parents refuse dialysis and they consider that their child 
QoL is not going to improve if they are dialyzed. Another 
reason is if a child has had other organ failure preventing 
them to be treated with dialysis. In the past, most patients 
were on HD and only a small number on CAPD [16]. At 
present, most children requiring dialysis are offered PD 
because now there is a well-established pediatric PD pro-
gram in Oman.

KT: Living-Donor and Deceased Donor in ESRD Pediatric 
Population The KT in Oman started in 1988 and it 
included both pediatric and adult. The first KT to an Omani 
child was performed in 1994. The kidney was retrieved 
from a 10-day- old preterm deceased donor baby. It was 
recorded to be the world’s youngest cadaveric kidney 
transplantation [31].

Recently, we have reported on 70 Omani children who 
had KT between1994 and 2015 [31]. Twenty-seven from liv-
ing donor, 42 living unrelated donor (commercial transplan-
tation), and 1 deceased donor; the median age at 
transplantation was 9 years [31]. The most common etiology 
was CAKUT in 32.8% followed by hereditary renal disor-
ders, familial nephrotic syndrome, and PCKD. About 50% 
of them were on HD before transplantation, 38% were on 
PD, and 14 had preemptive KT [7, 16]. The conclusion of 
this study indicated that children who underwent living 
related KT have a good outcome comparable to international 
results, whereas children who received living unrelated KT 
presented with a high risk for surgical complication and 
decreased graft and patient’s survival.

In summary, we have more children with renal disorder 
secondary to hereditary nephropathies due to high consan-
guinity rates among the population. We have many children 
with stage V CKD but less than one third of them have been 
transplanted due to the unavailability of a deceased donor 
transplant program and shortage of donors. The need to 
establish a deceased donor program to increase the number 
of children going for kidney transplantation is demanded. 
Besides, more effort is needed on genetic counseling and 
prevention as well as more effort is also required to promote 
living organ donation.

 Renal Transplantation in Oman

In Oman, in the period of 1980–1988, there were no kidney 
transplantation centers. Oxford University in the United 
Kingdom was the primary center for KT of Omani ESRD 
patients, as donors and recipients were sent there as part of 
an agreement between the MoH and Oxford University [11, 
12]. During the period 1983–1988, fifty-six patients received 
a living donor transplantation within the MoH-Oxford 
Program. However, all living unrelated donor (LURD) KT 
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patients were going on their own to some Asian countries, 
like India. In addition, 20 patients underwent KT in the 
period from March 1983 to July 1985, of which 18 patients 
survived while two died because of graft rejection in LURD 
transplant recipients [12]. Before 2009, most ESRD patients 
who required KT were sent abroad with their potential 
donors a part of an official cooperative program and only a 
few patients had KT locally. Initially, a visiting transplant 
surgeon was performing the surgeries. Later, a local surgical 
team was created. Currently, patients that require dual liver 
kidney transplant are still being sent abroad as a liver trans-
plant program is still in the process of establishment.

In 1988, Renal Transplantation Program in Oman was 
established as a cooperative scheme between SQUH and the 
MoH. It included both adult and pediatric and activated with 
both living related donor (LRD) and deceased donor (DD) 
transplants. However, transplantation from living unrelated 
donor was not and is still not performed in Oman, in order to 
avoid concealed commercialism, although some Omani 
patients have had such operations abroad and they are being 
followed up in the country. For living related kidney, trans-
plant cases were performed at two biggest referral hospitals 
in Oman: the Royal Hospital and SQUH [16].

Dr. Daar was a pioneer in kidney transplantation in the 
Middle East countries. He is an outstanding Omani national 
in the field of surgery, who was born in Tanzania. In 1990, he 
moved to Middle East where he was involved in founding two 
new medical schools in UAE and Oman. In Oman, he was 
appointed professor of surgery at Sultan Qaboos University 
for one decade (1990–2001). He is a professor of public 
health sciences at the Dalla Lana Faculty of Public Health, 
University of Toronto, with a cross-appointment in the 
Department of Surgery. Abdullah Daar started KT programs 
in Oman in 1988. In the latter country, he was the founding 
professor of surgery at Sultan Qaboos University and the 
“transplantation culture” and set up an immunology service. 
In 1998, he performed the first deceased donor KT in Oman. 
The kidney was spontaneously donated by the family of an 
American expatriate. Also, while in Oman, Abdullah Daar 
performed a unique transplantation from a 33-week- gestation, 
i.e., preterm donor with brain death into a 17-month-old 
recipient boy who is alive and doing well more than 10 years 
later. This became the official world record for the youngest-
ever deceased donor renal transplantation and has yet to be 
surpassed. The mother of the brain-damaged 33-week donor, 
a Dutch woman, sought the donation.

In 1993, Omani transplantation legislation was estab-
lished, by which the only living related donors (LRD), by 
blood or marriage, were allowed. Omani legislation prohibits 
commercial transplantation. Accordingly, this law prohibits 
the transplant commercialism, allows deceased donor trans-
plantation, and outlines the criteria for forming brain death.

The Royal Hospital webpage reported more than 800 
patients with a functional graft and on regular follow-up with 

nephrology services in the Sultanate in 2014. By early 2019, 
we had almost 2000 patient with functioning graft.

The major achievements in KT took place in the year 
2005. In this year, two vital units were established, which are 
the transplant coordination unit and the kidney donor clinic. 
These two units contributed significantly to the increase 
from the average of 6.5 transplants per annum to 12 by the 
end of 2005 and to 23 transplants by the end of 2009 
(Fig. 30.9).

Deceased Transplantation Program in Oman The brain 
death concept is still distant in the Omani public. The mean-
ing is that an individual is dead, according to medical defini-
tion, while the heart is still beating, causing a lot of confusion 
between the patient caregivers and the caring doctor. This 
misunderstanding of the concept of brain death avoids the 
use of these individuals as potential organ donors, which is a 
problem in an era where the need for organs exceeds their 
availability.

In Oman, despite the permission from religious and legal 
authorities to use organs from deceased donors, we are now 
practicing almost solely living related donor KTs. The public 
attitude toward donation is essential in all transplantation 
programs. Furthermore, a survey was carried out in 2010 to 
assess Omani populations’ attitude toward organ transplanta-
tion showed great public acceptance of kidney donation dur-
ing life and very low acceptance after death. However, 
religious and sociocultural factors have to be further investi-
gated and regulations and laws have to be strengthened to 
further expand the facility and to prohibit organs commer-
cialism action.

A common thread that binds all faiths of the world is that 
the saving of life overrides all objections, and no religion is 

2005 Kidney donor clinic

2005 Transplant coordation clinic

1994  World record of youngest KT

1994 1st deceased pediatric KT

1993 Legislation of organ transplant

1992 1st living pediatric KT

1988 Oman Transplant Programme

1980-1988 KT patients treated abroad

Before 1980 No KT treatment in Oman

Fig. 30.9 The major accomplishments in the field of renal transplanta-
tion in Oman
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against organ donation. Kingdom of Saudi Arabia (KSA) 
and Kuwait have successful KT programs, which might 
encourage the KT program in Oman to assume some 
 variations to the present system in order to make the program 
more active. The MoH has provided all the resources for suc-
cessful KT program in Oman such as the transplant coordi-
nation unit and kidney donor clinic.

Though Oman deceased donor transplants program 
was among the earlier programs in the Gulf region, it was 
not fully supportable, and the transplantation program 
turns now to be mainly living related donor transplants 
program. The major challenge causing the unsuitability of 
this program in Oman compared to the neighboring coun-
tries was the absence of resources. The brain death criteria 
have been accepted by civil authorities and religious 
authorities, but have not yet been accepted by the public at 
large, possibly due to poor awareness programs and media 
announcements.

Transplantation from deceased donors is still scarce in 
many Arab countries. In Oman, almost all transplantations 
depend on living related donors despite the permission from 
religious and legal authorities to the use of deceased donors.

Limitations of DD Program and Ways of Improvement A 
clear guideline related to the diagnosis of brain death and 
guidelines related to the withdrawal of life support in these 
patients is needed in the country. With high prevalence of 
non-communicable disease in the country, it is difficult to 
find living related to donate kidney or part of liver, and hence 
a good number of people travel overseas for commercial 
transplantation including kidney, pancreas, and liver. Despite 
proper settings with advanced equipment and well-trained 
clinicians being available, deceased program still stands still. 
However, the health systems across the country have failed 
to bridge the gap that exists between medical knowledge, 
legality of brain death, religious views, and the education of 
our community in this regard.

In order to resolve this, different institutions across the 
country need to come together to form a committee in order 
to deal with this important and critical subject. Secondly, 
there is a need to arrange and conduct a forum, including reli-
gious and legal authorities, to review and discuss organ dona-
tion status in the country and come to a consensus on policies 
and guidelines relating to the process of organ donation. 
Finally, it is essential to educate the public on sensitive issues 
such as this and increase their overall awareness of brain 
death as a medical condition [7, 8, 11]. Also, it goes without 
saying that the DD program needs a good network of donors’ 
coordinators all over the country’s ICUs departments.

In the same way, the absence of a kidney patients associa-
tion is an important obstacle to the provision of patients with 
CKD and their relatives; a strong stand and voice to address 
various requirements and needs is needed. The government 

has failed to provide such a comfort zone or even permit its 
launch to serve an important public service to improve the 
care of people with ESRD.

Juridical-Ethical and Socio-Cultural Framework In Oman, 
the decision to donate organs is a crucial step in the process 
of transplantation. Moreover, Arab countries have poor 
transplant rates because of multiple factors, among them, 
low levels of infrastructure, inadequate trained professional 
staff, lack of a legal structure leading the brain death pro-
gram, religious, cultural, and social constraints, patient anxi-
ety, physician bias, commercial encouragements that favor 
dialysis, and geographical remoteness. The decision is based 
on personal or familial opinions that are strongly influenced 
by many factors, including education, socioeconomic status, 
religion, and cultural characteristics.

Up to date, however, the MoH has delivered all the 
resources for a successful KT program in Oman such as the 
transplant coordination unit and kidney donor clinic. The pro-
gram was able to achieve the world record for the youngest 
donor in kidney transplantation, which shows that the pro-
gram had the potential to accomplish a major number of KT 
surgeries. Furthermore, the United States Renal Data System 
(USRDS, 2015) has provided kidney transplantation statistics 
for Oman (18 pmp/2013 kidney transplants per annum) which 
is comparable with KSA (18.6 pmp/2013), Kuwait (16.6 
pmp/2013 kidney transplants per annum), higher than Bahrain 
(6.7 pmp/2012), but less than Poland (29 kidney transplants 
per annum), and the United Kingdom (51 kidney transplants 
per annum). This concludes that there is no apparent problem 
within the Oman kidney transplantation program, but the 
main problem could be the lack in the number of donated 
kidneys as there is no sufficient living or deceased donors at 
present for Oman’s CKD population [10].

 Organ Procurement and Transplantation 
Network Policies

For living related donors (LRD), the MOH are following 
such donor criteria as in Table 30.3.

In addition, Figs. 30.10 and 30.11 show the kidney recipi-
ent and donor work-up pathway that is followed for the kid-
ney donors who are monitored in kidney donor clinic.

Table 30.3 Donor criteria of LRD

Kidney donor criteria
1. Age ˃ 18
2. Recipient’s relative
3. Willing to donate, not being coerced
4. In a good health, no major medical or psychiatric illness
5. Non-smoker, non-drug consumer, and non-alcoholic
6. BMI ˂ 30
7. ABO compatible
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Referral
Potential recipient with

donor(s)

It is encouraged as part of comprehensive End-Stage Renal Disease patients
management to initiate the process of patients education and donor(s) alocation as
soon as possible (as early as chornic kidney disease stage 4). A referral with
medical information made indicating interested potential kidney recepient with
avaliable related eligable donor (s) (see Donor pathway scheme)

Eligible potential recipient: No active infection, malignancy, severe
cardiovascular disease, active lupus/vasculitis or psychiatric illness.
Appoitment given :7-14 days

Eligible potential recipient: Extensive
medical/surgical history,examination, BMI, vitals
check, labortory and radiological investigations as
indicated in check list of donor/recepient.

Consultations as per patient co morbids

Social worker review

Psychiatrist review

Second visit appoitment: 14-21 days.

Vital check of the potential recipient and any medical updates.
Review the investigations results, further blood or repeat labs if needed and
radiological tests accordingly
Facilitate any pending vital investigations and consultations.
Book for HLA/cross match for suitable donors. (appointment available SQUH 
twice/week)
Third visit appoitment: 14-21 days.

        seen: 7-14 days.
        Next appointment at KDNR clinic follow up: 7-14 days
        A tentative transplant appointment and MDT** meeting 1 week prior to

        Vitals check
        Review all results including the HLA, cross match and PRA.
        Refer to the transplant surgeon for pre-surgical evaluation: time limit to be

        transplant date with final cross match and PRA repeat.
        Note: to update and review blood investigations 1 week prior to thetransplant date.KDNR

clininc
Visit 3

KDNR *
clinic
Visit 1

KDNR *
clinic
Visit 2

Fig. 30.10 Kidney recipient work-up pathway. (Total maximum time 
limit: 60 days. *KDNR kidney donor clinic, **MDT multidiciplinary 
transplant teamNotes: Transplant coordinator to contact potential recip-

ient to update and also follow up specially those missed appointments. 
Once transplant done, the recipient will be followed at the transplant 
clinic appointments)

I. Al Salmi et al.
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 Nephrology Practice and Job Market

Nephrologist census (Omani x non-Omani): most nephrolo-
gist in Oman are non-Omani and mostly from Egypt and 
Indian Subcontinent countries. The job market is quite good 
with increasing demand for nephrologist with high turnover 
as they tend to move to another country/region once given a 
better offer. The senior consultant salary is almost 15,000 
USD per-month tax free, but this could increase with partici-
pation in education and supervision of undergraduate and 
postgraduate student as well with other various non-clinical 

practices. Usually after the age of 60 years, non-citizens are 
given retirement and let go but still can work in private 
nephrology care.

Nephrology training was done entirely outside in North 
America, Europe, and Australia for Omani clinicians. 
However, recently, the Oman Medical Specialty Board have 
approved the nephrology fellowship program of at least 
2 years post 4 years of Internal Medicine Training.

Renal nurses’ census: Because of nephrology diploma in 
nursing, most of nurses are Omani but still many others from 
India and Philippines. The percentage varies from almost 

Referral
Donor(s) for
a Recipient 

A referral made indicating interested and willing potential living related donor to a recipient with basic donor (s)
elegibility criteria stated below.
Eligibility criteria: Willing, no coercion, Age>18,
BMI<30,ABO compatible, No chronic medical problems, basic
hematological, renal, liver function and urine studies* are
normal.
Appoitment given :7-14 days
Number of potential donors: 1-3.
Note: if BMI 30-35: advise to reduce weight and may contact
KDNR** doctor for further information and discussion with
nephrology concerned consultant.

Eligible Donor(s): Extensive medical/surgical history,examination,
BMI, vitals check, labortory and radiological investigations as
indicated in check list of donor/recipient. 
Social worker review
Psychiatrist review
Second visit appoitment: within 7-14 days.

Vitals check of the donors
Review the results of the donor, further blood or repeat labs if needed and radiological
investigations accordingly
Book for HLA/cross match for suitable donors. (appoitment avaiable SQUH twice/week)
Third visit appoitment: 14-21 days.

KDNR
clinic
Visit 1

KDNR
clinic
Visit 2

Fig. 30.11 The donor pathway in the kidney donor clinic. (Total maxi-
mum time limit: 60 days. *Blood group, complete blood count, liver 
function test, urea, electrolytes, serum creatinine, eGFR, urin analysis, 
urine protein creatinine ratio, **KDNR kidney donor clinic, ***MDT 

multidiciplinary transplant team. Notes: Transplant coordinator to con-
tact potential donors to update and also follow up specially those missed 
appointment. Once transplant done, donor will be followed in the 
KDNR clinic appointments regularly for 12–24 months)

30 Nephrology in the Sultanate of Oman



428

30% to over 75% of nurses being Omani. Nurse’s salaries 
vary from almost 3000 USD per month to almost over 10,000 
USD per-month tax free.

The work in Oman is generally quite easy which start 
from 7:30 am until 2:30 pm, but nurses work in shifts similar 
to that in the United Kingdom. In general, there is no pay-
ment for overtime, and it is part of overall monthly salary. 
The weather is quite good, except in the summer, especially 
in Muscat where it is hot and humid. Social life is very good 
and many good places to spend weekend and holidays with-
out any cost.
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Area 513,120 km2

Population1 69.42 million (2018)
Capital Bangkok
Three most populated cities: Bangkok

Nonthaburi
Nakhon Ratchasima

Official language Thai
Gross Domestic Product (GDP)2 $490,120 billion (2018)
GDP per capitab $6590 (2018)
Human Development Index (HDI)3 0.755 (2017)
Official currency Baht
Total number of nephrologists 871 (2018)
National society of nephrology The Nephrology Society 

of Thailand (NST)
www.nephrothai.org

Incidence of end-stage renal diseased 362.87 pmp
Prevalence of end-stage renal disease4 
(including patients with a functioning 
kidney transplant)

1439.7 pmp

Total number of patients on dialysis4 (all 
modalities)

2015 – 78,348
2016 – 86,116

Number of patients on hemodialysis4 2015 – 54,104
2016 – 59,745

Number of patients on peritoneal 
dialysis4

2015 – 24,244
2016 – 26,371

Number of renal transplantations per 
year5

2017 – 709
2018 – 670
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 Introduction

Thailand is located at the center of the Southeast Asian 
Indochinese Peninsula and covers a total area of approximately 
513,000 km2, which is the 50th largest country in the world. 
Thailand is bordered to the north by Myanmar and Laos, to the 
east by Laos and Cambodia, to the south by the Gulf of Thailand 
and Malaysia, and to the west by the Andaman Sea and south-
ern Myanmar. The country is divided into six regions: north, 
northeast, central, south, east, and west, comprising 76 prov-
inces. The north and the northeast are highland, whereas the 
east and the south are coastal and islanded area. With different 
landscape and culture, Thailand has a variety of attractive land-
marks such as jungle, sandy beaches, ancient ruins, temples, 
parks, and shopping malls. Bangkok is the capital city and one 
of the world’s top tourist destinations, which is located at cen-
tral region. Bangkok is also a center of technology, economics, 
education, industry, politics, and medical facilities. Nearly 8.3 
million of population, Bangkok is the most crowded city in 
Thailand. The Thai royal family who is the spiritual centre of 
Thail people, resides in Bangkok. Instead of ruling the country 
and having political power, the major role of the Thai royal 
family is to support several social development projects and be 
a symbol of the kingdom.

Situated close to the equator, Thailand is an endemic area 
for a number of tropical diseases, such as melioidosis, lepto-
spirosis, dengue, malaria, and tick-borne disease. However, 
the recent national health data showed noncommunicable ill-
ness such as cardiovascular disease, cancers and traffic acci-
dent contributed greater part of death toll in Thailand than 
infectious illness. It should be implied that despite the 
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improvement of public health and infrastructure, the number 
of aging population is growing and result in increasing 
incidnce of noncommunicable disease.

 Brief History of Nephrology in Thailand

Modern nephrology in Thailand started in early 1960 when 
acute kidney injury (AKI) associated to Asiatic cholera with 
acute tubular necrosis and hypokalemic nephropathy was 
reported by Benyajati et al. [1]. The major advancement in 
studying tropical renal diseases, particularly AKI, has been 
subsequently carried out by Sitprija et  al. [2, 3]. Tropical 
disease-associated AKI can be infectious and noninfectious 
related [4]. The leading causes of infections are leptospirosis, 
malaria, and dengue virus. Regarding noninfectious-related 
etiologies, snakebite, plant, and chemical toxins are 
common causes of AKI.  Besides renal function reduction, 
various fluid and electrolyte disturbances are also common 
in tropical disease-associated AKI, including hyponatremia, 
hypernatremia, hypokalemia, hyperkalemia, hypocalcemia, 
hypercalcemia, hypophosphatemia, and hypomagnesemia. 
Of interest, stones, potassium depletion, and endemic distal 
renal tubular acidosis are highly prevalent in northeastern 
Thailand.

The Nephrology Society of Thailand (NST) was estab-
lished by Benyajati et al. in March 1976, aiming to update 
current academic knowledge among the members, to convey 
the renal health knowledge to the public, to stimulate renal 
research activities of the country, and to train and produce 
kidney-related personnel. Regarding renal replacement ther-
apy (RRT), hemodialysis (HD) was firstly utilized in 1964 as 
chronic intermittent HD in patients with end-stage renal dis-
ease (ESRD). Peritoneal dialysis (PD) was primarily used as 
intermittent PD (IPD) in 1968 and was subsequently 
employed as chronic PD in 1982. In 2008, the Thai govern-
ment launched the “PD-first policy” to provide free PD as the 
first line of treatment for ESRD patients under the coverage 
of the National Health Security Office (NHSO), which takes 
care of approximately 70% of the Thai population [5]. The 
first case of kidney transplantation (KT) was successfully 
performed with a deceased donor in 1972 [6].

 Renal Disease in Thailand

Thailand is one of the tropical countries, the area of the earth 
located around the equator. Like other tropical countries, 
there are two settings of kidney diseases in Thailand. The 
first setting comprises renal disorders similarly reported in 
other countries such as AKI from ischemic and nephrotoxic 
factors, CKD from diabetes mellitus (DM) and hypertension 
(HT), and primary as well as secondary glomerulonephritis. 

The second setting, named tropical renal disease, includes 
kidney diseases, which are prevailing in the tropical coun-
tries and contribute certain roles in tropical disease- associated 
AKI.

SEA-AKI study, the cohort of 5476 patients across 17 
ICU centers in Thailand, recently reported an incidence of 
AKI of 52.9% [7]. The highest AKI incidence by stage was 
stage 3, stage 2, and stage 1, respectively, contrasting to data 
from high-income countries, which showed stage 1, stage 2, 
and stage 3, respectively. This might be explained by the 
limitation of the number of ICU beds and the delayed AKI 
recognition in Thailand. Older age, female gender, admis-
sion to a regional hospital, medical ICU, high body mass 
index, primary diagnosis of cardiovascular-related disease 
and infectious disease, higher Acute Physiology and Chronic 
Health Evaluation II (APACHE II), nonrenal Sequential 
Organ Failure Assessment (SOFA) scores, underlying ane-
mia, and use of vasopressors were all independent risk fac-
tors for AKI development.

As a middle-income country, the prevalence of pre- 
dialysis CKD in Thailand was 17.5% [8]. This was greater 
than the global prevalence, which accounted for low-, mid-
dle-, and high-income nations all together. Consistent with 
global reports, CKD stage 3 and female gender had the high-
est prevalence (7.5% and 18.5%, respectively), and there was 
an upward trend with increasing age. The largest prevalence 
of CKD was located in the capital and nearby regions, in 
spite of better education and infrastructure systems. CKD 
prevalence was significantly associated with older age, DM, 
HT, hyperuricemia, female gender, history of using tradi-
tional medicines, and a history of kidney stones. Despite a 
considerably high prevalence, awareness of CKD in the Thai 
general population was only 1.9%. This was also illustrated 
by the prevalence of high salt intake of 73.4% and a mean 
total daily sodium intake of 3.4 g/day [9].

An 8-year follow-up observational study showed the inci-
dence of CKD to be 28% and risk for CKD progression 23%. 
HT, DM, and low income were associated with new cases of 
CKD, whereas DM and hyperuricemia were related to CKD 
progression. The top five etiologies of dialysis prevalence 
and incidence reported from the Thai Renal Replacement 
Therapy registry (TRT registry) 2015 [10] were DM, HT, 
obstruction, presumed glomerulonephritis, and urate 
nephropathy. This set of etiologies had not changed since 
2010. Biopsy-proven glomerulonephritis was ranked 8th, 
and the two most common pathology diagnoses were IgA 
nephropathy and focal segmental glomerulosclerosis.

According to the data, the Thai government has increased 
the concern over CKD and sequelae. The expansion of the 
elderly population raised even more concern of the CKD 
situation because of the increasing number of patients with 
DM and HT, which are both major CKD risk factors. 
Subsequently, the Thai government issued a policy to estab-
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lish CKD clinics in all hospitals under the Ministry of Public 
Health, in order to provide an integrated community health 
service based on a chronic care model. The purpose of CKD 
clinics is to slow down CKD progression, prevent and 
 minimize complications, and prepare for RRT, including 
treatment options education, access surgery, and transplant 
listing. Ideally, the structure of a Thai CKD clinic comprises 
one nephrologist, one CKD nurse manager, one dietitian or 
nutritionist, one pharmacist, one psychiatrist or psycholo-
gist, and one physical therapist and palliative care team.

The implementation of the CKD clinic is the continuum 
of noncommunicable disease (NCD) care, which has been 
organized since 2011. The operation of a NCD and CKD 
clinic is centrally regulated by the Bureau of 
Noncommunicable Diseases, which plays a pivotal role in 
setting clinical targets, measuring outcomes, providing 
incentives for any achievement, and analyzing and reporting 
data. The Provincial Public Health Offices are responsible 
for monitoring the performance of local CKD clinics, col-
lecting data, and submitting to the Bureau of 
 Non Communicable Diseases. Additionally, village health 
volunteers (VHVs), who reside geographically within the 
patients’ community, take part in health promotion by edu-
cating, monitoring, and delivering a variety of support.

A survey of CKD clinic implementation in 2017 [11] 
showed that 7.14% of hospitals did not set up a CKD service 
due to insufficient staff, space, and budget. A small portion 
(17.7%) of the CKD services operated as a part of a NCD 
clinic, whereas 82.3% ran the service separately. Most of the 
financial resources for CKD clinic operation came from indi-
vidual hospital funding. Although the NHSO provided par-
tial endorsement, financial constraint remained a major 
barrier. Moreover, a lack of healthcare professionals, espe-
cially nutritionists and dietitians, was a common issue among 
rural hospitals. Instead, dietary advice was commonly car-
ried out by general or CKD nurses. Despite the overburdened 
service, CKD clinics have to perform data collection and 
submission as additional workloads. General or CKD nurses 
were usually responsible for data input, even though they 
had several other assignments. Because they were over-
loaded with work, most of hospitals had never analyzed or 
applied their data to clinical practice. As such, balancing 
between data collection and staff workload is a challenge for 
clinical directors and policymakers.

 Reimbursement of Nephrology in Thailand

Cost of CKD care in Thailand was partly reimbursed by the 
Thai National Health Care System which covers primary 
prevention for CKD at risk population, secondary prevention 
to delay CKD progression and RRT for ESRD [12]. Although 
the Thai National Health Care system provides financial risk 

protection and access to health services, there are discrep-
ancy pathways for coverage of nephrology service by differ-
ent reimbursement plans. As of 2019, three major health 
reimbursement programs have served Thailand’s population 
of 68 million. The Civil Servant Medical Benefit Scheme 
(CSMBS) started by Royal Decree in 1980, for civil servants 
and their families, namely, spouse, parents, and children 
under 18 years of age, covers 4.4 million population. CSMBS 
reimbursement is tax based, is noncontributory, and is an 
open-end budget, which has no ceiling to include total 
CSMBS reimbursement. In other words, the government will 
pay for all health expenses for the civil servant and family. 
The Social Security Scheme was launched in 1990, covering 
formal sector private employees for non-work related sick-
ness, maternity and invalidity including cash benefits and 
funeral grants. The scheme is financed by tripartite contribu-
tions from government, employers and employees, each of 
1.5% of payroll (total of 4.5%). The Universal Health 
Coverage Scheme (UCS) was introduced in 2002 by the 
NHSO, which is theoretically available to all other Thai 
nationals covering most of the population (48 million popu-
lation) besides Civil Servant Welfare System and Social 
Security System. UCS is tax based, noncontributory, closed-
end budget as SSS, and overseen by the Ministry of Public 
Health that operates most of government health facilities. 
According to the World Bank, 99.5% of the population have 
health protection coverage under Thailand’s overall health-
care system.

These three major health reimbursement programs 
(CSMBS, SSS, and UCS) are responsible for primary CKD 
prevention [13]. Thai population who has CKD risk factors 
such as old age, diabetes, hypertension etc is eligible for 
CKD screening regarding their health covereage schemes. 
For diabetes patients ,the reimbursement would cover blood 
test, glycemic control and some medication. The reimburse-
ment also cover the cost of renal stone therapy which is the 
four most commonly known ESRD etiologies in Thailand. 
The primary CKD prevention screens Thai for an early inter-
vention. The Thai SEEK study, an epidemiologic study from 
2009, showed a total CKD burden of 17.5% of the Thai pop-
ulation, classified by CKD stages 1, 2, 3, 4, and 5 with 3.3%, 
5.6%, 7.5%, 0.8%, and 0.3% of the Thai population, respec-
tively [8]. For secondary prevention, CSMBS, SSS, and UCS 
endorse and reimburse interventions to delay renal progres-
sion by multidisciplinary team CKD in clinics providing care 
for early-stage CKD patients. CKD clinics in Thailand are 
usually formed with a number of staffs who response in dif-
ferent parts of CKD care included nephrologist, nurse, dieti-
tian aiming to achieve national CKD goals which are 
centrally set and monitored by Bureau of Noncommunicable 
disease included percentage of ACEI? ARB prescription 
among CKD, incidnece of anemia/hyperphosphatemia/aci-
dosis etc.
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The privileges for RRT reimbursements are different 
among the three reimbursement schemes [14]. Before 1999, 
only civil servants and their families had the right to reim-
burse RRT via CSMBS. This privilege covered HD, PD, and 
KT.  In 1999, about 9  years after the operation of SSS for 
social welfare and medical coverage, SSS decided to include 
HD, PD, and KT for the private working population. 
Although NSH’s ideology is to narrow the gap of inequality 
of Thai population, this ambitious mission created a chal-
lenging issue at the begining: how Thailand, an upper- 
middle- income country determined by gross national product 
per capita and the World Bank, will financially survive with 
universal healthcare coverage policy? This debating agenda 
caused reluctance to include RRT at the initial rollout of 
UCS. In 2008, UCS decided to include RRT by PD as PD 
first for equality in access to dialysis for ESRD patients. 
Nephrologists, health economists, civil and professional 
societies, namely, the Nephrology Society of Thailand and 
the Thai Kidney Foundation, and patients’ groups who are 
the major stakeholders advocated this policy as a turning 
point in ESRD care in Thailand. PD-first policy was a relief 
for health professionals by eliminating the scenario where 
ESRD patients could not have access to chronic dialysis and 
thereby died due to uremia caused by financial incapability. 
In the past, before PD 1st policy implementation, ESRD 
patients who could not afford hemodialysis, would be left 
untreat until die. Nephrologist faced with hard situation to 
inform patients and family that life-saving treatment required 
money, without money they could not survive. The PD 1st 
policy had been greatly relief this tension among 
Nephorlogist, patients and family [15].

PD-first policy in Thailand was based on the facts that PD 
is a home dialysis modality, logistic friendly, more economi-
cal than HD, and requiring fewer health professional staff 
especially dialysis nurses. Moreover, the clinical outcomes 
are comparable with HD, for example, patient survival and 
quality of life [16–18]. In addition, PD first does not require 
HD machine and water treatment setup and can be finan-
cially sustainable in upper-middle-income country more 
than HD. To alleviate the cost of PD solution procurement, 
central purchasing up front has been exercised for price 
negotiation with the industry. Similar purchasing strategies 
apply to the purchase of PD catheters. The centralized, trans-
parent, and Mass PD solution purchase decreased the finan-
cial burden of the fiscal reimbursement RRT budget and 
made the closed-end budget estimation feasible and manage-
able. PD-first policy is designed to be flexible and allows HD 
reimbursement in case of PD contraindication. The PD con-
traindication criteria have been set up by consensus between 
the medical specialists and the payer. The committees at 
regional and national levels make the decision based on the 
consensus criteria. The full reimbursement is also allowed if 
the patients need dialysis mode switching to HD, guided by 

standard clinical criteria such as inadequacy of PD and tech-
nical failure. In 2017, the ratio of incident ESRD patients 
receiving PD to HD treatment in Thailand was 50:50.

Same as CSMBS and SSS, UCS fully reimburses 
KT. There are two types of kidney transplantation for ESRD 
with RRT ; living-related and cardeveric kidney transplants. 
The pre-emptive living-related KT (CKD4-5 without RRT) 
can also be done in Thailand. Term “living related” means 
donor and recipient should be legally approved for their bio-
logical relationship, also includes spouse with marriage cer-
tification.  In addition, CSMBS, SSS, and UCS reimburse 
recombinant human erythropoietin (rHuEpo) for treatment 
of renal anemia for RRT patients. However, the dose of 
rHuEpo in SSS and UCS is strictly guided and has ceiling 
dosage limitation. Most of the reimbursed rHuEpo brands in 
UCS are biocopies of rHuEpo. Similar purchasing strategies 
by central purchasing up front also apply to biocopy to alle-
viate financial UCS budget. Cost of ESRD medication is also 
accounted for reimbursements. However, some medications 
are not covered. As such, patients have to copay or fully pay 
for particular drugs. The range of eligible medications for 
each scheme is diverse. Basically, CSMBS reimburses a 
wider range of medications than the other two schemes. 
High-cost drugs, for example, lanthanum carbonate and 
sevelamer, are only eligible for CSMBS. Most hospitals reg-
ulate the use of expensive drugs such as calcimimetic drug 
by authorizing committees or clinical directors to be respon-
sible for prescription. Patients usually collect their prescrip-
tion from hospitals. In some cases, patients can also collect 
some drugs from pharmacies.

Despite ongoing sustainable RRT reimbursement in 
Thailand since 2008, the reimbursement issues continue 
being a challenge. The next challenge for our reimbursement 
system includes the equility between three reimbursement 
programs. Generally, CSMBS covers more medical service 
and medication than UCS and SSS. For instance, CSMBS 
fully covers all RRT disrecard modalities, while UCS would 
cover only PD except patient is contraindicated to start with 
PD. Therefore, patients under UCS usually start RRT with 
PD disregard their preference, otherwise they need to pay by 
their own. Another issue is the accessibility of more compli-
cated treatment in each area. With more complex disease, 
resource usually limits in Bangkok and central region. 
Reimbursement for complex disease such as lupus nepritis, 
vasculitis also limit especially for costly intervention or 
treatment. The current closed-end budget which limits a ceil-
ing for reimbursement of the RRT amount per case and per 
treatment in SSS and UCS has been inadequate to cover 
more efficient dialysis for complicated patients such as con-
vective mode hemodialysis, automated PD, more biocompat-
ible PD fluid, desensitized treatment for kidney transplant 
recipients, etc. The reimbursement should proceed to cover 
the treatment for more complicated patients such as ABO-
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incompatible KT, KT in highly sensitized patients, auto-
mated PD for high transport peritoneal membrane, use of 
biocompatible PD fluids, home HD for younger patients, use 
of expensive monoclonal antibody for patients who need the 
treatment such as eculizumab, etc. The more medical bene-
fits for Thai kidney patients should cover genetic testing for 
therapeutic guidance such as genetic glomerulopathy, kidney 
disease caused by complement mutation, etc.

 Renal Replacement Therapy in Thailand

 Acute Renal Replacement Therapy

In 2014, the national survey to explore the acute RRT prac-
tice in Thailand [19] showed a marked difference from those 
observed in resource-sufficient countries. Nephrologists had 
a major role (86.4%) in deciding the initiation and selection 
of RRT modality in Thailand. In this survey, intermittent 
hemodialysis (IHD) was the first preferable mode of RRT 
(72%) followed by continuous renal replacement therapy 
(CRRT, 12%), sustained low-efficiency dialysis (SLED, 
10.0%), and PD (6.0%), which contrasted to previous studies 
where CRRT was the preferable mode. This noticed differ-
ence could be related to the lower cost of IHD and the avail-
ability of equipment. In SEA-AKI study [7], there were 
greater rates of RRT use in patients who were covered by 
Civil Servant Medical Benefit Scheme than other reimburse-
ment schemes. Even though provincial hospitals had the 
highest rates of severe AKI (29%), they had the lowest rates 
of RRT (5.9%). In addition, patients treated in university 
hospitals were more likely to receive RRT than the general 
public hospitals, which include regional and provincial hos-
pitals. These findings might reflect the limitations in health-
care budget and process of care.

The results from the Beginning and Ending Supportive 
Therapy for the Kidney (BEST Kidney) study [20] con-
ducted among 53 centers from 23 countries showed that a 
range of costs were greater with CRRT, starting from 3629.8 
USD/day with CRRT to 378.6 USD/day with IHD.  The 
median difference in cost between CRRT and IHD was 
289.60 USD (IQR 116.8–830.8) per day. In Thailand, the 
average cost of CRRT is 1000 USD/day, while the cost of 
IHD is only 100 USD/day. Focusing on the site of vascular 
access, the right internal jugular vein was the most common 
site of insertion (70.4%). The most common indication for 
CRRT was hemodynamic instability with the continuous 
veno-venous hemofiltration (CVVHF) as the most preferable 
mode of CRRT. From current evidence comparing different 
modalities of CRRT, there is no evidence that CVVHF (con-
vection) is different from the continuous veno-venous hemo-
diafiltration (CVVHDF – convection plus diffusion) in terms 
of patient or renal outcomes. The preferred CRRT dose is 

20–25  ml/kg/dose, which is in line with current evidence 
suggesting no additional benefit in using effluent rate in 
excess of 20 ml/kg/h [21].

 Chronic Renal Replacement Therapy

 Hemodialysis and Hemodiafiltration
HD is the predominant RRT modality in Thailand and con-
tributes with 63.02% (54,104) of the 85,848 patients on dial-
ysis for the prevalence, whereas the incidence is 52.88% 
(11,038 out of 20,874 patients) according to the latest 
Thailand RRT report of 2015 data [10]. These percentages 
have been gradually reduced from more than 80% since 2008 
when the “PD first” policy was introduced by the govern-
ment under the universal coverage program. There are more 
than 600 HD centers distributed in the whole country of 76 
provinces, and 24% of them are located in Bangkok. Most of 
the HD patients are fully or partially reimbursed for the HD 
treatment by the CSMBS, the SSS, or the UCS. The reim-
bursement is in the range of 1500–2000 bath (47–63 USD) 
per HD session. Only 18.2% is self-payment without reim-
bursement. The frequency of HD varies between twice and 
thrice weekly, an average of 2.5 ± 0.5 times/week. The fac-
tors that determine the frequency of HD include residual 
renal function, achievement of target spKt/Vurea according 
to the Nephrology Society of Thailand recommendation, and 
financial burden. The average HD time, blood, and dialysate 
flow rates are 4.0  ±  0.1  h, 313.6  ±  64.2  ml/min, and 
524.4 ± 95.5 mL/min, respectively. The frequent or long in- 
center HD modalities are uncommonly prescribed. Self- 
cannulated home HD has been introduced to only a few 
patients. The most common vascular access type is AVF 
(65.2%), while the second and the last are permanent cuffed 
catheter (20.2%) and AV graft (AVG) (14.7%), respectively. 
High-flux dialyzers are more frequently prescribed than low- 
flux dialyzers. The super high-flux or medium cutoff dialyz-
ers are just introduced to some patients. The majority of HD 
centers reuse dialyzers up to 10–20 times. Dialyzer cleaning 
and reprocessing are usually performed by HD nurses with 
manual method or, less commonly, using automatic reuse 
machine. The efficiency of reuse is appropriately evaluated 
by standard measurements. Measures of dialysis adequacy 
and nutritional status are performed regularly at least every 
1–3 months and demonstrated to be spKt/V 1.7 ± 0.4, URR 
74.7 ± 9.1%, nPCR 1.2 ± 1.0 g/kg/day, and serum albumin 
3.7 ± 0.6 g/dL. In 2015, the prevalence of HD patients who 
had hepatitis B and C infection was 4% and 3.7%, respec-
tively; there were also 161 patients with HIV infection. The 
head of each HD center is a nephrologist. The HD nurses 
have various roles in a HD center, not only patient care but 
also the daily monitoring of water treatment, preparing the 
dialysis circuit, and reuse process. One HD nurse usually is 
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responsible for four stable chronic HD patients. The other 
support personnel such as HD technician and the water treat-
ment engineer who could share the HD nurse workload are 
not formally available but they will be in the near future. 
There is a nonprofit organization that certifies, monitors, and 
recertifies the HD centers’ quality in various aspects includ-
ing organization, staffing, water treatment, machine, equip-
ment, patient care, and patient outcomes. The national 
comprehensive dialysis registries have been established for a 
decade.

Hemodiafiltration (HDF) is the convective therapy that is 
available and increasing in popularity in Thailand. HDF is 
defined as a blood purification therapy combining diffusive 
and convective solute transport achieved by an effective 
convection volume of at least 20% of the total blood vol-
ume, using a high-flux membrane characterized by an ultra-
filtration coefficient (KUF) greater than 20  mL/h/mmHg/
m2, and a sieving coefficient (S) for β2 microglobulin (β2M) 
of greater than 0.6 [22]. The HDF with internal fluid substi-
tution technique called double high-flux HD was the first 
HDF modality that was introduced in the country in 2002. 
Double high-flux HD is set up using two high-flux dialyzers 
in the serial alignment. The restrictor is applied in the 
 countercurrent dialysate pathway between the two dialyz-
ers. The convection occurred in the first while the fluid sub-
stitution from fresh dialysis fluid took place in the second 
dialyzer. The original fixed restrictor design was improved 
by the new design adjustable C-clamp restrictor design lead-
ing to the capability to adjust the convective volume 
(Fig.  31.1). This new system was called convective-con-
trolled double high- flux hemodiafiltration (CC-HDF). A 
previous study demonstrated that this technique was safe 
and provided comparable efficacy with the high-efficiency 
post-dilution online HDF [23].

Later, HDF with external fluid substitution called online 
HDF (online preparation of substitution fluid) was intro-

duced in Thailand in 2003. The ultrapure grade of dialysis 
water was the requirement in the center that provided online 
HDF treatment. Two standard methods of fluid substitution 
in online HDF comprise post-dilution and pre-dilution 
modes. Pre-dilution was used in most of online HDF at the 
early era. After the survival benefit of high-efficiency post- 
dilution online HDF was published [24], some centers 
changed to post-dilution as the first choice. HDF treatment 
contributed only 1% of all HD treatments in 2010 but has 
been growing in modality share. A report from HDF centre 
demonstrated a 10-year survival outcome of 61.8%, and the 
mean survival time among patients who conducted high-effi-
ciency online HDF [25]. Besides standard pre- and post- 
dilution techniques, mid- and mixed-dilution online HDF 
have been introduced in clinical practice to avoid the techni-
cal problem of post-dilution technique as well as reduced 
small solute clearance from hemodilution of pre-dilution 
technique [26, 27]. Despite the growth of online HDF utili-
zation, there is no specific reimbursement item of this modal-
ity. Besides ESRD patients, online HDF is also utilized in 
septic AKI patients in order to enhance inflammatory cyto-
kine removal, not only intermittent but also a prolonged 
intermittent fashion called SLED-f (sustained low-efficiency 
diafiltration) [28].

 Peritoneal Dialysis
Thailand is one of the few countries where “PD first” policy 
has been adopted. This policy has been implemented since 
2008, 6  years after the inception of the UCS.  There were, 
however, formerly two major health-funding schemes, the 
CSMBS for government employees and SSS for formal pri-
vate employees, but a substantial portion of Thai people were 
left unsecured by any benefit. UCS was responsible for nearly 
80% of the Thai population and covered the largest portion of 
CKD patients. As such, the majority of ESRD patients who 
demanded RRT were under UCS. Although both CSMBS and 
SSS have included RRT in their package, RRT was not ini-
tially offered by the UCS because of the expected huge 
expenses. In 2004, the NHSO, which is responsible for the 
UCS, examined the value for money of dialysis, included the 
costs of providing RRT in the UCS over 15 years, and carried 
out a public survey for RRT options [14]. This study showed 
that neither PD nor HD was cost effective, but PD offered bet-
ter value than HD.  Accordingly, PD-first policy was intro-
duced for ESRD patients under UCS based on the facts that 
PD was cheaper than HD, required fewer staff, and could be 
performed by the patients at home with minimal infrastruc-
ture. After the implementation, almost 20,000 Thai patients 
have been able to access PD with comparable outcomes to 
international standards [29].

The objectives of PD-first policy are to achieve equality in 
access to RRT across the three health-funding schemes with 
acceptable outcomes, reduce catastrophic health expenditures 
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Fig. 31.1 Convective-controlled double high-flux hemodiafiltration 
(CC-HDF)
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incurred by patients on low incomes, and minimize the impact 
on overall national healthcare budget. This policy fully reim-
burses for ESRD patients who start with PD and partially reim-
burses for patients who opt to start with HD, before launching 
the PD-first policy. If patients opt to start RRT with HD after 
the launch of PD-first policy, they must take responsibility of 
all expenses related to HD such as HD treatment, vascular 
access creation, and repair. However, if there is any contraindi-
cation to PD based on criteria established by the Nephrology 
Society of Thailand, and decided upon by committees at 
regional and national levels, HD costs may be fully repaid. In 
addition, if a patient starts with PD but has to shift to HD later 
because of any medical or social problems related to the ther-
apy, the costs would continue to be entirely reimbursed.

Pertaining to the cooperation between three main stake-
holders, policymakers, kidney professionals, and civil soci-
ety, PD-first policy has been successfully implemented. The 
NHSO plays an important role as a policymaker with the 
support from the Ministry of Public Health. The 
PD-advocating nephrologists take the lead on clinical 
 guidance with backup from the Nephrology Society of 
Thailand. The group of human immune decficiency and can-
cer patiens provided endorsement to the kidney patient club 
to set up and assist the other two sectors. There are four key 
strategies behind policy implementation: cost containment, 
incentive schemes, expansion of PD centers, and establish-
ing community support groups [30]. The Government 
Pharmaceutical Organization centrally purchases all PD sup-
plies, resulting in price reduction and cost containment. 
Regarding incentive schemes, the NHSO initially paid PD 
units and staff to promote PD practice. The NHSO also set 
up PD education centers located nationwide to support clini-
cal services, academic activities, and training programs in 
each region. Additionally, local kidney patient clubs collabo-
rate with PD units to deliver both direct and indirect support 
depending on local policy.

In 2007, a year before the launch of PD-first program, the 
proportion of yearly incidence ratio between PD and HD 
patients of all health schemes was 8:145, and it increased to 
141:168 by 2015 [10]. The number of PD training centers 
increased from 51 to 111 by 2011 [31]. The incidence of 
RRT cases and the number of PD centers doubled by 7 and 
3 years, respectively, and the gap between PD and HD new 
cases was closer. It should be noted that UCS had the largest 
portion of PD cases (88%) and the proportion of PD was 
greater than HD by 60:40  in 2015 [30]. The 1- and 5-year 
survival rates were 82.6% and 54%, and the median time of 
patient survival was 70.1  months [32]. Factors associated 
with low patient survival rates were female gender, old age at 
the time of PD initiation, patients under the CSMBS, low 
education level, and DM [32]. The 1- and 5-year technique 
survival rates were 94.8% and 80.8%. The peritonitis rate 
was 1 episode/23 months [6]. Both patient survival and tech-

nique survival rates of 2013–2016 were better than 2008–
2012 [32]; however, factors related to technique survival and 
peritonitis had never been reported. The growing number of 
ESRD patients who could access RRT and better survival 
rates indicated the successful adoption of the policy among 
Thai nephrologists, CKD clinics, public hospitals, the Thai 
government, and patients under UCS.

 Kidney Transplantation

The first KT in Thailand was successfully performed on 
March 3, 1972 [6]. However, transplant rate was very low in 
the first few decades due to the transplant team unfamiliarity 
with brain death diagnosis. In 1988, the Thai organ donation 
center was established under the supervision of the Thai Red 
Cross Society, which is a nonprofit organization, for trans-
parently organizing the allocation system in Thailand. In 
1989, the brain death criteria were published by the Thai 
Medical Council. From that time on, the number of KT in 
Thailand has been increasing yearly. Data from the recent 
KT registry showed that there were 670 patients transplanted 
in 2018, which 188 cases were living-related donor KT and 
482 cases were deceased donor KT. There were 29 patients 
whose age was under 18 years old. So far, there have been 
9520 kidney transplant patients in Thailand.

 Medical Expense
The medical expenses of Thai citizens are covered by one of 
the three funds. The first funding program that covers KT 
expenses and immunosuppression is the Civil Servant 
Medical Benefit. The Social Security Scheme and the 
Universal Health Coverage Scheme started covering KT 
expenses from 2004 and 2008, respectively. KT is the only 
RRT in Thailand with the expenses being covered by the 
government. All Thai people who undergo KT in govern-
ment hospitals will be covered for all medical expenses dur-
ing operation and posttransplantation follow-up. However, 
the expenses for pretransplant desensitization are not cov-
ered, but it is now under cost- benefit evaluation and should 
be covered in the next phase.

 Outcomes
In the 2000s, the proportion of incident KT cases was similar 
between deceased donors (DKT) and living-related donors 
(LKT). However, the proportion of DKT was dramatically 
increased to 70% in the last decade. This could be explained 
by the successful country policy for promoting organ dona-
tion and establishment of donor hospitals in the whole coun-
try. Patients are eligible for DKT waiting list only when they 
are being treated with HD or PD.  Patients who already 
received DKT during 2018 have spent 62.5 months on dialy-
sis, while LKT recipients spent 27.8 months waiting for a 

31 Nephrology in Thailand



436

KT. The donor for LKT must be blood relatives or spouses 
who have been married for at least 3 years or have sibling.

The major induction immunosuppressive drugs are anti-
 IL2 receptor antibody and anti-thymocyte globulin. The 
number of patients who have been transplanted without anti-
body induction has decreased, being only 15% in 2018. The 
maintenance regimen mainly consists of tacrolimus, myco-
phenolic acid, and prednisolone.

The 1-year, 5-year, and 10-year LKT allograft survival 
rates are 98.8%, 96.5%, and 85.6%, respectively, whereas the 
1-year, 5-year, and 10-year DKT allograft survival rates are 
95.5%, 85.5%, and 66.6%, respectively. The 1-year, 5-year, 
and 10-year LKT patient survival rates are 99.0%, 97.9%, and 
92.2%, respectively, and the 1-year, 5-year, and 10-year DKT 
patient survival rates are 96.6%, 92.3%, and 80.6%, respec-
tively (data from Thai Transplant Registry 2018).

 High Immunologic Risk Patient
In general, kidney transplantation has been performed based 
on kidney transplant usually performed on negative testing 
of CDC-AHG crossmatch and compatible ABO blood group. 
However, the ABO-incompatible KT program has been first 
started in Thailand in 2008 at King Chulalongkorn Memorial 
Hospital with excellent outcomes [33]. The HLA- 
incompatible transplantation (DSA positive/CDC-AHG neg-
ative) is generally performed in many transplant centers with 
individualized desensitization protocol. The methods for 
antibody removal are conventional plasmapheresis, double 
filtration plasmapheresis, and ABO immunoadsorption 
(Glycosorb®). Unfortunately, there is no IgG immunoad-
sorption available in Thailand. The paired kidney donation 
program is not yet performed in Thailand because the donor 
of LKT must be a relative of the recipient.

Organ Procurement and Transplantation 
Network Policies
The Thai organ donation center is the only organization in 
Thailand responsible for organ sharing and allocation under 
the supervision of the Thai Red Cross Society. Transplantation 
in Thailand must be under the regulation of the Thai organ 
donation center and follow the Declaration of Istanbul. Every 
potential deceased donor must be reported to the Thai organ 
donation center. The organ retrieval teams come from all 
organ transplant hospital members. The scoring and alloca-
tion systems are published to the public on the website of the 
Thai organ donation center. Potential recipients who are eli-
gible for DKT waitlist registration must be ESRD patients 
who are undergoing HD or PD. The regulation is the reason 
why preemptive KT can be only performed for LKT recipi-
ents. Panel reactive antibody (PRA) assay is usually tested 
by using phenotypic bead from commercial kit. While, cal-
culated PRA (cPRA), was calculated based on HLA anti-
body identified by single antigen bead (SAB), in other words, 
this test is more quantitative than PRA assay. DKT recipients 

must have negative CDC-AHG and ABO blood group identi-
cal to donor. After establishment of the cPRA, virtual cross-
match will be utilized for our DKT waitlist.

 Human Resource in Nephrology Service 
in Thailand

The quest to prevent CKD, slower CKD progression and 
expand RRT facility need bot adequate number and qualifi-
cation of human resource. The district hospital and sub-dis-
trict health office are the major taskforces for primary CKD 
prevention. Typically, the district hospitals have 30-60 beds 
available and 3-5 physicians who are majority general prac-
titioners, perform healthcare and coordination with sub-dis-
trict health service. Minority of district hospitals have more 
than 120 beds and more physicians, that some of them are 
specialty such as surgeon, obstetrician and paediatrician. 
However, main mission of these hospital is community 
health services. Sub-district health office is operated by three 
public health officers or nurses and village health volunteers 
(VHVs) [34]. There are about 1 million VHVs in Thailand. 
They are volunteer villagers who have received formal prac-
tical training on public healthcare principles and are respon-
sible for 10–12 households in the village. One typical Thai 
village has 50–100 households. VHVs also work as middle-
men collect and share information between physicians and 
patients, and closely monitor health issues in certain areas.

CKD clinic in provincial hospitals and medical centers is 
the major taskforce for the delay in CKD progression. The 
CKD clinic is operated by internal medicine physician, 
nephrologist, nurse, and dietitian. The Thai Medical Council 
and the Royal College of Physicians of Thailand (RCPT) 
oversee the standard quality of HD centers. The requirement 
of manpower for HD unit is a strict compulsory requirement 
for HD unit accreditation. The accreditation links to the eli-
gibility for the reimbursement. Nephrologist or internist or 
pediatrician who has been trained and certified for HD care 
by the RCPT is in charge and responsible for HD patients. A 
full-time trained and certified HD nurse is a must require-
ment for HD center in Thailand. The compulsory standard 
quality of HD center in Thailand also includes the ratio of 
HD nurse to dialysis patient of 1:4. The nurses assigned to 
care for HD patients must be a certified HD nurse or a nurse 
who has completed a formal HD training curriculum. The 
training curriculum has been overseen and regulated by the 
RCPT and the Thailand Nursing and Midwifery Council. 
Nurses who have completed the HD training curriculum are 
eligible for a certified diplomate of HD nurse.

All HD centers in Thailand require quality accreditation. 
The Medical Council of Thailand is a non-governmental 
organization that is resposible for regulate and control medi-
cal practice in Thailand, and develop outline for medical 
education. This organization also investigate for any com-
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plaint, mistake or misconduct related to medical practice. 
There are many sectors under Medical Council of Thailand, 
such as RCPT, Royal College of Surgeons of Thailand 
(RCST) and all medical schools in Thailand. Not only num-
ber and qualification of HD staffs, other issues include water 
quality, equipment, space, infectious control, patients’ safety 
issues, and standard of care are also required for accredita-
tion of HD unit. Also, HD center must register patients’ data, 
treatment data, laboratory data, clinical outcome, and water 
treatment quality (bacteria cultures, contaminants, and endo-
toxin levels) to the TRT registry. The Nephrology Society of 
Thailand is responsible for TRT registry. Most of PD-first 
activities and PD patients are treated in public hospitals. 
Nephrologists and PD nurses are the main human resources. 
PD nurses are trained by PD nurse training curriculum or by 
in-house training. Other staffs include social worker and 
home healthcare team.

Becoming a nephrologist in Thailand requires a certifica-
tion from the Royal College of Physicians of Thailand 
(RCPT). The Nephrology Society of Thailand (NST), work-
ing under the RCPT, mainly conducts nephrology board 
examination every year. The NST is also responsible for 
training programs and supervision of all training centers. 
Each training center is responsible for its own trainee selec-
tion. Eligible trainees should be licensed as physicians in 
Thailand, complete 3 or more years of board internal medi-
cine training, and pass the examination. All trainees are 
required to spend 2  years in the general nephrology pro-
gram, which includes theoretical and practical training on 
HD, PD, ESRD, AKI, critical care nephrology, renal trans-
plantation, and clinical nephrology. All centers are available 
for hands- on training of temporary catheter insertion, and 

some centers offer PD catheter insertion program. The 
nephrology board examination is composed of MCQ, MEQ, 
OSCE, and long case examination. International certified 
nephrologist would need to pass this examination for per-
mission to work legally as a nephrologist in Thailand. After 
finishing general nephrology program, some centers pro-
vide additional programs on transplantation and critical 
nephrology.

 Highlights of Nephrology in Thailand

It is very fortunate for Thailand that our royal family has been 
actively engaged in improving kidney care. Established in 
1978, the Kidney Foundation of Thailand (KFT), previously 
presided over by Her Royal Highness Princess Galyani 
Vadhana, the Princess of Naradhiwas Rajanagarindra, has 
contributed enormously to the progress of nephrology and kid-
ney patient care in the country. In addition to providing HD at 
a subsidized price, the KFT also provides financial support for 
procurement of dialysis machines and establishment of dialy-
sis and transplantation services at rural hospitals, facilitating 
medical and nurse training in nephrology and dialysis, and 
facilitating kidney transplantation [35]. Currently, the KFT 
and a new nonprofit foundation, Bhumirajanagarindra Kidney 
Institute Foundation, are graciously presided over by Her 
Royal Highness Princess Maha Chakri Sirindhorn, the second 
daughter of the late King Bhumibol Adulyadej. With such 
enormous support from the royals, the ISN presented the ISN 
Special Recognition Award to HRH Princess Sirindhorn, in 
recognition of HRH extraordinary contribution to caring for 
CKD patients in 2016 (Figs. 31.2 and 31.3) [36].

Fig. 31.2 Prof. Adeera Levin 
(far left) and Prof. Masaomi 
Nangaku, President and 
Executive Council member of 
the International Society of 
Nephrology, presented the 
ISN Award to Her Royal 
Highness Princess Maha 
Chakri Sirindhorn at 
Chitralada Palace, Bangkok, 
on December 27, 2016. (The 
photo was graciously 
provided by Her Royal 
Highness Princess Maha 
Chakri Sirindhorn’s Personal 
Affairs Division, Bureau of 
the Royal Household, the 
Royal Thai Government)
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Several major events have occurred since the establish-
ment of modern nephrology in Thailand, more than half a 
century ago. The most important impact is the expanded 
government support for RRT under UCS in 2008 [13]. In the 
past, only patients who could afford dialysis, would receive 
treatment and survive. After establishment of PD 1st policy 
and UCS reimbursement program, each Thai have chance to 
access RRT without financial barrier [37]. Since then, the 
prevalence of RRT has increased almost threefold, and the 
penetration of PD almost sixfold within 7 years [10].

Hypokalemia is an electrolyte disorder that occurs in vari-
ous diseases commonly observed in the northeastern of 
Thailand. These include sporadic form of hypokalemic peri-
odic muscle paralysis [38], thyrotoxic periodic paralysis, 
distal renal tubular acidosis [39], hypokaliuric hypocitraturic 
nephrolithiasis [40], and sudden unexplained death syn-
drome [41]. Mutation of anion exchanger-1 gene was 
detected in patients with endemic distal renal tubular acido-
sis [42] and that of cardiac sodium channel gene (SCN5A) in 
those with sudden unexplained nocturnal death syndrome 
[42, 43]. However, causes of the other clinical entities have 
remained unclear. It is likely that dietary potassium defi-
ciency among northeastern Thais might have played a sig-
nificant role in these diseases [44].

Acute kidney injury (AKI) secondary to certain tropical 
diseases such as malaria and leptospirosis has been existing 
for decades and poses high mortality [45, 46]. Recently, the 
THAI-LEPTO score has been developed and validated in 
patients with acute leptospirosis [47]. This score is a simple 
and cheap point-of-care test for diagnosing acute severe lep-
tospirosis. It would be useful and convenient for early detec-
tion of the infection in a resource-limited setting. Moreover, 
a multicenter network studying AKI in ICUs was set up in 
Thailand. More than 5000 cases with AKI have been enrolled 

from 17 centers across the country [7]. Half of the cases 
developed AKI and about one-third were categorized as 
severe. With this platform, it will be possible to identify risk 
factors of AKI, develop prognostic scoring model, or create 
algorithm for early intervention and timely treatment of lep-
tospirosis and its complication.

An exponential rise in the number of patients with RRT 
after pronouncement of the PD-first policy mandates a huge 
demand for cheap rHuEpo. As for Thailand, biocopies of 
rHuEpo have been available since 1997. In the past, these 
products were approved and licensed through the generic 
small molecule chemical drug pathway. Therefore, there has 
been ever more than 20 biocopies product in Thai marget. 
rHuEpo is known to be associated with immunogenicity. The 
most serious event is pure red cell aplasia (PRCA) [48]. In 
Caucasian population, the rate of PRCA for alpha rHuEpo was 
35.8 per 100,000 patient-year [49]. A study in Thailand 
showed that biocopies of rHuEpo could induce PRCA with an 
estimated risk of one out of 2608 patients [50]. Quality assess-
ment of rHuEpo products biocopies in Thailand revealed that 
most of the biocopies tested were contaminated with high lev-
els of protein aggregates, dimeric or trimeric forms of pro-
teins, endotoxin, or host cell (rodent) proteins [51]. Besides 
heterogeneity in manufacturing processes of biologics, stan-
dard of cold-chain storage and logistics, routes of drug admin-
istration, or contamination with aggregates or foreign proteins 
as described, genetic susceptibility to immunogenicity of the 
biologics could have contributed to high incidence of PRCA in 
Thailand. Patients having human leukocyte antigen (HLA)-
DRB1*09 are more likely to develop anti-rHuEpo-associated 
PRCA [52]. This HLA allele is more common in Asian popu-
lation but rare in Caucasians. These findings raise concerns 
about the quality of manufacturing processes and safety of 
biocopied rHuEpo products available in Thailand. Currently, 
there has been much improvement in regulation of biological 
drug licensing which complies with the Western standard.

The number of patients with pre-dialysis CKD is also 
alarmingly high. More than 3 million Thais are having CKD 
stages 3–5 [8]. To tackle this problem, the Ministry of Public 
Health (MOPH), thanks to a unique primary healthcare 
structure of Thailand, has utilized a community-based 
approach to manage patients with DM, HT, and early 
CKD.  A district hospital is the smallest unit of healthcare 
service where a multidisciplinary care team exists. At the vil-
lage level, there is a sub-district health office, consisting of 
community nurses and public health officers, and VHVs who 
are responsible for primary healthcare of the villagers (10–
12 households in the village per VHV). All over the country, 
there are nearly 10,000 sub-district health officers and more 
than 700,000 VHVs. To prove a concept whether these pri-
mary healthcare workers could be utilized to manage patients 
with CKD, a pilot controlled trial was conducted in two rural 
districts [53]. Patients with CKD stages 3 and 4 in one dis-
trict were managed with the conventional way of practice, 

Fig. 31.3 The ISN Award for extraordinary contributions to patients 
living with kidney disease. (The photo was graciously provided by Her 
Royal Highness Princess Maha Chakri Sirindhorn’s Personal Affairs 
Division, Bureau of the Royal Household, the Royal Thai Government)
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whereas those in the other district were managed by a multi-
disciplinary care team at a district hospital in combination 
with home visit by community nurses and VHVs. Educational 
materials, program training, and practice guideline checklist 
were provided to the healthcare team of the intervention 
group. At the end of a 2-year follow-up, patients with CKD 
in the intervention group had lower dietary salt and protein 
intake and lower rate of eGFR decline than the control group. 
This could be implied that community health workers led by 
general practitioners can be helpful in delaying CKD pro-
gression. With these promising results, CKD was pronounced 
as a goal in the National Health Strategic plan for the next 
two decades. Provincial and district hospitals nationwide are 
required to report to the MOPH certain key performance 
indicators related with CKD control. These include the per-
centage of patients with DM or HT being screened for CKD; 
the percentage of patients with DM or HT having adequate 
glycemic or blood pressure control, respectively; and the 
percentage of patients with CKD who receive angiotensin-
converting enzyme inhibitors or angiotensin receptor block-
ades. Public hospitals also have to report the percentage of 
those who had rate of glomerular filtration rate decline less 
than −4 mL/min/year.

In conclusion, during the last half-century or more, 
nephrology in Thailand has been transformed from commu-
nicable disease-oriented to noncommunicable disease- 
oriented platform. Through unrelenting collaboration among 
all healthcare workers and public sectors involved, it is 
promising that, in the future, Thailand would be one of 
developing countries which succeeds in combating the prob-
lem of CKD progression and its complication.

 Future Perspective of Nephrology 
in Thailand

How to provide a more efficient CKD prevention is the core 
issue of the future perspective of nephrology in Thailand. 
The more efficient CKD prevention starts from an effective 
CKD screening program for population at risk of CKD, 
especially the Thai population [54]. From national data, 
there was an increasing trend of aging (over 60 years old) 
population in Thailand. Moreover, life expectancy was 
showed to be higher than in the past. It should be implied that 
there was a trend toward greater aging population in the 
future that would lead to more incidence of chronic illness. 
Apart from decision to suspend life with RRT, how to offer 
conservative or palliative care as an option for the aged 
ESRD population and should be systematically explored. 
The consensus for this issue should not depend only on 
financial burden but also consider the balance between the 
benefit of RRT and the suffering of the elderly population.

How to effectively delay CKD progression is another 
important future perspective. Currently, it can be fair to state 

that global nephrology progressively accumulates medical 
knowledge of how to delay CKD progression, and it is unques-
tionable that the ongoing basic research and clinical studies in 
nephrology will provide new novel or breakthrough treatment 
to delay CKD progression in the future. However, it is also a 
question of how to effectively implement the already known 
knowledge and current standard of care to delay CKD pro-
gression to cover most of the Thai patients. The strategy should 
not aim solely to prescribe more medications but should also 
focus on how to enhance CKD patients’ health literacy. Health 
literacy is the degree to which individuals have the capacity to 
obtain, process, and understand basic health information and 
services needed to make appropriate health decisions [55]. In 
order to improve health literacy, there are a wide range of 
skills to be use included communication skill, critical analysis, 
numeracy skill and interaction skills. Apart from individual 
skills, other factors such as, culture, accessibility to technol-
ogy and finacial status could also determine health literacy. 
The disruption of informative technology, health information, 
mobile application, wearable medical devices, and telemedi-
cine will unquestionably facilitate health literacy to achieve 
better kidney health of Thai population in the future.

Besides KT, home dialysis should be an option for every 
ESRD patient. Home dialysis includes home HD and PD 
[56]. Although PD has already been established in Thailand, 
home HD has not yet been set up. Currently, in Thailand, 
home HD needs more user-friendly HD machine and home- 
based water treatment, price lowering strategy, and patient 
training for self-cannulation and self-HD machine operation. 
The combination of PD and home HD can be a more efficient 
dialysis option to preserve residual renal function, to main-
tain adequate middle-molecule uremic toxin clearance, and 
at the same time to preserve the peritoneal membrane to 
avoid future PD technical failure.

 Conclusion

Thailand is an endemic area of several tropical illnesses. 
Although tropical diseases and infectious-related disorders 
were formerly impacted, they have been gradually over-
shadowed by noncommunicable disease. The prevalence of 
pre- dialysis CKD in Thailand was greater than the global 
prevalence and became a current issue. This could be linked 
to the upward trend of dialysis patients and centers, which 
resulted in catastrophic national health expenditure. With 
the attempt to overcome this burden, the Thai government 
released several campaigns and issued policies to slow down 
CKD progression. The model of CKD clinic is a multidisci-
plinary approach, which has been implemented in all levels 
of public hospitals, in order to improve health promotion 
and increase access of healthcare even in remote areas. The 
introduction of new reimbursement program; UCS and the 
PD 1st policy, which mainly apply for majority of Thai pop-
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ulation, are laudable initiatives and a bold attempt to 
approximate the gap between wealth and poor in access to 
health services. In order to avoid financial burden, any proj-
ect aiming to decelerate CKD progression or providing eco-
nomical RRT with comparable outcomes to international 
standard is set as priority.
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 Introduction

The Republic of Turkey was founded in 1923 by Mustafa 
Kemal Atatürk after the collapse of the Ottoman Empire. 
Turkey occupies a unique geographic position, lying partly 
in Asia and partly in Europe. Throughout its history it has 
acted as a bridge between the two continents. The capital is 
Ankara, and its largest city and seaport is Istanbul. Table 32.1 
summarizes the demographic characteristics of Turkey [1].

The political system in Turkey is a democratic parliamen-
tary republic system, which is based on social justice and the 
rule of law in a secular constitution, allowing multiple politi-
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cal parties. Turkey is classified among the upper middle- 
income countries.

Chronic kidney disease (CKD) is a growing health prob-
lem worldwide that may lead to end-stage renal disease 
(ESRD) and cardiovascular complications [2, 3]. Despite 
improvements in patient care, CKD is still associated with 
high morbidity and mortality. According to the Chronic 
Renal Disease in Turkey (CREDIT) study, the prevalence 
of CKD in Turkey is 15.7% [4]. Moreover, this study 
showed that patients with CKD have high rates of cardio-
vascular risk factors with a high risk of morbidity and 
mortality.

The ESRD incidence and prevalence have been increas-
ing gradually in Turkey during the last decades, as in many 
other countries; and the need for renal replacement therapy 
(RRT) has been met with an increasing number of dialysis 
centers and renal transplantations [5, 6].

 Brief History of Nephrology in Turkey

The first independent and registered department of nephrol-
ogy was founded in Istanbul Medical Faculty by Dr. Kemal 
Onen in 1965, who 5 years later also founded the Turkish 
Society of Nephrology (TSN) [7].

Regular hemodialysis (HD) was first introduced in Turkey 
around 1965. The first successful renal transplantation in 
Turkey was performed from a living-related donor by Dr. 
Mehmet Haberal at the Hacettepe University Hospital in 
1975. The same team carried out renal transplantation in 
1978 from a deceased donor [8]. At present, renal transplan-
tation is performed mainly in 75 centers by specialized trans-
plantation surgeons. Regular HD is performed in 882 centers 
nationwide, and in the dialysis units, there is availability for 
almost anyone who needs dialysis [5].

TSN, as the major nongovernmental organization of 
nephrologists, is actively making a national ESRD care reg-
istry. TSN also prepares local, regional, and national con-
tinuous medical education activities, winter schools, or 
annual congresses for postgraduate education of nephrolo-
gists in Turkey. TSN is also organizing “nephrology board 
examinations” for Turkish nephrologists since 2008. 
Currently, TSN has 590 active members and also 7 branches 
with their own separate memberships in Istanbul, Izmir, 

Kayseri, Antalya, Bursa, Adana, and Ankara. Turkish 
Journal of Nephrology is a double-blind peer reviewed, 
open access, international online-only publication of the 
TSN. The journal is a quarterly publication, published on 
January, April, July, and October. The publication language 
of the journal is English.

 Renal Diseases in Turkey

 Chronic Kidney Disease

CKD is a growing public health problem that may lead to 
ESRD. It is also associated with an increased risk of car-
diovascular complications. A Turkish population-based, 
national survey on the populations aged over 18 years, the 
so-called Chronic Renal Disease in Turkey (CREDIT) 
study was performed to determine the prevalence of CKD 
and to evaluate relationships between CKD and cardiovas-
cular risk factors [4]. A cluster sampling technique was 
used to select the study participants. A sampling frame was 
defined as the 7 geographical regions of Turkey that 
included 81 cities. The study sample was comprised of 23 
cities.

A total of 10,872 participants were included in the study. 
A low glomerular filtration rate (GFR) (<60  mL/
min/1.73 m2) was present in 5.2% of the subjects who were 
evaluated for GFR, while microalbuminuria and macroal-
buminuria were observed in 10.2% and 2.0% of the sub-
jects, respectively. The prevalence of CKD was estimated 
as 15.7% in the Turkish adult population. The prevalence 
rates for CKD stages 1, 2, 3, 4, and 5 were 5.4%, 5.2%, 
4.7%, 0.3%, and 0.2%, respectively. The majority of the 
subjects with CKD were in stages 1–3. CKD was signifi-
cantly more common among women than men (18.4% vs. 
12.8%, p < 0.001). The prevalence of CKD also increased 
with increasing age of the subjects. The odds ratios of CKD 
ranged from 1.45 to 2.18 for every 10 years increase in age 
for subjects over 30  years. The prevalence of CKD was 
found to be 11.5% in the population aged <60 years, while 
it was as high as 38.3% in subjects aged 60 years or over. 
Stage 3 CKD was especially more common among subjects 
aged over 60 years (1.6% vs. 21.5%). CKD prevalence was 
slightly higher among subjects living in rural areas than in 
those in urban areas (16.8% vs. 15.2%). CKD prevalence 
was highest among subjects from the Marmara region 
(19.7%) followed by Southeastern Anatolia (18.6%), the 
Black Sea (16.1%), East Anatolia (14.2%), the Aegean 
(13.8%), Central Anatolia (12.6%), and the Mediterranean 
(11.7%) regions.

In the general population, the prevalence rates for hyper-
tension, diabetes, dyslipidemia, obesity, and metabolic syn-
drome were 32.7%, 12.7%, 77.0%, 20.1%, and 32.3%, 

Table 32.1 Demographic characteristics of Turkey

Population 82.9 million
Urban population 72.2%
Population growth rate 1.28%
Male/female 49.31%/50.69%
Median age 30.2 years
Life expectancy 76.4 years (Males: 73.3 years, Females: 

79.4 years)

T. Ecder et al.
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respectively. The prevalence of hypertension was higher in 
subjects with CKD than in those without CKD (56.3% and 
31.0%). Similarly, the prevalence rates of diabetes (26.6% 
vs. 10.1%), dyslipidemia (83.4% vs. 75.8%), obesity (29.2% 
vs. 20.0%), and metabolic syndrome (46.0% vs. 29.8%) 
were significantly higher in subjects with CKD compared to 
subjects without CKD. Furthermore, the prevalence of these 
cardiovascular risk factors gradually increased in subjects 
having advanced stages of the disease. Thus, CKD was found 
to be strongly associated with these cardiovascular risk 
factors.

The prevalence of decreased GFR and microalbuminuria 
was higher in subjects having these risk factors, particularly 
in those having hypertension and diabetes. The prevalence of 
CKD among subjects with and without hypertension was 
25.3% and 10.6%, respectively. Similarly, CKD was signifi-
cantly more common in subjects with diabetes than in non-
diabetic subjects (32.4% vs. 13.0%).

In conclusion, the CREDIT study has defined that CKD 
prevalence in Turkey is higher than in those of many indus-
trialized Western countries. Associations between CKD and 
several cardiovascular risk factors emphasize that CKD is a 
major public health problem and a major predictor of overall 
morbidity and mortality.

A striking increase in prevalence of ESRD requiring RRT 
has been observed over the past 18  years (Fig.  32.1). The 
most common RRT modality is HD followed by kidney 
transplant (KT) and peritoneal dialysis (PD), respectively. 
Rates of diabetes mellitus and hypertension as causes of 
ESRD increased, whereas those of chronic glomerulonephri-
tis and urologic disease decreased.

 Acute Kidney Injury

There is neither a national registry nor large cohort studies 
about acute kidney injury (AKI) in Turkey. However, its inci-
dence and causes seem to be similar to those of high-income 
countries.

The nephrology community in Turkey was very success-
ful in the management of patients with AKI due to crush syn-
drome after the Marmara earthquake, which hit the most 
densely populated area at the eastern end of the Marmara Sea 
in northwestern Turkey on August 17, 1999. The number of 
documented cases of AKI following this event exceeded all 
similar cases previously reported for any single earthquake 
[9]. A total of 639 patients (291 female and 348 male) with 
AKI due to crush syndrome were hospitalized in 35 hospitals 
[10]. Among these, 477 patients needed dialysis, and a total 
of 5137 HD sessions were performed to these patients. The 
mortality rates were 17.2 and 9.3% in dialyzed and nondia-
lyzed patients, respectively. Findings significantly associated 
with mortality were sepsis, thrombocytopenia, disseminated 
intravascular coagulation, and acute respiratory distress syn-
drome, as well as abdominal and thoracic traumas.

 Renal Disease in Pediatric Population

The pediatric population aged 0–17 years is around 23 mil-
lion and consists in 28.3% of the total population. Currently, 
there are 35 pediatric nephrology centers in Turkey, and all 
centers are based at the major pediatric teaching hospitals 
around the country, each providing comprehensive diagnos-
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tic and therapeutic services for children with AKI and CKD, 
including acute and chronic dialysis. Sixteen of these centers 
also provide KT.  Most centers have a team including 2–4 
pediatric nephrologists.

The incidence rate of CKD is nearly of 10.9 (12.2 for 
boys and 9.7 for girls) pmp, considering the GFR levels 
below 75 ml/min/1.73 m2 [6]. As for the underlying etiology 
of CKD, urological problems such as vesicoureteral reflux 
(18.5%), obstructive uropathy (10.7%), and neurogenic blad-
der (15.1%) are the leading underlying conditions causing 
CKD, with a total frequency of 44.3% [11]. The predomi-
nance of moderate to severe CKD (stage III–V) consists of 
88% of the patients and reflects the late diagnosis and refer-
ral pattern. These diseases (urological conditions, tubule- 
interstitial diseases, hypoplasia, and dysplasia) are followed 
by cystic renal diseases and primary glomerulonephritis. 
There is also increasing recognition of familial and genetic 
forms of nephrotic syndrome causing renal failure, with the 
identification of podocin and other mutations in children in 
Turkey [12]. Postinfectious glomerulonephritis is still a 
problem in Turkey, but pediatric nephrology centers 
 successfully manage the disease and prevent its progression. 
In a population-based CKD study, the frequencies of over-
weight and obese children were found to be 9.3 and 8.9%, 
and the mean eGFR was lower in patients with higher body 
mass [13].

Every year nearly 50–75 patients enter the PD program, 
which is delivered almost exclusively as continuous cycling 
PD (CCPD) using a number of platforms and utilized as the 
primary mode of dialysis in young children. Automated PD 
(APD) has been the modality of choice in recent years in 
most of the centers. One third of these patients have been 
under the age of 6. Growth retardation has been present in 
73% of these patients, erythropoiesis-stimulating agent 
(ESA) usage around 69%, and peritonitis rate nearly 0.27 
episode per patient year [5].

HD is the second preferred RRT for children and is 
mostly available in the larger centers. Chronic HD has been 
offered to older children or those deemed clinically unsuit-
able for PD. Only 10% of the HD patients are under the age 
of 5 years. In small children below the age of 3 years, vas-
cular access is a major problem. Every year around 50 pedi-
atric patients start HD treatment, and the growth retardation 
rate is present in 75% of these patients. Most of the HD 
patients present anemia and nearly 75% receive ESA treat-
ment [5]. KT transplantation numbers are increasing in 
Turkey, and this also includes the pediatric population. In 
2018, there were 331 pediatric transplantations, which con-
sisted of 8% of all kidney transplants. Preemptive KT was 
performed in 24% of these patients. Transplantation was 
performed with kidneys from deceased donors in 35% of 
the patients, and this number is higher than in the adults. 
The immunosuppressive protocols include calcineurin 

inhibitors, mycophenolate mofetil, steroids, and induction 
therapy in mostly deceased donors KTs. The overall patient 
and graft survival is comparable with the Western countries 
[5]. One-year graft and survival are 94% and 97%, respec-
tively.The total percentage of pediatric KT among all kid-
ney transplant numbers is only 7.45%. There is a low 
transplantation rate especially under 5  years. The rate of 
transplantation in this group is 11% in Turkey and 23% in 
the USA. Pediatric transplantation should be increased in 
Turkey.

 Renal Replacement Therapy in Turkey

The incidence and prevalence of RRT for ESRD patients are 
increasing worldwide. Turkey, with a population of 83 mil-
lion, has an ESRD prevalence of 988 per million of popula-
tion (pmp) and incidence of 149 pmp as of 2018.

Turkey has one of the largest treated ESRD patient popu-
lations in Europe. A total of 81,055 patients with ESRD were 
being treated with one form of RRT by the end of 2018. The 
number of dialysis centers has grown to 882 with around 
63,835 patients on chronic dialysis (60,643 regular HD 
patients and 3192 PD patients). KT is presently carried out in 
75 centers all over the country.

Despite a stable trend in incidence in the last 18 years, 
there has been a threefold increase in prevalence. The num-
ber of KT centers increased to 75 from 24 over the last 
16 years. A total of 28,210 KT have been performed over the 
last decade. The structural, legal, and economic arrange-
ments have significantly increased the number of KT since 
2008. However, the increase appears to be predominantly in 
living donor transplants. Mild decline in the relative rates of 
cadaveric renal transplants has been observed.

 Hemodialysis

HD is the most commonly used RRT in Turkey. A significant 
increase in the number of HD patients has been observed 
during the last two decades (Fig.  32.2). According to the 
2018 TSN Annual Report, a total of 60,643 patients were 
having chronic HD treatment, comprising 74.8% of the 
ESRD population in Turkey. HD reimbursement in Turkey is 
significantly lower than in many other countries [14, 15]. 
The current reimbursement is 40 USD per session.

Although the convective therapies offer better patient out-
comes in HD patients, the incidence of hemodiafiltration 
(HDF) is only 1.31% in Turkey [5, 16]. The major reason of 
this low rate is the low reimbursement paid for dialysis thera-
pies. High-flux dialyzers were used in 46.3% of the prevalent 
HD patients as the end of 2018 [5]. The reuse of dialyzers is 
not performed at all in Turkey.

T. Ecder et al.
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The prevalence of patients with positive hepatitis serol-
ogy decreased significantly during the last two decades. The 
prevalence of HD patients who are positive for hepatitis B is 
2.6% and 3.5% for hepatitis C. The prevalence of patients 
who are positive for HIV is only 0.08%.

In 2013, the international Dialysis Outcomes and 
Practice Patterns Study (DOPPS), a prospective cohort 
study of HD practices, and outcomes of adult (18+ years of 
age) HD patients ongoing since 1996 initiated data collec-
tion of a nationally representative sample of 20 HD units in 
Turkey [17].

The characteristics of the Turkish patients included in the 
DOPPS study were compared with those of the patients in 
Europe, North America, and Japan. The patients in Turkey 
were younger (60.0 years) compared with patients in Europe 
(64.9  years), North America (61.7  years), and Japan 
(62.6  years). Body mass index was lower in patients in 
Turkey (25.3 kg/m2) compared to patients in Europe (26.2 kg/
m2) and North America (28.5 kg/m2). Median dialysis vin-
tage was longer in Turkey (3.7 years) compared to Europe 
(3.4 years) and North America (2.7 years) but shorter than 
Japan (5.9 years).

According to the results of the DOPPS study in Turkey, 
diabetes was the most common ESRD cause (37%); arterio-
venous fistula use was 83%; and mean single pool Kt/V was 
1.61. Compared with other international regions, Turkey had 
the highest mean hemoglobin (11.5 g/dL), ferritin (771 ng/
mL), and interdialytic weight gain (3.28%), while Turkey 
had the lowest mean systolic blood pressure (127  mmHg) 
and ESA prescription (57%). Turkish patients also reported 
the highest depression scores.

Although the dialysis population is becoming older in 
Turkey, it is still younger than the dialysis population of 
many Western countries and Japan. Diabetes is the most 
common cause of ESRD in Turkey and is substantially 
higher than that seen overall in European HD units in 
DOPPS. There is a continuous increase in the prevalence 
of diabetes in Turkey. According to the Turkish 
Epidemiology Survey of Diabetes, Hypertension, Obesity, 
and Endocrine Disease (TURDEP-II) study, the prevalence 
of diabetes in the adult general population is 16.5%, trans-
lating to 6.5 million adults with diabetes in Turkey [18]. 
These figures are alarming and underscore the urgent need 
for national programs to prevent diabetes and its 
complications.

Turkish HD patients have the highest prevalence of hyper-
tension (32%) and lowest prevalence of glomerulonephritis 
(6%) as a primary cause of ESRD compared to other DOPPS 
regions. These figures may suggest that there is an overdiag-
nosis of primary hypertension among Turkish HD patients. It 
may be speculated that some patients with secondary hyper-
tension due to glomerulonephritis who present at a late stage 
of their disease when a definite diagnosis with a kidney 
biopsy is not possible may have been diagnosed as primary 
hypertension.

 Peritoneal Dialysis

PD in Turkey was first applied in the late 1950s using PD 
solutions in bottles for patients with AKI.  In 1968, these 
solutions were used in ESRD patients as intermittent PD 
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treatment [19]. After the introduction of continuous ambula-
tory peritoneal dialysis (CAPD) by Moncrief and Popovich 
in 1976, this treatment was started to be applied as a chronic 
RRT modality from the mid-1980s in Turkey. However, the 
peritonitis rate was very high due to use of a non- 
disconnecting collapsible bag system with simple spike, and 
the technical survival was also very low.

At the beginning of the early 1990s when disconnecting 
delivery systems became available, the dropout declined and 
PD treatment became an effective RRT modality. In 1996, 
Eczacıbaşı-Baxter began to produce PD solutions in Turkey. 
In addition to CAPD treatment, APD was also introduced 
with imported machines (first PAC-Extra and then Home- 
choice) in 1997. These contributed to the rapid development 
of chronic PD.  In 2000 icodextrin-based and amino acid- 
based PD solutions and in 2006 biocompatible PD solutions 
with neutral pH and low glucose degradation product were 
started to be used [20]. These novel PD solutions gave physi-
cians the opportunity for individualization of PD prescrip-
tion and also contributed to improving PD technique 
survival.

Interest in PD treatment increased after 1990, and the 
nephrology departments of many hospitals started to estab-
lish their own PD units. Also, some young nephrologists 
went to well-known international PD centers for training in 
PD.  In 1998, the Turkish Multicenter Peritoneal Dialysis 
Study Group (TULIP) was established with the participation 
of 11 PD centers in different regions of Turkey [21]. The 
TULIP began to organize the regular training meetings in 
various regions of the country and initiated numerous multi-

center scientific studies. This resulted in a substantial 
increase in the number of patients treated with PD and also 
provided new opportunities for multinational studies.

As shown in Fig. 32.3, throughout 1990–2000s the num-
ber of patients treated with PD in Turkey was continuously 
increasing and reached 6109 patients in 2008 [5]. During this 
period, the rate of PD penetration among dialysis patients 
increased from 4.4% to 11.7%. After the peak in 2008, unfor-
tunately the number of PD patients began to decline gradu-
ally in Turkey. As of the end of 2018, there were only 3192 
patients under PD treatment, and the PD penetration rate was 
decreased to 5.0% [5].

The decrease in PD rate may be due to several factors. 
The mortality and dropout rates may have contributed to the 
observed reduction in the number of PD patients. However, 
annual mortality and dropout rates in our PD population are 
not higher than expected. According to 2018 data, these rates 
are 8.9% and 12.0%, respectively [5]. Although the rate of 
KT in PD patients is higher than in HD patients, the absolute 
number of PD patients undergoing transplantation is rela-
tively low (in 2018, 157 patients) [5]. The absence of any 
increase in the number of patients starting PD is probably the 
most important factor. The number of patients starting PD, 
which was 1559  in 2010, decreased to 886  in 2018 [5]. It 
may also be a factor that the annual cost per patient in PD is 
higher than HD in Turkey.

According to the 2018 TSN annual report, a total of 3192 
PD patients (50.8% female and 49.2% male) at 139 centers 
are followed up in Turkey; 42.3% of these patients are in the 
45–64 ages, and 22.7% are 65 years or older. The number of 
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pediatric PD patients is 389 (12.3%). Overall, the PD patients 
are younger than HD patients. The duration of PD in the 
majority of patients (69.2%) is less than 5 years, and the rate 
of patients undergoing PD for more than 15 years is 1.0%. 
Hypertensive nephropathy and diabetic nephropathy are the 
most common etiologies of ESRD in incident PD patients 
(29.1% and 27.5%, respectively) [5].

CAPD is the most preferred PD modality in adult patients. 
As of the end of 2018, 67.0% of PD patients are on CAPD 
and 33.0% on APD. In pediatric patients, APD is more pre-
ferred than CAPD [5].

Today, PD solutions from Baxter, Fresenius, and 
Biopharma are available in Turkey. As of the end of 2018, 
biocompatible dialysis solutions with neutral pH and low glu-
cose degradation products are used in more than 70% of PD 
patients. Approximately 63% of PD patients are using ico-
dextrin-based PD solution in at least one exchange daily [5].

Clinical results are satisfactory with respect to peritonitis 
incidence, dialysis adequacy, renal anemia, and mineral 
metabolism. The incidence of peritonitis is one episode per 
50 patient-months as of the end of 2018. The most common 
PD noninfectious complication is hernia (6.1%). Dialysis 
dose is adequate in the majority of the PD patients. Kt/V urea 
is over 1.7  in 89.2% of the patients. In 73.6% of the PD 
patients, arterial blood pressures are below 140/90 mmHg. 
Serum albumin level, which is an indicator of nutritional sta-
tus, is above 3.5  g/dL in 74% of PD patients. The rate of 
active ESA usage in our PD population is 52.2%. This rate is 
significantly lower than in European countries and the 
USA. Despite the low ESA usage rate, hemoglobin level is 
greater than 10 g/dL in more than 80% of PD patients. Serum 
phosphorus level is lower than 5.5  mg/dL in 75% of PD 
patients. Approximately 82% of patients use phosphate- 
binding agents, and 69% of patients use PTH-suppressive 
drugs. Calcium acetate and oral vitamin D are the most pre-
ferred agents [5].

Dialysis and/or ultrafiltration failure seems to be the most 
important factor for switching to HD (46.1%); this is followed 
by PD-related infections (19.1%) and mechanical complica-
tions (18.0%). In 2018, cardiovascular diseases were the most 
common cause of death among PD patients, with a rate of 
54.3%, followed by cerebrovascular events (12.9%) and infec-
tions (12.9%) [4]. The ranking of the most common causes of 
death remains similar to previous years [5].

An overview of the history and current situation of PD in 
Turkey has been presented here. As mentioned above, the 
quality of PD treatment in Turkey is very satisfactory. 
However, a decline in the number of patients undergoing PD 
after the peak in 2008 is noteworthy. In order to prevent this 
decrease in PD penetration rate, measures such as review of 
nephrology education programs, increase of postgraduate 
education activities, generalization of predialysis patient 

education programs, reducing the cost of PD treatment by 
increasing domestic PD solution production, and govern-
ment incentives should be taken.

 Renal Transplantation

Renal transplantation is the treatment of choice among RRTs 
in Turkey. However, the rate of KT in all RRTs is only 21% 
[5]. The prevalence of CKD in Turkey is 15.7%, and approxi-
mately 70,000 of these patients are in stage 5 [4]. More kid-
neys (from deceased and living-related donors) are needed 
for transplantation; however, as in the rest of the world, the 
most important problem in Turkey is the shortage of organ 
supply.

The law of harvesting, storage, grafting, and transplanta-
tion of organs and tissues was enacted in 1979 before most of 
the European countries [7]. In 2001, the Ministry of Health 
established a national coordination center for organ trans-
plantation, and the kidney allocation system was launched at 
2008. The number of KT centers has gradually increased and 
reached 75. The major reason for this increase was the fact 
that in 2004, private universities and hospitals were allowed 
to perform KT. Ten of them are large centers and perform 
more than 100 kidney transplants per year.

The Netherlands, the USA, Jalisco state (Mexico), and 
Spain are the leading countries in the world regarding renal 
transplantation numbers pmp. Turkey is located in the mid-
dle of this list with the 38 renal transplantations pmp per 
year.

KT activities increased about four times between 2004 
and 2018. However, the increase in cadaver donor numbers 
is not satisfactory. According to the TSN Registry, a total of 
3871 renal transplantations were performed in 2018. Of 
these, only 859 (22.2%) were from deceased donors [5]. 
Over 2000 brain deaths were declared in the ICUs in Turkey 
in 2018; in spite of this, unfortunately only 25% of them 
were used. This is a multifactorial problem consisting of 
social, ethical, and religious issues.

Most living-related donations were done from relatives. 
The use of unrelated living donors has increased in recent 
years, up to 9.39% in 2018. Furthermore, the number of 
paired kidney donation has also increased, as paired kidney 
exchange programs are implemented within each center 
itself. Work is underway to develop the national paired kid-
ney exchange program.

Inherently, most of the KT patients belong to the young 
and middle age groups. Transplantation operation may be 
risky for geriatric patients with comorbid problems like car-
diovascular disease, malignancies, and infectious disease. 
Only 3.9% of KT in 2018 were performed in patients over 
65 years of age [5].
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HD is the first treatment modality in most of the trans-
plant patients (52.0%) [5]. The rate of PD patients is 4.1%, 
and the rate of preemptive transplantation is 43.9%. The 
rapid increase in preemptive transplantations has been 
remarkable in recent years.

First-year graft and patient survivals are 95.8% and 
97.8%, and the 5-year graft and patient survival rates are 
87.6% and 94.5%, respectively. These rates show us satisfac-
tory KT results in Turkey comparable to Western countries.

The mortality rate in all KT patients in 2018 was 2.96%; 
being 1.55% in living-related donor transplantations and 
8.37% in deceased donor transplantations. The mortality rate 
in cadaveric transplantation is unacceptable, as it seems there 
have been some problems in cadaveric donation. The leading 
causes of mortality are infectious diseases and cardiovascu-
lar diseases; and we have been observing gradually decrease 
in mortality due to infections in the last few years.

There is a National Coordination System which is located 
in Ankara. There are many subunits attached to the National 
Coordination System, such as the National Coordination 
Center (NCC), the Regional Coordination Center, the Organ 
Transplant Centers, and HLA typing laboratories.

There is a national waiting list for all organ types, sepa-
rately from the deceased donor transplantation. The donor 
hospital declares organs’ availability and reports to the 
NCC.  The NCC allocates the organs according to strict 
allocation rules and then distributes them to transplantation 
hospitals. Turkey is separated into nine different areas for 
the organ allocation. All of these nine areas are attached to 
the NCC.

It is well-known that the two important factors affecting 
success in KT are pathology and immunology support. There 
are some shortcomings in these two issues in Turkey. There 
are few pathologists involved specifically in transplant 
pathology. Experienced transplant pathologists are located in 
a few centers. It seems difficult for them to serve all patients 
in the whole country. Increasing the number of transplant 
pathologists should be one of the important goals. On the 
other hand, there are more than 40 tissue-typing and trans-
plantation immunology laboratories. The problem with this 
issue is the lack of standardization. Only seven of these labo-
ratories are European Federation for Immunogenetics (EFI) 
accredited. The number of laboratories open to international 
quality controls should be increased. After training in 
nephrology and urology/surgery, specialization training in 
transplant surgery and transplant nephrology has become a 
necessity.

For the next 10 years, cadaveric donation rates in Turkey 
should be increased. Moreover, both short- and long-term 
survivals in all transplantations should be prolonged. For this 
purpose, transplantation pathology and immunology should 
be supported and improved, and transplantation centers 
should be well controlled.

There has been a dramatic increase in the number of kidney 
transplantations performed during the last 5 years (Fig. 32.4). 
The low number of deceased donor KT still remains to be a 
major problem (Fig. 32.5). Patient and graft survival rates are 
comparable to those of Western countries. Main cause of death 
is related to infection, and the most common reasons for graft 
loss are death and chronic allograft nephropathy.

21
5

19
3 36
4

38
2

36
0

37
0 47
5

54
9

60
0

66
5

72
9 83
0

13
16

17
10

17
90

25
45

29
33

29
05

29
44

29
24 32

04 34
16

33
42

38
71

0

500

1000

1500

2000

2500

3000

3500

4000

4500

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

P
at

ie
nt

 n
um

be
r

Years

Fig. 32.4 The number of kidney transplant recipients by years in Turkey

T. Ecder et al.



451

 Nephrology Practice in Turkey

There are approximately 600 adult and 200 pediatric nephrol-
ogists in Turkey. With these numbers, Turkey has one of the 
lowest ratios of nephrologists (10 pmp and 10 per 1000 ESRD 
patients) among European countries [22–24]. In Turkey, in 
order to qualify as a nephrologist, a physician should first get 
an internist specialization degree following a 4-year educa-
tion; this education should be completed by submitting a 
medical thesis. Internists then enter a nationwide subspecialty 
examination. According to the scores they get, eligible candi-
dates apply for fellowship to nephrology subspecialty cen-
ters. In Turkey, there are 58 centers who provide subspecialty 
education for nephrology fellowship [23]. Nephrology sub-
specialty education is 3  years. This education comprises a 
structured program, where trainees learn both basic and clini-
cal principles of nephrology. During their education, all 
nephrology fellows should have at least 6 months of educa-
tion and practice in HD, 3 months in PD, and 3 months in 
KT. The rest of the education consists of clinical practice in 
nephrology outpatient and inpatient clinics. During the train-
ing, nephrology fellows should learn certain abilities, such as 
performing percutaneous kidney biopsy and insertion of tem-
porary or permanent dialysis catheters. Some centers have 
more interventional nephrology approaches, like insertion of 
a PD catheter or surgically creating an arteriovenous fistula.

Nephrologists usually work in secondary or tertiary cen-
ters. Almost all cities in Turkey have a nephrologist working 
either in state or university hospitals. Nephrologists in 
Turkey are responsible for taking care of all kidney patients 
not only in nephrology departments but also in all depart-
ments of the hospital. There are 75 renal transplantation cen-

ters in Turkey, and nephrologists have a pivotal role in patient 
recruitment, selection, and pre- and postoperative care of 
transplant patients. Nephrologists have a close connection 
with ICUs and share the responsibility with intensivists for 
the care of kidney patients (including continuous RRT) in 
ICUs.

There are 882 HD centers in Turkey [5]. The regulations 
of dialysis facilities are defined by the Ministry of Health. 
According to these regulations, at least one certified physi-
cian must be recruited for every 50 patients. In addition, 
there has to be at least one nurse or one dialysis technician 
for every five patients. Each dialysis facility should also 
recruit a renal dietitian.

Most HD patients (65% of the HD population) are dia-
lyzed in private centers. Most private centers have a general 
practitioner or internist who is continuously taking care of 
patients. These HD practitioners receive a special certificate 
following 3–6 months of education for HD practice. HD cer-
tificate education is given by the nephrology training centers. 
Although certified HD practitioners cover the shortage of 
nephrologists, they frequently feel themselves on their own 
when they face serious problems (either technical or medi-
cal) in their units. Some private units are parts of big dialysis 
chains and have technical or medical backups, but this is not 
the case for many small for-profit private centers. As many 
centers have no close connections with a nephrology unit or 
a nephrologist, HD practitioners may have no or a few 
chances to receive support when needed. When a patient 
needs a referral to a nephrology center, there is not enough 
communication between the dialysis unit and nephrology 
center. These problems are affecting the quality of care and 
continuity of care, especially for dialysis patients with many 
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comorbidities. All HD centers are regularly audited, by gov-
ernment officials for various parameters including patient 
safety and quality of care.

There are 120 PD centers in Turkey. Majority of these 
centers are public-funded centers, and nephrologists have a 
principal role in caring of PD patients. In academic settings, 
nephrologists provide consulting and ongoing care in outpa-
tient and inpatient settings, perform basic science and clini-
cal research in kidney diseases, and teach medical students 
and residents.

There is not a regular patient referral system from the pri-
mary care clinics to the nephrology centers in Turkey. 
However, there is general coverage for health expenditures, 
and all costs of kidney patients are being paid by the govern-
ment. This enables kidney patients to have an easy access to 
nephrology clinics as soon as they are aware of their kidney 
problems. The Ministry of Health has prepared an action 
program to prevent and control kidney disease in 2014 [25]. 
This program has been prepared in collaboration with 
TSN. Currently, the Ministry of Health is preparing national 
guidelines for kidney patient care. Although there are efforts 
for multidisciplinary team work approaches, it is still in its 
infancy in Turkey.

As the nephrology workforce in Turkey is still inadequate, 
there is an intense workload on the nephrology health work-
ers. This creates a general burnout within the nephrology 
community, but this also has a positive effect as there is an 
increased demand for nephrologists and, thereby, a larger job 
demand for nephrologists. Despite the increased demand, 
pay-per-performance amounts for nephrology procedures 
are not satisfactory, and salaries of nephrologists fall below 
several other disciplines. The average monthly salary of a 
nephrologist ranges from 1200 to 3000 USD according to the 
pay grade and place of work (public or private). The average 
salary of a renal nurse is between 500 and 800 USD accord-
ing to the pay grade and place of work (public or private).

 Future Perspectives of Nephrology in Turkey

The prevalence of CKD is increasing in Turkey because of the 
increase in the number of patients with obesity, diabetes, and 
hypertension along with the aging of the population. The con-
tinuing rise in the prevalence of patients on RRT causes an 
enormous economic burden to the healthcare system. It is 
clear that this problem will continue to grow in the future. 
Therefore, the main aim should be the primary prevention for 
those who are at increased risk of CKD. Health policy should 
concentrate on education programs in order to increase the 
awareness of the disease, together with the lifestyle modifica-
tions, such as weight loss and cessation of smoking.

 Conclusion

CKD, which is an important public health problem in Turkey, 
is associated with increased risk of morbidity and mortality. 
The demographic and clinical characteristics of patients with 
CKD in Turkey are comparable to those of the Western coun-
tries. While the prevalence of patients who need RRT is 
increasing, the population is becoming older with the rise in 
the quality of care. However, this would worsen the eco-
nomic burden of the CKD in the future. Therefore, the best 
long-term approach would be to target more efforts on the 
primary prevention of the disease.
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Area1 83,600 Km2

Population1 9,682,088 (2019)
Capital Abu Dhabi
Three most populated cities: 1. Dubai (4,177,095)

2. Abu Dhabi (2,784,490)
3. Sharjah (2,374,132)

Official language Arabic
Gross domestic product (GDP)2 732.861 billion USD (2018)
GDP per capita2 70,262 USD (2018)
Human Development Index (HDI)2 0.863 (2018)
Official currency UAE dirham (AED)
Total number of nephrologists3 120
National society of nephrology Emirate Nephrology Society 

(EMAN)
www.ema.ae & www.
eman-uae.com

Incidence of end-stage renal 
disease3

2018 – 135 pmp

Prevalence of end-stage renal 
disease
(on dialysis)

2018 – 260 pmp

Total number of patients on 
dialysis3

(all modalities)

2017 – ~2400
2018 – ~2500

Number of patients on 
hemodialysis3

2017 – ~2300
2018 – ~2400

Number of patients on peritoneal 
dialysis3

2017 – ~100
2018 – ~100

Number of renal transplantations 
per year3

2017 – 36
2018 – 62

Table references:
1. www.worldometers.info
2. Human Development Indices and Indicators, 2018 statistical update
3. Data collected by the Emirate Nephrology Society

 Introduction

The United Arab Emirates (UAE) is part of the Gulf 
Cooperation Council (GCC) for the Arab states of the Gulf 
region, and these countries are an integral part of the wider 
Arabic region. The GCC is composed of six countries includ-
ing the UAE, the Kingdom of Saudi Arabia, Oman, Kuwait, 
Qatar, and the Kingdom of Bahrain. The GCC countries are 
located on the Arabian Peninsula that comprises an area of 
2,673,108 km2 and a population of approximately 56 million 
according to a 2018 estimate. A unified economic agreement 
between these countries was signed on November 11, 1981, 
in Abu Dhabi, the capital of the UAE.

On December 2, 1971, the UAE was established by unifi-
cation of seven emirates. The Federation comprises seven 
emirates: the Abu Dhabi emirate, which is also the capital, 
and Dubai, which is the major commercial center. The other 
emirates are Sharjah, Ajman, Fujairah, Ras al-Khaimah, and 
Umm al-Quwain.

Prior to the establishment of the Federation, each of the 
emirates had its own separate independence. However, after 
the formation of the UAE, the Rulers agreed to draw up a 
provisional constitution specifying the powers that were to 
be allocated to the new federal institutions while maintaining 
substantial local government authority.

In 2018, the total population of the UAE was estimated to 
be 9.6  million, 1.4  million being Emirati citizens, and 
8.2 million expatriates; 42.8% of the total population lives in 
Dubai, 29.0% in Abu Dhabi, and 24.7% in Sharjah.

The UAE vision is one that empowers women, embraces 
diversity, encourages innovation, and welcomes global 
engagement and is committed to encouraging values of inclu-
sion and coexistence with a designated Ministry of Tolerance 
that implements programs fostering respect, peaceful coexis-
tence, and mutual understanding among people in the UAE.

All GCC states have experienced unprecedented socio-
economic transformation that has led to higher standards of 
living, stable currencies, and low inflation rates. The local 
populations of the GCC countries are generally small, and, 
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therefore, a high proportion of the work force consists of 
expatriates from other countries. The prevailing political and 
social system of these states has mostly been conservative 
and tribal in nature, with strong family and tribal ties, 
although over the years it has been witnessing modernization 
with global prospective as the majority of the population 
have immigrated from over 200 countries for living and 
work.

Oil and gas are the main resources of the GCC countries. 
However, they have begun aggressive plans of economic 
reforms toward diversifying their resources. The economy 
of the UAE is the second largest in the Middle East, with a 
gross domestic product of 732.861 billion USD (2018 esti-
mates) and the most diversified economy in the GCC, 
although still significantly reliant on petroleum. The UAE 
has worked in the past two decades on building a strong 
semi-industrial base economy, providing the necessary 
infrastructure to be a tourist destination, a financial hub, as 
well as a center for trade and transit between Asia and 
Europe.

The UAE has made substantial investments in healthcare 
infrastructure and seen an incremental increase in healthcare 
spending, especially in recent years, with the introduction of 
mandatory health insurance and universal access to care 
since 2007 [1].

Mandatory health insurance introduction allowed further 
investment into the healthcare infrastructure with the private 
sector playing a greater role in both the delivery of the 
healthcare to the population and its financing. New sets of 
quality standards are being adopted, for both public and pri-
vate healthcare delivery systems, with the aim to rank the 
providers relative to their outcomes and, accordingly, deter-
mine their reimbursements.

Currently, major academic medical centers from North 
America, Australia, and the European Union have partnered 
with both public and private institutions for healthcare provi-
sion. There are six medical schools and nursing and health 
science colleges spread across the UAE attracting under-
graduate students from the UAE and abroad. In addition, an 
expansion of postgraduate training programs at academic 
teaching hospitals is ongoing.

Cardiovascular disease is the principal cause of death in 
the UAE, constituting 28% of total deaths; other major 
causes are accidents and injuries, malignancies, and congen-
ital anomalies [2]. According to the World Health 
Organization data from 2014, 37.2% of adults in the UAE 
are clinically obese, with body mass index (BMI) scores of 
30 or more. The overall improvement in healthcare services 
and public health of the UAE and other GCC countries have 
been impressive. The average life expectancy rose from 
60.5 years in 1978 to 73 years in 2004 and currently is esti-

mated to be at 78.5 years, whereas during the same period, 
infant mortality fell from 69 deaths per 1000 live births to 18. 
The average crude birth rate is 18.4% and the crude death 
rate is 2.9%. Those below 15 years of age comprise 19.7% of 
the total population, while those greater than 65 years of age 
comprise only 1.6% of the population [3, 4].

 Brief History of Nephrology in the UAE

The UAE independence happened in 1971 with a population 
estimated then, around 200,000 people. With the flow of the 
oil revenues, the country started to invest in healthcare and 
education. One of the oldest hospitals, opened in 1968, was 
the Abu Dhabi Central Hospital, and soon many health ser-
vices were offered including outpatient renal services.  
Dr. Avinash Pingle, the nephrologist at the Central Hospital, 
was instrumental in setting up the first dialysis unit in the 
UAE and also for introducing nephrology as a specialty to 
the country. The Central Hospital in Abu Dhabi was the only 
center offering such services until 1980, receiving patients 
not only from the UAE but also from neighboring countries 
such as Oman and Bahrain. The first peritoneal dialysis (PD) 
program was initiated in 1976, and the first chronic hemodi-
alysis (HD) program was established in 1977. The services 
were then extended to be available in each emirate of the 
country. Currently, there are 33 dialysis units in the country, 
of which 10 are operated by the private sector and the rest by 
the government.

Kidney transplantation was first started in 1985. The fed-
eral law that regulates organ and tissue transplant in the UAE 
was issued in 1993 and the Ministerial Decision on the 
implementation regulation of the law issued in 2010. All 
regulations in the UAE are committed to the Istanbul 
Declaration. The transplantation in the UAE has gone 
through several phases. The updating of the implementation 
procedures of the law, from accepting only living donation, 
to a recent acknowledgment of patients diagnosed with brain 
death as potential donors, has permitted the start of a national 
deceased multi-organ donation and transplantation program.

 Kidney Disease in the UAE

In the UAE, similar to other countries, chronic kidney dis-
ease (CKD) has become an increasingly significant clinical 
and public health issue. This is because during recent 
decades, the UAE has undergone significant rapid economic 
growth and modern infrastructure development, following 
the discovery of oil. This economic progress has clearly 
brought many social benefits and opportunities for the coun-
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try, including an increase in life expectancy. On the other 
hand, rapid modernization and urbanization have contributed 
to a substantial increase of risk factors for many chronic dis-
eases like CKD, hypertension (HTN), diabetes mellitus 
(DM), obesity, dyslipidemia, and smoking.

Information on the epidemiology of CKD and associated 
risk factors are in general limited in the UAE and GCC, when 
compared to Western countries. However, with the recent 
implementation of electronic medical records, more aware-
ness of chronic diseases and their economic burdens, as well as 
implementation of population-based screenings due to health 
insurance requirements, led to a significant amount of data 
available. Accordingly, there has been an increasing number of 
research publications that addressed kidney disease in the UAE 
and the GCC with details on prevalence and incidence of risk 
factors and their public health implications [5–8].

Simultaneously, these data and public health challenges 
prompted the local health authorities and the Federal 
Ministry of Health (MoH) to significantly strengthen its 
health data systems to assess the baseline and measure the 
impact of targeted interventions. For example, the unique 
population-level screening (Weqaya) program for UAE 
Nationals living in Abu Dhabi, collecting every 3 years from 
the age of 18, has recruited more than 94% of the adults into 
a screening program for the rapid identification of those at 
risk and deployment of targeted interventions to control 
these risk factors. Similar changes to health policy and prac-
tices have led to raising awareness, behavioral change, and 
an empowerment of the community to enable individuals to 
make healthier choices [9–11].

According to a study of CKD epidemiology and referral pat-
terns [12] conducted in Abu Dhabi, using the available screen-
ing population data combined with data from the unified 
electronic medical records (EMR) system, the dialysis preva-
lence in Abu Dhabi was estimated at around 370 per million 
population (pmp) with an annual growth of 12–15%. Among 
Emiratis, 4.6% of males and 2.8% of females had an eGFR 
between stage 3 and 5 CKD. Among expatriates, 4.2% of males 
and 3.2% of females had an eGFR between stage 3 and 5 
CKD.  The Dialysis Outcome and Practice Pattern Study 
(DOPPS) data [13], for which the UAE and the rest of GCC 
joined phase 5, indicated that diabetes is reported as the primary 
cause of end-stage renal disease (ESRD) for 41% of HD patients 
in the GCC compared to 43% in North America and 25% in 
Europe. Among the GCC countries, DM as the cause accounts 
for 39%, followed by HTN 34% in the UAE. In another study 
[14] performed by a single government center in Dubai, the data 
shows that DM as the cause of ESRD accounts for 57%. These 
studies and a few others [15] demonstrate the need to improve 
the identification and referral of CKD patients and the need to 
increase public and physician awareness of CKD.

 Renal Replacement Therapy in the UAE

 Hemodialysis

The first chronic HD program was established in Abu Dhabi 
in 1977, followed by the emirate of Dubai in 1980 and then 
the rest of the emirates. By the end of 2018, the total number 
of patients on HD was estimated to be around 2500, being 
1200 in Abu Dhabi Emirate, 600 in Dubai, and the rest in the 
other emirates. As per data reference in the table for the year 
2018, dialysis prevalence is estimated to be around 260 pmp 
and the dialysis incidence 130 pmp. Outsourcing of the dial-
ysis services to private international companies has been 
established by the Emirate of Abu Dhabi for the last 5 years, 
through Abu Dhabi Health Authority and recently by the 
MoH in the emirates of Fujairah and Ras al-Khaimah.

All forms of therapies are available in the UAE. The typi-
cal HD prescription has a dialysate flow of 500 ml/min and 
blood flow rate that ranges between 250 and 350 depending 
on the patient weight and the vascular access. The conven-
tional in-center 4-hour, thrice-weekly session is the standard 
in the UAE. Eleven percent of the patients are on hemodiafil-
tration (HDF) prescription. Dialyzer reuse is not allowed in 
the UAE. The main vascular access is arteriovenous fistula in 
55% of the patient, followed by central dialysis catheter 
41%, and 4% have graft [16].The annual mortality is esti-
mated to be around 8.5% [13]. All the nephrologists in the 
UAE follow the international KDIGO/KDOQI guidelines in 
relation to dialysis adequacy or lab parameters. In addition, 
the Emirate Nephrology Society has created and distributed 
a flow chart to all dialysis units in the country regarding the 
management of CKD bone mineral disorder (CKD-MBD).

The dialysis services as well as all the ESRD drugs such 
as erythropoietin, phosphate binders, and others are fully 
covered by the government for the nationals and through 
insurance, self-payment, or charity for the UAE residents.

Home HD (HHD) was introduced in 2017 through the pri-
vate sector and is sponsored by the government for the 
nationals. It has provided relief to geriatric and disabled 
patients, for whom going to the center three times per week 
posed a problem; nearly 147 patients in Abu Dhabi and 
Dubai are getting this service as of the end of 2019.

In addition, all forms of continuous renal replacement 
therapies (RRT) as well as plasmapheresis and the use of 
dialysis or hemoperfusion in the treatment of poisoning are 
available in the majority of intensive care units (ICU) in the 
country.

The dialysis units in the country, whether stand-alone or 
in-hospital, have to undergo a listening process and fulfill all 
the requirements as per government health authority roles 
and regulations, before establishment.
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The average dialysis facility in the UAE will have 
nephrologists, dialysis nurses, a dietitian, and a social 
worker. Dialysis technicians are hardly appointed in the 
Emirates. There is no fixed ratio of staff to patient, but 
roughly it is around 1 doctor per 30–50 patients and 1 nurse 
per 4–6 patients on dialysis.

 Peritoneal Dialysis

The first PD program was established in 1976, and nowadays 
there are around 100 patients throughout the country on this 
modality, either in the form of continuous ambulatory perito-
neal dialysis (CAPD) or automated peritoneal dialysis 
(APD). Few centers offer this type of therapy to the patients. 
As the number of patients leaving the program due to death, 
shift to HD, or transplantation was almost equal to the num-
ber of patients who were recruited to this type of therapy, the 
total number remains stable over the years. In fact, a once 
weekly multidisciplinary clinic consisting of a nephrologist, 
a dialysis nurse, and a dietitian has been created in one of the 
in-hospital dialysis center, called “renal school clinic” with 
the aim of teaching patients in CKD stage 4–5 about CKD 
and the available RRT and giving them the chance to meet 
with patient on HD and PD, so they can have informed 
choice about the modalities of therapy. Despite that, the 
number of patients who choose PD remains low.

 Renal Transplantation

Organ transplantation in many Middle East countries was 
influenced in the 1970s and 1980s by Islamic scholars’ opin-
ion (Fatwas) about brain death and the shortage of technical 
transplant expert teams to perform the procedures before ini-
tiating kidney transplantation.

A key fatwa in neighboring Saudi Arabia came about in 
1982, which permitted deceased donor transplantation and 
paved the way to start a cadaveric renal program. Another 
progressive fatwa was issued, at the meeting of the Islamic 
Jurisprudence Conference in 1986 in Amman Jordan, declar-
ing that the diagnosis of brain death was permissible and 
could be used to diagnose an irreversible process, and, soon 
after in 1988, another landmark fatwa was issued in Saudi 
Arabia allowing cessation of life-sustaining therapy, includ-
ing ventilation, permitting wider practice of deceased dona-
tion, and transplantation in the Middle East [17].

Some of the landmarks of transplantation in the UAE 
were the first living-related kidney transplant performed by 
Dr. Abdallah Daar at Mafraq Hospital in Abu Dhabi in 1985 
and the first two cadaveric transplants, from kidneys donated 
to the UAE from European Union, in 1989. This first phase 
lasted until 2002 with a total of 62 living-related kidney 

transplants and 2 cadaveric kidney transplants performed 
with a 5-year graft survival of 82%.This initial success drew 
patients from neighboring countries such as Sudan and 
Yemen to perform the procedure in the Emirates.

A presidential transplantation decree was issued in 1993, 
and a Federal National Transplant Committee was estab-
lished soon after to work on needed bylaws and policies. The 
transplant program at Mafraq Hospital was not sustainable 
due to lack of availability of permanent teams and relocation 
of the existing experts. To meet increasing demands, many 
patients were getting support for transplantation in the 
United State of America and the European Union, as was the 
practice for most GCC countries. Some patients were also 
seeking commercial transplantation with poor outcomes. In 
December 2007, a steering committee from the 
Transplantation Society and the International Society of 
Nephrology (ISN) met in Dubai under the umbrella of the 
Emirate Nephrology Society to enhance the global efforts to 
address the growing problems of organ sales, transplant tour-
ism, and trafficking in organ donors in the context of the 
global shortage of organs. The preparatory work of the steer-
ing committee was a key achievement for the transplant 
community leading to the Declaration of Istanbul on Organ 
Trafficking and Transplant Tourism, which helped many 
countries to start their ethical national living and deceased 
organ donation programs.

In 2008, phase two for the transplantation program in the 
UAE was initiated when Shaikh Khalifa Medical City  – 
SKMC, part of the Abu Dhabi Health Services Company net-
work, reestablished a kidney transplantation program in 
partnership with Cleveland Clinic Foundation. The program 
included living-related pediatric and adult kidney transplan-
tation for all residents in the UAE at the government expense. 
By the end of 2016, 160 cases of living-related kidney trans-
plants and 2 cases of cadaveric transplants donated to the 
UAE from Saudi Arabia had been performed.

The immunosuppression protocols follow the KDIGO 
guideline, where IL2R antibodies are used for induction in 
patients with low immunological risk who are going to be on 
CNI and MMF-/MPA-based regime. Those with high immu-
nological risk will receive thymoglobulin induction. Steroid 
is used in the first 5 days and then usually stopped for patients 
with low immunological risk and immediate graft function 
and for those with increased cardiometabolic risk.

In 2017, phase three for transplantation started in the UAE 
with the new transplantation law signed by the president of 
the UAE, providing needed legal support for recognition of 
brain death as death and permitting the start of deceased 
donation. At the same time, there has been significant invest-
ment in the transplant programs, which led to start deceased 
organ donation including the start of the UAE’s heart, lung, 
liver, and expansion of the transplant program with 14 
deceased donations saving the lives of more than 40 trans-
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plant recipients by the end of 2018. To date there are four 
transplant programs, two in Abu Dhabi and two in Dubai. 
Three performing kidney to date there are four transplant pro-
grams, two in Abu Dhabi and two in Dubai all performing 
kidney transplant while the multiorgan transplant program is 
done only in Cleveland Clinic Abu Dhabi hospital.

There have been significant training programs for the ICU 
staff on organ donation protocols, and there have been many 
capacity building programs in collaboration with  international 
centers such as the Donation and Transplantation Institute in 
Spain and others. There are plans underway to establish the 
UAE Organ Procurement Organization (OPO) to take organ 
donation to a more systematic approach in the coming 
period, and the federal and local health authorities are 
addressing the required resources needed.

Of note is that all the kidney transplantation procedures, 
plus medications that have been done, were either health 
insurance sponsored or covered by governmental mandated 
funds free of charge, with over 20 nationalities benefiting 
from the program with 1- and 3-year graft survival for adult 
age groups, 98% and 96%, respectively, and graft survival at 
1- and 5-year for pediatric age group of 96.7% and 83.3%, 
respectively. These results are equivalent to data from many 
US and international programs [18].

 Pediatric Nephrology

The incidence of pediatric kidney diseases has been several 
times higher in the UAE compared to most of the Western 
countries, most likely due to the high rate of consanguinity 
[19, 20]. Unfortunately, there are almost no accurate data 
regarding the epidemiology so far. Some of the top heredi-
tary diseases are congenital nephrotic syndrome, autosomal 
recessive polycystic kidney disease, and nephropathies [21]. 
On the other hand, we are seeing more CKD caused by sec-
ondary causes due to the increasing advancement in treating 
complex diseases like cardiac, malignant, and rheumatic 
diseases.

The first pediatric nephrology center in the UAE was 
established in Abu Dhabi (Central Hospital) in 1991, shortly 
followed by another center in the Emirate of Dubai (Dubai 
hospital) in 1993. Chronic dialysis services in the form of 
PD were introduced in both Abu Dhabi and Dubai in 1992 
and 1996, respectively. HD was initially provided in the 
form of acute dialysis, but subsequently, chronic programs 
were established in 1995 and 1996 in Abu Dhabi and Dubai, 
respectively. Pediatric kidney transplantation was first 
established as a living-related program at Sheikh Khalifa 
Medical City (SKMC), Abu Dhabi, in 2010 followed by a 
deceased donor program in both Abu Dhabi (SKMC) and 
Dubai (Al Jalila Children hospital) in 2017 and 2018, 
respectively.

Currently there are four centers within the UAE providing 
almost the whole spectrum of pediatric nephrology care includ-
ing all dialysis modalities, living and deceased kidney trans-
plantation, plasma exchange, and special treatments for 
complex glomerulonephritis and hemolytic uremic syndrome.

The choice of the different RRT is mainly depending on 
the size of the patients, donor availability, and family com-
fort. In general, patients would be equally distributed 
between the two dialysis modalities, if kidney transplanta-
tion is not an option. However, PD is a more common option 
in infants and toddlers.

Kidney transplantation through transplant tourism is, 
unfortunately, very popular in children with ESRD, espe-
cially because the local deceased donor transplant program 
has only been established very recently. Studies have already 
shown that transplant tourism carries a higher rate of compli-
cations and shorter graft survival rate [22].

Access to the pediatric nephrology services varies accord-
ing to the Emirate and the patient insurance and residency 
status. SKMC accepts all UAE nationals (Thiqa) children 
below the age of 16 years without any referrals. Abu Dhabi 
residents who are non-UAE nationals can be seen (with a 
referral), provided that they have coverage from their insur-
ance company. Unfortunately, usually the insurance rejects 
to cover the cases, and they end up getting an activity-based 
mandate coverage, which is from the Abu Dhabi govern-
ment. Dubai Hospital provides a free access for all UAE 
nationals. For the nonnationals, a valid insurance is required 
to get coverage except for chronic dialysis patients who can 
be covered through charitable bodies as far as they have 
Dubai residency.

 Acute Kidney Injury and Critical Care 
Nephrology

Acute kidney injury (AKI) is common worldwide and asso-
ciated with significant morbidity, mortality, and resource uti-
lization. Over the past two decades, there has been substantial 
progress in the field of AKI. In particular, work on consensus 
definition, epidemiology and database studies, AKI biomark-
ers, and the appropriate dosing of RRT has continued at a 
brisk pace.

In the UAE, unfortunately, there is no data registry for 
AKI. Available RRT for critical care nephrology include 
continuous therapies and conventional or prolonged inter-
mittent HD, performed in wards or ICU. In one publication 
on 2004 regarding the experience of one tertiary hospital 
with AKI, it was found that out of all 81 patients admitted 
with or who developed AKI in the hospital over a 18-month 
period, 10% were direct admission to nephrology service 
with AKI, and 90% developed AKI in the hospital. Thirty 
percent were referred by oncology services and 15% by 
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general medicine. Sepsis was the cause in 44% of the 
patients, followed by drug nephrotoxicity in 14% and 
obstructive uropathy in 9%. Sixty patients (74%) were 
managed conservatively, and 21 (26%) required 
RRT. Patients’ survival for those managed on the ward was 
71% compared to 33% for ICU patients. Renal survival 
was 83% for ward patients, compared to 48% for those in 
the ICU [23]. This single- center data is consistent with the 
international data in regard to sepsis being the leading 
cause of AKI, and patients who needed ICU treatment 
showed a worse prognosis for both patient and renal 
survival.

 Nephrology Practice in the UAE

There are mainly four health authorities in the country. The 
MoH covers all the Emirates, Abu Dhabi Health Authority 
covers the Emirate of Abu Dhabi, Dubai Health Authority 
covers the Emirate of Dubai, and Sharjah Health Authority 
covers the Emirate of Sharjah. All four authorities are work-
ing in harmony.

The UAE nephrologists are mainly North American or 
UK trained, but, in general, a physician has to hold a Bachelor 
of Medicine, Bachelor of Surgery, or, in Latin, Medicine 
Baccalaureus Baccalaureus Chirurgiae (abbreviated in 
many ways, e.g., MBBS, MBChB, MBBChir) or an equiva-
lent qualification from an accredited institution with comple-
tion of adult or pediatric nephrology specialty qualification. 
Physicians with an accredited American Board of Adult or 
Pediatric Nephrology Certification, Pediatric Nephrology 
Certificate of the RCPSC, Certification by the College of 
Family Physicians Canada (CFPC), Certificate of Completion 
of Specialist Training (CCST), or Certificate of Completion 
of Training (CCT) from the UK will attain the title of 
Consultant Adult or Pediatric Nephrology without the expe-
rience requirements. All foreign doctors should speak 
English.

Subspecialty training is in general underdeveloped in the 
Emirates. The nephrology fellowship program was estab-
lished in Sheikh Khalifa Medical City (SKMC) in Abu Dhabi 
in 2012. Requirement for enrollment includes Arab Board or 
Jordanian Board in Internal Medicine. The training duration 
is 2–3  years and includes rotations in general nephrology, 
dialysis, renal transplantation, pathology, and interventional 
radiology. There will be an annual assessment as well as an 
exit exam to be Arab Board in Nephrology certified. At the 
end of 2019, six fellows had graduated and four were in 
training.

The average monthly income for a nephrologist in the 
UAE ranges between 8000 and 27,000 USD, depending on 
their career ladder and for a dialysis nurse between 1600 and 
3000 USD.

For other health professionals related to nephrology, e.g., 
nurses, dialysis technicians, dietitians, or intensivists, and 
for any job vacancy, the reader can refer to any of the follow-
ing websites:

• Ministry of Health – www.mohap.gov.ae
• Abu Dhabi Health Authority – www.haad.ae
• Dubai Health Authority – www.dha.gov.ae
• Sharjah Health Authority – www.sha.gov.ae

 Highlights of Nephrology in UAE

The Emirates Nephrology Society was founded in 1996, 
under the umbrella of the Emirates Medical Association. 
Since its establishment, the society has been active in provid-
ing education to its membership and the greater region. It has 
developed close working relationships with a number of 
international and regional associations. It started with 15 
members and now its membership exceeds 120 members.

The Emirates Medical Association Nephrology Society 
(EMAN) has an excellent track record of hosting successful 
events, working closely with international and regional asso-
ciations on these projects. The president of the society was 
an ISN council member from 2011 to 2017 and an executive 
council member from 2015 to 2017.

In particular, the ISN-EMAN update course in Nephrology 
takes place every 3 years and has grown steadily since the 
first edition in 1998. In 2014, this was joined with the 12th 
Congress of the Arab Society of Nephrology and Renal 
Transplantation (ASNRT) and resulted in an event with over 
600 delegates from 28 countries.

They were also the host of the third conference of the Pan- 
Arab Hypertension Society, which attracted over 1600 dele-
gates. The 13th Middle East Society of Transplantation 
(MESOT) Congress combined with MESOT Transplant 
Games in 2012 welcomed over 1000 delegates to Abu Dhabi, 
a record attendance for the event. In addition the society has 
hosted for the first time in the Middle East region the 
International Society for Hemodialysis (ISHD) congress in 
Abu Dhabi in Dec 2018 and the International Society of 
Organ Donation and Procurement (ISODP) Congress in 
Dubai in Nov 2019. Moreovere, the society has won the bid 
for World Congress of Nephrology (WCN) March 2020 in 
Abu Dhabi however was cancelled due to Covid-19.

The society played a major role in collecting the data 
regarding the status of nephrology in the country, in leading 
the activities during World Kidney Day, and in conducting 
the first survey on organ donation public opinion.

Kidney health and nephrology are of particular interest 
for the UAE. The founder and much loved first president of 
the country, HH Sheikh Zayed Al Nahyan, received a kidney 
transplant in 2000. As a result, the UAE initiated the largest 
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charity run in support of renal patients, research, training and 
public awareness programs, and the Zayed Charity Marathon, 
which is held annually in New York, Abu Dhabi, and Cairo.

The UAE has made significant progress in its healthcare 
system over the past 41 years. The healthcare sector contin-
ues to undergo major transformations to ensure that it is 
well integrated in order to meet international healthcare 
standards. Educational standards are rising rapidly in the 
UAE. Citizens and residents have taken advantage of higher 
education facilities, including establishment of postgradu-
ate nephrology training, the Accreditation Council for 
Graduate Medical Education (ACGME) and the Arab 
Board Nephrology fellowship, throughout the country. 
Many foreign institutions, including American, British, and 
Australian universities, have established branches in the 
UAE.

 Future Perspectives of Nephrology 
in the UAE

The future challenges of nephrology in the UAE, as in many 
other countries, are to decrease the prevalence of CKD. Early 
detection and management of chronic diseases, such as DM 
and HTN, which are the main underlying causes for ESRD, 
will help in achieving this goal.

Indeed, there is always the need for promotion of a brain 
death diagnosis and deceased donation program, in order to 
achieve country’s self-sufficiency through enhancing aware-
ness, understanding, and acceptance from the public, 
patients, and healthcare professionals. In addition, the coun-
try’s futuristic plan toward innovation, availability of G5 
Internet, use of big data, and encouraging research could fur-
ther help in disseminating knowledge and awareness.

 Conclusion

The UAE, even though being a young country, started offer-
ing complex renal services to the UAE and neighboring 
countries’ patients since its establishment in 1971. While the 
country has made great strides, there is still much to be done 
in terms of disease registry, prevention, and achieving self- 
sufficiency in organ donation.
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Service of Nephrology, University Hospital Center “Mother 
Teresa”, Tirana, Albania

Area 28,748 Km2

Population1 2,862,427
Capital Tirana
Three most populated cities 1. Durrës

2. Elbasan
3. Shkodër

Official language Albanian
Gross domestic product (GDP)2 15,059 million USD (2018)
GDP per capita2 5239 USD (2018)
Human Development Index 
(HDI)3

0.785 (2017)

Official currency Albania Lek (ALL)
Total number of nephrologists 110
National society of nephrology Albanian Society of Nephrology

www.asn.al
Incidence of end-stage renal 
disease4

2017 – 89.6 pmp

Prevalence of end-stage renal 
disease5

2017 – 546.8 pmp

Total number of patients on 
dialysis
(all modalities)

2017 – 1259
2018 – 1260

Number of patients on 
hemodialysis

2017 – 1211
2018 – 1220

Number of patients on peritoneal 
dialysis

2017 – 48
2018 – 40

Number of renal transplantations 
per year

2017 – 24
2018 – 17

1. Institute of Statistics 2019
2.  Albanian GDP – Gross Domestic Product Report 2018; https://coun-

tryeconomy.com/gdp/albania
3. Human Development Report for Albania 2018
4. ERA-EDTA Annual Registry data 2017 (unpublished data)
5. ERA-EDTA Annual Registry data 2016

 Introduction

The Republic of Albania is a country in Southeast Europe, 
on the Adriatic and Ionian Seas within the Mediterranean 
Sea. It shares land borders with Montenegro to the north-
west, Kosovo to the northeast, North Macedonia to the east, 
Greece to the south, and a maritime border with Italy to the 
west.

Albania is fairly densely populated for a small country 
with 2.9  million inhabitants living in 11,100 square miles 
(28,748 km2), with a population density of around 265 peo-
ple per square mile. The very low fertility rate of just 1.49 
children per woman, together with massive migration, has 
greatly affected the demographics of the country during the 
last decades. The declining growth rate in Albania is expected 
to continue in the coming years, with the rate becoming neg-
ative around the year 2027 and getting down to roughly 
−0.66% in 2050.

Tirana is the capital and largest city of the Republic of 
Albania. Albania is an ethnically homogeneous country, 
where the overwhelming majority of the population speaks 
Albanian, which is also the official language. It has two dis-
tinct dialects: Tosk, spoken in the south, and Gheg, spoken in 
the north. The country is a laic state, and therefore does not 
have an official religion. Religious tolerance is considered to 
be a fundamental value of the nation. According to Albania’s 
2011 census, 58.79% of the population are Muslim, while 
Christians account for 16.92% of the population. The official 
currency is LEK which is equals with 0.0081 Euro and 
0.0090 USD.

The history of Albania forms a part of the history of 
Europe. During the classical times, Albania was home to sev-
eral Illyrian tribes but also Thracian and Greek tribes, as well 
as several Greek colonies established on the Illyrian coast. In 
the third century BC, the area was annexed by Rome and 
became part of the Roman provinces of Dalmatia, Macedonia, 
and Moesia Superior. Afterward, the territory remained 
under Roman and Byzantine control until the Slavic migra-
tions of the seventh century [1].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_34&domain=pdf
https://doi.org/10.1007/978-3-030-56890-0_34#DOI
http://www.asn.al
https://countryeconomy.com/gdp/albania
https://countryeconomy.com/gdp/albania
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In the Middle Ages, the Principality of Arbër and a 
Sicilian dependency known as the medieval Kingdom of 
Albania were established. Some areas became part of the 
Venetian and Serbian Empire but passed to the Ottoman 
Empire in the fifteenth century. It remained under Ottoman 
control as part of the province of Rumelia until 1912, when 
the first independent Albanian state was founded by an 
Albanian Declaration of Independence. A short-lived monar-
chical state known as the Principality of Albania (1914–
1925) was succeeded by an even shorter-lived first Albanian 
Republic (1925–1928). Another monarchy, the Kingdom of 
Albania (1928–1939), replaced the republic. The country 
endured an occupation by Italy just before World War II.

After the collapse of the Axis powers, Albania became a 
communist state, the Socialist People’s Republic of Albania, 
which for most of its duration was dominated by Enver 
Hoxha (died 1985). Hoxha’s political heir Ramiz Alia over-
saw the disintegration of the “Hoxhaist” state during the 
wider collapse of the Eastern Bloc in the later 1980s. The 
1992 elections ended 47 years of communist rule [2]. The 
Socialist Republic was dissolved and the Republic of Albania 
was established. Albania is a parliamentary republic. Free- 
market reforms have opened the country to foreign invest-
ment, especially in the development of energy and 
transportation infrastructure. An amelioration of the eco-
nomic and political conditions in the early years of the 
twenty-first century enabled Albania to become a full mem-
ber of NATO in 2009, of the Organization for Security and 
Co-operation in Europe, of the Council of Europe, and of the 
World Trade Organization. Albania is one of the founding 
members of the Energy Community and Union for the 
Mediterranean. The country is applying to join the European 
Union. According to the World Bank classification, since 
2009, Albania has been a country with medium income per 
capita. The last reported GDP is 15,059 million USD and the 
last reported GDP per capita 5239 USD [3].

 The Health System and Services

The Albanian health system is mainly public. The state pro-
vides the majority of services to the population in the domain 
of promotion, prevention, diagnosis, treatment, and rehabili-
tation. The private sector covers mostly pharmaceutical and 
dental services and some specialized diagnostic clinics and 
hospitals mainly concentrated in Tirana. The diagnostic and 
curative health services are organized in three levels: pri-
mary, secondary, and tertiary healthcare services. Public 
health services and promotion are provided in primary 
healthcare and supported and supervised by the Institute of 
Public Health and the Regional Directorates of Public 
Health.

In 2013, the Albanian government pledged to implement 
universal healthcare coverage and has since undertaken a 

series of steps toward the implementation of this model. 
During the past 3  years, significant results in improving 
health and medical services for the population were noted: 
Over one million citizens aged 35–70 are provided with an 
annual free checkup, achieving prevention and early diagno-
sis for chronic diseases. For the first time in public healthcare 
services, the services of the family doctor are free of charge 
for all citizens without distinguishing between the insured 
and the uninsured. Since 2014, the emergency service is 
operating during the tourist season; the hemodialysis (HD) 
service network once located only in Tirana was expanded to 
the main cities of the country, and the prices of drugs 
decreased by 30%. Health services in primary and hospital 
care are purchased by the Compulsory Health Insurance 
Fund. In 2015, by law, health insurance is compulsory for all 
economically active and non-active population. The Fund is 
funded by integrating the salary tax (3.4%) with the total 
budget revenues for the non-active population. Voluntary 
registration is provided for those not covered. Health insur-
ance contributions increased from 23.02% in 2013 to 27% in 
2015. Estimates put the current health expenditure for 2018 
between 6% and 7% of the GDP or more than 1 billion USD, 
out of which almost 60% is paid privately [4].

 Brief History of Nephrology in Albania

Nephrology in Albania was under the Internal Medicine 
Service until 1985, and since that time it has been separated 
and now functions as an independent field.

Renal replacement therapy (RRT) in Albania started with 
the chronic HD program at the University Hospital Center 
“Mother Teresa” in 1985. The program was created mainly 
for the purpose of treating the head of the state Enver Hoxha, 
who suffered from advanced diabetic nephropathy. In spite 
of him never been treated with HD, the country had a great 
opportunity to offer HD to ESRD patients, but unfortunately, 
this remained embryonic for many years. Initially, there were 
only a few cases treated with acute kidney injury (AKI) due 
to septic abortions. After 1995, some acute patients were 
treated with peritoneal dialysis (PD). At that period, Albania 
was a country with an extremely poor economy, which meant 
that no more than just a few patients could be kept alive on 
RRT.

For more than two decades, the HD unit in the Department 
of Nephrology at the University Hospital Center in Tirana (in 
our days the University Hospital Center “Mother Teresa”) 
was the only HD unit operating in the country, treating a total 
of 20 patients, for 4  hours, 3 times per week. All patients 
receiving chronic dialysis treatment were relatively young, 
less than 40 years old (mean age 29.8 ± 8.3 years old), and 
none of them was diabetic or had any significant comorbid 
illness. Patients over the age of 50 years, diabetic, and with 
comorbid disease were not accepted for dialysis; so, most 

M. Barbullushi et al.



467

ESRD patients were managed conservatively. The reason for 
this very limited number of patients treated with HD was 
mostly economic rather than medical. New patients were 
admitted to the dialysis program only if one of the estab-
lished patients died or received a transplant abroad (at this 
time there was also not a renal transplantation program in 
Albania). Only a few renal transplants were performed 
abroad at that time and were followed by nephrologists from 
the University Hospital Center of Tirana, helping to create 
the first experience with renal transplantation. Denial of 
 dialysis to the patients was a desperate and painful situation 
especially for nephrologists [5–7].

In 1998, after the Kosovo War, the situation changed. The 
number of patients at the UHC “Mother Teresa” doubled, 
and a PD program of continuous ambulatory peritoneal dial-
ysis (CAPD) for chronic patients was successfully initiated 
in 2003. In 2004, two other public dialysis centers were 
opened in Shkodra and Elbasan. The first living donor kid-
ney transplant was performed in Albania in the private sec-
tor at the American Hospital in 2007 [8]. An immense “RRT 
gap” (the difference between the number of people receiv-
ing RRT and the number in need of it) highlighted the mag-
nitude of the difficulties our country faced. Therefore, our 
first target was the expansion of RRT accessibility to reduce 
the RRT gap.

In 1996, Professor P. Zucchelli (Bologna), supported by 
the ISN (International Society of Nephrology), ERA-EDTA 
(European Renal Association), and Kuratorium Gesellschaft 
Nephrologie, led an effort to help nephrologists upgrade the 
field of nephrology in Eastern Europe, including Albania, the 
least known and perhaps most needy country in Eastern 
Europe at that time [9]. The goal of this mission was to obtain 
detailed information on the demography of renal disease and 
its treatment, the training of nephrologists in charge of 
patients with end-stage renal failure (ESRD) and renal dis-
ease in general, the academic life in Albania, and, finally, the 
scientific exchange of Albanian nephrologists with the 
nephrological community abroad.

The Albanian Society of Nephrology was founded in 
1993 and had about 25 members at its inception. Currently, 
the Society numbers around 110 members. The Society orga-
nizes the annual meeting, as well as international and national 
continuous medical education (CME). Today, there are many 
ERA-EDTA and ISN members within the Albanian nephro-
logical community, whereas it was impossible to have such a 
number of members in international societies two decades 
earlier.

The training of young nephrologists has been the most 
rewarding investment in Albania. From around 50 nephrolo-
gists in 1997, now there are about 110, and almost all cities 
in Albania are covered by nephrologists.

The focus of nephrology in recent years has been chronic 
kidney disease (CKD) and the increasing number of patients 
with ESRD.

 Renal Diseases in Albania

Chronic diseases present a significant challenge to the 
twenty-first century global health policy. Over the past years, 
an increase in the prevalence of RRT has been observed in 
almost all Western European countries, which is partly 
explained by the decreased mortality and mainly by the 
increased incidence rate of ESRD.  Here it is important to 
underline the increased acceptance rate of diabetic and older 
patients. On the other hand, in developing nations, the epide-
miological data remain poorly characterized for CKD due to 
few community-based studies, inconsistent assessments of 
kidney function, and no standardized or nonvalidated 
approaches. However, rapid urbanization coupled with 
changes in the environment, as well as numerous communi-
cable and noncommunicable risk factors, indicate an already 
high prevalence of CKD that may be growing quickly. The 
growing prevalence of chronic diseases, such as CKD, has 
severe implications on health and economic output of these 
countries. The rapid rise of common risk factors, such as dia-
betes, hypertension, and obesity, especially among the poor, 
will result in even greater and more profound burdens that 
developing nations are not equipped to handle.

In the past, the epidemiological data on the incidence and 
prevalence of ESRD on a national scale in Albania have been 
largely unknown. The first study that tried to estimate the 
incidence of CKD in Albania was part of the PECO-93 proj-
ect (Cooperation in science and technology between the 
European Union and the countries of Central and Eastern 
Europe and independent states of Soviet Union) initiative of 
the European Commission for the promotion of research col-
laboration between EU countries and ex-communist states to 
support these countries since the beginning of the reform 
process, in order to ease their transition toward a market 
economy [5]. The study was based on data collected by 
nephrologists in Tirana during a year, and the incidence of 
referred CKD and those accepted for RRT could be esti-
mated. According to this study, in 1996, the annual incidence 
of CKD was approximately 116 patients per million per year, 
whereas 50–60 patients per million per year would be in 
ESRD and would need RRT.  Around 77% of the CKD 
patients on the study were under the age of 40 and had no 
comorbidities [5]. Glomerulonephritis, the most common 
renal diagnosis, affected 26% of the patients. The exact inci-
dence might have been higher because of screening difficul-
ties, poor referrals, missed diagnoses, and lack of access to 
healthcare centers due to inadequate healthcare infrastruc-
ture. In the presence of a poorly resourced renal service in 
the immediately post communism era, the treatment with 
RRT was mainly provided to young people with no 
comorbidities.

For the first time in 2006, on the frame of INTERREG III 
Italy-Albania Program and in collaboration with the Regional 
Healthcare Agency of Puglia, a project was undertaken to 
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establish a National CKD Registry in order to provide epide-
miological information of patients undergoing RRT in 
Albania [10]. An electronic database of all patients receiving 
RRT (HD, PD, and renal transplant) was created, and all 
renal units following patients with ESRD submitted their 
data. The total RRT prevalence was estimated as 118.5 pmp, 
significantly lower than those reported in the national regis-
tries of Western Countries [11, 12]. According to the data of 
this observation, the number of patients receiving HD 
increased from 20 patients in 1996 to 86 pmp in 2007, dem-
onstrating increased government support for the treatment of 
renal patients. Pyelonephritis was the main CKD diagnosis 
of patients on RRT (37.1%), followed by glomerulonephritis 
and adult polycystic kidney disease (ADPKD) with 16.4% 
and 6.7%, respectively. Diabetes type 1 and 2 were present 
only in 5.6% of the patients. Significantly, the mean age of 
patients receiving HD remained low (only 40.1% over 
50 years old), and very few patients could afford renal trans-
plant abroad. Until the end of 2007, 363 patients were on 
RRT, 60.6% in HD, 9.6% on PD, 26% were transplanted, and 
for 3.8% it was not reported the modality of RRT. HD and 
PD were the first RRT proposed for the majority of uremic 
patients in Albania [10].

The creation of a renal database under the INTERREG 
project was the first great experience and helped the imple-
mentation of the national renal registry. Since then, continu-
ing active efforts have been made to collect data from all 
centers treating ESRD patients by HD, PD, and performing 

kidney transplantation. Each center registers new patients 
treated with RRT and provides demographic data, etiology of 
renal diseases, and outcomes information. Every year the data 
are sent to the national registry in the University Hospital 
Center in Tirana. Since 2011, Albania has been part of the 
ERA-EDTA ESRD registry [13, 14], and, since 2017, it has 
been part of the USRDS data system. In fact, the implementa-
tion of this database made possible the analysis of the evolu-
tion of CKD and the evaluation of epidemiological parameters 
in the population during recent years in our country.

Regarding the primary kidney disease as cause of ESRD 
in prevalent patients, tubule-interstitial diseases were the 
most common with 24.1% and 122.4 pmp, followed by dia-
betes mellitus with 15.9% and 80.4 pmp and glomerulone-
phritis (14.6% and 7.1 pmp) [15]. We do not have data on 
rare diseases, but we are trying to create a database, starting 
firstly with Fabry’s disease diagnosing in dialysis patients. 
Chronic tubule-interstitial disease as a cause of CKD may be 
overestimated due to late referral and not clear diagnosis 
(Fig. 34.1), [13–19]. Due to the late patient referral to the 
specialist and only when the disease has progressed to its late 
stage, it is often difficult to establish the cause of 
ESRD.  Although, it is important to underline that the 
unknown diagnosis, which have been relatively high around 
27.6% in 2011, has shown a decreasing trend toward 14% in 
2017. This is explained by a better follow-up of CKD patients 
and due to our continuous education program with primary 
care physicians. This program successfully started this year 
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in Tirana with the topics: “Planned prevention for progres-
sion of CKD and its complications” and “Planned nephrol-
ogy care.” This was 5 days (5 hours each day) CME course, 
and after each presentation, the audience has to fill a ques-
tionnaire to evaluate the gained knowledge and to help the 
lectors to improve their presentations. We have planned to 
extend the program throughout the whole country.

Data about incidence, severity, and outcome of acute kid-
ney injury (AKI) according to the KDIGO criteria has been 
only based on one reported retrospective cohort study. This 
study involved 382 adult patients (≥18 years) admitted in the 
cardio-surgical and polyvalent intensive care unit of the 
University Hospital Center “Mother Teresa,” during 2007 
(January–December); 46.1% of the patients met the KDIGO 
criteria for AKI during the study period. AKI patients were 
older, 60.5 ± 12 years vs non-AKI patients 52.2 ± 16 years; 
p < 0.001. RRT (HD) was needed in 1.6% patients. Complete 
recovery of renal function in the hospital worsened with the 
progression of KDIGO stage: stage I 71.3%, stage II 38.8%, 
and stage III 9.1%; p  <  0.001. Mortality according to the 
groups was non-AKI patients 4.4%; stage I 12.8%; stage II 
18.4%; and stage III 75.8%; p < 0.001 [20]. It is one of our 
foci to improve our recognition of AKI in Albania. AKI and 
CKD are closely linked and likely promote one another. As 
the number of AKI survivors increases, we need to better 
understand other clinically important outcomes after AKI 
and to identify those at highest risk and develop strategies to 
optimize their care.

 Renal Replacement Therapy in Albania

During the last decade, Albania has undergone profound 
political and economic changes. A greater government sup-
port has resulted in an increase in the number of patients 
receiving RRT, and after 2007, RRT, mainly HD, has been 

available for each patient with CKD, accompanied by a con-
sistent growth of RRT.

Since 2007, the total number of patients receiving RRT 
constantly increased, and currently we have 1670 patients on 
RRT.  This increase was especially due to the high rate of 
acceptance of patients on dialysis and increased number of 
patients that performed a kidney transplant in Albania. Over 
many years, the incidence of CKD patients who started RRT 
was observed to be higher in males compared to females. 
Based on published registry data in 2016, the incident rate 
was 104 pmp for males versus 57.6 pmp for females, and the 
overall incidence of RRT was 87 pmp (adjusted incidence). 
It is evident the number of incident patients is increasing 
steadily; during the last decade, this number increased from 
76.5 pmp in 2011 to 88 pmp in 2016. Data about incident 
patients accepted for therapy at day 91 for each therapy are 
presented on Fig.  34.2 [13–19]. Although we had a slight 
increase in mean age of incident patients (from 47.6 years in 
2011 to 52.6 years in 2016), it is still below the mean age in 
most Western European countries but similar to other devel-
oping countries [21, 22].

Regarding the cause of renal failure in the incident 
patients, the rates of patients with diabetes and hypertension 
have steadily increased in recent years, from 13.8% and 
7.5% in 2011 to 20% and 12.2%, respectively, in 2017. 
However, we remain at the lowest level in Europe.

On December 2016, there were 1450 patients on RRT, 
953 were men (50.6%) and 539 were female (47.9%). The 
adjusted (for age and sex) overall prevalence rate was 
501 pmp: 622 pmp males and 373 pmp females. At the end 
of 2016, 1119 patients were on HD treatment; 47 patients 
(3.2%) received PD, while 251 patients (17.3%) had a func-
tioning kidney transplant. According to data from renal reg-
istries, treatment modality rates have been relatively static 
over the last years, although a trend for increasing use of 
renal transplant has started to emerge in 2014–2016, while 
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the prevalence of patients with PD remained largely 
unchanged (from 15.4 pmp in 2011 to 16.4 pmp in 2016). 
Data on prevalent patients on RRT 2011–2016 are presented 
on Fig. 34.3 [13–19].

 Hemodialysis

HD is the main RRT in Albania, and the vast majority of 
patients, 94.9%, continue to start RRT with HD. An explana-
tion for that would be the lack, until recently, of a program of 
appropriate education of CKD patients in the pre-dialysis 
stage, the late referral from the general practitioner, and the 
possibility to perform a kidney transplant only from relative 
living donors. In addition, we would say that a part of that 
reality would be explained by the private sector investments 
in in-center HD, which seems to be more profitable.

Currently, the number of patients treated with HD is 
around 1268 where 18.8% are diabetics. Based on registry 
data, the number of HD patients doubled from 2011 to 2016 
(from 554 patients to 1119 patients) [13, 15]. Data on inci-
dence and prevalence of patients on HD between 2011 and 
2016 are presented in Figs.  34.2 and 34.3 [13–19]. Apart 
from public centers, private HD centers were opened, and, in 
2015, we have the availability of private-public partnership 
(PPP) centers (PPP is one variety of partnerships, which has 
been largely used during the 5 last years in our country that 
can be established among public sector and private entities, 

aiming to use public infrastructure for offering private 
services).

Only 10% of patients are treated in public hospitals (two 
HD Unit, UHC “Mother Teresa,” and Regional Hospital of 
Gjirokastra) and the others in the private sector (seven pri-
vate centers and five PPP). All HD units in Albania have 
available only standard conventional bicarbonate-buffered 
HD with high-flux dialyzers. The reuse of dialyzers is not 
allowed in Albania. The average Qb (blood flow) prescribed 
in our centers in patients with AV fistula is 300  ml/min. 
Anticoagulation in HD mainly consists of a standard dose of 
heparin given as a bolus at the start of the dialysis treatment, 
with a mid-treatment dose to maintain suitable anticoagula-
tion. In addition, low molecular weight (LMW) heparin 
products like dalteparin and tinzaparin are also in use. The 
mainly reimbursed regime of dialysis prescription is three 
sessions 3.5–4.5  hours per week. Occasionally, when it is 
evaluated for critical clinical condition, the patient could 
have four dialysis sessions per week, and in this case, the 
reimbursement is done based on the doctor prescription. In 
the UHC “Mother Teresa,” we try to successfully apply 
incremental dialysis, and we are working through education 
programs to promote it. Hemodiafiltration, hemofiltration, 
and home HD are not available for chronic patients. The ratio 
of HD patients per nurse varies from 3.5 to 4.

Currently, dialysis for AKI is performed only at the UHC 
“Mother Teresa,” but it can also be performed in main private 
hospitals according to individual payment. RRT options for 
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AKI include intermittent hemodialysis (IHD) in the dialysis 
unit and various forms of continuous renal replacement ther-
apy (CRRT) in intensive care units (ICUs) using Prismaflex 
System (CVVHD, CVVHDF, CVVHF). Critical ill patients 
are treated mainly in ICUs where they are followed by an 
intensivist and nephrologist. For these patients, CRRT is 
available.

Since the beginning, HD treatment has been supported 
by the state. Currently, dialysis reimbursement is foreseen 
for all valid candidates in the context of offering the whole 
population free healthcare service, which has been a gov-
ernment program. The calculation of mean cost per session 
was firstly done in 2014 and is currently approximately 
11,186 ALL (this is the value reimbursed by the Compulsory 
Health Insurance Fund for each dialysis session). In 2017, 
the value of reimbursement for vascular access was also 
calculated with the idea of starting dialysis in a planned 
manner, with permanent vascular access, and currently it is 
10705ALL for AV fistula and 50.288 ALL for AV graft. 
Currently, among the dialysis patients, the percentage of 
AV fistulas, AV graft, long-term catheters, and temporary 
catheters is 71.8%, 3.6%, 11.1%, and 13.5%, respectively 
(unpublished data).

In the cost of the dialysis session, erythropoiesis- 
stimulating agents (ESA), intravenous iron, phosphate bind-
ers, or other medications such as antihypertensives are not 
included. However, they are also separately fully reimbursed 
(100%) for all chronic HD and PD patients based on these 
drugs’ prescription protocols. The ESAs available are 
2000 IU of epoetin alfa, 2000 IU of epoetin zeta, 2000 IU of 
epoetin βeta, and methoxy polyethylene glycol epoetin βeta 
in different doses. The main intravenous prescribed iron is 
iron sucrose, mainly used based on the results of ferritin and 
TSAT.  Sevelamer carbonate is the only phosphate binder 
reimbursed, but neither form of Vit D nor calcimimetic is in 
the supported list of drugs.

We have had a high prevalence of hepatitis C in the dialy-
sis units, reported 27% in 2013 and 25.4% in 2016 [23, 24]. 
One explanation might be the contribution of patients with 
long dialysis vintage, who have had a considerable number 
of blood transfusions prior to EASs’ era [23]. The prevalence 
of hepatitis B in the general Albanian population is around 
9.5% as Albania is considered an endemic country [25]. 
There are no infected patients with HIV in our dialysis units. 
We are trying to apply a strict policy for general infection 
control practices and follow-up monitoring to prevent trans-
mission of hepatitis C and B.  Implementation of infection 
control practice has already given excellent results translated 
into a very diminished incidence of hepatitis C and B in the 
last 3 years. Currently, the prevalence of hepatitis C is 15.7%, 
the prevalence of hepatitis B 5.2%, and the prevalence of 
coexistence of hepatitis C and B is around 1.9% (unpub-
lished data).

Resources available for kidney care and opportunities for 
high-quality clinical practice for nephrologists are improv-
ing in Albania, although they are still lagging behind other 
regions of Europe.

 Peritoneal Dialysis

The PD program for treating chronic patients in Albania 
started in 2003  in the University Hospital Center “Mother 
Teresa,” but it did not experience the same rate of expansion 
that HD has had. Being the only PD unit serving mainly 
patients with long distances from home to HD centers, it 
increased quickly, and this served to create a good experi-
ence for the staff and thereby to accept the concept of another 
RRT option. However, PD was not influenced by the owner-
ship structure of dialysis facilities like HD and remained the 
only one in public university dialysis unit supported entirely 
with public funds. Nowadays the center has a well-organized 
CAPD program based on an “integrated care approach.” 
Automated PD is not available. PD catheter is always inserted 
by a dedicated surgeon, having a very limited number of 
mechanical complications. In Albania, like most other 
European countries, there is a lack of manufacturing plants 
for CAPD fluids. Although the cost of PD was not officially 
calculated, it is around 85% of the HD cost and is totally sup-
ported by the hospital. There are one nephrologist and two 
nurses which care for all PD patients. The incidence and 
prevalence of CAPD based on the data of our national regis-
try are presented in Figs. 34.2 and 34.3 [13–19]. The number 
of PD patients which have been treated in PD program for 
more than 3 months since 2005 is around 199 patients, 29.1% 
diabetics, mean age 53.3 ± 15.03 years old, and mean time in 
the therapy 32.39 ± 27.34 months. Around 7.5% of the PD 
patients have been transplanted, and 8.5% of patients have 
been transferred from HD to PD due to vascular access fail-
ure. Around 88.9% of patients have been on PD more than 
1 year, 37.7% from 3 up to 5 years, and 19.8% have stayed 
on PD for more than 5 years. The annual mortality rate for 
2018 was around 19.5%. The PD has been seen as an alterna-
tive for younger patients waiting in transplant list and for 
elderly patients with comorbidity (unpublished data).

CAPD patients and technique survival data in Albania 
are, at least, comparable to those reported by larger registries 
and by other centers recognized for their excellence in CAPD 
care. However, only conventional lactate-buffered glucose- 
based PD solutions (Dianeal PD4; 40 mmol/L lactate; pH 5.3 
to 5.5 containing 1.36, 2.27, or 3.86% dextrose as appropri-
ate; Baxter Healthcare PD solution) are in use, and icodex-
trin is not yet present. In an 8-year cohort study (2005–2013), 
the patient survival during the first year was 94.1% and in the 
second year 82.1% [26]. Cardiovascular mortality was the 
main cause of mortality in 53% of the cases. Higher comor-
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bidity index, lower albumin levels, and lower residual renal 
function (RRF) were the main risk factors for worse survival. 
Technique survival was 92.3% during the first year, 79.5% 
and 69.6% in the second and fifth year, respectively, whereas 
the peritonitis rate was 1:43 patient months. There has not 
been found difference in technical survival between  diabetics 
and nondiabetics patients. The number of peritonitis, high 
transport membrane type, and late referral were risk factors 
for low technical survival. Ultrafiltration failure followed by 
peritonitis was the main reason of transfer patients with more 
than 24 months in therapy to HD. Quality of life (QoL) was 
reported to be equal with that of HD, although PD performed 
better in some quality domains such as bodily pain, emo-
tional functioning, and mental health [27].

The incremental approach of PD is a strategy that we are 
applying with patients that start PD in a planned way in order 
to preserve RRF and trying to improve the QoL of our 
patients. For 5 years, we have offered PD as an urgent-start 
method for CKD patients, mainly for patients being trans-
ferred from HD without vascular access supported by the 
surgeon for placement of PD catheter using the Seldinger 
technique. Patients have started PD after 48 hours in a con-
tinuous fashion, supported by the nurse until family training 
has been done. We found the strategy to be feasible and safe. 
The complication rate in our patients has been low and agrees 
with that of other reports in this field. In addition, we have 
had good results using PD for the treatment of CKD patient 
with congestive heart failure.

Although the PD program has stayed stable for more than a 
decade, the prevalence of PD in Albania is the lowest in com-
parison with other modalities. It is in the focus of the national 
program of the Albanian Society of Nephrology to increase 
the penetrance of PD in other dialysis centers. Good outcome 
results and the lower cost of therapy are two strong points that 

may help us in our initiative. Taking into account the advan-
tages of each dialysis modality, it is the duty upon each 
nephrologist to adjust the requirements of each ESRD patient 
at certain times of his/her RRT life in order to achieve a better 
survival, a higher QoL, and a lower cost of the therapy. This is 
the complete concept of integrated care in RRT, which we 
need to spread also in other dialysis centers of our country.

 Renal Transplantation

Regarding kidney transplantation, the Albanian activity is 
limited to date to outpatient care of patients who have under-
gone a kidney transplant from living donors (in most cases) 
or from cadaveric donors performed abroad. The first living 
donor kidney transplant was performed in Albania in 2007 in 
the private sector, American Hospital [8]. In 2009 in collabo-
ration with the transplant unit of the University of Bari was 
performed the first living transplantation in University 
Hospital Center “Mother Teresa,” and there are also two pri-
vate centers, American Hospital and Hygeia Hospital. Since 
then, more than 160 living donor kidney transplants have 
been performed in Albania, mainly in the private sector, but 
totally reimbursed by the government.

Currently, we are following approximately 360 trans-
planted patients. The prevalence is about 97 pmp, higher than 
a decade before, but still lower than the successful regional 
models. The number of new transplants performed on 2017 
and 2018 was 24 and 17, respectively. About 70% of the 
patients are genetically related (Fig. 34.4) (unpublished data).

Mean donor age is 46.3 ± 10.1 years, and mean recipient 
age is 31.5 ± 19.2 years [unpublished data]. Renal transplan-
tation from living donors is the main modality (about 90% of 
patients). The female gender is significantly more frequent 
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among donors, which emphasizes the need for more gender 
equity as far as the altruistic willingness for organ donation 
is concerned. The posttransplant therapy is reimbursed by 
the State Health System for all the transplanted patients. 
Mainly immunosuppression schemes consist in tacrolimus, 
mycophenolate mofetil/Myfortic, and low dose of predni-
sone. A limited number of patients are on ciclosporin and 
everolimus.

Albania has only a living donor program, without any 
progress toward deceased donation in the last decade. The 
process of living kidney donation is coordinated by the 
National Transplant Center. Parents, children, siblings, rela-
tives, spouses, or cousins of first generation may donate a 
kidney to a family member if they are matched. 
Transplantations from deceased donors are currently not car-
ried out due to the lack of the infrastructure for performing it.

In comparison with those successful regional models, the 
observed deficiency can be attributed to the lack of proper 
organizational infrastructure, which lies within the absence 
of a competent authority or national transplant coordinator/
body, and lack of regular public education, allocated funds 
for deceased donation, and transplant medicine, established 
registries, transplant waiting list management, and highly 
trained transplant coordinators [28, 29]. The number of kid-
ney transplantations in Albania needs to be increased signifi-
cantly by expanding it with paired exchange living donation 
and also by implementing an efficient deceased donor kidney 
transplantation program.

 Nephrology Practice in Albania

The Nephrology Care Service in Albania is organized as 
follows:

• 13 main public structures of nephrology and/or dialysis
• 7 satellite structures
• 11 private structures

The public system is organized as ambulatory nephrology 
care, secondary care organized in regional hospitals when 
nephrology is part of the Internal Medicine Service, and ter-
tiary nephrology care which is the Department of Nephrology, 
Dialysis, Transplantation in the University Hospital Center 
“Mother Teresa” in Tirana.

The system needs to be better organized in order to be 
more effective so there is room for improvement. As the inci-
dence of CKD escalates and the burden of kidney disease is 
so high for all countries, investing in preventive measures 
and educating the public and the medical community are 
necessary. Prevention and treatment of CKD in Albania are 
the responsibility of public facilities belonging to the national 
health system. Private facilities should also be organized 

through the Nephrology Society in order to be a better coor-
dination between public and private, especially in the case 
like ours where 90% of patients in dialysis are treated in pri-
vate and PPP structures. The Department of Nephrology at 
the University Hospital Center “Mother Teresa” has prepared 
a nephrology developing program for the period 2017–2021, 
with the aim to improve prevention, early referral, and treat-
ment of CKD.

The mission of the Department of Nephrology, Dialysis, 
Transplant, at the University Hospital Center “Mother 
Teresa,” is to diagnose and treat patients with kidney dis-
ease according to guidelines and protocols developed by 
the Department; to treat patients with acute and chronic 
dialysis (HD, PD); and to prepare patients for kidney 
transplant and follow-up after the surgery as well as train-
ing and education of the students and trainees of the 
Faculty of Medicine.

The main focus has been the implementation of the guide-
lines in the national nephrology care system. Based on the 
three main objectives of preventing, diagnosing, and treating 
CKD, the service is organized in units as follows:

 – Clinical nephrology unit (including hypertension of dia-
betic nephropathy)

 – Dialysis unit
 – Transplant unit
 – Patient unit
 – Ultrasound unit
 – CKD prevention and treatment unit (based on basic 

checkup examinations: complete urine, urea, creatinine) 
and CKD registry

 – Unit of prevention and treatment of renal calculus and 
disorders of mineral metabolism

 – Unit of glomerular pathologies (including renal biopsy)
 – Unit of hereditary and rare diseases

Over the past several years, we have seen increased dis-
cussion of the clinical practice of nephrology, including uti-
lization of ESA agents, agents for treatment of CKD-MBD, 
changing focus to CKD patients and their management, vas-
cular access management, AKI, diabetes control, hyperten-
sion, cardiovascular events, etc. These interventions have 
posed a positive impact on the individual’s and communities’ 
health and a positive impact on the economy and constitute 
cost-effective interventions.

One important strategy in our national program is to 
increase the number of patients on stage 3 B referred from 
primary care physicians to nephrologists and decreasing the 
number of patients with late referral. We are doing it through 
an education program with primary care physicians.

Renal nurses are very important members of our medical 
team who care for patients in all stages of kidney disease, 
including the stage when it is necessary to replace renal 
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function. Nephrology nursing encompasses the primary, sec-
ondary, and tertiary care of individuals with potential and 
progressive CKD, ESRD, AKI, and other healthcare 
 conditions requiring nephrological intervention. Nephrology 
nursing involves both preventing disease and assessing the 
health needs of patients and families and education for RRT 
modalities. They are always trying to help patients to man-
age their life in dialysis. Their education consists in 3 years 
bachelor plus 2 years master degree. They actively partici-
pate in professional role development activities including 
continuing education, quality assessment and improvement, 
and the review and clinical application of research findings. 
In these days, we are facing with the emigration of high-
qualified nurses to Western Europe countries.

 Future Perspectives of Nephrology 
in Albania

CKD is a growing public health problem in Albania. Our 
main strategy for the future of our society is CKD prevention 
and awareness of the population about renal diseases. 
Focused on that, in 2016, the National Program for Prevention 
of CKD was created in Albania with the objective of:

 – Reduction of CKD risk factors in the general population
 – Identification of individuals at increased risk for develop-

ing CKD
 – Early CKD diagnosis and effective treatment to delay its 

progression
 – Establishment of a CKD surveillance system at the pri-

mary healthcare level
 – Good cooperation between primary care physicians and 

nephrologists to decrease late referral
 – Improvement of PD program and extending it
 – Improvement of living donation program
 – Establishment of deceased donation program
 – Creation of an integrated national nephrology network

Support by the government started the second part of the 
year 2016, screening for CKD patients a part of health 
screening for noncommunicable diseases to the age group of 
35–70. In addition to laboratory tests such as blood glucose, 
lipids, hemogram, blood pressure measurement, urinalysis, 
and creatinine test were going to be included. Population 
screening for CKD is cost-effective in some studies when 
taking into account incident ESRD and fatal and nonfatal 
cardiovascular events. In addition, targeted screening for 
CKD in people with high blood pressure and diabetes melli-
tus is seen a more economically viable strategy. We consid-
ered screening a very important strategy, because the burden 
of kidney disease should be recognized and it should be pri-

oritized alongside other highlighted noncommunicable dis-
eases taking into consideration our health resources.

Besides, we saw that we need to prioritize the decrease of 
unknown diagnosis of CKD.  We have started this year 
screening HD patients for Fabry disease, and nephrology is 
now part of the national screening including data and registry 
for rare diseases.

In addition to the effort from the professionals to 
improve the living donation program and prioritizing pre-
emptive transplantation, the governmental support with 
allocated funds for deceased donation, updated legislation, 
and established national coordinating body is ultimately 
recognized as essential for the successful donation and 
transplantation.

We believe that an effective workforce is essential for 
delivery of high-quality CKD care. Based on that, the nephrol-
ogy training programs were evaluated last year, and the 
nephrology training curriculum improved and extended from 
3 to 4 years in order to align with current trends in technologi-
cal advancement and development. In Albania, there is only 
one University Hospital Center training the new nephrolo-
gists. The trainees do not perform internal medicine before 
beginning the fellowship in nephrology. In addition, the self-
directed study by the trainee has been emphasized, and com-
petence to practice nephrology is presumed, in part, on the 
basis of adequate exposure to a program’s curriculum.

Being part of multicentric studies across the region or 
internationally is one of the main goals of our Society of 
Nephrology in order to increase research activity of young 
generations and to increase the Albanian scientific reports.

However, the success of such strategies requires govern-
ment support and health financing; we strongly believe that 
positive energy and willingness of our community will 
enable to fulfill all our goals.

 Conclusion

Nephrology in Albania has achieved great improvement in 
the last two decades. The possibility of treating every ESRD 
patient with RRT became a reality in the last decade, and this 
is considered our greatest success. Currently, we have a well- 
established living donor transplantation as well as PD pro-
gram, which represent promising advances in both modalities. 
We believe that our national program for early detection and 
prevention of CKD progression and associated complica-
tions could help us in improving patient outcomes and reduc-
ing the impact of CKD on our limited healthcare resources. 
Advancing from the tradition of the old masters in our 
national nephrology, there is a young and energetic team of 
nephrologists throughout the Albanian territory who must 
achieve the goals.
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(all modalities)3

2017 – 3863
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2017 – 136
2018 – 138

Number of renal transplantations per 
year4

2017 – 40
2018 – 25
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 Introduction

The Republic of Bulgaria is situated in the Eastern 
European region. It is bordered by several Balkan coun-
tries  – Greece and Turkey to the south and Serbia and 
Northern Macedonia to the west. River Danube is a natural 
border with Romania to the north, and the Black Sea forms 
the eastern boundary. The First Bulgarian Empire founded 
in AD 681 was one of the oldest European states and prac-
tically dominated most of the Balkan Peninsula for more 
than three centuries. During the reign of Simeon the Great, 
the territorial expansion of the state was most prominent. 
Bulgarian cultural influence over the Slavic nations by 
developing and spreading the Cyrillic script was also of 
paramount importance. In the early eleventh century, the 
Byzantine Empire conquered the Bulgarian Empire, until a 
successful Bulgarian revolt in 1185 established a Second 
Bulgarian Empire, which reached its zenith under the rule 
of King Ivan Asen II in the thirteenth century. After numer-
ous exhausting wars and feudal strife, the Second Bulgarian 
Empire disintegrated in 1396, and its territories fell under 
Ottoman ruling for nearly five centuries. At present, it is a 
unitary parliamentary republic, which is a member of the 
European Union, NATO, and the Council of Europe. 
Economically it belongs to the group of upper middle- 
income countries, which has an impact on all areas of 
human activities, including medicine.

Nephrology in Bulgaria, as a narrow specialty in the 
field of internal diseases, emerged as such in the mid-1960s, 
and its regulation began in 1973. The initiation of applying 
dialysis methods for the treatment of chronic kidney dis-
ease, as well as in cases of acute kidney injury, dates back 
to 1958 and precedes the formation of nephrology as a spe-
cialty. The first kidney transplants were performed in 1968 
(pediatric) and in 1969 (adult). At the end of 2018, the 
number of patients treated with hemodialysis and similar 
methods was 3655 and with peritoneal dialysis (APD and 
CAPD) was 130, and the number of renal transplant patients 
was 638.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_35&domain=pdf
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The chapter describes the history of the development, cur-
rent situation, and problems that need to be addressed in 
order to secure a better future for the specialty.

 Brief History of Nephrology in Bulgaria

Ancient medicine has left its traces in the lands inhabited by 
the Thracians and later by the Bulgarian tribes. Their knowl-
edge and practice in times when standards, guidelines, and 
consensus conferences did not exist formed the ancient roots 
of sanitation and medicine in our lands. There are numerous 
archaeological artifacts showing skills in ancient town plan-
ning in regard to sanitation (waste pits and waste areas, prox-
imity to fresh water in the form of lakes, rivers, springs) and 
in medicine (use of herbs and surgical procedures) [1, 2]. 
Mineral water from thermal springs was used as treatment of 
kidney stones, which can be considered the forerunner of 
nephrology [3].

In modern times, the first nephrology clinic in Bulgaria 
was founded in 1966 under the leadership of Prof. Georgi 
Magdrakov at the ISUL Sofia hospital under the name “IV 
Internal Clinic with Nephrology and Pulmonology” [4, 5]. 
Till that time, lectures in nephrology in the field of internal 
medicine training were taught in the Department of 
“Internal Medicine” of the Higher Medical Institute Sofia. 
After the retirement of the founder, the Clinic was headed 
consecutively by Prof. Atanas Maleev (1972–1973), Prof. 
Svetoslav Razboinikov (1973–1975), and Prof. Anjel 
Astrug (1978–1985). In addition to practical treatment of 
renal diseases, the 64-bed Clinic provided teaching, train-
ing, research, and postgraduate qualification. The first 
graduates of the main course in nephrology at the clinic in 
1966 were Dr. Ivan Karastanev, Dr. George Toledov, Dr. 
Apostolova, and Dr. Boteva from Plovdiv, Dr. Nazarov 
from Rousse, Dr. Bratov from Burgas, Dr. Jeleva from 
Sliven, Dr. Angel Monov from Pleven, and Dr. Emilia 
Haritonova from Stara Zagora. After the establishment of 
the Medical Academy (MA) in 1972, Prof. Atanas Maleev, 
Assoc. Prof. Ignat Andreev, Dr. Georgi Stefanov, Dr. 
Mihail Bakardjiev, Dr. Shipkov, Dr. Tishkov, Dr. Gruev, 
Dr. Patev, Dr. Gochev, Dr. Mushomov, Dr. Stefanova (the 
last nine listed future-to-be professors and associate pro-
fessors) as well as Dr. Gavrilov, Dr. Chukanov, Dr. Yoveva, 
Dr. Atanasova, Dr. Mutafova created the foundations of 
bulgarian nepkrology [6]. After the creation of the Medical 
Academy (MA), similar to other medical specialties, 
including nephrology, powerful clinical units were 
formed – initially centers, which later grew into institutes. 
In the area of   kidney disease, the Scientific Institute of 
Nephrology, Urology, Hemodialysis and Transplantation 
(SINUHT) was established, including several specialized 

urological clinics and a two-part dialysis clinic. SINUHT 
initially united all nephrology units in two nephrological 
clinics  – nephrology clinics I and II.  Over time, some 
structural changes have been made leading to the estab-
lishment of two nephrology clinics at the Scientific 
Institute of Internal Diseases (SIID), led by Prof. Ivan 
Gruev and Prof. Nikolay Belovezhdov. The newly created 
nephrological units were aimed at initially training stu-
dents and later testing new drugs for renal patients. The I 
and II nephrology clinics in SINUHT remained with their 
task of providing postgraduate qualification and continu-
ing medical education for physicians. After the dissolution 
of the Medical Academy and the revival of the Sofia 
Medical University, the classical structures, departments, 
and clinics were reinstituted. Independent nephrology 
clinics at the Medical Universities in Plovdiv, Varna, and 
Pleven were led by Prof. D. Dimitrakov, Prof. D. Nenov, 
and Associate Prof. A. Monov. At the Thracian University 
in Stara Zagora and at the Medical Faculty in the Sofia 
University, nephrology teaching is held at the Department 
of Internal Medicine. In the district hospitals of Plovdiv, 
Rousse, Bourgas, Gabrovo, and Vratsa, there are also 
nephrological wards with experience and competent lead-
ers [6, 7].

The impetus in the development of nephrology in Bulgaria 
was also partly due to acquiring the official status of a sepa-
rate specialty from Internal Medicine, which took place in 
1973 (Official Bulletin of the Ministry of Public Health No. 
1, year XXIV, 1973). The first doctors who received this spe-
cialty certificate were Dr. Gena Stefanova, Dr. Dobrin 
Mushmov, Dr. Ivan Gruev, and Dr. Lyubomir Teodosiev – all 
of them have made important contributions to the develop-
ment, training, and practice in Bulgaria [6].

The first pediatric nephrology clinic was established 
under the leadership of Associate Professor Angyozova in 
1983, as a separate clinical center for the pediatricians, who 
were involved with the treatment of children with kidney 
problems and diseases. Three years later, in 1986, a special-
ized dialysis center headed by Associate Professor Adriana 
Anadoliyska started to function. The first renal biopsy in a 
child was performed in 1986; now it is a routine practice as 
part of the evaluation of patients with renal problems. In 
this same clinic, for the first time in Europe, treatment with 
recombinant erythropoietin for children with anemia, due 
to chronic kidney disease (CKD), was prescribed in 1989 
[8]. For the first time in Bulgaria, treatment with recombi-
nant growth hormone for children with CKD and growth 
retardation was implemented in 2000 [8]. The pediatric 
nephrology clinic with a functioning dialysis center, situ-
ated in the University Pediatric Hospital in Sofia, remains 
the only specialized clinic in this field in Bulgaria 
nowadays.
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 Renal Diseases in Bulgaria

The whole population of the country and also the majority of 
the medical community live with the outdated belief that 
CKD are quite rare. According to the National Statistics 
Institute (NSI) data, the urinary and genital tract diseases 
were only 1.1% of the causes of death in 2005, and in 2006, 
they were even fewer – 1.05%. This percentage rises in the 
second decade – in 2018, out of a total of 108,526 deaths, 
1539 were associated to diseases of the genitourinary sys-
tem – 1.4% [9]. In general, the CKD incidence is underesti-
mated, and this wrong assumption leads to erroneous 
planning of nephrological support in the country.

The first screening for adult CKD incidence was con-
ducted in 2007, covering a total of 1982 people  – 1366 
women (68.9%) and 616 men (31.1%). Screened individuals 
up to 60 years old were 1600 (80.7%) and over this limit 382 
(19.3%). The risk factors in the studied population were 
smoking 42%, hypercholesterolemia 22.4%, obesity (not 
graded) 49.8%, arterial hypertension (AH) 33.2%, and dia-
betes mellitus (DM) 7.8%. With estimated glomerular filtra-
tion rate (eGFR) above 90 ml/min, there were 1106 (55.8%); 
in the range 60–90 ml/min, 715 (36.1%); below 60 ml/min, 
161 (8.1%); between 60 and 30  ml/min, 156 (7.85%); 
between 30 and 15 ml/min, 0.15%; and below 15 ml/min, 
0.1% of the group. Microalbuminuria-positive tests showed 
an incidence of 27.2% (539), significantly higher (59.4% and 
41.5%) in patients with DM and AH, respectively. For over-
weight people, the incidence of microalbuminuria was also 
higher than in the general population. For individuals over 
60 years of age, the incidence of microalbuminuria was sig-
nificantly higher than in the younger age, which was associ-
ated with the reduction in eGFR with age. In general, 
according to KDIGO definition, 514 individuals in this 
cohort (25.9%) have eGFR below 60 ml/min/1.73 m2 and/or 
microalbuminuria/albuminuria, which shows a high inci-
dence of CKD in the screening group [10].

In 2011, in order to early diagnose e-CKD patients, 
screening was conducted in randomly selected individuals in 
an outpatient setting, comparing data from electronic records 
(Internet) and other official sources for outpatient nephrol-
ogy in a large Northeastern Bulgarian region. The data from 
the 2500 prospectively screened individuals included 1607 
men and 893 women. The results showed that 7.36% of all 
patients had an eGFR below 60  ml/ min/1.73  m2. 
Microalbuminuria was estimated in 8.16%; a total of 15.52% 
of the individuals met the KDIGO criteria for CKD [11].

Among males with CKD, DM incidence was 9.43%, AH 
22.64%, and gout 10.37%. In female individuals with CKD, 
the results for DM 9.52% and AH 21.42% were very similar 
when compared to the male group; however, a lower percent-
age of individuals had abnormal uric acid results 7.14%. The 

conclusion of the study was that due to the lack of complaints 
in the initial CKD stages, it is rarely timely diagnosed if not 
targeted. An alarming finding was that about 90% of the 
patients after a first nephrological examination were included 
in dispensary and 30% required the onset of erythropoietin 
treatment [11].

Another pilot study conducted in 2017 [12] aimed at 
screening CKD in high-risk individuals and tried to establish 
a link between laboratory markers of CKD, AH, and DM and 
the number of risk factors. The screened individuals were 
110 (70 female and 40 male) with a mean age 
64.7 ± 14.2 years. The data showed a mean eGFR (MDRD) 
value for the group of 81.86 ± 25.88 ml/min, with only 40% 
of the patients with normal eGFR and 24% with eGFR under 
60 ml/min or CKD. Arterial hypertension was ascertained in 
67.3%, with only 24% of hypertensive patients achieving 
good control. Diabetes mellitus was found to be 21.8%, and 
obesity – 63.6%. Three of the risk factors (obesity, diabetes, 
and hypertension) were ascertained in 21 individuals of the 
screened cohort (19%), 2 risk factors (AH and obesity) were 
in 67 (60.9%), and 1 risk factor (hypertension or obesity) 
was in 7 (6.3%). Almost a third (32.9%) of the hypertensive 
individuals had an eGFR of less than 60 ml/min, whereas in 
the absence of hypertension, only 9.4% had eGFR below 
60 ml/min [12].

Pediatric nephrologists, in the first decade of this century, 
carried out a screening of more than 5000 children from dif-
ferent parts in Bulgaria for renal malformations and other 
diseases with renal involvement, including Balkan endemic 
nephropathy (BEN) – 13.27%; different types of renal mal-
formations in a study population of 6-month-old babies were 
ascertained [13].

Balkan endemic nephropathy, originally described in 
1956, is a unique familial, chronic renal disease encountered 
with a high prevalence rate in Serbia, Bulgaria, Romania, 
Croatia, and Bosnia and Herzegovina [14]. The most promi-
nent features of the disease are its endemic nature, long incu-
bation period, familial clustering of the disease, and an 
unusually high incidence of associated upper urothelial can-
cer (UUC). There are no clear-cut data on BEN incidence 
and prevalence, since the studies carried out in different 
endemic areas yielded contradictory information. In spite of 
intermittent variations, the incidence of new cases has 
remained stable over time until the beginning of the new mil-
lennium [15]. However, it can be said that no more cases of 
Balkan endemic nephropathy have been reported in Bulgaria 
for more than 18–20  years. Although largely discussed in 
several previous decades, this endemic disease is not men-
tioned as a cause of CKD stage 5, not only in Bulgaria but 
also in other neighboring countries [16].

The implementation of the government program con-
cerning the expatriation of all people from disease-endemic 
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areas to other parts of the country played a huge role. It has 
been estimated that almost 100,000 people are at risk of 
BEN, whereas 25,000 have the disease. The clinical signs 
and symptoms of BEN are non-specific and often remain 
unrecognized for years. There are no pathognomonic diag-
nostic features of BEN, but the set of epidemiological, 
clinical, and biochemical data along with the pattern of 
pathologic injury in the absence of any other renal diseases 
are highly suggestive of this entity. Although the etiology 
has been extensively studied, fostering the publication of 
various hypotheses, only one of them has provided conclu-
sive evidence related to the etiology of BEN. Studies con-
ducted over the past decade have provided particularly 
strong arguments that BEN and UUC are caused by chronic 
poisoning with aristolochic acids (AAs). In light of these 
later studies, one can raise the question whether AAs could 
be responsible for previously and currently widespread 
unrecognized global renal disease and UUC.

The familial pattern of BEN suggests a multifactorial 
nature of the etiology of this disease, which potentially 
includes genetic predisposition of individuals suffering from 
BEN [17]. Indeed, combined effects of genetic and environ-
mental factors might lead to the development of BEN, deter-
mining its clinical and epidemiological characteristics and 
disease progression. This hypothesis was investigated among 
various Bulgarian families, where family members suffered 
from BEN and included 4077 persons from 417 affected 
families [18]. The authors concluded that all patients with 
BEN belonged to families. Interestingly, even residents from 
non-endemic villages who were identified to be members of 
BEN families who had migrated from the places they were 
born (i.e., villages in BEN areas) were diagnosed to suffer 
from BEN. Moreover, in this study, epidemiological charac-
teristics of the BEN disease indicated the involvement of 
genetic disorders, in which the proportion of the affected off-
spring was associated with the number of parents affected by 
BEN [18]. Accordingly, the risk of developing BEN was 
much greater in first-degree relatives than second-degree 
relatives and was considerable weaker in distant relatives.

To resolve additional genetic factors that influence the 
development of BEN, cytogenetic investigations were car-
ried out. These studies aimed to investigate the impact of 
chromosomal abnormalities on the occurrence of BEN and 
the frequent association with cancer [15, 17]. It was shown 
that in healthy relatives of BEN patients born in non-endemic 
areas, a specific BEN-associated locus exists in 3q2 [19]. 
Alterations in 3q25 could also dictate genetic susceptibility 
for the development of BEN in relatives of patients having 
BEN [17]. More recently, next-generation sequencing (i.e., 
exome sequencing) demonstrated three mutant genes associ-
ated with the process of angiogenesis: CELA1 (the gene of 
chymotrypsin like elastase-1), HSPG2 (the gene of heparan 
sulfate proteoglycan 2), and KCNK5 (the gene of potassium 

channel subfamily K member 5) [20]. Therefore, the authors 
suggested that abnormal angiogenesis may be important in 
the molecular pathogenesis of BEN [20].

Epigenetic modifications may also influence the develop-
ment of BEN. In a case-control study, differentially methyl-
ated regions were identified which showed hypomethylation 
of the promoters of genes HDAC11 (the gene of histone 
deacetylase 11), IL-17RA (the gene of 17 receptor, alpha sub-
unit), and SECG61 (the gene of protein translocase complex, 
SecE/Sec61-gamma subunit) [21]. This suggests that dys-
regulation of genes involved in immunological responses 
could be a mechanism in BEN pathogenesis.

In spite of all the above, weed control for A. clematitis 
plants alone would not be sufficient to reduce the incidence 
of BEN and aristolochic acid nephropathy. Systematic stud-
ies of AA levels in soil, surface water, food crops, and food-
stuffs are needed to identify high-risk areas. In addition, it is 
imperative to develop water treatment methods and soil 
treatment methods and give priority to land and water recov-
ery. Last but not least, local authorities must act in a timely 
manner to educate and inform their people about the exis-
tence of these completely unexpected toxic substances in 
their food and drinking water and the environment.

To summarize these several studies and also others, which 
are not discussed in this chapter, renal pathology in the coun-
try does not greatly differ from regional and global [16].

 Renal Replacement Therapy in Bulgaria

 Hemodialysis

In Bulgaria, at the end of the 1950s, with the active participa-
tion of urologists, Professor Dr. Anton Chervenakov and 
Professor Dr. Nikola Atanasov started the application of 
hemodialysis (HD) as a method of extracorporeal blood puri-
fication for urologic patients, where the underlying disease 
became complicated with acute kidney injury (AKI).

The first HD procedure was conducted in 1958 in the uro-
logical clinic of the university postgraduate teaching hospital 
“ISUL” by Dr. Mihail Karapandov with one of the two 
imported German-made dialysis devices “Nefra II,” which 
were allocated to the “Alexandrovska” hospital and to the 
ISUL. The following year Dr. Emanuil Patev joined the team 
at the Urology Clinic and later became the first Head of the 
HD Department in the same clinic, at the end of 1961 [4].

The staff included two doctors, Dr. Petkov and Dr. 
Mutafova, two nurses, and a technician. Initially, there were 
cases of AKI, mostly in women with septic abortion leading 
to AKI. Subsequently, Dr. Emanuil Patev, who is the founder 
of HD treatment in Bulgaria, described his previous activity 
and presented a doctoral thesis on AKI, which was also the 
first one in the field of nephrology in Bulgaria [4, 22].
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Later, Professor Dr. Georgi Stefanov and Associate Professor 
Dr. Mihail Bakardzhiev outlined the perspectives in the treat-
ment of AKI. Other good connoisseurs of AKI were Dr. Todor 
Todorov from the dialysis center in the National Institute for 
Emergency Medicine “Pirogov” and Associate Professor Dr. 
Angel Monov in the university hospital in Pleven [6].

A conclusion can be drawn from all these facts, that the 
application of dialysis methods in Bulgaria preceded the start 
of university education in “nephrology” as a separate 
 specialty in the domain of “internal medicine.” A study of the 
incidence of CKD leading to end-stage renal disease (ESRD) 
conducted by Professor Dr. Anjel Astrug together with the 
Department of Science at the Ministry of Health has objec-
tively identified the need for dialysis treatment available to 
the patients across the country. The first dialysis centers out-
side of Sofia were established – in Vratza (an area known for 
the high prevalence of Balkan endemic nephropathy) and 
consecutively in the following university hospitals, Varna, 
Plovdiv, and Pleven, in 1974 [4, 7].

Between 1975 and 1979, in-hospital dialysis centers were 
opened in Gabrovo, Burgas, Rousse, and Stara Zagora as 
well as in the Institute of Emergency Medicine “Pirogov.” 
Over the years they have been developing specialists who 
have left a lasting trace in the Bulgarian nephrology  – 
Professor Dr. Dimitar Dimitrakov, Professor Dr. Dimitar 
Nenov, Associate Professor Dr. Angel Monov, Dr. Hristo 
Genov, Dr. Rumen Bratov, and Dr. Velislav Anastasov. Since 
1980, 32 new dialysis centers have been created in Bulgaria.

The organization of dialysis structures in all former dis-
trict towns was followed by the opening of centers in regional 
hospitals. Altogether, 22 dialysis centers were opened 
between 1983 and 1986, bringing their total number to 65. In 
Sofia, during the same period, specialized centers were 
opened at several Institutes of the Medical Academy – for 
diabetic patients (at the Institute of Endocrinology, 
Gerontology and Geriatrics), infectious diseases (at the 
Institute of Infectious and Parasitic Diseases), and a pediatric 
dialysis center at the Pediatric Institute [6].

In order to achieve operational and scientific management 
of the entire dialysis network, a Coordination Center was 
established at the Medical Academy. It became a training 
base for all dialysis staff in the country for the management 
of HD and vascular access.

The main task of the Coordination Center was for a period 
of 5 years to develop 50 new centers in the country to cover 
all patients in need of HD treatment. The Coordination 
Center has grown with a limited care subsidiary in today’s 
Hospital “Tsaritsa Giovanna - ISUL” and two holiday cen-
ters in the resorts of Albena and Sunny Beach. New units 
were opened at the Coordination Center: Surgical, 
Resuscitation, Computer, Technical, and Rehabilitation. At 
this center, a unique model was created for the first time in 
the world [4].

It is characterized by physicians and specialists with a dif-
ferent focus, united by an idea – dialysis treatment – inter-
nists, surgeons, nephrologists, cardiologists, neurologists, 
psychologists, physiotherapists, laboratory specialists, 
chemists, biologists, electrical engineers, and computer spe-
cialists. From the foundation until 2000, the head of the cen-
ter was Professor Dr. Zdravko Kiryakov.

A specialized pediatric dialysis unit was established in 
April 1986 at the Department of Pediatric Nephrology, 
Scientific Institute of Pediatrics, Sofia. It is still the only 
pediatric dialysis unit in Bulgaria and is dedicated to serve 
all children with AKI and stage 1–5 CKD from all over the 
country. Patients with stage 1–4 CKD are consulted on regu-
lar basis with conservative treatment, including 
erythropoietin- stimulating agents and growth hormone ther-
apy, monitored, and updated if necessary. HD and PD (CAPD 
and APD) are used for the treatment of children with AKI 
and stage 5 CKD. In a 30-year period ending in 2016, 697 
children were treated in the pediatric dialysis unit – 235 of 
them with AKI. Moreover, during the same period, 92 chil-
dren were transplanted.

HD is the predominant modality of treatment of CKD in 
the country with 97% of the total dialysis population being 
treated with HD. At the end of 2018, there were 80 dialysis 
centers in Bulgaria – 60 in state-owned or municipal-owned 
multiprofile hospitals and the remaining 20 in private multi-
profile hospitals or free-standing dialysis centers. At the end 
of the year, 3655 patients were treated by HD in the country 
with approximately 4% (143 patients) on hemodiafiltration 
(HDF). The usual dialysis prescription is thrice weekly for 
4 hours, but overweight patients usually are on extended HD 
sessions (up to 5 hours), or an additional fourth dialysis is 
scheduled. The largest center in the country is the Varna 
Medical University “St. Marina” Hospital, where 195 
patients are treated with HD and, together with those on PD, 
the total number of dialysis patients exceeds 200. There are 
8 centers treating more than 100 patients in the country.

The number of new patients starting dialysis treatment in 
2018 was 1091 or about 158  per million population (pmp). 
Renal diseases leading to ESRD in these patients were dia-
betic nephropathy, 26.9%; hypertensive nephrosclerosis, 
15.4%; chronic glomerulonephritis, 13.2%; renal vascular dis-
ease, 10.6%; chronic pyelonephritis, 7.8%; and others. The 
number of patients with diabetes mellitus is 765 or 20.9% of 
the total HD population, thus lower than reported from Western 
Europe, the United States, and most developed countries in 
Asia, but similar to other countries in the same region [16].

Two hundred and one patients (5.5%) had positive 
HBsAg, and 162 (4.4%) of the HD group were HCV anti-
body positive [23]. There is no official prevalence data for 
HIV-positive patients on HD.

The total number of deaths for the year 2018 was 945, 
with 197 cases in the first 90 days of treatment and 748 cases 
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after this period. This is also one of the reasons for the sus-
tained increasing trend in the HD population (around 1%), 
which can be observed in the last 3 years. A total of 1431 
patients with AKI (postoperative cases in surgical and ICU 
wards and inpatients in therapeutic departments and clinics) 
were treated with HD and HDF in the past year. A total of 
10,875 procedures were carried out in this cohort or an 
 average of about 6 HD sessions per case. The lethality was 
28.9% and the total number who died – 414 [23].

 Peritoneal Dialysis

Parallel to the treatment of acute and chronic renal failure by 
hemodialysis, use of PD also started in the mid-1960s. Prof. 
Dr. Ivan Gruev in cooperation with the following nephrolo-
gists Associate Professor Dr. Mihail Bakardzhiev and 
Associate Professor Dr. Emanuil Patev and doctors from 
other specialties (pediatricians, surgeons, microbiologists, 
laboratory doctors) started the use of intermittent peritoneal 
dialysis (IPD) [24]. Different aspects of IPD treatment pre-
dominantly in AKI but also ESRD patients have been stud-
ied – infections, method-related protein losses, and indication 
for specific patient groups [25, 26]. Consequently, the expe-
rience gained and the scientific findings reported enabled 
Professor Gruev to present a doctoral thesis in 1970 “Study 
on certain problems of peritoneal dialysis.”

The introduction of long-term ambulatory peritoneal 
dialysis (CAPD) treatment in Bulgaria took place in the 
spring of 1984 in the Alexandrovska university hospital by a 
team headed by Professor Zdravko Kiryakov [27]. Due to a 
number of objective as well as subjective reasons, the num-
ber of patients treated with this method remained compara-
tively small until the mid-1990s. Subsequently, several 
nephrologists were sent to short- and medium-term special-
izations in different European countries and the United 
States to qualify for setting up CAPD treatment programs in 
several hospitals [28]. This resulted in significant increase 
in the number of patients on PD. A particularly important 
practical achievement is the massive use of the method in 
pediatric nephrology, where the method also has important 
advantages over HD. In 1993 treatment with CAPD in the 
pediatric ESRD patients was initiated, and in 2003 again for 
the first time in Bulgaria, treatment with APD in children 
with stage 5 CKD was performed. During the same year, 
PET test was started as a gold standard of individualization 
of the dialysis program. Between 2004 and 2006, the use of 
glucose-free solutions (Extraneal, Nutrineal) was also 
launched to expand the therapeutic options. During the last 
decade, APD has expanded its position, and in 2018, over 
one third of the patients on PD have the medical and social 
advantages of this method. In the last 10 years, the financing 

of PD has been changed, and medical insurance authorities 
pay a “day treatment package,” which has stabilized the 
interest of the nephrology community in the use of the 
method. However, there are some obstacles for wider use of 
this method: the reimbursement of the surgical placement of 
the peritoneal catheter is not adequate, so the start of the 
method is hindered. Apart from this country-specific reason, 
there are several other drawbacks also typical for the whole 
Balkan region, such as the method being unpopular through-
out patients and medical staff, small surface area of the 
countries, and hence nearness to a hemodialysis center and 
private sector investments in in-center HD facilities [16].

 Renal Transplantation

The concept of organ replacement and especially kidney 
transplantation (KT) inspired Bulgarian urology and nephrol-
ogy community as early as 1963–1964. The Urological team, 
composed by Dr. Nikola Atanassov, Dr. Kiril Nikolov, and 
Dr. Hristo Koumanov from the Department of Urology at 
“Alexandrovska” University Hospital, started experimental 
surgery in rats and dogs exercising the suturing of vessels. 
The program succeeded in performing 42 kidney transplan-
tations in dogs. In 1965, a fellowship at the Department of 
Urology-Kidney Transplantation Unit in Szeged, Hungary, 
was executed by Dr. Koumanov, as a final preparation before 
starting the kidney transplantation program in Bulgaria.

The first transplantation in Bulgaria was performed in a 
child on 14.12.1968 at the Department of Urology in the 
Institute for Emergency Medicine “Pirogov” by Professor 
Nikolai Minkov. Both kidneys were taken and transplanted 
with the ureters implanted on the skin. Unfortunately, the 
kidneys failed to produce urine. The first successful cadaver 
kidney transplantation was performed on 01.02.1969 at the 
Department of Urology in “Alexandrovska” University 
Hospital by Dr. Lambev, Dr. Nikola Atanasov, and Dr. Hristo 
Koumanov [29].

Although the first pediatric renal transplant in Bulgaria 
was performed more than 50 years ago, there is a tendency for 
the problem to be neglected by authorities, since currently 
there is no such activity. During the years, there were periods 
with relative increase in the number of pediatric renal trans-
plants, but in general the rate was far from needed, and a lot 
of patients received renal transplants abroad. From 2004 to 
2010, a joint Bulgarian-French program for development of 
pediatric renal transplantation was functioning to secure 
appropriate training for doctors and nurses. Under this pro-
gram six pediatric renal transplantations were done with very 
good results. However, it was stopped by the Executive 
Agency “Medical Supervision” in 2010, and no more pediat-
ric renal transplantations were performed in the country since 

E. S. Vazelov et al.



483

then. Nevertheless, a lot of patients received a graft abroad – 
in the European Union (EU) or neighboring countries. All of 
them are followed thereafter at the pediatric dialysis unit.

Between 1969 and 1994, the legislation for organ dona-
tion allowed only taking organs from deceased donors. In 
1994, the program for living-related donor renal transplanta-
tion was initiated with the changes in legislation allowing a 
kidney to be taken from a living donor. The program, 
 however, had the limitations that only first-degree relatives 
such as parent, brother, and sister were considered potential 
donors. From 1994 to 1998, the program expanded, and 128 
transplantations from living donors were performed.

There are two working programs for kidney transplanta-
tion right now  – deceased and living donor. According to 
unpublished data (personal communication), 1-year graft sur-
vival is 80% and 10-year 58%. Reimbursement is secured by 
the Ministry of Health (MoH) and not by the National Health 
Insurance Fund (NHIF). It is 20,000 BGN (10,225 Euro) for 
the KT, up to 10,000 BGN (5112 Euro) for complications 
related to the operation and hospital stay, and 5000 BGN 
(2556 Euro) in case removal of the transplanted kidney is 
required. Cellcept and Advagraf are most widely used drugs 
in the immunosuppression schemes, and their reimbursement 
is also covered by the MH. Drug levels are individually moni-
tored in a laboratory. The administration, regulation, waiting-
list actualization, all documentation, coordination, and 
reimbursement are procured by the MoH and the Executive 

Agency “Medical Supervision” for transplantation, which are 
the administrative organs by the existing legislation.

There are 33 donor centers appointed by the Ministry of 
Health across the country as well as 3 centers for kidney 
transplantation. All expenses concerning donor identifica-
tion, donor conditioning, kidney explantation, transplanta-
tion, follow-up, and complications are reimbursed by the 
MoH. The reimbursement rate is not attractive for the staff 
and not sufficient for the hospitals to cover all expenses, and 
most of the time, they generate financial negative results. The 
acting reimbursement policy logically leads to relatively low 
number of donor situations and transplantation accordingly. 
For example, in 2019 a total of 36 kidney transplantations 
(23 deceased and 13 living donor) were done which is 5 pmp. 
Compared to the number of kidney transplantations in 
Europe which ranges from 3  in Ukraine to 97  in Spain’s 
Catalonia, this rate is very low [30]. Since the first one, 
approximately 1500 kidney transplantations have been per-
formed. The precise number for the period between 1973 and 
2009 was 972 (Fig. 35.1) and for the period between 2014 
and 2019 was 243 kidney transplants.

Meanwhile, the appointed donor centers and transplanta-
tion units are well equipped, and the staff is well trained and 
experienced to perform far bigger number of transplantations. 
With respect to this, a considerable effort and social discus-
sions have been initiated during the last years for implemen-
tation of a more effective kidney transplantation program.
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 Nephrology Practice in Bulgaria

Prior to 2007 (Bulgaria’s inclusion to the European Union), 
the specialty “nephrology” was acquired after receiving a 
specialty in “internal medicine.” Specialization lasting 
5 years in clinics and wards designated by the MoH for train-
ing bases was required as prerequisite to take the exam. After 
acquiring a specialty in “internal medicine” and in order to 
pass the exam and receive a specialty in “nephrology,” addi-
tional specialization was required for 2 years in clinics and 
departments designated by the MoH as training basis in 
“nephrology.” Thus, the training and acquisition of this spe-
cialty lasted, at least, 7 years.

After 2007, as a result of changes largely influenced by 
the idea of   aligning specialization requirements with those in 
the European Union, nephrology became a first specialty, 
and no prior acquisition of an internal diseases specialty has 
been required. The amendment came into force with the 
adoption of Ordinance No. 34 of the Ministry of Health 
(Official Gazette No. 7/23.01.2007), which defined a train-
ing period of 4 years, which also includes 12 months of train-
ing in “internal diseases.”

During the remaining 36 months, the training requires 
24  months of clinical nephrology, 12  months of dialysis 
and kidney transplantation, and colloquiums. Over the next 
12 years after its promulgation, the regulation has under-
gone several changes in terms of certain requirements and 
funding of training. From the beginning of its application 
until now, 117 nephrologists have acquired the specialty, 
and to date, the number of specializing fellows is 89. The 
overall number of certified nephrologists in the country is 
347, but an uncertain number of them have retired. There is 
a tendency of aging, and the number of practicing nephrol-
ogists over 60 years of age is already 145, which can be 
analyzed as a negative trend (Ministry of Health, 
Department , 2019, Education and qualification, personal 
communication).

Pediatric nephrology was recognized as a subspecialty in 
Bulgaria in 2005. The training is 2 years as a second spe-
cialty after “pediatrics” and is under a common European 
syllabus. There are 21 pediatric nephrologists currently in 
Bulgaria, 4 of them retired, but some still practicing.

Nephrology in general is practiced in three kinds of medi-
cal establishments – outpatient clinics, hospital wards/clin-
ics, and dialysis centers. The latter are predominantly part of 
hospitals (public, municipal, or private), but there are also 
free-standing dialysis structures. The ratio of public/private 
dialysis facilities is 3/1 as the number of the private has 
reached the figure of 20 out of a total of 80. “Home dialysis” 
and “limited care” programs do not exist in the country, and 
thus patient’s choice of treatment methods is limited. Most 
dialysis facilities offer night shifts, which helps working 
patients keep their employment.

In all medical specialties, hospital admissions of health- 
insured persons are reimbursed by the National Health 
Insurance Fund through “clinical pathways” serving as algo-
rithm for the order, volume, and to a certain extent quality of 
medical services, but also as a financial instrument. 
Nephrology wards/clinics are dependent on the quantity of 
patients admitted, since their number and the evaluation of 
the “clinical pathway” under which they are hospitalized 
form their financial status.

In 2017, the total number of hospital admissions for “dis-
eases of genitourinary system” (Chapter XIV, block N00- 
N99 according to ICD-10) was 161,389, which formed 6.9% 
of the total of 2,258,579 hospitalizations in the country. 
There is also the assumption that in this chapter a large num-
ber of urological admissions are included. The real presence 
of strictly nephrology hospitalizations was close to one third 
of this total or 54,569 – approximately 2.3% – of hospital 
admissions [31, 32]. The largest number of nephrology 
admissions is for acute and chronic exacerbated pyelonephri-
tis with 32,327 cases in 28,968 individuals, followed by 
already specified chronic glomerulonephritis  – 10,218 
admissions of 6055 patients. The hospitalizations for newly 
discovered glomerular diseases were 2134 of 1950 individu-
als. The number of hospital admissions for CKD (stages 1–5) 
was 4723  in 3742 patients and in AKI (conservatively or 
dialysis treated) 3167 in 3072 individuals [32].

Since 2012, financing of dialysis is procured also by the 
NHIF on the basis of annual contracts – appendix 18C for 
ambulatory procedures and appendix 19A for clinical proce-
dures [31]. All HD disposables, PD solutions, all medica-
tions used to treat acute complications throughout the 
procedure and also for the treatment of chronic complica-
tions (anemia, CKD-MBD) and transport are included in the 
reimbursement which is as follows:

• Ambulatory procedure 1 (Apr. No. 1) “Chronic hemodi-
alysis” is paid 170 Bulgarian lev (BGN) which is equiva-
lent to 87 Euro.

• Apr. No. 2 (“Peritoneal dialysis with apparatus”) – 130 
BGN (66 Euro)/package/day.

• Apr. No. 3 (“Peritoneal dialysis without apparatus”) – 93 
BGN (47 Euro)/package/day.

• Clinical Procedure 1 (CPr. No. 01) “Dialysis treatment in 
acute conditions” – 170 BGN (87 Euro).

The total number of HD sessions performed for the whole 
2018 was 575,938 with 565,153 in chronic HD patients (Apr. 
No 1) and 10,875 in CPr. No 1 [23]. The number of nursing 
staff has dramatically decreased in the country in the last 
30 years from approximately 80,000 to a little bit more than 
32,000, which is a tendency that has not bypassed renal 
nurses also [32]. Their number is still higher compared to 
neighboring countries in the region [16], but the trend of 
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aging without adequate substitution with new graduates must 
be considered as a potential threat. There are no staff renal 
dietitians to provide the necessary dietary counseling to the 
patients on dialysis, and their responsibilities are to a certain 
extent taken by nephrologists, fellows, and nurses.

 Future Perspectives of Nephrology 
in Bulgaria

The issue of the financial valuation of dialysis activities is 
not persistently discussed at meetings between representa-
tives of the NHIF, the Bulgarian Doctors Union (BDU), and 
the nephrological community. The price set for the most 
commonly used APr. 1 “Chronic hemodialysis” (including 
both labor and consumables, expensive drugs, and transport 
to and from the dialysis structure) has not changed in the last 
5 years before 2020, when it was increased by 18%.

Even though, it is inadequately low in Bulgaria compared 
to even neighboring countries in the region with similar eco-
nomic indicators – for example, in Northern Macedonia, it is 
about 7% higher; in Romania, about 35% higher; and in 
Greece, Croatia, and Slovenia, at an even higher price. The 
neglect of the objective, need to increase the price, leads to an 
inability to accumulate funds for periodic updating of the 
equipment and adequate remuneration of the staff. For this 
reason, the shortage of medical staff is increasingly felt, which 
is also affecting the quality of the activity. The single estimate 
of 170 BGN (87 Euro) equated to conventional HD also holds 
back the development of more modern methods such as 
HDF.  The lack of a positive solution  – an increase in the 
price – will deepen the demotivation of the staff and will gen-
erally create a tendency for the country to lag behind in this 
medical activity. There is a recent change in HD price, effec-
tive from the beginning of 2020 – from 144 BGN to 170 BGN 
for a dialysis session (PD payment is unchanged), but even 
though it is still lower compared to neighboring countries.

Surprisingly, low evaluation of dialysis activities does not 
stop private initiative to open new dialysis facilities. In a 
period of 12 years, 20 dialysis structures have started to func-
tion receiving accreditation by the MoH and contracts with 
the NHIF.  The highest number of privately owned dialysis 
facilities is in the largest towns of the country – Sofia and 
Plovdiv – with three dialysis centers each. In smaller regional 
towns, opening of new private establishments is usually hin-
dered by lack of adequately trained medical staff. This, on the 
other hand, can stimulate increased interest of starting fellow-
ship in nephrology and qualification for renal nurses.

Concerning kidney transplantation, it is obvious that the 
greatest challenge is to overcome the low number of donors 
and the long waiting list – 1151 patients on dialysis program. 
The statistics is showing that in 22% of all identified donors, 
the relatives refused to give consent for donor donation, 

which is obligatory by the law, and this additionally decreases 
the number of cadavers.

Changes of the law for deceased donor donation as well 
as new rules for reimbursement are on the way. New per-
spectives are given as well as to the legislation and regula-
tions regimen for living donor donation and including the 
possibilities for direct donation of biologically unrelated per-
son and paired donation chains.

A closer collaboration program is initiated with the Health 
Commission of the European Parliament for financial aid 
allowing for modernization of sanitary aviation used for 
transport during donor situations. Since April 2019 Bulgaria 
started a program for joining Eurotransplant.

A problem which needs urgent attention is kidney trans-
plantation in children as in Bulgaria there is no formal pro-
gram active at present. With the initiative of the Ministry of 
Health for organizing National Pediatric Center, such a pro-
gram is strongly considered and will be the mainstay of pedi-
atric kidney transplantation in Bulgaria. Another unsolved 
problem in pediatric nephrology is the treatment and access 
to expensive medications, still not registered in the NHIF, 
which are not reimbursed.

In the “National Program for Nephrology and Dialysis 
Treatment 2001–2005,” approved by the Council of Ministers 
at the end of 2000, there was a regulation stating that a full- 
scale national registry should be functioning by the end of 
the year 2004. Unfortunately, this program was not properly 
funded and also not extended into the period that followed, 
which had a negative impact on the overall development of 
nephrology as a specialty.

In general, lack of application of electronic health card as 
universal document is still a problem in Bulgaria, which, if 
settled, will improve registration and financial accountancy 
not only in nephrology.

 Conclusion

Early prevention and diagnosis of kidney disease is a prob-
lem that must be addressed as a matter of priority in accor-
dance with the well-known slogan of the World Kidney Day 
2007: “CKD: Common, Harmful, and Treatable” [33]. 
Medically and financially, it is much more cost-effective 
when an illness is treated in an early stage, which reduces 
costs and increases life expectancy.

Nephrology has a long history of development in Bulgaria. 
The level described in this chapter should not be taken for 
granted, as it can undergo changes in both positive and nega-
tive directions. The projected demographic crisis related to 
the aging of the population, as well as its decline, which is 
manifesting in Bulgaria in a particularly severe form, ini-
tially changes the needs for health services. Healthcare is a 
conservative system where changes are difficult to  implement 
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and also is a sector that requires huge financial resources. 
Funding of the system is an issue that has always sparked 
much discussion, but both in Bulgaria and globally, nephrol-
ogy, in particular the treatment of CKD patients, is one of the 
most expensive medical activities. In this sense, the wider 
development of “home methods” such as peritoneal dialysis 
and efforts to expand transplant activity are fully justified in 
the country.

Staffing is also an issue that will become deeper and 
deeper, which is why an active policy is needed to retain and 
train healthcare personnel to meet the needs of the system. 
There is a great danger that some of the specialties that are 
not considered attractive, including nephrology, will be left 
without sufficient staff resources.
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Abbreviations

AIDS Acquired immunodeficiency syndrome
AKI Acute kidney injury
APD Automated peritoneal dialysis
AVF Arteriovenous fistula
CAC Central venous catheter
CAPD Continuous ambulatory peritoneal dialysis
CEE Central and Eastern Europe
CEPD Continuous equilibration peritoneal dialysis
CHIF Croatian Health Insurance Fund
CISI Croatian Institute for Social Insurance
CKD Chronic kidney disease
CRRT Continuous renal replacement therapy
CSNDT Croatian Society of Nephrology, Dialysis and 

Transplantation
CVD Cardiovascular disease
DALI Direct adsorption of lipoproteins
ECMO Extracorporeal membrane oxygenation
EN Endemic (Balkan) nephropathy
EPS Encapsulating peritoneal sclerosis
ESRD End-stage renal disease
EU European Union
GFR Glomerular filtration rate
HELP Heparin-induced extracorporeal LDL 

precipitation
HD Hemodialysis
HDF Hemodiafiltration
HF Hemofiltration
ICU Intensive care unit
KT Kidney transplantation

MOF Multiple-organ failure
PD Peritoneal dialysis
pmcp Per million child population
pmp Per million population
RRF Renal residual function
RRT Renal replacement therapy
SFRY Socialist Federal Republic of Yugoslavia
TA Therapeutic apheresis
UF Ultrafiltration
UHC University Hospital Centre
VA Vascular access

Area1 56,594 km2

Population2 4,284,889 (2011)
Capital Zagreb
Three most populated cities: (1) Zagreb

(2) Split
(3) Rijeka

Official language Croatian
Gross domestic product (GDP)3 60.81 billion USD (2018)
GDP per capita4 15,870.30 USD (2018)
Human Development Index 
(HDI)5

0.831 (2017)

Official currency Croatian kuna (HRK)
Total number of nephrologists 100
National society of nephrology Croatian Society for Nephrology, 

Dialysis and Transplantation
www.hdndt.org

Incidence of End-Stage Renal 
Disease6

2016 – 166 pmp

Prevalence of End-Stage Renal 
Disease7

(including patients with a 
functioning kidney transplant)

2016 – 1082 pmp

Total number of patients on 
dialysis
(all modalities)6

2015 – 2207
2016 – 2429

Number of patients on 
hemodialysis6

2015 – 2051
2016 – 2252

Number of patients on 
peritoneal dialysis6

2015 – 156
2016 – 177

Number of renal 
transplantations per year7, 8

2017 – 170
2018 – 183
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 Introduction

Until 1991, Croatia was a constitutional republic in the 
Socialist Federal Republic of Yugoslavia (SFRY) and was 
covered by a unique health system based on mutual solidar-
ity. Nephrology in the SFRY was, as in other countries, a 
young branch of internal medicine whose development 
started in the 1960s by introducing renal replacement ther-
apy (RRT) in everyday clinical practice. Initially, dialysis 
treatment was intended exclusively for patients with acute 
kidney injury (AKI), so that dialysis centers were gradually 
opened in hospitals over the next few years. Ten years later, 
the first successful kidney transplantation (KT) was per-
formed [1]. In SFRY, nephrology developed slower than in 
developed European countries, yet more advanced than in 
Central and Eastern Europe (CEE) countries that were 
directly influenced by the Soviet Union.

The independence of Croatia was a process that started 
with changes in the political system and constitutional 
changes in 1990, which transformed the Socialist Republic 
of Croatia into the Republic of Croatia. The country offi-
cially declared independence in June 1991, along with dis-
solution of its association with SFRY.  The Croatian 
independence was internationally recognized in January 
1992. Unfortunately, the separation of the Republic of 
Croatia from the former SFRY was not conducted in a 
peaceful way. The Croatian War of Independence started in 
1991, escalated to the sieges of Vukovar and Dubrovnik and 
fighting altogether, until the ceasefire on January 3, 1992, 
and significant reduction of violence. The war ended in 
August 1995 with Croatia victory. During the war in Croatia, 
there was a halt in the development of nephrology, espe-
cially KT. Because of the war escalation in 1991, some dial-
ysis units as well as some hospitals were completely 
destroyed. Within a few days, many dialysis-treated end-
stage renal disease (ESRD) patients were forced to flee from 
their hometowns. The patients were transferred to Zagreb, 
the capital of Croatia, and other towns far from the frontline, 
to help them find accommodations and facilities for their 

treatments. Most of the patients were evacuated to safe areas 
without their medical records. This proved to be a serious 
problem, along with putting strain on dialysis units that had 
inadequate space in hospitals and suffered shortage of medi-
cal staff and lack of dialysis equipment and drugs (e.g., 
erythropoietin) [2]. Despite these problems, all patients 
(including those that escaped from Bosnia and Herzegovina 
due to the war) received necessary treatment and care, 
thanks to the immense efforts invested by the medical staff. 
Not a single patient died due to not being admitted to a dial-
ysis unit or receiving treatment [3]. Owing to humanitarian 
aid from all over the world, the treatment of all patients was 
possible.

The war in Croatia had temporarily stopped advancement 
of nephrology (with a particularly negative effect on KT), 
but after the establishment of peace and revival of the econ-
omy, the situation improved considerably.

 A Brief History of Nephrology in Croatia

In the Republic of Croatia, nephrology began to develop as a 
separate part of internal medicine in 1950, first at Rebro 
Clinical Hospital (now Zagreb University Hospital Centre, 
Zagreb UHC) and, soon afterwards, at the other clinical cen-
ters, followed by general hospitals all over the country. In 
addition to specialized hospital departments, nephrology has 
expanded by the establishment of polyclinical departments 
for appropriate and rational treatment of patients with pri-
mary and secondary (e.g., due to arterial hypertension and 
diabetes mellitus) urinary tract diseases. The kidney disease 
diagnosis was improved in 1959 by introducing percutane-
ous kidney biopsies. In clinical practice, first in departmental 
makeshift laboratory (in which doctors performed simple 
tests and microscopic examination of urine) and later in hos-
pital laboratories, it became possible to perform basic and 
functional nephrology tests [4]. Collaboration with doctors 
of other specialties was ensured. Such a model of polyclini-
cal care for kidney patients was accepted at a scientific meet-
ing of nephrologists in Dubrovnik, for the whole former 
SFRY, in 1981. The rapid advancement of imaging diagnos-
tics (radiological examinations, computerized tomography, 
magnetic resonance imaging, ultrasound) and functional 
analysis (radioisotope tests, renal clearances) has contributed 
to the important advancement of nephrology in the world, as 
well as in Croatia.

Since a large number of urinary tract diseases can occur 
early in life, pediatricians have been actively involved in 
nephrology. At the Zagreb UHC, a pediatric nephrology 
department was established as early as 1957, and later simi-
lar departments were established in other hospitals [4].

The use of dialysis in patients with AKI or ESRD made 
great progress in the development of nephrology. After suc-
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cessful experimental dialysis in nine dogs, the first hemodi-
alysis (HD) in a uremic patient was performed on June 17, 
1962, at the Sušak Hospital Surgery Department. It was an 
acute dialysis that lasted for 6  hours and led by Professor 
Jerko Zec [5]. In the early period, only these acute dialyses 
were performed. After the adoption of the so-called Quinton- 
Scribner AV shunt for arteriovenous connection in 1956, it 
became possible to perform the first Croatian multi-session 
chronic dialysis in a patient suffering from ESRD. The pro-
cedure was led by Professor Jerko Zec. Only 44 dialysis 
 centers provided chronic dialysis in Europe at the time. After 
these pioneering efforts and later valuable experience, the 
Sušak Hospital dialysis team trained hundreds of physicians 
and other medical staff for new dialysis centers all over the 
country [5].

On June 3, 1948, at Zagreb UHC, Professor Laslo Kallai 
presented the first successful treatment of an AKI patient 
with peritoneal dialysis (PD) using a sterile solution drain-
age method through two intraperitoneal catheters and with-
out the use of a machine. Glucose was used as the osmotic 
agent [6]. After that, PD was carried out sporadically in AKI 
patients until 1981, when it began to be used in patients with 
ESRD [7].

The first KT in Croatia was performed in Rijeka on 
January 30, 1971. The removal from the living donor (the 
patient’s mother) was done by Vjerislav Peterković, while 
Professor Vinko Frančišković performed transplantation, 
after several years of practice on dogs and pigs [1]. The first 
KT from a deceased donor was also performed at the Sušak 
Hospital (now Rijeka UHC) on May 15, 1972 [1, 8, 9].

In the 1970s, the Sušak Hospital in Rijeka was a well- 
known educational center for transplant surgery in SFRY. A 
multidisciplinary approach to patients with transplanted 
kidney and those treated with dialysis has made it possible 
to determine their working ability, as well as the successful 
treatment of concomitant cardiac, gastroenterological, neu-
rological, and other comorbidities. Particular attention has 
been paid to the problem of pregnancy in patients with 
transplanted kidney. The first methods of tissue typing were 
introduced at the Institute for Transfusion Medicine under 
the guidance of Professor Ksenija Vujaklija-Stipanović. The 
first interventions with the conventional ultrasound in the 
diagnostics of transplanted kidneys appeared in the second 
half of the 1970s (1976) with sonographic description of the 
acute “crisis” of kidney transplant rejection (Professor 
Željko Fučkar). On December 21, 1993, the surgical trans-
plant team of the Department of Surgery and Department of 
Urology, Rijeka UHC, including Miomir Zelić MD, 
Professor Petar Orlić, and Professor Miljenko Uravić, per-
formed the first simultaneous pancreas and kidney trans-
plantation in Croatia [10].

KT at the Department of Urology, Zagreb UHC, started in 
1973, headed by Professor Ljubomir Čečuk. In the first pro-

cedures, dialysis doctors led by Professor Ante Smetiško and 
Tissue Typing Center headed by Academician Andrija 
Kaštelan were involved [8]. In the last 20 years, Professors 
Zvonimir Mareković, Josip Pasini, Željko Kaštelan, and their 
multidisciplinary team from the Department of Urology, 
Zagreb UHC, have performed most KTs in Croatia.

At the beginning of the twenty-first century, KT was 
active in two transplant centers in Zagreb (Zagreb UHC – 
location Rebro and Merkur University Hospital) and one in 
Rijeka (Rijeka UHC). The transplant center Merkur 
University Hospital was established in 1998 with liver trans-
plantation, followed by kidney and pancreas transplantation 
in 2003. The latest transplant center in Croatia was estab-
lished in Osijek UHC in 2007 [8].

Many nephrologists have been involved in the develop-
ment of KT. For the purpose of harmonization of all proce-
dures related to KT, the board of the Croatian Society of 
Nephrology, Dialysis and Transplantation (CSNDT) sup-
ported the initiative of Professor Petar Kes and approved the 
creation of Croatian KT guidelines at the annual general 
meeting held in Zagreb on December 5, 2003. The status of 
patients on the waiting list for KT was revised, being the 
basis for the formation of a modern waiting list, which is 
necessary for inclusion in international associations [8]. The 
multidisciplinary approach to nephrology, and in particular 
to KT, is reflected in systematic education of physicians and 
other medical staff through numerous postgraduate courses. 
In 2014, Professor Petar Kes, Professor Nikolina Bašić- 
Jukić, and Professor Sanjin Rački founded the Croatian 
Transplantation School, which is held every year.

While Croatia was part of the former SFRY, there was the 
Society of Nephrology and Dialysis Society as two separate 
nonprofit organizations. Upon establishment of the indepen-
dent Republic of Croatia, these two societies were united in 
the CSNDT under the auspices of the Croatian Medical 
Association. The primary objectives of CSNDT as the head 
professional association of physicians treating patients with 
renal disease include continuous professional development 
of its members through postgraduate courses in the field of 
nephrology, dialysis and KT, interactive symposia, seminars 
and workshops, as well as development of professional 
guidelines.

Even before the foundation of specialization in nephrol-
ogy, under the auspices of CSNDT and School of Medicine, 
University of Zagreb, there was an ongoing postgraduate 
education in nephrology, dialysis, and transplantation 
(Dialysis Postgraduate Course and International Nephrology 
School) and later Croatian School of Kidney Transplantation, 
as well as training for doctors and nurses within the Pliva 
Institute for Dialysis, entitled Nephrology Weekend and 
Dialysis Practice. The founders and leaders of these training 
courses were Professors Petar Kes and Dragan Ljutić, later 
joined by Professors Sanjin Rački and Nikolina Bašić Jukić. 

36 Nephrology in Croatia



490

For better understanding of the needs of patients and to 
improve cooperation, courses and symposia were also orga-
nized for general practitioners and even patients in order to 
clarify the nature of their illness and treatment methods to 
improve their quality of life. Because of the increasing num-
ber of chronic patients and development of medicine, in 
2001 CSNDT initiated the establishment of the Registry of 
Renal Diseases to collect important information on patients 
and their treatment.

Active participation in education, taking exams at the end 
of each course, and 10 years of work at nephrology depart-
ment/dialysis were the main elements for the respective resi-
dency completed by acquiring the title of nephrologist (until 
then there was no residency in nephrology).

Currently, there is specialization in nephrology, which 
includes residency in internal medicine (22 months), nephrol-
ogy (33  months), postgraduate study in nephrology 
(3 months), and Specialty Certificate Exam in Nephrology.

 Renal Diseases in Croatia

 Chronic Kidney Disease

In Croatia, the number of people with chronic kidney disease 
(CKD) is increasing. It is estimated that around 350,000 peo-
ple (especially those older than 65) suffer from CKD or have a 
high risk to be affected. The most common causes of CKD are 
diabetes mellitus (mainly type 2) and arterial hypertension, 
followed by chronic glomerulonephritis, chronic pyelonephri-
tis, and polycystic kidney disease. The number of patients with 
CKD in stages 1–4 can only be assumed. The RRT Registry, 
founded by the CSNDT in 2001, provides accurate data on 
patients undergoing RRT by dialysis or transplantation. 
According to these data, the prevalence of patients on RRT is 
constantly increasing; the percentage of males and females is 
approximately 52% and 48%, respectively; and the median 
age of patients starting RRT is 67.4 years (65% of the patients 
are aged >65). In the past 18 years, the most common cause of 
ESRD was diabetes mellitus (33%), followed by arterial 
hypertension (22%), chronic pyelonephritis (12%), chronic 
glomerulonephritis (12%), polycystic kidney disease (7%), 
chronic interstitial nephritis (4%), and endemic nephropathy 
(1%). Other diseases were recorded in 7% of patients, while 
the cause of the disease was unknown in 2% of ESRD patients. 
The 5-year survival of chronic dialysis and transplant patients 
in Croatia was 54.3% with annual mortality rate of 11.7% 
(highest in HD patients). According to 2018 data, the most 
common causes of morbidity and mortality continue to be car-
diovascular disease (CVD) and stroke (57%), followed by 
infections (16%) and malignancies (12%).

The cost of ESRD patient management is very high. As 
currently there is no drug capable of halting the progression 

of kidney damage in CKD, attention is focused on early 
detection of renal disease, screening of CKD patients, spe-
cific therapy, slowing down progression, and treatment of 
complications and comorbidities. The role of general practi-
tioners and patient compliance in the decision of the modal-
ity of RRT, as well as continuous education of nephrologists 
and public awareness of renal disease, is underlined.

The median number of pediatric nephrologists per million 
child population (pmcp) in Croatia is 8.6, and there are also 
14 pmcp of general pediatricians with interest/activity in 
pediatric nephrology [11]. The incidence of CKD is around 
8 per million children population, and prevalence is around 
24 per million population. Findings and disorders increasing 
the risk of CKD development in children and adolescents are 
hereditary diseases including polycystic kidney disease, dys-
plasia or hypoplasia of the kidney, low birth weight, AKI, 
obstructive uropathy, vesicoureteral reflux with recurrent 
urinary tract infections, acute nephritic or nephrotic syn-
drome, hemolytic-uremic syndrome, vasculitis, and diabetes 
mellitus. Progression to ESRD needs consultations and con-
tinuation of treatment by pediatric nephrologists involved in 
dialysis and transplantation. There are defined algorithms for 
evaluation and treatment of children with AKI and CKD 
[12]. Due availability and application of all RRT methods 
require appropriate equipments, defined algorithms, and 
educated medical staff. The best-equipped pediatric nephrol-
ogy department is located at the Zagreb UHC where pediatri-
cians working in a ward, established 30 years ago, can care 
for children with acute and chronic kidney disease (including 
AKI and CKD/ESRD), prepare children for kidney trans-
plantation, and monitor them after transplantation. KT from 
living relatives, diseased donors, and pre-emptive transplan-
tation are practiced [13].

 Acute Kidney Injury

The prevalence of AKI in Croatia has increased in the last 
two decades. Recent hospital studies report AKI in up to 
8.7% of admissions, particularly in patients treated at inten-
sive care units (ICUs). Overall in-hospital AKI patients’ 
mortality rate is around 20% but is significantly higher (up to 
60%) in patients treated with dialysis in ICU (especially if 
the multiorgan failure has developed) [14]. The increased 
prevalence likely reflects an aging population burdened with 
multiple comorbidities. The etiologic factors include prere-
nal injury contributing to reduced renal perfusion, drug 
nephrotoxicity, diagnostic procedures requiring intravenous 
contrast, complex surgery, hospital-acquired infections, and 
sepsis. Treatment of the most severe patients is performed in 
the ICU by an intensivist and a nephrologist. In most hospi-
tals, especially UHCs and specialized hospitals (e.g., for car-
diac or transplant surgery), it is possible to compensate for 
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the acute loss of renal function by the most acceptable RRT 
method (e.g., PD, HD, CRRT, or hybrid dialysis) [15].

The incidence of AKI in children aged ≤18 years in whom 
RRT methods are used is 12–14 per million children popula-
tion/year. Acute PD (continuous equilibration peritoneal 
dialysis, CEPD) was more frequently used in the past, espe-
cially in newborns, infants, and small children, whereas 
acute HD was used in older children. Since 2002, continuous 
renal replacement therapy (CRRT) methods of RRT have 
been preferred, especially in ICU. Knowing the indications, 
association with multiple-organ failure (MOF) and possible 
complications of AKI is of utmost importance.

 Balkan Endemic Nephropathy

Endemic (Balkan) nephropathy (EN) is a chronic tubule- 
interstitial nephritis affecting residents of rural villages 
located in valleys near tributaries of the Danube River in 
Croatia, Bosnia, Bulgaria, Romania, and Serbia. The signifi-
cant epidemiologic features of EN include its focal occur-
rence in certain farming villages, with unaffected villages 
located in close proximity; a familial but not an inherited 
pattern of the disease, frequently affecting members of the 
same household; occurrence only in individuals older than 
18; occurrence in <10% of households in endemic villages; 
and strong association with upper urinary tract urothelial 
cancer [16]. A variety of environmental factors have been 
explored during the past 50 years, but the results of recent 
studies are fully consistent with the hypothesis that chronic 
dietary exposure to aristolochic acid is the cause of EN [17].

 Renal Replacement Therapy in Croatia

 Hemodialysis

From the early years of HD treatment up to date, great prog-
ress has been made in Croatia, which is based primarily on 
HD devices and equipment technological advancement, as 
well as medicines for patients with AKI or ESRD.  Today, 
there are 45 dialysis centers in Croatia (of which eight are 
private), and dialysis treatment is available for all AKI and 
ESRD patients. Modern dialysis devices with volumetric 
ultrafiltration (UF), profiling of dialysis solutions, ultrapure 
dialysis fluid preparation with special filters (e.g., 
DIASAFE® plus), modern online HDF system, dialysis 
dose calculation, blood temperature monitoring, and a num-
ber of safety sensors are used.

Dialysis water preparation devices are supplied with, at 
least, reverse osmosis, and four dialysis centers produce 
ultrapure water. In some dialysis centers, it is possible to pro-
duce a dialysis solution according to the specific needs of the 

patients (e.g., with different calcium concentration). The 
standards for water quality for dialysis are in accordance 
with the EU guidelines.

A well-functioning vascular access (VA) is a mainstay to 
perform an efficient HD procedure. In Croatia, we are using 
four types of permanent VA: native arteriovenous fistulas 
(AVF) (63%), central venous catheters (CVC) (20%), arte-
riovenous grafts (1%), and ports (1%). In about 15% of 
ESRD patients, chronic HD is initiated by temporary 
CAC.  The preferable locations for CVC insertion are the 
internal jugular and femoral veins. The subclavian vein is 
considered the third choice because of the high risk of throm-
bosis and later vein stenosis. Proper VA maintenance requires 
integration of different professionals to create a VA team 
(nephrologist, vascular surgeon, urologist, members of the 
dialysis staff, radiologist, and infectious disease consultant) 
[18, 19]. They should provide their experience in order to 
give the best options to uremic patients and the best care for 
their VA.

Despite lack of evidence from randomized controlled tri-
als about the optimal time to start RRT, there has been a 
trend, which has leveled off since 2010, in Croatia towards 
earlier initiation of dialysis at higher levels of kidney func-
tion (especially in the pediatric population). This means that 
dialysis may be initiated if difficult-to-control symptoms of 
CKD or ESRD (e.g., metabolic acidosis, hyperkalemia, 
hypocalcemia, hyperphosphatemia, hypertension, fluid over-
load symptoms, renal osteodystrophy, nausea/vomiting, loss 
of appetite, malnutrition, growth impairment, etc.) or the 
degree of disability in daily life manifest during conservative 
medical management even if GFR >15 mL/min/1.73 m2 [20, 
21]. Conventional HD remains the most common treatment 
for ESRD in Croatia and is usually performed for 3–5 hours, 
3  days per week. It should result in a weekly clearance, 
eKt/V, of more than 1.2 (for children and patients with high 
comorbidity 1.4). In the standard HD, blood and dialysate 
flow rates are between 250 and 400 ml/min (depending on 
patients’ vascular access) and 500 and 800 ml/min, respec-
tively. Unfractionated heparin and low-molecular-weight 
heparin are most commonly used as anticoagulant agents. 
It’s our experience that compared to low flux dialysis, high 
flux dialysis, and convective therapies, such as hemofiltra-
tion (HF) and hemodiafiltration (HDF) provide higher clear-
ance of larger solutes, removal of which might improve 
cardiovascular outcomes [22]. About 20% of patients with 
ESRD are treated with post-dilution HDF.

Eighteen years ago, in a prospective study on a cohort of 
37 chronic HD patients, the method of automated capillary 
dialyzer reprocessing with peracetic acid, as a cleansing 
and sterilizing agent, was found to be a safe, effective, and 
money-saving method [23, 24]. However, the reuse of dia-
lyzers did not enter into everyday clinical practice in 
Croatia.
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Since the establishment of the Croatian Registry to 
replace renal function, the 91-day mortality rate from the 
start of HD treatment is between 10.7% and 13.4% [25].

The standards of treatment for renal anemia, bone dis-
ease, and dietary advice are in accordance with the EU 
guidelines. The prevalence of hepatitis B and C among dialy-
sis patients is about 1% and 4%, respectively, and there are 
four patients with acquired immunodeficiency syndrome 
(AIDS) (two on HD and KT, each). Patients with hepatitis B 
and C and AIDS are dialyzed separately from the other 
patients. General population vaccination against hepatitis B 
is a common procedure, and modern Exviera® (dasabuvir) 
and Viekirax® (ombitasvir/paritaprevir/ritonavir) drugs are 
available for dialysis patients with hepatitis C [26].

Nephrologists are mostly responsible for the treatment 
of AKI patients. However, critically ill AKI patients are 
treated in ICUs under the supervision of an intensivist and 
a nephrologist. In most hospital settings, methods such as 
PD, HD, CRRT (all procedures), and sporadically hybrid 
dialysis are used. In case of indication, in clinical institu-
tions it is possible to combine CRRT and extracorporeal 
membrane oxygenation (ECMO) treatment, improvise sin-
gle-pass albumin dialysis, or lately use artificial liver sup-
port systems (Plasma Separation and Adsorption System 
/Prometheus System/ or Molecular Adsorbent Recirculating 
System /MARS/). All of the above methods are used in the 
treatment of adults and children with AKI (special clinical 
hospital for children). Therapeutic apheresis (TA) (mostly 
membrane and at Zagreb UHC also centrifugal) is per-
formed by nephrologists [27]. Sometimes we combine 
CRRT and TA.  In two UHCs, patients with refractory 
hyperlipidemia may be treated with the methods of direct 
adsorption of lipoproteins (DALI) or heparin-induced 
extracorporeal LDL precipitation (HELP).

Croatian nephrologists use adapted European guidelines 
for the organization and work in dialysis centers, prevention, 
and management of acute or chronic kidney disease.

The conditions for work in dialysis centers are deter-
mined by the rulebook on minimum conditions in view of 
space, employees, and medical-technical equipment for 
performance of health activities [28]. Doctors working in 
dialysis centers must be specialists of internal medicine 
and/or nephrologists or pediatricians with dialysis training. 
The provisions are as follows: (1) one doctor of medicine 
for 30 patients on chronic HD in clinical settings, (2) one 
doctor for 40 patients on chronic HD at dialysis centers in 
general hospitals and at PD, (3) one doctor for 50 HD 
patients in outpatient dialysis centers, (4) one bachelor of 
nursing specialist in HD for up to four patients at hospital 
dialysis centers, (5) one bachelor of nursing specialist in 

the field of HD for up to five patients in outpatient dialysis 
centers, and (6) one bachelor of nursing specialist in HD at 
ten patients on PD.

The Croatian Health Insurance Fund (CHIF) covers the 
cost of treatment with all types of extracorporeal RRT, TA, 
lipoprotein apheresis, and artificial liver. The annual cost of 
classic bicarbonate HD is 160,000 HRK (21,600 €), while 
online HDF costs 172,000 HRK (23,200 €).

 Peritoneal Dialysis

The number of patients treated with continuous ambulatory 
peritoneal dialysis (CAPD) and later with automated perito-
neal dialysis (APD) has increased gradually, in parallel with 
technological advancement. New developments in prevent-
ing the causes of technique failure, including measures to 
prevent serious peritonitis episodes, and new biocompatible 
PD solutions with neutral (Balance) or physiological 
(Physioneal, Bicavera) pH, together with the advantages of 
some types of catheters and implantation techniques (e.g., 
peritoneoscopic implantation), as well as systematic educa-
tion of patients and their family members, have encouraged 
us to apply PD more frequently in treating patients with AKI 
(especially children) and ESRD.

However, in Croatia, PD has always been (although not 
justified) the second method of choice for RRT. In the last 
two decades, the percentage of patients treated with this 
method has been between 2.8% and 7%. APD is used in 
25% of patients. Peritoneoscopic implantation is the pre-
ferred method of catheter placement for PD. New biocom-
patible dialysis solutions are mainly used. There is an 
organized systematic training of patients for independent 
performance of PD. Today, the rate of peritonitis is low, i.e., 
one episode per 40–55 patient- month. The mean annual 
mortality rate is 8.6%, which is significantly lower than the 
mortality of patients treated with HD (12.6%) [29]. Due to 
previous poor experience with encapsulating peritoneal 
sclerosis (EPS) [30], treatment of PD patients is limited to 
up to 4 years.

Since the establishment of the Croatian Registry to 
replace renal function, the 91-day mortality rate from the 
start of PD treatment is between 5.6% and 8.6% [25].

The CHIF covers the cost of PD treatment. If CAPD is 
performed with solutions containing low-glucose degrada-
tion products, buffered with either lactate, bicarbonate, or 
both, and if the use of an amino acid-containing or 7.5% 
icodextrin-containing solution is indicated, the annual cost 
of treatment is about 150,000 HRK (20,300 €). Annual APD 
treatment costs 180,000 HRK (24,300 €).
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 Kidney Transplantation

Two decades ago, Croatia was lagging far behind other 
European countries with a low donation rate (2.7 donors pmp 
in 2000) and consequently with a small number of KTs. The 
persistent efforts to organize and gradually improve the 
national organ transplant program in Croatia have resulted in 
a steadily growing donor rate, which reached its highest level 
in 2015, with 37.9 donors pmp (Fig. 36.1). The transplant 
program is mostly based on deceased donors. There is a very 
low percentage of kidney-living donors (8.3% in the last 
10  years), predominantly recipients’ relatives (79.5%). 
Altruistic living kidney donation from unrelated individuals 
is allowed, but not encouraged. A sustained increase in organ 
donation rate was one of the preconditions for the Croatian 
full membership in the Eurotransplant (ET) in 2007 (at that 
time as the only one outside the EU). Today, the ET network 
consists of Austria, Belgium, Croatia, Germany, Hungary, 
Luxembourg, The Netherlands, and Slovenia, serving a total 
population of around 136  million people. ET membership 
has provided a larger donor pool and makes it easier to 
achieve better match between available donor organs and 
patients on the waiting list, thereby improving both short- 
term and long-term outcomes of transplantation. Owing to 

special ranking on the waiting list, children, high-immunized 
and high-urgency patients, have a better chance to receive an 
organ relatively quickly.

The key factors that have contributed to the development 
of a successful model for organ donation and KT in Croatia 
in the past two decades were the following [31, 32]: (1) legal 
regulation for deceased donation based on a presumed con-
sent, which means that body parts may be used for transplan-
tation only, if the deceased person did not make any written 
statement to be against organ donation [33, 34]. A non-donor 
registry has been implemented and maintained by the 
Croatian Ministry of Health; (2) appointment of the national 
transplant coordinator (since 2003, Mirela Bušić, MD), 
together with eight transplant coordinators attending a 
24-hour duty desk at the Ministry of Health and 32 transplant 
coordinators at the hospitals. Both groups are joined in the 
national coordination network; (3) proactive approach and 
early identification of all potential donors, improvement and 
implementation of standardized protocols for optimal donor 
management; (4) improvements in the screening of candi-
dates for KT, careful pretransplant patient evaluation, and 
waiting list management; (5) implementation of a new finan-
cial model with donor hospital reimbursement, as compensa-
tion for the lack of financial resources, inadequate salaries, 
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and shortage of health personnel; (6) long-term positive pro-
motion of organ donation in all public media, encouraged by 
the National Ministry of Health, professional societies of the 
Croatian Medical Association (primarily CSNDT), Croatian 
Medical Chamber, patient associations, and positive attitude 
of the authorities of religious communities, have improved 
public awareness of organ donation; and (7) the significant 
increase in the organ donation rate prompted the European 
health community to recognize the Croatian model of organ 
donation and transplantation, which was one of the precondi-
tions for the Croatian membership in the ET.

The number of donors has been stagnating in recent 
years or slightly increasing by 2% per year on average, in 
Europe. Just the opposite, thanks to the unique model of 
organ donation, Croatia has had one of the highest rates of 
organ donation in the world for nine consecutive years 
(>30 pmp). In 2010, there was a record increase in the num-
ber of donors (64.9%) and total number of solid organ 
transplants (57%). At the same time, Croatia reported the 
highest deceased and living donors’ KT rate (56.7 pmp) up 
to that date. The positive trend has stabilized at 48  pmp 
between 2011 and 2018 (range 39.7–55.2 pmp). Compared 
to 2017, the number of donated and transplanted organs 
increased by 19% and 11%, respectively, in 2018. A suc-
cessful donor program with a record rate of 41 and 37 pmp 
performed organ donors was equally successfully followed 
by solid organ transplantation programs (183 kidneys, 133 
liver, 37 heart, and 3 pancreas) with a total transplant rate 
higher than 86 pmp [35].

Thanks to good organization and increasing number of 
donors, a “senior program” was established in Croatia before 
joining the ET (2004) [36], while experience with combined 
organ transplantation (kidney and pancreas) was sporadic. 
Following the ET approach, combined organ transplantation 
(kidney en bloc, kidney + pancreas, kidney + liver, and kid-
ney + heart) is routinely done in Croatia, and pre-emptive 
kidney transplantation has started. The active waiting list in 
Croatia was reduced by 85.6% between 2000 and 2014. In 
the last 4 years, there have been between 124 and 206 patients 
on the waiting list. The waiting time for the kidney transplant 
has been reduced from 12 years (2007) to less than 12 months. 
In the meantime, the average age of transplanted patients 
(but also deceased donors) has increased, and so did the 
number of patients with second transplant. Due to better pre-
vention and treatment conditions, the number of transplant 
patients with hepatitis B or C decreased, and the first patients 
with AIDS were transplanted.

Croatia is an example that middle-income countries may 
follow the results of organ transplantation from developed 
countries only if there is consensus of the professional com-
munity and health policy on transplantation as a national, 

public health interest. Today, Croatia belongs to the category 
of countries with the most effective transplantation system in 
the world.

The financial model according to which donor prepara-
tion and organ transplantation are paid as a separate item of 
the state budget was implemented in Croatia in 2006. 
Depending on the complexity and type of transplant proce-
dure, the price paid by CHIF ranges from 70,000 to 220,000 
HRK (9500–29,700 €). For the preparation and realization of 
donors, the hospital receives an additional asset of 40,000–
55,000 HRK (5400–7400 €), depending on the donor cate-
gory (multiorgans, organ, and/or tissue) [31].

 Nephrology Practice in Croatia

Renal medicine has experienced unprecedented growth over 
the past 30  years, driven in part by the rising number of 
ESRD patients requiring dialysis and/or KT. Solid evidence 
for the increased numbers of patients requiring RRT is the 
development of multiple new renal units both in teaching 
hospitals and district general hospitals. Today, nephrology 
encompasses a wide range of clinical treatments for AKI, 
CKD, and ESRD, as well as the prevention and treatment of 
numerous complications of CKD, selection and preparation 
of KT patients, as well as care for patients after transplanta-
tion [37]. Training in nephrology follows the Croatian- 
agreed renal medicine curriculum (which is in accordance 
with the education program in the European Union) and is 
competency-based. During this period, the specialist trainee 
will rotate between the sub-disciplines of nephrology includ-
ing KT, dialysis, and general nephrology. Procedural skills in 
placing ultrasound-guided central venous catheters for dialy-
sis, native and transplant kidney biopsy, as well as the acqui-
sition of knowledge for performing HD, PD, and APD, 
CRRT and TA methods are a mandatory component of train-
ing. During specialization, future nephrologists have to 
acquire due knowledge of kidney diseases and their interac-
tion with other organ systems. Some nephrology trainees, 
and particularly those with special interest in AKI, have 
combined renal medicine and intensive care medicine train-
ing and forge a career in the interface areas between critical 
care and nephrology [15].

The renal workforce plays a pivotal role in kidney care 
delivery and includes primarily nephrologists, and 
nephrology- oriented nurses, who hold different levels of 
responsibility. Nephrology nurses work closely with patients 
who require ongoing care or life-sustaining treatment. Using 
dialysis, KT, and other treatment methods, nephrology 
nurses manage illnesses such as CKD and ESRD [7, 8]. 
Nurses working in the ICU where patients are treated for 
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AKI (which is often part of MOF) must be familiar with the 
technology of various dialysis treatments (CRRT, hybrid 
dialysis) and other extracorporeal treatments (albumin dialy-
sis, hemoperfusion) [15, 38–40]. Their work directly impacts 
the quality of life and end-of-life care of renal patients.

Financial compensation plays an increasing role in choos-
ing nephrology specialty training. Today, the average salary 
of a nephrologists and renal nurses is between 11,100 and 
14,800 HRK (1500 and 800 €) and 6000 HRK (800 €), 
respectively. It is commonly believed that other internists 
(e.g., cardiologist, gastroenterologist) may achieve better 
earnings. Furthermore, salaries of nephrologists but also of 
nephrology nurses are significantly better in developed coun-
tries of the European Union, which is why nephrology medi-
cal staff are increasingly leaving Croatia.

 Highlight of Nephrology in Croatia

The tragic events that occurred in Croatia in mid-October 
2001 resulted in unexpected deaths of 23 patients on chronic 
HD in a single week. Five patients died during HD, and 
another 18 patients died within several hours after HD had 
been completed. The clinical presentation was characterized 
by acute onset of illness with various degrees of chest tight-
ness, progressive dyspnea, and cardiac arrest. Standard 
resuscitation measures, including mechanical respiratory 
assistance and inotropic agents, were unsuccessful. The 
warning of sudden deaths among ESRD patients treated with 
HD in six dialysis centers prompted us to organize an emer-
gency medical council composed of nephrologists and epi-
demiologists. Epidemiological information was crucial to 
understand the events. It was found that HD injuries occurred 
simultaneously in several dialysis units with somewhat dif-
ferent dialysis practice. However, all patients that died were 
dialyzed by the Althane series single-use dialyzer (Baxter/
Plivadial P-15/lot 2001F075 and P-18/lot 2001B17R). 
During the inquiry (October 13, 2001), all dialysis units were 
informed of suspicion regarding incriminated dialyzers and 
the necessity of their withdrawal from use. There were no 
additional deaths of HD patients after withdrawal of the 
incriminated dialyzers [41].

Considering the epidemiological and clinical facts, fol-
lowed by subsequent animal experimental results, the cause 
of patient deaths was discovered. The causal agent was the 
performance test liquid (PF5070) used in the dialyzer manu-
facturing process to detect leaks in the bundle fibers. This 
test fluid was not removed properly after dialyzer assembly. 
The intravenous passage of PF5070 test fluid at the time of 
dialysis priming emulsified patient blood, thus creating 
microbubble aggregates that subsequently plugged pulmo-

nary capillaries, created patchy lung infarction, and eventu-
ally led to severe hypoxemia with lethal outcome [42].

The quick and accurate conclusions made on the basis of 
epidemiological information allowed us to rescue the lives of 
many other patients in Croatian dialysis centers (they had a 
stock of “deadly” dialyzers) and probably in other countries 
as well. Furthermore, we helped explain sudden patient 
deaths during HD in Spain (later in August 2001) and in the 
meantime in the USA, Italy, Germany, Taiwan, and Colombia.

Undoubtedly, KT is the greatest success of Croatian 
nephrology, as described in a separate section. The example 
of Croatia shows that development of surgical transplant 
techniques, long-term transplant tradition, or existence of 
national transplant organizations is not, by themselves and 
individually, a guarantee for a successful transplant system, 
if they are not accompanied by a set of appropriate legal, 
financial, and primarily organizational measures. Today, 
there are several successful transplant organizational mod-
els, among which the Croatian model has established itself 
because of the results achieved. The specificity of our model 
is characterized by successful integration elements of good 
“European” medical practice and organizational solutions of 
developed European countries (e.g., Spanish model of trans-
plant coordinators and ET allocation system) in the context 
of the political system and socioeconomic capabilities of 
your own health system. The Croatian model has been inter-
nationally recognized as very successful and suitable for 
implementation in other similar countries. Because of that, 
following the South-Eastern Europe Health Network meet-
ing in 2001, Croatia became a pioneer in legislative changes 
and set an example for the Eastern and Central European 
region. Croatia remains the role model for the region with 
the most successfully providing support for development of 
deceased organ donation and transplant programs under the 
guidance of the Regional Health Development Centre on 
Organ Donation and Transplant Medicine [43].

 Future Perspectives of Nephrology in Croatia

Today, both in Croatia and the world, ever more patients are 
suffering from AKI, CKD, or ESRD. It is therefore important 
to detect patients at an early stage of the disease and treat 
them appropriately.

Because of the significant improvement in PD technol-
ogy, individualization of dialysis treatment, preservation of 
renal residual function (RRF) (better than HD) that leads to 
longer ESRD patient survival, improvement in the quality of 
life (with lower treatment costs), and short waiting times for 
kidney transplant, it is advantageous to start with PD as the 
first dialysis method.
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In Croatia, HD treatment is performed at a relatively high 
level. It is important to continue with improving working 
conditions in dialysis centers and continually renewing dial-
ysis devices.

KT is at an enviable level and everything needs to be done 
to keep it so. The current educational framework in Croatia 
encourages students to pursue nephrology. In order to stimu-
late the interest of the students in their later specialization in 
nephrology, it is necessary to redesign educational styles and 
to emphasize the case-based application of theoretical and 
physiological principles within the internal medicine curricu-
lum. It is also important to increase educational responsibili-
ties of the nephrologists during medical student internship and 
encouraging nephrology mentorship for medical students.

Nephrology staff should be provided with better working 
conditions and appropriate wages, so that they would not go 
abroad after their expensive education.
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General Table. General information about the Czech Republic

Area1 78,867 Km2

Population2 10,649,800 (2019)
Capital Prague
Three most populated cities 1. Prague

2. Brno
3. Ostrava

Official language Czech
Gross domestic product (GDP)3 244,110,000,000 USD 

(2018)
GDP per capita3 23,344 USD (2018)
Human Development Index (HDI)4 0.888 (2017)
Official currency Czech crown (CZK)
Total number of nephrologists5 254
National society of nephrology Czech Society of 

Nephrology
www.nefrol.cz

Incidence of end-stage renal disease5 2018 – 238 pmp
Prevalence of end-stage renal disease5

(including patients with a functioning 
kidney transplant)

2018 – 1151 pmp

Total number of patients on 
dialysis5(all modalities)

2017 – 6768 (638 pmp)
2018 – 6990 (656 pmp)

Number of patients on hemodialysis5 2017 – 6373 (600 pmp)
2018 – 6631 (622 pmp)

Number of patients on peritoneal 
dialysis5

2017 – 395 (37 pmp)
2018 – 359 (34 pmp)

Number of renal transplantations per 
year

2017 – 469 (44 pmp)
2018 – 508 (48 pmp)
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Accessed May 21 2020

3.  Czech Republic  - Economic Indicators. Trading economics. 2020. 
https://tradingeconomics.com/czech-republic/indicators. Accessed 
May 21 2020

4.  Czechia. United Nations Development Programme. 2020. http://hdr.
undp.org/en/countries/profiles/CZE. Accessed May 21 2020

5.  Národní data. Registr dialyzovaných pacientů. 2020. http://www.
nefro.cz/o-rdp/rrt-data-v-čr/národn%C3%AD-data/. Accessed May 
21 2020

 Introduction

The Czech Republic, officially also Czechia, was established 
in 1993 after a peaceful “divorce” of the previous Czech and 
Slovak Federative Republic (Czechoslovakia). It is a land-
locked country located in Central Europe bordering four 
countries. The Czech Republic is a demographically stable 
country with 10,649,800 inhabitants in 2019. The informa-
tion in the General Table summarizes key data concerning 
the Czech Republic [1–5].

The official currency is the Czech Crown (CZK), intro-
duced in 1993 after the abovementioned separation of 
Czechoslovakia. Czech Republic is a member state of the 
European Union (although not a member of the eurozone, 
thus, the Euro is not the official currency) and North Atlantic 
Treaty Organization (NATO). The Czech gross domestic 
product was 244,110 million USD in 2018 [3]. The Czech 
economy is export-oriented with a large share of industry, 
especially automotive, and its biggest trading partner is 
neighboring Germany.
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The Czech Republic is a unitary state with a parliamen-
tary democratic regime. The head of government is a prime 
minister. The Czech president does not have strong executive 
powers, although his informal role and moral authority are 
historically high. Administratively, there are 13 regions and 
the capital city of Prague, which have no legislative auton-
omy. There are 6253 municipalities and the 5 most populated 
are Prague, Brno, Ostrava, Pilsen, and Liberec [6]. The popu-
lation is highly urbanized with approximately 73.5% urban 
dwellers [7]. The official language is Czech, which devel-
oped throughout centuries and finally codified in the nine-
teenth century.

Czech history is rich, dating back to the Dark Middle 
Ages, but its “golden era” was in High Middle Ages when 
Prague belonged among the cultural and also political cores 
of the Holy Roman Empire. In the second half of the four-
teenth century, the Bohemian king Charles IV was also the 
Roman Emperor. Moreover, he established the Charles 
University in Prague which was the first university north of 
the Alps. The modern history is connected with the national 
movement in the nineteenth century which strived for politi-
cal autonomy within the Habsburg empire in the beginning, 
later for full independence. Czechoslovakia was established 
an independent country in 1918 as one of the successor states 
of Austria-Hungary.

Yet the democratic so-called First Republic was highly 
developed and it had important Western allies (mainly 
France, UK), it did not prevail for a long time for it was 
seized by the Nazi Germany in 1939, Slovakia having sepa-
rated from the rest of the state. After the World War II, 
Czechoslovakia was re-established but hardly as an inde-
pendent country; it was under a strong USSR influence, 
participating in the introduction of a pro-Moscowian 
regime, which shortly after switched to an authoritarian 
communist rule. In 1989, the Czechoslovak Socialist 
Republic went through a so-called Velvet Revolution which 
led to the fall of the communist regime and the country 
regaining its independence. However, the nationalistic ten-
dencies in Slovakia gradually led to the peaceful split of the 
federation, and in 1993, two successor states – the Czech 
Republic and Slovakia – came into existence. The Czech 
Republic entered NATO in 1999 and the European Union 
(EU) in 2004, finalizing its Euro- Atlantic integrational 
ambitions.

Healthcare in the Czech Republic was switched into a 
system of healthcare including insurance companies in 
1990. All residents are currently members of the healthcare 
insurance system, being insured by one of the seven insur-
ance companies. Healthcare providers are either public or 
private ones. Renal replacement therapy (RRT) is provided 

and fully covered for all patients. While transplantations 
are mostly performed by public entities, about two-thirds of 
chronic dialysis treatment are provided by corporate 
providers.

 Brief History of Nephrology  
in the Czech Republic

The origins of the Czech (or Czechoslovak) Society of 
Nephrology date back to the 1950–1960s and are closely 
connected with the activities of its founders  – Jan Brod, 
Otto Schück, Josef Erben, Karel Opatrný, Jiří Jirka, and 
Mirko Chytil. The seminal person of Czech nephrology 
was undoubtedly Jan Brod (1912–1985) [8]. After gradua-
tion, he worked in the laboratory of Prof. Eppinger in 
Vienna in 1938, after World War II with Prof. Pickering in 
London and in the laboratory of the famous renal physiolo-
gist Homer Smith in the United States. He returned to 
Prague, Charles University, in 1947 and brought back the 
lifelong interest for renal physiology, pathophysiology, and 
the role of the kidney in the regulation of blood pressure. 
He founded the first nephrology-oriented division in 
Czechoslovakia. In 1951, he became director of the Institute 
for the Disorders of Circulation in Prague. He actively par-
ticipated in the “Prague Spring” in 1968, and after the 
Soviet invasion to Czechoslovakia, he emigrated to West 
Germany where he continued his research and educational 
activities at the University of Hannover until his death. Jan 
Brod was a man with a high international reputation. In 
1962, he was the President of the 2nd Congress of the ISN 
held in Prague. The scientific activity of Jan Brod focused 
on the role of the kidney in hypertension, but he was also 
interested in the treatment of nephrotic syndrome with 
cytotoxic drugs, acute glomerulonephritis, and pyelone-
phritis. He also introduced the renal biopsy in 1960 [9]. In 
1973, his monograph The Kidney [10] was one of the most 
successful textbooks of nephrology of the time, at least in 
Europe. Renal physiology and clearance studies remained 
the main interest of another important Czech nephrologist 
Otto Schück. His monograph Examination of Kidney 
Function [11] remains probably the best textbook concern-
ing the application of clearance methods in clinical 
nephrology.

The first hemodialysis (HD) to be performed in Prague 
was by Mirko Chytil and Severin Daum with a modified 
Alwall artificial kidney in the First Medical Faculty, Charles 
University in 1955 [12]. The young lady treated for suicide 
sublimate intoxication survived. At that time, Prague was the 
only place behind the “iron curtain” where the artificial kid-
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ney was available and patients from neighboring “socialis-
tic” countries were transported to Prague by helicopter to be 
dialyzed. Chronic dialysis was also introduced in this depart-
ment in the early 1960s which was soon followed by further 
dialysis units in Pilsen, headed by Karel Opatrný, and in 
Hradec Králové, headed by Josef Erben. The latter was a 
graduate fellow of Prof W.  J. Kolff (Cleveland) where he 
learned how to perform dialysis and transplantation. In 1968, 
when he returned to Hradec Králové, Erben developed a 
Czechoslovak prototype of the so-called Hradec Králové 
dialysis system with central tubing of dialysate solution and 
six centrally simultaneously controlled dialysis monitors. 
Furthermore, in 1969, he published his experience with sub-
clavian vein cannulation in chronic hemodialysis patients 
[13] which is generally considered to be the first report on 
this topic worldwide.

The nephrological section of the Czech Society of Internal 
Medicine was also formed by Brod, Chytil, Jirka, and others 
in 1958. It was the predecessor of the later Czechoslovak 
Society of Nephrology [12].

In the 1970s–1980s, dialysis devices were imported 
from Western countries (mostly Gambro AK-10 moni-
tors). The interesting fact is that three different dialysis 
units (UL-2, Rena, Chiradis) were consecutively devel-
oped in Czechoslovakia during the 1970s, but they were 
not used widely. However, coil dialyzers were made in 
Czechoslovakia, sometimes literally “produced” by doc-
tors at centers who made dialysis catheters and some other 
equipment by themselves. The production of dialysis cen-
tral venous catheters was entrusted to the most careful 
ones: the first step was to carefully heat the razor-cut sec-
tion of a scarce non-wettable plastic “tubing” imported 
from capitalist Sweden and centrally authorized by the 
Ministry of Health. After shaping the “tip” of the catheter, 
it was necessary to make the side holes to ensure that the 
surface remained non-wettable. There was a single-
imported “spike,” whose blade was maintained by grind-
ing on sanitary tiles. Thus, the main problem of dialysis 
treatment was neither technology nor human factor but 
the permanently insufficient capacity of the centers. 
Technology has existed in the world but only in a ridicu-
lously small amount in Czechoslovakia. Dialysis nephrol-
ogy was not among the priorities of power structures. The 
important and internationally renowned person in this 
time was Albert Válek, who founded the largest dialysis 
unit in Prague, Strahov, and contributed to the promotion 
of dialysis methods and care for patients with end-stage 
renal disease (ESRD). He also contributed to the introduc-
tion of continuous ambulatory peritoneal dialysis (CAPD) 
in Czechoslovakia. In 1980, he organized the EDTA 

Congress and in 1988 the ESAO Congress in Prague. 
Home HD was carried out in the early 1980s, although 
temporarily and only in two to three centers. The sole rea-
son was the effort to expand the dialysis capacity. 
Meanwhile, the same goal led to a large spread of “self-
care” methods and even the application of peritoneal dial-
ysis (PD) in unfavorable conditions. In Czechoslovakia in 
the 1980s, little progress was made in the field of nephrol-
ogy, for example, in 1989 only about 50 patients pmp 
were dialyzed in only 23 dialysis units in the entire coun-
try of 15.3 million inhabitants in that time, and patients 
with systemic diseases affecting the kidney (including 
diabetes) and persons older than 50 years were excluded 
from the chronic dialysis program. All dialysis devices 
were imported, and domestically made coil dialyzers were 
prevalent. Single-imported hollow fiber dialyzers would 
be so rare that they would be reused (sterilizing agent 
would be acetic acid) repeatedly, up to more than ten 
times. Furthermore, the first experience with hemodiafil-
tration (HDF) using replacement solution in bags was also 
obtained in the mid-1980s, at that time as a part of alumi-
num intoxication treatment together with Desferal among 
other things [12].

The initiation of PD dates back to the mid-1970s. It 
was associated with two to three sites where, due to the 
critical lack of HD capacity, this method was introduced 
as having poor outcomes but still possible treatment 
option. The critical problem was not only the primary 
unfamiliarity with the method but also the technical prob-
lems and conditions. While relatively modern imported 
devices were available for HD, almost nothing was avail-
able for PD. Only PD catheters would be imported. The 
dialysis bags were completely unavailable. The only 
option was to use the solution in glass bottles. The solu-
tion for these centers was prepared by a magistral in 
friendly pharmacies, dissolving the salts in boiled sterile 
water. Overall results were poor. The main treatment and 
patient survival limitation would be peritonitis. Its occur-
rence used to be on the daily basis (the bottle solution was 
continually contaminated with air). The only positive 
thing was to gain experience; rarely it was possible to 
“bridge” the waiting period for HD [12].

Early attempts of kidney transplantation began in Hradec 
Králové as early as 1961; however, in 1966, the first success-
ful living donor kidney transplantation was performed at the 
Institute for Clinical and Experimental Medicine (IKEM) in 
Prague with the important contribution of Jiří Jirka [12]. This 
was the beginning of the regular and expanding transplanta-
tion program in this institute, succeeded by further transplan-
tation centers in Pilsen, Hradec Králové, Olomouc, Brno, 
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and Ostrava. Jiří Jirka was also the first one who attempted to 
introduce the manual peritoneal dialysis program.

During the 1970s, two of the most prominent Czech 
nephropathologists – Josef Stejskal and Pavel Rossmann – 
advanced their career and became internationally known. 
Stejskal was focused on the topic of changes of the glomeru-
lar basal membrane [14] and Rossmann on rejection of kid-
ney transplant [15].

The 1990s were characteristic with the dynamic develop-
ment of renal treatment, especially dialysis. For instance, the 
number of dialyzed patients increased threefold. The signifi-
cant modernization of medical appliances was an important 
feature of this period. Likewise, the research in dialysis started 
to be more important, and it was devoted the most to the topic 
of biocompatibility and coagulation (Karel Opatrný Jr), dialy-
sis adequacy (František Lopot), renal bone disease (Sylvie 
Dusilová Sulková), but also conservative treatment (Vladimír 
Teplan). Moreover, other important nonphysicians dedicated 
their professional life to dialysis, among them František Lopot, 
clinical bioengineer, and Jitka Pancířová, renal nurse, who 
both were long-term presidents of EDTNA/ERCA.

In the 1990s, the Czech Society of Nephrology (CSN) 
broadened its activities and increased the number of its mem-
bers. The society reorganized the National Dialysis Patients 
Register and introduced the Czech Registry of Renal Biopsies, 
and a new journal dedicated to nephrology (Aktuality v 
nefrologii) was founded. Furthermore, enhancement of the 
quality of nephrology education (theory and practice) was 
conveyed to the young generation of dialysis physicians. The 
CSN accommodated the centers with professional and orga-
nizational help, even the leaders came to assist centers where 
experienced doctors were missing. The CSN Junior 
Nephrologists Club was established and became an important 
and popular tool in nephrology education as well as a place to 
meet young colleagues from the entire country [12].

The development after 2000 has been characterized with 
stabilization of RRT, even more significantly after the Czech 
Republic entered the EU.  On the other hand, the negative 
aspect of this period has been an outflux of medical person-
nel (physicians and nurses as well) abroad; the destination 
countries have been mostly Germany and Austria due to sig-
nificantly better financial conditions.

Nevertheless, the total number of nephrology experts has 
increased during the last three decades. Besides nephrologi-
cal, educational, and scientific activities developing signifi-
cantly in Czechia, Prague has repeatedly been a venue of 
numerous European medical congresses – the ERA-EDTA 
hosted again its Congress in Prague in 2011. Many interna-
tional educational meetings organized by the ERA-EDTA 
and the ISN as well as other medical societies focused on 
nephrology took place in Prague. New generations of Czech 
nephrologists have been highly involved in international 
cooperation (mostly under the umbrella of the ERA-EDTA) – 

Ivan Rychlík, Vladimír Tesař, and Ondřej Viklický among 
them. Despite the long-lasting history and the successes of 
the Czech nephrology, at the present time, nephrology has 
lacked the attention and interest of young colleagues, who 
otherwise would continue in the nephrological tradition, due 
to the high competition with other medical specialities.

 Renal Diseases in the Czech Republic

 Chronic Kidney Disease

Epidemiology of chronic kidney disease (CKD) in the Czech 
Republic is not significantly different from Western European 
countries, and Czech Republic belongs among the countries 
with the highest incidence and prevalence of RRT [16]. The 
most common cause of end-stage renal failure (ESRD) is 
diabetic kidney disease (more than 30% of all patients), fol-
lowed by vascular disease (probably as combination of 
hypertensive nephrosclerosis and ischemic nephropathy); 
the proportion of ESRD caused by glomerular diseases is 
relatively stable and does not surpass 10–15%. Almost 8% of 
patients treated by RRT have developed ESRD due to auto-
somal dominant polycystic kidney disease, the most frequent 
inherited kidney disease in Czechia.

Among primary glomerulonephritides (based on the data 
from the Czech Registry of Renal Biopsies, running since 
1994 and currently collecting more than 15,000 native renal 
biopsy records), the most frequent is IgA nephropathy 
(37%), followed by membranous nephropathy (13%) and 
focal segmental glomerulosclerosis (12%), among second-
ary glomerulonephritides, lupus nephritis (22%), and 
ANCA- associated vasculitis (19%) [17, 18]. There is no 
endemic renal disease in the Czech Republic, but because of 
very good screening and diagnostics of inherited metabolic 
disease, Czech Republic is among the countries with the 
highest number of patients with Fabry disease treated with 
chronic enzyme replacement therapy [19].

 Predialysis Care

Predialysis care is for a long time a routine part of outpatient 
dialysis preparation, particularly based on a local dialysis unit 
catchment area. A relatively new activity applied by insur-
ance companies is the financial bonification of patient prepa-
ration to be enrolled preemptively to a kidney transplant 
waiting list, which is still rare. On the other hand, one very 
significant problem is late arrivals to predialysis care, which 
reaches about 20–40% of the patients entering RRT [20]. 
Long-term systematic hepatitis B vaccination practically 
eradicated this disease among the dialysis population. The 
same is true for recently applied hepatitis C antiviral therapy, 
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fully reimbursed, which has resulted in almost null preva-
lence of HCV among dialysis patients. In 2018, the preva-
lence of HBV-DNA positivity was confirmed in about 0.3% 
patients and HBsAg positivity in about 0.6%. HCV- RNA 
positivity was confirmed in 0.1% and anti-HCV positivity in 
about 1.0%. HIV rate in HD population is not publicly avail-
able. A long-lasting problem is the limited capacity of vascu-
lar surgeons for early creation of arteriovenous fistulas, which 
is further enhanced by aging, high diabetes prevalence, and 
significant polymorbidity. This dismal situation results in 
increasing the number of patients entering chronic dialysis 
treatment with central venous catheters [5]. In the end of 
1990s, the routine use of human recombinant erythropoietin 
(rHuEPO) started for predialysis patients and later. Other 
modern drugs like non-calcium-containing phosphate bind-
ers, vitamin D analogues, etc. were also introduced.

Since 2009, the CSN has also been running the Registry 
of Predialysis Patients (RIP) [5]; data are collected on volun-
tary basis from all predialysis patients treated in nephrology/
dialysis units, cooperating with the registry of dialysis 
patients (RDP). The inclusion criteria are s-creatinine level 
>300 μmol/l for males and 250 for females and systematic 
outpatients management for CKD. Besides basic entry data 
(age, gender, height, weight, PRD – primary renal disease), 
further laboratory and therapy data are reported quarterly 
using an electronic database. In total, 5104 patients were 
reported in a 10-year period (2009–2018) from 71% of all 
dialysis units in the country, with male prevalence of 53% 
and median follow-up of 24  months. The most frequent 
PRDs were diabetic kidney disease 26%, glomerulonephritis 
15%, ischemic nephropathy 12%, tubulointerstitial nephritis 
9%, and inherited kidney diseases 3.5%, while the preva-
lence of unspecified contracted small kidney was quite high 
reaching 31%. Concerning drug treatment: 31% used keto-
analogues; 27% phosphate binders; 38% ACE-i; 26% ARB; 
82% diuretics; 17% were treated with erythropoiesis- 

stimulating agents (ESA) with a mean dosage of 4547 IU; 
and 60% used vitamin D (all forms). Concerning follow-up, 
44% entered RRT, 6% underwent transplantation (after start-
ing RRT), and 18% died before entering RRT.

 Acute Kidney Injury and Critical Care Nephrology
Patients with acute kidney injury (AKI) are treated together 
by nephrologists and intensivists (particularly when they 
need to be admitted to the intensive care unit). There are no 
exact data on the epidemiology of AKI in the Czech popula-
tion, but incidence and prevalence of AKI among hospital-
ized patients and its outcome may hardly be much different 
from that recently reported from Germany [21]. With the 
increasing number of diagnostic and therapeutic interven-
tions, there is an increasing proportion of AKI associated 
with revascularizations and cardiovascular surgery, although 
sepsis definitely remains the leading cause of AKI in the hos-
pital setting.

 Renal Replacement Therapy  
in the Czech Republic

RRT for ESRD in Czechia encompasses HD and PD modali-
ties, as well as both living and deceased donor transplanta-
tions. The majority of prevalent patients either are undergoing 
HD or already transplanted. Of note, about two-thirds of 
dialysis patients are treated by online HDF which is fully 
reimbursed.

In 2018, the prevalence of patients in dialysis was 6990, 
and further 5204 were followed after kidney transplantation 
(Fig.  37.1). Most of the data presented herein is from the 
Czech Society of Nephrology’s registry of dialysis patients 
(RDP) [5], which was converted to a fully electronic report-
ing system in 2004 and currently covers all dialysis centers 
in Czechia.
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 Hemodialysis

Since the early 1990s, HD capacity has largely and rapidly 
developed, and the high quality of the equipment has been 
maintained, the number of centers rose to a hundred in a few 
years, and structural changes took place in the former exclu-
sively state sector (establishment of new  – both state and 
non-state – centers). HDF with online preparation of substi-
tution solution has been for many years not only available 
but also a preferred method of extracorporeal treatment of 
chronic renal failure. Currently at least half of the centers use 
this method exclusively [5], and about 74% of all patients are 
treated with this method. Other convective methods have not 
been used so often (Fig. 37.2).

Erythropoietin or ESA products have been available since 
1988, albeit at first in limited amounts, but today without any 
restrictions and fully covered by health insurance, i.e., without 
patient’s financial contribution. Moreover, the complete dialy-
sis care and even transportation to/from dialysis treatment is 
being covered by health insurance. After 2010, several new 
drugs have been introduced, which are currently used, e.g., 
calcium non-containing phosphate finder, analogues of vita-
min D, etc. In addition, some new technological procedures 
have been implemented – e.g., bioimpedance hydration mea-
surement (BCM, body composition monitor) [22].

Currently, there are more than 115 dialysis centers in the 
Czech Republic, often with 20 or more dialysis beds, run in 3 
shifts regime. About one-third is nonprofit (public sites), and 
two-thirds are private dominated by Fresenius Medical Care 
and B. Braun. The standard schedule is 4–5 hours per session 
(96% of all patients; mean duration 4.34 hours) three times a 
week (89%), while other regimes are relatively minor (<4 hours 
3.5%, >5 hours 0.7%), twice a week 10.3%, and others 0.7%.

No official HDF prescriptions exist, but the most common 
targets are blood flow ≥350  ml/min, convective volume 

>21.0 L/session, and online post-dilution HDF is used the 
most. Polysulfone membranes are the most commonly used, 
and reuse of dialyzers is not allowed.

With regard to vascular access – the prevalence of native 
AV fistulas is approximately 70%, grafts 5%, and long-term 
catheters 25%, but a lot of patients (about 50%) enter chronic 
dialysis with a temporary catheter. Monitoring of AVF 
 function by the thermodilution method is widely applied 
among most of dialysis centers, and it is fully reimbursed.

The cumulative survival (Kaplan-Meier) of dialysis 
patients is given in Fig. 37.3. One-year survival rate is above 
80%, 5-year survival rate reaches up to 52%, and about 7.5% 
of patients are transplanted each year. Although the differ-
ence between survival of diabetic and nondiabetic patients is 
unequivocal, higher survival of nondiabetics becomes sig-
nificant after 2.5 years after initiation of treatment.

Detailed basic epidemiology data are given in the General 
Table.

 Peritoneal Dialysis

After the Velvet Revolution in 1989, there was a dramatic 
turnaround due to the increase of imported real PD solution 
bags. The pioneering centers in the method soon achieved 
great success. At the same time, they shared valuable experi-
ence with newly established centers. Throughout years, the 
number of PD patients increased up to 8%, but currently, 
approximately 5.1% of all dialysis patients are in the PD pro-
gram in the Czech Republic [5]. The low utilization of this 
method relates certainly to the very dense network of HD 
centers (with free transport) and perhaps a certain habit of 
“dependency.” In the vast majority of the sites, the method of 
dialysis treatment preferred by the patient is chosen. Prague- 
IKEM, Prague-VFN, and Pilsen-FN are the largest and most 
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experienced centers at present. Automated PD (APD) 
(cycler) takes approximately half of the patients, and other 
new technologies have been implemented throughout the last 
two decades [23]. In 2018, the peritonitis rate was 13.4% (48 
cases in 37 patients out of 359).

 Renal Transplantation

 Organization of Transplantations in the Czech 
Republic
There are seven transplant programs in the country (IKEM 
Prague, Motol Prague, Brno, Hradec Králové, Pilsen, 
Olomouc, and Ostrava). Each transplant program has an 
assigned region with donor hospitals (Table 37.1). The trans-
plant legislation is covered by the Transplantation Act from 

2002. Presumed consent to donate organs is anticipated 
unless registered with the determination to donate an organ 
after death. The Czech Transplantation Coordinating Center 
was established in 2003 by the Czech Ministry of Health, 
and it operates under its direct supervision facilitating organ 
donations and transplantations, including the management of 
transplant registries, the coordination of procurements, and 
transplantations. Traditionally, the Czech Republic has been 
successful in facilitating deceased donor program with 25 
brain dead donors pmp in recent years [24]. The first DCD 
(donor after circulatory death) kidney procurement was per-
formed in Pilsen, and until now the DCD program is running 
in four centers; however a total number of retrieved DCD 
organs remain low. All transplant programs in the Czech 
Republic are fully reimbursed and included long-term 
immunosuppression.

Table 37.1 Number of kidney transplantations in the Czech Republic in 2018

PRAHA - IKEM
PRAHA -MOTOL
(Pediatric) PILSEN

HRADEC 
KRALOVE BRNO OLOMOUC OSTRAVA Total CZ Total CZ/pmp

DD kidney 221 15 31 35 78 32 49 461 43,5
LD kidney 35 1 2 1 4 2 2 47 4,4

Abbreviations: DD deceased donor, LD living donor
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 Kidney Transplantation
All seven transplant centers in the country perform kidney 
transplants with the highest volumes being performed at 
IKEM for adult and Motol for pediatric transplants 
(Table  37.1). The first-year graft survival rate is 95%. 
Median time to transplant from the initiation of dialysis 
oscillates about 700 days, and in some centers with a small 
number of patients on the waiting list, the time to transplant 
after listing is very short. Preemptive kidney transplantation 
(prior to initiation of dialysis) represents one-third of living 
donor programs, while it is rarer in deceased donor pro-
grams. All registered immunosuppressant drugs are avail-
able, while the combination of tacrolimus, mycophenolate 
mofetil, and steroids is currently used in all patients initially. 
Induction protocols include either rATG or basiliximab 
according to immunological risk, but more specific desensi-
tization protocols are applied in patients with donor-specific 
antibodies.

Incompatible pairs are mostly referred to IKEM for either 
ABO incompatible transplants (desensitization protocol with 
rituximab and specific immunoabsorption established in 
2011) or kidney paired donation which was initiated as early 
as 2003 and established as a program since 2012 with over 
70 paired live donor transplants performed since then. 
Recently, IKEM initiated cooperation with Vienna, Austria, 
that resulted in a successful kidney swap between sensitized 
HLA incompatible pairs [25], and an altruistic donor- 
initiated binational chain with bridging donors has been 
ongoing. HLA incompatible live donor kidney transplants 
are only rarely accepted and treated with a desensitization 
protocol based on rituximab, apheresis, and IVIG.  For 
deceased donors, the Luminex MFI threshold for kidney 
acceptance in a sensitized recipient varies among centers 
with a threshold <5000 at IKEM. Currently, more than 5200 
kidney transplants are followed in the country [5].

 Nephrology Practice in the Czech Republic

The number of dialyzed patients has increased to almost 
660 pmp and the number of dialysis units to more than 115, 
and there is now no limitation in access to chronic HD. The 
Czech Republic belongs to those countries with one of the 
highest annual rates of renal transplantation in Europe nowa-
days, with 48 transplanted patients pmp. Unfortunately, 
some problems have prevailed, and others have emerged. PD 
is still underdeveloped in the Czech Republic, i.e., only 
about 5.1% of dialyzed patients are treated by PD. The dialy-
sis population in the Czech Republic is becoming older and 
older, with 74% of patients treated by HD being 60 years and 
over. Diabetic nephropathy now represents 33% of all causes 

of ESRD treated by HD, and the prevalence of DM among 
HD patients reaches 46%, mostly type 2 DM.

All types of RRT (HD, HDF, PD, transplantation) are 
fully reimbursed. The approximate coverage per each ses-
sion is the following (in USD): HD 150, HDF 250, home 
hemodialysis 160, CAPD 75, and APD 180.

An interesting feature is the RRT financial bonification 
system, which was recently introduced to the reimbursement 
system in order to stimulate physicians and their sites to pro-
vide high-quality treatment [5]. It takes into account the 
quality of treatment data which the dialysis sites provide to 
the registries. To get the bonification, it requires that provid-
ers must follow international guidelines to ensure the quality 
of treatment. Moreover, the CSN is the main authority 
assessing the quality, and the healthcare companies respect 
its expert opinion and allocate the bonification accordingly.

Technical, spatial, and material requirements of a dialysis 
center are regulated by law. Similarly, the obligations con-
cerning personnel are set: 1 full time nephrologists supervis-
ing maximally 12 beds and 1 nurse up to 5 dialysis beds. In 
2018, 1884 employees worked in dialysis centers in total – 
254 nephrologists (191 of them were board certified/75%) 
(Fig.  37.4) and 1347 dialysis nurses (824 fully certified 
/61%) with an average of 736 sessions per nurse. One hun-
dred and sixty-nine orderlies and 114 dialysis technicians 
and administrators provided required support. Some dialysis 
units also involve renal dietitians and psychologists, but 
these are usually not employed full time. Training institu-
tions are firstly accredited and then periodically inspected by 
the Ministry of Education. The curriculum requires 4 and 1/2 
years of supervised training. During the first 2  years, the 
training consists mostly of internal medicine and 2 and 1/2 
additional years of nephrology. During the second part of the 
education, a training center should provide a complete over-
view of nephrology including theoretical and practical train-
ing at least on HD, PD, ESRD, AKI, critical care nephrology, 
renal transplantation, and clinical nephrology.

It is a prerequisite for the head physician to have full qual-
ification, i.e., state certificate (Ministry of Health) and medi-
cal chamber certificate, both in the field of nephrology. Each 
year, about 10–15 nephrologists are certified passing the 
state exam [26]. The medical staff must be permanently pres-
ent at the dialysis site during treatment.

All centers currently have high standards of treatment and 
are regularly inspected. Mutual communication is at a very 
good level and is channeled by the Czech Society of 
Nephrology, which also organizes and guarantees profes-
sional and educational events (but it is not the only provider 
and guarantor of education).

While formerly many of the dialysis nephrologists them-
selves created vascular arteriovenous fistulas and even 
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“made” some dialysis equipment as described above, now-
adays they have no competency to do so, nor are they forced 
by lack of them. On the other hand, completely top-quality 
equipment is available in the market. Further, the 
 introduction of central temporary and long-term central 
venous catheters remains fully in the management of dialy-
sis nephrologists.

Recently, the conservative approach overlapping with 
palliative medicine has become a legitimate part of espe-
cially dialysis nephrology.

The entire nephrological dialysis community works 
closely with transplantologists. In large numbers, patients 
are already prepared for inclusion in the waiting list for 
transplantation in the predialysis period [5]. The established 
“rule” is joint seminars and various business meetings, con-
ferences, and congresses.

Concerning clinical nephrology, two university-based 
departments of nephrology and several divisions of nephrology 
located mostly in regional capital cities operate in the country. 
They provide full clinical nephrology services and consulta-
tion, including renal biopsy. However, like in other EU coun-
tries, there is a lack of experienced nephropathologists.

Concerning pediatric nephrology, one large Charles 
University-based center in Prague serves for kidney trans-
plant for the whole country. Similarly as in adults, several 
pediatric nephrology units are located in regional capital cit-
ies. However, pediatric nephrologists are unified under the 
umbrella of the Pediatric Medical Society.

 Nephrology Job Market

In the early 1990s, there was a tremendous increase of the 
newly opened dialysis units and strong pressure on the qual-
ification of new nephrologists and renal nurses to care for 
the increasing number of patients treated with RRT, and, as 
a result, the number of practicing nephrologists soared [27]. 
Currently, most of this strong generation approach retire-
ment, and they will probably not be sufficiently replaced by 
newly qualified nephrologists. As in other countries, 
nephrology does not belong among the most attractive 
branches of internal medicine, definitely because of rela-
tively limited progress concerning new treatments for the 
renal patients and inappropriate concentration of nephrol-
ogy on RRT resulting in the loss of what previously was 
(and should remain) a part of nephrology (e.g., AKI, hyper-
tension, electrolyte, and acid base disorders) in favor of 
intensivists or cardiologists. To attract young physicians to 
nephrology, our specialty is to be presented as a discipline 
with many overlaps with other branches of internal medi-
cine (cardiology, diabetology, immunology, rheumatology, 
osteology, intensive medicine, etc.), and more attention 
should be paid to the recent progress in the treatment of glo-
merular and inherited kidney disease and renal transplanta-
tion and importance of procedural skills for the practicing 
nephrologist [28]. The average monthly salary (including 
overnight shifts and bank holiday bonuses) of a Czech phy-
sician is about 3400 USD, and nurses earn 1870 USD on 
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average [29]. There are no nephrology-specific data avail-
able. As women prevail also among newly qualified nephrol-
ogists (61% of 466 CSN members were female in 2017 
[18]), much greater attention should be paid to gender pay 
gap [30].

 Conclusion

The Czechoslovak and Czech nephrology played an impor-
tant role in history and development of nephrology in Central 
Eastern Europe. The 1950s are considered as the beginnings 
of the discipline. Czechoslovakia had a special position at 
the socialist times when it was undoubtedly one of the lead-
ing countries in the field within the Eastern Bloc. This was 
demonstrated by the fact that the first HD was already per-
formed in Prague as early as 1955. Jan Brod was one of the 
“founding fathers” of not only the Czechoslovak but also 
world nephrology, at those times.

Despite serious limitations of the local communist regime 
and lack of material and appliances in the nephrological 
healthcare, acute and chronic HD and transplantation were 
developing; therefore, after the collapse of the regime, there 
was a solid ground for further development. Hence, the era 
after 1989 can be definitely considered as further expansion 
of the Czechoslovak and after 1993 Czech nephrological 
care and its advancement.

The Czech Society of Nephrology belongs among the 
profoundly active ones. Its highest success is represented in 
several registries. The National Registry of Patients on 
Dialysis, which was established in 2006, currently contains 
100% of data from all the dialysis centers in the Czech 
Republic. The Czech Registry of Renal Biopsies, founded 
in 1993, has more than 15,000 entries. The Registry of 
Predialysis Patients was established in 2009, and it covers 
half of the sites managing predialysis patients.

The Czech Republic is specific with the high rate of 
incidence of ESRD within the EU. For unclear reasons, but 
probably because of high prevalence of type 2 diabetes, 
obesity, and ischemic renal disease, there is a high volume 
of patients in RRT.  The high number of kidney-trans-
planted patients belongs among the unique local features. 
Also, the bonification reimbursement system organized by 
the public healthcare insurance companies motivating 
dialysis units, which was recently introduced, represents 
an interesting means of how to foster the link between the 
healthcare providers, medical experts, general knowledge, 
patient well-being, and financing of costly treatment like 
the RRT.

The Czech Society of Nephrology would like not only to 
follow the great tradition of nephrology in the country but 
also to maintain European standards in both clinical nephrol-
ogy and other modes of RRT.
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Area 42,933 Km2

Population1 5,797,446 (2018)
Capital Copenhagen
Three most populated cities: 1. Copenhagen

2. Aarhus
3. Odense

Official language Danish
Gross domestic product (GDP)1 355.675 billion USD (2018)
GDP per capita1 61,350.348 USD (2018)
Human Development Index (HDI)2 0.930 (2018)
Official currency Danish krone (DKK)
Total number of nephrologists 120
National society of nephrology Danish Society of 

Nephrology
www.nephrology.dk

Incidence of end-stage renal disease3 2017 – 124 pmp
2018 – 113 pmp

Prevalence of end-stage renal 
disease3

(including patients with a 
functioning kidney transplant)

2018 – 957 pmp
2019 – 960 pmp

Total number of patients on dialysis3

(all modalities)
2018 – 2608
2019 – 2605

Number of patients on 
haemodialysis3

2018 – 2067
2019 – 2064

Number of patients on peritoneal 
dialysis3

2017– 557
2018 – 541

Number of renal transplantations per 
year3

2017 – 250
2018 – 245

Notes
1.  The prevalence figures for 2018 are as per 1.1.2018 and 2019 1.1.2019
Table references:
1.  The World Bank. Accessed in March, 2020. Available in: https://data.

worldbank.org/country/denmark?view=chart
2.  United Nations Development Program. Human Development 

Reports. Accessed in March, 2020. Available in: http://hdr.undp.org/
sites/all/themes/hdr_theme/country-notes/DNK.pdf

3.  Danish Nephrology Registry (DNR) Annual Report, accessible on 
www.nephrology.dk

 Introduction

The Kingdom of Denmark is a small country in Scandinavia 
in Northwest Europe. The unified Kingdom of Denmark 
emerged in the eighth century. It was Christianized in 965 
and converted to Lutheranism in 1536. During the Middle 
Ages, the country included Norway, southern Sweden, 
Iceland and parts of northern Germany but now consists only 
of mainland Denmark and the self-governing areas of 
Greenland and the Faroe islands. The country became a dem-
ocratic constitutional monarch in 1849, and universal suf-
frage was introduced in 1908. The government relies on the 
support of a single-chamber parliament with 179 representa-
tives elected approximately every 4 years by proportional 
representation. Denmark joined the NATO alliance in 1949 
and the European Economic Community (now the European 
Union) in 1973.

The population is homogenous with 87% of the popula-
tion of Danish descent. Nearly all have Danish as their pri-
mary language, but a large proportion are proficient in 
English. While the birth rate is low, the population contin-
ues to grow due to net immigration and increased 
longevity.

The economy was originally predominantly agricultural, 
but since 1945 the industrial and service sectors have 
expanded rapidly. It is based on free market capitalism, with 
regular negotiations between employers and unions to deter-
mine wage and working conditions. The level of unioniza-
tion is high.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_38&domain=pdf
https://doi.org/10.1007/978-3-030-56890-0_38#DOI
mailto:heaf@dadlnet.dk
http://www.nephrology.dk
https://data.worldbank.org/country/denmark?view=chart
https://data.worldbank.org/country/denmark?view=chart
http://hdr.undp.org/sites/all/themes/hdr_theme/country-notes/DNK.pdf
http://hdr.undp.org/sites/all/themes/hdr_theme/country-notes/DNK.pdf
http://www.nephrology.dk
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The country is characterized by an extensive welfare 
state, with free healthcare, education, generous pensions, 
paid maternity and paternity leave, unemployment insurance 
and social welfare benefits. As a corollary, it has one of the 
highest overall tax rates in the world. Progressive income tax 
rates and cash transfers result in a low income inequality.

Denmark is one of the most socially developed countries 
in the world and rates highly in terms of income, health, edu-
cation, environmental performance, civil liberties, social 
mobility and personal happiness. It has the lowest corruption 
index in the world.

 Healthcare in Denmark

The Danish healthcare system is universal and based on the 
principles of free and equal access to healthcare for all citi-
zens. The healthcare system offers high-quality services, the 
majority of which are financed by general taxes [1]. The state 
holds the overall regulatory and supervisory functions, while 
five administrative regions are responsible for the hospitals 
and the general practitioners. All hospital treatment is free, 
and many specialist nephrological medicines, e.g. 
erythropoietin- stimulating agents, alfacalcidol, phosphate 
binders and immunosuppressive agents, are supplied free of 
charge. Other medicines are subsidized. Departmental bud-
gets are determined by the hospital administration on an ad 
hoc basis. Budgets based on service rendered, using a 
disease- related group (DRG) system, are occasionally used.

Nephrology care is mainly supplied by 15 hospital-based 
nephrology departments, but the care of patients with non- 
specific stable chronic kidney disease (CKD) stage 1–3 is 
often delegated to the general practitioners. Dialysis treat-
ment is also provided by several satellite centres adminis-
trated by the nephrology departments. Private nephrology 
care is virtually non-existent.

Renal transplantation is performed at three centres: 
Aarhus University Hospital, Odense University Hospital and 
Rigshospitalet in Copenhagen. Multiorgan transplantations 
are only performed at Rigshospitalet. The post-operative 
care is restricted to the transplantation departments for the 
first 3–12  months, after which the patients are returned to 
their local nephrology department.

Most Danish nephrologists are members of the scientific 
organization Danish Society of Nephrology (www.nephrol-
ogy.dk).

 Brief History of Nephrology in Denmark

In common with most other countries, nephrology as an 
independent specialty appeared during the 1950s. The 
world’s first paper on the results of renal biopsy was pub-

lished by Paul Iversen and Claus Brun in 1951 [2]. Jørn Hess 
Thaysen from Rigshospitalet performed the first dialysis for 
patients with acute kidney injury (AKI) in 1955 and intro-
duced maintenance haemodialysis (HD) for patients with 
end-stage renal disease (ESRD) in 1963. He was a cofounder 
of the European Dialysis and Transplant Association (EDTA) 
in 1964 and its president from 1975–1978. The first renal 
transplantation was performed by Ole Fjeldborg at Aarhus 
Kommunehospital in 1964. Renal care was primarily limited 
to a few specialist departments, but the rapid expansion of 
the dialysis population during the 1990s led to the establish-
ment of 15 nephrology departments distributed throughout 
the country.

Hospital intermittent peritoneal dialysis (PD), using on- 
site preparation of PD fluid, has been performed since the 
1960s. A common regime involved placement of a stiff PD 
catheter under local anaesthesia once a week followed by 
60 litres of PD in a hospital bed during the following 
24  hours. Continuous ambulatory PD (CAPD) was intro-
duced in 1980 and automated PD (APD) in 1990. Due to its 
social advantages, and its particular value for the treatment 
of patients with fast peritoneal transport status, APD 
became very popular, encompassing 70% of all PD patients 
in 2008. Since then, CAPD has experienced a renaissance, 
and APD prevalence has fallen to 50%. This is probably 
due to the increasingly popular “gentle start” CAPD, where 
patients with significant residual renal function are initially 
treated with two bags of CAPD per day. The Danish Society 
of Nephrology was founded in 1969 and the Danish 
Nephrology Registry (DNR) in 1990 [3]. It registers clini-
cal and biochemical data for all patients treated with trans-
plantation since 1964 and all patients treated with dialysis 
since 1990. It forms the basis of national treatment quality 
indices, administered by the regional health authorities 
(Fig. 38.1).

 Renal Diseases in Denmark

Little information is available concerning the incidence and 
prevalence of CKD in Denmark. The Stockholm SCREAM 
project, which probably has a similar population [4], demon-
strated a prevalence of 6%, corresponding to an incidence of 
0.1–0.15%/year. The estimated number of patients with 
CKD in Denmark is thus 340,000, and the incidence is 7000/
year. However, many of these patients will be undiagnosed, 
and most will be unknown to the nephrological centres. For 
this reason, the incidence and prevalence of specific diseases 
are unknown. The incidence of biopsy-proven glomerulone-
phritis (GN) is 50 patients per million population (pmp) [5]. 
Common incident diagnoses for patients with ESRD are dia-
betic nephropathy (25%), unknown (22%), hypertensive 
nephropathy (13%), GN (10%), polycystic disease (8%) and 
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chronic interstitial nephropathy (8%). Apart from the occa-
sional case of acute haemorrhagic interstitial nephritis sec-
ondary to rodent hantavirus infection, there are no specific 
regional renal diseases; sporadic episodes are particularly 
found in the south of Funen. The incidence of ESRD among 
the elderly has fallen since 2000, specially among patients 
aged 60–69 years where it has fallen from 400 to 240 pmp 
[6]. This may be associated with the fact that Denmark initi-
ated uraemia prophylaxis programmes early [7, 8]. The prev-
alence of dialysis patients has been stable since 2005, while 
the number of transplanted patients continues to rise, from 
2137 in 2010 to 2892 (503 pmp) in 2018 [3].

 Renal Replacement Therapy in Denmark

 Acute Kidney Disease

A total of 25 hospitals across Denmark provide nationwide 
coverage with regard to acute dialysis treatment. As such, 
management of patients requiring acute dialysis for AKI and 
critical care nephrology is a shared responsibility of inten-
sive care specialists at 41 of 43 intensive care units (ICUs) 
and consulting nephrologists at 13 of 14 nephrology depart-
ments [9, 10]. Management of non-dialysis-requiring AKI is 
primarily a responsibility of internal medicine departments 
at all Danish hospitals; however nephrology departments 
consult and provide assistance as required. All patients with 
non-responsive AKI are commonly transferred to nephrol-
ogy departments for specialized diagnostic work-up.

The burden of non-dialysis-requiring AKI in Denmark 
remains uncertain; however, AKI is estimated to be present 
in approximately one in every five patients hospitalized 
[11]. Conversely, the incident rate of dialysis-requiring AKI 
has been observed to have increased substantially through-
out the early 2000s, with stabilization at an incident rate of 
approximately 350–400 per million since 2007 [12]. 
Notably, continuous growth has been restricted to elderly 

populations – plausibly due to an expanding indication for 
treatment in elderly patients  – with incident rate of acute 
dialysis AKI currently estimated to exceed 1.500 per million 
in patients older than 75 years.

Continuous renal replacement therapies (CRRTs) were 
implemented into common clinical practice in Denmark 
throughout the late 1990s [13]. Currently, the CRRTs, i.e. 
standard therapies including continuous veno-venous hemo-
filtration (CVVHF), HD and haemodiafiltration (HDF), 
remain the predominant modalities provided in Danish 
ICUs, with HD commonly only initiated in a collaboration 
with consulting nephrologists. In comparison, most nephrol-
ogy departments provide acute dialysis care using standard 
HD, and acute PD for treatment of AKI remains rare. 
Overall, the care for patients with dialysis-requiring AKI 
admitted to ICUs is commonly a shared responsibility 
between intensive care specialists and consulting nephrolo-
gists. Placement of acute vascular access is nearly always 
performed by intensive care specialists. Furthermore, con-
sequent to the introduction of CRRTs, the decision and ini-
tial management pertaining to acute RRT in critical illness 
has shifted from the nephrology departments to ICUs. 
However, a majority of patients transfer to nephrology 
departments following stabilization of non-renal organ fail-
ures. The prevalence of acute dialysis in AKI in Danish 
ICUs is in the region of 6.5%, with unspecified, i.e. acute 
and chronic dialysis care provided in approximately 2000 
out of 30,000 admissions in 2018 and acute dialysis in AKI 
provided to approximately 1000 patients [10]. In addition, 
nephrology departments in Denmark provide acute dialysis 
treatment in approximately 900 patients annually [12].

Patients receiving acute dialysis for AKI remain predomi-
nantly male (>60%) and older than 60 years. Comorbidity is 
abundant, with pre-existing CKD, cardiovascular disease 
and diabetes particularly common. Notably, the burden of 
pre-existing comorbidities is comparably smaller in patients 
treated in critical care compared to patients treated at 
nephrology departments.
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The initial growth and subsequent stabilization of inci-
dent rates of acute dialysis in AKI observed in Denmark have 
coincided with growth and dissemination in the availability 
of CRRTs across ICUs in Denmark. As noted, the number of 
hospitals providing acute dialysis treatment has increased 
throughout the past two decades; currently, acute dialysis is 
provided at 25 hospitals across Denmark. As such, growth in 
incidence rates of acute dialysis for AKI has, plausibly and 
effectively, been driven by an increased application of acute 
dialysis treatment – specifically CRRT– in patients admitted 
to ICU, while employment and incidence rate of acute dialy-
sis for AKI in nephrology departments remains unchanged 
[14]. Current incidence rates of acute dialysis in ICUs and 
nephrology departments are estimated to be approximately 
4.500 and 1000 per million admissions, respectively.

The influence of increased capacity has also led to a 
decrease in the time from hospital admission to initiation of 
treatment in both patients treated in ICUs and nephrology 
departments. Currently, the median interval from admission to 
initiation of treatment is <4  days, with treatment duration 
decreasing to <15 days and only a small proportion of patients 
(2–4%) continuing dialysis treatment in an outpatient setting.

Acute dialysis treatment in Denmark has increasingly 
been observed to be associated with concomitant other organ 
failure, i.e. circulatory and respiratory failure, possibly due 
to the growing employment of acute dialysis treatment 
within the context of critical care and the increasing use of 
CRRTs. Concurrent mechanical ventilation and circulatory 
support is observed in >70% and >25% of patients initiating 
acute dialysis in the ICU, respectively [12], corresponding to 
incident rates of 1 per 1000 in patients with circulatory fail-
ure and 2 per 1000 in patients with respiratory failure [14]. 
Similarly, the incidence of acute dialysis for AKI in sepsis 
and following major surgery has also grown to a current esti-
mate of approximately 5 per 10,000 and 1 per 10,000, 
respectively (Fig. 38.2).

 Chronic Dialysis

Peritoneal dialysis and haemodialysis are provided by 15 
specialist nephrology departments and their satellite units. 
The HD unit size is 70–280 patients, with very small units in 
Greenland and the island of Bornholm. The PD unit size is 
10–80.

The overall dialysis mortality is 15%/year. Mortality 
(censored for transplantation) during the first year is 22% for 
patients starting on HD and 12% for PD. The median sur-
vival is HD 3.1 years and PD 4.1 years. Uncensored median 
survival rates are 3.6 and 5.7  years, respectively. Twenty- 
three per cent of dialysis patients have been on continuous 
dialysis for more than 5 years.

The overall estimated annual costs of the various modali-
ties are as follows (approximate figures in Euro): Centre HD 
50,000, Home HD 30,000, CAPD 17,000, APD 24,000 and 
assisted APD 40,000.

 Haemodialysis

Most dialysis patients (72%) are treated by HD, mainly dia-
lysed at one of the 15 nephrology departments or their satel-
lite dialysis units. Seven per cent (7%) of HD patients are 
treated with limited care HD, where nursing assistance is 
available, but the patient performs most of the dialysis 
procedures.

The first home HD (HHD) patient started treatment in 
1971; it rapidly became a very popular modality, comprising 
19% of all dialysis patients in 1980. After the introduction of 
CAPD and APD, numbers fell, and the modality had almost 
disappeared in 2000. Since then the modality has experi-
enced a renaissance, probably due to the excellent long-term 
results of the treatment. Currently, 8% are treated with HHD, 
mainly using dialysis machines installed free of charge in the 
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patient’s home. This group includes a small number of 
patients who are treated with self-care dialysis, where the 
patient dialyses him- or herself without nursing support, 
using dialysis machines installed in stand-alone buildings. 
Some patients use a portable home dialysis machine 
(NxStage ®). Dialysis frequency for HHD patients varies 
from four to six times/week. These patients mainly start as 
limited care HD patients and are discharged to home therapy 
after 3–6 months training. Two centres in Denmark, which 
both have a “Home HD first” policy, have HHD prevalence 
rates of 14%.

Centre HD patients are usually dialysed for 3–5  hours 
(usually 4) three times per week. Twice weekly HD is some-
times used for patients with considerable residual renal func-
tion (RRF) and four times weekly for patients with 
unacceptable uraemia control. All patients use highly puri-
fied water and high flux dialysers. Filter reuse does not occur. 
Dialysate flow rate is 500 ml/min, and blood flow is 200–
400 ml/min, the goal being 300 ml/min. Details concerning 
the use of haemodiafiltration are not available, but the use of 
ultrapure dialysate means that the treatment is available for 
all patients.

Dialysis patients are seen regularly by physicians, usually 
every 4–8 weeks, and otherwise as necessary. There is one 
dialysis nurse for every 2.5–3 patients. Dialysis technicians 
are not used, except for machine maintenance. There are no 
national rules concerning employee to patient ratios. 
Inpatient treatment is usually available at the same hospital, 
with a requirement of 7 beds/100 dialysis patients.

Arteriovenous fistula (AVF) is the preferred method of 
vascular access, and most centres have a “fistula first” policy, 
exceptions being made for elderly patients with poor cardio-
vascular status, where permanent tunneled jugular catheters 
may be preferred. AVF placement is performed at a number 
of vascular surgery departments, usually on an outpatient 
basis. The dialysis access at first dialysis is AVF 30%, per-
manent tunnelled catheter 15%, temporary tunnelled cathe-
ter 13% and temporary non-tunnelled catheter 42%.

The commonest dialysis machines are supplied by the 
Fresenius and Baxter companies. The regional authorities 
release regular tenders for the provision of new dialysis 
machines.

 Peritoneal Dialysis

The PD prevalence in Denmark remains relatively stable and 
high, with approximately 21% of the total dialysis popula-
tion being managed on PD. Of these, 84% are autonomous 
PD patients taking care of their own dialysis treatment at 
home, while 16% are managed on assisted PD, where profes-
sional nursing assistance in the home is provided for disabled 
patients. Approximately half of patients are treated by APD 

and half by CAPD. The APD prevalence was 70% in 2008 
but has since fallen. One possible explanation is the increas-
ing popularity of “gentle start” CAPD, where patients with 
significant RRF start CAPD with a dose of only 2 L once or 
twice daily. Switch to APD or full-dose CAPD is only made 
when urea Kt/V or creatinine clearance fall below recom-
mended levels due to falling RRF or if intractable electrolyte 
or clinical problems arise.

Several factors contribute to the high PD prevalence: the 
existence of “PD first” policies in many departments, the use 
of PD for unplanned dialysis initiation, the possibility of 
assisted PD in the home and the existence of multidisci-
plinary pre-dialysis outpatient teams.

 Pre-dialysis Clinics
These outpatient clinics usually consist of specialist physi-
cians, nurses and dieticians; some also have social workers 
attached. They provide timely information about dialysis and 
transplantation, when the estimated glomerular filtration rate 
(eGFR) falls below 15–20 ml/min. All patients are offered a 
free, informed choice of dialysis modalities, including the 
possibility of conservative treatment, which may be relevant 
for elderly, sick patients. Early information permits the pos-
sibility of pre-emptive transplantation (8% of all ESKD 
patients) and allows timely placement of dialysis access, in 
particular AVFs and PD catheters. An important number 
(40%) of the patients are, a priori, judged unsuitable for 
home therapy either due to somatic, mental or (for PD) 
abdominal reasons. Patients with a choice of modality usu-
ally choose home-based therapies, primarily PD, due to its 
attractively low effects on social life, and the possibly of 
travel. PD catheter placement is usually done locally. There 
is some variation in technique. Many centres use the 
Seldinger technique, sometimes with ultrasonic guidance, 
while others use a laparoscopic technique or laparotomy. In 
some centres, the patient is admitted for 24 hours for obser-
vation. PD training is usually done 3 weeks after operation.

Outpatient PD physician and nurse consultations are 
made every 4–6 weeks.

 Unplanned Initiation of PD
Only approximately 15% of incident dialysis patients in 
Denmark are referred late. Despite this, dialysis is initiated in 
an unplanned way in 35% of the incident patients [10]. 
Previously, unplanned dialysis initiation was almost entirely 
based on HD using a temporary catheter for VA, despite the 
associated increase in mortality, need for hospitalization and 
risk of potentially lethal bloodstream infections, venous throm-
bosis and venous stenosis. Once started on HD, such “crash 
landers” are less likely to be transferred to a home-based dialy-
sis modality later on. Accordingly, programmes for unplanned 
initiation of PD immediately after PD catheter implantation 
were established in Denmark 20 years ago [15–18].
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For the late referred patient without any previous 
nephrological care, education or preparation and with 
urgent need for initiation of dialysis within hours or days, 
the decision of a future dialysis modality is obviously very 
difficult. This is particularly evident for patients with 
advanced age, a heavy burden of comorbidity and severe 
uremic intoxication as additional factors. However, even in 
this scenario, it has been shown that it is possible to give 
unbiased dialysis information to the patients and relatives, 
thereby giving them a real choice of dialysis modality 
selection. The desire for  independence, a feeling of confi-
dence and a home-based treatment are often decisive for 
the patient’s final choice.

The original programme for unplanned initiation on PD 
was developed in Aarhus and has been described previously 
[15–18]. Briefly, the patients are started on APD in the supine 
position right after PD catheter implantation using a standard 
prescription for 12 hours overnight treatment with a reduced 
dwell volume and pre-programmed cyclers to make it easy. 
Patients are instructed to stay in bed to avoid increased intra-
peritoneal pressure and associated risk of leakage. A low 
tidal volume (50%) is used to reduce the risk of alarms dur-
ing the first nights of treatment and is gradually increased to 
75–85% during the first week. It is also important to remem-
ber bowel preparation to avoid constipation. After 1–2 weeks 
of treatment, patients are converted to an individualized pro-
gramme for APD or CAPD. During the stay in hospital, the 
patients are trained for PD by expert PD nurses, or if they 
need assistance, the assistants are trained to visit and help the 
patients at home after discharge.

Published data have constantly shown that urgent start on 
PD with a break-in period of less than 2 weeks may be asso-
ciated with a minor increased risk of mechanical complica-
tions but apparently no detrimental effect on patient survival, 
peritonitis-free survival or PD technique survival compared 
with elective start on PD. Recently, unplanned initiation of 
PD has been recommended in the latest update of ISPD 
guidelines for creating and maintaining optimal peritoneal 
dialysis access in adult patients [19]. In the urgent setting, 
the choice of modality has to be balanced between the poten-
tial for increased risk of mechanical complications related to 
urgent start on PD and the increased risk of bloodstream 
infections and central venous stenosis and thrombosis known 
to be associated with urgent start on haemodialysis using a 
central venous catheter [19].

 Assisted PD (AssPD)
Elderly are the largest and fastest growing group of patients 
with ESRD. Due to advanced age and a heavy burden of 
comorbidity, they are usually not candidates for kidney 
transplantation and are less likely to be offered a home-
based dialysis modality, as old age is associated with more 
contraindications to PD.  Some of these contraindications 

are non- modifiable conditions (e.g. multiple previous 
abdominal surgery with adhesion formation, large hernias, 
frequent diverticulosis or severe obesity), but the majority 
of physical disabilities (e.g. hemiparesis, impaired vision 
and hearing, decreased manual dexterity and strength) and 
psychosocial problems (e.g. cognitive problems, depres-
sion, noncompliance, social isolation and dependency on 
help) are barriers that can be overcome provided that proper 
support and assistance are offered to the patients at home. 
In addition, compared to HD, PD at home may offer several 
advantages that may be particularly important for patients 
with advanced age and severe comorbidity. The most 
important are the avoidance of transportation to the dialysis 
center, of VA for HD with its associated risk of bacteraemia 
and access failure, of hemodynamic instability during HD 
sessions and of post-treatment fatigue. Accordingly, pro-
grammes for AssPD were established in Denmark 20 years 
ago [17, 18, 20].

Usually professional public paid community nurses or 
nursing home staff are trained as assistants. A small team of 
assistants is trained for every patient. Professional nurses 
usually need remarkably short training. They are trained not 
only to set up the cycler and to connect and disconnect the 
patient, but also to take care of the exit site, dressings and 
fixation of the PD catheter, and to carefully observe the 
patient for infectious or mechanical complications, optimal 
fluid balance and nutritional status. Finally, they are trained 
to order PD fluids and other relevant equipment to carry out 
the treatment. Importantly, the dialysis units involved in 
AssPD must offer a 24-hour-a-day, 7-day-a-week telephone 
backup to support the patients on AssPD, their relatives and 
the assistants.

Both AssCAPD and AssAPD are offered, but AssAPD is 
often preferred because the assistant only has to visit the 
patient twice daily: A longer visit in the morning to discon-
nect the patient from the cycler, set up the cycler for the next 
night and take care of the patient, the exit site, possible com-
plications and the logistics related to the treatment followed 
by a short visit in the evening to connect the patient to the 
cycler again. AssPD will usually be permanent, but for some 
patients, the need for assistance may gradually be reduced as 
the patient gains more knowledge, experience and confi-
dence with the treatment.

AssPD patients have the same PD technique survival rate 
as conventional PD patients but may have an inferior patient- 
and peritonitis-free survival rate [17].

 Renal Transplantation

The Danish renal transplant programme started in 1964. 
All renal transplantations in Denmark are carried out 
under the auspices of the public health system. Presently, 
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there are three centres for renal transplantation placed at 
the university hospitals in Aarhus, Copenhagen and 
Odense, respectively. All three centres have programmes 
for adult living as well as deceased donor renal transplan-
tation, whereas paediatric renal transplantations are only 
performed in Copenhagen and Odense. Simultaneous 
multiorgan transplantations, i.e. the kidney combined 
with the liver, lung or pancreas, are only performed in 
Copenhagen. All three centres have programmes for 
ABO-incompatible renal transplantation, acceptable mis-
match programmes for highly immunized patients and 
paired donor exchange for living donor renal transplanta-
tion when appropriate.

Immunosuppression for renal transplantation with stan-
dard immunological risk is induction with basiliximab and 
maintenance with tacrolimus and mycophenolate mofetil, 
with or without prednisolone according to local centre 
practice.

Procurement of kidneys from deceased donors and work-
 up of living donors are taken care of by each individual cen-
tre in their own area of referral.

All Danish centres are members of the organ exchange 
organization Scandiatransplant together with the transplant 
centres from Estonia, Finland, Iceland, Norway and Sweden. 
Exchange of procured deceased donor kidneys through 
Scandiatransplant is based on a strict payback principle 
meaning that the individual centre is responsible for optimiz-
ing procurement in their area of referral as there is no net 
flow of kidneys between centres.

As the Danish health system is primarily public and 
non- commercial, renal transplantation is free of charge for 
the patients. All immunosuppressive medication is supplied 
by the hospitals. This also applies when the patients are 
discharged after the initial stay and are followed in the out-
patient clinics at the renal transplant centres and when the 
patients are referred back to their local nephrology centre 
for follow-up. Follow-up of renal transplant patients is per-
formed by the centres for nephrology at the public 
hospitals.

All living donors that donate to a Danish citizen are 
offered full compensation for loss of income and other 
expenses directly related to the donation or work-up. This 
also applies to donors that are residents from other countries 
as long as the recipient is a Danish resident.

On a national basis, the total renal transplant rate for 2016 
was 44.9 pmp (26.4 for deceased donors) and 43.7 in 2017 
(27.9 for deceased donors). In 2016, 41% of renal transplan-
tations were with a living donor, and in 2017 it was 36%. 
Thus, Denmark is characterized by a relatively low rate of 
transplantation from deceased donors and a relatively high 
rate from living donors, as compared with other European 
countries.

Quality control for outcomes of renal transplantation for the 
three Danish centres is performed using mandatory reporting to 
the Danish Nephrology Registry. This publishes centre-specific 
data and comparisons, as well as aggregated Danish data for 
renal transplantation, in a yearly report [3] (http://nephrology.
dk/dnsl/). Waiting list and transplantation statistics for all indi-
vidual Scandiatransplant centres can be found on http://www.
scandiatransplant.org/data/scandiatransplant-figures.

For living donor transplants, the 1- and 5-year patient sur-
vival rates are 99% and 93%, and graft survival rates are 98% 
and 90%. For deceased donors, the figures are 98% and 88% 
and 97% and 78%, respectively (Fig. 38.3).

 Paediatric Nephrology

 History
The history of paediatric care in Denmark dates back to 1850 
with the opening of the first children’s hospital in Denmark. 
It was a privately funded hospital in Rigensgade, Copenhagen, 
attended by one of the most famous physicians at that time 
Professor Harald Hirschsprung (1830–1916), who is often 
considered as the founder of paediatrics in Denmark [21]. 
Palliative care was the only treatment for children with 
severe CKD until dialysis and kidney transplantation became 
available in the 1960s.
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 Renal Diseases and Incidence
The incidence of ESRD in Denmark has been stable within 
the last 8 years (2010–2017) at approximately 1 per 100,000 
children. There seems to be a decline in the incidence, when 
comparing to the period 2000–2009, where the figure was 
approximately 1.5 per 100,000. The main causes of ESRD in 
children who were transplanted from 1994 to 2009 were as 
follows: 52% with congenital anomalies of the kidney and 
urinary tract (CAKUT), 15% with GN and 5% with steroid- 
resistant nephrotic syndrome (SRNS) [22]. These aetiologies 
are similar to the NAPRTCS registry reporting CAKUT in 
49% of the children with ESRD [23]. The age of children 
with ESRD has been slightly decreasing from a median age 
of 13.3 years in the 1980s to 12.4 years from 2010–2018. In 
Denmark, prenatal ultrasonography is offered to all pregnan-
cies, and approximately 98% are screened for congenital 
anomalies including CAKUT.

 Dialysis
Records of the first dialysis of a child in Denmark are inac-
curate, with one source reporting PD in a 17-year-old girl 
with GN at Odense Hospital in 1969. Today paediatric dialy-
sis is offered at three centres (Copenhagen, Odense and 
Aarhus) with PD as the preferred modality.

 Transplantation
After kidney transplantation evolved in paediatrics during 
the 1950s, the first kidney transplantation in Denmark was 
performed in 1969 at Odense Hospital (today Odense 
University Hospital), where a 17-year-old patient received a 
deceased donor transplant. Three years later in 1972, the first 
kidney transplant in a smaller child of 4 years was performed 
again at Odense Hospital. In total 443 children have been 
transplanted from 1969 until 2018. Since 1980, the rate of 
paediatric kidney transplantation has been very stable at 
approximately ten transplantations per year.

 Paediatric Nephrology Care Centres
Specialized treatment for paediatric nephrology is located at 
three locations in Denmark: Aarhus University Hospital, 
Copenhagen University Hospital and Odense University 
Hospital. All three hospitals offer dialysis for children, 
whereas only the hospitals in Copenhagen and Odense offer 
paediatric kidney transplantation.

 Nephrology Practice in Denmark

Virtually all nephrology professionals work in the public sec-
tor and are employed by one the county’s five administrative 
regions. Professional qualifications acquired in European 
Union (EU) countries for professionals who wish to work in 

Denmark are accepted, while qualifications outside the EU 
will be subjected to a specific individual evaluation. All clini-
cal posts require proficiency in Danish or similarly 
Scandinavian language (e.g. Norwegian or Swedish). Free 
language courses for immigrants are available. The normal 
working week is 37 hours, including evening, night and week-
end duties. Many nurses and dieticians work part-time, while 
this is rare for physicians. The work environment is character-
ized by a non-hierarchical structure with relaxed interpersonal 
relationships. Five-week holiday entitlement is standard. The 
income figures shown here (in Danish kroner – DKK – per 
month) are only approximate and will depend upon qualifica-
tions, work schedules, etc. In January 2020, 1.00 DKK was 
worth 0.15 US dollar and 0.13 Euro. All positions have a pen-
sion plan. Marginal income tax rates are relatively high, 
45–61% depending on income, but as a corollary, the govern-
ment offers free primary, secondary and tertiary education, 
free healthcare and a comprehensive social support system.

 Physicians

A 6-year education is followed by 12-month clinical prereg-
istration training. Nephrology specialist qualification 
requires a further 5-year training, consisting of postings at 
two to three nephrology departments, supplemented by spe-
cialist courses. There are no examinations, but completion 
of a detailed theoretical and practical syllabus is continu-
ously assessed. Working hours are shorter than international 
norms, particularly for junior doctors, where overtime 
requirements are relatively rare. Nearly all doctors, includ-
ing consultants, are expected to participate in duty rotas. 
University consultants are expected to participate in research 
and educational activities. Professors often combine their 
research activities (including supervision of PhD students) 
with clinical work.

Monthly income (in DKK): junior doctor 30,000; senior 
registrar 40,000; specialist nephrologist 55,000; consultant 
63,000; and professor 70,000. There are no fee-for-service 
contracts.

 Nurses

A 3.5-year education is followed by specialist nephrology 
training for 3–12 months, depending upon clinical responsi-
bility. There is no specialist examination. Nurses in outpa-
tient and dialysis clinics will usually specialize in 
haemodialysis or peritoneal dialysis. All nurses working in 
inpatient wards and haemodialysis clinics and even many in 
outpatient clinics are expected to participate in duty rotas. 
Monthly income (in DKK) is 33,000.
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 Dieticians

Most hospital dieticians will care for many categories of 
patients other than nephrological. The training lasts 2 years. 
Monthly income (in DKK) is 30,000.

 Highlights of Nephrology in Denmark

Noteworthy hallmarks of nephrology in Denmark include:

 1. Home dialysis. Denmark has the highest prevalence of 
home dialysis in Europe: 28% of all dialysis patients 
(21% PD, 7% home HD). This is a result of deliberate 
policy decisions by many nephrology departments, since 
home dialysis is considered to result in better health out-
comes, an improved social life and better rehabilitation. 
Treatment is also associated with substantial savings. 
Many areas also practice assisted PD, whereby profes-
sional assistance for disabled patients is provided in the 
home. Denmark was an early initiator of unplanned initia-
tion of PD, which may also have contributed to the high 
PD prevalence.

 2. Denmark was an early adopter of uraemia and diabetic 
nephropathy prophylaxis [7, 8]. This has probably 
resulted in a falling incidence of ESRD since 2000 and a 
stabilization of the dialysis population, despite increases 
in the obese and diabetic population. Denmark is thus a 
member of the small group of countries characterized by 
a high gross national product (GNP) but a low, and fall-
ing, ESRD incidence [24].

 3. Detailed clinical and biochemical data on all ESRD have 
been registered in the DNR since 1990 [25] and form the 
basis for national quality assessment goals. The registry is 
>99% complete. Anonymized individual patient data are 
exported to the ERA-EDTA registry each year.

 4. The country has a high scientific research activity, par-
ticularly in the field of diabetic nephropathy. The exis-
tence of the DNR and many other national databases 
permits linkage via patient national identity number 
resulting in the publication of many epidemiological 
articles.

 Future Perspectives of Nephrology 
in Denmark

The political, administrative, epidemiological and thera-
peutic environment in Denmark is stable, and only minor 
changes are expected in the future. The ESRD prevalence is 
expected to stabilize around 6000 patients (1050 pmp) 

within the next 10 years. The Danish Society of Nephrology 
plans the creation of a CKD registry in order to improve 
treatment quality for CKD patients not being treated with 
dialysis or transplantation, but these plans are at an early 
stage.

 Conclusion

Nephrological healthcare in Denmark is comparable to the 
best international standards. This is probably due to a high 
GDP, high professional standards and universal, free health-
care. The situation of nephrology in Denmark may be of 
interest for physicians in other countries, due to a number of 
special characteristics. Healthcare professionals enjoy a 
pleasant working environment.
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Area 633,186 km2

Population 66.6 million (2016)
Capital Paris
Three most populated cities 1. Paris

2. Marseille
3. Lyon

Official language French
Geographic France Mainland is located in 

Western Europe
French Overseas consist of 12 
territories

Annual gross domestic product 
(GDP)

2.591 trillion USD (2017)
2.780 trillion USD (2018)

GDP per capita 9928.56 USD (2017)
8959.02 USD (2018)

Human Development Index (HDI) 0.891 (26 rank, 2018)
Official currency Euro (€, EUR)
Total number of nephrologists 1657 (2017)
National society of nephrology Société Francophone de 

Néphrologie Dialyse et 
Transplantation (SFNDT) 
https://www.sfndt.org/

Incidence of end-stage renal 
disease1,2

2016 – 165 pmp
2017 – 172 pmp

Prevalence of end-stage renal 
disease2

2017 – Mainland 1271 pmp
2017 – Overseas 2031 pmp

Total number of end-stage renal 
disease patients treated (dialysis and 
transplant)

2017 – 87,275
47,985 (dialysis) – 39,288 
(transplant)

Total number of patients on dialysis
(all modalities)1, 2

2016 – 46,872
2017 – 47,985

Number of patients on 
hemodialysis1, 2

2016 – 43,919
2017 – 44,962

Number of patients on peritoneal 
dialysis 1, 2

2016 – 2953
2017 – 3023

Number of renal transplantations 
per year1, 2

2016 – 3176
2017 – 3782

 Introduction

 Identity Card of France

Much of France is located in Western Europe. This part is 
usually referred to as Metropolitan France or Mainland 
France (without Corsica). Mainland France is bordered by 
the English Channel in the northwest, the Pacific Ocean on 
the west coast, Belgium and Luxembourg in the north, 
Germany and the Alps in the east, the Pyrenees mountains in 
the southwest, and the Mediterranean Sea in the southeast. 
France has borders with Belgium and Luxembourg in the 
north, Germany and Switzerland in the east, Italy in the 
southeast, and Spain in the southwest. France covers a sur-
face area of 633,186 km2 including Corsica and overseas ter-
ritories and is populated by 66.6 million inhabitants. French 
is the official language, and Euro (EUR, €) is the current 
currency. France is a founding member of the European 
Union and is a member of the UN Security Council, NATO, 
ESCE, G8, and G20. National holiday is July 14.

The most populated cities are, by decreasing order, Paris, 
2,254,262; Marseille, 855,393; Lyon, 500,715; Toulouse, 
458,298; Nice, 342,295; Nantes, 292,718; Strasbourg, 275,718; 
Bordeaux, 243,626; and Lille, 231,491 inhabitants [1, 2].
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 State Organization

France is a Constitutional Republic which was proclaimed 
after the French Revolution and the abolition of the monarchy 
on 22 September 1792. French Republics refer to a succes-
sion of republics, there have been five republics in the history 
of France, and the Fifth Republic started in 1958 under the 
leadership of General de Gaulle. The President of the Republic 
is elected by direct universal suffrage for 5 years. The legal 
age to vote is 18. Nationals of member states of the European 
Union can vote in municipal and European elections. The 
government consists of the Prime Minister, appointed by the 
President of the Republic, and ministers, deputy ministers, 
and secretaries of state, appointed by the President of the 
Republic on the proposal of the Prime Minister. Under the 
direction of the Prime Minister, the government determines 
and conducts the policy of the nation.

The state is represented in the regions and in the depart-
ments by prefects, who have authority over the decentralized 
state services. Parliament makes and votes laws and controls 
the government. It is bicameral: the National Assembly is made 
up of 577 deputies elected for 5 years by direct universal suf-
frage and Senate of 343 senators elected for 6 years by indirect 
universal suffrage. In case of disagreement between the two 
chambers, the National Assembly decides definitively.

 Territorial Organization

France is made up of several types of local authorities: 
region, department, and commune (or municipality) 
(Fig. 39.1). There are 13 regions with specific competencies 
(leader for the establishment of the regional economic devel-
opment scheme, high school management, vocational train-
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ing, apprenticeship and orientation, economic development, 
management of European structural funds, management of 
structuring equipment (e.g., ports, airports), environment 
and energy transition, land use planning, housing, culture, 
and sport). There are 101 departments (including 5 overseas) 
with specific competencies (social action management and 
assistance, maintenance of departmental roads, management 
of colleges, territory development, cultural and sporting 
action). There are 35,416 towns on mainland France and 100 
overseas with specific competencies (social action, social 
assistance management, management of departmental roads, 
civil status, management of primary school’s planning, cul-
ture, sports equipment’s, road maintenance, protection of 
public order).

The regional, departmental, and municipal councilors 
are elected by direct universal suffrage for a period of 
6  years. They, respectively, elect the president of the 
Regional Council, the president of the Departmental 
Council, and the mayor. Municipalities can be grouped 
into community of municipalities or agglomeration. Since 
2014, agglomeration communities can be grouped together 
in metropolitan areas to jointly manage economic policy, 
transport networks, as well as university and research 
resources and innovation.

There are five overseas territorial collectivities: Saint 
Pierre and Miquelon, the Wallis and Futuna Islands, French 
Polynesia, Saint Barthélemy, and Saint Martin. Each has a 
specific organization and skills [3].

 Climate

The climate in mainland France is temperate, with fairly 
marked regional differences. Temperatures are relatively 
mild, and rainfall is distributed throughout the year. Regional 

variations are due to latitude and the greater or lesser prox-
imity to the sea or the mountain. On the French coasts, the 
temperature variations are less than in the rest of the country, 
but the rainfall is higher.

 History of Nephrology in France

Nephrology is a relatively young medical discipline that 
emerged in the 1960s when first attempts of renal replace-
ment therapy of end-stage renal disease, formerly end-stage 
renal failure, were experimented clinically by pioneering 
doctors [4–6]. In the international context, but particularly 
in the French one, nephrology discipline has emerged and 
pulled out from internal medicine and metabolic and endo-
crine disease department and earlier was identified as a new 
specialty to satisfy end-stage renal disease patient needs 
with stammering therapeutic tools (dialysis, transplanta-
tion) and huge potential perspectives. The term “nephrol-
ogy” was coined and promoted by some visionary kidney 
doctors called “fathers of nephrology” (e.g., John P Merrill, 
Jean Hamburger) to define the scope of this new medical 
discipline [7]. It was then further disseminated worldwide 
through the first international meeting on chronic renal fail-
ure settled in Evian in 1960 [8]. The success and enthusi-
asm sparked by this first meeting of kidney disease experts 
(Fig.  39.2) gave birth to the International Society of 
Nephrology that carried out the torch and led the fight 
against end-stage renal disease, a devastating and ever-fatal 
disease [9].

Interestingly and in a purely factual way, French nephrol-
ogy has largely contributed to the development and the influ-
ence of this discipline through its own national specific 
actions and wide international collaboration. It is well recog-
nized that French nephrology has contributed to the develop-

Fig. 39.2 First meeting of the International Society of Nephrology, Evian, France (Sept. 1–4, 1960)
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ment of the main chapters of our discipline through basic and 
clinical research, management of acute and chronic kidney 
injury, training and education program, conferences, and 
meetings. French nephrology is proud to leave such an 
important imprint on this complex, fascinating, and multifac-
eted discipline.

It is certainly not our intention to praise the merits of 
French nephrology in this paragraph, but simply to recog-
nize and value the contribution of some of our mentors and 
masters in this fight against chronic kidney disease. The 
French Society of Renal Pathology was created first in 
1949 by J Hamburger and transformed later (1959) into the 
French Society of Nephrology [8]. French nephrology has 
contributed significantly to the development of various 
chapters of our discipline with famous names who will 
remain forever. As duty of memory and recognition, we 
will only mention few items with leadership names and 
affiliation school.
 1. Hydroelectrolytic disorders (Hamburger J, Richet G, 

and Ardaillou R)
 2. Classification of renal pathology allowed by renal biop-

sies and histological analyses (Hamburger J, Morel- 
Maroger L, Gubler MC, Noel LH)

 3. Understanding of genetic kidney disease and identifica-
tion of immune disease-mediated glomerulonephritis 
(Grundfeld JP, Mery JP, Ronco P)

 4. Development of kidney transplantation (Hamburger J, 
Traeger J, Kreis H, Soulilou JP, Legendre Ch) facilitated 
by tissue typing (Dausset J) and immunosuppressive 
protocols (Legendre Ch)

 5. Innovative in the field of renal replacement dialysis 
(highly permeable membrane (AN69, Hospal), ultrafil-
tration controller (Hospal), water and sterile dialysate 
(Mion Ch, Canaud B), hemofiltration and online hemo-
diafiltration (Canaud B, Mion Ch, Shaldon S), dialysis 
modalities but also home therapy as well as peritoneal 
dialysis (Mirouze J, Mion Ch, Man NK, Mignon F, 
Jacob Cl, Laurent G, Charra B, Petitclerc Th, Canaud 
B))

 6. Hypertension management (Corvol P, Menard J)
 7. Complications of long-term dialysis patients (Chanard J, 

Drueke T)
 8. Bone metabolic diseases (Fournier A, Drueke T)
 9. Management of acute renal failure (Kleinknecht DJ, 

Canaud B)
 10. Nutritional assessment and management (Fouque D)

 Renal Disease in France

 Nephrology Training

 Organization of Medical Studies 
and Specialization in Nephrology
Medical studies are an exception in the French university 
landscape. They do not operate according to the European 
LMD (License-Master-Doctorate) plan, and their singularity 
also lies in the alternation between the acquisition of theo-
retical knowledge and practical hospital training. A sche-
matic presentation of nephrology training is presented in 
Fig. 39.3. Initial training lasts from 10 to 11 years. The spe-
cialization in nephrology only occurs at the end of the medi-
cal course (sixth year of the medical course) and lasts from 
5 years. The National Classification Examination (ECN) was 
introduced in 2009 as the only way for entering in medical 
specialization replacing the internship competition medicine 
dated from 1802 [10]. This ECN exam allows the candidate 
to choose the specialty discipline (e.g., nephrology) accord-
ing to his ranking but also the university in which he can 
specialize. Nephrology fellowship training program is orga-
nized under responsibility of medicine training and research 
units (UFR) as part of universities and university hospitals 
(CHU) in partnership with regional hospitals (CHR). The 
preparation of the specialized diploma in nephrology (DES) 
is the responsibility of an inter-regional committee led by a 
regional coordinator in charge of the organization of theo-
retical and practical courses and evaluating their results. The 
teaching plan includes general elements (methodological, 
epidemiological, and clinical research, ethics) and specific 
elements (physiology and physiopathology; renal, genetic, 
and immunological; exploration; regulation of the composi-
tion of the internal environment and hydroelectrolytic disor-
ders; acid-base balance; description of nephropathies 
including glomerulonephritis, congenital and hereditary 
nephropathies, vascular nephropathies, hypertension, 
chronic renal disease, and acute kidney disease; renal 
replacement therapy by dialysis and transplantation; man-
agement of the course of care of renal patients). Theoretical 
teaching is provided locally and regionally based on quar-
terly seminars and nationally in the form of bi-annual semi-
nars by the University College of Nephrology Teachers 
(CUEN) [11]. The practical training of the resident is based 
on internship stays in university hospitals or contracted ser-
vices. It consists of ten semesters of which at least five must 

B. Canaud and G. Choukroun



525

be in nephrology services, the others being performed in 
accredited services (e.g., resuscitation, internal medicine, 
functional exploration). During this time, the intern in 
nephrology carries out the medical functions under the 
responsibility of the head of department or director of unit or 
laboratory. He participates and contributes to the clinical 
care of hospitalized patients, teaching, or research activity 
under the responsibility of the head of the department. He is 
then regularly exposed to the problems of exploration and 
diagnosis, treatment, and overall care of kidney patients. He 
contributes according to his level of acquisition and his skills 
to the basic acts of so-called interventional nephrology (e.g., 
kidney biopsy, venipuncture, placement of nutrition or dialy-
sis catheters, Doppler ultrasound exploration, management 
of dialysis session). The duration of each internship is one 
semester. The choice of interns is made by seniority of vali-
dated functions and according to the ranking in their disci-
pline. At the end of the ten semesters of internship, the 
delivery of the diploma of nephrology specialist is validated 
by the inter-regional commission which is based on the vali-
dation of all the required internships, attested by a log of 
internship or failing by cards validation of achievements, by 
a written report on a clinical or fundamental research work 
performed during his internship or failing that by one or sev-

eral publications. Prior to his specialized diploma in nephrol-
ogy (DES), the intern must have supported his medical thesis 
on a personal scientific work or in the form of a synthesis of 
the scientific work that the candidate will have achieved dur-
ing his hospital journey. At the end of this initial training, the 
intern will be able to apply for a 2-year position as a Clinical 
Head and Hospital Assistant (CCA, post-internship) in which 
he will be able to deepen his knowledge with dual university 
and hospital responsibilities. Along this journey, the young 
kidney doctor is encouraged to broaden his competence and 
scientific expertise through complementary master’s degrees 
(1 and 2) but also to continue his research in the form of 
postdoctoral thesis (postdoc) to prepare for a university 
career.

 Nephrology Certification and Accreditation
Medical doctor’s degree in medicine and specialization in 
nephrology must be certified and registered to the National 
Council of Physicians (CNOM), a notified body led by 
peers that guarantees skills, professional independency, and 
medical ethics [12]. Nephrology skills and training must be 
continuously updated throughout the professional career of 
the practitioner. This is part of a personal continuing pro-
fessional development (CPD) program acquired through 
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scientific meetings or symposia, or specific accredited 
training sessions, resulting in the acquisition of continuous 
medical education credits [13]. This procedure required to 
keep nephrologist’s certification is certified by an indepen-
dent organism [14]. Nephrologist activities as well as mon-
itoring boards and certifying bodies are summarized in 
Fig. 39.4.

The Francophone Society of Nephrology, Dialysis, and 
Transplantation (SFNDT) brings together most nephrolo-
gists practicing in France and French speaking outside [15]. 
It represents the professional link and especially the educa-
tional and scientific relay necessary for the vitality and con-
tinuous updating of the nephrological community. The 
SFNDT has its own peer-reviewed journal entitled 
Néphrologie & Thérapeutique, editing research studies and 
reviewing articles in both French and English [16]. Other 
scientific societies adjacent to the discipline also contribute 
to this dynamic; they include but are not limited to the fol-
lowing: the Francophone Society of Transplantation (SFT) 
[17], the Francophone Society of Intensive Care and 
Resuscitation (SRLF) [18], the Francophone Registry of 
Peritoneal Dialysis and Home Hemodialysis (RDPLF-HDD) 
[19], the Francophone Society of Vascular Access (SFAV) 
[20], the Pediatric Society of Nephrology (SNP) [21], and 
the Francophone Society of Clinical Nutrition and 
Metabolism (SFNCM) [22].

Continuing education of caregivers (e.g., nurses, techni-
cian) of nephrology, dialysis, and transplant services is also 
very important. It is ensured by internal and specific profes-
sional training cycles in each of the healthcare structures 
(e.g., continuing education program) but also by companies 
or associations with national or international educational 

aims (e.g., Association Française des Infirmier(e)s de 
Dialyse, Néphrologie et Transplantation (AFIDTN) [23]). 
Similarly, pharmacists in health facilities in which nephrol-
ogy activity is developed are grouped together through spe-
cific professional associations (e.g., Association of Home 
Dialysis Pharmacists (APDD) [24]). Also, dialysis techni-
cians have developed a specific association (e.g., Association 
of Dialysis Technicians, ATD [25]). Networking activity at 
the country and the international level of these various soci-
eties and/or associations ensures the cohesion of the different 
health actors involved in renal care and helps to update 
knowledge in these different areas and to guarantee the best 
practices in renal patient care.

 Nephrology Practices - Nephrologist 
Demography – Workforce – Training 
and Certification

 Nephrologist Demography

The number of nephrologists increases almost linearly from 
the years 1990 until 2017 with a net annual gross rate of 
3.5% as presented in Fig. 39.5. In 2013, as an example pre-
sented in Fig. 39.6, the net balance was 2.7% out of a total of 
1491 active nephrologists.

In 2016, the number of nephrologists was 1672 (57% 
male and 43% female) with a mean age of 48.0 years (male 
51 and female 44) (Fig.  39.7). Repartition of nephrology 
practices is presented in Fig.  39.8. Note that nephrology 
practice relies almost exclusively on healthcare facility. As 
shown, hospital based represents the majority (59%), fol-

Hospital (University & Non-
University)
Clinic (For Profit & Non Profit)
Ambulatory Care
Outpatient Clinic
Critical Care Nephrology

Care Teaching/Training Research

Faculty/University
University Hospital
Faculty of Medicine
Scientific Societies
Industry

University Hospital
INSERM
CNR
SIndustry
Private Lab…

Scientific Societies
(e.g., SFNDT, SFT, RDPLF …)

Doctors & Care Giver Unions
(GP, Specialist, Private, Public)

Kidney care (diagnosis, treatment, monitoring)
Dialysis, Transplantation & Critical care nephrology

Professional Boards
(e.g., AFIDTN, ATD)

Continuous Professional
Development Agency

(ANDPC) 

Accreditation & Certification
Agencies (ANESM, ANAP)

French National
Medical Council

(e.g., CNOM) 

Related agencies, boards and professional unions
supporting or monitoring kidney activity

Fig. 39.4 Nephrology 
activity and related agencies 
or boards

B. Canaud and G. Choukroun



527

lowed by private clinical based (20%) and then by mixed 
practice (11%) and non-hospital based including non-profit 
association care facility (10%). The gross median income 
per nephrologist depending on their mode of exercise, vin-
tage, and type of activity may be estimated between 80,000 
and 250,000€ per year.

Focusing on academic hospital, a schematic representation of 
the current number of teaching nephrologists is given in Fig. 39.9.

 Geographical Distribution

In France, the national average density was 2.30 nephrol-
ogists per 100,000 inhabitants in 2016 as presented in 
Fig.  39.10a [26]. Forecast evolution of nephrology task 
force by 2030 is presented in Fig.  39.10b. However, as 
shown in Fig. 39.11, the number of nephrologists varies 
tremendously according to the region in France, with den-
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sities varying from 1.3 (Corse) to 2.9 (Alsace, Languedoc). 
Using 2016 prevalence data of treated patients from the 
Biomedicine Agency (n  =  46,872 dialysis patients; 
n = 37,811 transplant patients) and considering number of 
nephrologists (n  =  1672), one can easily calculate that 
each nephrologist was treating about 50 patients on 
ESRD. Indeed, this raw calculation ratio of work load per 
nephrologist does not account for the 3–5 million of 
inhabitants bearing significant chronic kidney disease 
(eGFR < 60 ml/min).

 Academic Nephrology: Teaching, Training, 
and Mentoring

 Nephrology Activity
In terms of nephrology activity, the most visible problem is 
the management of end-stage kidney disease patients. The 
prevalence has been gradually increasing over the last few 
years particularly in the oldest groups (over 75 and 85 years) 
which has for corollary of increasing frequency of 
comorbidities.

Flowchart of incoming and outgoing ESRD patients 
treated in France for the year 2017 is presented in Fig. 39.12. 
As shown, incidence of new patients starting renal replace-
ment therapy was 172 pmp, prevalence of patients on main-
tenance therapy was 1294  pmp, renal transplant rate was 
56 pmp, and mortality rate was 10.1%. All together 47,985 
patients were on maintenance dialysis with a mean age of 
71 years, while 39,288 patients were bearing a functional 
graft with a mean age of 58 years. Annual gross mortality 
was 16.3% and 2.3% in dialysis and transplantation, 
respectively.

Clinical nephrology is another important activity of the 
kidney specialist that should not be neglected since this is the 
way to detect and to manage more effectively kidney prob-
lems, to cure disease, to delay progression, or to prevent 
occurrence of associated complications. Based on abnormal 
serum creatinine value (>130 μmmol/l or eGFR  <  60  ml/
min), it has been estimated that 3–5 million French inhabit-
ants are suffering from chronic kidney disease. This is not 
accounting for high-risk kidney patients such as patients 
with proteinuria, diabetics, and hypertensive or arteriopathic 
patients.

B. Canaud and G. Choukroun
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 Attractiveness of Nephrology
Unlike global and Western trend [27], French nephrology 
has become a quite attractive discipline for trainees and 
interns. It has been ranked among the first medical specialty 
selected from interns over the last few years for its attractive-
ness [28].

Diversity of activities (e.g., clinical nephrology, dialysis, 
transplantation, laboratory) is one of its positive aspects, but 
also the image of the discipline has been changed, thanks to 
the University College of Nephrology Teachers (CUEN), 
dynamism of university nephrology departments and scien-
tific societies, and development and creation of various clubs 
and platforms where trainees and young nephrologists can 
meet and exchange.

Recent changes in intern fellowship program rules have 
permitted to increase significantly the number of fellows 
in nephrology training. Eighty positions in nephrology are 
open annually meaning that 320–360 interns are in train-
ing over the 4–5-year training period. Considering the 
potential of this new working force, one may consider that 
nephrology needs will be covered adequately for the next 
few years [29].

 Chronic Kidney Disease Management 
and Renal Replacement Therapy for ESRD 
in France

 Healthcare Regulation of Kidney Disease Care

The French health system is extremely regulated. The thera-
peutic management of chronic kidney disease is no excep-
tion to this rule. The treatment of kidney diseases relies on a 
mixed system provided by public (university and non- 
university hospitals) and private health institutions (hospitals 
or private clinics for profit and/or non-profit). This public- 
private networking system which ensures a tight health net-
work of the national territory, allows complementary 
coverage to the nearest patients, and meets the same regula-
tory requirements has been reinforced in July 2009 by a new 
healthcare regulatory law (e.g., hospital, patient, health, and 
territories [30]). Specific setting for kidney care in France is 
presented in Fig. 39.13. Depending on chronic kidney dis-
ease stage, management differs but should follow the same 
rules and best clinical practices whatever the care is provided 
by private or public practitioners.

End Stage Kidney Disease I
11543

New patients treated for
end-stage kidney disease

Incidence = 172 pmi

87 275
Patients treated for endstage

kidney disease
Prevalence= 1294 pmi

Dialysis prevalence= 712 pmi
Transplant prevalence = 583 pmi

3 782
Renal transplant

Transplant rate= 56 pmi

8 638
Deaths

Mortality rate= 10.1%

Death
Median age : 78

*in France from REIN Registry in 2017

PD: peritoneal dialysis. LRD : living reJated donor. Pmp: per miiJion population

https://www.agence-biomedecine.fr/IMG/pdf/rapport_rein_2017_v3.pdf\

On dialysis
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47985

Functioning graft
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2,3%

7 747
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Fig. 39.12 Incoming/
outgoing end-stage kidney 
disease patients in 2017. 
Repartition between dialysis 
and transplant patients
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 Chronic Kidney Disease Management

Chronic kidney disease (CKD) management relies exclu-
sively on referent nephrologist in collaboration with other 
specialists (e.g., diabetologist, cardiologist). It is based on 
outpatient clinic and ambulatory care with periodical consul-
tations, clinical assessment, lab test, or imaging monitoring 
with medicine prescription. All related costs incurring to 
CKD patient monitoring and treatment are covered by the 
universal social security insurance system under the regime 
of the long-lasting disease (ALD30) as defined later on.

 Epidemiology of Kidney Disease in France
The total number of patients with kidney disease is difficult 
to estimate since we don’t have a national registry record-
ing CKD disease but also because we know that the disease 
remains silent till it reaches a very advanced stage 
(CKD3B). According to current estimates, the number of 
subjects with asymptomatic kidney disease is said to repre-
sent approximately 10% of the French population, the 
invisible part of the iceberg. It ranks chronic kidney disease 
in the “top list” of public health challenges, and screening 
for the disease should be routinely performed in high-risk 
subjects (hypertension, diabetes) and in the population 
aged over 60.

The current main primary causes of kidney disease are 
hypertension and diabetes. This is summarized in Fig. 39.14. 
Hypertensive kidney disease is the main cause of ESRD 
accounting for 24% of new cases. It is associated with nar-
rowing of the kidney’s small arteries (nephroangiosclerosis) 
with a reduction in vascularization leading to chronic isch-
emic kidney disease. Hypertensive nephropathy is frequently 
merged with vascular disease sharing a common pathophysi-
ologic mechanism accounting for 1%. Diabetic kidney dis-
ease is the second leading cause of ESRD in developed 
countries. It represented 23% of new cases of ESRD in 

France in 2017. Primary glomerulonephritis, which repre-
sented the majority of kidney disease in the 1990s, now only 
affects 11% of patients. Pyelonephritis accounts for 4.3% of 
new cases of renal failure. Autosomic polycystic kidney dis-
ease is the most commonly hereditary disease observed with 
about 6.2% of new cases. Other causes or unknown origin of 
kidney diseases represented about one third of new cases.

 End-Stage Renal Disease Management
End-stage renal disease (ESRD) patient may benefit from 
dialysis care when necessary. It is at the discretion of the 
nephrologist to decide when and how to start renal replace-
ment therapy. In all cases, the nephrologist must follow the 
recommendations and best clinical practices in use. He must 
present and explain all therapeutic modalities (e.g., in-center 
hemodialysis, home therapy, preemptive transplant) with 
their benefits and risks. The choice must be shared with 
patient and/or relatives and traced in the medical file. When 
renal replacement therapy has been indicated, the patient is 
then referred to the dialysis care provider habilitated to pro-
vide the adequate therapeutic option.

The dialysis units are part of health facilities and are thus 
managed by public, private, or associative healthcare provid-
ers (Fig. 39.15). Technical operating conditions of dialysis 
units have been redefined by law and known as “2002 
September decrees” [31]. They apply to all renal care provid-
ers. These decrees specify the technical platforms and quotas 
of minimum caregivers to ensure safety and care quality to 
patients:
 1. The hemodialysis center (CHD) mainly supports patients 

whose health conditions (e.g., comorbidity, handicaps) 
require the permanent presence of doctor. It specifies also 
the number of patients per nephrologist as well as the 
number of nurses and/or caregivers per series of patients 
treated. The center must be located geographically within 

Interstitial &
PyeloNephritis KD

Autosomic
Polycystic KD

|ary GlomeruloNephritis

Others KD

Unknown KD

Diabetic KD

Hypertensive KD

Vascular KD

0,9

4,4
6,210,2

14,2

17,1
22,7

23,7

Fig. 39.14 Primary underlying kidney disease among end-stage kid-
ney disease patients in France in 2017

Legal Entity Care Provider
Public
Private For-Profit
Private Non Profit (Association)
Total

Facility Provider
CHU-CHR
CH
Private Clinic/Hospital (MCO)
Dialysis Providers
Others
Total

N (%)
151 ( 49.0)
85 (27.6)
72 (23.4)
308 (100)

N (%)
45 (14.6)
104 (33.8)
58 (18.8)
71 (23.1)
30 (9. 7)
308 (100)

France

Incenter, Medicalized & Self Care Unitst
HD Stations 
N Dialysis Station per Unit (M±SD)
Home HD Stations
Total HD Stations

308 (100)
4620

14.8±7.9
800
4928

Fig. 39.15 Hemodialysis facilities and dialysis stations
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a healthcare facility with full hospital beds and emer-
gency and continuous care services. The hemodialysis 
center has, on its own or by agreement, the services of a 
laboratory and imaging unit. The number of patients 
treated per day and per dialysis station is limited to 3.

 2. Medicalized dialysis units (UDMs) mainly host patients 
who do not require a continuous medical presence during 
the session. The maximum number of patients treated per 
machine and per day is 3. The permanent presence of at 
least one nurse for every four patients per session is neces-
sary. The medical team, without being physically present, 
must be able to intervene during the session, within times 
compatible with the imperative of security. The visit of the 
nephrologist is provided one to three times a week.

 3. Auto-dialysis units or self-care dialysis (UADs) offer sim-
ple or assisted auto-dialysis: (a). The basic UAD is 
intended for autonomous patients who can provide them-
selves their own treatment. The permanent presence of a 
nurse is necessary to help patients when needed (one nurse 
for every eight patients). A personal and not sharable dial-
ysis machine is assigned to each patient to provide more 
flexibility and wide range of treatment time schedule. (b). 
The assisted UAD is offered to semi- autonomous patients 
who require the assistance of a nurse to perform certain 
actions (e.g., arteriovenous fistula puncture). The maxi-
mum number of patients treated in this case is 2 per shift 
and per day. The unit has a permanent nurse for six treated 
patients and possibly other caregivers. The visit of the 
nephrologist, during the session, is provided at least once 
a quarter in simple UAD and at least once a month in 
assisted UAD. In addition, an external consultation must 
be carried out at least once a quarter.

 4. Home hemodialysis (HDD) is offered to autonomous 
patients capable of performing all the necessary actions 
for their treatment, in the presence of a person from his 
entourage who can assist him.

 5. Peritoneal dialysis (PD) is also offered to autonomous 
patients wishing to treat themselves at home. In these 
cases, the care operator is responsible for their training, 
monitoring, and logistical support. A specialized nurse 
must be able to provide a 24/24 and 7/7 operational sup-
port. In all cases, so-called “out-of-center” dialysis units 
and the operators responsible for these units must have, 
on their own or by convention, fallback protocols with 
specialized care structures capable of ensuring immediate 
care in case of complications and/or medical emergencies.

 Renal Replacement Therapy Health 
Trajectories and Figures

On December 31, 2017, 87,275 patients were receiving a 
renal replacement therapy in France, 55% on dialysis and 
45% living with a functional renal transplant [32]. The over-

all crude prevalence was 1294  pmp. It was 1.7 higher in 
males. Prevalence was subject to regional variations with 
eight regions (four overseas) above the national rate. Renal 
transplant share varied from less than 40% in three regions to 
more than 50% in five regions and from 13% to 29% in over-
seas regions. The overall sex- and age-standardized preva-
lence was 45, 667, and 583 pmp, respectively, for peritoneal 
dialysis, hemodialysis, and transplantation, with marked 
regional variations.

 Hemodialysis Epidemiology, Practices, 
and Outcomes
In 2017, 11,006 new ESRD patients started renal replace-
ment therapy by dialysis [32]. The overall incidence of renal 
replacement therapy (RRT) was 172 pmp (dialysis, 164 pmp; 
preemptive transplantation, 8 pmp). Median age at RRT ini-
tiation is 71  years. Those patients present a high rate of 
comorbidities especially diabetes (47% of the new patients) 
and cardiovascular diseases (57% of the new patients) that is 
increasing with aging. The first treatment option remains in 
center’s hemodialysis. RRT started in emergency in 30% of 
the patients. The hemoglobin level at RRT start seems to be 
an interesting indicator of good management and follow-up 
since 60% of patients presenting an underprovided follow-up 
have a hemoglobin level under 10 g/dL, whereas only 40% 
of patients with an appropriate follow-up presented such a 
condition. On December 31, 2017, 47,985 prevalent ESRD 
patients including overseas territories were maintained on 
dialysis (hemodialysis 44,970 and peritoneal dialysis 3015). 
The overall prevalence of RRT in hemodialysis is 667 pmp 
and 45 pmp in peritoneal dialysis. Interestingly, the preva-
lence of hemodialysis patients in overseas territories is 
almost twice as compared to France mainland (hemodialysis 
1902  pmp versus 636  pmp). It is interesting noting that 
elderly over 65 years account for 66% of the patients under-
going dialysis (median age: 71  years, stable since 2012). 
These patients present a high rate of comorbidity especially 
diabetes (43% of patients, increasing since 2012) and cardio-
vascular comorbidities (60% of patients) that increases with 
the patient’s age.

Total number of dialysis facilities and dialysis stations is 
presented in Fig. 39.15. Home hemodialysis treatment tends 
to slightly increase with a share of 0.9% of dialysis patients 
with about 450 patients, mainly linked to the development of 
daily hemodialysis with availability of more friendly dialysis 
machines and delivery systems.

Vascular access used in 80% of patients is an arteriove-
nous fistula (AVF), while a tunneled central venous catheter 
is used in the remaining 20% of patients. Three sessions per 
week is the standard treatment in 94% of patients; two ses-
sions or less per week concerns only 3.6% of patients reflect-
ing either start of the RRT program or end-of-life patient 
management. Two percent of patients are on daily dialysis 
(>4 sessions per week).
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The duration of the sessions is 4 hours in 71% of patients, 
between 3 and 4 hours for 19%, more than 4 hours for 8%, 
and less than 3  hours for 2%. Long dialysis longer than 
6 hours is performed in 0.7% of patients.

Hemodialyzers are made of high-flux synthetic mem-
branes in 90% of cases with a median surface of 1.80 m2. The 
reuse of dialyzers and/or disposable dialysis material equip-
ment is prohibited in France since 1995.

Hemodiafiltration is used in 35% of patients with differ-
ences ranging from 0% to 76% depending on the region but 
increasing steadily. The online method is almost the only 
substitution method with a median substitution volume of 21 
liters per session in post-dilution mode.

Systemic anticoagulation is performed in almost 80% of 
cases with low molecular weight heparin, and the rest uses 
unfragmented heparin or another modality as needed.

The median electrolytic composition in mmol/liter of the 
bicarbonate dialysate is as follows: Na 138, K 2.0, HCO3 35, 
Ca 1.5, Mg 0.5, and acetate (80%) or citrate (20%) as 
acidifier.

The median Kt/V for patients having three hemodialysis ses-
sions per week varies from 1.4 to 1.5 depending on the measure-
ment method. The percentage of patients with an equilibrated 
Kt/V (eqKt/V) greater than 1.2 corresponding to the targets of 
adequate minimum dialysis according to the recommendations 
varies from 72% to 89% depending on the method. The percent-
age of patients with a Kt/V greater than 1.2 is higher in patients 
over 75 years of age. It is logically more important in patients 
with an AVF than in patients with a catheter.

Note that in all cases, there are strong regional disparities 
reflecting specific needs and more specific practices relating 
to patients with a specific medical profile or local adapted 
practices.

The length of renal replacement therapy in prevalent dial-
ysis patients in 2017 had a median of 3.2 years. Dialysis vin-
tage varies significantly from one region to another from 
2.7 years in Corsica to 4.5 in La Reunion. Forty-eight per-
cent of all patients have a total treatment duration of 2 years 
or less. This distribution is a reflection of patients treated 
exclusively by dialysis whatever the reasons are (e.g., hyper-
immunized, high-risk) and regional transplant activity. 
Among patients treated for more than 20 years, 86% received 
a kidney transplant at least once [32].

In 2017, the prevalence of chronic carriers of viruses 
HBV, HCV, and HIV in 2017 was 0.7%, 1.0%, and 0.8%, 
respectively, with a significant decrease trend over the past 
decade. Among the 80 patients with HIV virus, 28 are at the 
AIDS stage, and 39% of these patients are treated in Île-de- 
France. Note that patients with chronic virus contamination 
are much more important in overseas territories with a preva-
lence for HBV, HCV, and HIV of 1.3%, 1.1%, and 1.1%, 
respectively [32]. It is forecasted that prevalence of HCV 
further decreases with access and generalization of anti- 
HCV treatment [33].

In 2017, overall patient survival rate of incident hemodi-
alysis patients (n = 53,971) equipped with an arteriovenous 
access at initiation starting in the period 2002–2017, at 1, 3, 
5, and 10 years, was as follows: 89.4% (89.1–89.6), 72.0% 
(71.6–72.4), 57.1% (56.6–57.6), and 35.2% (34.6–35.8), 
respectively. Survival rate probability in diabetic, cardiac, 
and elderly patients is 10–20% lower and 5–10% better in 
younger and no comorbid patients.

 Peritoneal Dialysis Epidemiology, Practices, 
and Outcomes
On December 31, 2017, overall prevalent use of peritoneal 
dialysis modality was 3015, predominantly in France main-
land with 2873 patients accounting for 95.2% of total share. 
The overall prevalence of peritoneal dialysis remains stable 
over time with a share of 6.2% of dialysis patients. Peritoneal 
dialysis represents the main home therapy option relying on 
continuous ambulatory peritoneal dialysis (CAPD) or auto-
mated peritoneal dialysis (APD) with a share of 3,7% and 
2,5%, respectively [32].

Peritoneal dialysis is exclusively performed at home, 
either as self-care modality (about 40%) or as assisted-care 
modality (about 60%), mainly with CAPD requiring external 
nurse home intervention [34]. Peritoneal dialysis solutions 
are multiple, and prescription relies on various associations 
including icodextrin-based solution for long-dwell exchange 
in almost 80% of patients. Median exchange volume in 
CAPD is 6.2 liter/day (0.5–12) and in APD is 10.0 liter/day 
(2.0–18.0) based on six exchanges per week.

Even if the number of patients treated by PD increases 
(+3% per year), the relative share trend tends to decline by 
2% per year between 2009 and 2017. For example, when 
analyzing patients’ movement and turnover through the year 
2017 (n = 2970), 61% were still on PD, and 39% had left the 
modality, mainly by death (18%), by transfer to hemodialy-
sis (11%), or by transplantation (9%). Outgoing flows are the 
highest of all modalities, reflecting a lower technical survival 
and a greater turnover of prevalent patients. The two main 
exit modes, renal transplant and death, illustrate patients’ 
heterogeneity treated by PD and local policy of PD use.

 Kidney Transplantation Epidemiology, Practices, 
and Outcomes
Kidney transplantation is a highly recommended therapeutic 
option for patients with ESRD patients who can fit with this 
procedure [35]. Among all candidates for kidney transplant 
on the waiting list in 2017, 3782 kidney transplantations 
have been performed with 16% from a living donor and 15% 
having a second transplant. However, the state of shortage 
has worsened, and 18,793 were candidates for a kidney 
transplant in 2017 [32]. The probability of first wait-listing 
was of 5.6% at the start of dialysis (preemptive registrations), 
16% at 12, 26% at 36, and 29% at 60 months. The probabil-
ity of being registered was strongly related to age, diabetes, 
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and region. Patient older than 60 had a very poor access to 
the waiting list, whatever their diabetes status was. Probability 
of first wait-listing was much lower (46% at 60 months) in 
type 2 diabetic, 40–59-year-old patients. Among patients 
less than 60 years old, the probability of being registered was 
14% at the start of dialysis, 41% at 12  months, 64% at 
36 months, and 70% at 60 months (median dialysis duration: 
17 months). The percentage of patients back to dialysis after 
a transplant failure is slightly increasing in 2017. They were 
1116 in 2017 and represented 9% of the cohort of the patients 
who started dialysis.

It must always be proposed, and a pre-transplant feasi-
bility assessment must be carried out by the referent 
regional transplant team. It is important to note that kidney 
transplantation is the exclusive competence of accredited 
academic hospitals and under the different plans and laws 
governing organ transplantation [36, 37]. Today, 48 kidney 
transplant centers are accredited over all French territory 
(metropolitan and ultramarine) to perform all related pro-
cedures (pre- transplant, transplant, and post-transplant 
monitoring and management) to kidney transplant. The 
pre-transplant assessment consists in checking overall 
clinical condition, vital risk factors (e.g., cardiovascular 
history and status, oncological history), specific risks (e.g., 
blood group, HLA tissue typing, immunological status, 
viral risk), and anatomical problems (e.g., abdominal, pel-
vic, and peripheral artery network, vascular calcification). 
At the end of this assessment, the feasibility of the trans-
plantation is retained or not. A registration on the national 
waiting list for cadaveric kidney transplant is then per-
formed to the Biomedicine Agency (ABM). Patient, refer-
ring physicians, and stakeholders are then informed of the 
registration on the waiting list. Management of available 
kidney is then managed at the national level by the ABM 
according to relatively complex allocation criteria (e.g., 
compatibility levels, seniority, priority criteria, etc.) estab-
lished by a national committee of experts. Kidney trans-
plant allocation choices are made from a proprietary 
software (Cristal, ABM) that ensures best matching 
between donor and recipients selection criteria to ensure 
best outcome to transplant, but also to guarantee transpar-
ency and equity in the distribution of available organs. 
When living kidney donor transplantation is envisaged, the 
protocol is mainly managed by regional transplant team 
after registration to the ABM. In addition to patient recipi-
ent assessment, a precise checkup (e.g., tissue typing and 
compatibility, kidney function, vital risk, psychology sta-
bility) is performed to the family and/or living related 
donor candidate. Further possibilities were developed to 
expand kidney transplant capacity (e.g., paired or living 
donor exchange, desensitization in hyperimmunized 
patients, kidney harvesting in dead donors), but that will 
not be covered in this chapter.

Immunosuppression (IS) is administered to kidney 
transplant patients to prevent rejection episodes and loss of 
the renal allograft [38]. All transplant centers rely on an 
induction therapy with either interleukin-2 receptor anti-
bodies or anti-thymocyte globulin and a maintenance ther-
apy consisting in triple immunosuppression. The most 
frequently used substances for maintenance IS are gluco-
corticoids, antimetabolites (mycophenolate… mycopheno-
lic acid), mTOR inhibitors (mTORi), calcineurin inhibitors 
(CNI), and the co-stimulation blocker belatacept. In France, 
best practice guidelines recommend a triple combination 
consisting of CNIs, antimetabolites, and corticosteroids as 
standard of care for 6–12 months, then after followed by 
tapering IS mostly relying on double combination aiming 
to suppress steroids. CNIs are considered as cornerstone of 
IS. Tacrolimus represents in most case the first choice as 
the mainstream of IS despite its strong diabetogenic pro-
pensity. Patient-focused IS protocol depends on patient age 
and status, organ functions (heart, kidney, liver), and labo-
ratory data. Modification of IS may also result from initial 
patient response (e.g., acute rejection, side effects, poor 
tolerance) or high-risk patients (e.g., hyperimmunized, re-
transplant, solid cancer history, identified risk, virus car-
rier) or local practices contributing to clinical research. 
Post-transplantation diabetes mellitus represents a frequent 
complication that affects about one third of kidney trans-
plant patients and needs IS adaptation. Opportunistic infec-
tions (cytomegalovirus and pneumocystis) and 
post-transplantation lymphoproliferative disorders (PTLD) 
are less frequently reported and best managed by prophy-
laxis, IS reduction, and targeted therapies.

Among all candidates for kidney transplant on the waiting 
list in 2017, 3782 transplantations were performed in major-
ity from deceased-donor kidney transplants. Transplant from 
living related kidney donors represented 16% of patients, and 
15% of cases corresponded re-transplantation (e.g., second or 
third transplant). Shortage of kidneys has worsened, and 
18,793 were candidates for a kidney transplant in 2017. The 
percentage of patients back to dialysis after a transplant fail-
ure had increased in 2017. They were 1116 in 2017 and rep-
resented 9% of the cohort of the patients who started 
dialysis.

The probability of first wait-listing was of 5.6% at the 
start of dialysis (preemptive transplantation), 16% at 12, 
26% at 36, and 29% at 60 months. The probability of being 
registered was strongly related to age, diabetes, and region. 
Patient older than 60 had a very poor access to the waiting 
list, whatever their diabetes status was. Probability of first 
wait-listing was much lower (46% at 60 months) in type 2 
diabetic patients. Among patients less than 60 years old, the 
probability of being registered was 14% at the start of dialy-
sis, 41% at 12  months, 64% at 36  months, and 70% at 
60 months (median dialysis duration: 17 months).
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According to annual Biomedicine Agency report, kidney 
graft survival probability shows significant outcome 
improvement according to transplant cohorts till 2006–2008: 
1986–1990, 1991–1995, 1996–2000, 2001–2005, and 2006–
2008 with 1-year survivals of 83,7%, 86,3%, 91,0%, 92,2%, 
and 92,6%. However, most recent 2009–2011 and 2012–
2015 cohorts showed a slight decrease in 1-year survival to 
91.7% and 91.6%. This change is likely due to the significant 
increase in elderly donors and the aging of recipient. These 
figures are to be compared with median survival of kidney 
graft which is 14 years [32].

In 2017, 891 deaths were recorded out of 38,226 patient- 
years at risk of dying with a functional graft. The annual 
mortality rate is very low (1–2%) until the age of 50 and then 
increases slightly. Transplant patients have a much lower 
mortality probability than those on dialysis patients. In 2017, 
for 1000 patients aged between 60 and 69 years, 115 versus 
27 died in dialysis and kidney transplantation, respectively.

The study of temporal variations since 2012 demonstrated 
a +3% increase in standardized prevalence of ESRD patients 
with a functional transplant vs. +2% increase for dialysis, 
resulting in a decreasing gap between dialysis and transplan-
tation prevalence, due to an increase number of renal trans-
plant and a longer survival of transplanted patients.

 Renal Replacement Therapy in Pediatric 
End-Stage Renal Disease Patients

In this chapter we provide a brief summary of pediatric end- 
stage renal disease (ESRD) management regarding demo-
graphics, treatment modalities, and outcomes in France [32].

In 2017, 126 infants and adolescents (<20  years) were 
started on renal replacement therapy. The incidence of ESRD 
among patients under 20 years old was 7,7 pmh. The preva-
lence remained stable at 56,5 pmp. The first causes of ESRD 
are hereditary nephropathies and uropathies and renal hypo-
dysplasia. Initial treatment was hemodialysis for 55% and 
peritoneal dialysis for 25% that is mainly used in younger 
children. In 2017, 26 preemptive transplantations were per-
formed accounting for 21% of new patients. The probability 
of first wait-listing was of 18% at the start of dialysis (pre-
emptive registration), 68% at 12, 83% at 24, and 93% at 
60 months. The probability of first renal transplantation was 
of 20% at the start of renal replacement therapy (preemptive 
transplantation), 50% at 12, 71% at 24, and 89% at 60 months. 
Finally, survival analyses confirmed that younger children 
(under 4 years old) have the highest risk of death (91% sur-
vival rate at 5 years vs. 97% in patients over 4 years old) and 
that the treatment of choice is renal transplantation since it 
increases the expected remaining lifetime by about 20 years 
depending on the considered age compared to a patient that 
would stay on dialysis all his life.

In 2017, 923 young patients under the age of 20 residing 
in France received replacement therapy. The crude preva-
lence of ESRD treated in this age group is 56.5 pmh under 
20 years of age with an increase according to age, varying 
from 19 pmh for children under 5–115 for 18–19 years old. 
The median age of these children and adolescents is 
14.4 years, and 60% are boys. Kidney transplantation is the 
most frequently used treatment modality (76%). The share of 
transplants with living donors is 16%. Note that the priority 
in pediatrics to access a graft allows access to the transplant 
much faster than for adults. HD is used in 17% of children 
and adolescents and peritoneal dialysis in 7%. However, the 
distribution of treatment methods is age-dependent with fre-
quent use of peritoneal dialysis in children under 4 years of 
age (37%).

 Acute Kidney Injury Management and Renal 
Replacement Therapy

In France, intensive care units (ICU) are shared among vari-
ous departments (e.g., anesthesiology, resuscitation) and/or 
specialties (e.g., nephrology, cardiology, gastroenterology, 
surgery). Management and treatment of AKI is therefore 
shared among these departments according to patient path-
way and severity of AKI. In France, about 950 public hospi-
tals including university and general hospitals, 700 mixed 
public-private hospitals, and about 1000 private hospitals are 
distributed on mainland France. Among them, around 400 
ICU are located in 320 institutions, representing approxi-
mately 4700 beds. The number of beds in private hospitals is 
around 12%. ICUs are polyvalent (50%), surgical (20%), or 
medical (12%) and admit around 150,000 patients per year. 
Non-kidney ICU teams manage AKI patients in relation with 
nephrologist experts [39].

The ICU is governed by Law Decrees (2002-466; 2003- 
45; 2006-72) framing the practices. The architecture of ICUs 
should include three areas: reception, hospitalization, and 
technical. The ICU team includes physicians, nurses, physio-
therapist, and psychologist. The head of ICU is a physician 
certified in ICU and concerned specialty (e.g., nephrology, 
cardiology). Intensivists and/or ICU specialists should be in- 
house 24/7. A junior can be in-house on-call under the super-
vision of a senior on-call at-home. There is no ratio defining 
the number of intensivists by bed, but generally, at daytime, 
about four full-time seniors are required for ten beds. 
Regarding the nurse team, each unit includes a chief-nurse. 
The Law Decree imposes a ratio of 2 nurses for 5 patients 
and 1 nurse-assistant for 4 patients. The nurses are responsi-
ble for drug administration, parenteral nutrition, organ sup-
port (e.g., lung, renal, cardiac), quality of care, and 
prescription under the responsibility of physicians. Renal 
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replacement therapy (e.g., intermittent of continuous option) 
is performed by certified and trained nurses under the super-
vision of physicians.

The cost of hospitalization is covered by the national 
social security agency. In routine, there is no interaction 
about hospitalization fees between patient’s relatives and the 
medical team. Each public ICU belongs to an administrative 
entity including several departments, based on thematic or 
geographical features. A financial statement is presented at 
least once a year at the level of those entities. The staff 
resource represents 43% of total costs. For each ICU stay, the 
hospitals receive a lump sum, making it difficult to deter-
mine the specific cost of an individual stay.

By definition, ICU admission is based on the presence of at 
least two organ failures with a risk of death. The patients with 
a single organ failure are directed to specialty acute care units, 
and those stable with potential organ failure are admitted to 
intermediate care units. The mortality rates range from 15% to 
25%, and 21% of patients discharged alive does not survive at 
1  year [40]. Best clinical practices are framed by national 
guidelines, mainly produced by Société Francaise d’Anesthésie 
et de Réanimation and Société de Réanimation de Langue 
Francaise (SFAR-SRLF) and published in ACCPM [41].

End of life is framed by the Claeys-Leonetti Law of 
February 2, 2016. This Law aims at protecting the end-of- 
life patient against stubbornly and unreasonable cares. A 
right to a deep and continuous sedation until death for 
patients whose prognosis for survival is committed at short 
term was introduced. The decision to withhold or withdraw 
care must be consensual and reported in the patient’s file. 
This decision is shared with the relatives, albeit being under 
the responsibility of the physician in charge. A procedure for 
advance directives has also been implemented, but their use 
remains marginal in the French ICUs [42].

Acute kidney injury (AKI) is highly prevalent among hos-
pitalized patients translating a further aggravation of patient 
condition. Stage 3 acute kidney injury requiring dialysis 
(AKI3D) is associated with poor outcomes. AKI management 
in stage 1–2 AKI patients is ensured in nephrology ward and/
or acute kidney care units, while stage 3 AKI requiring dialy-
sis with or without additional organ support (e.g., lung, shock, 
sepsis, heart) are currently managed in intensive care units 
(ICU) under the supervision of intensivists and/or nephrolo-
gists depending on the local organization.

Epidemiologic features, patient medical profile, AKI con-
text, and prognosis of AKI3D in France have been recently 
summarized in a large retrospective study in mainland France 
[43]. All hospitalizations for AKI3D from 2009 to 2014 were 
extracted from the comprehensive French hospital discharge 
database, which provides de-identified data with  demographic 
and medical information about the admission diagnosis, 
underlying comorbidities, procedures performed, and com-
plications. Over the study period, AKI3D increased from 475 

(95% CI, 468–482) to 512 per million population (95% CI, 
505–519) and all age groups particularly in elderly. AKI3D 
was twice as high in men as women. Median age was 68 years. 
The most common comorbidities were cardio- cerebrovascular 
diseases (64.8%), pulmonary disease (42.2%), CKD (33.8%), 
and diabetes (26.0%); all of these except CKD increased sig-
nificantly over time. Heart failure (17.2%), sepsis (17.0%), 
AKI on CKD (13.0%), digestive diseases (10.7%), and shock 
(6.6%) were the most frequent principal diagnoses associated 
with AKI. The proportion of patients with at least one ICU 
stay and continuous renal replacement therapy increased 
from 80.3% to 83.9% and from 56.9% to 61.8%, respectively. 
In-hospital mortality was high but stable (47%) and higher in 
patients with an ICU stay.

In conclusion, the French ICU practice caring for severe 
AKI3D patients is surrounded by a tight legal frame. Public 
funding to hospital (university, tertiary) or clinic (private) 
through the national social security agency is the only source 
of income for ICU based on a lump sum based on a daily rate 
negotiated yearly with regional health agency (ARS).

 Healthcare Coverage and Cost of ESRD 
Patient Management

 Health Coverage for Kidney Disease 
Management

Kidney disease and chronic renal failure are listed as #19 out 
of the 30 long-lasting diseases (ALD30) and considered as 
“exonerating” disease totally covered by the universal 
national health insurance system (CNAM3 and regional 
branches CRAM4) [44]. When a new kidney disease patient 
is diagnosed, family doctor and nephrologist must report and 
document the clinical case to the CRAM medical office for 
being recognized and covered by social security system. 
These rights will appear on patient’s electronic card (Vital 
Card). In addition, this process opens the rights for the 
patient to be treated and to benefit from full coverage for all 
costs incurring from his kidney disease.

French healthcare system with a focus on chronic kidney 
disease management is schematically presented in Fig. 39.13. 
Regional health agencies (ARS) were created in 2010 to 
ensure healthcare regulation. They are responsible for CKD 
management as well as other diseases and/or all regional pop-
ulation health problems [45]. This includes periodic and regu-
lar update for adapting care offering infrastructure to patient 
population needs (e.g., dialysis unit creation and/or geo-

3 CNAM, Caisse Nationale Assurance Maladie.
4 CRAM, Caisse Régionale Assurance Maladie.
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graphical distribution, number of dialysis stations by clinic 
and hospital, accredited units for organ transplantation or har-
vesting, number of kidney transplant), but also to allocate 
budget and promote new and/or innovative actions for kidney 
disease management (e.g., kidney network regrouping vari-
ous competences and specialties for facilitating kidney dis-
ease management). This is part of a 5-year contract involving 
nephrologists and all care providers (e.g., public, private, and 
non-profit association) that is used by ARS5 for establishing 
regional plan of end-stage kidney care supply (SROS6) [46].

The medical fees and expenses related to the treatment or 
monitoring of CKD are paid directly to the doctors (e.g., pri-
vate or public) or to the care providers (e.g., pharmacist, 
laboratory, radiology, etc.). Thanks to personal electronic 
card (Vital Card), each patient may benefit from health insur-
ance funding for CKD care. In other words, that means that 
CKD patient does not advance money for his care. This 
remains true across all kidney disease stages including dialy-
sis and transplantation.

 Cost of End-Stage Renal Disease Management

During chronic kidney disease phase and outpatient clinic, 
cost is mainly related to consultations, lab test, imaging, and 
medicine prescription.

During renal replacement therapy phase, treatment cost 
includes dialysis reimbursement fees, use of disposable 
material, intradialytic medications (e.g., EPO, iron), and 
physician fees but also, during the interdialytic period, 
medicine prescription, specialized consultations, lab test, 
and imaging tests when needed. Renal replacement fees are 
based on dialysis facilities type (e.g., in-center, private or 
public, university) and location (e.g., home, self-care, hos-
pital, clinic) but not on the modality itself. In other words, 
hemodialysis or hemodiafiltration received the same reim-
bursement fees. It is of interest to note that transportation to 
the dialysis unit is also reimbursed by the CRAM.

During renal transplantation and initial phase (first year), 
treatment cost includes surgical act, hospitalization, and 
immunomodulator treatment. After stabilization of kidney 
transplant patient (over the first year), the cost is mainly 
related to immunosuppressive therapy, patient monitoring, 
and management of side effects of transplantation and/or 
immunosuppressive therapy.

In all cases, treatment cost of ESRD patients whatever is 
the modality is very expensive. As shown in Fig.  39.16, a 
comparison of monthly total cost per patient is presented 
across different renal replacement options after patient stabi-
lization (over first year) [47, 48]. As shown on this graph, in-
center hemodialysis represents the most expensive renal 
replacement option, while the kidney transplant is the cheap-
est one. It is also interesting to note that home therapy, from 
either continuous ambulatory peritoneal dialysis (CAPD) or 
home hemodialysis, offers interesting and relatively cheaper 
treatment option compared to in-center hemodialysis. 
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Furthermore, if one considers the impact of renal replacement 
therapy on quality of life and recognizes that transplant and 
home therapy preserve best patient perception, it becomes 
clear that these two modalities have the best added value for 
ESRD patient care (improving outcome and reducing cost).

 New Perspectives

Kidney disease and chronic renal failure have become a pub-
lic health problem and of major concern in France over the 
last few years, due to their prevalence, cost, and burden on 
patients and society [49]. As such, the management of kid-
ney disease is a priority of the French health authorities. 
Several lines of thought are developed by the health authori-
ties in partnership with the actors in the field to provide an 
answer to this problem. We will only mention here the main 
avenues explored to remedy this worrying situation.

In the short term, ways of improvement could be quickly 
put in place, but this will only be possible through a common 
will and consent of authorities and health actors to act in 
concert to:
 1. Sensitize the general population and the non-medical spe-

cialized body to the burden of renal diseases in order to 
have preventive actions concerning food (salt), the way of 
life (physical activity, tobacco), added risks (self- 
medication), or better management of renal tropism 
(hypertension, diabetes)

 2. Strengthen the training of junior doctors (interns) and, 
more generally, all healthcare providers to ensure better 
management of patients and, above all, ensure soft transi-
tion within the various therapeutic modalities

 3. Improve the efficiency of care through better manage-
ment of the patient trajectory through few actions:

 (a) Detect kidney disease earlier and better manage it to 
slow progression to kidney failure and prevent 
complications.

 (b) Promote therapeutic alternatives to in center-dialysis 
aiming at empowering patients and/or treating them 
in less medicalized structures (self-care units or 
home treatment) to reduce cost and improve out-
come. In that sense new technology will help by 
developing personal and smart dialysis machine.

 (c) Increase the number of kidney transplants from either 
cadaver donor kidneys or live donors with truly 
incentive measures.

 4. Develop or use new information and communication 
technologies to improve the quality of results and person-
alize treatment using big data and artificial intelligence 
such as:

 (a) Develop risk predictive models that facilitate thera-
peutic choices

 (b) Develop models of help and decision support for 
treatment

 5. Review the model of care and its funding in order to 
evolve toward payment for performance and results and 
no longer for activity
In the longer term, other more innovative therapeutic 

approaches need to be explored. They can only be put into 
practice after clinical validation and delays that are difficult 
to define. These areas are evolving very rapidly and can 
arrive more quickly in the market than expected. This is the 
case of research topics such as regenerative medicine (renal 
repair by stem cells), wearable or implantable artificial kid-
ney (nanotechnology), bioartificial organs (kidney organ-
oids, recellularized kidney scaffold), and xenotransplantation 
with personalized organ that are currently explored in vari-
ous research centers through France.
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Area1 131,957 Km2

Population2 10,816,286 (2011)
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Three most populated cities 1. Athens
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Gross domestic product (GDP)3 218.032 billion USD (2018)
GDP per capita4 20,324 USD (2018)
Human Development Index (HDI)5 0.872 (32rd, 2018)
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Total number of nephrologists6 578
National society of nephrology Hellenic Society of Nephrology
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Incidence of end-stage renal 
disease7

2016 – 261 pmp (unadjusted)

Prevalence of end-stage renal 
disease7

(including patients with a 
functioning kidney transplant)

2016 – 1359 pmp (unadjusted)

Total number of patients on 
dialysis8

(all modalities)

2017 – 11,585
2018 – 12,055

Number of patients on 
hemodialysis8

2017 – 10,868
2018 – 11,333

Number of patients on peritoneal 
dialysis8

2017 – 717
2018 – 722

Number of renal transplantations 
per year8

2017 – 176
2018 – 141

 1. Central Intelligence Agency. The World Factbook. Accessed 10 
January 2020. Available in: https://www.cia.gov/library/publica-
tions/the-world-factbook/geos/gr.html

 2. Hellenic Statistical Authority, 2011 census. Available in: https://
www.statistics.gr/el/statistics/-/publication/SAM03/2011

 3. The World Bank. Accessed 10 January 2020. Available in: https://
data.worldbank.org/country/greece?view=chart

 4. The World Bank. Accessed 10 January 2020. Available in: https://
data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=GR

 5. United Nations Development Program. Human Development 
Reports. Accessed 10 January 2020. Available in: http://hdr.undp.
org/en/countries/profiles/GRC

 6. Unpublished data derived from The Hellenic Society of 
Nephrology

 7. ERA-EDTA Registry: ERA-EDTA Registry Annual Report 2016. 
Amsterdam UMC, location AMC, Department of Medical 
Informatics, Amsterdam, the Netherlands, 2018. Available in: www.
era-edta-reg.org

 8. Unpublished data derived from the “Board of Registry and Control 
of Renal Replacement Therapy”

 Introduction

Greece, officially Hellenic Republic, is a country located in 
Southeastern Europe. It shares land borders with Albania to 
the northwest, Northern Macedonia and Bulgaria to the 
north, Turkey to the northeast, and an extensive sea border 
with Turkey to the east. Greece’s main geographical feature 
is an extensively mountainous (80% of land area) and penin-
sular mainland surrounded by a vast number of islands and 
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islets (between 1,000 and 6,000 depending on definition), of 
which 114 are inhabited and where 15% of the population 
resides.

Located in a strategic position at the crossroads of 
Europe, Asia, Africa, the Mediterranean Sea and the 
Black Sea, Greece has been inhabited since the remote 
past. One of the oldest and most important civilizations 
in world history (Ancient Greece) flourished in the area 
during the ancient times, with paramount contributions to 
Western philosophy, politics (democracy), science, and 
arts. For these reasons, scholars often consider it as the 
cradle of Western civilization. In modern times, Greece 
gained its independence from the Ottoman Empire in 
1830, but during  the nineteenth and twentieth centuries 
(until 1950), it was shaped through a series of wars and 
periods of political turmoil. Greece has been politically 
stable since 1974, with the establishment of a unitary 
parliamentary republic and the definitive abolition of 
monarchy. The Greeks are a homogeneous nation, the 
majority of Christian Orthodox religion, and the official 
language is the modern Greek language which, if seen in 
a continuum with its medieval and ancient versions, is 
one of the oldest languages on earth.

Greece is a developed country and a high-income, ser-
vice-based economy. Merchant marine/shipping and tourism 
are important contributors to national domestic product. It is 
a member of the European Union and the official currency is 
the Euro. It is also a member of North Atlantic Treaty 
Organization (NATO). Since 2018, Greece is recovering 
from a decade- long severe economic and debt crisis, for 
which the country needed to implement strict fiscal stabiliza-
tion programs to avoid default.

The Greek public health system, called National Health 
System (ESY in Greek), offers universal healthcare cover-
age, free at the point of delivery. The system is mixed, i.e., 
funded by both the national budget and public insurance 
funds and involves a mixture of public and private (con-
tracted) providers. There is also a very developed private 
healthcare sector and a growing private insurance market. 
In the aftermath of Greece’s economic crisis, the public 
healthcare system is currently at a breaking point, chal-
lenged by underfunding, staff shortages, and chronic insuf-
ficiencies in management and planning, combined with an 
aging population and an increased proportion of out-of-
pocket expenditure.

 Short History of Nephrology in Greece

About 150 years ago, the great French physiologist Claude 
Bernard (1813–1878) acknowledged the mission and impor-
tance of the kidneys for our lives, thanks to the homeostatic 
regulation and maintenance of the “internal milieu” [1]. Much 
earlier, since 1681, Swiss physician Johann Jakob Wepfer had 
correlated chronic renal failure with polyuria and then with 
necrosis of atrophic kidneys in a patient with a 3-year history 
of polyuria who had died of cerebral hemorrhage [2]. Despite 
these early observations, nephrology started developing much 
later and was recognized as a specialty during the second half 
of the twentieth century. In Greece, the development of 
nephrology has generally followed a similar timescale as in 
most Western European countries, albeit with some delay. 
Today, nephrology and renal replacement therapy (RRT) are 
fully developed in Greece and in accordance with the interna-
tionally accepted standards of care, yet there are areas in need 
of significant improvements, and these should be the target of 
future policies.

Most would agree that the history of nephrology in Greece 
began in the late 1940s, when physicians E. Panagiotopoulos 
and D.  Valtis successfully applied acute peritoneal dialysis 
(PD) at Laiko Hospital in Thessaloniki to treat a 25-year-old 
female patient with anuric acute kidney injury (AKI) follow-
ing septic abortion, using improvised catheters and solution. 
They only managed to perform two 12-hour-long sessions of 
treatment due to outflow problems, and the patient passed 
away a few days later [3]. A few years later, in 1952, K. Tountas 
performed the first kidney transplantations in laboratory ani-
mals in the experimental operating theater, which he had orga-
nized at the Laiko Hospital in Athens [4]. In 1957, K. Tountas 
(then associate professor of surgery) and K.  Kyriakou also 
performed the first hemodialysis (HD) session, using a twin- 
coil- Travenol artificial kidney, in a patient with barbiturate 
poisoning at the General Hospital of Nikaia-Piraeus.

Hippokratis Yatzidis, a founding member of EDTA, previ-
ously known as “West Europe Dialysis Association,” was the 
first Greek physician to be specialized in nephrology (along 
with internal medicine and cardiology) at Hippokrateion 
Hospital in Athens. From 1955 to 1959, he worked at the 
Claude Bernard Association (ACB) research center in Paris, 
France, supervised by Professor Jean Hamburger. Upon his 
return to Greece in 1959, he was appointed as Associate 
Professor of Medicine at the University of Athens and formed 
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a group of keen physicians, interested in various aspects of 
the emerging field of nephrology, based at Hippokrateion 
Hospital. Drs. Dimitrios Oreopoulos, Sonia Voudiklari, 
Georgios Psimmenos, Antonis Katirtzoglou, and Antonis 
Tzamaloukas, among others, were members of that group. 
Professor Yatzidis’ vision was to establish a University 
Nephrology Center with experts in every special discipline 
of nephrology. For this purpose, he encouraged and helped 
his young collaborators to get fellowships in state-of-the-art 
nephrology centers in the USA, France, and the UK.  The 
pioneering nephrology team had also  set up its own bio-
chemical laboratory and library. In 1959, the Department of 
Artificial Kidney at Hippokrateion Hospital of Athens was 
equipped with its first artificial kidney, a Kill-board dialysis 
machine with Dasco monitor, and Yatzidis’ group focused on 
treating hospitalized patients with AKI from across the coun-
try. Meanwhile, the group had started publishing their first 
results and experience with artificial kidney [5].

Besides his efforts to treat patients usually presenting with 
AKI, Professor Yatzidis expanded his research interests towards 
the development of an activated charcoal column, which would 
remove uremic toxins and other poisons from the blood (hemo-
perfusion). This innovative invention earned him with interna-
tional reputation, and the group presented their first results at 
the 1st EDTA-ERA Congress in Amsterdam in 1964. 
Meanwhile, since 1961, only a year after the first development 
of arteriovenous (AV) shunt in Seattle, USA, the group was 
competent in developing AV shunts made of Teflon (PTFE) and 
in surgically placing them intra-arterially and intravenously at 
the patients’ carpal area for long-term use. In 1968, 2 years 
after the creation of the first AV fistula by Brescia MJ, Cimino 
JE et al., Yatzidis’ group created their first AV fistula for patients 
on chronic hemodialysis and published their experience in the 
New England Journal of Medicine [5–8].

During the same period, in Thessaloniki, Professors 
K.  Tountas and D.  Valtis were treating patients with AKI 
with HD, using twin-coil Travenol artificial kidney, at the 
“AHEPA” Hospital. Prof. D. Valtis had received postgradu-
ate training in Glasgow, Scotland, and in 1968, he organized 
the first HD unit at  the “AHEPA Hospital.” The following 
year, Dr. M.  Papadimitriou began the HD program for 
patients with chronic kidney disease (CKD) using Kill-board 
dialysis machines.

In 1968, Professor Tountas also performed the first human 
kidney transplantation in Greece, which was the sixth such 
operation in Europe [4, 5].

In Athens, Professor S. Papastamatis, after returning from 
London, sent the nurse A. Zapraidou to receive training in 
HD, and in March 1969, they started the HD unit at the 
General State Hospital of Athens, together with Dr. 
D.  Protogerou. That same year, another HD unit began to 
operate at the Laiko Hospital, led by Dr. A. Billis. Its main 
purpose was to support the hospital’s expanding kidney 
transplantation program. The unit was initially equipped 
with a Dasco dialysis machine (Italy) and next year with a 
new Dasco Cal RP model [5].

During the early 1970s, several other HD units began to 
operate in Athens (at the  Hellenic Red Cross Hospital, 
Hippokrateion Hospital and Evangelismos Hospital  – to 
name a few), led by physicians who had returned to Greece 
after receiving postgraduate training in nephrology and 
dialysis abroad. Furthermore, due to the increasing popula-
tion of end-stage renal disease (ESRD) patients, HD units 
started to develop at private hospitals as well, in Athens and 
Thessaloniki [5]. By 1976, HD units were operating only in 
Athens, Thessaloniki and Chania, Crete. Hence, ESRD 
patients only had two options: either to move perma-
nently  to one of these cities or to travel to Athens or 
Thessaloniki three times a week in order to receive dialysis. 
To solve this problem, S. Marketos, who was the general 
secretary of the Ministry of Social Services and a member 
of the Hellenic Society of Nephrology (HSN), suggested 
the gradual development of HD units at all district hospitals 
across the country. Due to the shortage of nephrologists at 
that time, these units were led by specialists in internal 
medicine, who had completed a 2-month intensive training 
course in hemodialysis [5].

On December 1, 1976, nephrology was recognized in 
Greece as a distinctive medical specialty, related to internal 
medicine or pediatrics, and the specialty curriculum and 
requirements for acquiring it were determined (Presidential 
Decree 882, Official Gazette of the Greek Republic 323/
issue A/1.12.1976) [5].

Following this, the Ministry of Health soon acknowledged 
the importance and the rapidly increasing demand for dialysis 
services for patients with ESRD across the country, and to 
support the development of new HD units, the Hospitals of 
Athens and Thessaloniki started providing intensive educa-
tional courses in nephrology and dialysis nursing.

In July 1976, the “Panhellenic Union of patients with 
nephropathies undergoing HD or Transplantation” was 
established.
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The first Department of Nephrology was established in 
July 1978 at the 7th “Therapeutirio” (infirmary) of the 
Social Insurance Institution (IKA in Greek -  one of the 
country’s major insurance funds) and was directed by Dr. 
V. Hadjiconstantinou. The same year, another Nephrology 
Department was founded at Evaggelismos Hospital, 
directed by Dr. A.  Billis. In 1979, a new Nephrology 
Department was launched at B’ Hospital of the Social 
Insurance Institute (Panaghia) in Thessaloniki, directed by 
Dr. G. Vagionas. An outbreak of dialysis dementia observed 
in 1978 and attributed to aluminum toxicity led the HSN to 
issue guidance stating that all HD units should install water 
treatment systems including softening, deionization, and 
reverse osmosis [5].

The following year, 1979–1980, Dr. K. Sombolos was 
the first in Greece to use isolated (vacuum) ultrafiltration, 
to treat overhydrated uremic patients in the HD unit of 
Laiko Hospital in Athens, and in 1983 he was also the first 
to use a subclavian catheter (Vygon single lumen) for HD 
in a hospitalized patient. Dr. Sombolos also applied con-
tinuous arteriovenous hemofiltration (CAVH) (a method 
developed by Kramer in 1977) for the first time in Greece, 
in March 1985 at the  Papanikolaou Hospital in 
Thessaloniki [5].

Since 1990, the legislation was enriched and improved 
with a number of laws and presidential decrees [Presidential 
Decree 247 (Official Gazette of the Greek Republic 93/issue 
A/21.06.1991), Presidential Decree 517 (Official Gazette of 
the Greek Republic 202/issue A/24.12.1991), Presidential 
Decree 225 (Official Gazette of the Greek Republic 194/issue 
A/07.09.2000), Presidential Decree 235 (Official Gazette of 
the Greek Republic 199/issue A/14.09.2000), Law 4093 
(Official Gazette of the Greek Republic 222/issue 
A/12.11.2012, article 67), Law 4316 (Official Gazette of the 
Greek Republic 270/issue A/24.12.2014, article 57)] that 
allowed the development of nephrology at a satisfactory pace. 
As of 2019, there are 26 Nephrology Departments, 33 PD 
units all based in public hospitals, and 181 HD units, evenly 
distributed between the public and the private sector [5, 9].

 Pediatric Nephrology in Greece

Until 1975, pediatric nephrology was not developed in 
Greece, and there was a complete lack of pediatricians with 
experience in dialysis. Thus, infants and children with AKI 
hospitalized in the pediatric hospitals of Athens were ini-
tially consulted and treated with acute PD, by Dr. A. Billis’ 
group (one of the first to use acute PD in Greece since the 
late 1960s), based at the neighboring Laiko Hospital. It was 

after 1975 that the first pediatricians with training in nephrol-
ogy assumed responsibility, thus relieving that burden on 
adult-oriented physicians [5].

The first pediatric HD session was performed in 1978, in 
an 11-year old boy at the University Pediatric Department of 
“P. & A. Kyriakou” Children’s Hospital in Athens, using a 
parallel plate dialyzer and a radio-cephalic AV fistula in the 
elbow. It was performed by Drs. P. Zeis and C. Sinaniotis and 
by the  nurse P.  Tsougia, who had previous experience in 
pediatric dialysis from her nursing practice in London. Drs. 
P.  Zeis and C.  Sinaniotis (along with Dr. Ch. Bakopoulos 
from the Pediatric Department of “Agia Sofia” University 
Children’s Hospital in Athens) are considered as the pioneers 
in the field of pediatric nephrology in Greece, and all were 
active members of the HSN [5]. In 1982, they also founded 
the first chronic HD unit for children, equipped with three 
dialysis machines. The unit was affiliated to the University 
Pediatric Department of “P. & A.  Kyriakou” Children’s 
Hospital. In addition, Dr. C. Stefanidis returned in 1982 after 
his long-term training in Canada under supervision by 
Professor D. Oreopoulos and established a CAPD program 
for children, using plastic bags for the first time in Greece. 
Dr. C. Stefanidis gradually became an expert in peritoneal 
dialysis in Europe [5].

In 1987, Dr. I. Sotiriou who had received full training in 
pediatric nephrology in France established the first pediatric 
nephrology unit in Northern Greece at the  Hippokrateion 
University Hospital and initiated a PD program [5]. As of 
today, there are two Departments of Pediatric Nephrology in 
Greece (one in Athens and one in Thessaloniki, both hosting 
pediatric HD and PD units), as well as pediatric nephrology 
outpatient clinics operating within the Departments of 
Pediatrics in most University Hospitals.

 The Hellenic Society of Nephrology

The Hellenic Society of Nephrology (HSN) was founded in 
April 1970, by 22 founding members, and its first scientific 
meeting was held in Thessaloniki in June 1970. The 1st 
Panhellenic Congress of Nephrology was held in 
Thessaloniki in March 1980, and the following year (June 
1981), the ISN’s 8th International Congress of Nephrology 
was held in Athens [5].

In 1984, the HSN council offered its first scholarship to 
nephrologist G. Papadakis for a 1-year postgraduate train-
ing in Frankfurt, Germany. Since then, the HSN has given 
the opportunity to numerous of its members to receive 
scholarships for specific postgraduate training in well-
known centers both in Europe and in the USA [5]. In 1984, 
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an ad hoc committee formed by the HSN performed the 
first study to estimate the needs for renal replacement ther-
apy (RRT) infrastructure and staff, for the developing 
National Health System (founded a year earlier, in 1983). 
The committee suggested the development of 370 hospital 
beds dedicated to nephrology, 418 artificial kidney 
machines, and 16 CAPD units, in order to meet current 
demand. They also suggested the appointment of 123 
nephrologists at consultant level, including 26 clinical 
directors [5]. The same year, the HSN started offering 
training seminars in nephrology for nurses. By 1987, the 
HSN had 117 registered members.

In 1989, the Hellenic Nephrology journal started to be 
published and is published quarterly ever since. The HSN is 
hosting two scientific meetings per year and the biennial 
Panhellenic Congress of Nephrology, helping the dissemina-
tion of new developments in nephrology in the Greek com-
munity of nephrologists. It also provides auspices to a number 
of regional and local scientific meetings related to nephrol-
ogy, organized by other stakeholders. It has also issued guid-
ance for the diagnosis and management of kidney diseases 
and for RRT and hosts yearly training courses for nephrology 
trainees. As of 2019, there are 578 active members registered 
with the HSN (by professional address), 74 emeritus mem-
bers, and 92 trainees (data provided by the HSN).

 The Greek Renal Registry

The first aggregated figures of Greek patients who under-
went chronic HD from 1967 to 1972 were presented in 1973 
during the 1st Balkan Meeting on Renal Diseases, held in 
Thessaloniki. Since 1975, several reports recording all 
patients on chronic HD and PD and kidney transplant recipi-
ents for the years 1967–1979 and 1980–1987 were presented 
at national meetings [5]. In 1983, there was a collaboration 
between the HSN and the Ministry of Health, in order to cre-
ate an electronic registry for patients with kidney diseases. 
After a decree by the Ministry of Health in 1985, the “Board 
of Registry, Coordination and Control of RRT (YSE)” was 
ordained. The registry is currently based at G. Gennimatas 
General Hospital in Athens and participates in the ERA- 
EDTA Registry’s activities, providing annual reports.

 Renal Diseases in Greece

Unfortunately, there is no registry of patients with CKD 
stages 1–5 (before RRT initiation); neither are there any 
large-scale epidemiological studies on CKD.  Therefore, 

accurate data on the incidence and prevalence of the dis-
ease are not available. However, according to the data pre-
sented in the recently published Atlas of the International 
Society of Nephrology, the prevalence of CKD in Greece 
is estimated to be about 12%, equivalent to the rest of 
Europe [10].

For the same reasons, there are no data available on AKI 
either; therefore, the incidence, prevalence, causes, and 
severity of AKI in Greece remain unknown.

In contrast, there are accurate data for patients with 
ESRD undergoing RRT, systematically collected by the 
Greek renal registry (Board of Registry, Coordination and 
Control of RRT). According to the latest ERA-EDTA reg-
istry report, published in 2018 with data from 2016, the 
incidence of ESRD in Greece, adjusted for age and sex, 
was 210 per million population (pmp) (6th highest in 
Europe) and the adjusted prevalence 1,141 patients pmp 
(5th highest in Europe). As far as it concerns the causes of 
ESRD, glomerulonephritis was the cause in 17.2% of 
patients, pyelonephritis in 6.1%, polycystic kidney disease 
in 8%, diabetes mellitus in 19.1%, hypertension in 9.4%, 
renovascular disease in 1.3%, and miscellaneous causes in 
9.8%. However, the cause was unknown in 29.2% of 
patients, which is a quite high rate [11]. A possible expla-
nation for this finding might be that in Greece many 
patients with kidney disease are referred to nephrologists 
late in the course of CKD; thus, they are frequently not 
subjected to kidney biopsy and the cause of CKD remains 
undetermined.

Incidence and prevalence of RRT have increased since 
the 1980s, when systematic recording began, and their 
course is shown in Figs. 40.1 and 40.2. This increase might 
be attributed to the following causes: (1) high prevalence of 
obesity (37.4% of Greeks are overweight and 34.9% are 
obese according to a recent study, while Greece is among 
the European countries with the highest childhood obesity 
rates), (2) high percentage of hypertensive patients (today, 
hypertension concerns over 40% of adults and over 80% of 
the elderly, while it is estimated that at least 40% of hyper-
tensive patients are not treated and only 15% of the total 
hypertensive population achieve good blood pressure con-
trol with drug therapy), (3) the existence of a large number 
of diabetic patients (in a recent study, total prevalence of 
diabetes mellitus in Greece is 7%, in adults is 8.2%, and in 
persons >75 years old is 30.3%), (4) aging of the popula-
tion, and (5) initiation of HD irrespective of age and comor-
bidities, while at the same time the option of conservative 
management of ESRD and/or palliative care, even for 
patients with very low life expectancy, is not widely 
accepted [12–16].
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 Renal Replacement Therapy in Greece

 Hemodialysis

The development of HD in Greece has been shaped and is 
regulated by the following presidential decrees:

 1. Presidential Decree 247 (Official Gazette of the Greek 
Republic 93/issue A/21.06.1991).

 2. Presidential Decree 517 (Official Gazette of the Greek 
Republic 202/issue A/24.12.1991).

 3. Presidential Decree 225 (Official Gazette of the Greek 
Republic 194/issue A/07.09.2000).

 4. Presidential Decree 235 (Official Gazette of the Greek 
Republic 199/issue A/14.09.2000).

The first two of these laws have defined the conditions, 
requirements, and modus operandi for HD units operating at 
public and private hospitals and the next two for private HD 
units operating as individual facilities. In the official state 
nomenclature, the former are referred to as “Artificial Kidney 
Units” and the latter  as “Chronic HD units.” It is required 

Fig. 40.1 Incident (a) and 
prevalent (b) counts of renal 
replacement therapy (RRT) in 
Greece, by modality 
(1970–2018)
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that all chronic HD units be scientifically linked to the near-
est public hospital where there is a Department of Nephrology 
or a HD unit.

As previously mentioned, as of 2019 there are 181 HD 
units (94 in public hospitals, 34 in private hospitals, as well as 
53 chronic HD units), dispersed throughout the country, even 
on small islands; thus, most patients undergoing HD do not 
need to move away from their homes permanently. According 
to recent data derived from the Greek renal registry, there are 
currently about 11,300 patients on HD, of whom 37% are 
treated in public HD units and 63% in private HD units (22% 
in private hospitals and 43% in chronic HD units).

There are 3,860 dialysis machines operating (50.7% in 
public hospitals and 49.3% in the private sector). Αccording 
to the existing legislation, the number of dialysis machines in 

each HD unit can range between 5 (minimum) and 45 (maxi-
mum). Home HD is not developed and is not reimbursed.

A typical HD regimen consists of three 4-hour sessions 
per week, with blood flow rates >300  ml/min. 
Hemodiafiltration (HDF) is widely used, usually in post- 
dilutional mode, but it is required by law that the percentage 
of patients on HDF per dialysis unit cannot exceed 40%. 
Incremental dialysis in the form of two sessions per week or 
three sessions of <4-hour duration for patients with signifi-
cant residual renal function is applied by some units, but the 
number of patients on such regimens is unknown. It is esti-
mated that 1–1.5% of patients are dialyzing four times per 
week, as this requires an application process to allow reim-
bursement of the additional dialysis sessions. Dialyzer reuse 
is not allowed by law.
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Fig. 40.2 Incidence (a) and 
prevalence (b) of renal 
replacement therapy (RRT) in 
Greece, per million of 
population, adjusted for age 
and sex (1998–2016)
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Regarding vascular access, a recent survey performed on 
a sample of 1,248 patients (representing approximately 11% 
of total HD population) revealed that 58.2% of patients com-
mence dialysis with a central venous catheter (CVC), 33.2% 
with an arteriovenous fistula (AVF), and 8.6% with an arte-
riovenous graft  (AVG), while functional vascular access at 
the time of the survey was AVF in 53.3%, CVC in 34.7%, 
and AVG in 12.1% of patients [17].

Approximately 3–4% of the HD population are hepatitis 
C positive, while less than 1% are positive for hepatitis B and 
human immunodeficiency virus (HIV). These figures are 
estimated based on unprocessed data derived from the elec-
tronic prescription platform as they are not routinely col-
lected by the Greek renal registry. Mortality rates have 
remained stable for the last 5 years, with an average annual 
crude mortality rate of 196.6 deaths/1,000 patient-years 
(unpublished data derived from the Greek renal registry).

Treatment with HD is free for all patients who need it, as 
it is fully reimbursed by the insurance system, independent 
of whether the patient is treated in a public or private HD 
unit. Patients without insurance and patients on social pro-
tection plans still have access to treatment, but only in public 
hospitals. The same applies for their medications, i.e., they 
are fully reimbursed by the insurance system. In addition, 
there are a number of pension and tax benefits for ESRD 
patients.

Τhe reimbursement price of each HD session is fixed and 
is different for conventional HD and online hemodiafiltration 
(HDF), with an average session price of about 140 euros for 
chronic HD units and 125 euros for all other HD units 
(Official Gazette of the Greek Republic 423/B/27.3.2007 
and 807/B/22.5.2007). The price difference is justified by the 
fact that chronic HD units have significantly higher operat-
ing costs than hospital-based HD units. Chronic HD units 
operate in independent, purpose-built facilities – hence the 
investment costs are higher – and the staff-to-patient ratio is 
strictly determined by law. Moreover, these units need exclu-
sive ambulance services, secretariat, etc. Τhe price per HD 
session reimbursed includes all materials and consumables 
required to perform the session (including heparin) except 
for the dialyzer, lines, and fistula needles. The latter are also 
reimbursed, but according to current prices determined by 
the Price Observatory of the Greek Health Procurement 
Committee, a directorate of the Ministry of Health.

The average yearly cost for HD/patient is estimated to be 
€35–37,000 euros including travel expenses. It is estimated 
that the total cost of HD and hospitalizations of approxi-
mately 11,000 HD patients absorbs about 3% of the Greek 
health budget.

As previously stated, there is complete lack of epidemio-
logical data regarding patients with AKI. Reimbursement of 
continuous renal replacement therapy (CRRT) amounts to 
100 euros/day (including all materials and consumables 

required to perform the session (plus heparin) except for the 
dialyzer, the lines and the central venous catheter). This price 
is independent of the CRRT modality used (Official Gazette 
of the Greek Republic 807/issue B/22.5.2007).

 Peritoneal Dialysis

In the years following its first application, acute PD started 
to be used in selected patients with AKI. Its use expanded 
during the early 1960s, first at the “AHEPA” Hospital in 
Thessaloniki by the groups led by Prof. D. Valtis and Dr. 
G.  Tsourouktsoglou, respectively, and later in Athens’ 
“Alexandra” Hospital led by Dr. N.  Papadogiannakis and 
“Vasileus Pavlos” Hospital (today Laiko Hospital), led by 
Dr. A. Billis. Since the early 1970s, its use was generalized 
and the groups in Thessaloniki started using PD to treat a 
few patients with ESRD. However, their efforts were ham-
pered by the primitive PD apparatus available and by high 
rates of peritonitis [18]. As a result, according to anecdotal 
evidence, only a handful of patients remained prevalent on 
PD until 1980 (unpublished data from the Greek renal 
registry).

CAPD was introduced in the early 1980s, only a few 
years following its first use in the USA and Canada. This 
resulted in the establishment, from 1981 onwards, of long- 
term CAPD programs for patients with ESRD in 
Thessaloniki and Athens. In Thessaloniki, the first such 
programs were those at the  “Hippokrateion” General 
Hospital led by Prof. M. Papadimitriou, “Agios Dimitrios” 
Hospital led by Dr. A. Dimitriadis, and “AHEPA” Hospital 
led by Dr. N. Dombros. In Athens, the first CAPD programs 
were those at the “Hippokrateion” General Hospital led by 
Dr. A.  Katirtzoglou and Laiko Hospital, led by Dr. 
A.  Agrafiotis [18]. The number of PD units increased 
steadily throughout the 1980s. However, for many years PD 
was not viewed as a first-line therapy for ESRD patients, 
and patient selection was usually done by negative criteria, 
i.e., most patients were offered PD if they were not fit for 
HD. For this reason, mortality in PD in Greece was initially 
much higher than in HD [19]. Automated peritoneal dialy-
sis (APD) was also introduced in the mid-1980s, but for 
many years it was only available for very few patients. For 
example, in 1999 there were only 13 prevalent patients on 
APD. Its use expanded during the following decade, and in 
2009 prevalent APD patients outnumbered CAPD patients 
for the first time (data derived from the Greek renal regis-
try), while today approximately 2/3 of prevalent patients 
are on APD [11].

An important role in the development of PD in Greece has 
to be attributed to the presence of Prof. D. Oreopoulos, one 
of the world’s pioneers in PD, in Toronto, Canada, since the 
early 1970s. Prof. D. Oreopoulos, already known as one of 
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the pioneers in nephrology in Greece through his participa-
tion in H.  Yatzidis’ group, served as a beacon for Greek 
nephrologists, not only by inspiring nephrologists to engage 
with PD but also by training a number of leading Greek 
nephrologists in PD in Toronto Western Hospital.

After the expansion of PD programs observed during the 
1980s and 1990s, PD incidence and prevalence in Greece 
remain stagnated during the last 15 years. On average, 150 
new patients have started renal replacement therapy with PD 
each year, and 730 patients remain prevalent (with the excep-
tion of a peak 783 prevalent patients in 2004). However, due 
to the disproportionately large expansion of HD over the 
same period, the share of PD in RRT in Greece has been 
steadily decreasing over the last 20  years (Fig.  40.1). 
According to the most recent available data, there were 164 
incident (5.8%) and 722 prevalent (4.9%) PD patients in 
2018 (unpublished data derived from the Greek renal 
registry).

As of May 2019, there are 33 active PD units scattered 
around the country, 2 of which are based in pediatric depart-
ments [9]. All PD units are currently based in public hospi-
tals (i.e., hospitals of the National Health System, or 
University Hospitals). There are no units developed in the 
private sector. The conditions and requirements for the estab-
lishment and operation of PD units are described in the 
Presidential Decree 517 (Official Gazette of the Greek 
Republic 202/issue A/1991).

The number of prevalent PD patients is about 720, includ-
ing 24 pediatric patients. Use of PD is higher in Northern 
compared to Southern Greece. Although PD units are evenly 
distributed (16 vs 17, respectively), 60% of prevalent PD 
patients are treated by the units located in Northern Greece, 
despite the fact that approximately 40% of the population 
resides in Northern Greece and 36% of nephrologists are 
employed there (unpublished data derived from the HSN). 
Possible explanations might be the lower density of HD units 
or larger driving distances to the nearest HD unit, given that 
the density of HD units is highest in Athens. Accordingly, 
although 35% of the population lives in Athens’ metropoli-
tan area where approximately 40% of nephrologists are 
employed, the percentage of prevalent PD patients treated is 
only 18%. However, to our knowledge there is no available 
study on this issue.

Patients’ training in PD is done either by the unit’s PD 
nurses or, in some cases, by trainers provided by the industry. 
Assisted PD is a common practice, usually performed by 
spouses or other family members. Some PD units offer the 
option of in-center intermittent PD for very frail patients, in 
cases where home assistance is not available. Due to a wide-
spread shortage of nursing staff in the National Health 
System, there are currently no PD units able to perform 
home visits and patients need to rely exclusively on family 
members for assistance.

PD costs are fully reimbursed by the insurance system; 
thus, treatment and ESRD-related medications are free for 
patients, as for HD. A recent study on the comparative costs 
for HD and PD revealed that the direct cost of PD is higher 
than of HD for the insurance system. This difference may be 
offset by the fact that PD units have lower operating costs, 
but if PD in public hospitals is compared to HD delivered by 
the private sector, then PD is a more expensive option [20]. 
The full, real-world costs including both direct and indirect 
costs, though, have not been studied systematically.

Given the lack of epidemiological data apart from those 
collected by the Greek renal registry, a promising effort to 
create a national PD registry with the aim to systematically 
collect and process data on PD in Greece has commenced 
since 2017. A national-level audit on peritonitis rates per-
formed recently, as part of this developing registry, revealed 
a rate of 0.25 episodes per patient-year [21]. Mortality rates 
have remained stable for the last 5  years, with an  average 
annual crude mortality rate of 167.6 deaths/1,000 patient- 
years (unpublished data derived from the Greek renal 
registry).

 Renal Transplantation

The first kidney transplant in Greece was performed on July 
9, 1968, at the AHEPA Hospital in Thessaloniki, from a 
deceased donor. Two years later, on September 1, 1970, in 
Thessaloniki once more, the first kidney transplant from a 
living donor became a reality. In Athens, the first transplants 
were performed at the Laiko Hospital on March 8, 1971, 
from a deceased donor and on January 24, 1972, from a liv-
ing donor, respectively.

Throughout the 1970s, kidney transplants were sparse 
and were mostly viewed as another surgical procedure rather 
than as a therapy for ESRD. In the 1980s, the first structured 
transplant units were established: one at the Laiko Hospital 
in Athens in 1983 and the other at the Hippokrateion Hospital 
in Thessaloniki in 1986. However, kidney transplants were 
still regarded as a primarily surgical procedure; thus, these 
first units were organized and supervised by surgeons, with 
nephrologists playing a consulting role.

In the meantime, the necessary legislation for the growth 
and function of transplant units was starting to form. The 
first law regarding transplantation was voted by the Greek 
parliament in 1978 (Law 821, Official Gazette of the Greek 
Republic173/14.10.1978), to be joined by the second in 1983 
(Law 1383, Official Gazette of the Greek Republic 106/issue 
A/5.8.1983). In 1996, the “Uniformed System of Enrolment 
and Selection of Patients and Allocation of Renal Transplants” 
was formed, following another ministry mandate (Υ4d/8874 
Official Gazette of the Greek Republic 973/issue 
A/25.10.1996). In 1999, following a novel law (Law 2737, 
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Official Gazette of the Greek Republic 174/issue 
A/27.8.1999), the transplantation system was reformed in 
conjunction with the laws of the European Union and the 
Council of Europe. During 2001 it became fully compatible 
with the European and International regulations, and the 
National Organization of Transplantation (founded in 1999) 
started to act as a competent authority. Ever since, the Greek 
transplantation legislation has been reconstituted to follow 
the newest guidance provided by the aforementioned 
authorities.

Therefore, organ harvesting from potential brain dead 
donors is performed unless the deceased had expressed his/
her opposition towards organ donation (opt out) and on the 
condition that the close family of the departed provide their 
consent. As for the eligible transplant candidates, they are 
enrolled in a National Registry, and the allocation of the 
renal grafts is based on a point system taking into account 
mainly the time a patient has been on RRT, as well as the 
HLA histocompatibility. Kidney donation from a living 
donor directly to a patient is only permitted when they are 

relatives or have a strong personal and emotional relation-
ship. However, when such a direct donation is not possible 
for medical reasons, there is a provision for a kidney-paired 
donation. Alternatively, the living donor can donate via the 
National Registry, and their patient-couple is promoted onto 
the top of the waiting list.

There are currently five Renal Transplant Units in Greece. 
Among these, 2,427 kidney transplants have been performed 
at the Laiko Hospital in Athens since its official establish-
ment in 1983 until the end of 2018. At the Hippokrateion 
Hospital in Thessaloniki, 1,790 kidney transplants have 
taken place since 1987, while at Evaggelismos Hospital in 
Athens, 700 kidney transplants have been performed since 
1991. At the University Hospital of Patras since 1997, there 
have been 262 kidney transplants, and at the University 
Hospital of Ioannina, there have been 36 since 2011 (unpub-
lished data derived from the National Organization of 
Transplantation). Kidney transplants from deceased com-
pared to living donors per year from 2001 to 2018 are 
depicted in Figs. 40.3 and 40.4.
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The main immunosuppression regimen currently in use is 
the combination of steroids, mycophenolic acid (either in the 
form of mycophenolate mofetil or sodium), and tacrolimus. 
At the induction stage, the anti-CD25 monoclonal antibody 
basiliximab is added to the aforementioned triple therapy. 
For certain indications, the antithymocyte globulin is pre-
ferred instead of basiliximab, avoiding tacrolimus at the ini-
tiation phase. During the maintenance stage, depending on 
the transplantation course and certain characteristics of the 
patient and/or graft, steroids could be withdrawn and either 
mycophenolic acid or tacrolimus could be substituted for by 
everolimus. Renal transplantation is fully reimbursed by the 
national insurance scheme through a fixed price for the pro-
cedure. Extra expenses, if needed, are covered by the hospi-
tal budget. Immunosuppressive treatment and all other 
medications needed by renal transplant recipients are also 
fully reimbursed by the insurance system.

Since 2005, much attention has been aimed at renal trans-
plants of hypersensitized patients, resulting in 212 such 
transplants so far. Prior to implementing a cohesive program, 
very few of those patients were able to find a compatible 
donor kidney, while now their transplant rates have surpassed 
the corresponding figures for non-hypersensitized patients. 
Likewise, since 2005, a program for blood group incompat-
ible transplants has commenced at Laiko Hospital, resulting 
in 60 ABO incompatible kidney transplants so far [22]. At 
the same hospital, a kidney exchange program has been in 
place since 2017, prompting four such transplants. Prior to 
setting up this program, the first transatlantic living paired 
kidney transplantation occurred between a couple from 
Laiko Hospital and a non-directed anonymous donor from 
Ohio, USA. The first step took place on December 15, 2001, 
in the USA when the Greek patient received a kidney trans-
plant from that donor and 4 months later on April 19, 2012, 
his wife donated a kidney to a diabetic patient in Pennsylvania, 
USA, thus completing a seven-person transplantation chain. 
In an effort to expand further our kidney exchange program, 
Greece has recently been included in the South Alliance for 
Transplant initiative, an international agreement involving 
Spain, Italy, France, and Portugal, aiming to increase the 
pool of potential donor-recipient pairs. In addition, Greece 
also participates in the European Network for Collaboration 
on Kidney Exchange Programmes (ENCKEP) action, funded 
by the European Union’s COST program.

Looking over the history of renal transplants in Greece, 
their development was not delayed, if the prosperity of the 
country is taken into account and the Greek governments have 
been fairly quick to lay the groundwork for the legislation that 
would allow these to grow. However, for about 20 years, renal 
transplants in Greece were sporadic and treated as surgical ter-
ritory rather than an organized, multidisciplinary team treat-
ment option for patients with ESRD. Another 10 years had to 
pass before the country fully adopted the European and 

International laws in the operation of the transplantation 
schedule as well as that of the existing Renal Transplant Units. 
Regrettably, this was not coupled with the necessary policies 
aimed towards the growth of donation. As a result, organ dona-
tion in Greece in the last 3  years amounts to a mean of 5 
deceased donors pmp, a significant deficit compared to the 
European mean of 18 deceased donors pmp. The respective 
numbers of living donors at the same time interval are 6.1 and 
10.8 pmp [23]. The causes of this shortcoming are beyond the 
purpose of this chapter, but there lie the current true needs of 
kidney transplantation in Greece.

 Nephrology Practice in Greece

Thirty-three years ago, Nephrology was recognized in 
Greece as a distinctive specialty related to internal medicine 
or pediatrics, with Presidential Decree 882 (Official Gazette 
of the Greek Republic 323/A/1.12.1976). That law also 
determined the conditions for acquiring the specialty (it was 
required that one had acquired the specialty of internal medi-
cine or pediatrics after 3 years of training in internal medi-
cine or pediatrics, respectively, and passing the relevant 
exams and had received a 2-year training in nephrology). 
Following this, a number of other laws were gradually intro-
duced, defining both the specialty of nephrology as a core 
medical specialty and the requirements for its acquisition. 
These laws have been published in the following government 
newsletters:

 1. Official Gazette of the Greek Republic 217/issue 
A/23.12.1985

 2. Official Gazette of the Greek Republic 236/issue A/1994
 3. Official Gazette of the Greek Republic 258/issue 

A/20.91995
 4. Official Gazette of the Greek Republic 314/issue 

B/15.12.2014
 5. Official Gazette of the Greek Republic 4138/issue 

B/20.9.2018
 6. Official Gazette of the Greek Republic 2271/issue 

B/11.6.2019

At present, in order to become a specialist in nephrology 
in Greece, the trainee is required to complete a 2-year train-
ing in internal medicine, followed by 4-year training in 
nephrology (of which at least 18 months in clinical nephrol-
ogy, 6 months in HD, 4 months in PD, 3–6 months in trans-
plantation, 3 months in outpatient clinics; the remaining time 
can be used to train the student in different disciplines of the 
department, at the discretion of his/her clinical director).

After completion of training, the candidate has to pass the 
specialty certificate examinations, in order to register as a 
specialist.
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Following specialist registration, a nephrologist can work 
in private practice, in the national health system, or in univer-
sity posts, as well as in private nephrology departments and 
HD units. HD units (both of the public and the private sector) 
can also employ nurses after at least 6 months of training in 
HD, as well as physicians of other specialties (cardiologists, 
psychiatrists, etc.) as consultants, as well as renal dietitians. 
There are strictly defined nurse-to-patient and nephrologist- 
to- patient ratios for dialysis units of the private sector. For 
the aforementioned “chronic HD units,” the minimum 
requirement is 1 nurse for 4 patients and 1 nephrologist (in 
addition to the medical director) for 40 patients with mini-
mum 2 nephrologists per unit (Presidential Decree 225 
(Official Gazette of the Greek Republic 194/issue 
A/07.09.2000)). Accordingly, for the aforementioned 
“Artificial Kidney Units” (operating within private hospi-
tals), the nurse-to-patient ratio is 1:5, and the minimum 
requirement for nephrologists is one nephrologist as a medi-
cal director and one more physician for every ten patients. 
However, apart from the medical director, the remaining 
physicians can be nephrologists or alternatively internists or 
cardiologists with at least 3-month training in a Nephrology 
Department (Law 4600/2019/Official Gazette of the Greek 
Republic 43/issue A/09.03.2019). In public hospitals, the 
staff-to-patient ratio is not strictly defined by law, but for 
nurses the rule of thumb is to maintain the same ratio as in 
the private sector, while the number of nephrologists depends 
on the hospital’s establishment plan and whether the hospital 
hosts a fully developed Nephrology Department or only a 
dialysis unit.

As of 2019, the number of registered nephrologists in the 
registry of the Hellenic Society of Nephrology is 578 (57 
pmp), but a considerable number are now working abroad 
(UK, Germany, etc.), following the well-known economic 
crisis of 2008. Of those remaining in the country, about 50% 
work in nephrology departments of the National Health 
System and universities and 50% work in the private sector 
(mainly “chronic HD units”). Ιt should be noted that, due to 
reduced appointments in the public sector during the last 
15 years, most junior nephrologists are employed in the pri-
vate sector and mainly in “chronic HD units.” The number of 
these units across Greece is increasing relatively rapidly dur-
ing the last few years, due to the current shortages of medical 
and nursing staff in public hospitals and the failure of public 
HD units to operate at full capacity. The salary of a junior 
nephrologist in public hospitals and private HD units is about 
the same and is close to 2,000 euros/month, after taxes and 
contributions (net income).

Given that the reimbursement price per HD session is 
almost equivalent for the public and the private sector, the 
increasing number of private HD units does not increase the 
state expenses and health budget. On the contrary, the state 
theoretically benefits from the reduction of operating costs 

for public HD units. The increase in private HD units, along 
with the funding and staffing problems of public hospitals 
and the relative increase in the  number of incident HD 
patients, was accompanied by the movement of a number of 
HD patients towards the private sector. On the other hand, 
the actual reimbursement of HD session in the private HD 
units has been considerably reduced (by about 30%), follow-
ing the introduction of a series of financial measures, as a 
result of the country’s economic crisis and the implementa-
tion of fiscal stabilization programs. Such measures were (a) 
the introduction by the Ministry of Health of closed budgets 
by category of benefits for both the public and private sector, 
(b) the establishment of a compulsory refund rate per HD 
session for the private HD units (due to their mandatory 
interconnection with a public hospital – called interconnec-
tion fee), (c) a mandatory rebate per HD session for those 
units, and (d) clawback on their total annual revenue in case 
the pre-specified budget for reimbursement is exceeded. This 
reduction in reimbursement may lead to a gradual reduction 
of the services provided to the patients or may impact the 
quality of services, with unpredictable long-term 
consequences.

 Future Perspectives

A realistic future outlook of nephrology in Greece, should 
take into consideration two facts: first, that the prevalent 
ESRD population is still growing (Figs. 40.1, 40.2, and 40.5) 
and thus the demand for dialysis and transplant services is 
expected to increase further and, second, that the country’s 
financial status demands careful planning of any policies, 
with strict cost control. In our opinion, there are four areas 
where improvements are needed and in which the country 
might benefit from investing.

The top priority should be an effort to increase transplant 
rates, in order to reduce the long waiting times for a trans-
plant. To achieve this, a multifaceted approach is needed, 
targeting an increase in deceased and living donation on one 
hand (to overcome the severe deficit described previously) 
but also the adequate staffing and funding of the transplant 
units, as well as an increase in the availability of critical care 
beds (another crucial sector for organ donation where the 
country lags behind).

A second area needing improvement is nephrology- 
related research. Although the large nephrology departments 
systematically participate in large clinical trials (mainly 
industry-led), there is a need to promote investigator-led 
research. In addition, there is lack of epidemiology studies 
on kidney diseases (e.g., CKD, AKI, etc.), which are also 
important in order to be able to design policies tailored to the 
true needs. Basic research is also underdeveloped, but finan-
cial constraints may hinder large investments. To improve 
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the current situation, there should be an effort to enhance 
international collaborations and participation in large, multi- 
ethnic schemes, as well as to seek international financial 
resources and grants through carefully designed research 
proposals. There is also a need to improve collaborations 
between the departments and universities in Greece, as due 
to the small population, the development of multicenter stud-
ies is the only way to produce powerful results. Finally, there 
is a need to support the renal registry with funding and staff, 
in order to improve its capabilities and expand its activity.

There is certainly some room for further development of 
PD, due to Greece’s insular and mountainous terrain, which 
results in some areas being remote and difficult to access, 
especially during winter. Despite the expansion of HD units, 
which has made access to HD easier than ever before, there 
are still patients who need to drive long distances or travel to 
nearby islands in order to have dialysis, and these could be a 
target for PD development. However, PD is quite expensive 
for the insurance system, and any developments in this direc-
tion should be coupled by an effort to reduce PD costs.

The fourth area where further development is feasible is 
that of medical tourism. There are currently HD units located 
in touristic areas (e.g., Crete), but in our opinion dialysis- 
related tourism has a great potential. To achieve this how-
ever, the development of services of the private sector (HD 

units) is not sufficient. The public sector services in these 
areas need to improve as well (district hospitals, ambulance 
services, public HD units, etc.), in order to be able to support 
a potential seasonal growth of the dialysis population. For 
this reason, targeted policies and investment plans are 
needed, as well as a constructive collaboration between the 
health authorities and the business sector.

As for HD, recent policies in the direction of cost control 
might have a negative impact on the quantity and quality of 
the services provided, and in some cases they might affect 
the sustainability of services, while at the same time the 
capacity and facilities of the public HD sector are not able to 
cover demand. For this reason, careful consideration of 
 policies is needed, in order to achieve reasonable cost reduc-
tions, without negatively affecting the quality of services.

 Conclusions

The development of nephrology in Greece started in the 
1950s and has generally followed the developments in other 
European countries. Nephrology services expanded greatly 
since the 1980s, and today all disciplines of nephrology are 
fully developed. There is lack of epidemiological data on 
CKD and AKI, but there are data for patients on RRT. Incidence 
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and prevalence of ESRD are among the highest in Europe, 
and prevalence is still growing. The number of patients on 
RRT including transplant recipients approaches 15,000, the 
vast majority of which are treated with HD. There is a devel-
oped private sector in HD services, and approximately 2/3 of 
patients receive HD in the private sector. However, all RRT 
treatments are free (fully reimbursed by the insurance sys-
tem) for patients. As for PD, it is not widely used, but there is 
some potential for development, especially for patients who 
live in remote and difficult to access areas. Transplant rates 
are below the European average, and there is an urgent need 
to increase transplants. Regarding nephrology practice, the 
specialty of nephrology can be acquired after 6 years of post-
graduate medical training. Appointments in the public sector 
are very few, and most nephrologists are employed by the 
private sector. The salaries for nephrology specialists are 
quite low compared to European countries, but satisfactory 
compared to the average salaries in Greece.

As far as it concerns the future, the top priority should be 
to achieve an increase in transplant rates. Besides that, there 
is a need to further develop nephrology-related research and 
a potential for the development of dialysis-related medical 
tourism. Financial constraints following the country’s eco-
nomic crisis are the major limiting factor for the future 
developments in nephrology; thus, careful and insightful 
planning involving all stakeholders is required.
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Area1 301,340 Km2

Population1 60,431,283 (2018)
Capital1 Rome
Three most populated 
cities1

1.Rome (2,318,895)
2.Milan (1,236,837)
3.Naples (959,470)

Official language1 Italian
Gross Domestic Product 
(GDP) 1

2.075 trillion USD (2018)

GDP per capita1 35,391.7 USD (2018)
Human Development 
Index (HDI)1

0.880 (2017)

Official currency1 Euro (€, EUR)
Total number of 
nephrologists2

2718

National society of 
nephrology

Società Italiana di Nefrologia (SIN)
www.sinitaly.org
Società Italiana di Nefrologia Pediatrica 
(SINePe) https://www.sinepe.it/
Società Italiana di Cardio-Nefrologia 
(SIN CAR) http://www.sincar-italy.org/
Associazione Italiana di Cardio-
Nefrologia (AICN) https://www.
associazionecardionefro.it/

Incidence of End-Stage 
Renal Disease3

2015–154 pmp

Prevalence of End-Stage 
Renal Disease
(on dialysis)3

2015–770 pmp

Total number of patients 
on dialysis
(all modalities) 3

2015–46,474

Number of patients on 
hemodialysis 3

2015–42,068 (90.6%)

Number of patients on 
peritoneal dialysis 3

2015–4405 (9.4%)

Number of renal 
transplantations per year 4

2017–2244 (Deceased Donor 1934 – 
Living Donor 310)
2018–2117 (Deceased Donor 1831 – 
Living Donor 287)

1https://en.wikipedia.org/wiki/Italy
2Quintaliani G, et al., [Census of the renal and dialysis units by Italian 
Society of Nephrology: nephrologist’s workload for renal patient assis-
tance in Italy (2014–2015)]. G Ital Nefrol, 2016. 33(5)
3The Italian Registry of Dialysis and Transplantation. https://ridt.sinit-
aly.org/
4Official data from Italian National Transplant Center
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 Introduction

The Republic of Italy, globally known as Italy, is a country 
located in the south-central Europe. Italy, often described as 
a country shaped like a boot, occupies a peninsula that deeps 
into the Mediterranean Sea. In particular, Italy is bordered by 
the Adriatic Sea, Tyrrhenian Sea, Ionian Sea, and the 
Mediterranean Sea. To the North, Italy shares a border with 
France, Switzerland, Austria and Slovenia. The Italian 
 population accounts for roughly 60 millions inhabitants 
(equivalent to 0.78% of the total world population) with a 
higher prevalence of females than males (in 2018 there were 
in Italy roughly 29.4 million males and approximately 31 
million females) [1]. Based on recent elaboration of the 
United Nations data, it is expected to decline throughout the 
twenty- first century in consideration of a current death rate 
significantly exceeding the birth rate (a decrease of 124,427 
people between year 2017 and 2018 was documented). 
However, the migratory flux may impact this trend in the 
future since Italy’s foreign residents are outpacing the coun-
try’s population growth with a foreign population that grew 
by 7.4% in 2012, compared to a “national” population 
growth of just 0.5% [1].

The official currency is Euro introduced in 2002 and sym-
bolized as €. In November 2019, € 1.00 was worth 1.1 US 
dollar, 0.85 UK pound, 120.63 Japanese Yen, and 7.75 
Chinese Yuan. The Italian gross domestic product (GDP) 
was USD 2.075 trillion in 2018, which makes Italy the eighth 
largest economy in the world [1].

The Italian political regime is a democratic parliamentary 
republic with a multi-party system. Italy has been a demo-
cratic republic since June second 1946, when the monarchy 
was abolished by popular referendum and a constituent 
assembly elected to draft a constitution, which was promul-
gated on 1 January 1948 [1].

The Italian capital is located in Rome. The country is 
divided in 20 regions (the first-level constituent entities of the 
Italian Republic), and although each region has some degree 
of administrative, political, legislative, and financial auton-
omy, there are cultural, geographical (climate, vegetation), 
and economic similarities among the regions. Among the 20 
regions, 5 have a broader amount of autonomy (autonomous 
regions with special statute), but each region is an autonomous 
entity with defined powers. The autonomous regions with spe-
cial statute (Sardinia, Sicily, Trentino-Alto Adige/Sudtirol, 
Aosta Valley, and Friuli-Venezia Giulia) benefit of a broader 
amount of autonomy, depending on their specific statute, in 
order to take into account cultural differences and protect lin-
guistic minorities. Moreover, after the Second World War, the 
government wanted to prevent their secession from Italy [1].

With the exception of the Aosta Valley, each region is 
divided into a number of provinces (institutional bodies of 
second level), and the provinces are in turn divided into 7918 

municipalities (in Italian, Comuni), the basic constituent 
entity of Italy. There are currently 103 institutional bodies of 
second level in Italy, including 80 active provinces, 2 autono-
mous provinces, 6 free municipal consortia, 14 metropolitan 
cities, and Aosta Valley Region. The densities of Comuni 
varies by province and region according to geographical and 
political needs [1].

Although Italian is the official language spoken in Italy, 
there are approximately 34 native living spoken languages 
and related dialects in Italy, most of which are Romance lan-
guages. Standard Italian is a direct descendant of Tuscan, the 
dialect spoken in Tuscany. However, 12 additional languages 
are officially recognized as linguistic minorities in Italy: 
Albanian, Catalan, Greek, Slovene, Croatian, French, 
Franco-Provencal, Friulian, Ladin, Occitan, and Sardinian. 
Of these, bilingualism is legally granted to German, Slovene, 
and French, enacted in the Regions of Trentino Alto-Adige, 
Friuli Venezia Giulia, and Aosta Valley, respectively [1].

Since 1978, healthcare is a constitutional right in Italy. 
Indeed, in this year the government established the SSN 
(Servizio Sanitario Nazionale) including universal coverage 
and tax funding [2]. SSN is provided to all Italian citizens and 
residents by a mixed public-private system. The SSN is orga-
nized under the Ministry of Health and is administered on a 
regional basis. Although SSN guarantees universal and “free” 
access to healthcare, there are criticisms regarding undercov-
erage, long wait times, and the quality of healthcare assistance 
[2]. Furthermore, according to the Italian National Outcomes 
Programme, a significant variation in quality and outcomes of 
care by regions is noticeable, and there is evidence of patient 
movement, generally from South to North, probably driven, at 
least in part, by a search for better quality.

 Brief History of Nephrology in Italy

Although Nephrology can be identified as a “novel” disci-
pline, renal diseases studies hold an ancient history. Indeed, 
in 1827 Richard Bright first employed the term “nephrology” 
while describing the association between proteinuria and 
renal disease [3]. In the following decades, kidney diseases 
concern increased together with the development of knowl-
edge in internal medicine. Only after the Second World War, 
together with the birth of dedicated renal scientific associa-
tions such as “Societé de Pathologie Renale” (France, 1949), 
“Renal Association” (England, 1950), and “Società Italiana 
di Nefrologia” (Italy, 1957), Nephrology disseminated in the 
medical community [3].

While the first renal medicine journal was published in 
Italy in 1954 (Minerva Nefrologica, ancestor of the now pub-
lished Giornale Italiano di Nefrologia), the Italian Society of 
Nephrology (SIN) was founded in Parma only 3 years later 
on April 28 1957 by Prof. Luigi Migone (Parma) and Prof. 
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Gabriele Monasterio (Pisa) [3, 4]. Aside from the develop-
ment of the scientific community, there are a few milestones 
that changed the history of renal disease development in 
Italy.

In 1947, Aminta Fieschi asked to produce an artificial kid-
ney (manufactured by Cavallo Inc.) quite similar to Kolff 
dialyser [4]. In 1951, Emico Fiaschi performed the first renal 
biopsy at Institute of Clinical Medicine of Pisa University. 
Carmelo Giordano (1963) and Sergio Giovannetti (1964) 
developed the first prescriptions of low – protein based diet 
to optimize protein intake in uremic patients [5, 6]. In 1964, 
Sergio Giovannetti (together with Quirino Maggiore) pub-
lished a paper on the Lancet, in which they recommended to 
avoid the prescription of a high protein intake, by removing 
non – essential amino acids from patients’ diet [7].

In 1966, the first renal transplant was performed by Paride 
Stefanini, and 1 year later, in 1967, Antonio Vercellone, in 
Turin, scheduled the first treatment of a chronic hemodialy-
sis (HD) program. A few years later, home HD and outpa-
tient HD programs were, respectively, established in 1971 
and 1973 [4].

In 1976, Pietro Confortini, Edmond Malan, and Girolamo 
Sirchia founded the first Italian Inter-regional Referral 
Centre for Kidney Transplantation (then called “North Italian 
Transplant Program” (NITp)) [6].

In the late 1970s, Italy experienced an increase in perito-
neal dialysis (PD) activity especially in Brescia (with Rosario 
Maiorca), Vicenza (Giuseppe La Greca) and Perugia 
(Umberto Buoncristiani) [4].

In 1974, only two academic chairs were active (in Bari 
with Alberto Amerio and Naples with Carmelo Giordano). 
However, in the same year Giuseppe Maschio, an academic 
nephrologist, became Director of a non-academic 
Nephrology Unit in Verona. Shortly later, Verona manage-
rial model was successfully replicated in Bologna with 
Vittorio Bonomini, Turin with Antonio Vercellone, Brescia 
with Rosario Maiorca, Ancona with Vittorio Mioli, and 
Modena with Alberto Albertazzi triggering the constitution 
of a Nephrology movement that led Italian Nephrology to 
the first tier in the world [4].

The Italian Society of Pediatric Nephrology was estab-
lished in November 10 1984 based on the experience of the 
Study Group of the Italian Society of Nephrology founded in 
Vicenza in 1975 and promoted by some Pediatric Nephrologic 
Units set in Genova (Rosanna Gusmano), Torino (Rosanna 
Coppo) and Rome (Gianfranco Rizzoni) [4].

Among Italian pioneers, it’s mandatory to include 
Giuseppe Remuzzi (Bergamo), main investigator of several 
clinical and experimental studies concerning the efficacy of 
ACE – inhibitors in delaying progression of chronic kidney 
disease (CKD) toward end-stage renal disease (ESRD) and 
immune tolerance to protect and encourage renal transplan-
tation. Similarly, other pioneers of Italian Nephrology 

deserve mention: Claudio Ponticelli (Milan, Policlinico) for 
his studies on immunotherapies for primary glomerulone-
phritis and graft survival; Giuseppe D’Amico (Milan, San 
Carlo) who was the chairman of first meeting on updates in 
Nephrology; Francesco Locatelli (Lecco) opinion leader for 
anemia and its treatment; Francesco Paolo Schena (Bari) 
who founded the biggest immunohistopathology Italian 
study group and winner of over 100 research grants; Vittorio 
Emanuele Andreucci (Napoli) pioneer of kidney transplanta-
tion in southern Italy; Natale Gaspare De Santo (Napoli) for 
his studies on hydro  – electrolytic metabolism and acid  – 
base imbalance; Mario Timio (Foligno), father of Cardio- 
nephrology; Vittorio Bonomini, full professor of Nephrology 
at Sant’Orsola Hospital (Bologna) [4].

Italian Nephrology has given great impulse to knowledge 
during the last decades because Pioneers have been followed 
by other Nephrologists with overlapping scientific qualities 
and ambitions [4]. Since the early 1980s, a nephrologic spring 
has spread from North to South of Italy. In this context some 
investigators deserve mention for their contributions in vari-
ous field of Nephrology: Carmine Zoccali (Reggio Calabria) 
for his clinical studies on hypertension and cardiovascular 
disease epidemiology in CKD patients; Loreto Gesualdo 
(Bari) and for his holistic and multidisciplinary approach to 
the world of Nephrology (last but not least his research on gut 
microbioma), and Diego Brancaccio, Mario Cozzolino, and 
Piergiorgio Messa (Milano  - S.  Paolo and Policlinico) for 
their findings on CKD  – MBD and Polycystic Kidney 
Disease; Dario Roccatello (Torino) for his involvement in 
renal immunopathology and rare diseases; Sergio Stefoni and 
Gaetano La Manna (Bologna, S. Orsola) and Antonio Santoro 
(Bologna Malpighi) for their contribution to dialysis and 
transplantation; Lorenzo Calò (Padova) a world opinion 
leader for Bartter and Gitelman’s syndromes; Giovambattista 
Capasso (Naples) for his endeavor in renal physiology and 
rare diseases; Giuseppe Conte for his studies on CKD epide-
miology and nutrition in CKD; Carmine Pecoraro (Naples) 
for his contribution in the field of Pediatric Nephrology; 
Barsotti and Cupisti (Pisa) opinion leaders in nutrition in 
CKD; and Vincenzo Cambi (Parma) for his contribution in 
the field of hemodialysis and his studies on short dialysis. A 
significant number of Italian Nephrologists also provided a 
great impulse to dialysis techniques and likely contributed to 
the development in Mirandola, a little town near to Bologna, 
of the largest in the world, aggregated site of dialysis manu-
facturers, the so-called Dialysis Valley clinical laboratory [4].

 Renal Diseases in Italy

While data on CKD etiology are scarce, data on epidemiol-
ogy in adults are nicely captured by a relatively recent study 
promoted by the Istituto Superiore di Sanità (ISS), the lead-
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ing technical-scientific body of the Italian National Health 
Service which performs research, trials, control, counseling, 
documentation, and training for public health. Indeed, the 
aim of this epidemiological study named Cardiovascular 
risk profile in Renal patients of the Italian Health Examination 
Survey (CARHES) was to estimate the prevalence of a whole 
spectrum of CKD and associated cardiovascular (CV) risk 
factors in a nationally representative sample from the general 
adult population in Italy [8].

The survey lasted from April 2008 to December 2012 [8]. 
Procedures were planned according to the recommendations 
of the European Health Risk Monitoring– Feasibility of 
European HES projects (available at www.ktl.fi/fehes/) and 
the WHO MONICA (Multinational MONItoring of trends 
and determinants in CArdiovascular disease) project. 
According to the project methodology, a pre-planned sample 
size of 220 men and 220 women (in the age range of 
35–79 years) per 1.5 million residents in each Italian region, 
was randomly selected from the resident list. Of importance, 
no additional restriction was applied to the list of residents to 
overcome a potential referral bias, a common issue of epide-
miological studies [8].

According to the reported study results, the overall CKD 
prevalence was estimated at 7.05 (95% Confidence Interval: 
6.48–7.65), affecting about 2,180,542 (1,075,354 men and 
1,105,187 women) adult persons (age 35–79 years) in Italy 
[8]. Early stages of disease (according to the KDIGO classi-
fication) account for most of the estimated CKD population 
(overall estimated prevalence: 4.16% vs 2.89% for CKD 
stages 1–2 and CKD stages G3a–5, respectively). Of note, 
persons with Stage G3b–5 (i.e., estimated GFR <45  mL/
min/1.73  m2) represented only about 0.78% of the whole 
population in Italy and about the 11% of the whole CKD 
population. Similarly, proteinuria (assessed as albumin to 
creatinine ratio – ACR) of more than 30 mg/g was detected 
in 4.77% of subjects. Of these, 84.3% and 15.7% of protein-
uric subjects presented moderate (ACR 30–299 mg/g) and 
severe (ACR ≥ 300 mg/g), respectively. Of note, concomi-
tant presence of reduced eGFR and high albuminuria was 
relatively rare. Indeed, among subjects with eGFR <60 mL/
min/1.73 m2, moderate and severe albuminuria were present 
in about 17.0% and 6.7%, respectively [8].

While no geographic influence was noted [CKD preva-
lence was comparable in North (7.0%; 95% CI 6.1–7.9), 
Center (5.6%; 95% CI 4.3–7.0) and South (7.8%; 95% CI 
6.8–8.8) of Italy], a higher prevalence of early – albumin-
uric – stages in males was observed. However, this gender 
difference disappeared in the more advanced stages of dis-
ease, G3a–5 [8]. As expected, CKD prevalence increased 
across age strata, from 2.7% at age 35–49 years to 17.0% at 
70–79 years [8].

When compared with non-CKD subjects, reduced renal 
function was associated with higher prevalence of hyperten-

sion, diabetes, obesity, anemia, CV disease, and low educa-
tion level. Similarly, dislipidemia and higher fasting glucose 
were also noted among CKD patients. Multivariable adjusted 
regression models suggested that age, hypertension, obesity, 
and presence of CV disease were independent predictors of 
low eGFR, while diabetes and smoking were more strictly 
related to albuminuria [8].

Although CKD was prevalent, awareness of the condition 
was poor. Indeed, only one person out of ten with CKD was 
aware of their condition. Awareness slightly increased to 
18.4% in those subjects with eGFR <60  mL/min/1.73  m2, 
suggesting that this condition often is not suspected until 
very late stages [8].

Since there is not a CKD registry in Italy, CKD etiology 
is not well established, and these data are reported only by 
few Italian regions. According to what has been reported by 
the “Osservatiorio Regionale sulla Malattia Renale Cronica” 
in Piemonte Region (North west of Italy), about one out of 
each four (25%) patients reach end-stage renal disease 
(ESRD) without a CKD diagnosis [9]. A substantial portion 
of these subjects are late referral or old and frail patients, not 
suitable for invasive investigation such as renal biopsy. 
Among those with established diagnosis, vascular diseases 
(25%) and diabetes (18%) are the most prevalent causes of 
CKD.  Glomerular disease (12%), genetic diseases (11%), 
chronic pyelonephritis (8%), and other systemic diseases 
with renal involvement (1%) are other causes of chronic 
renal dysfunction [9].

 Acute Kidney Injury in Italy

Regarding acute kidney injury (AKI), the few available stud-
ies show a picture that bears similarities to that of countries 
with the same socioeconomic profile. In the 5-year period 
from 2007 to 2012 [10], the incidence rate of AKI in need of 
dialysis (AKI-D) treatment almost doubled and increased 
from 209 to 410 pmp cases. Notably, about one third were 
Intensive Care Units (ICUs) patients and the rest were dis-
persed in different medical wards [10]. Indeed, parallel to the 
increase in the number of cases requiring renal replacement 
therapies (RRT) in the ICUs, there is an increase in the num-
ber of non-critical patients developing AKI-D admitted to 
non-specialist departments. In the time window from year 
2007 through 2012, the ratio of patients with AKI-D admit-
ted in the Nephrology vs non-Nephrology wards went from 
a 1:1 in 2007 to 1:2.4 in the 2012, suggesting that this is a 
general trend [10].The main reason for this evident increase 
in the incidence of AKI over time (also in need of RRT) 
likely lies in the increased number of hospitalizations in sub-
jects at risk for the presence of comorbidities and conditions 
that can be complicated with AKI [11]. Indeed, there is a 
known increase in hospitalizations in people with CKD, dia-
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betes, heart failure, sepsis, neoplastic disease, and acute 
heart attack, often associated with old age. In these patients, 
compared to the past, there is also a greater use of invasive 
cardiological procedures, cardiac surgery, vascular surgery, 
and major surgery which can more frequently be associated 
with acute deterioration of renal function [11]. Besides the 
increased consumption of resources, AKI epidemiology 
questions the standard organization of hospitals and calls for 
newer approaches to provide the optimal care to patients 
with acute deterioration of renal function.

 Renal Replacement Therapy in Italy

RRT for ESRD in Italy encompasses HD and PD modalities, 
as well as both living and deceased donor transplantation. 
The majority of prevalent patients are either undergoing HD 
or already transplanted. Most of the data presented herein is 
from the The Italian Registry of Dialysis and Transplantation 
(RIDT), an annual voluntary survey. Despite its national 
scope and informative results, there are potential biases due 
to its self-reported nature and incomplete coverage [12].

The RIDT collects RRT data (i.e., dialysis and transplan-
tation) in Italy, and, in spite of some incomplete data, it rep-
resents the best source for any epidemiological and statistical 
RRT information in Italy [12]. Indeed, data collection and 
storage started more than 15 years ago. At first, information 
was collected in the form of aggregated data. However, soon 
after the registry inception, it was decided to collect disag-
gregated data, to improve data completeness and allow in- 
depth statistical analysis [12]. However, data collection was 
interrupted between year 2012 and year 2016 due to some 
issues raised by the National Authority on Data Protection, 
and it was subsequently resumed in an aggregate form to 
comply with National and Regional Privacy Data Protection 

regulations [12]. Due to the interruption, data collection is 
not homogeneous across all Italian regions and/or macro- 
region. Currently only six regions (Calabria, Emilia 
Romagna, Friuli Venezia Giulia, Liguria, Sicilia, and Veneto) 
provide data with higher degree of completeness while other 
Regions provide incomplete data. Nevertheless, the 2013 
and the 2015 RIDT reports covered about 86% and 96% of 
the whole Italian population receiving RRT [12].

Available reports of the RIDT describe incidence and 
prevalence of RRT patients (HD, PD, and transplantation) 
according to five classes of patient age (1–24, 25–44, 45–64, 
65–74 and ≥ 75 years) and overall unadjusted mortality data, 
due to data incompleteness. Statistical inference on treat-
ment effects adjusted for potential confounders is provided 
only for those regions that provide complete data [12].

 Incidence of Renal Replacement Therapy 
in Italy

Overall, RRT incidence has slowly declined in the recent 
past. Indeed, according to the 2011 and 2015 reports, it is 
estimated that every year the number of new cases decreased 
from 168 to 154 per million subjects. Nevertheless, between 
8000 and 9000 people in Italy have started RRT treatment 
over the last three years (Fig. 41.1) [12]. Although the rea-
sons are not elucidated, RRT incidence significantly differs 
among Italian regions. A graded increase in RRT incidence 
across the country is observed with the highest rate of RRT 
in the Southern and Western Regions of Italy (RRT inci-
dence: 100 and 237 per million subjects, in Alto Adige and 
Marche, respectively)(Fig. 41.2) [12].

Factors such as age, comorbidities, as well as differences 
in practices may account to some of these findings. Age rep-
resents the main determinant for RRT with an increased risk 
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reported for subjects older than 65 years of age (highest risk 
between 80 and 85 years of age). Among comorbid condi-
tions, diabetes mellitus is the most prevalent disease respon-
sible for RRT (20%), followed by glomerulonephritis (10%) 
and polycystic kidney disease (7%) (Fig. 41.3) [12].

Among different RRTs, HD represents the first line of 
treatment option, whereas PD utilization ranges from 1 to 
50% depending on the Italian region local policies (in two 
Regions, namely Veneto and Trentino, PD incidence is higher 
than of HD treatment [12].
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 Prevalence of Renal Replacement Therapy 
in Italy

RRT prevalence is stable and has not changed substantially 
over the last 10 years, likely due to the decrease in the inci-
dence trend (Fig. 41.4) [12]. However, while the overall RRT 
prevalence is similar across Regions, a significant regional 
variability in the use and prevalence of different types of 
RRT is reported (Fig. 41.5). Also some difference in the 
case-mix of the subjects receiving RRT is observed reflect-
ing local demographic and clinical practice patterns. Indeed, 
higher transplantation rates is associated with lower use of 
dialysis, suggesting some degree of geographic heterogene-
ity in the access to transplantation [12]. Age distribution is 
also quite different among Italian regions and a higher preva-
lence of patients aged over 75 years in South than in North of 
Italy is reported (Fig.  41.6). Whether demographic differ-
ences may account for some of this variability, clinical prac-
tice patterns are also a potential explanation.

According to the 2015 Registry data report [12], about 
42,000 and 4000 (8.6% of the population receiving dialysis) 
subjects are treated with HD and PD, respectively. Of inter-
est, while HD is performed in every Nephrology Unit, sig-
nificant differences in the use of PD among single centers, 
even in the same region, have been reported [12]. Cultural 
issues and dialysis reimbursement schemes explain the over-
all little attention paid to PD in Italy.

Hemodialysis is provided by both public as well as pri-
vate dialysis centers. While dialyzer reuse is not permitted in 
Italy, large dialysis providers have invested in Italy. Data on 

the private center penetrance however depends on the Italian 
region, and data are not available for a comprehensive 
description of this trend. The large majority of HD patients 
are treated in-center facilities (71%) and only about one 
patient out of three receives dialysis either in a spoke center 
(29%) or at home (0.8%) [12]. Overall, convective (~50%) 
and diffusive (~50%) modalities are equally distributed in 
Italy, although the regional prevalence of convective treat-
ments ranges from 22% to 54% [12].

While HD is the most prevalent RRT modality, vascular 
access is often placed and managed by vascular surgeons 
[13]. According to the Dialysis Outcomes and Practice 
Patterns (DOPPS) study [14, 15], a general increase in the 
use of central venous catheter (CVC) at expense of native 
arteriovenous fistula (nAVF) for HD is present in Italy. In 
fact, in the time window of the DOPPS study [14, 15], it was 
demonstrated a reduction in the prevalence of nAVF from 
90% to 83% from 1996 to 2004, associated to a stable num-
ber of prosthetic vascular accesses (around 4–5%) and a par-
allel increase in the use of CVC. Of note, the increased use 
of CVC is not limited to elderly or patients with high degree 
of comorbidity. In fact, with reference to non-diabetics 
patients from 18 to 70  years old, the prevalence of CVC 
increased three fold in Italy, Germany, and France in com-
parison to the USA. Furthermore, little less than half of the 
incident dialysis patients started HD with a temporary CVC 
(40%). Additionally, only 56% of them received a permanent 
access during the following 180 days [14, 15].

Late patient referral, wrong fistula planning, or inappro-
priate facilities are plausible explanations for these figures 
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[16]. Only 31.5% of the incident HD patients starting RRT 
through CVC receive a nephrology evaluation during the 4 
months (60% of these within 30 days) prior to dialysis initia-
tion, preventing a correct nAF planning. Additionally, among 
incident dialysis patients, none was considered for graft 
implantation and early cannulation as alternative to 
CVC.  One potential explanation lies with the fact that in 
Italy 85% of vascular access (VA) are managed by nephrolo-
gists operating in facilities not suitable for complex VA cre-
ation. Accordingly, the average number of surgeons with 
appropriate skills for VA creation is less than 1 per center 
(1.6 per 100 patients), and Italy has on average only only 
5–6  days/week surgeon accessibility, one of the lowest 
reported by DOPPS [14, 15].

 Mortality of Renal Replacement Therapy 
in Italy

Between year 2011 and 2015, the overall mortality rate of 
patients receiving dialysis was 16.8/100 patients/year [12]. 
However, this estimate decreased to about 10/100 patients/
year when renal transplantation is considered. Although the 
reasons are not clear and registry data cannot provide with 
conclusive explanations, an inter-regional variability in mor-
tality rate of RRT is reported. Whether differences in the 
case-mix or in clinical practice (such as access to transplan-
tation) account for the variability in mortality rate deserve 
further and ad hoc investigations [12].

 Renal Transplantation

Despite the intense efforts devoted to developing novel 
approaches such as kidney regeneration and restoration to 
cure chronic kidney disease (CKD), renal transplantation 
(RTx) is currently the best RRT for CKD patients [17]. 
Consolidated data have in fact demonstrated that RTx 
increases quality of life and is associated with a reduced CV 
risk as well as increased survival of CKD patients as well as 
cost-savings [17, 18]. Also, a recent pharmacoeconomic 
analysis conducted in Italy reported a mid-term economic 
benefit for RTx compared to dialysis. According to the inves-
tigators, the estimated overall 3-year cost burden per patient 
receiving RTx or dialysis approaches 95,000 and 123,000 
euros, respectively. Of note, 55.2% of RTx costs are related 
to the hospitalization at the the time of transplantation while 
the rest is due to the post-RTx follow up, making RTx a cost- 
effective strategy for ESRD after 3 years [18].

An optimal transplantation program with a fair organ 
allocation system and no social or cultural privileges implies 
the presence of a good transplant network, regulated by nor-
mative rules, able to cover and manage the entire area of the 
country. In addition, to be effective, the network should pro-

vide with a thorough evaluation of donors and recipients as 
well as allow for a fruitful collaboration between nephrolo-
gists and renal surgeons at the moment of RTx and during its 
follow-up.

In Italy, the RTx network organization has improved in 
the recent years, with the aim to optimize the deceased donor 
(DD) RTx network and promote living donor (LD) as well as 
cross-over (CO) donations. Transplant centers need to net-
work and meet established standard criteria for accreditation, 
operation, and reimbursement of dialysis and transplant 
activities according to regional as well as national laws.

The network is structured in four different levels of coor-
dination: (i) local; (ii) regional; (iii) inter-regional; and (iv) 
national (Fig.  41.7) [19]. The local coordination (LC) is 
composed of physicians (anesthesiologists, nephrologist, 
etc.) that have the role of identifying and communicating to 
the regional coordination level any potential DD. LC is also 
responsible for all the procedures correlated to the kidney 
withdrawal and transplantation. The regional coordination 
(RC) level is composed by 19 centers (one for each Italian 
region). Each regional center is responsible, for the coordi-
nation of all transplant activities for the geographic area of   
competence, including management of the RTx waiting list 
and organ allocation to transplant centers, according to the 
inter-regional coordination (IR-C) network policies. To 
expand organ availability, three different inter-regional coor-
dination (IR-C) networks are currently present in Italy:

 (i) Associazione Interregionale Trapianti (AIRT), com-
posed by Piedmont, Valle d’Aosta, Tuscany, Emilia 
Romagna, Puglia, and autonomous province of Bolzano

 (ii) North Italian Transplant program (NITp), composed by 
Friuli, Liguria, Lombardy, Marche, Veneto and autono-
mous province of Trento

 (iii) Organizzazione del Centro Sud Trapianti (OCST): 
composed by the Abruzzi, Basilicata, Calabria, 
Campania, Lazio, Molise, Sardinia, Sicily and Umbria

IR-C has a crucial role in the RTx process. In fact, aside 
from collecting donor and patient data before and after RTx, 
IR-C manages the waiting lists, assigns organs to recipients 
according to specific pre-formed parameters, and is respon-
sible for immunological screening and typing of donors and 
recipients as well as responsible for the donor-recipient com-
patibility assessment. IR-C is also responsible for the organ 
transport coordination and receives constant reports about 
RC activities. Finally, IR-C supervises the transplant process 
of the “urgent potential recipients,” such as the hyper- 
immune patients or patients with limited dialysis access.

Finally, the Ministry of Health (MoH) through the 
National Transplant Center (Centro Nazionale Trapianti  – 
CNT) supervises the national kidney procurement, transplant 
activities, and the status of the RTx waiting list. CNT func-
tions are detailed in the art 8. of law 91/94 including the pro-
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posal and monitoring of the implementation of specific laws 
related to improve the RTx procedures [20].

 Critical Care Nephrology in Italy

In the setting of critical care nephrology, available RRT 
modality options include conventional HD, prolonged inter-
mittent hemodialysis (PIRRT), PD, and continuous thera-
pies, performed in wards or ICU. Unlike RRT in ESRD, data 
about RRT in AKI is scarce. Nevertheless, it has been 
reported that the incidence of AKI needing RRT in Italy has 
almost doubled in recent years moving from 209 cases pmp 
in 2007 to about 410 cases pmp in 2012 [10, 11]. Of interest, 
about one third of cases are admitted to the ICU and only 
about one in four patients of those not treated in ICU are 
admitted to the Nephrology ward. While this provides evi-
dence of a complicated scenario, it also suggests the organi-

zational struggle to provide adequate care to AKI patients in 
Italy [14, 15].

 Pediatric Nephrology

Only five hospitals (located in Genoa, Milan, Padua, Rome, 
and Turin) in Italy have a department of Pediatric Nephrology 
in which kidney transplant is provided to pediatric patients 
with ESRD, while other 20 hospitals spread out in the 
Country offer a Pediatric Nephrology and Dialysis service. 
While only few centers provided pediatric nephrology care, 
a scientific society called Società Italiana di Nefrologia 
Pediatrica (SINePe) was founded in 1982 to aggregate all 
physicians and researchers involved in pediatric patients 
care. SINePe promotes the progress of clinical and experi-
mental studies in Pediatric Nephrology, the scientific train-
ing of young researchers, as well as the dissemination of 
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knowledge and teaching in the field of Pediatric Nephrology. 
SINePe encourages an active collaboration with the Ministry 
of Health as well as national societies, particularly with the 
Italian Society of Nephrology and the Italian Society of 
Pediatrics and international societies interested to foster 
Pediatric Nephrology in Italy.

 Nephrology Practice in Italy

Nephrology as a career is a relatively recent medical spe-
cialty in Italy, having become particularly popular from the 
1970s to 1980s [3, 4], when professionals from other special-
ties migrated to nephrology attracted by its scientific research 
and technological advances, including dialysis and trans-
plantation. To practice Nephrology in Italy, a 4-year post- 
graduate training (medical residency) is required. Training 
institutions are first accredited and then, periodically 
inspected by the Ministry of Education. This pathway 
requires 4 years of supervised training, 60 hours per week in 
average. The first year is to be spent in Internal Medicine and 
then, three additional years in Nephrology. During these 
three final years, the training center should provide a com-
plete overview of nephrology, which includes theoretical and 
practical training at least on HD, PD, ESRD, AKI, critical 
care nephrology, renal transplantation, and clinical nephrol-
ogy. Some centers offer additional supervised training in 
interventional nephrology or pediatric nephrology.

According to the 2012 SIN survey, there were about 2717 
(50% are woman) practicing nephrologists in Italy, and 40% 
of them are older than 60 years of age [21, 22]. The distribu-
tion of nephrologists in different Regions of Italy is hetero-
geneous, ranging from 26 nephrologists pmp in Trentino 
Alto Adige to 90 nephrologist pmp in Sardinia. Nephrology 
service is offered both in public (332 hospitals) as well as 
private (283 hospitals) institutions. As a recent trend, multi-
national dialysis providers are developing strategic partner-
ships with hospital networks to provide inpatient RRT 
without the participation of the local nephrologist [21, 22]. 
In terms of reimbursement, the average monthly salary of an 
ordinary Italian nephrologist ranges from USD 3000 to 5000 
per month. Although salary is regulated at national level, 
some geographic variability may apply [21, 22].

Nephrology practice in Italy allows a wide range of 
options, such as basic and clinical research, dialysis, trans-
plantation, public health and epidemiology, management, 
palliative care, critical care, interventional nephrology, phar-
maceutical industry, education, etc. In addition, it requires a 
multiprofessional team and the interactivity with other spe-
cialists for a comprehensive care of the patient. The specialty 
has a comprehensive theoretical foundation, including physi-
ology, pathophysiology, hydro-electrolytic and basic acid 
disorders, complex cases, rare diseases, and a plethora of 
areas that captivate the young physician. However, the tech-

nology and therapeutic possibilities often experienced in 
high-end hospitals or university benches do not reproduce on 
a day-to-day basis, causing some frustration.

 Highlights of Nephrology in Italy

 Renal Transplantation in Italy

As mentioned above, despite all the difficulties involved, 
Italy has an efficacious public transplantation program, with 
a fair organ allocation system and no social or cultural privi-
leges. However, the number of RTx per year is still far below 
the growing demands of the country.

 World Kidney Day in Italy

In order to disseminate among the population all aspects 
related to kidney disease through informational and educa-
tional materials, the SIN and the Italian Kidney Foundation 
(FIR - Fondazione Italiana del Rene) coordinate the World 
Kidney Day activities in Italy. Activities take place in all 
regions and cities of the country.

 The Italian Nephrological Community

The Italian nephrological community has always been active 
and committed to the promotion of nephrological knowl-
edge. Over the years, some realities have assumed an inter-
national importance such as the International Renal Research 
Institute of Vicenza (IRRIV) which, in addition to standing 
out for its research programs, offers courses and training 
opportunities to students from all over the world.

 Future Perspectives of Nephrology in Italy

As in other countries, a current challenge for Nephrology in 
Italy is to increase the interest among medical graduates and 
to increase the number of physicians admitted to the post- 
graduate training program. The shortage of nephrologists in 
the country will increase in the next years due to a fairly old 
workforce and the early retirement programs recently intro-
duced in Italy. Another challenging and urgent point is the 
need to increase the use of PD throughout the country and 
promote home dialysis programs to increase patient care and 
reduce the cost burden of dialysis. In these regards, specific 
strategies within the government and the SIN should be 
designed to establish the culture of PD and home dialysis, 
making these modalities valid options to all patients requiring 
RRT. Similarly, programs to increase organ donation and to 
implement pre-emptive kidney transplantation are needed to 
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provide the many patients in the waiting list with the best care 
available for ESRD. Finally, new technologies such as tele-
medicine and artificial intelligence have showed some prom-
ising results to early renal disease detection as well as 
personalize care. Future efforts should be devoted to further 
elucidate if these technologies can be implemented on large 
scale and are cost-effective. Finally, creation or implementa-
tion of National Registries would offer an opportunity to 
access more extensive data on CKD epidemiology, treatment, 
as well as ESRD care and the possibility to standardize clini-
cal practice on the national territory with implementation of 
common guidelines and outcome monitoring. The best exam-
ple to be followed is represented by the Spanish experience 
[23]. In fact, the accurate analysis of regional registries per-
mitted to obtain new advanced guidelines on ESRD care 
based on five indicators of quality: (1) percentage of patients 
receiving HD with native or prosthetic VA (standard 75%); 
(2) prevalence of native fistulas (standard 80%); (3) annual 
fistula thrombosis rate (standard 25%); (4) annual prosthetic 
vascular access thrombosis rate (standard 50%); and (5) prev-
alence of tunnelled CVC (standard <10% with infection 
rate < 10% within the first 3 months, and < 50% annually).

 Conclusion

Despite its young age, Nephrology in Italy is well organized 
as a medical specialty and society, and it has shown advances 
over the past years. The publicly funded healthcare system 
promotes universal access to healthcare for the entire popu-
lation, which includes primary care and RRT including renal 
transplantation. Italy has also shown great engagement year 
after year through its World Kidney Day celebrations, 
 helping to spread the word about the importance of early 
detection and CKD prevention throughout the country.

There are challenges and unsolved issues ahead that will 
need to be faced by the Nephrology community in Italy. The 
number of patients on chronic dialysis is steadily rising, 
while the number of nephrologists is decreasing, challenging 
the national health care system to find different organiza-
tional model to adequately treat all renal patients. An effort 
toward PD and home dialysis program is much wanted to 
provide state-of-the-art care and reduce the cost burden of 
RRT.  Similarly, public-to-private partnerships are also 
becoming more popular. While these solutions may offer 
some economical advantages in the short term, a long-term 
evaluation is still required in order to conclude on the effi-
cacy of these models. Finally, future and ad hoc efforts are 
required to test the cost-effectiveness of new technologies 
such as telemedicine or artificial intelligence to improve 
early detection and personalized care of renal patients.
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Capital Dublin
Three most populated Cities & 
Suburbs 3

Functional Urban Areas (FUA)4

Dublin 1,173,179 (FUA 
1,830,000)
Cork 208,669 (FUA 410,000)
Limerick 94,192 (FUA 160,000)

Official languages English, Irish (Gaelic)
Gross Domestic Product (GDP)1 382.49 billion current USD 

(2018)
GDP per capita 1 78,750 current USD (2018)
Human Development Index 
(HDI)5

0.938 (4th position) (2017)

Official currency Euro (€)
Total number of nephrologists6 50 Consultant practitioners 

(2019)
≈30 whole time equivalents to 
Nephrology

National society of nephrology Irish Nephrology Society
www.nephrology.ie

Incidence of End-Stage Renal 
Disease (ESRD)7

2013–88 pmp

Prevalence of End-Stage Renal 
Disease (ESRD)7

2018–957 pmp

Number of ESRD patients on 
dialysis
(all modalities)7

2018–2124
of whom 16 are paediatric 
patients

Number of ESRD patients on 
Centre/Satellite-based 
haemodialysis/
haemodiafiltration7

2018–1873
of whom 10 are paediatric 
patients

Number of ESRD patients on 
Home-based haemodialysis or 
peritoneal dialysis (APD/CAPD) 7

2018–251
of whom 6 are paediatric patients
of whom 55 are on Home 
Haemodialysis

Number of ESRD patients with a 
functioning kidney transplant 7

2018–2528
of whom 64 are paediatric 
patients

Number of renal transplants 
performed 2009–2018 7,8

1708 (167 in 2018)
of which 338 were from Living 
Donors

1The World Bank Group. Accessed in October 2019. Available from: 
https://databank.worldbank.org/views/reports/reportwidget.
aspx?Report_Name=CountryProfile&Id=b450fd57&tbar=y&dd=y&in
f=n&zm=n&country=IRL
2Central Statistics Office. Accessed in October 2019. Available from: 
h t t p s : / / w w w. c s o . i e / e n / r e l e a s e s a n d p u b l i c a t i o n s / e r / p m e /
populationandmigrationestimatesapril2019/
3Central Statistics Office. Accessed in October 2019. Available from: 
https://www.cso.ie/en/media/csoie/newsevents/documents/census-
2016summaryresultspart1/Census2016SummaryPart1.pdf
4OECD Functional urban areas. Version: January 2019. Accessed in 
October 2019. Available from: http://www.oecd.org/cfe/regional-pol-
icy/Ireland.pdf
5United Nations Development Programme. Human Development 
Reports. Accessed in October 2019. Available from: http://hdr.undp.
org/sites/default/files/2018_human_development_statistical_update.
pdf
6Irish Nephrology Society (INS) Membership data. Personal communi-
cation from President of INS. October 2019.
7Health Service Executive National Renal Office. Programme 
Documents and Resources. Accessed in October 2019. Available from: 
https://www.hse.ie/eng/about/who/cspd/ncps/renal/resources/
8Organ Donation Transplant Ireland Annual Report 2018. Accessed in 
October 2019. Available from: https://www.hse.ie/eng/about/who/
acute-hospitals-division/organ-donation-transplant-ireland/publica-
tions/organ-donation-and-transplant-annual-report-2018.pdf

 Introduction to Health and Healthcare 
in Ireland

The Republic of Ireland is situated in northwestern Europe, 
occupying five-sixths of the island of Ireland. It shares a 
490 km land border with Northern Ireland, which is one of 
the constituent nations of the United Kingdom of Great 
Britain and Northern Ireland. Ireland is a unitary parlia-
mentary republic with a written constitution and is a mem-
ber of the European Union (EU), the Council of Europe, the 
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Organisation for Economic Cooperation and Development 
(OECD) and the United Nations (UN). The table sum-
marises the main information of Ireland [1–8]. It is a small 
but prosperous state, ranking amongst the top 10 countries 
of the world for such indices as gross domestic product 
(GDP)/gross national income (GNI) per capita [1], human 
development index (HDI) [5] and human capital index 
(HCI) [9].

The overall responsibility for the creation and assess-
ment of healthcare policy lies with the government, exer-
cised through the Department of Health [10]. Healthcare 
reforms in 2005 led to the establishment of a single body – 
the Health Service Executive (HSE) – that is responsible 
for providing healthcare and social services to all of 
Ireland [10].

Following the presentation of the Sláintecare Report 
[11] by the Oireachtas Committee on the Future of 
Healthcare, and its acceptance by Government in May 
2017, there began a process to implement the vision thereof. 
The Sláintecare vision is to achieve a universal single-tier 
health and social care system where everyone has equal 
access to services based on need, and not ability to pay. 
Over time, everyone will be entitled to a comprehensive 
range of primary, acute, and social care services. 
Sláintecare’s aims are to improve patient and service user 
experience; improve clinician experience; lower costs; and 
achieve better outcomes.

Almost two thirds of the population (63.4%) reside in 
urban areas [12]. The median age of the population was 
37.1  years in 2017 [12]. One in five (20.8%) was aged 
<15 years, and 13.9% were aged >64 years [12]. More than 
10% (11.6%) (535,475) of the population were non-Irish 
nationals born in some 200 different countries [2]. Of these, 
two groups  – those born in Poland and in the United 
Kingdom – accounted for over 225,000 persons [2].

In 2017, Ireland experienced a birth rate of 12.9/1000 
population; a death rate of 9.6/1000 population; and a net 
migration rate of 4.0/1000 population [12]. Life expectancy 
at birth was 79.9 years for men and 83.6 years for women 
[12].

In 2017, health expenditure in Ireland amounted to €21.1 
billion [13]. This equates to 7.2% of GDP or 11.7% of GNI 
[13]. Health expenditure had risen by 12.8% since 2012 [13]. 
The majority of health expenditure (73.3%) came from direct 
government funding; 14.4% was funded by health insurance 
and other private sources; 12.3% came from household out- 
of- pocket expenditure [13].

The largest proportion (37.2%) of expenditure occurred 
within hospitals, 18% in long-term residential facilities, and 
20% was directed to ambulatory healthcare providers, pre-
dominantly general practitioners [13]. Curative and rehabili-
tative care services provided by hospitals amounted to over 

one-third of all spending, of which 63% was on in-patient 
services [13]. Expenditure on pharmaceuticals and other 
medical non-durables amounted to 13% of the total [13].

At 2.9 per thousand population, Ireland had a low number 
of practising doctors compared with an EU average of 3.6 in 
2015 [14]. By contrast, there were 11.9 nurses per thousand 
population, compared with an EU average of 8.4 [14]. The 
number of hospital beds was half that of the EU average at 
2.6 per 1000 population [14].

Entitlement to health services is primarily based on resi-
dency and means, rather than on payment of tax or pay- 
related social insurance [15]. Any person, regardless of 
nationality, who is accepted by the HSE as ordinarily resi-
dent in Ireland has eligibility to health services [15]. There 
are two types of eligibility: full eligibility for those qualified 
to hold a medical card and limited eligibility for those not 
qualified. Eligibility for a medical card is established on the 
basis of age and economic means. Those eligible have 
charge-free access to general practitioner (GP) services; pre-
scribed drugs and medicines (subject to a modest prescribing 
charge); public hospital services; dental, optic and aural ser-
vices; maternity and infant care services; and community 
and social services [15]. In 2017 [12], 33% of the population 
held a medical card. A further 10.2% held a doctor visit card 
allowing charge-free GP visits, but not charge-free prescrip-
tion medications or exemption from hospital charges [12].

For those not so eligible, GP services incur out-of-pocket 
charges (which may qualify for taxation relief); prescription 
medications must be purchased (but charges are capped at 
€124 per month with a drugs payment scheme, of which 
26.3% of the population avails [11]); public hospital outpa-
tient consultations are charge-free, but inpatient care attracts 
a fee of €80 per day, subject to a maximum of €800 per year; 
self-referral to an emergency department may also incur a 
fee [12].

Less than half (42.8%) of the population hold some form 
of private health insurance, largely to cover inpatient charges, 
inpatient private consultant charges and some diagnostic test 
charges, in private hospitals or as private patients in public 
hospitals [12].

Some 5.5% of the population qualify for a long-term ill-
ness card, which allows charge-free access to medications 
appropriate to designated illnesses, such as diabetes mellitus 
[12]. Notably, renal diseases are not designated illnesses for 
this scheme.

 Brief History of Nephrology in Ireland

The beginnings of nephrology as a separate clinical disci-
pline in Ireland may be traced back to the late 1950s [16]. In 
keeping with new thinking and new technologies then cur-
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rent in Europe with regard to the treatment of renal failure, 
a multidisciplinary team of doctors established the first 
Artificial Kidney – Renal Unit in the Charitable Infirmary, 
Jervis Street, Dublin. Those involved were Dr. Arthur 
P.  Barry (Consultant Obstetrician and Gynaecologist), Dr. 
Gerard Doyle (Consultant Pathologist), Dr. William 
F.  O’Dwyer (Senior Consultant Physician), Mr. Anthony 
Walsh (Consultant Urologist) and Dr. Joseph A. Woodcock 
(Consultant Anaesthetist), who became the first Medical 
Director of the Unit [16].

A Kolff twin-coil dialyzing unit [17] – the first of its kind 
in Ireland – was purchased. Staff visited the Artificial Kidney 
Unit at Leeds General Infirmary, where Dr. Frank Parsons 
had performed his first dialysis treatment on 30 September 
1956. The first haemodialysis treatment (for AKI) in Dublin 
was performed in May 1958. There followed treatments for 
many patients, initially all with AKI adjudged to have a 
 reasonable prospect of recovery and many with obstetric 
AKI [18, 19].

It was not until November 1964 that a programme for 
regular haemodialysis treatment for end-stage renal disease 
(ESRD) was established  – lack of a sufficient number of 
machines to be allocated to long-term treatments (the unit 
possessed only two machines) and difficulty with maintain-
ing long-term vascular access being notable barriers to this 
[16, 20]. The creation of native vessel arteriovenous fistulae 
from December 1966 represented a significant improvement 
in dialysis delivery [21].

In 1963, the first kidney transplant was performed in 
Ireland [22]. Subsequently a multidisciplinary team was 
established in the Charitable Infirmary, Jervis Street, to 
develop a renal transplantation programme [16]. The team 
was led by Mr. Anthony Walsh (who subsequently became 
President of EDTA in 1968) and Prof. W.A.L.  Gowan, 
Consultant Vascular Surgeon at St. Laurence’s Hospital. The 
first deceased donor renal transplant performed by this team 
was on 31 January 1964 [16]. Outcomes with the initial 
series of transplant patients were not encouraging [16], and 
relatively few transplants were done until 1967 when the 
programme recommenced. The first living donor renal trans-
plant was performed in 1972 [16].

In 1970, a Home Haemodialysis (HHD) Programme 
was established [16]. An additional Nephrology Unit was 
established at St. Mary’s Hospital Dublin in 1971 [16]. In 
the following year, new renal units were established in 
Cork and Galway, with another renal unit opening in the 
Meath Hospital in Dublin [16]. Continuous Ambulatory 
Peritoneal Dialysis (CAPD) commenced in Ireland in 
1980 [44].

By 1988, there were 342 ESRD patients in Ireland treated 
by dialysis. Two hundred and fifty-seven patients were 
treated by centre-based haemodialysis (HD) in 1 of 8 renal 

units, 5 were treated by HHD, and 80 were treated by CAPD 
(by 4 of the renal units). Further expansion progressively 
developed over time until the current complement of 12 renal 
units within 7 hospital groups throughout the country was 
completed.

In 2002, the Minister for Health commissioned a 
Strategic Review of Renal Services. This multi-stakeholder 
review, chaired by Dr. Liam Plant, presented its report in 
2006. This report has significantly influenced the subse-
quent strategic development of renal services. On World 
Kidney Day 2009, the HSE established a National Renal 
Office (NRO), embedded within the Clinical Strategy and 
Programmes Division, with responsibility for planning, 
coordinating and managing the strategic development of 
renal services across the country [23]. A key development 
has been the deployment of the Kidney Disease Clinical 
Patient Management System (KDCPMS), an electronic 
patient record system with a common platform, in all renal 
units in Ireland [24]. This system provides a framework for 
performance monitoring in renal care provision, compara-
tive clinical audit, enhanced delivery and quality of care, 
strategic planning and effective resource utilization. It will 
form the base platform for an intended National Renal 
Registry.

 Professional and Advocacy Organisations

The Irish Nephrology Society (INS) https://www.nephrol-
ogy.ie – established in 1969 – is comprised of doctors and 
scientists working in the care of patients with kidney disease, 
either at a clinical or research level. Membership extends to 
all parts of the island, incorporating the Republic of Ireland 
and Northern Ireland. Its mission is to ensure high-quality 
care for patients with kidney disease by promoting the high-
est standard of medical practice. It has an integral role in the 
education and training of medical practitioners and advises 
the government, the public and the profession on healthcare 
issues relating to kidney disease. The INS hosts two National 
Scientific Meetings each year as well as funding Young 
Nephrologists’ research projects and recognising excellence 
in research by the award of specific prizes and medals.

The Irish Nephrology Nurses Association (INNA) https://
www.inna-ireland.com – established in 1999 – has a mission to 
promote a high standard of quality care for renal patients and 
their families through education and research. Since its forma-
tion the association is committed to being a voice for nephrol-
ogy nurses nationally and actively engaging in strategic 
developments in the area of renal care. The Renal Interest 
Group of the Irish Nutrition and Dietetic Institute (RIG/INDI) 
http://www.irishkidneydiet.ie/about-us/ acts as a professional 
organisation and forum for those practising as renal dieticians.
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The primary role of the Irish Kidney Association 
https://ika.ie – a charitable voluntary organisation estab-
lished in 1978 – is to support patients and their families 
who are affected by end-stage kidney disease and are 
being treated either by dialysis or with a functioning kid-
ney transplant. As the only organisation representing the 
views of Irish kidney patients, the IKA constantly lobbies 
on their behalf. The priority of the association is to ensure 
that the unmet needs of the renal patient and family are 
addressed by the statutory health and education system 
either directly from the mainstream or via an association 
like itself.

 Renal Disease in Ireland

The population of Ireland in 2015 had a lower (13%) – but 
rapidly expanding  – proportion of its population aged 
>64 years than the total EU population (18.9%) [14]. The 
vast majority of the population (92.4%) has a White eth-
nic background [2]. A higher proportion of the population 
was obese than the EU total – 18% on self-reported data 
and 23% based on actual measures of height and weight 
[14]. Between 1998 and 2015 the national prevalence of 
doctor-diagnosed diabetes mellitus increased from 2.8% 
to 5.2% [25]. This background profile has a significant 
influence on the incidence and prevalence of renal dis-
eases in Ireland.

 Chronic Kidney Disease and End-Stage Renal 
Disease

Ireland does not have a national CKD (non-RRT) registry 
[26]. Incidence and prevalence studies are limited [26].

A randomly selected population based cross-sectional 
study of 1098 adults aged 45 years and older was conducted 
using data from the 2007 Survey of Lifestyle, Attitudes and 
Nutrition (SLÁN) [27]. Estimated Glomerular Filtration 
Rate (eGFR) was calculated from a single IDMS aligned 
serum creatinine using the CKD-EPI and the MDRD equa-
tions, and albumin to creatinine ratio was based on a single 
random urine sample [27]. The estimated weighted preva-
lence [27] of CKD-EPI eGFR<60  mL/min/1.73m2 was 
11.6% (95% CI 9.0–14.2%), being 12.0% (9.0–14.2%) of 
men and 11.2% (7.3–15.2%) of women. Ten percent (10.1%) 
of all subjects had albuminuria and an eGFR≥60  mL/
min/1.73 m2. Thus, in Irish adults aged over 45 years, the 
overall weighted estimated prevalence of the National 
Kidney Foundation (NKF)-defined CKD was 21.3% (18.0–
24.6%) [27]. Twelve percent (12.4%) of subjects aged 60 to 
69 years had stage 3 CKD, as had 36.2% of those aged over 
70 years [27].

Another study [28] identified 207,336 adult patients, aged 
18  years and over, with serum creatinine measurements 
recorded from a provincial database between 2005 and 
2011  in the Northwest of Ireland. eGFR rates were deter-
mined using the CKD-EPI equation from standardised cre-
atinine measurements, and the presence of CKD was defined 
as eGFR <60 ml/min per 1.73 m2. The prevalence of CKD 
was 11.8% (95% CI 11.3–12.1%): 10.9% in men (10.7–
11.1%) and 12.6% in women (12.4–12.8%) [28]. This cor-
responded to a detection rate of 4.5% (5.1% in women and 
3.9% in men) [28].

The systematic review and meta-analysis of Hill and col-
leagues [29] suggested a global mean (95% CI) CKD preva-
lence of five stages to be 13·4% (11·7–15·1%) and of stages 
3–5 to be 10·6% (9·2–12·2%). CKD prevalence in Ireland 
seems to fall within this range.

Although a formal ESRD Registry is not in place, the 
National Renal Office [23] has been collecting annual inci-
dence and prevalence data for more than a decade, more 
recently utilising the KDCPMS platform [24]. On 31 
December 2018, some 4572 adults and 80 children were 
living with ESRD in Ireland [7]. This equates to a preva-
lence of 941 pmp for adults and 16 pmp for children [7]. 
Over half of adults (53%) had a functioning renal trans-
plant, as had 80% of children [7]. In 2013 [7], the inci-
dence of ESRD in adults was 405 cases, equating to 88 
pmp. Incomplete reporting since then indicates an ESRD 
incident rate of 85–95 pmp.

In the 2013 USRDS Report on geographic variation in the 
incidence of treated ESRD pmp by country, Ireland (88 pmp) 
fell into the lowest of four incidence groupings at <120 pmp, 
falling within 10 pmp of such countries as Iceland, Finland, 
Switzerland and Scotland [30]. An ESRD prevalence then of 
862 pmp fell within the lower mid-range of countries, falling 
within 50 pmp of such countries as Romania, Finland, 
Serbia, Argentina, Scotland, Turkey, Denmark, Norway and 
England and Wales [30].

There is a lack of systematic data as to the causes of 
CKD in Ireland mostly relating to methodological varia-
tion in disease allocation and data recording. In a recent 
study [31] utilising the KDCPMS platform, the authors 
felt that for 1196 haemodialysis patients, the underlying 
cause of ESRD was either unknown or missing in 28% of 
cases. Glomerulonephritis accounted for 19.2% of cases, 
diabetic nephropathy for 18.6% and cystic kidney disease 
for 6.4%. A single-centre study [32] of all 692 incident 
ESRD patients between 1 January 2002 and 13 December 
2015 reported that 21% of cases were due to diabetic 
nephropathy, 17% to glomerulonephritis, 9% to polycys-
tic kidney disease, 7% to pyelonephritis and 5% to vascu-
lar disease. 19% of cases were attributed to a miscellaneous 
group of diagnoses, and 19% were of unknown or unspec-
ified causes.
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 Acute Kidney Injury

Ireland does not have a national acute kidney injury (AKI) 
registry. Incidence and outcome studies are limited.

A retrospective cohort study (2005–2014) used data from 
two regional laboratory information systems to determine inci-
dence and severity rates of AKI [33]. The Kidney Disease: 
Improving Global Outcomes (KDIGO) criteria were used to 
identify all AKI events and subclassify each by severity grade. 
Incidence rates for men increased from 6.1% (95% CI 5.8–
6.3%) per 100 patient-years to 13.2% (12.7–13.8%) during this 
period and from 5.0% (4.8–5.2%) to 10.1% (9.8–10.5%) for 
women [33]. Incidence rates for AKI increased in all locations 
of clinical supervision but much more for inpatient and emer-
gency room settings compared with general practice [33].

At present, acute hospitals in Ireland are organised into six 
hospital groups covering specific geographic areas and a pae-
diatric hospital group [34]. Within each hospital group is at 
least one renal unit, which acts as the regional resource for 
advice or direct management (sometimes following patient 
transfer) of cases of AKI. Not all hospitals have a renal unit on 
campus; some ICU units in specific hospitals have the capac-
ity to deliver continuous renal replacement therapies; the larg-
est (Model 4) hospitals typically have the capacity to deliver 
acute renal replacement therapies, either as acute haemodialy-
sis or as continuous venovenous haemo(dia)filtration.

 Glomerulopathies

Ireland does not have a national glomerulonephritis (GN) reg-
istry. Incidence and outcome studies are limited. Ireland did 
not participate in the International Kidney Biopsy Survey [35]. 
A single-centre retrospective study has been reported [36]; 
1372 native renal biopsies were performed between 2004 and 
2008. Of these, 236 (17%) were performed in patients aged 
>64  years. The commonest indications for biopsy in those 
aged >64  years were AKI (32%) and nephrotic syndrome 
(25%). Obviously, a mix of histological features was encoun-
tered, depending on presentation. The commonest glomerular 
conditions reported in this series in total were pauci-immune 
GN (17.4%); membranous GN (8.9%); IgA GN (7.6%); mini-
mal change disease (4.2%); and post-infectious GN (3.4%) 
[36]. It is probable that a different spread would be detected in 
younger patients and depending on presentation.

 Renal Disease in the Paediatric Population 
in Ireland

The Irish Paediatric Nephrology Services have evolved over 
the last 30 years. Specialist Paediatric Nephrology Services 
are provided on two campuses in Dublin, with a comple-

ment of six consultant paediatric nephrologists. The service 
will shortly move to the National Children’s Hospital site 
when it is commissioned. At present 750 new patients are 
seen per annum, with 2500 review appointments also pro-
vided [37]. Each year 8 children develop ESRD; 15–25 are 
waiting for a kidney transplant; 25 develop significant hae-
molytic uraemic syndrome; and 200 have nephrotic syn-
drome [37]. Every year 1000 Irish children are born with 
some kind of congenital abnormality of the kidney or uri-
nary tract [37].

About 60 children are under follow-up with a function-
ing kidney transplant [7, 37]. Structured adolescent to 
adult transition clinics are available in Dublin and Cork. In 
2018 an outreach paediatric nephrology clinic was estab-
lished in Cork. The future development of Paediatric 
Nephrology Services is incorporated into the HSE National 
Clinical Programme for Paediatrics and Neonatology 
Model of Care [37].

There has been considerable clinical and research interest 
in hereditary renal diseases in Ireland [38–40].

 Renal Replacement Therapy for ESRD 
in Ireland

All modalities of renal replacement therapies (RRT) are 
available in Ireland. Although some patients may elect to 
have private outpatient/inpatient consultations with a 
nephrologist, the bulk of costs, particularly the direct costs of 
dialysis modalities, is borne by the State. All adult ESRD 
patients are under the clinical governance of 1 of the 11 HSE 
adult renal units. All paediatric ESRD patients are under the 
clinical governance of the paediatric renal unit.

A formal ESRD Registry is not yet in place, but the National 
Renal Office [23] has been collecting annual incidence and 
prevalence data for more than a decade, more recently utilis-
ing the KDCPMS platform [24]. On 31 December 2018, some 
4572 adults and 80 children were living with ESRD in Ireland 
[7]. This equates to a prevalence of 941 pmp for adults and 16 
pmp for children [7]. 54% of adults had a functioning renal 
transplant, as had 80% of children [7].

If one focuses on RRT modalities in adults, it has been the 
case that, at least for the last 15 years, the majority of patients 
alive with ESRD each year have had a functioning transplant 
[7]. Between 2007 and 2017 there has been a 41% (n = 1300) 
increase in the number of adults with ESRD [7]. In that inter-
val, the increase in those treated by dialysis has been 35% 
(n = 535) and by transplantation 47% (n = 765).

Data on patient survival from entry into ESRD is avail-
able from a single centre [32]. Six hundred and ninety-two 
patients entered ESRD between 1 January 2002 and 31 
December 2015. If surviving for 90 days, 95% of those aged 
<65 years survived for 1 year and 77% for 5 years; 89% of 
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those aged >64 years survived for 1 year and 47% for 5 years 
[32]. As would be expected, there was a considerable sur-
vival advantage to the 30% of these who received a renal 
transplant [32].

As illustrated in Fig.  42.1, 54% of adults with ESRD 
have a functioning transplant, 41% are treated by centre-
based HD and 5% by a home-based modality, either home 
haemodialysis (HHD) or peritoneal dialysis (PD). This per-
cent distribution in types of RRT modalities used is very 
similar to that in Scotland, England and Wales [41]. The 
National Renal Office has set a target that 60% of ESRD 
patients should ideally be treated with a functioning trans-
plant and that of those treated by dialysis, at least 20% 
should be treated in the home setting, either by HHD or 
PD.  These targets are occasionally attained in individual 
renal units but have not yet done so consistently on a 
national basis [7]. As in other jurisdictions, there are 
increasing attributable economic and social costs between 
home-based, satellite centre- based and hospital centre-
based therapies.

Ireland does not yet have a model to commission RRT 
treatments, nor an activity-based funding stream for specific 
therapies. Each hospital group bears the expenditure cost of 
RRT within its core budget; additional funding from central 
HSE resources is allocated based on ongoing evaluation of 
total activity by the NRO [7]. For a minority of patients, 
health insurance reimburses consultant fees for private con-
sultations in supervising dialysis patients, but not for con-
sumables, equipment or training  – the costs of which are 
reimbursed from public funds. The costs per treatment of HD 
treatments within contracted commercial units are reim-
bursed by the hospital group under whose clinical gover-
nance the patient falls [7].

 Centre-Based and Satellite Centre-Based 
Haemodialysis (HD)

Centre-based HD (or, for a significant proportion, haemodi-
afiltration –HDF) is the commonest modality of dialysis deliv-
ered [7]. Not all units utilise haemodiafiltration, and the 
proportion varies within those that do, largely based upon the 
clinical judgement of the staff within the units. There is one 
national paediatric HD centre at the Children’s University 
Hospital, Temple Street, Dublin. The 11 adult renal units 
within the 6 hospital groups supervise 22 separate HD centres. 
Eleven of these are directly provided on major hospital cam-
puses; three are directly provided satellite HD centres on 
smaller hospital campuses; and eight are contracted satellite 
HD centres, staffed and provided by commercial dialysis pro-
viders (but with the parent HSE renal unit retaining clinical 
governance) [7]. Contracts for dialysis equipment and con-
sumables are awarded by competitive tender within hospital 
groups; the provision of contracted HD centres is also awarded 
by competitive tender. All HD centres now host/interact with 
the KDCPMS [24]. Strategic development of HD services as a 
national integrated network is coordinated by the NRO [7].

HD centres vary in size from 10 patients or less (the pae-
diatric HD centre) to 150–160 patients (Cork University 
Hospital and Beaumont Hospital Dublin) [7]. Three other 
HD centres treat >100 patients, but the typical HD centre 
caters for 60–90 patients [7]. The location of new HD centres 
will be decided based on the need to reduce patient travel 
time and avoid overcrowding in existing HD centres. In 
2012, 50% of patients lived >29  km from the HD centre 
where they were treated [7]. Patient transport to/from HD 
centres is widely provided but with differences in organisa-
tion and eligibility from region to region [7].
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In 2017, 29% of patients treated by centre-based HD were 
treated in contracted satellite HD centres (amounting to 25% 
of all dialysis patients and 12% of all ESRD patients) [7]. 
HD treatments for AKI are not delivered in these centres, and 
patients who are unwell will typically have the location of 
their treatment transferred to the parent renal unit.

Both centre-based HD units and contracted satellite HD 
units are predominantly staffed by registered general nurses, 
with smaller numbers of healthcare assistants. Dialysis tech-
nicians are not a feature in Ireland, as opposed to dialysis 
biotechnicians who work to introduce and maintain dialysis 
and other equipment. Typically the ratio of dialysis nurses to 
patients will vary from 1:3 to 1:4 during treatment delivery, 
with additional shift leaders, clinical nurse managers and 
other educational/administrative staff. Renal dieticians are 
attached to all renal units, but with a low dietician to patient 
ratio. Dedicated renal psychologists, renal pharmacists and 
renal social workers are very uncommon in Irish HD units – 
such services are accessed from generic resources by 
patients.

The vast majority of patients are treated thrice weekly. 
Dialysers are not reused in Ireland. Difficulties in establish-
ing native AV access [31], and mitigating the infective risk of 
tunnelled HD access [42], remain an ongoing challenge. 
There is considerable variation (27–57%) in the proportion 
of those using native AV access across centres [31]. Most HD 
centres operate at or close to capacity, and this has implica-
tions if there are regional surges in new patients; it has also 
restricted easy access to holiday HD sessions both for Irish 
and for international patients [7].

The prevalence of blood-borne virus infections (HBV, 
HCV, HIV) is very low in Irish HD units (<3% of patients), 
but facilities for isolation are found in all units, and a stan-
dardised national policy to minimise the risk of transmission 
is in practice [7]. Patients infected with hepatitis C are eligi-
ble for antiviral therapies with a view to its eradication.

 Home Haemodialysis (HHD)

In Ireland, HHD and peritoneal dialysis (PD) are viewed as 
complementary renal home therapies. Equipment, training 
and protocols have a uniform structure throughout the coun-
try. There is a national competitive contract for equipment 
and consumables, and the six renal units providing training 
in HHD are linked via a National Renal Home Therapies 
Programme by the NRO [7].

HHD was initially provided in Ireland in 1970. Having 
initially been a very significant modality, it declined with the 
development of a wider network of regional HD centres and 
CAPD. A national programme was reinstituted in 2009 [43]. 
Analysis of the first 100 patients trained indicated that, dur-

ing the period of follow-up, 29% were transplanted, 9% died 
and only 7% reverted to centre-based HD [43]. Twenty per-
cent (20%) of patients were treated by nocturnal HHD 
(NHHD). This pattern has continued, with transplantation 
being the principle reason for modality change. In 2018, six 
renal units supervised a total of 55 HHD patients [7]. The 
two largest renal units in Dublin and Cork accounted for 
64% of this total.

 Peritoneal Dialysis (PD)

CAPD was first delivered in Ireland in 1980 [44]. Training in 
both CAPD and automated PD (APD) is provided by the 
paediatric renal unit and eight of the adult renal units [7]. The 
proportion treated by APD varies, depending on patient 
choice and clinical considerations  – typically about two 
thirds of all patients utilise APD.  The proportion of new 
ESRD patients whose first modality of dialysis was PD 
between 2008 and 2013 was 14% [7]. In 2017, 10% of all 
prevalent ESRD dialysis patients were treated by PD [7], 
although the proportion varied considerably between hospi-
tal groups. As a proportion, this has remained relatively con-
stant over the last decade [7], renal transplantation being 
amongst the commonest reasons for modality switch.

Reported outcomes [45] are similar to those reported 
from comparable health systems. Peritonitis rates are low. 
Both percutaneous and laparoscopic surgical catheter place-
ment techniques are in use [46].

 Renal Transplantation

Renal transplantation has been performed in Ireland since 
the early 1960s [16, 22, 47, 48]. In that period over 4500 
renal transplant procedures have been performed, and the 
National Renal Transplant Programme is now located in 
Beaumont Hospital, Dublin [47, 49]. Since 2003, the major-
ity of paediatric kidney transplants have been performed in 
the Children’s University Hospital, Temple Street, Dublin 
[47]. Having been in abeyance for some years, the National 
Living Donor Renal Transplant Programme was re- 
established in 2005 [47].

In the 5 years between 2014 and 2018, 632 kidney trans-
plants from deceased donors were performed (including 15 
simultaneous pancreas-kidney transplants), as were 240 
(27.5% of the total) from living donors – 26 of these were 
organs transplanted within the context of a Paired Kidney 
Exchange Programme with the United Kingdom or desensi-
tised in the UK [8]. Thus, there has been an average of 174 
kidney transplants per  annum in that interval [8]. This is 
illustrated in Fig. 42.2.
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The Pancreas-Kidney Transplant Programme, previously 
co-located with the National Kidney Transplant Programme 
in Beaumont Hospital, has, since 2017, co-located with the 
National Liver Transplant Programme on another campus in 
Dublin.

Organ Donation and Transplant Ireland (ODTI) has been 
delegated the regulator functions assigned to the HSE in the 
Statutory Instrument (SI) 325 (2012), European Union 
(Quality and Safety of Human Organs Intended for 
Transplantation) Regulations 2012 [50]. Since March 2019, 
the Department of Health has introduced a new policy on the 
reimbursement of the expenses incurred by living kidney 
donors [51].

Currently there is no legislation relating to organ donation 
in Ireland [8]. It has historically functioned on the basis of 
voluntarism and clinical interest in organ donation [8]. A 
new Human Tissue Bill is anticipated, which will address, 
amongst other issues, the establishment of a “soft” opt-out 
system for deceased donor kidney procedures [8].

In the period 2014–2018, deceased organ donation came 
from an average of 84.5 persons per annum [8]. It is hoped 
that with more widespread acceptance of organs from older 
donors or from those with cardiac death, and with the infra-
structural changes introduced by ODTI and the proposed 
legislative changes in the Human Tissue Bill, the numbers of 
deceased donors will pass above 20 pmp to a target of 26 
pmp [8].

More than half (54%) of adults with ESRD in Ireland 
have a functioning renal transplant, a rate of just over 500 
pmp [7]. This relatively high proportion reflects a relatively 
high organ donation rate, with a relatively low prevalence 
of ESRD, and good long-term transplant survival [7, 8, 48]. 
Between 2012 and 2016, 1-year allograft survival was 97% 
for deceased donor recipients and 94% for living donor 
recipients [8]. Ninety-eight percent (98%) of deceased 

donor recipients and 100% of living donor recipients were 
alive at 1 year [8]. Five-year allograft survival was 86% for 
deceased donor recipients and 89% for living donor recipi-
ents, with patient survival rates of 88% and 97%, respec-
tively [8]. A retrospective study of 3260 transplant 
recipients from 1971 to 2015 indicated that 15-year 
allograft survival had improved from 10% for those trans-
planted in 1971–1975 to 45% for those transplanted 
between 1996 and 2000 [48].

All adult kidney transplant procedures are performed in 
the National Kidney Transplant Service at Beaumont 
Hospital, Dublin [49]; all paediatric kidney transplant proce-
dures are performed at the Children’s University Hospital, 
Temple Street, Dublin; all pancreas-kidney transplants are 
performed in St. Vincent’s University Hospital, Dublin; a 
small number of procedures are performed in the United 
Kingdom as part of the Paired Kidney Exchange Programme 
[8]. Once stabilised, long-term follow-up for the majority 
(66%) of recipients is delivered by the referring renal unit 
[7].

In 2018, the median waiting time for a first kidney trans-
plant was 22 months and 11 months for those who received a 
living donor transplant [8]. At the end of 2018, some 429 
patients were on the waiting list; 167 transplants were per-
formed during the year, and 178 new patients activated on 
the list [8]. This compares with a waiting list of 551 patients 
at the end of 2016 [8]. 156 potential living donors (for 103 
potential recipients) initiated assessment, with 85 progress-
ing to the 1-day assessment phase, and 40 living transplant 
procedures were performed during the year [8]. The immu-
nosuppression protocols for patients with standard immuno-
logical risk incorporate induction with IL2ra agents, followed 
by long-term tacrolimus and mycophenolate mofetil mainte-
nance therapy. Steroid withdrawal is practised in fewer than 
half of patients.
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As in other countries, research into, and surveillance of, 
complications of transplantation is ongoing. In a study of 3346 
Irish solid organ transplant recipients (71.2% renal transplants), 
the commonest cancers were squamous cell skin cancer with 
SIR (95% CI) 20.05 (17.97–22.31), basal cell skin cancer 7.16 
(6.43–7.96), non-Hodgkin lymphoma 6.23 (4.26–8.59) and 
renal cell carcinoma 3.36 (1.96–5.38) [52]. New-onset diabetes 
after transplant (NODAT) was observed in 10.5% of patients 
within the first 5 years post- engraftment [53].

The survival of patients successfully transplanted (annual 
death rate 1.2 per 100 patient years at risk) is considerably 
improved (after a survival equilibrium time of 1-year post- 
engraftment) compared with waiting-list patients (2.4) and 
non-listed patients on dialysis (16.5) [54].

 Critical Care Nephrology

The nephrology services in Ireland work closely with col-
leagues in critical care. Many of the intensive care units 
(ICUs) are equipped, staffed and trained to deliver renal 
replacement therapy for patients with AKI and multi-organ 
failure. The Model of Care for Adult Critical Care of the 
National Clinical Programme for Critical Care identifies the 
need for access to continuous venovenous haemofiltration 
(CVVH) for level 3 ICUs and Model 4 regional and supra- 
regional hospitals [55].

In a 3-year retrospective single-centre study of 450 
patients treated by CVVH in a Model 4 hospital, mortality in 
ICU was 38%, in hospital was 47%, and at 1-year was 54%. 
Three hundred and ninety patients had AKI, whilst 60 (13%) 
had pre-existing ESRD [56]. 6% of those with AKI aged 
<75 years who survived to discharge were RRT-dependent, 
as were 8.6% of those aged >74 years [56].

 Nephrology Practice in Ireland

Non-ESRD CKD care is predominantly supervised by gen-
eral practitioners (GPs). In patients with identified glomeru-
lar diseases, with heavy proteinuria, with rapidly declining 
GFR, with hereditary nephropathies or with low clearance 
CKD, there is shared management with renal unit outpatient 
services. As complexity increases, or when patients transi-
tion to ESRD, the renal unit staff have a progressively 
increasing role in the long-term care pathway delivery. Other 
disciplines commonly participating will be, amongst others, 
diabetologists, cardiologists, vascular surgeons and urolo-
gists. Typically, the supervising renal unit will have a signifi-
cant input into the care pathway for any other medical 
condition which such patients may develop (especially for 
those with an ESKD need) in partnership with appropriate 
other specialties.

Guidelines for GPs are available from the Irish College of 
General Practitioners [57]. Guidelines for patients are avail-
able from the HSE [58] and from the Irish Kidney Association 
(IKA) [59].

Management of AKI is predominantly by the in-patient 
medical/surgical team supervising the patient. As complexity 
and/or severity of AKI increases, nephrologists and/or inten-
sive care staff will play an increasing role. Although not for-
mally endorsed, there is widespread adherence to the 
recommendations of the KDIGO Clinical Practice Guideline 
for Acute Kidney Injury [60].

There are about 50 consultants in Ireland accredited in 
nephrology and appointed to clinical and/or academic posts 
in which at least some of their practice is in nephrology [6]. 
Twenty one (42%) are female [6]. The overwhelming major-
ity are employed in the public sector, albeit with varying 
entitlement to private practice [6]. Many also contribute to 
undifferentiated general internal medicine activities; many 
have substantial research, teaching, administrative or leader-
ship appointments; as a consequence of which, there are 
probably no more than 30 whole time equivalent (WTE) con-
sultant sessions devoted to nephrology in Ireland  – much 
lower than in many other countries [6, 26].

The vast majority of these consultants will have had some 
of their nephrology training outside of Ireland; some will 
have held consultant, attending or other faculty positions in 
other countries. These countries are typically, but not exclu-
sively, English-speaking, such as England and Wales, 
Scotland, Canada, Australia, New Zealand or the United 
States [6].

Since 1999, Ireland has had a Higher Specialist Training 
in Nephrology Scheme, under the governance of the Irish 
Committee on Higher Medical Training [61]. Many of the 
alumni of this scheme have progressed to whole-time con-
sultant appointments in Ireland, and it remains a highly 
desired training scheme with a very high calibre of applicant. 
The tradition of spending at least some time training abroad 
remains.

Entry to this scheme requires completion of general pro-
fessional training and successful completion of the exami-
nations needed to allow membership of the Royal College of 
Physicians of Ireland [61]. The duration of training is for a 
minimum of 5 years – 2 spent in nephrology/GIM clinical 
posts; 1 spent in a high-intensity GIM clinical post; 1 in a 
high-intensity nephrology post; and at least 1 year spent in 
research activities or other out-of-programme experience. 
On completion of this cycle, trainees are awarded a 
Certificate of Completion of Specialist Training and join the 
Specialist Register in Nephrology [61]. However, new 
opportunities to take up consultant posts in Ireland remain 
limited.

Renal nursing careers can have a focus in a variety of 
roles – inpatient care, delivery of haemodialysis care, outpa-
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tient care, etc. There are a number of clinical nurse special-
ists and advanced nurse practitioners specialising in low 
clearance/pre-dialysis care, in post-transplant care, in renal 
home therapies and in vascular access, to mention but a few. 
Postgraduate NFQ Level 9 (Postgraduate Diploma/MSc) 
courses are provided by a variety of universities and insti-
tutes of technology [62].

Renal dietitians, although few in number, are attached to 
renal units around the country and work together via the 
Renal Interest Group of the Irish Nutrition and Dietetic 
Institute to bring a national consistency to practice and to 
promote a healthy renal diet [63].

Pay scales in nephrology are the same as for other clini-
cians of comparable grade working in the public system. 
Annual salaries for consultants vary from €165,000 to 
€273,000, depending upon when they were appointed, where 
in the country they work and what proportion of their activity 
is exclusively devoted to public work. There is a wide varia-
tion in the amount of additional income generated by activi-
ties focussing on the care of private patients. Annual salaries 
for renal nurses range from €29,800 to €64,500, depending 
on seniority or whether they work as clinical nurse  specialists, 
advanced nurse practitioners or clinical nurse managers. 
Annual salaries for renal dieticians range from €36,000 to 
€76,500, depending on seniority and role [64].

Irish renal units are involved in much collaborative and 
integrated research activities. Examples would include the 
Rare Kidney Disease Registry and Biobank [65]; the 
Vasculitis Ireland Network (VINE) [66]; the Irish Kidney 
Gene Project [67]; studies on the health-related quality of 
life of ESRD patients on dialysis [68]; and within the 
GEnetics of Nephropathy: An International Effort (GENIE) 
Consortium [69].

 Future Perspectives of Nephrology in Ireland

In Ireland, patients with kidney disease have access to a very 
highly trained workforce of multidisciplinary clinicians; to 
the most modern diagnostic equipment and medications; to 
the support of an active advocacy organisation (the IKA) 
[70]; and to a reasonably well-integrated national service 
with a high degree of internal concordance and collabora-
tion. The principal challenge going forward relates to a lack 
of capacity within the service.

Within each of the renal units, the available HD centres 
continuously operate at or close to full capacity [7]. This can 
cause considerable problems within HD centres if there is a 
surge in new patient presentations or in a need to transfer 
patients from satellite centres to parent centres. It also 
restricts access to Holiday HD slots. Despite a programme of 
commissioning new HD centres over the last decade, demand 
still outstrips supply. Until this balance is restored, this item 

in particular introduces an unnecessary stress to care 
pathways.

Also reflecting capacity issues (access to vascular sur-
geons; access to operating theatres) is the poor proportion 
(27–57%) of HD patients with a functioning AV fistula. 
Despite an integrated national system to promote the differ-
ent modalities of home-based dialysis, the national target – 
that at least 20% of dialysis patients should have the 
opportunity to avail of this  – has not yet been reached. 
Similarly, there remains a need to maximise access to 
deceased donor kidneys and to those from living donors.

The KDCPMS platform needs to form the basis of a real- 
time Renal Registry as well as enhancing the collection of 
activity metrics and outcome measures.

Most deficient, however, remains the low number of clini-
cians. The number of consultant nephrologist WTEs varies, 
from 0.5 to 0.7 per 100 ESRD patients and from 3.0 to 7.0 
pmp catchment population, between hospital groups. This is 
an unusually low proportion by international standards [26]. 
Expansion is needed to provide the critical mass to deliver 
optimum national clinical, teaching and research outputs. 
The same applies for renal clinical nurse specialists/advanced 
nurse practitioners and renal dieticians. Continued vigilance 
to ensure that equipment and consumable procurement 
obtains best value is necessary.

Easily accessible guidelines for GPs, non-renal hospital 
doctors and patients need to continue to be developed.

 Conclusion

Ireland has the appropriate organisation, structures, equip-
ment and personnel to deliver top quality renal care. The 
principal challenges are insufficient capacity within the RRT 
centres and insufficient clinicians.
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Area1 41,543 km2

Population2 17,395,101 (2019)
Capital Amsterdam
Three most populated cities1 1. Amsterdam

2. Rotterdam
3. The Hague

Official language Dutch
Gross domestic product (GDP)1 733 billion euro (2017)

764 billion euro (2018)
GDP per capita 38,400 euro (2017)

47,879 euro (2018)
Human Development Index (HDI)3 0.931 (tenth position)
Official currency Euro (€)
Total number of nephrologists4 282
National society of nephrology4 Netherlands Federation 

of Nephrology
www.nefro.nl

Incidence of end-stage renal disease5 2018 – 1,965 (265 
pre-emptive 
transplantations, 1,700 
dialysis patients)
113 pmp

Prevalence of end-stage renal disease5 2018 – 17,672 (11,420 
transplant patients, 
6,252 dialysis patients)
1016 pmp

Total number of patients on dialysis
(all modalities)5

2017 – 6246
2018 – 6252

Number of patients on haemodialysis
5

2017 – 5369
2018 – 5358

Number of patients on peritoneal dialysis
5

2017 – 877
2018 – 894

Number of renal transplantations per year6 2017 – 957
2018 – 972

1Google search
2Centraal bureau voor de statistiek: https://www.cbs.nl/nl-nl/visualisat-
ies/bevolkingsteller
3United Nations Development Program. Human Development Reports. 
Accessed in august, 2019. Available in: http://hdr.undp.org/sites/
default/files/2018_human_development_statistical_update.pdf.
4Nederlandse Federatie voor Nefrologie (NFN): www.nefro.nl
5Nefrovisie; https://www.nefrovisie.nl/nefrodata/

 Introduction of the Netherlands

The Netherlands is a small country in the north-west of 
Europe, bordering the North Sea on the west side of the 
country, Belgium on the south side and Germany on the east 
side. The area is 41,543 km2, 18% of which consists of water. 
Large parts of the area, especially in the western and north-
ern parts of the country, lay below sea level and are reclaimed 
land by water management structures including dykes and 
dunes. The traditional Dutch windmill was developed in the 
Middle Ages amongst other for the purpose of pumping 
away water in canals and thus reclaim land from the water. 
The population of the Netherlands was 14.091 million in 
1980 and is 17.395 million as of now, an increase of 23.4% 
in a 30-year period. Currently, the Netherlands are on the 
29th position on the list of population density per country.

The Netherlands collaborates with Belgium and 
Luxembourg in an agreement called The Benelux but, more 
importantly, is a member of the European Union and partici-
pated in the creation of the euro, symbolized by the €. As of 
such, the official currency of the Netherlands is the euro, 
since its introduction on January 1, 2002. The Dutch gross 
domestic product (GDP) was 764 billion euro in 2018. On 
the Human Development Index, the Dutch are ranked on the 
tenth position, and, therefore, the Netherlands are considered 
to belong to the wealthier countries.
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The Netherlands declared its independency from Spain in 
1581, during the 80-year war, which was internationally rec-
ognized in 1609. From 1848 on, the Netherlands has been a 
constitutional monarchy with a parliamentary democracy. 
There are 12 provinces in the country that perform local gov-
ernment, together with the local government of cities and 
communities within these provinces. The central government 
resides in the city of The Hague, hosting both the house of 
parliament and the senate. Effectively, the country is led by 
the prime minister; the king has a more ceremonial function 
but is counselled by the prime minister on certain topics. The 
official language is Dutch. As the Dutch have a long- standing 
trading tradition, most people in the country can communi-
cate in other languages like English, German or French.

In the Netherlands, everybody is obligated to have a 
health-care insurance sold by several health-care insurers. 
People with a low income are subsidized by the government 
to be able to pay the fee for such an insurance. There is an 
excellent system of primary care or family physicians who 
people need to attend before being referred to a medical spe-
cialist. Only in emergency situations people can go without a 
referral to the emergency room of a hospital. Care provided 
by these family practitioners is free of charge for children up 
to the 18 years, and for the other people, it is covered by the 
health insurance policy. The fee for this insurance nowadays 
is around €120 per person per month. On top of that, people 
must pay a maximum of €385 a year in case medical care is 
provided or prescriptions are given. While being insured, all 
diagnostics, cure and care are covered by such insurance 
policies including full dialysis and transplant care, if needed. 
Patients can be referred to private clinics and hospitals as 
well as to academic hospitals, according to their wishes. 
Nowadays, the government and health-care providers push 
all eight academic hospitals of the Netherlands to become 
more and more the hospitals for complex diseases and last 
resort care, so-called tertiary care hospitals.

 History of Nephrology in the Netherlands

 Historical Milestones

Undoubtedly, the most important Dutch contribution to 
nephrology nowadays is the development of the machine with 
which the first successful treatment of acute kidney failure 
(AKI) was performed in 1945 by Doctor Willem Kolff in the 
city of Kampen. Dr. Kolff fabricated, out of all kinds of sec-
ond-hand parts, including a Ford water pump and parts of a 
fallen German bomber, a wooden drum covered with cello-
phane (Fig. 43.1) [1]. With this machine, he started treating 
patients with AKI. While continuously learning from unsuc-
cessful treatments, he finally was able to save a 67-year-old 
patient suffering from AKI.  The treatment gave room for 

recovering of her own kidneys. He continued to improve the 
machine, and this was taken over by companies that with con-
tinuation of improvements have developed to dialysis 
machines nowadays. Dr. Kolff emigrated to the USA where 
he invented the first heart-lung machine, an artificial heart and 
other artificial organs and body parts. As of such, he is consid-
ered one of the best medical inventors of the last century. He 
also was the founder and first chairman of the American 
Society for Artificial Internal Organs (ASAIO). Another 
Dutchman who has been important for the development of 
renal replacement therapy (RRT) was Dr. Fred S.T.  Boen. 
Through his research, Dr. Boen has been instrumental for the 
development of continuous ambulatory peritoneal dialysis 
(CAPD). He was one of the publishers of Today’s Art of 
Peritoneal Dialysis, an issue of Contribution of Nephrology 
that contained the proceedings of the first international 
Symposium of Dialysis [2]. This symposium was the prede-
cessor of the International Society of Peritoneal Dialysis 
(ISPD).Another important physician for nephrology practice 
nowadays is Professor Jon van Rood, an immunologist. His 
research contributed in the 1950s to the discovery of the HLA 
system [3]. Prof. Rood participated with the first performed 
renal transplantation in the Netherlands and was the founder 
of Eurotransplant. This is a non-profit organization that coor-
dinates in eight European countries post-mortal kidney trans-
plantation. Finally, it is worthwhile mentioning Professor 
Fokko van der Woude. He discovered the ANCA antibodies 
together with Dr. Rasmussen [4]. This boosted the research 
and knowledge in the field of small vessel vasculitis.

 Organization of Nephrology in the Netherlands
In 1972, the ‘Nederlandse Vereniging voor Nefrologie’ was 
founded (NvvN = Dutch Society of Nephrology) as a scien-
tific society for physicians and scientists with the aim of 

Fig. 43.1 Artificial kidney by Willem Kolff [1]
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increasing the knowledge about nephrology. In the 1980s, 
the ‘Dialyse Groep Nederland’ (DGN  =  Dialysis Group 
Netherlands) was instituted by physicians to enhance the 
knowledge and practical care of dialysis treatment. This 
group of clinically working doctors initiated the first Dutch 
guidelines on dialysis topics like advices on laboratory tests, 
dialyser use, etc. In 1996, these organizations merged into 
the ‘Nederlandse Federatie voor Nefrologie’ 
(NFN = Netherlands Federation of Nephrology) [5]. The aim 
of the federation is to focus on the interests of the people 
working in all fields of nephrology, both scientists and clini-
cians. Their purpose is to achieve the highest possible quality 
of care for patients with renal diseases, both acute and 
chronic kidney disease (CKD) and dialysed and transplanted 
patients.

In the beginning of the 1980s, an institute called RENINE 
was founded for registration purposes of RRT. It was used to 
collect data on a number of patients being dialysed and trans-
planted and, in the early years of dialysis, used by the gov-
ernment for capacity building of dialysis in the country. The 
number of dialysis units, in both existing centres and new 
centres, was only allowed to increase after getting govern-
mental approval. In 1999, the law ruling this capacity build-
ing was set aside by the government, which resulted in the 
establishment of an additional number of dialysis units in 
hospitals not having such a facility, as well as an increase in 
private and stand-alone dialysis units. Nowadays, there are 
113 dialysis clinics in the Netherlands.

As mentioned before, right from the beginning of the 
development of dialysis treatment in the Netherlands, phy-
sicians started to collaborate in making guidelines. Thus, 
in the 1980s, the NvvN instituted its quality committee, 
which had as primary goal to develop guidelines for dialy-
sis treatment and, later, also for CKD. In 1996, the visita-
tion committee was established. Nephrologists started to 
visit each other’s dialysis units for peer-to-peer review of 
the quality of care delivered. Shortly after, the physicians 
were joined by nephrology nurses while visiting as a dialy-
sis units team. In 2003, the ‘Hans Mak Instituut’ (HMI) 
was founded with the aim of further developing the quality 
system for dialysis units. In order to achieve this objective, 
it supported especially the committee on the visits of the 
dialysis units as well as the quality committee of the 
NFN.  Finally, on January 1, 2014, RENINE and HMI, 
together with the visitation committee, merged to the pres-
ent bureau for quality and data control of the NFN, called 
‘Nefrovisie’ [6]. This bureau hosts now web-based data on 
the number of dialysis and transplanted patients in the 
Netherlands and related topics. Annually, a 2-day confer-
ence is organized by the NFN, during which Dutch 
researchers and clinicians present their new data and for 
which local and international speakers are invited to give 
educational plenary lectures.

In 1997, the ‘Nederlandse Transplantatie Stichting’ 
(NTS = Dutch Transplantation Foundation) was founded. It 
has been licensed by the Dutch Ministry of Health and 
Welfare as the competent authority for execution of the organ 
donation law in the Netherlands. The main tasks of the NTS 
are appropriate maintenance of a national waiting list for 
patients awaiting organs or tissues, donor reporting, organ 
and tissue allocation, development of organ retrieval pro-
grammes in hospitals and, finally, public education with 
regard to donation and transplantation. The NTS has a close 
collaboration with the ‘Nederlandse Transplantatie 
Vereniging’ (NTV  =  Dutch Transplantation Society) in 
which all physicians working in the field of solid organ trans-
plantation are united. The NTV has several organ-specific 
working groups. The heads of all eight renal transplantation 
centres in the Netherlands are united in the ‘Landelijk 
Overleg Nier Transplantatie’ (LONT = National Council for 
Kidney Transplantation). The main tasks of the LONT are to 
promote the quality and safety of renal transplantation; to 
give advices and information to the NTS, which should be 
embedded in international networks; and to promote and 
facilitate clinical trials.

In 1968, the ‘Nierstichting’ (= Dutch Kidney Foundation) 
was founded [7]. This goodwill foundation gets money from 
donations, a yearly door-to-door fundraiser collection and 
heritages. The money obtained is divided amongst several 
committees within the Dutch Kidney Foundation, such as the 
social and the scientific committees. Over the years, the 
social committee has served and helped numerous renal 
patients with practical advice, but more importantly, also 
financially, in particular covering additional RRT-induced 
additional expenses, especially for the less fortunate people. 
A very important issue the social committee took care of is 
to help out dialysis patients to go on holiday by finding suit-
able dialysis units in the neighbourhood of their holiday des-
tination. In addition, financial sponsoring is also available, if 
needed. The scientific committee, formed by prominent 
Dutch basic and clinical researchers, has been responsible 
over the many years for the awarding of many outstanding 
research projects by the Dutch Kidney Foundation. As of 
such, the foundation has been instrumental for the develop-
ment of nephrology research in the Netherlands that has been 
of high international quality. The foundation has a yearly 
income of around 20 million euros, of which 2.8 million was 
used to directly financially support renal patients and 8.7 
million for research and innovation in 2017 [8]. Other topics 
that the foundation is very active in are CKD prevention and 
the development of a wearable dialysis machine.

Currently, around 300 nephrologists are working in the 
Netherlands. However, nephrology is not a recognized inde-
pendent specialty. The officially recognized specialty by the 
Dutch Government is internist. To become a nephrologist, 
you do 4 years of training in internal medicine followed by a 
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subspecialty training in nephrology for another 2  years. 
Thus, after 6  years of training, you become an internist- 
nephrologist. All eight university medical centres have the 
possibility to provide this subspecialty training in nephrol-
ogy, often in collaboration with their nonacademic hospital 
partners. During these 2  years, the residents must follow 
9–10 1-day training courses organized by the training com-
mittee of the NFN, covering the major topics in the field of 
nephrology like CKD, dialysis, hypertension, glomerulopa-
thies, transplantation, etc. After finishing training, the inter-
nist certificate is provided by the central government and the 
endorsement of the subspecialty training by the NFN. Every 
5  years, physicians must reapply for continuation of their 
permit to practice as an internist-nephrologist, both with the 
central government and the NFN. To have it granted, one has 
to show a proof of accomplishment of 40 credits per year, 
obtained by attending both national and international scien-
tific or educational meetings. Further obligations to be 
approved for continuing working as a nephrologist are par-
ticipation in a quality visitation of a renal ward and, as of 
January 1, 2020, having participated in InterVision sessions 
amongst colleagues. Likewise, for nurses there is an 
18-month specialty training to become a dialysis nurse, 
which you must also reapply every 5 years.

As part of performing appropriate care, the nephrology 
community has developed a national accreditation system 
for dialysis units. Starting 1999, every 3 years, each unit is 
visited by a group of peers, nephrologists and renal nurses 
trained to do this. In case of doubt of the state of care, check-
 up visits within the 3-year period are performed. For this 
accreditation process, a set of rules was developed that has 
been updated with regular intervals and is used to follow-up 
the appropriateness of care in the dialysis units. Within this 
set of rules, it is defined that in a dialysis unit, predialysis and 
dialysis care are provided to patients, as well as preparation 
of the patients for renal transplantation. Thus, it is defined 
that patient care team in each unit consists of at least two 
nephrologists, enough renal nurses, a dietitian, a social 
worker, a dialysis technician and a pharmacist and that 
patients have 24/7 availability to vascular surgery, interven-
tion radiology and cardiology. Stand-alone dialysis units 
must make agreements with neighbouring hospitals to assure 
this level of care. In earlier days, it was defined that for every 
40 patients, one nephrologist should be available, and there 
had to be at least two nephrologists per centrum. In the latest 
version of the accreditation rules, these numbers are no lon-
ger mentioned, but more indirectly assured. Important topics 
that are looked after during the accreditation visits are the 
availability of the dialysis access team and meetings where 
access problems are discussed and the presence of a weekly 
multidisciplinary team meeting where patients are discussed 

with regular intervals. Furthermore, patients must have 
yearly full check-up by their nephrologists and must be 
timely prepared to receive a renal transplant, if deemed 
possible.

Reimbursement of dialysis is for many years in the 
Netherlands performed on a weekly basis for both haemodi-
alysis (HD) and peritoneal dialysis (PD), with a slightly 
higher rate for automated peritoneal dialysis (APD) due the 
use of a cycler and higher fluid volumes. All centres nowa-
days use biocompatible PD fluids. At present, the weekly fee 
paid by the health-care providers is estimated between €1100 
and €1300 for each modality. Reimbursement of care pro-
vided by nephrologists is also done on a weekly basis, with 
only a limited difference between HD and PD care. Thus, 
there is for nephrologists no financial incentive to favour one 
treatment modality over the other. In all cases possible, renal 
transplantation, preferably pre-emptive living-related renal 
transplantation, is the preferred treatment option for patients 
with end-stage renal disease (ESRD). About 50% of nephrol-
ogists are on a salary paid by the hospital. In those cases, a 
senior nephrologist will earn around €185,000 yearly. 
Nephrologists who work in private hospital setting may earn 
somewhat more than €250,000 per year. Senior nursing staff 
will earn around €60,000 yearly.

 Kidney Disease in the Netherlands
The incidence and prevalence of CKD can be estimated from 
community-based studies and from RRT registries. In the 
northern part of the Netherlands, two large community-based 
cohort studies have been performed: the Prevention of Renal 
and Vascular End-stage Disease (PREVEND) study and the 
Lifelines cohort study. In the study of Thio et  al. [9], the 
investigators describe that 883 out of 6078 subjects had 
CKD, a prevalence rate of 14.5%. In the 5195 persons with-
out CKD at the beginning of the study, 861 persons devel-
oped over an 11-year period CKD, an incidence rate of 17% 
over that period (≈1.5% a year) [9]. In the Lifelines study, 
143,745 persons could be evaluated. In this group, the preva-
lence of early CKD (eGFR between 60 and 90  ml/
min/1.73m2) was 32.4% [10]. The prevalence of subjects 
with CKD stages 3–5 appeared to be 1.2% [10]. In another 
study, Brück et al. using the Lifelines study describe that the 
prevalence of CKD was up to 12% [11]. In 2017, the ERA- 
EDTA registry published data on the incidence and preva-
lence rates of 2014 in European countries [12]. In this report, 
it was documented an unadjusted incidence rate of 115 
patients per million people needing RRT in the Netherlands 
in 2014 and an unadjusted prevalence rate of 967 patients per 
million people needing RRT. Altogether, these data demon-
strate that CKD and RRT are a substantial health-care prob-
lem in the Netherlands.
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Numbers for AKI are not readily available. RRT for AKI 
in the intensive care setting is usually taken care of by inten-
sivist by means of continuous veno-venous haemofiltration 
(CVVH), with or without collaboration of nephrologists. 
When patients recover, but do not recover renal function, 
patients are transferred to the nephrology department and 
treated with intermittent HD as long as needed.

 Paediatric Nephrology in the Netherlands

Paediatric nephrologists are paediatricians with a 3-year spe-
cial training in paediatric nephrology. Education and regis-
tration are strictly adapted according to the European 
Educational Guidelines. Paediatricians are united in the 
Dutch Paediatric Association where every subspecialty has 
its own section. Twenty to 25 paediatric nephrologists are 
working in one of the eight university medical centres 
(UMC) in the Netherlands. Every general hospital contains a 
paediatric department, and bigger departments can have a 
paediatrician with special interest in paediatric nephrology.

Every child has his or her general practitioner (GP) in the 
hometown. This GP can refer to a general paediatrician. 
Third-line referral normally goes from paediatrician to pae-
diatric nephrologist, but in general, every doctor can make a 
referral to a paediatric nephrologist. Paediatric nephrologists 
of the UMCs and regional hospitals commonly work together 
in referral networks. Thus, whenever there is a possibility to 
cooperate with a local paediatrician, children will be referred 
back for local care, in close collaboration with the regional 
paediatric nephrologist.

The eight UMC paediatric nephrology departments have 
made a constitution in which relatively smaller university 
departments work together with a nearby larger university 
department. Every paediatric nephrology department can 
perform acute RRT at their own paediatric intensive care unit 
(PICU). CVVH (DF) as a treatment in AKI can be instituted 
in children of any age group, in close relation to paediatric 
intensivists and neonatologists. Small children require spe-
cial equipment of dialysis machines and lines with smaller 
volumes. Priming is often necessary and placing small dialy-
sis lines (double lumen, from 5 Fr onwards) can be a real 
challenge. Additional renal care is provided by special 
trained paediatric renal intensive care nurses, where one 
patient requires often one specialized nurse 24/7. If neces-
sary, acute PD can be provided in these units as well.

Three university medical centres also have specialized 
paediatric dialysis departments, where (acute) intermittent 
HD can be performed outside a PICU.  These departments 
also have facilities for a paediatric renal transplant pro-
gramme, even for small children below 10  kg of weight. 

Although performing a kidney transplant in a child in the 
Netherlands is rare (about 15–20 per year), know-how and 
facilities have always to be up to date, including the presence 
of a specialized paediatric surgeon and vascular surgeon, a 
paediatric urologist and a paediatric nephrologist. In addi-
tion, specialized paediatric and immunology laboratories 
have to be available. Nephrology paediatric patients are 
listed in the Eurotransplant (ET) network for donor kidneys.

For children with ESRD, a kidney transplant is the treat-
ment of choice. Chronic intermittent HD or automated PD 
are only seen as an option in between transplant periods, 
whenever necessary. In 2018, nine children were treated 
with intermittent HD and six with APD. Children are espe-
cially treated by pre-emptive transplantation, where the kid-
ney is donated by one of the parents or another member of 
the family. These transplantations can be timed carefully, so 
ESRD in children is then treated without any dialysis proce-
dure at all. Cross-over programmes are also available for 
children.

In four of the UMCs, the paediatric nephrologist works 
very closely together with paediatric urologist, creating a 
paediatric uro-nephrology centre. Every pregnant woman in 
the Netherlands is offered a 20-week prenatal ultrasound. 
Abnormalities in renal development are one of the most fre-
quent pathologic findings during pregnancy. When severe 
pathology is suspected, the mother and baby are referred to a 
paediatric nephrologist and urologist in a prenatal renal cen-
tre in one of the UMCs.

The nephro-urogenital developmental disorders are 
known as CAKUT (congenital anomalies of kidney and uri-
nary tract). CAKUT contains abnormalities as posterior ure-
thral valves, mega-ureters, double kidney and ureter, 
ureteropelvic junction stenosis, vesicoureteral reflux, multi-
cystic dysplastic kidney (MCDK), renal agenesis, dysplasia 
of one or both kidneys, horseshoe kidney, all other possible 
combinations and all very rare abnormalities. In most of the 
urological abnormalities, there is a combination with renal 
dysplasia, and this dysplasia is often the cause of the 
CKD. CAKUT can be part of any other paediatric syndrome, 
combining other defects and organ abnormalities, together 
with psychomotor development and behavioural disorders.

Genetic disorders are known in CAKUT in about 20% of 
cases. Increasing knowledge and specific genetic testing lab-
oratory facilities teach us more about renal involvement in 
other genetic diseases. Prematurely born babies, some with 
extremely low body weight (ELBW), can survive with better 
care in neonatology, leading to specific renal damage after 
long-standing ICU treatment. Renal damage after specific 
oncology treatment, trauma care, cardio- and neurosurgical 
operations and other intensive care in children takes its toll 
for their renal future.
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The underlying cause of ESRD in the paediatric trans-
plant patients is >50% CAKUT/renal dysplasia, followed by 
glomerular disorders, cystic diseases, aHUS and others.

For the best preventive care, paediatric nephrologists 
work in a team with paediatric urologists, specialized 
nephrology and urology nurses, paediatric dietitians, psy-
chologists and social workers and all other paediatric spe-
cialists needed. The goals in treating children with chronic 
renal disorders are to achieve normal growth and develop-
ment of the child. Children may also need erythropoietin, 
subcutaneous growth hormone, specific paediatric hyperten-
sive treatment and specific pharmacology (often custom 
made in the young age group). Young children, additionally 
sometimes, require tube feeding either by nose or by PEG 
directly into the stomach. Preventing urinary tract infections 
instead of treating every new infection is another important 
goal in children with CAKUT.  Special attention must be 
given for gaining continence in children with urological 
abnormalities. Sometimes children also need intermittent 
catheterization for bladder disorders. In such cases, parents 
and children are carefully instructed to do this at home. This 
strong preventive strategy allows children to use their poten-
tial kidney function as good as possible, decreasing decline 
of the eGFR in years. Puberty with extra body growth and 
generating increasing waste products is often a challenging 
period. Sometimes kidney function deteriorates very fast, or, 
if not, kidney function can remain rather stable unto further 
in adolescence.

Transition to adult renal care is often generated in a period 
of life of the adolescent in which many other changes must 
be made. They are graduating from school, moving to 
another town to study, leaving the parental care and house, 
having their own relations and friends, etc. Transitional care 
starts ideally early in puberty where the children learn how to 
handle their own treatment and take control over their own 
disease and life. In most UMCs, transition to adult care is 
surrounded by a transition clinic.

The incidences of paediatric renal diseases in the 
Netherlands are not known exactly. One of the prospective 
incidence studies has been performed in idiopathic nephrotic 
syndrome (INS) [13], where INS was counted in 1.52/100,000 
living children, with a male-female ratio of 2.04:1 and a 
median age of 3.9 years, comprising about 60 children with 
a de novo nephrotic syndrome/year. Congenital nephrotic 
syndrome is even more rare, as well as other rare glomerular 
diseases, for instance, C3 nephropathy, (a)HUS, membra-
nous glomerulopathy and Alport syndrome. Acute post- 
streptococcal and IgA nephropathy and Henoch-Schönlein 
vasculitis are the most common glomerular disorders. 
Treating hypertension is, as in adults, an important key factor 
in preventing kidney function decline. Specific tubular disor-
ders as Bartter and Gitelman syndrome, renal tubular acido-

sis, X-linked hypophosphatemic rachitis, nephronopthisis, 
congenital diabetes insipidus, cystinosis and many more rare 
syndromes are all treated by paediatric nephrologists. By 
exception, these diseases do not lead to ESRD, but it takes 
great effort to handle these diseases in the growing child.

Follow-up studies in the Dutch populations are not very 
frequent. In the KIMONO (Kidney of MONofunctional 
Origin) study [14], children with a single kidney were pro-
spectively followed. About 30% of these children appeared 
to have one or more signs of renal damage at the age of 
10  years (hypertension or hypertensive treatment, protein-
uria or renal function disorders).

Follow-up of children with dialysis and transplantation 
years later is performed in the RICH-Q study. This study 
shows that these children do not grow as good as their age 
group, have worse bone density, have higher risk for cardio-
vascular disorders at young age and have more difficulty in 
gaining friendships, education and social contacts [15]. 
Working groups for paediatric nephrology in the Netherlands 
exist for transplantation and dialysis, nephrotic syndrome, 
aHUS, genetic disorders, CAKUT and some other rare dis-
eases. Guidelines are being made and updated within these 
working groups. In addition, national studies are being insti-
tuted (i.e. LEARNS study, aHUS, CAKUT).

All paediatric nephrologists in the Netherlands cooperate 
with the European and international organizations to collect 
data and to do research, for example, in the IPNA/ESPN and 
ERA-EDTA registries [16, 17]. Studies are generated com-
bining small numbers of patients in many more countries.

 Chronic Haemodialysis in the Netherlands

From about 2005 on, the number of patients with a function-
ing kidney transplant outnumbers the total number of dialy-
sis patients. At the end of 2018, there were 11,405 patients 
with a kidney transplant and 6252 on dialysis [18]. The vast 
majority of dialysed patients is treated with chronic, in- 
centre intermittent HD (5076). Two hundred and eighty-two 
patients were treated with intermittent home HD. Of those 
patients, 21% were on chronic intermittent HD longer than 
5 years, whereas their median time on dialysis was 2.2 years. 
One-year survival (with censoring for renal transplantation) 
of patients who had started HD in 2017 was 0.88 (95% CI: 
0.86–0.90). Whereas data on vascular access are not rou-
tinely registered in the national database, it was demon-
strated in a recent study that around 20% of prevalent patients 
in eight dialysis centres in the Netherlands had a catheter as 
vascular access to dialysis [19]. However, when analysing 
only incident patients, this was 60% of patients, despite 
accreditation rules that aim to have patients starting dialysis 
with a timely created arteriovenous fistula.
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At present, there are 111 dialysis facilities in the 
Netherlands. Most of them are hospital-based and hospital- 
related. A few of the dialysis units are private enterprises. 
Until 2013, there was a steady increase in the number of HD 
patients, thereafter the total number stabilized and over the 
last 3 years, it has even decreased (Fig. 43.2). Interestingly, 
this stabilization was observed in all age groups, whereas in 
the age group 20–44  years, even a steady decline of HD 
patients was observed from 2010 onwards [18]. The routine 
treatment regime of chronic intermittent in-hospital HD is 
thrice weekly 4 hours per day. The dialysate flow routinely is 
set on 500 ml/min with a blood flow of 250–400 ml/min. In 
many centres, online haemodiafiltration (HDF) is available, 
with the aim of achieving high convection volumes (>20 L/
session) as that might be associated with better outcomes 
than standard HD, albeit yet not proven. On the website of 
the Netherlands Federation of Nephrology, 16 guidelines are 
available concerning several topics of appropriate dialysis 
treatment including guidelines about the water treatment 
plan, including guidelines for water quality in case of online 
HDF, efficacy of dialysis treatment, intervals of laboratory 
testing and guidelines about nutritional support and vitamin 
supplementation [20]. Reuse of dialysers is not allowed in 
the Netherlands. All costs of the HD treatment, including 

iron and erythropoietin supplementation if needed, and its 
complications are covered by the health-care insurance of 
the patients.

The greatest tragedy in dialysis happened in 1996  in 
Curacao, at that time still a full part of the Netherlands. The 
water company had replaced the waterlines towards the dial-
ysis facility with cement-coated piping, ironically by the fear 
for development of corrosion in metal piping. As the drink-
ing water in Curacao had been of excellent quality, dialysis 
had been started 26 years before that by using drinking water 
without a water treatment plant. Unfortunately, from the 
cement-coated piping, aluminium could dissipate in the 
water resulting in severe aluminium intoxication of dialysis 
patients, resulting in the death of 10 out of the 27 dialysis 
patients [21].

 Peritoneal Dialysis in the Netherlands

For many years, the financial reimbursement of nephrologist 
has been the same whether they treated patients with inter-
mittent HD or PD. Thus, there is no financial benefit for phy-
sicians to choose one dialysis treatment modality over the 
other. Nevertheless, starting 2003, the number of PD patients 
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Fig. 43.2 Prevalence of in-centre haemodialysis in the Netherlands over the period 2003–2018 [18]
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steadily dropped until 2013; thereafter the total number of 
PD patients remained stable (Fig.  43.3). This decline was 
especially seen in the number of continuous ambulatory PD 
(CAPD) patients, whereas the number of APD patients has 
remained around 540 per year since 2003 [18]. By the end of 
2018, 366 patients were treated with CAPD and 528 with 
APD.  This drop in CAPD utilization probably has several 
causes, of which the rise in kidney transplantation, especially 
living-related kidney transplantation, during this time period 
is most likely the predominant cause. Another possible factor 
is the rise in the number of HD facilities. Of all patients 
treated with PD, only 5.9% were on this treatment modality 
for longer than 5 years, whereas their median time on dialy-
sis treatment was 1.3 years. One-year survival (with censor-
ing for renal transplantation) of patients who had started PD 
in 2017 was 0.89 (95% CI: 0.84–0.92).

Like for haemodialysis, several guidelines for peritoneal 
dialysis have been developed that are provided on the web-
site of the Netherlands Federation of Nephrology. 
Nowadays, biocompatible peritoneal dialysis fluids are 
standardly used for the treatment of PD patients in the 
Netherlands. All costs of peritoneal dialysis treatment and 
its complications are covered by the health-care insurance 
of the patients.

 Renal Transplantation in the Netherlands

 Organ Procurement and Transplantation 
Network Policies
The first living renal transplantation in the Netherlands was 
performed in 1966 in Leiden. In 1967, Prof. van Rood founded 
Eurotransplant (ET), an international non-profit organization 
which acts as a mediator between donor hospitals and trans-
plant centres and plays a key role in the allocation of organs. 
Nowadays, ET is an international collaborative including eight 
countries: Austria, Belgium, Croatia, Germany, Hungary, 
Luxembourg, the Netherlands and Slovenia. Patients in need 
of a kidney are put on the ET waiting list and can be offered an 
organ according to the allocation rules based on medical and 
ethical criteria. In- and cross-border organ exchange is facili-
tated in order to optimize matching between donor and recipi-
ent. In 1996, the organ donation law was introduced in the 
Netherlands. Here it was stated that you will only become a 
donor if you have explicitly expressed a wish to that effect. At 
this moment, you can decide on one of four options about 
donating your organs: yes, no, my partner decides and my 
relatives decide. Recently, the Dutch senate narrowly voted in 
favour of a new law to change the Dutch organ donation sys-
tem to a ‘yes unless’ register. From July 2020, people who do 
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not opt for any of these will automatically be registered as a 
donor. But in any case – and this has been a contentious issue – 
relatives will still have the final word, even if the deceased has 
given permission for his organs to be used. There are approxi-
mately 100 donor hospitals and 10 renal transplant centres, 
including three paediatric transplant centres. For logistical rea-
sons, the country is subdivided into two retrieval regions (East 
and West) and has five abdominal organ retrieval teams.

 Cadaveric Renal Transplantation
Shortly after the founding of ET, the waiting list showed a 
steep increase in patients waiting for a transplant, disclos-
ing a major shortage of organs. Initially, only cadaveric 
kidney transplantation was performed with organs retrieved 
from donors after brain death (DBD; Table 43.1). Because 

of this shortage, other sources of organs were being sought 
for, and, in that search, transplant centres in the Netherlands 
started performing transplantation with organs from 
donors after circulatory death (DCD). Ever since the mid-
1980s, however, the number of cadaveric transplantations 
performed annually is fluctuating somewhere between 350 
and 500 (Table 43.1). There is an increased usage of con-
trolled DCD donors, but the procedures with DBD donors 
are decreasing resulting in a more or less stable number of 
annually performed cadaveric transplantations. In the past 
years, there were more cadaveric transplantations with 
DCD donors than with DBD donors. By the end of 2018, 
741 patients were on the active waiting list; in recent years, 
the waiting list has been growing disappointingly 
(Fig. 43.4). The median time from dialysis until transplan-
tation is 2.7 years.

 Living Renal Transplantation
With the increasing shortage of kidneys, some centres initi-
ated a living kidney donor transplantation programme in the 
early 1980s. Few transplantations were performed with living 
donors, but since the late 1990s, there was a steep increase 
and nowadays more transplantations are performed with a liv-

Table 43.1 Cadaveric renal transplantation in the Netherlands

2015 2016 2017 2018
Kidney (DBD) (n) 207 202 168 178
Kidney (DCD) (n) 235 204 237 284
Total (DCD + DBD) (n) 442 406 405 462
Median time from dialysis to 
transplantation (y)
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ing donor (Table 43.2) as compared to transplantations with a 
cadaveric donor, and all centres have a successful living renal 
transplantation programme. Slowly, medical and ethical 
boundaries for living transplantation are being extended. 
Initially, only related donors were accepted. Then more and 
more unrelated donors were accepted provided that there is an 
emotional relationship. In 2004, a very innovative and suc-
cessful nationwide paired kidney exchange programme was 
established for those patients with a living donor with blood 
group type or HLA incompatibility. For ABO-incompatible 
(ABOi) pairs, there is also a possibility to explore the feasibil-
ity of an ABOi transplantation. Recently one centre (Erasmus 
University Medical Center, Rotterdam) initiated an HLA-
incompatible transplantation programme supported by all 
centres in the Netherlands. In recent years, there has also 
occurred an increase in transplantations with altruistic donors 
and transplantation with community solicited nondirected 
donors. In Fig. 43.5, the 10-year graft survival of living and 

cadaveric kidney transplantation is depicted [22]. As antici-
pated, the graft survival of living kidney donation is superior 
to cadaveric kidney transplantation.

 Future Perspectives of Nephrology 
in the Netherlands

Without any doubt, the most challenging problem to deal 
with in the Netherlands is the shortage in workforce, espe-
cially nursing staff. The retirement of the baby boom genera-
tion and the ageing of the population due to the rise of life 
expectancy for both woman and man are amongst the rea-
sons for this problem. For adequate monitoring of CKD and 
post-transplant follow-up, this increased burden of care time 
possibly can be overcome by utilizing newly developed 
e-health strategies. The latter requires more and better inte-
gration of current ICT systems of several health-care profes-
sionals (primary care physicians, in-hospital nephrologists) 
and institutes, the development of teleconsulting possibilities 
and easy access of laboratory testing like enhanced applica-
tion of dry blood sampling in the home-based setting. 
Included in these changes should also be the fact that more 
attention should be given to the needs and wishes of indi-

Table 43.2 Living renal donor transplantations

2015 2016 2017 2018
Living related (n) 199 236 203 198
Living unrelated (n) 315 328 349 312
Total (n) 514 564 552 510
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vidual patients by health-care professionals. Thus, data- 
driven outcomes that include patient-reported outcomes 
(PROMS) should become standard tools to improve outcome 
of patients amongst others by comparing inter-physician 
clinical data and PROMS, aimed to achieve the best practice 
for all patients. On top of that, the patient’s opinion should, 
through shared decision-making with his/her treating physi-
cian, become the leading reason for the proposal of a patient’s 
treatment plan. Home-based dialysis treatments should be 
expanded, for which the availability of an easily wearable 
dialysis device could become a great improvement and 
chance for successfully achieving these goals.

 Conclusion

Nephrology in the Netherlands is well-organized. Care for 
CKD and RRT, including dialysis and renal transplantation, 
is available to everyone. There is a long-standing tradition 
of continuous quality improvement. This has been achieved 
by the early development of guidelines for HD and PD, as 
well as kidney diseases, and by the visits of peers to other 
dialysis units in order to check upon the quality of care 
delivered, based on standards defined by the national visita-
tion committee in whom physicians and nurses participate 
on an equal basis. Things to be proud of are several histori-
cal achievements; amongst them, the development of the 
first haemodialysis machine by Doctor Kolff might be the 
most important. Furthermore, the presence of the 
Nierstichting has been very important for the development 
of nephrology in the Netherlands. Over the years, not only 
has this foundation helped numerous Dutch renal patients, 
having either a CKD or being dependent on RRT, but has 
also supported and facilitated the development of nephrol-
ogy research, which has become well renowned and highly 
ranked.
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 Introduction

Poland, officially the Republic of Poland, is a country located 
in Central Europe. It is divided into 16 administrative subdi-
visions, covering an area of 312,696 Km2, and has a largely 
temperate seasonal climate. With a population of nearly 38.5 
million people, primarily ethnic Poles, Poland is the fifth 
most populous member state of the European Union (EU). 
Poland is bordered by the Baltic Sea, Lithuania, and Russia’s 
Kaliningrad Oblast to the north; Belarus and Ukraine to the 
east; Slovakia and the Czech Republic to the south; and 
Germany to the west [1].

Poland has a developed market and is a regional power in 
Central Europe, with the largest stock exchange in the East- 
Central European zone. It has the sixth largest economy by 
GDP (nominal) in the EU and the tenth largest in all of 
Europe. It is one of the most dynamic economies in the 
world, simultaneously achieving a very high rank on the 
human development index. Poland is a developed country, 
which maintains a high-income economy along with very 
high standards of living, quality of life, safety, education, 
and economic freedom. Alongside a developed school edu-
cational system, the state also provides free university educa-
tion, social security, and a universal health care system [1].

 Brief History of Nephrology – Understanding 
How Nephrology Began in the Country

Although it was the second half of the twentieth century, 
which marked the significant development of nephrology in 
Poland, the early clinical research on the urinary tract per-
formed in Vilnius by Jędrzej Śniadecki dates back to the 
beginning of the nineteenth century [2]. Then, in 1884 Józef 
Dietl in Krakow described the condition known as Dietl’s 
crisis. Six years later, in 1900, Samuel Goldflam described a 
medical test currently referred to as Goldflam’s sign. In the 
1920s, Witold Orłowski examined the kidneys in the course 
of kidney failure and other internal organ diseases, especially 
those related to the heart. At the same time, Marceli 
Landsberg published numerous works in the field of kidney 
pathophysiology, and together with Henryk Gnoiński and 
Dawid Szenkier in the field of experimental peritoneal dialy-
sis (PD), the area in which he is considered one of the world 
pioneers.

It was in 1958 when Poland’s first clinic of nephrology, 
headed by Zdzisław Wiktor, was established at the Medical 
Academy of Wrocław. It took a whole decade for other medi-
cal centres to follow with the creation of their departments of 
nephrology. These included the clinics in Krakow (1969) 
headed by Zygmunt Hanicki, Gdańsk (1970) headed by 
Andrzej Manitius, Poznań headed by Andrzej Wojtczak and 
later Kazimierz Bączyk, Łódź with Zbigniew Orłowski; and 

finally, in 1975, Franciszek Kokot set up his centre in 
Katowice.

In 1961, the Society of Polish Internists established its 
Section of Nephrology with Zdzisław Wiktor as the first 
President. The Polish Society of Nephrology emerged in 
September 1983 during its first founding meeting in 
Bydgoszcz. The first President was Tadeusz Orłowski fol-
lowed by Kazimierz Bączyk (Poznań) and Franciszek Kokot 
(Katowice).

Early activities (1964–1994) of paediatricians involved in 
renal diseases in children were connected with the establish-
ment of the Section of Paediatric Nephrology by the Polish 
Paediatric Society in 1973. The Polish Paediatric Nephrology 
Association was founded and registered in 1994 with Teresa 
Wyszyńska as its first President.

The Polish Society of Nephrology publishes its own jour-
nals – established in 1997 Polish Nephrology and Dialysis 
Treatment (Nefrologia i dializoterapia polska) and the more 
recent creation Forum of Nephrology (Forum nefrologiczne). 
It was in 1984 when the structure of specialist supervision 
was built, initially in the form of the National Specialist 
Team for Renal Dialysis and Transplant Therapy, which, in 
1986, was transformed into the National Team of the Medical 
Consultant in Nephrology. At the beginning, the team was 
managed by Andrzej Manitius and then by Bolesław 
Rutkowski. In cooperation with Irena Marcinek, an employee 
at the Ministry of Health, the team prepared and launched the 
highly successful ‘Programme for Improvement and 
Development of Dialysis Treatment in Poland’, resulting in 
unlimited access to this method of treatment in Poland [3].

Poland’s first PD was performed in Warsaw (1953) by Jan 
Nielubowicz and Tadeusz Orłowski. In 1979, Zofia 
Wańkowicz in Warsaw and Zbylut Twardowski in Lublin 
launched the Continuous Ambulatory Peritoneal Dialysis 
programme (CAPD). Later, working in the United States, 
Twardowski developed the peritoneal equilibration test 
(PET), which is widely used all over the world today. He was 
also the creator of new catheters for peritoneal dialysis (PD). 
In children, the first intermittent PD in acute renal failure 
(AKI) was used in 1966 by Teresa Wyszyńska in Warsaw. A 
regular CAPD programme in children was introduced in 
1983 by Maria Sieniawska in Warsaw. In 1980, Marta 
Uszycka-Karcz in Gdańsk used a device called Dialiper DA 
03 for an automated dialysis.

In 1949–50, working in Krakow with Nils Alwall’s proto-
type of the artificial kidney, Zygmunt Hanicki carried out 
early experimental work in haemodialysis (HD). The first 
HD session was performed at Jan Roguski’s 2nd Clinic of 
Internal Medicine in Poznań, in November 1958. The medi-
cal team responsible for this historic event was headed by 
Kazimierz Bączyk. In early January 1959  in Warsaw, at 
Andrzej Biernacki’s clinic, the team led by Tadeusz Orłowski 
initiated HD in the second centre in Poland. At that time, 
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Zbigniew Fałda and Mieczysław Lao also had their signifi-
cant contribution in the development of the field in Warsaw. 
At the military dialysis centre in Łódź headed by Kazimierz 
Trznadel, the first HD was performed in 1962. The pro-
gramme of paediatric HD was introduced in 1978 by Maria 
Sieniawska in Warsaw.

The kidney was the first transplanted organ both world-
wide and in Poland. Polish’s first, alas unsuccessful, 
transplant was performed by Władysław Wręźlewicz in 
1965 at Wiktor Bross’ 2nd Clinic of Surgery in Wrocław. 
The first successful operation was performed in January 
1966 by the team headed by Jan Nielubowicz from the 1st 
Clinic of Surgery in Warsaw. Soon, in March the same 
year, Wiktor Bross performed the first successful trans-
plant from a family donor and in November Józef Gasiński 
performed a successful operation in Katowice. In 1975, a 
kidney was transplanted in Krakow by Romuald Drop 
and, in 1980, in Gdańsk by Jerzy Dybicki. In February 
1988, a Warsaw-based team headed by Jacek Szmidt per-
formed the first successful simultaneous kidney-pancreas 
transplant.

In 1975, Tadeusz Orłowski facilitated the establishment of 
the Institute of Transplantation in Warsaw, which later played 
a very large role in the development of this field of medicine. 
Orłowski’s successors were Mieczysław Lao, Magdalena 
Durlik and Wojciech Rowiński. The first paediatric kidney 
transplant (KT) was performed in 1984. The founding meet-
ing of the Polish Transplant Society (PTT) was held in 
Białowieża in 1991, but it was in June 1993 when the Society 
was officially established during its First Congress in Warsaw 
and Mieczysław Lao became its first President.

Jan Roguski was a co-founder and member of the board 
of the International Society of Nephrology, followed by 
Tadeusz Orłowski and Stefan Angielski. Tadeusz Orłowski 
was a board member of the EDTA 1966–69, and Franciszek 
Kokot twice, 1978–81 and again from 1987. In 2010, he 
became a honorary member of the ERA-EDTA whose 
President in 2015–2017 was Andrzej Więcek.

Teresa Wyszyńska, Maria Sieniawska and Irena Krzeska 
were co-founders of the International Society of Pediatric 
Nephrology in 1967; and in 1984, the International Society 
for Peritoneal Dialysis was co-created by Kazimierz Bączyk, 
Przemysław Hirszel and Zbylut Twardowski.

 Renal Diseases

The exact incidence and prevalence of kidney diseases other 
than end-stage renal disease (ESRD) is unknown in Poland 
since there is no mandatory countrywide registry of urogeni-
tal diseases. There have been no endemic renal diseases 
identified in Poland so far, including both categories of 
endemic diseases, i.e. holoendemic and hyperendemic dis-

eases. The frequency of urolithiasis, urinary tract infections 
and interstitial nephritis is similar to the rest of Europe. 
However, Poland is a country with a high prevalence of 
behavioural risk factors that may predispose to chronic dis-
eases including those affecting the kidney and the urinary 
tract. A recent “State of Health” in EU report [4] revealed 
that over a third of Poland’s chronic disease burden can be 
attributed to such risk factors as smoking, binge drinking, 
and obesity. In particular, obesity rates in Poland are above 
17% of the adult population, resulting in a high prevalence of 
diabetes and atherosclerotic cardiovascular diseases that are 
well-recognized risk factors for kidney disease. There is also 
a high level of environmental pollution mostly affecting air 
quality in Poland that, according to the report of European 
Environment Agency, may result in 47,500 additional deaths 
in the country [5]. Since air pollution has been recently iden-
tified as a new risk factor for kidney disease, it could also 
contribute to the high burden of renal disease in Poland. So 
far, however, an impact of high level of air pollution on the 
incidence and prevalence of renal diseases in Poland has not 
been thoroughly studied.

The epidemiology of glomerular diseases in adults has 
been recently studied in Poland based on a countrywide non- 
mandatory registry of kidney biopsies [6]. The study showed 
that the most common renal biopsy diagnoses in adults were 
Ig A nephropathy (20%), focal segmental glomerulosclerosis 
(15%), and membranous nephropathy (11%). At the time of 
renal biopsy, little less than a half of the patients had nephrotic 
range proteinuria. In addition a subgroup of elderly patients 
was analyzed and it was found that primary and secondary 
glomerulopathies were equally common in that population.

Autosomal dominant polycystic kidney disease (ADPKD) 
is associated with about 5% of the ESRD cases worldwide. 
Recently published analysis of the prevalence of ADPKD 
showed a minimum number of cases of ADPKD in Poland, 
estimated using the data from renal registries (2012) and the 
published population-based data, 1486 and 6383, respec-
tively [7].

 Chronic Kidney Disease (CKD) Epidemiology 
and Renal Replacement Therapy Scenario

The CKD Polish epidemiology knowledge has been mainly 
shaped by foreign studies; a few to be mentioned include the 
American NHANES III study and the European studies 
HUNT and INCIPE, which estimated the prevalence of CKD 
in 10–16% of Poles. The first Polish studies include PolNef 
(a pilot regional study of a medium-size town in northern 
Poland) and Polsenior. The authors of PolNef emphasized 
the screening role of albuminuria in the early detection of 
CKD. It was estimated that 11.9% of the studied population 
had albuminuria. The second cross-sectional nationwide 
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study proved a high CKD prevalence (29.4%) in senior 
Polish citizens.

During the past few years, two large cross-sectional stud-
ies aimed to assess epidemiology and the risk of CKD were 
carried out in Poland. The first one, the NATPOL 2011 sur-
vey, examined a representative sample of 2413 Polish citi-
zens (1245 females, 1168 males) aged 18–79 [8]. The 
second one, the WOBASZ Senior Survey, included 918 (466 
males, 252 females) people at the age of 75 and above [9]. 
The criteria of CKD were: (1) drop in eGFR value <60 ml/
min/1.73 m2 or eGFR ≥60 ml/min/1.73 m2 with albuminuria 
(ACR  >  30  mg/g) in NATPOL 2011; (2) solely eGFR 
<60 ml/min/1.73 m2 in WOBASZ Senior cohort. It is worth 
noticing a complex multi-stage respondent recruitment pro-
cedure that was managed in both studies. Its aim was to 
obtain the most accurate image of CKD epidemiology in 
Poland.

 CKD Prevalence

According to the NATPOL 2011 Survey, CKD prevalence in 
the Polish population was found to be 5.8% (95% CI: 4.6–
7.2) [8]. Its frequency increases with age from 1.8% (group 
aged 18–39) to 15.3% (group aged 60–79). It was demon-
strated that the majority (67.7%) of this population had the 
eGFR ≥60  mL/min/1.73  m2 and albuminuria 
(ACR ≥ 30 mg/g), and fulfilled the criteria of CKD in the 
G1A2–3 and G2A2–3 CKD stages.

The decreased glomerular filtration rate with eGFR 
<60 mL/min/1.73 m2 was found in 1.9% (95% CI: 1.5–2.5) 
of NATPOL 2011 participants. The frequency of decreased 
eGFR increases with age from 0.06% (group aged 18–39) to 
8.1% (group aged 60–79). The overall prevalence of albu-
minuria was found to be at 4.5% (95% CI: 3.4–5.9). It was 
assessed that among adult Polish citizens (altogether over 38 
million) there were approximately 1,724,960 people with 
CKD.  The awareness of having CKD, understood as 
decreased GFR, was fairly low and reached 12.3%. In the 
population aged 18–39, the prevalence of CKD was lower 
than in previous surveys.

According to WOBASZ Senior Survey which included 
the population aged 75 and above, the prevalence of CKD 
(understood as decreased eGFR <60 mL/min/1.73 m2) was 
26.9% (95% CI: 23.1–30.9) [9]. The frequency of CKD 
increases with age from 24.2% in the group of 75–79 years 
old to 37.2% in those older than 90. The majority (70.1%) of 
people with CKD was in G3A stage. The population of 
elderly Polish citizens aged ≥75 was estimated to amount to 
495,590 (95% CI: 396,363–594,817). The awareness of the 
disease reached around 17%. Overall, there is a particularly 
high prevalence of CKD in the elderly Polish population. 
There is a trend of an increasing prevalence of CKD associ-
ated with aging.

The cohorts mentioned in the previously described sur-
veys were combined to find general CKD prevalence in 
adults aged ≥18. Based on the above-outlined criteria, the 
CKD 1–5 prevalence was estimated as 10.8%; 12.9% of 
women and 8.0% of men. A large-scale attempt to carefully 
characterize CKD prevalence in Europe (19 general popula-
tion–based studies from 13 countries, including PolSenior 
study from Poland) led to the identification of a substantial 
variation between countries [10]. The adjusted CKD stages 
1–5 (CKD-Epidemiology Collaboration equation) preva-
lence varied between 3.31% in Norway and 17.3% in north-
east Germany. The adjusted CKD stages 3–5 prevalence 
varied between 1.0% in central Italy and 5.9% in northeast 
Germany. Stratification by risk factors further suggests that 
this variation in CKD prevalence across Europe is, at least, in 
part due to other factors than prevalence of diabetes, hyper-
tension and obesity in the general population. Environmental 
factors (dietary habits, smoking, physical activity, birth 
weight, etc.), public health policies, genetic factors or het-
erogeneity of methodology used in the studies potentially 
contribute to these differences.

 CKD Epidemiology

The most frequent causes of CKD in Polish population 
include diabetes (DM; approximately 32%), glomerulone-
phritis (GN; about 14%) and arterial hypertension (AH; 
about 13%) [11].

Among adult population (18–79 years of age), DM was 
found to be four times more prevalent in the population with 
an established diagnosis of CKD in comparison to those 
without CKD (18.5% versus 4.5%). On the other hand, 
among the diabetic adults, CKD was observed in 20.3% 
(95% CI: 13.9–28.7) of the population. Among the elderly 
population (≥75 years), a similar DM prevalence was found 
in those with diagnosis of CKD as well as in those without 
CKD (11.7% and 11.4%). Furthermore, the latter range of 
values approximated the DM prevalence among the general 
elderly population.

Among the population 18–79  years of age, the sample 
with an established diagnosis of CKD was twice as likely to 
have AH than those without CKD (67.8 versus 29.0%). On 
the other hand, CKD was found in 12.6% of the hypertensive 
adults (95% CI: 9.7–16.2). The prevalence of AH in the 
elderly population (≥75 years old) is very high. In those with 
CKD, it is higher than in those without it (91.0% and 80.3%, 
respectively). This may be related to the aetiology of kidney 
injury and result from hypertensive-ischemic nephropathy, 
which is frequently found in this age group.

In the population 18–79 years of age, AH is found to dou-
ble the chances of having CKD (OR 1.99, 95% CI: 1.11–
3.54) and DM more than three times (OR 3.37, 95% CI: 
1.80–6.28). The two diseases equally increase the chance of 
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having albuminuria. Apart from AH, no other single cardio-
vascular pathology was found to correlate with the incidence 
of CKD. However, cardiovascular diseases en bloc are asso-
ciated with an increased chance of having CKD in the elderly 
cohort (OR 1.87, 95% CI: 1.15–3.03).

Ageing (observed in 10-year intervals) increased the 
chances of the CKD development (OR 1.68, 95% CI: 1.30–
2.18), decreased eGFR (OR 4.48, 95% CI: 2.71–7.38) and 
increased albuminuria (OR 1.42, 95% CI:1.07–1.89).

 Renal Replacement Therapy Scenario

ESRD morbidity (understood as the number of patients start-
ing renal replacement therapy) is comparable to morbidity in 
many European countries. The main cause of ESRD in the 
dialysis patients is diabetic nephropathy. The average per-
centage of patients with diabetic nephropathy that start renal 
replacement therapy (RRT) equals to 29 (38% for HD and 
25% for PD treatment). Among patients starting RRT, the 
vast majority consists of people older than 65.

ESRD patients have the choice among HD, PD, and pre- 
emptive KT, if eligible. Conservative care is considered only 
in end-stage cancer and severe dementia patients. The total 
number of HD, PD, and transplanted patients reaches the 
European average of 800 patients per million population 
(pmp). Based on the past few years, the total number of 
patients on maintenance dialysis in Poland remains constant 
and is estimated at around 20,000 people. Among those under 
RRT, a striking majority consists of HD patients. This may be 
partly due to a significant growth of HD units in recent years.

The percentage of KT performed in PD patients is higher 
than HD (over 9% vs about 4%). Among the maintenance 
HD patients, 13% are referred to the transplant waiting list 
and this number has remained constant over the past few 
years. Traditionally, this situation has a better outlook among 
the PD patients whose referral rate reaches 19% and in some 
centres, it exceeds 30%. Each year, among the patients who 
start dialysis, the number of patients who return to HD and 
PD after losing a KT is estimated to be 5%, for both of those 
methods.

 Peritoneal Dialysis

PD in the form of CAPD started to be available to all ESRD 
patients in Poland in the 1990s. Later, also automated PD 
(APD) became an RRT modality option. The detailed PD 
data were collected from the survey sent to all units yearly 
from 1995–2005  in Poland [12]. During the following 
10 years, the Polish PD Registry collected the PD data. In the 
last few years, again aggregated data are being collected 
every year from all dialysis centres. The number of patients 
grew from 31 in 1990 to 1200 patients in 2000 [13]. In the 

recent years, the number of PD patients is not exceeding 
1000 at the end of each year, with a steadily decreasing pen-
etration rate from almost 11% in the turn of the century to 
3.8% in 2018.

PD is offered in over 70 dialysis centres in Poland, both 
public and private. The treatment is fully reimbursed by the 
National Health Fund. Two companies, Fresenius Medical 
Care and Baxter, are providing equipment and solutions for 
the therapy. Biocompatible fluids as well as modern cyclers 
together with remote monitoring are available in the country. 
Among PD patients around 1/3 is over 65 years old, 25% are 
diabetic and approximately 45% are on APD. The majority 
(70%) of CAPD patients perform four, 2 L exchanges and 
around 80% use Ca 1.25 mmol/L PD solutions. There is no 
external help provided for assisted PD, which is solely per-
formed by the family. All centres provide appropriate train-
ing, good adequacy of treatment and low rate of peritonitis 
(0.29/patient year at risk) [14]. The percentage of PD patients 
who are KT candidates is up to 40% in the individual units 
and 10–30% are transplanted every year. There is a low hos-
pitalization rate among PD patients. The dropout to HD is 
mainly due to inadequate dialysis and infections and the 
major cause of death is of cardiovascular origin.

 Maintenance Haemodialysis

Maintenance HD in Poland is provided in 284 dialysis units 
[15]. Some of them, located in hospitals, also provide dialy-
sis to patients with AKI. All hospital-based and some of the 
free-standing HD units provide 24/7 services. Every haemo-
dialysis unit in Poland has to meet the rigorous technical 
demands defined for the provision of medical services. The 
compliance with these demands is verified on a regular basis 
by the regional delegacy of the State Sanitary Inspection. 
The employment guidelines define that at least one doctor 
has to be present at the facility when the services are pro-
vided. It is strongly advised that this is a specialist in nephrol-
ogy, alternatively a trainee in the last year of internship in 
nephrology. The internal medicine specialists (or paediatri-
cians at paediatric facilities) with a long record of experience 
in dialysis provision are also accepted, but at least one 
nephrologist has to be employed full time at each unit. 
During each shift, one nurse cares for 4–6 HD patients at the 
same time. The 3  ×  4  h HD with the objective to reach 
Kt/V > 1.2 per session is the minimum standard treatment 
demanded by the National Health Fund. The service also 
includes regular check-up by nephrologist, laboratory and 
imaging examinations, and transportation to and from the 
dialysis unit. In more than 30% of patients, the central venous 
catheter (CVC) serves as the permanent vascular access. The 
number of patients on online haemodiafiltration (ol-HDF), as 
the post-dilution mode with the minimum ultrafiltration of 
20.0  L/session, is very limited and only in some centres 
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exceeds 10%. The small number of ol-HDF resulted from the 
fact that NHF did not contract this modality until the end of 
2018. Home HD is not available in Poland yet. Most HD ses-
sions are performed utilizing high-flux dialysers and the no- 
reuse policy is universal.

If needed, patients receive iron intravenously and 
erythopoiesis- stimulating agents (ESA) as part of the treat-
ment, but vitamin D analogues and calcimimetics are con-
tracted separately by the NHF. The average fee for standard 
HD is 110 USD per session and rises to 118 USD for the 
24/7 services. The average fee for ol-HDF is 111.50 USD per 
session. These prices were subject to a slight increase in Q3 
2019.

On 31.12.2018, there were 20,435 patients receiving HD 
and ol-HDF – 60% of them were males. Patients older than 
65 years of age constituted 60% of this population, and every 
third patient was over 75 years old. Only 1/3 of the incident 
patients in 2018 were younger than 65  years of age. 
Conversion to HD from PD or after the loss of renal graft 
accounted for 13% of incident patients. The rate of KT in all 
HD modalities exceeded 5%, and the crude post 90-day mor-
tality was 15.9% [11].

 Acute Kidney Injury and Critical Care 
Nephrology

AKI is an abrupt and usually reversible decline in the GFR, 
leading to an elevation of serum blood urea, creatinine and 
other metabolic waste products that are normally excreted by 
the kidney.

AKI not requiring RRT is usually treated in the wards 
where patients are admitted. In regional hospitals, where 
nephrology or dialysis service is not available, but nephrol-
ogy consult is required due to clinical conditions, patients 
are usually transferred to the hospital of higher reference 
with appropriate facilities, including Intensive Care Unit 
(ICU).

In general, referral to the emergency department is due 
to more severe disease or life-threatening electrolyte 
abnormalities, stage 2 or 3 AKI as per the KDIGO criteria, 
patients with stage 1 AKI with an unclear aetiology, an 
unknown duration or trajectory of elevated creatinine, or if 
there is concern that the condition may not be rapidly 
reversible with simple interventions (such as volume 
expansion or removal of a potential nephrotoxin). 
Additionally, concomitant, uncontrolled comorbid condi-
tion (e.g. acute on chronic exacerbation of heart failure, 
diabetic ketoacidosis) in stage 1 AKI is another reason to 
ICU referral.

Patients who do not need an emergency department refer-
ral and who are managed as an outpatient should be referred 
for outpatient nephrology consultation if:

• Initial interventions fail to substantially improve the kid-
ney injury.

• Glomerulonephritis (GN) is strongly suspected (such as 
in a patient with AKI, haematuria, and proteinuria).

• AKI occurs as a complication of treatment of an unrelated 
condition and future treatment depends upon nephrology 
input (such as AKI occurring as a complication of 
chemotherapy).

When medical management is ineffective, urgent RRT 
may be required in the following entities: pulmonary edema, 
hyperkalemia >6.5 mEq/L, hyperkalemia associated with 
symptoms or signs (ie., cardiac conduction abnormalities, 
muscle weakness), or hyperkalemia >5.5 mEq/L if there is 
ongoing tissue breakdown (eg., muscles in rhabdomyolysis) 
or red cells in significant gastrointestinal bleeding), signs of 
uremia, such as pericarditis, or an otherwise unexplained 
decline in mental status, severe metabolic acidosis (pH <7.1) 
unless it can be rapidly resolved by quickly correcting the 
underlying etiology (eg., diabetic ketoacidosis), hypervol-
emia or acute poisoning.

Multiple modalities of RRT are available in Poland. These 
include intermittent haemodialysis (IHD); continuous renal 
replacement therapies (CRRTs); and hybrid therapies, also 
known as prolonged intermittent renal replacement therapies 
(PIRRTs), such as sustained low-efficiency (daily) dialysis 
(SLEDD), sustained low-efficiency (daily) diafiltration 
(SLEDD-f), extended daily dialysis (EDD), slow continuous 
dialysis (SCD), and accelerated veno-venous hemofiltration 
(AVVH) or haemodiafiltration. Despite these varied tech-
niques, mortality in patients with AKI remains high, exceed-
ing 40–50% in severely ill patients.

Data do not support the superiority of any particular 
mode of RRT in patients with AKI.  In the majority of 
patients, selection of modality is therefore based upon local 
expertise and availability of staff and equipment. CRRT rep-
resents a family of modalities that provides continuous sup-
port for severely ill patients with AKI.  ICU and other 
emergency departments offer CRRT, while nephrology ser-
vices predominantly offer intermittent HD. CRRT includes 
continuous hemofiltration (HF), HD and HDF, which 
involve both convective and diffusive therapies. Costs asso-
ciated with CRRT are greater than with other modalities of 
RRT; however in Poland they are reimbursed for ICU, but 
not for nephrology. PD has a long history of use in the treat-
ment of AKI; however, it is seldom performed for this pur-
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pose. PIRRT is a hybrid treatment that provides RRT for an 
extended period of time (i.e. 6–18 hours), but is intermittent 
(at least three times per week). PIRRT includes both con-
vective (i.e. HF) and diffusive (i.e. HD) therapies, depend-
ing on the method of solute removal. The indication for 
PIRRT is dialysis-requiring AKI in a patient who is hemo-
dynamically unstable to tolerate standard intermittent 
HD.  SLED was introduced in early XXI century in the 
Department of Nephrology, Dialysis and Internal Medicine, 
at Warsaw Medical University (WUM). Standard intermit-
tent HD is the modality of choice for hemodynamically 
stable patients with severe AKI, while in hemodynamically 
unstable ones CRRT or SLEDD are preferred. SLED also 
offers a possibility for patients’ transition from CRRT to 
standard intermittent HD as hemodynamic stability 
improves. It allows for greater mobilization and rehabilita-
tion of patients because of scheduled time off dialysis. Both 
SLED and intermittent HD years are reimbursed, but SLED 
is associated with greater cost than HD. The Genius® sin-
gle-pass batch SLED was introduced as an intraoperative 
renal support during orthotopic liver transplantation (OLT) 
in the Department of Nephrology, Dialysis and Internal 
Medicine, WUM in 2011. The rationale behind this therapy 
is that patients undergoing OLT are often hemodynamically 
unstable and have multi-organ dysfunction with severe 
water, electrolyte and acid-base disorders, which can be fur-
ther exacerbated by the surgery, usually necessitating mas-
sive blood products and fluid transfusions, and carries a high 
risk of severe acidosis, hyperkalaemia and overhydration. 
Since 2011, SLED during OLT has been performed in 137 
patients.

Published data on RRT in AKI are extremely scarce. An 
alarming increase in the incidence of AKI in North America 
and Western Europe has been reported by Davenport and 
Siew [16]. Matuszkiewicz-Rowinska et  al. [17] retrospec-
tively analyzed the data obtained from individual hospital 
records of 774 consecutive patients with AKI, as defined by 
KDIGO criteria, requiring dialysis (AKI-D) in a single uni-
versity hospital in Warsaw between Jan 2005 and Dec 2009. 
A subgroup of 126 patients, residents of three identifiable 
districts of Warsaw covered by the hospital with an estimated 
adult population of 149,687, were isolated to estimate the 
incidence. During the first 4 years, the incidence of AKI-D 
quadrupled from 52 to 202 cases per million person-years, 
reaching 241 per million person-years in 2009. The number 
of AKI-D per 1000 hospitalizations increased from 2.0  in 
2005 to 4.4 in 2008. This occurred to be driven mostly by an 
increase in the number of patients dialyzed in different ICUs 
and apparently coincided with an introduction of new types 
of dialysis machines  – Multifiltrate and Genius  – which 

enabled performing continuous and hybrid techniques on-
site. It appeared that the availability of different and more 
ICU-compatible RRT allowed performing dialysis in the 
most critically ill, and this influenced the incidence of 
AKI-D.

 Paediatric Nephrology

Paediatric nephrology in Poland as subspecialty gathers 
approximately 200 physicians, involved in renal care on dif-
ferent levels of reference. Paediatric nephrology care is coor-
dinated by eleven medical centres of tertiary reference, 
covering the consultancy and referral requirements in rele-
vant geographic regions. Most of them are university hospi-
tals. All eleven centres provide general nephrology care, as 
well as acute and chronic dialysis program. One of the hos-
pitals has also a position of national renal transplantation 
centre.

 Epidemiology of CKD

The incidence of CKD in European children is estimated to 
be 12 cases/pmarp (per million age-related population) for 
CKD stage 3–5 and 4–5/pmarp for CKD 4–5. In Poland, the 
incidence of RRT (equivalent to CKD 5) is 5.6 pmarp. The 
epidemiology of basic renal diseases in children is similar to 
other European countries, with CAKUT (congenital anoma-
lies of kidney and urinary tract)-based malformations, uri-
nary tract infections and nephrotic syndrome, as leading 
diseases. The epidemiology of CKD reveals the predomi-
nance of CAKUT-related renal failure up to 74% in CKD 
2–4 and up to 43% in CKD 5, followed by glomerulopathies 
(both acquired and genetic) up to 14% in CKD 2–4 and up to 
31,2% in CKD 5 and ciliopathies (PCKD and nephronophty-
sis) up to 5–9% in CKD 2–4 and 12% in CKD 5. Overall, 
approximately 2/3 of the causes of ESRD have congenital 
(genetic) background, which is consistent to European trends 
in paediatric patients [18, 19].

 Renal Replacement Therapy: Dialysis 
and Transplantation

Apart from data on incidence, there are data on the preva-
lence of RRT in children at the age of 0–14 years in Poland. 
Overall (age 0–14) the prevalence is 38.9 pmarp, while the 
detailed numbers within the age distribution are: 17.9 
pmarp for the age of 0–4, 38.6 pmarp for the age of 5–9 and 
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61.3 pmarp for the age of 10–14  years, respectively. In 
regard to RRT modality, the overall prevalence (age of 
0–14 years) is 27.8 pmarp for KT, 7.9 pmarp for and 2.9 
pmarp for HD. In other words, approximately 73% of the 
children with ESRD live with functioning renal graft and 
the remaining live on chronic dialysis [20–22]. PD is a 
leading paediatric dialysis modality in Poland with the ratio 
between PD and HD of 2.7: 1. The overall number of chil-
dren on regular PD during last decade has been between 85 
and 118 per year, with the vast majority (>90%) of patients 
treated with APD.

 Renal Replacement Therapy in Paediatric AKI

Overall, between 2012 and 2016, out of 1156 children 
with AKI, 15,6% were treated with intermittent HD, 
39,4% with PD and 45% with continuous veno-venous 
haemodiafiltration (CVVHDF) (data limited to patients 
reported by paediatric nephrologists; data from ICU not 
available).

 Renal Transplantation

Single national paediatric transplant centre runs the renal and 
liver-kidney transplantation program for the country. The pro-
gram includes deceased-donor, living-related donor and pre-
emptive KTs, as well as combined liver-kidney (CLKT), 
sequential kidney-after liver (SKLT) and liver-after kidney 
(SLKT) transplantations. The number of annual isolated KTs 
varies from 24 to 45, including 7–10% of living- related trans-
plantations. Overall, 973 KTs have ever been performed. 
Recently (in 2018), overall 99 paediatric recipients were on 
active waiting list, including 13 candidates for pre-emptive 
transplant. The mean time on active waiting list to renal trans-
plantation varies between 10 and 12 months [23]. Overall 25 
CLKTs, 7 SKLTs and 4 SLKTs have been ever performed. 
The major indications (68%) were ciliopathies (autosomal 
recessive and autosomal dominant polycystic kidney disease; 
ARPKD and ADPKD), followed by primary hyperoxaluria 
type 1 (PH1; 24%). Overall, 90% 5-year patient survival has 
been achieved in this subgroup [24].

 Reimbursement

All RRT modalitites are fully refunded in Poland with no 
limitations. Orphan drugs, such as cysteamine (for cystino-
sis) and eculizumab (for aHUS), are currently refunded.

 Renal Transplantation: Living-Donor 
and Deceased-Donor. Organ Procurement 
and Transplantation Network Policies

 Renal Transplantation Policy in Poland [25]

Polish Transplant Coordinating Center “Poltransplant” is the 
competent authority subjected to the Ministry of Health and 
with main tasks as follows:

• Coordination of organ, tissues and hematopoietic cells 
procurement and transplantation with maintaining and 
financing the system of donor and transplant 
coordinators

• Administration and maintaining national waiting list and 
other registries related to transplantation medicine 
(National Transplants Registry, Living Donor Registry, 
Central Unrelated Potential Bone Marrow Donor and 
Cord Blood Registry)

• Monitoring and management of serious adverse reactions 
and events

• Evaluation and dissemination of transplantation results
• Processing applications for donation and transplant cen-

tres, in receiving ministerial permission for such activities
• Cooperation with donor and transplant centres, The 

National Transplantation Council, The National Center 
for Tissue and Cell Banking and with other national and 
foreign organizations related to transplantation 
medicine

 Donation

The activity includes deceased (the majority after brain 
death) and living-related kidney donation.

 Deceased Donors (DD)
In 2010, Poltransplant, thanks to funds from the National 
Program for Development of Transplantation Medicine, ini-
tiated a project to employ hospital donor coordinators in all 
hospitals where the identification of deceased donors, brain 
death confirmation and retrieval of organs are possible (388 
hospitals met these conditions, 296 donor coordinators 
employed).

‘Opting-out’ policy was implemented for the purpose of 
an authorization to deceased donation. Objections to dona-
tion shall be stated in the form of: (a) registration in the 
Central Objection Register, (b) written statement with one’s 
own signature and (c) oral statement made in the presence of 
at least two witnesses.
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In 2018, the number of actual deceased organ donors was 
498, which results in 13 deceased donors pmp. The numbers 
vary among the regions of the country.

 Living Donors (LD)
Procurement from LD constitutes a minority (10% of 
donors, 5% of kidney transplants). LD can be a straight-
line relative (parents, grandparents, children and grand-
children), siblings, an adopted person or a spouse. Other 
volunteers (distant family, friends) must obtain the consent 
of the district court after hearing the applicant and after 
positive opinion of the Ethics Committee of the National 
Transplantation Council. Anonymous donation is not 
allowed.

 National Waiting List (NWL) and Kidney 
Allocation [26]

In 2018, 2745 patients were registered in the NWL, of which 
1178 were reported de novo in 2018. Of the 1178 patients 
declared de novo for transplantation, 98 patients were 
reported in pre-emptive mode (8%). By the end of 2018, 
1196 patients had an active status on NWL. The major indi-
cations for transplantation were: glomerular diseases, 
ADPKD and diabetic nephropathy. The mean age of the can-
didates was 51 years.

The average waiting time for the first DD KT was 
337  days since referral to NWL and for the next KT was 
630 days in 2018. Time to DD KT since initiation of dialysis 
was 1212 days for the first transplant. For patients referred 
pre-emptively, the waiting time was 168 days. For patients 
with urgent need for transplantation, the time to KT was 26, 
21 and 16  days for the 1th, 2nd and 3rd transplantation, 
respectively. Data presented for 2018 are relevant to previous 
years.

General kidney allocation policies are as follows:

• Urgency
• Immunological compatibilities and incompatibilities 

(including ABO blood groups)
• Relations between donor and recipient age
• Donor-recipient weight and height matching
• Waiting time
• Expected transplantation results
• Present health status of potential recipient

In KTs, allocation system is nationwide and patient 
oriented. Details of allocation criteria are established by 
transplant centres’ representatives, then implemented and 

supervised by Poltransplant. Some examples of manda-
tory transplantations are as follows: recipient without 
access (vascular or peritoneal) to dialysis, PRA ≥ 80%, no 
incompatible HLA, recipient >60  years to kidney from 
donor >65, paediatric recipient to kidney from paediatric 
donor, recipient of simultaneous kidney and other organ 
transplants. There are also some preference points for 
every lack of HLA mismatch at the locus A, B and DR, 
total duration of dialysis (one point for 1 year), immuni-
zation, diabetic nephropathy. Each organ donation and 
transplantation, as well as allocation process, must be 
documented in web-netted registries by donor and recipi-
ent centres.

 Immunological Work-Up in Poland
Following immunological tests are performed: complement- 
dependent serological (CDC), panel reactive antibody (CDC- 
PRA), single bead assay (SBA), virtual cross-matching 
(vXM), CDC-XM, flow cytometry XM.

 Renal Transplantation [26]

The program includes DD and LD kidney transplantation, 
combined kidney-pancreas, kidney-liver, kidney-heart and 
sequential kidney-after liver, kidney-after pancreas, kidney 
after heart as well as pancreas-after kidney and pancreatic 
islets-after kidney. These activities are carried out in 20 
transplant centres. KTs are performed in dialyzed as well as 
not dialyzed yet patients (pre-emptive transplantations and 
re-transplantations) from NWL.

The number of annual KTs in years 2000 and 2018 var-
ied from 674 to 1145 (Fig. 44.1) including 4–5% LD trans-
plantations (Fig.  44.2). The total number of kidney 
transplants ever performed in Poland between 1966 and 
2018, in various combinations, is 25,010. Currently, there 
are 11,703 recipients (43%) alive with an active kidney 
transplant. The average time of observation (partly weighted) 
is 14 years.

In 2018, 927 kidneys were transplanted to a total of 927 
recipients (24.1  pmp) (887 from the DD (23.1  pmp); five 
liver-kidney transplants, one heart-kidney), and 40 from LD 
(1.0 pmp). Fifty-seven were performed pre-emptively (40 
DD and 17 LD). One patient received islet transplantation 
after kidney.

Main immunosuppressive protocol consists of calci-
neurin inhibitor (in the recent years tacrolimus), myco-
phenolate mofetil and steroids. Induction therapy is given 
in 10 up to 59% of recipients depending on transplant 
unit.
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 Patients and Grafts Survival [26]

In 2006, for the sake of proper monitoring and evaluation of 
transplantations performed, a National Transplants Registry 
was created. It has two main functions: gathering informa-
tion on every organ transplantation performed within the 

country (registration function) and monitoring of quality of 
performed transplantations by collecting data on graft func-
tion and recipient’s post-transplant survival in the short- and 
long-term follow-up (on the day of transplantation, 3 and 
12  months after transplantation and every following year 
until graft loss or recipient death) (follow-up function).
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One-, five- and ten-year patient and graft survival in 
Poland are presented in Table 44.1.

 Reimbursement

All organ, tissue and cell transplantation activities in Poland 
are financed and fully refunded (with no limitations of the 
number of procedures) by national health services with pub-
lic resources.

 Nephrology Practice and Job Market

The system of nephrology services was split, into paediatric 
and aduIt services in Poland, only a couple of years ago [16]. 
The market has been developing dynamically since the end 
of the 1970s to reach its full availability for all those in need 
at the beginning of the twenty-first century.

The nephrology services system is highly fragmented and 
consists of 310 outpatient nephrology services, 284 dialysis 
units and 81 nephrology wards. This does not mean that 
there are no waiting lists for the outpatient CKD services – 
these are long and in big cities, the waiting time can exceed 
1  year. The relative unavailability of outpatient services is 
accompanied by full and immediate access to chronic dialy-
sis and the abundance of HD services. The waiting time for a 
KT for the relatively young patient on dialysis usually does 
not exceed 1 year.

The private sector cares for over 70% of the ESRD popu-
lation. Among the largest dialysis providers are Fresenius 
Medical Care, Diaverum, DaVita and B. Braun networks. At 
the end of 2018, the number of non-public dialysis units in 
Poland was 182. On December 31, 2018, networks and other 
non-public providers took care of 13,520 HD patients 
(13,139) and PD (381). Of these, 6359 patients underwent 
dialysis in 72 Fresenius facilities, 3889  in 68 DaVita and 
Avitum wards (two combined in 2019) and 2208  in 24 
Diaverum wards. The remaining 30% of the patients are 
treated in units located in public hospitals. All dialysis units 
are very well equipped, and the average number of patients 
in the dialysis unit is around 60. This situation is slightly dif-
ferent in big cities where the big HD units prevail. The high- 
flux HD and no-reuse policy are implemented universally. 
The PD sector is small – around 4% of dialysis patients and 

dominated by Fresenius and Baxter technology. The mortal-
ity on dialysis is similar to that in other European countries 
and the annual transplantation rate exceeds 5%. Home HD is 
not available in Poland.

The nephrology services market is highly regulated by the 
payer – the National Health Fund defines the volume of ser-
vices for each treatment modality at every dialysis unit and 
in every outpatient nephrology service. All dialysis services 
are covered on the fee-for-service basis. The fee for ol-HDF 
is slightly higher as compared to the standard HD, but both 
are higher in units contracted to provide 24/7 services. 
Should any unit exceed the contracted volume, the surplus 
payment has to be negotiated separately. The hospital 
nephrology services are budgeted within the general hospital 
budget.

The dynamic rise in dialysis services at the beginning of 
XXI century dramatically increased the demand for trained 
nephrologists and nephrology nurses. The salaries exceed 
the country average, especially in the private sector. There is 
a shortage of both  – nephrologists (1100 professionally 
active of 1400 board-certified) and dialysis nurses (777 spe-
cialists in nephrology nursing and 2346 certified dialysis and 
nephrology nurses).

There are enormous possibilities to master nephrological 
skills in Poland – there are annual meetings (congresses and 
symposia) of the Polish Society of Nephrology followed by 
the autumn Top Nephrological Trends symposium. Every 
year the National Kidney Foundation of Poland organizes a 
World Kidney Day Symposium, and every second year there 
is a meeting of nephrologist, nephrology nurses and techni-
cians in Kraków (Kraków Days of Dialysis Therapy). All 
these national events are accompanied by numerous local 
scientific meetings  – among them the annual cardio- 
nephrology symposium in Białowieża.

The Polish Society of Nephrology issues two scientific 
journals  – ‘Polish Nephrology and Dialysis Therapy’ and 
‘Nephrology Forum’. It is also very active in preparing 
national guidelines for specific aspects of nephrological 
diagnosis and therapy.

To get the right to practice nephrology in Poland as a doc-
tor or nurse, the applicant must become a member of the 
District Chamber of Physicians or the District Chamber of 
Nurses and Midwives, respectively. The EU certificates are 
recognized according to the general European rules; how-
ever, some additional training and certificate of proficiency 
in Polish language is also needed. For non-EU graduates, the 
formal recognition of diploma and skill certificates are pro-
ceeded individually.

There are two pathways to get the title of certified special-
ist in nephrology – one for specialists in internal medicine 
and the other for all the remaining. The candidate for 
nephrologist after completing the one-year-long postgradu-
ate internship can either apply for residency in nephrology 

Table 44.1 One-, five- and ten-year patient and graft survival in 
Poland

Period Patient survival (%) Graft survival (%)
1996–2007 2008–2018 1996–2007 2008–2018

1 year 95 95 89 91
5 years 87 87 76 79
10 years 74 71 59 57

44 Nephrology in Poland



604

from the Ministry of Health or get the employer’s approval to 
specialize during employment. The program for both is iden-
tical – 5 years of training in the accredited centre of training 
in hospital and outpatient general nephrology, internships in 
urology, transplantology and all modes of dialysis (85 weeks), 
and relevant courses (3,5 weeks), preceded by the three-year-
long training in internal medicine and followed by the state 
specialization exam. Specialists in internal medicine are 
obliged to enter only the two-year-long specialization pro-
cess. The first part of the exam, joint for all tracks to special-
ization, is a test of 120 questions, which, if passed, is 
followed by the oral exam in front of the state examination 
board. The separate specialization process in paediatric 
nephrology follows the same rules, with the exception that 
the internal medicine is replaced by paediatrics, and the 
internships and courses are performed in accredited paediat-
ric nephrology units.

 Highlights of Nephrology in Poland

Similarly, to other Central and Eastern European countries 
separated after the Second World War from the Western 
world by the iron curtain, nephrology in Poland is a good 
example of how political and economic situation may influ-
ence the level of both scientific and practical aspects of 
nephrology. In the 1980s, Poland had a limited access to the 
modern methods of treatment of the acute and chronic kid-
ney diseases and only a limited number of patients with 
ESRD had access to RRT.  The same held true for the 
research possibilities and only a long-term scholarship in 
Western countries provided the ability to use modern 
research methods. For many of us, however, such a travel to 
the Western countries was at that time like a journey to a 
different planet [27]. Thirty years later, the situation in 
Poland has changed dramatically; and nowadays, nephrol-
ogy in Poland has developed almost to the level of many 
Western European countries and the access to all types of 
RRT is unlimited for those who need them. Such an 
improvement was possible despite the lower financial 
resources spent on medical procedures in Poland in com-
parison to the Western countries. The number of patients 
with ESRD who started RRT (incidence rate) in the begin-
ning of the 1980s (>50 pmp) and in 2016 (149 pmp) may 
serve as an example of our success [3]. The same is true for 
the prevalent patients treated with RRT in Poland in the 
1980s (50 pmp) and in 2016 (812 pmp) [28]. Polish scien-
tists who work in the field of nephrology have now access 
to European grants and participate in many multicentre 
studies. The role of Polish nephrologists in the European 
and international community has also been emphasized by 
the fact that many of us were elected for the ERA-EDTA 
(Council members: Andrzej Więcek, Marian Klinger, 

Joanna Małyszko; Andrzej Więcek also served as a 
Secretary-Treasurer and the President 2014–2017), 
International Society for Peritoneal Dialysis (Council 
members: Joanna Matuszkiewicz- Rowińska, Monika 
Lichodziejewska–Niemierko), International Association 
for the History of Nephrology (Presidents: Bolesław 
Rutkowski, Janusz Ostrowski) and EuroPD (Vice-chair: 
Monika Lichodziejewska-Niemierko). Earlier, Ryszard 
Gellert was appointed as an ERA-EDTA Registry director 
in London (from 1996 to 1998). This is in contrast to the 
1960s and the 1980s, where only two Polish nephrologists 
were elected for the ERA-EDTA and ISN, namely 
Franciszek Kokot and Tadeusz Orłowski.

 Future Perspectives of Nephrology in Poland 
and Conclusion

The perspectives of nephrology in Poland are largely depen-
dent on the reorganization of healthcare system that is being 
introduced and include a shift from decentralized mostly 
managed by local authorities to more centralized system. 
That change may affect a non-public sector of medical ser-
vices as most of the new fundings will be directed to public 
healthcare services. The change of the system is not expected 
to generally improve the level of funding that is currently a 
major challenge for Polish healthcare. So far healthcare 
spendings in Poland have been among the lowest in EU, 
about two times less than an average. In 2015, public funds 
accounted for 72% of spendings, which was below the EU 
average whereas out-of-pocket spendings were higher than 
in most EU countries. Most of the out-of-pocket spendings 
of the patients are on drugs and diagnostics. They do not 
include most of the high-cost therapies that are reimbursed 
by the National Health Fund, which is a single payer for 
medical services for all people in Poland who have a medical 
insurance. RRT and KT are fully reimbursed and provided to 
all patients that require these therapies. That situation is not 
expected to significantly change in the future. More than half 
of all dialysis centres are non-public and for-profit, and a 
great majority of them are owned by large international pro-
viders. In contrast, most of nephrology wards and outpatient 
clinics are public.

A growing general problem of the healthcare system in 
Poland, including nephrology, is a shortage of professionals 
[29] and a high rate of a burnout among doctors [30] that 
reached 42% according to the results of the survey performed 
in 2018 by the Polish Society of Nephrology (unpublished 
data). The staff shortages in healthcare in Poland include 
mostly doctors and nurses and are caused mainly by their 
migration to wealthier countries in EU. Although nephrol-
ogy has not been mostly affected by the staff shortages, there 
have already been a lack of staff in nephrology centres in 
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public hospitals in smaller cities. A mean age of a board- 
certified nephrologist in Poland is now around 60 and is 
expected to further rise in future.

It is expected that also the current trend of the ever- 
increasing HD incidence in Poland will result – at the stable 
rates of mortality and KT – in the increasing HD prevalence 
not counterbalanced by the increasing PD prevalence. Since 
the underrepresentation of PD in chronic RRT provision is 
multifactorial, the National Health Fund and the Ministry of 
Health have been looking forward to implementing the new 
model of renal services  – the integrated and co-ordinated 
value-based one [15]. The main concept behind this idea was 
to break the barriers resulting from the fee-for-service 
approach, and to merge various elements of the renal 
 specialized care, including all forms of dialysis and referring 
patients to the kidney transplant waiting lists. All patients 
presenting with CKD stage 3B or more would meet the 
inclusion criteria of such a merged service – a ‘NEPHRO- 
Unit’. The services shall be paid for from a budget allocated 
to the unit on per capita basis. The outcomes and quality 
indicators will be reported to the payer on a monthly basis. 
Meeting the predefined high-quality services’ standards will 
be prized by the augmented per capita fee. Not meeting these 
standards for the prolonged time – the length to be decided 
later on – shall result in the termination of the contract. The 
three-year-long trial was expected to commence in autumn 
2019.

It is expected that, for the population under care, every 
NEPHRO-Unit would create a services referral network to 
speed-up the access to fistula creation and servicing, physio-
therapist, dietician, psychologist, and various medical spe-
cialists experienced in dealing with the CKD patients and in 
meeting their specific needs induced by dialysis and by the 
KT qualification process. It is believed that the economic 
effect of scale, along with the improved streaming of 
patients through the health system, will result in stabiliza-
tion of the dialysis prevalence second to the improved pre-
dialysis care, increased pre-emptive KT and cutting the 
waiting times for KT, as well as the appropriate conservative 
ESRD treatment. It should also result in the increased utili-
zation of PD and home HD (the last is not available in 
Poland yet).

As a result of the aforementioned changes in the renal 
health system, the number of units delivering dialysis shall 
remain stable in the coming years. At the same time, the 
number of patients receiving conservative treatment of high-
est standards would increase and result in opening up the 
new outpatient renal services. This shall cut the waiting 
times for nephrology consultancy and shorten the time to 
travel to the renal consultancy room.

Due to the improved outpatient care, the number of 
nephrology in-hospitals beds is expected to decrease. 
However, this is not going to happen should the number of 

patients with AKI requiring dialysis rise and exceed the 
capacity of ICUs.

The changes in the provision of nephrology services shall 
increase the demand for nephrology staff. As a result, the 
number of nephrologists is expected to grow. This means 
more postgraduate training will be also needed in the long- 
term. As a short-term solution to the growing demand for 
nephrology staff, new regulations of accepting foreigners to 
the Polish health services are about to be issued. Second to 
the rising demand also nephrologists’ salaries would 
increase, which would impose the transference of the admin-
istrative burden from the nephrologists to the specialized 
auxiliary staff.

It will be extremely interesting to see the coming changes 
happen and to participate in the process.
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Abbreviations

ADPKD Autosomal Dominant Polycystic Kidney 
Disease

AKI Acute kidney injury
AVF Arteriovenous fistula
CAPD Continuous ambulatory peritoneal dialysis
CKD Chronic kidney disease
CVVHDF Continuous veno-venous haemodiafiltration
ERA-EDTA European Renal Association-European 

Dialysis
ESRD End-stage renal disease
FSGS Focal segmental glomerulosclerosis
GDP Gross domestic product
GFR Glomerular filtration rate
HD Haemodialysis
ICU Intensive care unit
IgAN IgA nephropathy
MCD Minimal change disease

PD Peritoneal dialysis
PTFE Polytetrafluoroethylene
RRT Renal replacement therapy
SLEDD Slow low-efficiency daily dialysis

Area1 92,225.61 Km2

Population1 10,276,617 (2018)
Capital Lisboa
Three most populated cities1: (1) Lisboa

(2) Sintra
(3) Vila Nova de Gaia

Official language Portuguese
Gross domestic product (GDP)1 203.9 billion Euros (2018)
GDP per capita1 19,826.9 Euros (2018)
Human Development Index (HDI)1 0.847 (2017)
Official currency Euro
Total number of nephrologists2 ~210 (20 pmp)
National society of nephrology3 Portuguese Society of 

Nephrology
www.spnefro.pt

Incidence of end-stage renal disease3 2018 – 255.95 pmp
Prevalence of end-stage renal disease3

(including patients with a functioning 
kidney transplant)

2018 – 2,014.38 pmp
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Total number of patients on dialysis3

(all modalities)
2017 – 12,745
2018 – 13,014

Number of patients on haemodialysis3 2017 – 11,985
2018 – 12,227

Number of patients on peritoneal 
dialysis3

2017 – 756
2018 – 787

Number of renal transplantations per 
year3

2017 – 527
2018 – 505

Table references:
1. Instituto Nacional de estatística (INE). Accessed in June 2019. 
Available in: www.ine.pt
2. Rede Nacional de Especialidade Hospitalar e de Referenciação 
Nefrologia. Accessed in June 2019. Available in: https://www.sns.gov.
p t / w p - c o n t e n t / u p l o a d s / 2 0 1 7 / 0 6 / R N E H R - N e f r o l o g i a -
Aprovada-19-06-2017.pdf
3. Gabinete de Registo da Doença Renal Crónica. Accessed in June 
2019. Available in: www.spnefro.pt

 Introduction

Portugal is a country located in Southwestern Europe, being 
bordered to the west and south by the Atlantic Ocean and to 
the north and east by Spain. Its territory also includes the 
Atlantic archipelagos of Azores and Madeira.

The Instituto Nacional de Estatística estimates that, 
according to the 2011 census, the population was 10,562,178 
(of which 52% was female, 48% was male). In 2018 and 
according to more updated data, the population decreased to 
10,276,617 [1].

Portugal is a developed and a high-income country, with a 
GDP per capita of 19,827 euros (43rd) and a Human 
Development Index of 0.85 (40th). The national currency of 
Portugal is the euro (€), which replaced the Portuguese 
escudo in 2002 [2].

The Portuguese political regime is a semi-presidential 
representative democratic republic since the ratification of 
the Constitution of 1976, with Lisbon as its capital. 
Continental Portugal is agglomerated into 18 districts, while 
the archipelagos of the Azores and Madeira are governed as 
autonomous regions. The 18 districts of mainland Portugal 
are Aveiro, Beja, Braga, Bragança, Castelo Branco, Coimbra, 
Évora, Faro, Guarda, Lisboa, Portalegre, Porto, Santarém, 
Setúbal, Viana do Castelo, Vila Real and Viseu.

The average life expectancy in Portugal had reached 
82 years in 2017; in 2020 it is estimated at 82.11 years [3]. 
The Portuguese health system is characterized by three coex-
isting systems: the National Health Service (Serviço Nacional 
de Saúde), special social health insurance schemes for certain 
professions (health subsystems) and voluntary private health 
insurance. The SNS provides universal coverage.

Nephrology is a quite recent speciality in Portugal. 
However, nowadays, the entire population has access to a 
nephrologist and to renal replacement therapy (RRT), when 
necessary.

Data on the incidence, prevalence and treatment of end- 
stage renal disease (ESRD) in Portugal is provided by the 
Portuguese Registry of Dialysis and Transplantation; data on 
the prevalence of biopsy-based diagnosis of kidney disease 
from the Portuguese Registry for Renal Biopsies, both sec-
tions of the Portuguese Society of Nephrology.

Portugal has no national information about the patients 
with the earlier stages of chronic kidney disease (CKD) fol-
lowed in nephrology consultation (cohort studies) or about 
patients with acute kidney injury (AKI). Two cross-sectional 
population-based studies gave information on the prevalence 
of CKD stages 1–5.

 Brief History of Nephrology in Portugal

In the mid-1950s, a few Portuguese internists began to take 
an interest in kidney disease, and the first kidney biopsies 
were performed by Cerqueira Magro in Porto in 1956. 
Adolfo Coelho was the first to systematically focus on renal 
disease and pathology, and he began, in Lisbon, a regular 
programme to teach the fundamentals of renal physiology 
and kidney disease.

The first haemodialysis (HD) treatment was performed in 
Lisbon, in 1958, by Filipe Vaz with a Kolff rotating apparatus 
in a woman with AKI following a transfusion haemolysis.

The systematic access to dialysis, both peritoneal dialy-
sis (PD) and HD, occurred in 1966 by the hand of Jacinto 
Simões, responsible at the time for the recently opened 
intensive care unit in Lisbon. The unit was equipped with a 
‘twin coil’ artificial kidney from Travenol to perform HD 
and used the recently commercialized rigid stylet for PD. 
Initially programmed to only treat patients with AKI, this 
unit progressively incorporated the first patients with CKD, 
and it can be considered the first dialysis unit for ESRD in 
Portugal. In the following year, Levy Guerra in Porto and 
Linhares Furtado in Coimbra opened small hospital HD.

It was in Coimbra, in 1969, that Linhares Furtado per-
formed the first living donor kidney transplant.

In the 1970s, the lack of regulation was constraining the 
development of both transplantation and dialysis. CKD 
patients were being diagnosed but still didn’t receive treat-
ment, given the scarcity of resources available in the country.

The pioneers of Portuguese nephrology and CKD treat-
ment, who were living the day-to-day drama of following 
untreated patients, produced a report, in 1973, that was pre-
sented to the health authorities, with a plan for national 
ESRD treatment coverage.

Without a systematic public answer to the situation, the 
first private HD unit was built in Lisbon in 1973 by Filipe 
Vaz, but still didn’t have the capacity to treat all the 
Portuguese ESRD patients. The health authorities agreed to 
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pay the totality of the treatments in this private setting. 
Thenceforth, the development of the national programme for 
HD treatment in Portugal has been based on private initiative 
with full public payment coverage.

In 1974, the ‘Carnation Revolution’ and the consequent 
political instability made it difficult to issue public legisla-
tion on ESRD; both the Portuguese and the Spanish govern-
ments made an agreement to treat in Spain the incident 
patients that could not receive treatment in Portugal.

In 1975, the first nephrology training programme in 
Portugal was established. During the second half of the 1970s 
multiple new HD units emerged throughout the country. By 
June 1978 there were 294 ESRD Portuguese patients on hae-
modialysis, 120 of them still treated in Spain. Only in 1979 
did all the patients with diagnosed CKD got access to dialytic 
treatment in Portugal. In 1979, a set of legislative initiatives 
allowed the regulation of the National Health Service and, 
with it, Portuguese Nephrology and the treatment of ESRD.

In the previous decade, the first steps for legal regulation 
of renal transplantation and cadaveric organ harvesting were 
done, but only in 1980 did the first complete multidisci-
plinary transplantation teams began to operate both in 
Coimbra and Lisbon.

In 1981, the Portuguese Medical Association recognized 
nephrology as an independent medical speciality, and 
Martins Prata was the first president of the Portuguese 
College of Nephrology. The first PD programme began first 
in Lisbon and then in Oporto in the year of 1981. In 1982, 
Eva Xavier was the first president of the recently created 
Portuguese Society of Nephrology, and in the same year, the 
first Nephrology Symposium took place.

In 1988, 10 years after the full dialytic coverage of the 
known ESRD patients, the national registry of the Portuguese 
Society of Nephrology had 2845 patients on dialysis (preva-
lence rate, 388 pmp), with an incidence rate of 55 patients 
per million population (pmp), only 25% of them were older 
than 65 years. This ten times increase in prevalent patients 
was accompanied by the growing number of nephrologists, 
the wider knowledge of the disease, and by the national dis-
tribution of haemodialysis units along the territory.

During the 1990s, the treatment of CKD and ESRD by 
dialysis or transplantation was fully regulated and reached 
total coverage. In 2008, a new model of ESRD Integrated 
Management that restructured the dialysis care and the reim-
bursement was introduced. This model includes bundling of 
payment per person per week for treatments, medication, 
vascular access and basic complementary exams.

Patients have now full access to dialysis treatment, and 
cadaveric kidney donation is universal. In the last decade, 
Portugal became one of the countries with the highest rates 
of treated ESRD patients by dialysis or transplantation 
worldwide [4].

 Renal Diseases in Portugal

 Introduction

Knowledge about the worldwide CKD distribution is primar-
ily based on the analysis of kidney biopsy data from regis-
tries. Over the last two decades, published literature showed 
that thousands of patients have been included in world regis-
tries, ranging from single to multicentre analysis, providing 
useful information about the frequency of chronic nephropa-
thies according to gender, age and clinical syndromes, based 
on histologic diagnosis.

IgA nephropathy is the most prevalent glomerulopathy in 
a major part of the world. Membranous nephropathy and 
focal segmental glomerulosclerosis (FSGS) are the most 
prevalent in some countries, being FSGS the most frequent 
in some regions of the USA and in Brazil. IgA nephropathy 
is particularly linked to Asians and FSGS to Africans includ-
ing Afro-Americans [5–7].

 Portuguese Registry for Renal Biopsies

In 2009, the Portuguese Society of Nephrology created the 
National Registry for Renal Biopsies (NRRB-PSN) [8]. 
Thenceforth, records of data from all native kidney biop-
sies (no allograft) performed at 37 hospitals, from the con-
tinent and the Atlantic islands (Azores and Madeira), are 
analysed every year. Between 2009 and 2018, 7800 people 
underwent a kidney biopsy. Optical microscopy and immu-
nofluorescence were applied to all biopsies. Additionally, 
from 2014 to 2016, electron microscopy was utilized in the 
evaluation of 425 kidney biopsies, representing 16.1% of 
the total kidney biopsies (2637). The number of kidney 
biopsies has remained stable throughout these 10  years, 
reaching 889 kidney biopsies in 2017. In 2017, the mean 
age at the time of biopsy was 53 years, with a male pre-
dominance of 56%. Distribution according to age was 4% 
under 18  years, 64% between 18 and 65  years and 31% 
above 65 years.

 Biopsy-Based Diagnosis of Kidney Disease

Nephrotic syndrome and nephrotic proteinuria were the 
main reasons for patients to undergo a kidney biopsy, being 
aligned with the Spanish registry [9], followed by AKI, non- 
nephrotic proteinuria and asymptomatic urinary abnormali-
ties. The latter are mentioned as the first cause for kidney 
biopsy in the Italian registry [9].

Glomerular diseases were the most prevalent histopatho-
logical group. In 889 kidney biopsies, the main diagnoses 
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were IgA nephropathy in 107 cases (13.0%), FSGS in 94 
(11.4%), diabetic nephropathy in 69 (8.3%), lupus nephritis 
in 66 (8.1%) and membranous nephropathy in 7 cases (6.0%).

In patients aged ≤18  years, IgA nephropathy was the 
most predominant (30.5%), followed by lupus nephritis 
(27.7%) and minimal change disease (MCD) and FSGS with 
11.1% each one.

In the group aged 18–65 years, IgA nephropathy was still 
the most prevalent glomerulopathy (16.5%), followed by 
FSGS (10.6%), lupus nephritis (9.1%), membranous 
nephropathy (6.0%), diabetic nephropathy (5.8%), vasculi-
tis/crescentic (4.8%) and renal amyloidosis (4.1%).

In elderly patients (≥65 years), diabetic nephropathy was 
the most common (12.8%), followed by FSGS (10.6%), 
crescentic glomerulonephritis (9.9%), renal amyloidosis 
(7.7%) and membranous nephropathy (4.4%).

The main primary causes of renal disease remained stable 
over this decade. Secondary causes such as diabetic nephrop-
athy (Fig. 45.1) and renal amyloidosis increased their preva-
lence over the years and were only diagnosed in the adult and 
elderly population. According to 2015 registry, the main type 
of amyloidosis in 42 kidney biopsies was AA in 14 cases 
(33%), followed by Aλ in 5 cases (12%) and ATTR in 4 cases 
(10%); 18 cases (43%) were not classified.

 Chronic Kidney Disease in the General 
Population

 Epidemiology
Regarding the earlier stages of CKD, the data is scarce. In 
2008, a population-based study was conducted to evaluate 
the prevalence of diabetes in Portugal [10] – the PREVADIAB 
study  – and this study was an opportunity to evaluate the 
prevalence of CKD stages 3 and 4. The study included a 
nationally representative sample of 5167 subjects aged 
between 20 and 79 years old. In this study, CKD was classi-
fied using the National Kidney Foundation Chronic Kidney 
Disease classification of 2002 [11]. Glomerular filtration rate 
(GFR) was estimated by using the simplified (the four- 

variable formula) Modification of Diet in Renal Disease 
study equation. The prevalence of CKD stages 3 and 4 among 
adults aged 20–79 years was 5900 per 100,000 persons. The 
prevalence of CKD stages 3–5 was 6.1% (532,000 persons), 
with a prevalence in stage 3 of 5.6%, stage 4 of 0.3% and 
stage 5 of 0.18%. The prevalence was higher in older sub-
jects, in women and in subjects with a low educational level 
[12]. The prevalence of risk factors associated with the 
development of CKD was 44.8% for hypertension, 11.7% 
for diabetes, 33.7% for obesity and 41.5% for metabolic syn-
drome. This study gave no information about CKD stages 1 
and 2 as it was primarily designed to evaluate the prevalence 
of diabetes and did not include determination of albumin 
concentration in the urine [12].

Ten years later, in 2018, another study was conducted in 
60 primary healthcare units, from 45 randomly selected 
municipalities from Portugal. This study included 3135 sub-
jects, with at least 18 years old, and was designed to study 
the prevalence of CKD stages 1–5. The study showed a prev-
alence of CKD of 20.7%. CKD stages 1 through 5 were 0.4% 
for stage 1, 9.7% for stage 2, 7.9% for stage 3a, 2.1% for 
stage 3b, 0.5% for stage 4 and 0.1% for stage 5 (unpublished 
data).

 Acute Kidney Injury

 Incidence, Mortality and Causes of Acute Kidney 
Injury
In Portugal, the true incidence of AKI, particularly in the 
intensive care unit (ICU) setting, is unknown. Portuguese 
studies evaluating AKI incidence are quite scarce. The 
single- centre and retrospective nature of those studies focus-
sing on small cohorts largely limits their generalizability and 
the validity of the results.

In a study performed in a tertiary teaching hospital 
enrolling 662 admitted to a mixed ICU, approximately 50% 
of patients had AKI, by AKIN criteria, during ICU stay: 
21.1% with stage 1, 10.1% with stage 2 and 19.2% with 
stage 3 [13].
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In this study, patients with AKI were more likely to be 
older (p < 0.0001), to have pre-existing cardiovascular dis-
ease (p  =  0.023) and CKD than non-AKI patients. Using 
RIFLE criteria, patients with non-AKI had a mean age of 
55 ± 19 years old, while patients with AKI had a mean age of 
64 ± 18, 63 ± 15 and 61 ± 16 years, in the risk, injury and 
failure RIFLE categories, respectively. Forty-eight percent 
of the population without AKI had a history of cardiovascu-
lar disease, a lower proportion than that observed in the pop-
ulation with AKI: 63.9%, 61.6%, and 54.2%, in the risk, 
injury and failures RIFLE categories, respectively.

Furthermore, there was a greater proportion of patients 
with AKI admitted to the hospital for a medical condition, as 
compared to non-AKI (71.8% for non-AKI patients vs 
78.4%, 80.8% and 86.7%, for the RIFLE risk, injury and 
failure categories of AKI, respectively; p = 0.008).

Patients with AKI had a higher illness severity score as 
compared to non-AKI (mean SAPS II in patients with non- 
AKI 40 ± 15, vs 48 ± 15, 51 ± 18 and 62 ± 21, in the RIFLE 
risk, injury and failure categories, respectively, p < 0.0001).

Patients with AKI were also more prone to be septic 
(26.6% in patients with non-AKI vs 39.2%, 61.6% and 
74.2%, in the RIFLE risk, injury and failure categories of 
AKI, respectively, p  <  0.0001) and to need vasopressors 
(21.5% in non-AKI population vs 48.5%, 63.0% and 76.7%, 
in the RIFLE risk, injury and failure categories of AKI, 
respectively, p < 0.0001).

In addition, AKI patients had longer hospital stay and 
increased in-hospital mortality (41% vs 11%). In fact, AKI 
carried a threefold increased risk for hospital death (odds 
ratio 2.78, 95%CI 1.74–4.45, p < 0.0001). In this study, 79 
patients (27.2%) received RRT.

Another Portuguese study which included 457 critically 
patients with severe sepsis or septic shock showed that in- 
hospital mortality was 38.3% in patients with AKI using 
AKIN definition, a twofold increase in mortality risk (odds 
ratio 2.3, 95% CI 1.2–6.2, p = 0.021) as compared to patients 
with non-AKI [14].

A recent study performed in a Portuguese unit, including 
450 patients undergoing major non-vascular abdominal sur-
gery showed an incidence of 22.4% of postoperative AKI. In 
this study, AKI was associated with increased in-hospital 
mortality (20.8% vs 2.3%, p < 0.0001) [15].

Portuguese studies have also shown that AKI has a detri-
mental impact on long-term mortality and on long-term risk 
for progressing to CKD in septic patients and in patients 
undergoing major abdominal surgery [16, 17].

 Clinical Practice Patterns
Clinical practice patterns in Portugal are possibly quite simi-
lar to that of other countries. Serum cystatin C is widely 
available and can be easily ordered if considered necessary. 

Urinary dipstick is performed at admission in all medical and 
some surgical and cardiac ICUs. Further blood and urinary 
tests and renal ultrasound are offered to some patients, 
according to three parameters: clinical history, physical 
examination and routine blood and urinary tests. Renal ultra-
sound is normally performed with three goals: to exclude 
urinary tract obstruction, to exclude renal abscesses and to 
exclude ESRD with small kidneys (if an earlier value of 
serum creatinine concentration is not available). Renal 
biopsy is offered to only a minority of ICU patients due to 
the high risk of complications associated with this technique 
in critically ill patients and is only offered when the potential 
for benefit and the expected impact on treatment is consid-
ered high.

 Treatment Modalities for Acute Kidney Injury
Therapeutic approach is performed according to the aetiol-
ogy of AKI and broadly follows the Kidney Disease 
Improving Global Outcomes (KDIGO) guidelines of AKI 
[18]. A particular emphasis is made on the optimization of 
haemodynamics and fluid balance, with avoidance of neph-
rotoxins. Of interest, in ICU AKI patients requiring RRT, 
slow low-efficiency daily dialysis (SLEDD) is only offered 
in very few hospitals, and the vast majority of those patients 
undergo intermittent HD or continuous modalities. 
Continuous veno-venous haemodiafiltration (CVVHDF) is 
the most used continuous modality.

 The Role of the Nephrologist in the ICU
The role of the nephrologist in the ICU has changed over the 
years and varies according to the hospitals and the expertise of 
the intensive care specialists. Until recently, intensive care 
medicine in Portugal was considered a subspecialty, with 
admission from other specialities occurring following comple-
tion of the primary specialty training, in most cases, internal 
medicine or one of its branches (pulmonology, cardiology or 
nephrology) or anaesthesiology. In 2018, intensive care medi-
cine was considered a speciality in its own right without a sec-
ond or a base speciality, and this may change the future role of 
the nephrologist in the ICU. For the time being, many ICUs 
are primarily ruled by medical doctors which are not so famil-
iar with the therapeutic approach of AKI and, namely, the 
dialysis prescriptions, and, therefore, their multidisciplinary 
approach usually includes a nephrologist. In the units where 
the management is essentially intensivist-based, the main rea-
sons for asking for nephrology collaboration are the prescrip-
tion of intermittent dialysis (as opposed to CRRT where most 
intensivists are autonomous), prescription of therapeutic 
apheresis and the diagnosis and therapeutic approach to glo-
merulopathies. Globally, the relationship between nephrolo-
gists and intensivists is positive, and constructive and national 
joint meetings are occasionally organized.
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 Renal Replacement Therapy in Portugal

 Introduction

Portugal has one of the highest incidence and prevalence of 
RRT in Europe as reported by the European Renal 
Association-European Dialysis and Transplantation 
Association (ERA-EDTA) that provides information about 
RRT across Europe [19].

Access to RRT is universal in Portugal, and there is a good 
network of facilities. This network and the referral to nephrol-
ogy and RRT have been revised in an official document pub-
lished by the health authorities in 2017 [20]. According to this 
document, the number of nephrologists per 1000 population 
in 2015 was 0.02, and the number of nephrologists per 1000 
ESRD patients was 11.5 [20]. The Portuguese Registry of 
Dialysis and Transplantation from the Portuguese Society of 

Nephrology [21] provides aggregated data regarding RRT 
and will be used in this description of RRT in Portugal. The 
Portuguese Registry retrieves data from questionnaires sent 
yearly to both public and private dialysis units in Portugal, 
with 100% response rate since 1997. The latest report (2018) 
gathered data from 124 HD units, 25 PD units and 9 (eight 
adult and one paediatric) kidney transplant units and reported 
a high ESRD incidence of 256 pmp representing a total of 
2634 patients starting RRT during 2018 (Fig.  45.2). The 
majority of incident patients started HD (90.3%), with the 
remaining patients initiating PD (8.7%) or receiving a pre-
emptive kidney transplantation (1%).

As of December 31, 2018, 20,730 patients were being 
treated for ESRD in Portugal, giving a point prevalence of 
2014 pmp. The majority of the patients were treated by HD 
(58.9%) with the remaining patients living with a function-
ing renal graft (37.3%) or treated by PD (3.8%) (Fig. 45.3).
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All hospitals are required to have a multidisciplinary con-
sultation for patients in the later stages of CKD, whose goal 
is to inform patients of all RRT modalities that are available 
and about the alternative, conservative management for kid-
ney failure. Prior to initiation of RRT, patients must sign an 
informed consent form authorizing to receive the selected 
treatment modality. The directorate-general of health regu-
larly audits this process.

 Haemodialysis

 Incidence and Prevalence
The data on the treatment of ESRD presented in this section 
was mostly extracted from the 2018 Registry of the 
Portuguese Society of Nephrology, last updated on March 
31, 2019 [21].

As mentioned earlier, ESRD patients are treated in 124 
haemodialysis units, with a good geographical coverage of 
the whole country.

The overall incidence of patients accepted for RRT during 
2018 was 255.9 pmp, 231.1 for HD, 22.3 for PD and 2.6 pmp 
for renal transplant, meaning that, in 2018, 2378 incident 
patients began their RRT by HD and 229 pts by PD. Compared 
to other European countries included in the 2016 EDTA reg-
istry, an unadjusted incidence of 236 pmp observed at day 1 
was only exceeded by the Czech Republic and Greece [19].

Of all HD patients beginning RRT, only 21% had more 
than 3 months of follow-up in a nephrology clinic (35% in 
2008). On admission to a HD unit, 35.4% were aged 18–

65  years old, 40% were 65–80  years old and 24.4% were 
older than 80 years.

In patients who initiated HD treatment in 2018, the causes 
of renal disease were diabetes mellitus 32.5%, hypertension 
14.2%, chronic glomerulonephritis 10.3%, autosomal 
 dominant polycystic disease (from now on, polycystic kid-
ney disease) 5.2% and an unknown cause 18.2%.

As of December 31, 2018, ESRD point prevalence was 
2014 pmp, 1188 pmp being treated by HD, 76.5 pmp by PD 
and 749.8 pmp by renal transplant (Fig. 45.3). The annual 
growth of prevalent patients on dialysis is clearly dropping 
from numbers ranging between 4% and 8% yearly until 2008 
to figures below 2% yearly ever since. The annual growth in 
2017 and 2018 was 2.1% (Fig. 45.4). Based on the EDTA- 
ERA registry, at the end of 2016, Portugal had the largest 
prevalence of all European countries registered (1906 pmp) 
and the fifth position in the world after Taiwan, Japan, the 
USA and Singapore [19]. In 2018, the mean age of prevalent 
patients was 68 years.

For prevalent patients, in 2018, diabetes (27.8%), hyper-
tension (13.8%), chronic glomerulonephritis (13.8%) and 
polycystic kidney disease (6.2%) were the main causes of 
ESRD.

 Vascular Access
In 2018, 51.6% of incident patients were using a tunnelled 
catheter, 7.3% a transient catheter, 39.1% a native arteriove-
nous fistula (AVF) and 1.9% grafts (PTFE). The catheter rate 
in the first HD session steadily rose from 51.4% in 2008 to 
58.9% in 2018.
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By December 31, 2018, the proportion of prevalent 
patients with an AVF for vascular access was 73.5%, with a 
PTFE graft was 9% and with a tunnelled catheter was 17.3%. 
The prevalence of AVF increased from 66.9% in 2010 to 
73.5% in 2018, a constant rising trend, with an opposite 
trend being observed in the proportion of grafts, which 
decreased from 13.5% in 2010 to 9% in 2018 (Fig. 45.5).

 Mortality
Regarding mortality in HD, the national crude mortality rate 
was 13.8%, 20.7% in public hospital units and 13.1% in pri-
vate outpatient units in 2018. The mortality in the first 
90  days was 4.8%, and the annual mortality of prevalent 
patients (since day 91) was 12.7%. Of all the 1660 patients 
deceased in 2018, 82.1% were older than 65 years and 44.2% 
older than 80 years. Causes of death were cardiovascular in 
24.8%, infection not related to vascular access in 21.6% 
(23.3% if all infections are included), malignancy in 11.6%, 
cachexia in 8.0% and sudden death in 8.5%.

 Haemodialysis Patient Disposition
During 2018, the number of patients who initiated HD as 
their first RRT was 2378. In the same year, 2636 patient initi-

ated HD, and this figure includes 159 renal transplant fail-
ures and 99 patients transferred from PD.

During the same year, 2271 patients went out of the ‘HD 
pool’: 1660 deaths, 394 transplanted, 54 patients moving 
into PD, 94 patients withdrawn from dialysis treatment and 
69 who recovered renal function.

 Waiting List for Renal Transplantation
Of the whole pool of prevalent HD patients, 20.8% were in 
active waiting list for kidney transplantation.

 Haemodialysis Facilities
Portuguese College of Nephrology define in Manual das 
Boas Práticas de Diálise Crónica (Good Practice 
Guidelines on Chronic Dialysis) the dialysis facility set-
ting in Portugal. All units need to have a medical director 
(who must have at least 5 years of experience as nephrol-
ogist), a head nurse, nephrologists and doctors responsi-
ble for the dialysis shift (who must have at least 3 months 
of experience treating these patients). Nephrologists 
should work 1  h/week for every four assigned patients. 
Nurses should not have assigned more than five patients 
per shift [20].
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 Private For-Profit Share of Haemodialysis 
Facilities
As of December 31, 2018, considering the prevalent HD 
population, 91% (12,227) were being treated in an outpatient 
dialysis unit ran by the private sector, while 9.1% (1146 pts) 
were dialysed in public hospitals.

By the end of 2018, 80.5% of HD patients received treat-
ment in units owned by large dialysis providers, with 43.1% 
of all patients being treated in HD units ran by Fresenius/
NephroCare, 27.9% Diaverum units and 9.5% in units ran by 
DaVita.

 Treatment Modalities
As of December 2018, as far as treatment modality is con-
cerned, 2.2% (270 patients) of the patients were receiving 
low-flux dialysis, 40.4% (4944 patients) were receiving 
high-flux dialysis and 57.4% (7013 patients) were receiving 
haemodiafiltration.

 Haemodialysis Reimbursement System
To control for the ever-rising costs of the ESRD treatment 
programme, the Portuguese health authorities negotiated in 
2008 with all providers a bundled services prospective pay-
ment arrangement, denominated comprehensive price, a 
capitated system in which the dialysis unit reimburses a fixed 
predefined weekly rate per patient and provides all services 
included in the negotiated bundle. The bundle presently 
includes (a) the dialysis treatment itself and all related sup-
plies; (b) regular clinical follow-up by the attending nephrol-
ogist; (c) all needed laboratory, imaging and other diagnostic 

tests related to the care of CKD patients; (d) all medications 
indicated for the treatment of anaemia, metabolic bone dis-
ease, blood pressure and cardiovascular disease and paren-
teral antibiotics for intra-dialytic administration; (e) blood 
transfusions; and (f) implantation, surveillance and correc-
tion of vascular access malfunction. In this system, the pro-
vider accepts the risk of a prospective payment and optimizes 
care management so that its cost remains below the fixed 
reimbursement rate. An auto-regulated system in which cost 
control and the demonstration of the quality of care become 
the responsibility of the provider that benefits from more 
process autonomy in exchange for substantial financial risk. 
Predefined quality indicators, covering structure, process, 
outcomes and patient satisfaction, are closely monitored and 
monthly uploaded in an official data base. A dialysis unit that 
repeatedly does not reach indicators’ targets is at risk of los-
ing its license.

In Portugal, the weekly reimbursement rate suffered, since 
its beginning in 2008, a continuous depreciation, currently 
ranking much below, in absolute terms and after adjustment 
for the per capita GDP, the reimbursement rates in countries 
such as the USA, France, Canada, Germany or Belgium. 
Furthermore, this occurs in spite of the fact that the number of 
services included in the Portuguese bundle is much higher 
than those provided by those countries (Figs. 45.6 and 45.7). 
Data from large HD providers shows that, despite this adverse 
economic environment, and following the initiation of the 
comprehensive price in 2008, a sustained decrease in dialysis 
treatment costs was registered, as well as in medication 
expenditures, which was paired with a continuous drop in 
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morbidity and mortality, a reduction in variance among dialy-
sis units and a continuous improvement in key performance 
indicators such as dialysis adequacy, time on dialysis, haemo-
globin, phosphate and albumin levels.

Noteworthy, reuse of dialysers is not allowed in Portugal. 
Furthermore, there are no reports on the cost of a HD patient 
per month treated at public hospitals or private providers.

 Peritoneal Dialysis

 Background
PD patients are only followed in PD units integrated in 
nephrology departments in public hospitals. It is not possible 
for private providers to enrol patients on PD in their clinics.

PD use has slowly increased in Portugal, mostly during 
the last decade. Portugal remains one of the European coun-
tries with the highest prevalence of dialysis patients 
(1265 pmp), but allocation to RRT modalities is massively 
asymmetric with 236  pmp incident patients in HD and 
22 pmp in PD [21].

 Incidence and Prevalence
The data presented in this section was extracted from the 
2018 Registry of the Portuguese Society of Nephrology on 

the treatment of ESRD [21]. Portuguese ESRD patients are 
treated in PD units, with a good geographical coverage of the 
whole country.

The overall incidence of patients accepted for RRT during 
2018 was 255.9 pmp, but the incidence rate for PD was only 
22.3 pmp, meaning that, in 2018, 229 incident patients began 
their RRT by PD (Fig. 45.2). Of all PD patients beginning 
RRT, 88% had more than 3 months of follow-up in a nephrol-
ogy clinic, as compared with 21% in HD patients. On admis-
sion to a PD unit, 21 patients pmp were younger than 65 years 
old, 29 pmp between 65 and 80 years old and 16 pmp more 
than 80 years old.

In patients who initiated PD treatment in 2018, the causes 
of renal disease were chronic glomerulonephritis in 27.1%, 
diabetes mellitus in 19.2%, polycystic kidney disease in 
10.0% and hypertension in 9.6%.

As of December 31, 2018, PD point prevalence was 
77 pmp, as compared with 1188 pmp being treated by HD, 
meaning that the prevalent PD population represented 3.8% 
of the ESRD population, as compared with 58.9% for the 
HD population (Fig. 45.3).

In prevalent PD patients, in 2018, chronic glomerulone-
phritis (26.7%), diabetes (15.5%), polycystic kidney disease 
(11.4%) and hypertension (7.8%) were the main causes of 
ESRD.
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 Peritoneal Dialysis Access
In 2018, the peritonitis rate was 0.31 episodes/patient. PD 
access problems were the reason for withdrawal in 50.8% of 
the patients, 33.3% due to infection and 17.5% due to 
mechanical problems. Other reasons for PD withdrawal 
included non-compliance (8.8%) and ultrafiltration problems 
or inadequate dialysis (28.9%).

 Mortality
Regarding mortality in peritoneal dialysis patients, in 2018, 
46 patients died, making a crude mortality rate of 5.5%. The 
mortality rate in the first 90 days was 2.7%. Causes of death 
were cardiovascular 44.2%, infection not related to PD 
14.0% (25.6% if all infections are included), sudden death 
14.0%, malignancy 9.3% and cachexia 4.7%.

 Waiting List for Renal Transplantation
Of the whole pool of prevalent PD patients, 49.3% were in 
active waiting list for kidney transplantation, as compared 
with 20.8% in the HD population. There are notorious differ-
ences in demographic and clinical characteristics between 
the HD and the PD populations that explain the differences 
in mortality and proportion of patients in the waiting list. The 
median age was 68 years in HD patients and 55 years in PD 
patients. The aetiology of CKD in HD patients was attributed 
to diabetes in 28% of the cases and to hypertension in 13.9%, 
compared to 15.5% and 7.8% in PD patients, respectively. 
Glomerulonephritis (26.7 vs 12.8%) and ADPKD (11.4 vs 
5.8%) were more frequent in PD patients [21].

 Treatment Modalities
As of December 2018, as far as treatment modality is con-
cerned, 415/787 patients (52.7%) were receiving continuous 
ambulatory peritoneal dialysis (CAPD), while 372/787 
patients (47.3%) were receiving automated peritoneal dialy-
sis (APD).

 Peritoneal Dialysis Reimbursement System
The PD reimbursement system is similar to that for HD. It is 
a capitated system in which the dialysis unit reimburses a 
fixed predefined weekly rate per patient and provides all ser-
vices included in the negotiated bundle. The bundle pres-
ently includes (a) the dialysis treatment itself and all related 
supplies; (b) regular clinical follow-up by the attending 
nephrologist; (c) all needed laboratory, imaging and other 
diagnostic tests related to the care of CKD pts; (d) all medi-
cations indicated for the treatment of anaemia, metabolic 
bone disease, blood pressure and cardiovascular disease and 
parenteral antibiotics for intra-dialytic administration; (e) 
blood transfusions; and (f) implantation, surveillance and 
correction of peritoneal dialysis access malfunction. There is 
no data on the monthly cost of a PD patient in Portugal. PD 
companies charge an average of 350 euros per week for the 

PD products. The PD reimbursement per week is the same as 
that for haemodialysis, which is 453.64 euros.

 Final Remarks
Percentage of patient allocation to PD increased from 5.6% 
in 1997 to 8.7% in 2018. Despite this modest increment, the 
positive trend in Portugal is the result of a set of measures 
that are showing favourable results towards individualized 
dialysis treatments.

Science From incipient or residual PD prescription in the 
early 80s, the steadily increase in admitted patients to refer-
ence centres under the lead of motivated clinicians became 
persuasive of the good outcomes with the technique. Clinical 
investigation was then the track to capture attention and 
make the modality renowned, both in the wards and in 
national forums. Research is an attractive field for younger 
nephrologists, and, therefore, an active work of promoting 
studies and academic investigation was a winning strategy.

Education Task forces in institutional groups, as the 
Portuguese Society of Nephrology and the College of 
Specialists of Nephrology, promoted two important direc-
tives: allowance of nephrology departments to admit trainees 
was dependent on the capacity of centres to offer PD treat-
ment, and PD training core curriculum was extended from 3 
to 6 months. During this period, trainees can upgrade their 
knowledge by experiencing successful PD programmes both 
in Portugal and abroad.

Knowledge diffusion The wave of interest in the PD tech-
nique was accompanied by an increase in the number of PD 
sessions in the congresses and in dedicated symposiums. 
Exposition and continuous education were basilar to increase 
PD awareness and updated prescription. This strategy was 
also followed by the Group for Peritoneal Dialysis of the 
Portuguese Society of Nephrology – meant to influence PD 
uptake and promote the modality. A movement of sharing 
experiences, knowledge and protocols was put forward. 
Motivated clinicians and opinion leaders fulfilled the mis-
sion of promoting patient-centred home PD.

Economy The increasing costs of healthcare services chal-
lenge its sustainability. The bundled price reimbursement, 
applied to HD providers since 2008, has suffered progressive 
cuts, but quality remained high with gains of efficacy and 
efficiency. In the field of HD, scale economy with highly 
protocolized procedures, minor variability and high repro-
ducibility, allowed a steady increase in the number of HD 
centres. These are clearly competitive in terms of cashflows, 
by opposition to the lack of focussed dialysis management in 
public hospitals, lagging a backbone in structure and 
resources.
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The Portuguese Health Ministry signed a set of legislative 
measures that gave an opportunity for hospital-based home 
dialysis programmes, but pale initiatives were visible. The 
institutional policy of signed consent for the RRT modality 
was an important ethical input, but the Option Process 
(modality choice) remains insufficient. There is also lack of 
assisted PD programmes to offer the desired modality to 
patients unable to self-dialysis. Around 10% of the total cost 
of HD treatment is related with patient transportation to cen-
tre haemodialysis, supported by the National Health Service, 
but there is no support to home-assisted PD.

So, to conclude, several issues have shown to influence 
the choice of the treatment modality by patients in Portugal:

 1. Investigation and academy interest on PD
 2. Physician’s PD education and knowledge diffusion
 3. Expanded PD core curriculum for the nephrology 

trainees
 4. Increase in the number of PD patients depending exclu-

sively on PD offer capacity of the public hospitals
 5. Nephrology society PD groups lobbying
 6. Signed consent policy and improved Option Process 

(selection of treatment modalities by patients)
 7. HD bundled price reimbursement
 8. Scale economy and the opportunity for expanding ser-

vices in the HD setting

 Renal Transplantation

 Background
Kidney transplantation has begun in Portugal on July 20, 
1969, in Coimbra, with a living donor kidney transplant. 
The first deceased donor transplant was performed in 1980, 
after legislation approval defining brain death criteria and 
the creation of histocompatibility centres in 1976. Over the 
next decades, renal transplant activity was boosted by 
immunosuppression and surgical technique improvements. 
Five coordination and organ procurement offices (two in 
Porto, one in Coimbra and two in Lisbon) and nine renal 
transplant centres are currently active in Portugal (two in 
the north, one in the centre and the remaining six in the 
south).

To understand the situation of kidney transplantation in 
Portugal, it is crucial to acknowledge the existence of a high 
ESRD prevalence in Portugal. The incidence of patients 
accepted for RRT in Portugal was 253 pmp, whereas the rate 
of prevalent patients on dialysis was 1265 pmp on December 
31, 2018, which are among the highest in the world [21, 22]. 
At that time, the point prevalence of patients with a function-
ing renal graft was 750 pmp.

About 500 kidney transplants are performed annually, at 
8 renal transplant units, reaching the mark of 49  pmp in 

2018, one of the world’s top rates. Nevertheless, a shortage 
of organs for transplantation remains a significant problem: 
1926 patients were still in the waiting list at the end of 2018, 
being 27% of them candidates to a second or subsequent 
renal transplant and 348 patients having a calculated PRA 
over 98% (according to loci HLA-ABDR).

The most common primary renal diseases of renal trans-
planted patients are chronic glomerulonephritis and diabetic 
nephropathy.

 The Kidney Allocation System
According to the current allocation system, implemented in 
Portugal since 2007 [23], deceased donor kidneys are pri-
marily allocated via ABO-identical and a score system based 
on a combination of HLA mismatching and time on dialysis. 
The score system also accounts (candidates received addi-
tional prioritization points) for sensitized candidates, 
patients’ ages and prior transplants.

Transplant candidates can be listed on the waiting list of 
two of the renal transplant units available in the country, 
according to their choice. Portugal has three histocompatibil-
ity centres (north, centre and south), and the allocation is 
regional, except for prioritized patients with ‘super urgent’ 
inscription and multiorgan transplants which are nationally 
allocated.

The waiting time depends on blood group, although it can 
reach more than 5  years from the start of dialysis. Blood 
group O recipients have longer time on dialysis than patients 
from other groups [24].

 Deceased Donor Transplant
Portugal is among the countries where consent is presumed 
for organ donation when a person dies, unless they have pre-
viously manifested opposition in the form of a legal docu-
ment stating that they do not want to be considered for 
donation after death. RENNDA – the National Registry for 
Non-Donors – was created in 1994 to be signed by anyone 
living in Portugal and wanting to be out of the ‘Presumed 
Consent’ law [24]. This option can be reviewed if the patient 
changes his desires. In practice, though, consent of relatives 
is often sought.

Increased awareness to detect potential and possible 
donors is mandatory, as well as efforts to maintain the donor 
under the ideal conditions for organ retrieval. Most of 
deceased donor organs are from donors after brain death. 
Donors’ characteristics have significantly changed during 
the last decades: less organs are retrieved from road traffic 
victims and more come from neurocritical patients. Increased 
use of expanded criteria donor organs (older, several comor-
bidities) is a reality. The acceptance criteria are defined by 
each transplant unit and usually combine clinical and ana-
tomical data with blood tests and preimplantation renal 
biopsy, to ensure organ quality.
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Viable recipients are then contacted, after selection 
through computer algorithms, by the Portuguese Institute for 
Blood and Transplantation. The transplant procedure is usu-
ally performed by the transplant unit that made organ 
retrieval and where the patient is listed. Current results are 
excellent, with less than 5% acute rejection episodes regis-
tered and less than 20% delayed graft function. Overall 
5-year patient and kidney graft survival are 93.7% and 
85.0%, respectively [25].

Possibility of organ donation after uncontrolled circula-
tory death (Category II of the Maastricht classification) has 
been legislated in Portugal in 2013, and organ retrieval from 
theses donors (DCD) has begun 1 year later in one of the 
transplant centres. Increased rates of delayed graft function 
and primary graft non-function have been recorded, as 
described in international registries. Decreasing ischaemia 
times in these organs is of paramount importance. Other 
units are beginning this programme. Uncontrolled DCD, 
although requiring more complex organization, provides an 
opportunity to significantly expand the pool of potential 
deceased organ donors.

 Living Donor Transplant
Living kidney donor transplant (LKDT) has been initiated in 
Portugal in 1969. Thenceforth, thousands of LKDT have 
been performed, although rates are still low and represent 
less than 15% of the renal transplants performed annually 
over the last 10 years. About half of these transplants are per-
formed in one centre, in which living donor transplants rep-
resent about 30% of kidney transplant activity. The rate of 
living donor transplant was 7.5 pmp in 2017 and has a poten-
tial to increase.

In agreement with the evidence that even unrelated donors 
lead to increased patient and graft survival, the legislation 
has been changed in 2007 [26], allowing non-genetically 
related transplantation, with good results. Most of these were 
performed between spouses.

More recently, living donor kidney transplantation 
embraced new challenges. Strategies to overcome major 
blood group incompatibility and a positive T-cell cross- 
match have been developed, combining desensitization tech-
niques and kidney paired donation.

Transplant programmes with living kidney paired 
exchange have been created in 2010 [27, 28], and the first 
exchange between incompatible pairs has been performed in 
2013. However, the program has increased very slowly, with 
less than 40 pairs active in the program at the end of 2018, 
and 19 transplants performed. The participation of one cen-
tre in the South Alliance Programme is expected to improve 
the rate of successful transplantation of Portuguese pairs.

Living donor ABO-incompatible transplantation has been 
performed in Portugal since 2014. Ten pairs have already 
been transplanted with excellent results. Pairs are considered 

according to the isoagglutinin titer pre-desensitization and 
after excluding the possibility of a kidney paired exchange.

Recent studies on donor population have described an 
increased, although still low, risk of adverse outcomes, 
including ESRD and complications during pregnancy. Living 
donors who develop ESRD should be prioritized on the 
transplant waiting list, if they need a kidney transplant. New 
allocation policies are being discussed and will include this 
issue.

 Hypersensitized Patients
Access to kidney transplantation for hypersensitized patients 
is a major challenge, as it is worldwide. These patients 
remain on the waiting list for long periods without benefiting 
from a kidney transplant. A working group is developing a 
program with the purpose of detecting possible donors for 
those patients in a national priority allocation system based 
on virtual cross-match. For patients with HLA-incompatible 
living kidney donors, paired exchange donation can also be 
considered.

 Conclusion
Portugal has a highly relevant activity in the field of kidney 
transplantation, but the shortage of organs for transplantation 
is a limiting factor for further increase. Living kidney trans-
plantation should be amplified, always in parallel with maxi-
mized deceased donor transplantation, in order to reduce the 
waiting time for a renal transplant.

 Renal Replacement Therapy in the Paediatric 
Population

 Brief History of Paediatric Nephrology 
in Portugal

Paediatric nephrology (PN) as a clinical and biomedical dis-
cipline arose in the early 1940s with the pioneer studies of 
the newborn immature kidney. Clinical knowledge and man-
agement of renal diseases, including RRT, introduced in the 
adult population in the second half of twentieth century, were 
progressively extended to children. PN units emerged in 
most countries by the 1970s and in Portugal; to the best of 
our knowledge, the first one was created in 1975. Back then, 
the skills acquired in the management of both adults and 
children with renal diseases were used in paediatrics.

In Portugal, the first PN meeting was held in Lisbon in 
1979, with a great success, gathering the most prominent 
Portuguese paediatricians and nephrologists dedicated to 
PN.  This meeting led to the launch of the Portuguese 
Paediatric Nephrology Nucleus that united physicians from 
all five PN units created in our country over the decade of 
1975–1985.

45 Nephrology in Portugal



620

In Europe and the USA, PD was widely used in children 
since 1980 and recognized as a technique of particular value. 
Portugal accompanied this practice with the first PD in a 
newborn in 1978 at Santa Maria Hospital, shortly after the 
beginning of CAPD.

HD in children was first performed in 1983 at Maria Pia 
Children’s Hospital, and the first paediatric kidney trans-
plants were successfully performed in 1984, at the 
Transplantation Unit of Hospital Santo António, both in 
Porto.

In 1992, the Paediatric Nephrology Cycle of Special 
Studies, a Portuguese fellowship, was approved by the 
Portuguese Ministry of Health, open to paediatricians and 
nephrologists interested in this subspecialty. The first edi-
tions were held at Hospital Santa Maria in Lisbon and at 
Hospital Maria Pia in Porto. Later, in 2000, the Portuguese 
Board of Physicians recognized officially PN as a subspe-
cialty with the agreement of both the Paediatric and 
Nephrology Specialties Boards and with open access to pae-
diatricians and nephrologists detaining the PN cycles 
completion.

The country has five PN units created during the decade 
of 1975–1985 and two Paediatric Renal Transplant Referral 
Centres (Centro Hospitalar do Porto and Hospital de Santa 
Maria, Lisbon) that are included in the European Reference 
Networks, approved in 2016, by the European Union.

 Incidence and Prevalence of ESRD 
in the Paediatric Population

As mentioned earlier, Portuguese paediatric ESRD patients 
are treated in five PN units in public hospitals, with a good 
geographical coverage of the whole country.

Data from 2017 [29] showed that, over the year, 13 paedi-
atric patients initiated RRT, 7/13 patients (53.8%) received 
PD, 2/13 patients (15.4%) received HD and 4/13 patients 
(30.8%) received a pre-emptive renal transplant. The mean 
age of the incident patients was 10.3 ± 6.1 years.

The overall incidence of patients accepted for RRT during 
2018 was 7.1 pmp, 2.5 pmp for HD and 4.6 pmp for PD.

On December 31, 2017, there were 23 prevalent dialysis 
patients, 16/23 patients (69.5%) on PD and 7/23 patients 
(30.5%) on HD.  As of December 31, 2018, dialysis point 
prevalence in the paediatric population was 16.7  pmp, 
7.1 pmp being treated by HD and 9.6 pmp by PD.

During 2017, 13 patients received a kidney transplant, of 
which 3 patients received a living donor kidney transplant 
and 10 patients a deceased donor kidney transplant. As of 
December 31, 2017, there were 95 patients with a function-
ing kidney transplant, giving a transplant point prevalence of 
106 pmp.

 Nephrology Practice in Portugal

To apply for the specialty of nephrology, the candidate needs 
to take the competitive National Examination for application 
for postgraduate training posts.The Examination will rank 
the candidate at the national level according to his/her mark 
and thus his/her position in the competition for training 
posts. Each year the number of training positions is 
announced at http://www.acss.min-saude.pt. This opening 
takes place, usually, in August, and the deadline for the 
application is by the end of September. The application can 
be made online [30].

Nephrology specialization is provided exclusively in pub-
lic hospitals. Training programmes in nephrology are long 
(5 years), including 1 year internal medicine and 6 month 
modules in transplantation, PD, HD and ICU. Trainees have 
to apply for a specialty certificate examination in nephrol-
ogy, which is a three-step examination, including a discus-
sion on the information included in the curriculum vitae, an 
oral presentation of selected topics in nephrology and a dis-
cussion of a clinical case based on a patient’s history and 
physical examination collected by the candidate. Twelve per-
cent of Portuguese nephrologists hold the European 
Certificate in Nephrology (the highest rate in Europe) [31].

The contract offered to training posts is unfixed term, 
40 hours a week. On-call times usually last for 12 hours. The 
salary is 1835.42 euros per month in the first year and 
1937.39 euros in the following years. Some of the trainees, 
after finishing the residency, find employment in public hos-
pitals. The monthly salary at the beginning of the career is 
2746.24 euros and is 5063.38 euros at the top of the career.

However, the majority of novel specialists in nephrology 
find only work at private HD units. The application for work 
at private HD units is made at site. Currently, there is no 
unemployment for nephrologists in Portugal. Most nephrol-
ogists work simultaneously in the public and private sector.

 Conclusion

Some of the most relevant characteristics of the Portuguese 
nephrology are:

• High incidence of CKD risk factors, according to the 
Organisation for Economic Co-operation and Development 
(OECD) reports: fourth oldest population, first diabetic 
prevalence and third hypertension prevalence, in Europe.

• Very high incidence and prevalence of the dialysis popu-
lation (respectively, fifth and ninth world ranking).

• Dialysis and transplantation care (including medication 
and transportation) are freely available to all patients from 
stage 3 CKD.

A. Azevedo et al.

http://www.acss.min-saude.pt


621

• First country in the world to introduce, 10 years ago, a 
national capitation payment for dialysis treatments 
(including dialysis sessions, medication, vascular access 
care, laboratory and image exams), with excellent results 
[32, 33].

• Very high kidney and pancreas transplant rate (second 
European, in both cases). In Portugal, everyone is a potential 
deceased organ donor (unless expressly stated otherwise).

• Private HD facilities represent 70% of total units but cov-
ering 94% of total patients. National health authorities 
control price and quality. Transplant and PD units are per-
formed exclusively at public hospitals.

• Specialization in nephrology is very attractive and on the 
top of young Portuguese doctors’ choice, different from 
what is observed in the majority of European and North 
American countries [34].

• In Portugal, interventional radiology on vascular access is 
performed almost exclusively by nephrologists. 
Portuguese nephrologists are distinguished by the many 
technical skills retained by its specialists (e.g. tunnelled 
catheters, kidney and bone biopsies, continuous dialysis 
in ICU). Most nephrologists work simultaneously in the 
public and private sector.
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Area 17 million km2

Population 146.8 million (2019)
Capital Moscow
Three most populated cities 1. Moscow

2. Saint-Petersburg
3. Novosibirsk

Official language Russian
Gross domestic product 1 1.578 trillion USD (2017)
GDP per capita1 10,749 USD (2017)
Human development index 2 0.816 (49° position, 2017)
Official currency Ruble
Total number of nephrologists 2802 (19.1 pmp)
National society of nephrology Russian Nephrology Society

www.nonr.ru
Incidence of end-stage kidney 
disease accepted to renal 
replacement therapy

2017 – 66.6 pmp (9425 
patients)

Prevalence of end-stage kidney 
disease
(including patients with a 
functioning kidney transplant)

2017 – 333.3 pmp

Total number of patients on dialysis 
(all modalities)

2017 – 36,495

Number of patients on hemodialysis 2017 – 34,074
Number of patients on peritoneal 
dialysis

2017 – 2421

Number of patients with functioning 
kidney transplant

2017 – 9169
2018 – 10,851

Number of renal transplantations 
per year

2017 – 1175
2018 – 1361

General Table. Core indicators of nephrology care in Russia
1. The World Bank. https://data.worldbank.org/country/russian-federation
2. United Nations Development Programme. Human Development 
Reports. http://hdr.undp.org/en/countries/profiles/RUS

 Geographic and Economic Features of Russia

The territory of Russia covers more than 17 million square 
kilometers – about one seventh of the world’s land mass – 
and is home to almost 147 million people [1]. Population 
density is extremely non-uniform, being low in many areas 
of Siberia and Asian parts of the country, while in European 
Russia and the Urals the density is close to the Western 
European level. A quarter of the population lives in rural 
settlements, and almost 16% of citizens live in small towns 
and settlements with a population of less than 50 thousand 
people. Of note, the vast majority of dialysis facilities are 
situated in bigger cities, and considerable distances between 
home and hospital, especially in regions with low population 
density, impede treatment. The travel time to the nearest cit-
ies could exceed 5 hours in many areas of Siberia, Far East 
and North European parts of Russia, and in some areas 
exceeds 10 hours [2].

The Russian Federation is composed of 85 territorial enti-
ties, each administrated by its own regional government with 
a separate budget. The latter defines the disparities in RRT 
acceptance rates, since funds for dialysis treatment come 
from regional budgets. Kidney transplantation (KT) is 
mainly supported by the federal budget, and each year all 
regions receive a certain quota for the number of transplanta-
tions which could be covered by the federal budget. However, 
it is possible to state that many regions faced with a shortage 
of both dialysis provision and KT activity, and a substantial 
proportion of end-stage kidney disease (ESKD) patients are 
not able to start treatment, even if the situation has been sig-
nificantly ameliorated in the last few decades.

The gross domestic product (GDP) of Russia in 2017 was 
92,089 trillion Rubles (1.578 trillion USD, 3783 trillion PPP 
int$). The total state budget income in 2018 accounted for 
19,454 trillion Rubles (267 trillion Euros, 302 trillion USD), 
with 46.3% formed by oil and gas export [1], making the 
budget very sensitive to global fluctuations in their prices. 
Only 3.2% of state federal expenditures were allocated to 
healthcare, and the total state healthcare expenditures (both 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_46&domain=pdf
https://doi.org/10.1007/978-3-030-56890-0_46#DOI
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federal and regional) in 2018 were about 3605 trillion rubles 
(49.6 trillion Euro, 55.9 trillion USD). Thus, the average 
GDP per capita was 10,749 USD (25,763 PPP int$), and the 
total health care spending per capita was 380 USD (910 PPP 
int$). A substantial part of these funds should cover the defi-
cit of regional healthcare budgets and the planned increase of 
medical personnel salaries; however, the proportion of funds 
for different financial tasks is not detailed enough in official 
statistics. As much as 40% of current health expenditures in 
2017 were covered by out-of-pocket payments (with only 
30% in 2005 and 35% in 2010) [3], which represents the real 
hurdle for the population with low income. Indeed, 13.2% of 
the entire population was living below the poverty line in 
2017 (29.0% in 2000, 12.5% in 2010) [4], and national 
household surveys performed in 2019 revealed that only 
35% of families were able to make financial savings, other 
35% of families could afford to buy durable goods, and 
21.1% could not buy fruit even in the summer season [5]. 
Healthcare is also suffering from economic troubles, and 
accumulated depreciation of hospital infrastructure and 
equipment has reached 56%, 31% of medical organizations 
had no piped water supply, 35.5% had no centralized canali-
zation, and 40.5% had no centralized heating in 2016 [6]. 
Nevertheless, in spite of persisting troubles in economics, 
the life expectancy at birth is constantly increasing in the 
recent decades and has reached 72.1 years in 2017 (68.8 in 
1990, 65.5 in 2005, 68.8 in 2010) [4], although it could vary 
up to 18  years between regions. However, the age- 
standardized mortality rate from NCDs remains almost two- 
fold higher than in Europe or North America [7].

Russia is ranked at 31st (from 190) position in Doing 
Business [8] and 138th (from 180) in Corruption Perceptions 
Index [9]. In the Human Development Index, the country is 
ranked at 49th (from 187) place with index 0.816 [10].

 Brief History of Nephrology in Russia

Many bright individuals have contributed to kidney care 
development in Russia since its beginning. In this chapter, it 
is only possible to highlight some of their names and roles. 
Several prominent breakthroughs were made by Russian sci-
entists and doctors in the early era of studying pathophysiol-
ogy and treatment of kidney diseases. Of note, the Russian 
medical society has had good connections with European 
medical schools from the seventeenth century, and many 
works and studies were performed within close international 
collaboration. Thus, Russian physician Alexander 
Schumlansky, at obtaining his doctoral degree in Strasburg 
in 1783, published the dissertation “De structura renum” 
which, in addition to the detailed description of intra-renal 
blood vessels and kidney structure, contained the description 
of experiments proving that the glomerulus is connected 

with the tubule. This finding was documented again by 
Bowman only 59 years later with much more advanced opti-
cal equipment [11]. Tragically, after returning to Russia, 
Schumlansky could not obtain recognition from authorities 
and peers, and died in poverty. Later, after the increase of 
scientific world’s interest in kidney diseases driven by the 
landmark work of Richard Bright published in 1827, Russian 
physicians also became more attentive to clinical aspects of 
kidney damage that occur in different diseases. One of the 
prominent findings was discovered by Alexey Polunin who 
published in 1853 an article documenting kidney involve-
ment in patients who died of cholera [12], which could now 
be interpreted as a description of advanced acute kidney 
injury (AKI). In 1860, the first Russian translation of the 
English monograph “On the Diseases of the Kidney” by 
George Johnson (originally dated 1852) was published in 
Saint-Petersburg. Historical evidence traced dissertations 
written on a wide range of topics, with some of them pre-
pared in French or German, according to the scientific back-
ground and rules of those times. Dissertations focused on 
“anatomo-pathological changes in kidney parenchymal 
inflammation” (1862) [12], “globulinuria during chronic 
inflammation of kidneys” (1886) [13], “excretion of gelatin 
by kidneys” (1903) [14], “excretion of salt and importance of 
low-salt diet in nephritis” (1910) [15], “reverse absorption in 
kidney” (1913) [16], “morphological changes in bone mar-
row” (1897) [17], and “malpigian glomeruli” (1889) [18] in 
“inflammatory kidney diseases” could be interpreted as pre-
cursors of modern studies in morphology and pathophysiol-
ogy of kidney diseases. The amazing power of clinical 
observation in constellation with pathology studies has led to 
evaluation of relationships between the kidneys and other 
organs in dissertations on “changes in arteries in chronic 
nephritis” (1883) [19], “pathologo-anatomical changes in 
heart muscle at interstitial kidney inflammation” (1885) [20], 
“evaluation of arterial media in patients with wrinkled kid-
neys” (1890) [21], kidney involvement in diabetes (1894) 
[22], and common diseases those days, typhoid fever (1888) 
[23] and tuberculosis (1894) [24]. Distinct popularity was 
given to the textbooks Diseases of Kidneys by Herman 
Senator translated from German and published in 1896, and 
Therapy of Kidney Diseases by Ernest Gaucher translated 
from French in 1898. However, kidney diseases, as a part of 
non-communicable disease family, did not play a primary 
role in the disease burden in that époque; the major impact 
on morbidity and mortality was given by infectious disease 
and the extremely high rate of injuries among factory work-
ers which accompanied the Industrial Revolution at the end 
of nineteenth century in Russia. Of note, mortality from 
occupational injuries was as high as those during war con-
flicts [25], and the awful labor and life conditions became 
one of the major drivers of the forthcoming socialistic revo-
lutions. In 1901, Vladimir Lindeman for the first time in the 
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history induced immune nephritis in rabbits by injecting 
serum from guinea pigs which were preliminarily sensitized 
by the injection of rabbits’ kidney suspension [26]. The first 
nephrology textbook Clinic of Nephrosis, Nephritis, and 
Atherosclerotic Kidneys written by Russian physician Georg 
Gustav Jawein (he was born in a family of ethnic Germans in 
Saint-Petersburg, studied and worked in Russia, performed a 
fellowship in Pasteur Institute in Paris, and contributed to 
prevention and treatment of both infectious and non- 
communicable diseases in Russia) was published in Saint- 
Petersburg in 1917 and was followed by four more editions. 
This year radically and irreversibly changed the history of 
the country, since in February, and then in October, the 
Revolution demolished the political monarchical system, 
and a new communistic regime bringing a profound shock to 
all the strata of the Russian society. Formation of the Soviet 
Union was accompanied by civil war, severe shortage of 
food, economic devastation, total expropriation of private 
property, and several waves of immigration, with them all 
weakening the country, and exhausting also the clinical and 
scientific medicine. Nevertheless, even in those hard times, 
the new Soviet government had invested outstanding 
resources to provide universal health and pension coverage, 
improve public health, support education, increase quality of 
life, enhance the role of scientific institutions, and industrial-
ize the country. But much darker times came with the tyran-
nical governance of Stalin and his henchmen who ruled 
bloodily in Russia with means of repression over 29 years 
until 1953. Unskilled policy led to several waves of starva-
tion, even in most fertile regions, and more than 6 million 
people died from starvation. Repressive mechanism con-
structed by Stalin and military representatives resulted in 
almost 21 million citizens incarcerated in the concentration 
camps of the Soviet GULAG system, of which 1.7 million 
died due to unbearable living conditions [27]. Even the exact 
numbers are still not clear; reliable estimates indicate that 
about 5 million people were arrested due to political reasons 
(sometimes only due to a light joke about communist regi-
men), and about 1 million of them were shot without any 
juridical trial [28]. Historical estimates suggest that more 
than 6 million representatives of different ethnic minorities 
were deported from their original settlements, and almost 
one in fifth of them died in exile. Stalin’s terror touched all 
layers of society, and substantial part of intellectuals. Medical 
and biological science suffered from doctrinism with the 
domination of only several officially accepted theories. 
Contacts with foreign colleagues and publication in English 
language journals were almost impossible, and even com-
munication about foreign achievements could be considered 
as “cosmopolitism” with a high risk for career damage and 
danger of confinement to GULAG camps, precluding 
exchange of clinical and experimental experience with the 
rest of the world. World War II took the lives of almost 27 

million Soviet citizens, many of whom could have survived 
if the internal terror organized by Stalin and his numerous 
henchmen had not deprived the Soviet army of commanding 
officers, and if unskilled policy had not exhausted agricul-
ture. The total number of victims of this regime is almost 
impossible to perceive, and these crimson-dark pages narrate 
about one of the most monstrous genocides to a country’s 
own population in human history.

Some prominent Soviet nephrologists lived in this period, 
and continued to work for the benefit of the people. Moreover, 
during this period the first kidney transplantation in the 
world from deceased donor was performed by the Soviet sur-
geon Yurii Voronoy in Kherson (territory of modern Ukraine) 
in 1933 as an attempt to treat AKI provoked in a young 
woman by sublimate poisoning [29]. Even if this first kidney 
transplantation did not lead to saving the patient’s life and 
resulted in acute rejection, Dr. Voronoy published the results 
in Russian and Spanish, and performed four more kidney 
transplantations in subsequent years. It was only in 1954 that 
the first successful kidney transplantation was performed by 
Dr. Joseph Murray in Boston between identical twins. 
However, due to the iron curtain dividing the Soviet Union 
from the rest of the world, Dr. Murray never knew about the 
work performed by Dr. Voronoy, nor were Soviet surgeons 
aware about the achievement of Dr. Murray for a long time.

Kidney physiology was extensively studied by Alexander 
Ginetsinsky who made a substantial contribution to the 
understanding of osmoregulation and action of antidiuretic 
hormone. He had the courage to advocate scientific princi-
ples in physiological studies and not to agree with officially 
implanted obscurantism during Stalin’s period. As a conse-
quence, he was exiled from the institute where he had worked 
for almost 20 years, and forced to relocate to Novosibirsk 
city situated almost 3000 kilometers away [30].

One of the most profound influences on nephrology 
development in Russia has been provided by Evgeniy Tareev, 
who was an outstanding physician with a wide range of inter-
ests also covering hepatology, rheumatology, cardiology, to 
name a few. He made an outstanding contribution in study-
ing kidney disease, popularization of nephrology, organiza-
tion of national professional society, and founding the 
nephrology scientific school that still represents one of the 
strongest clinical and scientific bodies in the country.

In 1953, the Soviet repressive system with its anti-semitic 
internal policy initiated the fabricated judicial trial against 
outstanding physicians of that time, who were accused of 
health damnification to higher ruling party representatives. 
Fortunately, Stalin died soon after that and the political 
atmosphere in the country ameliorated, including the cessa-
tion of the trial. International contacts became possible 
again, providing the opportunity to exchange knowledge and 
experience; even though the memory of fear during Stalin’s 
terror, the “iron curtain”, and the insufficient knowledge of 
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foreign languages have continued to block comprehensive 
participation of Russian clinicians and scientists in the global 
community. For decades, Soviet researchers predominantly 
communicated and published abroad in countries of the for-
mer socialistic camp (socialistic part of Germany, Hungary, 
etc.), and were poorly represented in English literature. 
Nevertheless, many big events in nephrology were held in 
parallel in Russia and other countries.

Maria Ratner, who started her career in 1945, actively 
participated in clinical and experimental work, initiating her 
activity in cardiology and hypertension, and eventually 
transferred to a closely related nephrology field. She has 
published a series of articles with results of experiments 
demonstrating how renin regulates blood pressure starting 
since 1953, and with clinical and morphological analysis 
exploring the impact of tubular dysfunction on glomerulo-
nephritis progression since 1966 in Russian language (and 
only in 1985 she was published the major results in English) 
[31]. Morphological analysis for the latter publications was 
done by the pathologist Viktor Serov, who actively studied 
morphogenesis of nephropathies, and also collaborated with 
Prof. Tareev. Prof. Ratner was among the pioneers who used 
steroids in nephrology, and was the first to apply it in the 
Soviet Union at the end of 1950s for a child with severe 
nephrotic syndrome.

The first specialized beds for kidney patients were intro-
duced in 1957 by an initiative of Miron Vovsy at the internal 
diseases unit of Moscow’s Hospital 52, and he invited Prof. 
Ratner to manage them. In 1964, Prof. Ratner transformed 
these beds into the first nephrology unit in the Soviet Union 
where in the same year the first kidney biopsy in the coun-
try was performed, and in 1965 she also had led the estab-
lishment of the pediatric nephrology unit. They remained 
the only nephrology units for the whole country until 1971, 
when other nephrology departments were set up initially in 
Moscow and Saint-Petersburg (then named Leningrad) and 
after in other big cities [32]. The first chair of nephrology 
was established in Moscow’s Botkin Hospital in 1983 under 
the leadership of Gert Kulakov [33]. The first HD procedure 
was performed in 1958 by Anton Pytel for AKI treatment 
using the “Moeller” dialysis machine. The first Soviet HD 
machine “AKA-60” was manufactured by Jury Kozlov with 
colleagues in 1957, and it was used in the clinic in 1962 [33]. 
A first specialized facility for maintenance HD in adults was 
established in 1967 and in 1976 Vyacheslav Timokhov and 
Aida Melikyan performed the first arteriovenous fistula sur-
gery in the country that soon replaced initially used shunts  
[32]. The first pediatric dialysis department was organized 
in 1976, led by Dmitry Zverev who performed the first peri-
toneal dialysis (PD) procedure in the Soviet Union in 1991.

Natalia Tomilina, who from the very start of her clinical 
activity was supervised by Prof. Ratner and who also worked 
in the first nephrology unit in the country from its very start 
in 1964, has had a long and productive nephrology career. 

Prof. Tomilina has contributed a lot in studying the patho-
physiology and morphology of kidney diseases, spreading 
the practice of kidney biopsy, establishing the Russian 
Dialysis Society and RRT Registry, developing a nephrology 
service in Moscow city and facilitating it in many Russian 
regions, improving international collaboration, organizing 
nephrology education events all over the country, being the 
founder and the chief editor of one of the Russian nephrol-
ogy journals, and providing mentorship for several genera-
tions of nephrologists.

The first successful kidney transplantation (KT) in the 
Soviet Union was performed by Boris Petrovsky from a liv-
ing related donor in 1965. This provided the foundation to 
establish a KT program in the country both from living 
related and non-heart beating deceased donors. The first offi-
cial instruction defining brain death was issued in 1987, and 
the first law regulating transplantation was accepted in 1992, 
which led to an increase in transplantation activity and the 
start of multi-organ donation [34]. The Research Institute of 
Transplantology and Artificial Organs has played a leading 
role in Russia from the beginning (first director Boris 
Petrovsky) and up to now (director Sergey Gautier). For 
34 years this institute was led by Valery Shumakov, who had 
an outstanding impact on the development of transplanta-
tion, introducing to Soviet practice methods of kidney graft 
conservation, proposing several innovative surgery opera-
tions, establishing an experimental animal unit for studying 
diverse aspects of transplantation, advocating legislative 
regulation, and also contributing to cardiac surgery, inven-
tion of several heart valve prostheses, and heart transplanta-
tion. The first dual kidney transplantation was performed in 
2008 by Oleg Reznik with collaborators, but up to now only 
a few such operations have been done [35]. Transplantation 
in Russia was developed also by many other brilliant physi-
cians; one of them is Yan Moysyuk who has been profoundly 
involved in transplantation programs in many regions, has 
performed a dozen of kidney and liver transplantations, and 
has mentored many specialists until now. Russian law 
assumes the presumed consent (“opt-out”) for deceased 
donation. Historically the law prohibited organ retrieval 
from donors under 18 years old, and even though since 2015 
the donation from a child deceased donor is possible based 
on the authorization from parents, this practice is not wide-
spread – decreasing opportunities for KT in children. Living 
unrelated transplantation is prohibited by law in Russia. The 
Istanbul declaration on organ trafficking and transplant tour-
ism is translated to Russian and accepted by Russian profes-
sional societies.

The aforementioned achievements during the Soviet 
époque revolutionized the practice of renal replacement ther-
apies (RRT) and increased the availability of nephrology ser-
vice in the country, even though it remained limited for the 
majority of the population due to both organizational and 
financial reasons. The beginning of “Perestroyka” in 1985 
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has dramatically changed the social and political landscape 
in Russia. On one hand, during this turbulent period poverty 
and social inequality increased sharply, the country’s econ-
omy fell into a profound collapse, healthcare was faced with 
severe funding shortages (to the extent of hospitalized 
patients themselves needing to buy basic medications and 
gauze medical bandage rolls), and everyday life became 
impregnated with unprecedented criminal influence, the out-
break of several local war conflicts on the territory of the 
country, the decadence of scientific institutes, and mass emi-
gration. On the other hand, “Perestroyka” and subsequent 
reforms have brought freedom of speech, political diversity, 
returned legislative concept of private property to the  country, 
initiated rapid development of business, allowed the estab-
lishment of independent mass media, and led to decentraliza-
tion of governance and healthcare financing. The latter has 
served to increase RRT provision in many regions, possibil-
ity to acquire modern dialysis machines and water purifica-
tion systems, and establishment of nephrology departments 
according to local needs. However, even now general 
nephrology care is substantially underdeveloped, especially 
in outpatient services.

There are several landmark items to be mentioned in edu-
cational, networking, and scientific achievements. The spe-
cialized journal Urology and nephrology has been published 
since 1965 (up to 1998 when it returned its historical title to 
“Urology”). Currently there are five professional Russian 
journals, of which three cover the full spectrum of topics in 
nephrology and two are dedicated primarily to transplanta-
tion [36]. The Soviet Nephrology Society (becoming later as 
the Russian Nephrology Society) was established in 1969, 
the Russian Dialysis Society and the Creative Society of 
Pediatric Nephrologists in 1998, and the Russian 
Transplantology Society in 2008. There are also several 
regional nephrology societies performing important work at 
the local level. The Russian Registry of Renal Replacement 
Therapy was established in 1998 on the initiative of Prof. 
Tomilina, the Russian Pediatric Nephrology Registry in 1999 
on the initiative of Elena Molchanova, and the Russian 
Transplantology Registry in 2008 on the initiative of Prof. 
Moysyuk and Prof. Gautier. Boris Bikbov has actively con-
tributed to the management and development of the Russian 
Renal Replacement Therapy Registry for 15 years, and has 
provided a strong impact evaluating the kidney disease bur-
den from a global health perspective in the framework of the 
Global Burden of Disease Study [37–39].

 Medical and Epidemiological Highlights 
Relevant to Kidney Care

Soon after the fall of the Soviet Union, the social value of the 
medical profession decreased, as a consequence of low sala-
ries, high work load, and excessive administrative pressure 

in comparison with other activities. Unfortunately, all these 
factors are relevant up to now [40] and resulted in the deficit 
of medical specialists. According to the Ministry of Health, 
in all specialties a deficit in human resources accounted for 
3.2% (22,5 thousand) of physicians and 9.0% (133 thousand) 
of nurses, but a lack of personnel in out-of-patient clinics 
achieves almost 20% [1]. In addition to absolute shortage of 
human resources, healthcare in Russia has also been faced 
with increased median age of health personnel, due to a defi-
cit of young specialists starting careers, and a substantial 
proportion of medical universities graduates not proceeding 
with the career as a physician. There are no official data on 
human resources shortages in nephrology, but it is possible 
to assume that many patients have difficulties in accessing 
kidney care specialists.

Several categories of people have extremely limited 
access to specialized medical service, including nephrol-
ogy care. This primarily concerns labor migrants (17.7 
million persons were accounted as migrants during 2018, 
with only 1.7 million official working patents issued in the 
same period [1]  – the difference between these numbers 
reflects a proportion of migrants not covered by the social 
security and medical insurance) and prisoners (546.4 thou-
sand persons were incarcerated in Russia at beginning of 
2019 [1]). Poor economic conditions in some regions lim-
ited the development of secondary and tertiary care hospi-
tals, and insufficient transport infrastructure impedes 
access to existing medical care units, which hamper access 
to nephrology (and other specialized care) facilities for 
residents of rural areas and small towns. Indeed, while the 
proportion of the rural residents in the general Russian 
population is 25.0%, in the dialysis population it reaches 
20.8%, and 15.5% among KT patients [41]. Moreover, 
prevalent HD patients from rural areas had significantly 
higher prevalence of anemia, secondary hyperparathyroid-
ism, and hypertension [42].

National Health Priority Project does not include kidney 
care, and is mainly concentrated on cardiovascular and 
oncology. The Essential Drug List, which contains medi-
cines guaranteed by the federal government, covers 
erythropoiesis- stimulating agents, parenteral iron, low 
molecular weight heparin, maintenance immunosuppres-
sion, anti-CMV and anti-HBV agents, vitamin D analogues, 
calcimimetics, non-calcium phosphate binder, and ketoana-
logues of amino acids. However, some patients have bought 
these medicines (this mainly refers to immunosuppression) 
due to periodic drug shortages or state acquisition of com-
mercial drugs having different pharmacokinetics compared 
with previously used ones.

Chronic kidney disease (CKD) risk factors are highly 
prevalent in the population, including raised high fasting 
blood glucose in 10%, diabetes mellitus in 3%, raised blood 
pressure in 35%, obesity in 35%, and smoking in 40% of 
adult population [7]. Alcohol abuse and binge drinking are 
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also very frequent, with almost 50,000 annual deaths accord-
ing to official statistics [1], and could provoke alcohol kid-
ney injury. The majority of medicines (including NSAID, 
antibiotics, etc.) could be bought without a physician’s pre-
scription, which could lead to high rates of tubulo-interstitial 
nephritis and analgetic nephropathy; however, this issue has 
never been studied at the population level. Counterfeit drugs 
have been revealed in the general Russian medications mar-
ket, even if it never involved kidney-specific medications. 
Environmental pollution is high, especially in industrialized 
regions of Ural and Siberia, where air quality is far from 
ideal. Recently, many regions have suffered from lack of 
modern waste recycling technologies. These factors could 
affect not only the development of CKD or AKI in the popu-
lation, but also influence the embryonal development of the 
kidneys.

CKD screening has been included in the national screen-
ing plan for high-risk populations since 2014, but its results 
have not yet been published. Since 2018 the estimated GFR 
is automatically calculated upon the availability of serum 
creatinine in the United Medical Information and Analytical 
System of Moscow, but not in other regions.

Historically, dialysis was based in state public hospitals, 
but the facilities working in the framework of state-private 
partnership are rapidly increasing (since the first such facility 
was established in 1999). Patients do not pay for the treat-
ment, and all expenses for private centers are reimbursed by 
the regional government.

 Financial Indicators of Kidney Care

Medical care financing strongly depends on the regional 
budget that resulted in contrast RRT rates between Russian 
regions. Laws and legislative acts which regulate dialysis 
provision change rather frequently for adjusting to economic 
realities and accounting to a wide range of medical proce-
dures related to kidney care. The price for one HD session 
was defined by Federal Social Security Fund as 5949 Rubles 
(84 Euro, 94 USD), but the application of regional coeffi-
cients by local health authorities leads to its reimbursement 
rate from 3557 to 6779 Rubles. Reimbursement for PD 
accounting for “one day of treatment” was defined by Federal 
Fund as 4529 Roubles (64 Euro, 72 USD), but due to regional 
coefficients it varies from 2200 to 5270 Rubles. Creation of 
access for HD is reimbursed with about 40,000 Rubles, and 
implantation of PD catheter  – about 26,000 Rubles. 
Pharmaco-economic analysis accounting for all expenses, 
including social security support for invalidity, has found 
that in Russia the annual cost of PD was almost 14% lower 
compared with HD treatment [43]. However, PD still repre-
sents the minor treatment modality in the country, and even 
completely absent in some regions. KT has separate financ-

ing in Federal Fund that covers high-technology treatments, 
and one operation performed in any Russian region is reim-
bursed with 923,200 Rubles (13,000 Euro, 14,654 USD). 
The Federal Fund for high-technology treatment covered 
76% of all transplantations in 2017 (58% in 2010), while 
24% of operations were supported by other sources [44].

On the whole country level, the cost of CKD (including 
RRT treatment) has been estimated as 451 trillion Rubles (10 
trillion Euro, 13 trillion USD by the exchange rate at the 
2013 year of analysis) [45].

 Nephrology Taskforce and Practice in Russia

Nephrology as specialty is presented in the education cur-
riculum during the 6  years of medical university studies, 
although to a limited extent. Further comprehensive nephrol-
ogy specialization according to the Ministry of Health stan-
dards could be done in the form of 2-year residence program. 
However, taking into account the deficit of nephrology spe-
cialists, some universities proposed shorter programs vary-
ing from 6  months in case of primary specialization to 
3.5 months in case of secondary specialization for physicians 
already having clinical practice experience. In addition to 
this, a wide range of postgraduate certification courses, with 
duration from 2 to 8  weeks, are available for physicians 
already working in nephrology. Recently, distance education 
has also been approved in the health sector, and there are on- 
line lectures and remote courses accessible for physicians 
and nurses. During each year several congresses and work-
shops are held at federal and regional levels with participa-
tion of Russian and foreign lecturers, and with the provision 
of educational credits.

The Federal State Statistics Service accounted for 2802 
nephrologist physicians (1820 of them working in state clin-
ics) in 2017, corresponding to 19.1 per million population, 
whereas in 2013 there were 2075 nephrologists [1]; however, 
the number of nephrology nurses is not known.

Professionals working in kidney care are represented by 4 
major labor groups. The majority of the nephrologists 
(>70%) work in dialysis facilities, and usually do not man-
age pre-dialysis patients. The Russian RRT registry reported 
1567 physicians, 3617 nurses, and 565 technicians working 
only in dialysis facilities in 2013 [41]. The second group 
consists of nephrologists who treat the whole spectrum of 
kidney disease. The majority of them perform clinical activ-
ity in inpatient clinics, while the number working in outpa-
tient sector is small. There are relatively few nephrologists 
specialized in the complex management of KT patients after 
the discharge from transplantation surgery units. The 
Ministry of Health (MoH) has reported 7007 nephrology 
beds [1], but this number seems to include both true nephrol-
ogy beds in inpatient wards, as well as dialysis places in 
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some hospitals reporting them as beds. The third group con-
sists of transplant surgeons who predominantly perform only 
surgical activity and follow-up patients in early post- 
transplant period, and more rarely extend follow-up also to 
long-term post-operative care. Renal pathologists are very 
rare in Russia, working in the framework of general pathol-
ogy service. The forth group provides the treatment of 
advanced forms of AKI requiring dialysis is performed either 
in general or specialized (burn, obstetric, etc.) intensive care 
units (ICU), or in some dialysis units which provide both 
acute and chronic maintenance dialysis. There are also very 
few physicians specialized in the treatment of intensive care 
patients with AKI.

Every 5  years all physicians and nurses have to renew 
their professional certificates.

 Chronic Kidney Disease in Russia

Official nation-wide statistic, accounting for ICD-10 codes 
as a reason of either primary hospitalization or outpatient 
consultation in 2018, identified 426.8 thousand incident and 
2487.9 thousand prevalent patients with kidney or urological 
diseases (290.8 and 1694.7 per 100,000 population, or 0.29% 
and 1.69% of adult population, respectively), and accounted 
for 97.5 thousand people with prevalent CKD [1]. Census 
statistics revealed 16,251 persons died from AKI and CKD 
in 2018 (11.1 per 100,000 population, 0.9% of all deaths) 
[1]. However, these metrics have strong limitations due to 
the nature of any administrative database, merging statistic 
for urological and kidney disease, inability to attribute mark-
ers of kidney damage to acute or chronic disease in case of 
outpatient coding, and low attribution of immediate cause of 
death due to CKD.

The Global Burden of Disease Study [37–39], which 
applies advanced modeling approaches with the inclusion of 
all possible data, estimated the burden of CKD in Russia 
much higher in 2017: 11,360 deaths directly resulted from 
ESKD (7.8 deaths per 100,000 population, 22nd in the rank 
among all causes of death in the country), and 111,270 
deaths (76.1 per 100,000 population) occurred indirectly 
due to cardiovascular disease (CVD) associated with low 
GFR or albuminuria. Thus, in total CKD was responsible for 
122,630 deaths (83.9 per 100,000 population), making it the 
9th leading mortality cause. The number of deaths (both 
directly related to ESKD and indirectly to CVD) increased 
by 16.7% and the death rate increased by 20.8% since 1990, 
but the age-standardized death rate, also accounting to 
changes in the population structure, decreased by −20.1% 
from 1990 to 2017. The total number of disability-adjusted 
life-years (DALYs) due to CKD as both direct cause of kid-
ney morbidity and mortality, and indirect cause related to 
the acceleration of CVD was 2247.6 thousand (with rate 

1537.5 per 100,000 population), ranking CKD as 11th lead-
ing cause of disease burden among all risk factors. Over 
27 years, the DALYs all-ages rate increased by 8.4%, but 
decreased by −19.5% considering age-standardized rate. 
The decrease in age-standardized rate has been observed not 
only in Russia, but in the majority of countries, and is related 
to population aging.

Several local screening programs and registries have pro-
vided important insights on CKD prevalence and nosology 
structure. Kidney disease registries were established in sev-
eral regions starting from 1980s, and collect information 
based on active patients’ referral to nephrology service. 
Comparison and interpretation of prevalence data obtained 
before unification of CKD classification by K/DOQI and 
later by KDIGO is rather difficult, and below only modern 
results are presented.

Moscow city nephrology registry (established in 1995) 
reported that 0.3% of population (3000 pmp) was being fol-
lowed up by nephrologists in 2013; however, in the city dis-
trict with the highest number of out-patient nephrologists, 
this figure increased to 0.6% (5767 pmp) [46]. Chronic glo-
merulonephritis (GN) and tubule-interstitial nephritis (TIN) 
were the leading causes of referral to kidney care (435 and 
790 pmp, respectively), followed by hypertensive nephropa-
thy, type 2 and type 1 diabetes nephropathy (344, 308 and 
123 pmp, respectively), and a distinct proportion of congen-
ital and inherited diseases (101 pmp) as well as polycystic 
kidney disease (93 pmp). Among patients with low eGFR, 
over the recent 5 years, the percentage of diabetic nephropa-
thy, hypertensive nephritis, and TIN have almost doubled, 
for each of these nosologies. Many patients started RRT due 
to urgent indications, with 53% of all these patients initiat-
ing dialysis within less than 3  months of pre-dialysis 
nephrology care (PDNC), and only 36% greater than 1 year 
of PDNC [47]. Shorter duration of PDNC resulted in sub-
stantially lower survival rates after dialysis initiation, mainly 
due to increased mortality during the first month in diabetic 
patients [48].

According to different registries, prevalence rates of 
patients followed up by nephrologist with CKD stages 3–5 
have been reported to be 1181 pmp in Moscow [46], 818 
pmp in Irkutsk region [49], whereas patients with CKD 
stages 2–5 defined by K/DOQI classification has been 516 
pmp in Novosibirsk region [50].

A screening performed in one of Moscow’s districts, 
among almost 78,000 patients referred to an outpatient clinic 
due to any reason, revealed the prevalence of low GFR as 
3.9% (3.76% with GFR grade 3, 0.16% grade 4 and 0.023% 
grade 5) [51]. Similar in screening design a report from the 
Krasnodarsky region indicated a low GFR prevalence of 
7.4% (10.1% in males and 5.2% in females) in almost 1000 
adult participants [52]. Screenings performed among only 
elderly populations revealed low GFR prevalence of 34.1% 
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in 1000 patients >60 years (and a total CKD prevalence of 
57.9%) in Moscow [53], and of 18.9% of 611 patients 
>65 years in Saint-Petersburg [54]. The reasons for differ-
ences in CKD prevalence rate between aforementioned stud-
ies are not clear, and a national health survey with random 
selection of participants is needed for better planning of the 
national kidney care.

Endemic diseases with kidney involvement play a role in 
some regions, and limited evidence from Central European 
part of the country suggests that the difference in the inci-
dence rates of hemorrhagic fever with renal syndrome 
between forest and steppe provinces is correlated with the 
number of chronic renal failure patients in these areas [55]. 
Genetic factors may influence the regional prevalence of 
some kidney diseases, especially in areas traditionally iso-
lated by landscape features or in small ethnic groups. Thus, 
the prevalence of Schönlein-Henoch purpura and associated 
glomerulonephritis was more than two-fold higher in Buryat 
ethnic group than in the closely situated multiethnic regional 
center [56]. Historical data suggest that prevalence of eGFR 
<30 ml/min/1.73 m2 was almost twice higher in the Republic 
of Tuva (Siberia) than in two regions of the European part of 
Russia [57]. Last but not least, different occupational and 
unfavorable labor conditions could impact CKD develop-
ment in working age persons; for example, 33% of 490 min-
ers presented with abnormal urine analysis upon ascending 
from the coal mine (18% had hematuria, 11% had protein-
uria, and 4% had both) [58].

Russian nation-wide diabetes registry provides important 
insights on CKD patterns in this high-risk population [59]. In 
2016, CKD prevalence was 2303  in type I, and 687 per 
10,000 type II diabetic patients, with substantial increase 
over recent years, mainly related to better diagnostic and 
more accurate CKD registration. The mean age of diabetic 
nephropathy diagnosis was 40.4 in type I and 66.8 years in 
type II patients, and the mean duration of diabetes before 
CKD diagnosis was 14.2 and 8.2  years, respectively. 
According to the registry analysis, angiotensin-converting 
enzyme inhibitors or angiotensin-II receptor blockers were 
administered only in 22.3% of type I and 47.7% of type II 
diabetics with CKD, but these numbers should be interpreted 
cautiously because they most probably reflect incomplete 
filling of the administrative database. Impaired eGFR 
<60  ml/min/1.73  m2 was diagnosed in 23% of type I and 
39% of type II patients with incident diabetic nephropathy. 
According to the Russian diabetes registry, regular urinalysis 
for the detection of microalbuminuria was performed only in 
18.9% of patients with diabetes [60]. Moreover, microalbu-
minuria prevalence was reported only in 10.8% of the regis-
try patients, whereas a focused screening was able to detect 
it in 35.0% of diabetic patients [61]. These data indicate an 
important demand for improving CKD diagnostic and treat-
ment in high-risk populations.

 Renal Replacement Therapy in Russia

In 2016, RRT was provided in 534 facilities (there were 377 
facilities in 2012 and 300) situated in 83 (out of 85) regions 
[41, 62], with. 8521 patients initiated RRT (92.2% of them 
HD, 7.8% PD) and accounting to incidence rate of 58.1 pmp 
(53.5 pmp for HD, 4.5 pmp for PD), representing a substan-
tial increase from 46.8 pmp in 2012 to 27.8 pmp in 2006 
(General Table). The median age of the incident population 
increased up to 57.0 years (52.9 years in 2013, 50.9 in 2011), 
and the proportion of patients with diabetic nephropathy 
reached 17.5% (13.8% in 2013). This rapid growth and 
increase in percentage of older patients and diabetics are 
related to the establishment of new and enlargement of exis-
tent facilities, which were able to accept a substantial part of 
the ESKD persons. However, the heterogeneity in the afore-
mentioned metrics indicates areas where RRT is still severely 
shortened: among the regions, the incidence rate varied from 
1 to 175 pmp, mean age differing for almost 8  years, and 
percentage of diabetics almost two-fold [41, 63].

At the end of 2016 (Table 46.1 and Fig. 46.1), the total 
number of patients receiving RRT reached 44,544, that cor-
responded to the prevalence rate 303.4 pmp (219.1 pmp in 
2012, 127.1 in 2006). Of them, 8537 (19.2%, 58.1 pmp) had 
functioning kidney graft, 33,671 (75.6%, 229.4 pmp) were 
treated by HD or HDF, and only 2336 (5.2%, 15.9 pmp) by 
PD. Prevalence rates varied between regions from 100 to 500 
pmp (Fig. 46.2), and the proportion of RRT modalities was 
extremely non-uniform. Almost 24 million persons (17% of 
the population) lived in regions with RRT prevalence rates 
higher than 400 pmp, and 22 million (15% of population) in 
regions where it was 100–200 pmp. These contrasts reflect 
the lack of a federal state program for dialysis co-financing, 
and its dependence on regional healthcare budgets. Private- 

Table 46.1 RRT core indicators

Number of 
patients

Per million 
population

Mean annual 
percent 
changea

RRT incidence, 2016 8521 58.1 6.9%
RRT prevalence, 
2016

44,544 303.4 8.8%

Hemodialysis, 2016b 33,671 229.4 9.8%
Peritoneal dialysis, 
2016c

2336 15.9 3.6%

Functioning kidney 
graft, 2016d

8537 58.1 7.0%

Kidney 
transplantations, 
2017d

1175 8.0 4.6%

aMean over last 5 years
bIncluding hemodialysis, hemodiafiltration, and hemofiltration
cIncluding continuous ambulatory peritoneal dialysis and automated 
peritoneal dialysis
dIncluding transplants from deceased and living related donors
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public partnership facilities play an important role in dialysis 
provision, treating almost 65% of HD and 30% of PD 
patients in 2015 (35% and 18% in 2012, respectively).

Dialysis patients in case of complications may be hospi-
talized either at in-patient beds which were presented in 20% 
of the dialysis facilities or at nephrology unit beds available 
in 50%, whereas the other facilities were able to treat hospi-
talized patients only in units of other therapeutic profiles. 
The rapid growth of private-state partnership dialysis 
 facilities was not accompanied with the proportional increase 
in nephrology beds, and this remains one of the public health 
areas which require improvement. Another problem is repre-

sented by a deficit of specialists which should be involved in 
patient care: only 10% of all dialysis facilities had a consul-
tant dietitian and 16% a psychologist.

 Hemodialysis

HD has predominated in the RRT structure, even if the pro-
portion of HDF is steadily rising (20% of all sessions were 
HDF in 2015, 15% in 2013). In 2016, a rate of dialysis facili-
ties achieved 3.0 per million population, and 2.6 per 100,000 
sq.km (2.5 and 2.1  in 2012, respectively), that is several 
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times lower than in Europe or the United States. In some 
regions of Siberia there were less than one facility per 
100,000 sq.km, but in some areas in the European part of 
Russia this indicator achieved 25–50. As much as 7% of pat-
ents missed, at least one HD session during a month, which 
was higher than in Europe, but lower than 12.2% in the 
United States [64]. Such high rate could be explained by 
long travel time from home to hospital and insufficient devel-
opment of public transport in some regions. However, 97.5% 
of patients received 3, and 0.6% more than 3 sessions per 
week on a regular basis, while the prescribed treatment with 
2 sessions per week was applied for only 1.9% of patients. 
Duration of each session was 3.5  hours or less in 2.6%, 
4 hours in 68.2%, 4.5–5 hours in 28.9%, and greater than 
5 hours in 0.3% of patients in 2015. The majority of sessions 
were performed by dialyzers with synthetic membranes 
(98.4%), and high-flux (65.8%), or high-efficiency (25.0%) 
dialyzers. Bicarbonate buffer was used in 99.4% of all ses-
sions; and reuse was applied only in one facility. The pre-
dominant vascular access type was arteriovenous fistula 
(AVF) (88.0% in 2015, 91.8% in 2006), with much lower 
proportion of tunnel catheter (5.4% and 0%, respectively), 
vascular graft (3.6% and 4.4%, respectively), and temporary 
catheter (3.0% and 3.7%, respectively). The rate of catheter 
implantations was lower than that of primary or reconstruc-
tive AVF operations, indicating appropriate early diagnostic 
of VA dysfunction. Almost 65% of prevalent patients were 
treated with the use of primary AVF, and 35% had secondary 
or reconstructed AVF [41].

HD prevalent population is rapidly changing by an 
increase of patients >65 years and with diabetes. The leading 
cause of ESKD was chronic GN (35%), though rarely veri-
fied by biopsy. The second leading cause since 2012 has 
been diabetic nephropathy (now almost 16% compared to 
5% in 2000), and hypertensive nephritis has also increased 
rapidly (8% recently, 2% in 2000). TIN and polycystic kid-
ney disease accounted each for almost 13%, while congeni-
tal abnormalities of kidney and urinary tract were recognized 
as the primary ESKD etiology in 3% of patients (but 33% of 
the pediatric population). Men represented 53.2%, and this 
proportion has not changed substantially over the years [65].

The availability of laboratory facilities for the diagno-
sis of metabolic disturbances substantially varied both for 
a given biochemistry analysis, and for the same analysis 
between regions. Even if laboratory services have become 
substantially more accessible over the past years, and 
markers of mineral and bone disorder, hemoglobin, albu-
min, and ferritin determined in 90–100% of all patients, 
inflammatory markers and transferrin analysis were avail-
able to only 75%, whereas acid-base indicators and gly-

cated hemoglobin to only about 50% of patients. However, 
in the Caucasus and Far East regions this availability was 
much lower.

In 2013, the prevalence of hepatitis B was 6.0%, hepatitis 
C – 9.5%, and both HBV and HCV – 2.1%, while in 2003 
these numbers were equal to 9.8%, 17.2%, and 5.3%, respec-
tively. HBV vaccination was performed in 78.3% of the 
facilities in 2013 (in 58.7% in 2003), and dialyzer reuse per-
formed only in 0.5% of facilities (14% in 2003).

In almost 90% of patients spKt/V was 1.2 or greater (in 
30% it exceeded 1.6) in 2013, and this percentage has 
increased when compared with previous years; that could be 
correlated with the increase of high-flux membranes use. 
However, in some regions spKt/V > 1.2 was achieved only 
in 70% of patients, what could be explained by inappropri-
ate dialyzer choice, problems with VA, and sometimes 
shorter session duration. High blood pressure (>= 140/90 mm 
Hg) was diagnosed in almost 60% of patients, and while this 
proportion remained almost the same, the diastolic blood 
pressure had a tendency to lower at the population level over 
the last 10  years. The majority of laboratory parameters 
improved over the recent years, especially serum hemoglo-
bin which was lower than 90 g/L in only 11% of patients in 
2013 but in 42% of patients in 2003. However, in spite of the 
progress in the correction of metabolic abnormalities, less 
than half of the HD patients achieved the recommended tar-
get levels, and about 10% of patients had exceptionally 
abnormal biochemistry (Fig. 46.3). Almost 10% of patients 
did not require ESA, while about 60% received ESA regu-
larly and 30% received ESA not regularly due to some prob-
lems with the centralized supply. Parenteral iron was 
indicated in almost 80%, whereas oral iron medicines were 
used in 4% of patients [65]. Even if the practice patterns for 
anemia treatment were rather different from Europe and the 
United States, patients in Russia had achieved similar levels 
of serum hemoglobin [7]. Calcium-based and non-calcium 
based phosphate-binders were used in 55% and 17% of 
patients, respectively; vitamin D metabolites in 37.6%, 
cinacalcet in 9%, and paricalcitol in 3% of patients. Almost 
30% had high serum cholesterol and 40% any form of dys-
lipidemia, with almost 50% of them being treated for these 
disturbances [65]. Mean physical and mental component 
score for HD patients were comparable with European 
results [66].

Survival rates among HD patients who started treatment 
in 2009–2013 were 89.9% (95% CI 89.4–90.3) for 1 year, 
79.1% (95% CI 78.3–80.0) for 3 years, and 69.7% (95% CI 
67.8–71.6) for 5  years of follow-up. The mortality rate 
among prevalent HD patients was 7.2 (95% CI 6.9–7.4) per 
100 patient-years [65].
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 Peritoneal Dialysis

PD was available in 111 facilities situated in 51 regions in 
2015, but only half of them treated more than 10 patients. 
The two biggest cities, Moscow and Saint-Petersburg, 
accounted for 26% of all incident and 22% of all prevalent 
PD patients in Russia. Paradoxally, PD was used insuffi-
ciently in the regions with low population density and high 
proportion of rural population. PD catheters were implanted 
by mini-laparotomy in 71%, and by laparoscopy in 29% of 
the cases. Automated PD (APD) was used in 12.9% of the 
patients. Peritonitis frequency was 1 per 23.0 patient-months 
[41, 63, 65].

During the year, 19.4% of PD patients were switched to 
HD treatment, due to peritonitis, PD inadequacy, technical 
complications, catheter dysfunction, and necessity of surgi-
cal interventions in the abdominal cavity accounting for 
49.3%, 28.0%, 5.3%, 4.9%, 4.1%, respectively. While the 
indications for switch have remained almost the same over 
the last years, the percentage of PD patients requiring trans-
fer to HD substantially increased (in 2009–2013 only about 
9% of PD patients were transferred to HD), suggesting an 
urgent need in education of patients and staff, first of all in 
facilities with low number of PD patients.

PD differed from HD population in some traits: there 
were more children on PD with relation to the higher propor-
tion of CAKUT, and 55% of PD patients were represented by 
women. Latest available data concerning 2013 [65] suggest 
that, when compared with HD, more PD patients had normal 
blood pressure and PTH >600 pg/mL, while less PD patients 
had albumin >40 g/L and recommended serum calcium lev-
els (Fig. 46.3). Kt/V was >2.1 in 44.6%, 1.7–2.09 in 43.9%, 
and <1.7 in 11.5%. Among the cohort initiating PD treatment 
in 2009–2013, patient survival rates at 1, 3, and 5 years were 
90.3% (95% CI 88.7–91.9), 76.0% (95% CI 72.7–79.5), and 
66.1% (95% CI 60.1–72.7). PD technique survival rates 
were 89.2% (95% CI 87.5–90.9), 70.6% (95% CI 67.2–74.2), 
and 56.2% (95% CI 48.8–64.7), respectively. Mortality rate 
among prevalent PD patients was 8.2 (95% CI 7.4–9.0) per 
100 patient-years [65].

 Kidney Transplantation

According to the 2017 published data [44], medical pro-
grams dedicated to deceased organ donation functioned only 
in 26 regions with a population of 89 million (thus, in 30% of 
all regions in which lived 61% of the country’s population), 

46 Nephrology in Russia



634

and only three regions had programs for living related trans-
plantation. Overall, the number of effective donors accounted 
to 564 (3.8 pmp considering the whole country, and 6.3 pmp 
considering only the population of the regions with donation 
programs), with almost half of them restricted to Moscow 
and Moscow region. Donors with brain death represented 
91.5% (with substantial increase from 48.3% in 2007), and 
multi-organ donors represented 66.5% (26.7% in 2007).

During 2017, 1175 (8.0 pmp) KT (Fig. 46.4) were per-
formed in 41 centers (with 10 centers in Moscow and 
Moscow region performing 53.5% of all KT). Kidney grafts 
were obtained from deceased donors in 82.9%, and from 
living related donors in 17.1% (with the percentage of living 
related donors remaining rather stable since 2007). Only 
105 KT have been done in children under 18 years old in ten 
centers, with 92% of them being performed in Moscow’s 
centers for children from different regions. Preemptive KT 
is very rare. The number of KT is increasing steadily (from 
935 in 2013 and 782 in 2008) to 1175 in 2017, although still 
much lower than needed. Kidney waiting list included 5531 
patients (12% of the dialysis population) in 2017, and rap-
idly growing (4360 in 2013). Of note, more than other 2000 
patients could be considered as potential recipients accord-
ing to dialysis facilities personnel but were not enrolled in 
the waiting lists, primarily because they lived in regions 
without transplantation centers. Median duration of stay in 
waiting list before receiving kidney graft was 4.7 years in 
2017, and is substantially increased compared with 3.7 years 
in 2012. These data highlight the very positive dynamic of 
transplant activity in Russia, but also indicate persisting 
major problems. Particularly, surgical centers performing 
KT are absent in 56 out of 85 Russian regions, which are 
home for 55.4 million people, the number of effective 
deceased donors is disproportionately low to the potential 

donors (14,000 people die in traffic accidents and 133,000 
from stroke each year in Russia), the appointment of trans-
plant coordinators is lacking, financial coverage of induc-
tion immunosupression is insufficient, the credibility of the 
population to transplantation is poor, and different social 
institutions (church, etc) are not actively involved in its pop-
ularization, and still there are some legislative contradic-
tions in the field of organ donation. Mathematical modeling 
suggests a possibility to increase the annual number of KT 
to 2060-7160, based on different scenario considering the 
resolution of the aforementioned obstacles [67].

The total number of patients with functioning kidney 
graft achieved 9658 (65.7 pmp) in 2017 (6651 patients, 47.8 
pmp in 2013), which are being followed up in 96 centers. 
Almost 15% had a living related donor graft [44]. Regional 
prevalence rates varied from <10 to 160 pmp, with the high-
est rate in Moscow. Compared with the dialysis population, 
kidney graft recipients were younger with a higher percent-
age of CAKUT (9.7%), 58.8% were men. Adult recipients 
with eGFR >60  ml/min/1.73  m2 represented 40.8% of the 
prevalent patients in 2003, and eGFR grade 3a was diag-
nosed in 28.6% and 3b in 20.7%, while eGFR grades 4 and 5 
were found in 8.6% and 1.3%, respectively [65]. Recipients 
of graft from living related donor had, at average, 10  ml/
min/1.73 m2 higher eGFR, independently of the follow-up 
duration. Annual slope of eGFR, based on only two eGFR 
values, was negative and exceeded −10 ml/min/1.73 m2 in 
21.9%, and was positive with greater than 10 ml/min/1.73 m2 
in 6.1% of patients [68].

Immunosupression was presented by three medicines in 
74.1% and two medicines in 25.4% of the patients. 
Cyclosporine A and tacrolimus were used each in 47.2% of 
patients in 2013 (66.5% and 28.8% in 2010, respectively), 
everolimus in 4.2%, and sirolimus in 0.5%. Mycophenolate 
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was administered to 85.4%, azathyoprin to 1.7%, and ste-
roids to 88.9%. These percentages remaining rather stable 
compared with 2010, except for azathyoprin and everolimus 
which were then used in 5.6% and 1.7, respectively [65]. 
Tuberculosis rate in prevalent patients may achieve 3.9% in 
some regions [69], while there is no nation-wide data on this 
topic.

Mortality rate among prevalent recipients of cadaveric 
graft during 2009–2013 was 1.0 (95% CI 0.9–1.2) per 100 
patient-years, and it substantially decreased compared to 2.4 
(95% CI 2.2–2.7) during 2004–2008 period. Among living 
related donor recipients, mortality rates were 0.8 (95% CI 
0.6–1.1) and 1.9 (95% CI 1.3–2.5), respectively. Data about 
earliest post-transplantation period and related graft losses 
are not provided from substantial part of facilities, whereas 
data about graft and patient survival after discharging from 
surgery units are routinely collected. Due to this, based on 
the Registry data, it is only possible to calculate survival 
starting from 90 days after transplantation, which is described 
below. In recipients of graft form deceased donor, patient 
survival rates at 1, 3, and 5 years were 98.4 (95% CI 97.9–
99.0), 96.8 (95% CI 95.9–97.6), and 96.4 (95% CI 95.4–
97.4). Death-censored graft survival rates were 97.7% (95% 
CI 97.1–98.4), 91.8% (95% CI 90.3–93.3), and 86.8% (95% 
CI 84.1–89.7), respectively. Patient-graft survival rates were 
96.2% (95% CI 95.4–97.0), 88.8% (95% CI 87.2–90.5), and 
83.7% (95% CI 80.9–86.6), respectively. In recipients of liv-
ing related graft, patient survival rates were 98.0 (95% CI 
96.8–99.3), 96.4% (95% CI 94.7–98.2), and 94.1% (95% CI 
89.3–99.1), respectively. Graft survival rates were 98.0% 
(96.8–99.2), 94.2% (95% CI 91.6–96.8), and 82.0% (95% CI 
68.6–97.9), respectively. Patient-graft survival rates were 
96.1% (95% CI 94.4–97.8), 90.8% (95% CI 87.9–93.9), and 
77.1% (95% CI 64.1–92.8), respectively [65].

 Acute Kidney Injury and Critical Care 
Nephrology in Russia

Epidemiology of early AKI stages is studied insufficiently, 
and more data are available for advanced AKI forms. Russian 
RRT Registry also collects AKI treatment data, reported by 
339 facilities providing care for AKI in 2012, with a regional 
variability in terms of both population supply per million 
population (median 2.2 facilities, IQR 1.6–3.5) and geo-
graphical availability per 100,000 sq.km (median 3.9 facili-
ties, IQR 1.8–9.6). During 2008–2012, 10,886 patients were 
treated in these facilities, mainly with advanced forms of 
AKI: 86.5% received HD (with a median of 5.5 (IQR 3.6–
7.6) sessions) and PD was used in 1.4% of patients, while 
simultaneous use of HD and PD in the same patient accounted 
for 0.9% of cases, and conservative treatment without dialy-
sis was used in 11.2% of patients.

The leading causes of AKI were the use of nephrotoxic 
substances (15.3%), sepsis (9.5%) and urosepsis (2.9%), 
shock (6.4%), acute interstitial nephritis (5.9%), and crush- 
syndrome (6.2%). A substantial proportion of patients had 
AKI superimposing over existing CRF (11.5%) that could be 
explained by the characteristics of the facilities providing the 
information. Overall, short-term mortality reported by facili-
ties reached 27.3%. Mortality was substantially higher in 
patients with advanced AKI and need for dialysis treatment 
(30.8% among those treated by HD and 18.8% by PD) in 
comparison with those not requiring dialysis (5.6%) [70, 71]. 
Even if this analysis does not cover non-nephrology units, it 
highlights substantial inter-regional differences and need for 
improving access to AKI treatment and prevention.

 Pediatric Nephrology

Nation-wide administrative accounting based on ICD-10 
codes estimated that there were 346.000 prevalent children 
aged 0–14 years, and 93.000 teenagers of 15–17 years of age 
with kidney or ureter diseases in 2017 (1354 and 2311 per 
100,000 population of a given age group). Among them, 
CKD was prevalent in 1760 and 1074 children, respectively 
(6.9 and 26.7 per 100,000 population of a given age group) 
[1]. Similarly to the adult population, these administrative 
data have substantial limitations.

Nation-wide pediatric nephrology registry revealed that 
among almost 1500 children with CKD stages 3–5, 41.0% 
had congenital obstructive uropathies, 20.8% kidney hypo- 
or dysplasia, 12.3% primary GN, 6.6% polycystic disease, 
5.2% TIN, 4.7% inherited kidney diseases, 4.4% HUS, 4.0% 
secondary kidney diseases [72]. Analysis performed in 625 
children followed up by nephrology services in the Chuvashia 
region estimated the total CKD prevalence as 2450 per mil-
lion of pediatric population, with 11.2% of them having low 
eGFR. Etiology of CKD was presented by obstructive uropa-
thies in 33%, congenital abnormalities in 25%, single kidney 
in 15%, and GN in 9.9% [73].

Of note, the Russian Murmansk regional birth registry 
found that the CAKUT rate in newborns was higher com-
pared to Europe (5.4–5.6 vs. 3.4–3.5 per 1000 newborns), 
with congenital hydronephrosis being the most frequent 
pathology. The reasons for higher CAKUT rates in Russia 
are not completely understood, especially keeping in mind 
earlier childbearing age in Russia, but several risk factors 
were identified, including gestational diabetes, medications 
use during pregnancy, and evidence of alcohol abuse [74].

In 2016, there were 77 incident and 440 prevalent chil-
dren 0–14  years old receiving RRT (3.6 and 20.4 pmp, 
respectively) [75]. The number of children under age 18 
receiving RRT increased from 493 in 2013 to 626 in 2015, 
although the prevalence rate, accounted for children popula-
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tion, remained almost the same (18.0 and 20.2 pmp, respec-
tively) [41, 63]. Only 45% of under-18 children had kidney 
graft, 30% were treated by HD, and 25% by PD. Prevalence 
rates for these treatment modalities were 9.1, 6.0, and 5.0 
pmp, respectively. Unadjusted survival of children in Russia 
was similar to European for HD, much lower for PD [65] and 
for KT [76] in Russia. The overall RRT mortality among 
children in Russia was 35.2 compared to 15.8 deaths per 
1000 patient-years in Europe [77]. The large analysis of KT 
outcomes in children revealed a high incidence of infectious 
complications followed by fatal outcomes (41% of all fatal 
outcomes), loss of allograft due to primary dysfunction (in 
19%), and longer duration of cold ischemia. Even if the situ-
ation has been ameliorated recently, much more improve-
ment should be done for matching donor and recipient, 
control of immune system status, appropriate follow-up in 
pubertal period, and other aspects of care [76].

Structure of AKI was studied, in the unit which first 
started the provision of RRT to children in Russia (see 
“History”), by the analysis of 245 patients admitted during 
2011–2015 years from all regions of the country. As only the 
most difficult patients were referred to this center, pediatric 
RIFLE classification identified risk category in 4.5%, injury 
in 14.3%, and failure in 81.2%. Newborns and toddlers 
1–12  months accounted for 10.6% each, the majority of 
patients (27.3%) were 1 year, and 13.8% – 2 years old, with 
every other age group not exceeding 7% of studied popula-
tion. Renal causes were the reason of AKI in 94.7%, postre-
nal  – in 3.3%, and prerenal  – in 2.0% of cases. Typical 
diarrhea-associated HUS resulted in 53.1%, atypical HUS in 
6.5%, AKI associated with sepsis, shock, or intra-natal 
hypoxia accounted for 22.9% and interstitial nephritis for 
6.9% of all AKI patients [78].

 Conclusion

Kidney disease burden is high in Russia, in terms of morbid-
ity, mortality, and economic expenses. Substantial progress 
has been made for the treatment of ESKD and development 
of RRT facilities, even if the population of many regions still 
has limited access to this life-saving therapy. KT should be 
enhanced by the establishment of surgery centers in all 
regions, introduction of transplant coordinators institute, and 
active involvement of civil society and social institutes in its 
popularization. Inequalities in dialysis provision between 
regions could be overcome by introducing central federal 
government co-financing. In advance to KT transplantation, 
development of PD program should become one of the pri-
orities, taking into account that almost a quarter of the popu-
lation live in rural areas.

Relatively little attention has been paid to improving out- 
patient nephrology care, and this area needs urgent public 

health actions since it is the only way to detect and prevent 
CKD progression. Complex actions are required to educate 
more kidney care specialists, provide adequate financial 
incentives for staff, support laboratory facilities and fulfill 
automatic calculation of eGFR, disseminate educational 
materials for patients, sustain screening in high-risk popula-
tions for early CKD detection, finance scientific work and 
epidemiological studies, and cover the cost of nephroprotec-
tive therapy for all patients with government programs.

Russia is a very diverse country with rich history, with 
many parts of it requiring economic improvement and 
investment in human capital that would secure the future of 
the country. Healthcare infrastructure in general and deliv-
ery of kidney diseases prevention and treatment should be 
better addressed in both federal and regional health poli-
cies. The most vulnerable layers of society (poor house-
holds, rural citizens, labor migrants, prisoners) have to 
obtain special attention. Multiple interventions for effective 
correction of risk factors have to be done, including both 
anti-tobacco and anti-alcohol efforts, and providing people 
with alternatives and possibilities to realize their true 
potential and follow a healthy life style. There is a need to 
establish a comprehensive national care plan that would 
support evaluation, prevention, treatment, and research of 
both AKI and CKD.
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Area1 505,990 Km2

Population2 46,934,632 (2019)
Capital Madrid
Three most populated cities: 1. Madrid

2. Barcelona
3. Valencia

Official languages Spanish, Catalonian, 
Valencian, Basque, Galician

Gross domestic product (GDP)3 1.864 trillion international $ 
(2018, PPP)

GDP per capita3 40,290 international $ (2018, 
PPP)

Human Development Index (HDI)3 0.891 (2018)
Official currency Euro (€)
Total number of nephrologists ~1800
National society of nephrology Sociedad Española de 

Nefrologia (S.E.N.)
www.senefro.org

Incidence of end-stage renal disease4 2017 – 141 pmp
2018 – 147 pmp

Prevalence of end-stage renal 
disease4

(including patients with functioning 
kidney graft)

2017 – 1284 pmp
2018 – 1322 pmp

Total number of patients on dialysis4

(all modalities)
2017 – 27,629 pmp
2018 – 27,998 pmp

Number of patients on hemodialysis4 2017 – 24,522 pmp
2018 – 24,900 pmp

Number of patients on peritoneal 
dialysis4

2017 – 3107 pmp
2018 – 3098 pmp

Number of patients with functioning 
kidney graft4

2017 – 32,181 pmp
2018 – 33,766 pmp

Number of renal transplantations per 
year4

2017 – 3269 pmp
2018 – 3313 pmp

1.  Anuario Estadístico de España. At: http://www.ine.es/prodyser/
pubweb/anuario08/anu08_01entor.pdf

2.  Instituto Nacional de Estadística. At: https://www.ine.es/en/prensa/
cp_e2019_p_en.pdf

3.  EAE Business School. At: https://www.imf.org/external/pubs/ft/
weo/2018/01/weodata/weorept.aspx?pr.x=70&pr.y=7&sy=2018&ey=20
18&scsm=1&ssd=1&sort=country&ds=.&br=1&c= 193,946,122,137,1
24,546,156,181,423,138,935,196,128,142,939,182,172,359,132,135,134
,576,174,936,532,961,176,184,178,144,436,146,136,528,158,112,542, 
111,941&s=NGDPD,PPPGDP,NGDPDPC,PPPPC&grp=0&a=

4.  Spanish Registry of Spanish Renal Patients (REER). At: https://
www.senefro.org/contents/webstructure/SEN_2019_REER_modi-
ficada.pdf

 Introduction

Spain is a Western and Mediterranean European country, 
which is expected to have the longest life expectancy in the 
world by 2040 [1]. The successful prolongation of life expec-
tancy is already resulting in an aging population, and chronic 
kidney disease (CKD) is expected to be more frequent, 
becoming the second most common cause of death in Spain 
in the near future [2]. Tackling this problem will require a 
huge investment in Nephrology research and care, offering 
job opportunities for smart problem-solving-oriented health-
care professionals. Spain has a long history of Nephrology, 
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dating from the 1950s, and is a world leader in kidney dona-
tion and transplantation. Indeed, a majority of patients on 
renal replacement therapy (RRT) in Spain have a functioning 
kidney graft. However, Spanish Nephrology will have to 
reinvent itself to successfully face the growing CKD 
epidemic.

 Brief History of Nephrology in Spain

 First Milestones

Two sites co-share the origin of Nephrology in Spain and 
were key in the expansion of Nephrology to Latin America. 
Professor Luis Avendaño (1926–2018┼) is considered as the 
father of Spanish Nephrology. His dream to publish the 
History of Spanish Nephrology became live in 2012 [3]. The 
following text is mainly extracted from it.

In 1957, Emilio Rotellar and his team built a modified 
Kolff artificial kidney by themselves. However, the first acute 
and chronic hemodialysis were delivered in 1959 at his 
Clinic University Hospital in Barcelona, while the first 
known Spanish kidney biopsy was performed in 1960. This 
early nephrology embryo run in parallel with the hospital 
Urology service, whose main objective was to develop a kid-
ney transplant program.

The Jiménez Díaz Foundation Nephrology Department in 
Madrid was the first in Spain, providing humoral and dialysis 
care, as well as comprehensive nephrology care, similar to 
current Nephrology departments. Professor Luis Hernando 
Avendaño led the institution for more than four decades. 
Milestones included the first acute dialysis in Madrid (1959), 
first ward and outpatient clinic for kidney disease patients 
(1962), first acute and chronic peritoneal dialysis program 
(1962), first large-scale chronic hemodialysis program 
(1964), first kidney transplant in Madrid (1966), as well as a 
research laboratory studying renal physiology and pathology 
that is still one of the most relevant research institutions 
within the country.

The first Society of Nephrology in Spain was the 
Catalonian Society founded in 1963. However, back in 1960 
during the IV Congress of the Spanish Internal Medicine 
Society, Professor Hernando and Gerardo de Río proposed 
the creation of a Nephrology section. In 1964, the Sociedad 
Española de Nefrología/Spanish Society of Nephrology 
(S.E.N) was born. Forty delegates attended the first Congress 
(1965). Today, over 2000 delegates from Spain and Latin 
America attend the yearly meeting.

During the late 1960s and 1970s, the creation of new 
nephrology services accelerated and included Puerta de 
Hierro (Madrid, 1964), Navarra University Hospital 

(Pamplona, 1967), Hospital Central Asturias (Oviedo, 1967), 
La Paz Hospital (Madrid, 1968), the Air Force Hospital 
(Madrid, 1968), La Fe Hospital (Valencia, 1968), Gregorio 
Marañón University Hospital (Madrid, 1970), and Vall 
d’Hebron which also founded the first pediatrics nephrology 
service in Spain (Barcelona, 1970).

The more extended use of hemodialysis to treat patients 
with chronic renal failure started in 1970, but it was not 
consolidated at least until 1976. New Nephrology services, 
outpatient nephrology and hypertension clinics, and 
24 hour emergency attendance were started, while a wider 
number of patients were offered chronic dialysis. However, 
demand exceeded resources, and subsegments of the popu-
lation were prioritized for therapy. Similarly, there was no 
universal healthcare coverage as we know today, and end-
stage renal disease (ESRD) patients died without getting 
access to RRT.

At the end of the 1970s, a national system was created 
called National Social Security, and Puerta de Hierro 
Hospital was the first offering universal care. However, not 
all ESRD patients could be offered RRT until the 1980s. By 
then, many hospitals across the country offered RRT, and 
private dialysis centers emerged in response to the shortage 
of dialysis posts in public hospitals.

Many of these early private hemodialysis centers were 
founded by pioneer nephrologists and then gradually sold to 
big multinational companies by the end of 1990s and early 
2000s.

As a result, while transplant and peritoneal dialysis are 
exclusively linked to the national public sector, the hemodi-
alysis population is nowadays attended in a mix model of 
public hospitals and private providers tenders.

 Early Kidney Transplantation Experiences

The history of kidney transplantation in Spain dates from 
1960, though it was not until 1965 when first transplants 
were successful.

The first attempt between brothers by the urologist Jose 
Antonio Martinez Piñeiro at the current Gregorio Marañón 
University Hospital (Madrid) in May 1960 resulted in a non-
functioning graft, and the patient died 4 days after surgery. 
Two further unsuccessful attempts were performed resulting 
in the death of both recipients transplanted from their fathers 
at the Madrid Paloma Clinic (by Carlos Younger de la Peña) 
in 1961 and at the Clinic University Hospital, Barcelona (by 
Jose Mª Gil-Vernet and nephrologist Antonio Caralps), in 
1965.

Failures resulted in media hostility towards urologists, 
nephrologists, and kidney transplantation. Moreover, the 
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Royal Academy of Medicine in Barcelona hosted a confer-
ence titled “Kidney transplantation: a utopia” requesting the 
prohibition of kidney transplantation.

Despite this setback, and likely influenced by successful 
experiences in the United States and France, the Barcelona 
Clinic University Hospital achieved in July 1965 a 2-year 
survival in a 35-year-old woman who received a cadaveric 
graft from a brain death donor. The hospital went on to per-
form 45 transplants in 1965–1970, and 20 were performed at 
Fundación Jiménez Díaz in Madrid. This later institution 
was led by the urologists Carlos Alférez and later Remigio 
Vela Navarrete and the nephrologist Luis Hernando who was 
on duty in Boston on the day of the first kidney transplant. 
Further hospitals starting transplant programs were Puerta de 
Hierro in Madrid (1968), University of Navarra Clinic 
(1969), and La Paz University Hospital in Madrid (1970) 
among others.

Contributors to the growth of transplantation included the 
discovery of the HLA system (not before 1969), therapy with 
antilymphocyte serum, and improvements in organ perfusion 
and conservation techniques with the Collins solution to pre-
vent ischemic injury.

Legal challenges negatively influenced the development 
of kidney transplantation. The Law of December 18, 1950, 
and its modification in 1955 only allowed donation after 
heart and lung inactivity. Recommendations from University 
of Harvard Expert Committee in 1968 accepting as death 
when no vital signs were observed in other organs such as 
the brain [4] were not uniformly accepted causing inequity in 
kidney donation and transplantation. This situation dramati-
cally changed after the First Transplantation Law was pub-
lished in 1979 and later extended by a Royal Decree in 1980.

Further progress was made when combined kidney-pan-
creas transplant was possible in type 1 diabetes, first at Clinic 
University Hospital in Barcelona led by the urologist Jose 
Maria Gil- Vernet, the surgeon Laureano Fernández Cruz, 
and nephrologists Antonio Caralps and Jordi Andreu (1983) 
[5]. The recipient survived 11 years. Other hospitals success-
fully developing such transplant programs were Reina Sofía 
University Hospital in Córdoba, Carlos Haya Regional 
University Hospital in Málaga, Doce de Octubre University 
Hospital in Madrid, and Tenerife and Santiago de Compostela 
University Hospitals.

 Renal Diseases in Spain

The Dialysis and Transplant Registry of the Spanish Society 
of Nephrology (S.E.N) was created in 1975 and works 
closely with European Renal Association/European Dialysis 
and Transplantation Association (ERA/EDTA), which was 

constituted in 1964. The first report of the Spanish Registry 
was published in 1979. At that time, the incidence of dialysis 
was 1045 patients [28 per million population (pmp)], and 
dialysis prevalence was 4244 patients (114 pmp).

Since then, the Spanish Registry has evolved to become in 
2006 the Spanish Registry of Renal Patients (REER) as we 
know it today. The Scientific Committee of the Registry is 
formed by the S.E.N., the National Transplant Organization 
(ONT), and various regional Registries from Spanish 
Autonomous Communities. Every year, during the October 
annual S.E.N meeting, the REER makes public and pub-
lishes online the previous year data. This information is eas-
ily accessed through the S.E.N. (www.senefro.org) and 
REER websites (www.registrorenal.es). Last available open-
access data on REER are from 2018 [6] and are described 
below.

 Incidence of RRT

In 2018 (latest data available as of January 2020), the annual 
incidence of RRT in Spain was 6883 patients (147 pmp). 
This is an average European rate, far from the top countries 
such as the Czech Republic and Mediterranean countries 
such as Greece and neighboring Portugal that hover around 
200–250 pmp [7].

The progressive aging of the population means that the 
most advanced age groups are those with the fastest-growing 
incidence of RRT.  Specifically, 60% of the patients who 
started RRT in 2018 were older than 65  years (30% were 
older than 75 years).

Globally, diabetes mellitus (DM) is the most frequent 
cause of ESRD (almost 25% of cases); however, there are 
wide variations between age groups and regions, with the 
Canary Islands topping the ranking for both RRT and dia-
betic kidney disease. In younger patients, congenital 
hereditary diseases and glomerulonephritis are frequent, 
while DM and vascular kidney disease predominate later 
in life.

Hemodialysis is the most frequent modality of incident 
RRT and accounts for 79% of cases, peritoneal dialysis (PD) 
for 16%, and preemptive transplantation for 5% of cases. PD 
is registering a slow but continuous increase as an initial 
modality of RRT.

The implementation of live renal donation programs 
about 10  years ago led to a progressive increase of this 
modality of preemptive transplantation that has slowed down 
in the last 3 or 4 years. Additionally, some very active trans-
plant centers are providing cadaveric preemptive transplan-
tation after waiting lists of patients already on RRT have 
become depleted.
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 Prevalence of RRT

RRT prevalence is increasing in Spain; at the end of 2018, 
63,086 patients (1322 pmp) were on RRT.  The increasing 
prevalence reflects both the increased incidence and the 
improved survival. The current prevalence of RRT in Spain 
is at the forefront of Europe with other six countries [7].

Also among prevalent patients, the elderly are overrepre-
sented. More than 45% of patients are over 65 years old, 
while 34% are 45- to 64-year-olds. Since 2011, renal trans-
plantation is the most frequent prevalent RRT modality, rep-
resenting 54% of these, higher than hemodialysis (41%) and 
PD (5%) combined.

The increase in PD as an incident modality is not trans-
ferred to prevalence. This is linked to the profile of patients 
choosing PD: they are frequently younger, have less comor-
bidity, and are rapidly transplanted.

The transplant activity in Spain is very prominent. Spain 
leads the world ranking in adjusted rates both in kidney 
transplantation and in all-organ transplantation. In 2018, 
3313 transplants were performed in Spain. Every year, the 
previous year record is beaten. Most organs are from brain 
death donors, but in the last 5 years, there has been an expo-
nential increase in controlled asystole or Maastricht type III 
donors. As previously discussed, living donation experi-
enced a rapid growth in the 2000s, but in the last 4 years, it 
has declined.

Despite a high number of annual transplants, waiting lists 
are still long. In 2018, the ratio of transplant patients to the 
waiting list exceeded 84%.

Cardiovascular disease remains the leading cause of death 
among patients on RRT but is closely followed by cancer, 
especially among transplant patients on immunosuppressant.

Survival in over 67,000 patients on RRT was 92, 82, and 
59% at 1, 2, and 5 years, respectively, better than in most 
references. In a multivariate analysis of the limited number 
of variables available in the REER, age and DM are associ-
ated with worse general survival and female gender and PD 
were associated with better survival [6].

 Renal Replacement Therapy in Spain

For several decades, Spain has been offering all RRT modali-
ties in a universal free at the point-of-care manner as part of 
the National Health System portfolio. Care is almost exclu-
sively provided by Nephrology departments at public hospi-
tals (university and/or secondary and local hospitals). While 
PD and transplantation can only be provided at hospital from 
the public network, hemodialysis is provided by hemodialy-
sis units within public hospitals and by extrahospitalary dial-

ysis clinics (EDC) called satellite hemodialysis units that are 
usually private but ascribed to a public referral hospital.

As a consequence, nephrologists that work in PD and 
transplantation can only work in the public sector, but those 
working on hemodialysis may be ascribed to public (most) 
or to private providers through EDCs. As a consequence, it is 
unusual for nephrologists who actively work at public hospi-
tals to also do in private providers.

Nephrologist salaries vary with Autonomous Community, 
but within the same public hospital or region, salaries are 
similar for nephrologists working on hemodialysis, PD, or 
transplantation, as no incentives exist to switch patients 
between dialysis modalities. However, some salary differ-
ences may apply depending on regions and by professional 
career, and some hospitals provide incentives to kidney 
transplantation that may be shared by all nephrologists in the 
hospital.

A 2011 S.E.N survey [8] disclosed the existence of 363 
EDC (half of them run by private multinational providers 
such as Fresenius, Diaverum, B. Braun, and Baxter, mainly), 
120 public hospitals (university or locals) with Nephrology 
Departments, and 69 pure private clinics or hospitals. The 
mean number of patients per dialysis unit was 72 (range 
11–212), but it was lower at hospital-based units. Most cen-
ters worked in 3 shifts, with a mean ratio of 39 patients/phy-
sician, 4.7 patients/nurse, and 9 patients/nurse assistant [9]. 
Up to 64% of the EDCs employed non-nephrologists as 
medical staff (this can only be done when no nephrologist 
can be found), and almost half of this medical staff had also 
duties at their referral hospital [10]. New tenders, such as the 
2018 Madrid Region tender, applied a lower ratio of patients 
per nurse or nurse assistants (four patients/nurse and eight 
per nurse assistant).

 Hemodialysis

 Hemodialysis Structures
Since 2007, healthcare is run independently in each of 17 
autonomous communities and 2 extra peninsular cities. 
While the umbrella of renal care is similar across the coun-
try, differences do exist across regions, especially regarding 
reimbursement schemes or amounts for health providers and 
tender models.

However, renal care in Spain is publically driven, and 
there is almost no private setting in hemodialysis, PD, or 
transplantation care. Therefore, different private renal pro-
viders (mainly multinational companies) apply for public 
tenders that allow them to provide patient care for a certain 
number of years and to be reimbursed for that. In any case, 
patients do not pay for RRT nor for associated medications 
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such as erythropoietin (EPO), vitamin D analogues, certain 
phosphate binders, cinacalcet, or etecalcetide.

Generally speaking, 45% of patients receive hemodialysis 
in public hospitals and 55% in EDCs [11].

Hospital Dialysis Units are integrated in the hospital 
Nephrology departments. They attend acute kidney injury 
patients and chronic hemodialysis patients (especially those 
with higher comorbid and complex clinical situations) but 
also deliver techniques such as plasmapheresis, therapeutic 
apheresis, or hemoperfusion. Hospital units must have asso-
ciated vascular surgeons and interventional radiologists. 
They are responsible for kidney transplantation listing and 
some even for transplantation itself and are usually the refer-
ral hospital for the non-hospital hemodialysis clinics.

Extrahospitalary Dialysis Centers (EDC), also called sat-
ellite hemodialysis clinics. These clinics are always ascribed 
to a referral hospital with nephrology department. EDCs are 
almost exclusively driven by public tenders and supervised 
by regional health authorities [12]. A strong bidirectional 
communication between referral hospital and EDC is 
strongly advised, as well as the existence of common proce-
dures, protocols, and electronic medical records systems [8]. 
As a difference to other countries, these EDC do not provide 
predialysis care nor PD as they only function as hemodialy-
sis providers when patients have been redirected mostly 
from public care hospitals and/or from former private physi-
cians in very limited cases. Therefore, modality choice and 
predialysis care usually take place in the public hospital 
environment.

 Hemodialysis Epidemiology
According to the 2018 REER report [6], 79% of patients 
started on hemodialysis while as a prevalent RRT modality is 
second to kidney transplantation, with 24,900 patients. 
However, wide differences were observed in modality preva-
lence by regions probably due to the different use of PD and 
access to kidney transplantation [13, 14]. While the absolute 
hemodialysis prevalence increased from 2006 to 2018, the 
relative prevalence decreased from 46 to 40.3% of RRT 
patients in the same period, as a result of the increasing prev-
alence of functional kidney transplants.

As in other parts of the world, the mean age of patients on 
hemodialysis is increasing; more than 30% of patients are 
above 75 years of age [13]. Nevertheless, different patterns 
are observed among regions that likely reflect different crite-
ria at the time of dialysis start for the elderly [14]. On aver-
age the mean estimated glomerular filtration rate at the onset 
of hemodialysis was 9.6 ml/min/1.73m2 in 2017 [15].

Diabetic nephropathy remains as the main cause to ESRD 
starting RRT on hemodialysis, being 24.6% of patients (80–
90% due to type 2 diabetes). Vascular diseases (14%), glo-

merular (12.4%) and interstitial nephropathy, polycystic 
kidney disease, and systemic diseases (6–7% each) complete 
the most frequent causes, while in 22% of cases, the cause is 
unknown [13]. Recent Catalonian Registry data suggest that 
the incidence of diabetic kidney disease may be decreasing 
and survival rates increasing in recent years, which may 
reflect improved diabetes and cardiovascular risk factors 
management [16]. Apart from diabetes, another challenge is 
the increasing comorbidity index of patients at the start of 
hemodialysis, with average values of 5.7, generally higher 
than in PD and transplant patients [15].

During 2018, the annual mortality in the adult hemodialy-
sis population was 16% and higher (23.8%) for those 
>75 years of age. A recent increase has been observed prob-
ably due to the older age of incident patients. Mortality 
causes were cardiovascular (25%), infectious (19%), psy-
chological or social (including withdrawal of hemodialysis, 
11%), cancer (9%), sudden death (6%), and unknown causes 
(14%) [6].

 Hemodialysis Prescription
The length of hemodialysis sessions has increased in 
recent years, and dialysis adequacy has improved [9, 17, 
18]. Almost 90% of patients were dialyzed at least 
12  hours per week and reached an equilibrated Kt/
Vurea  >  1.2  in 2017 [15]. High Kuf biocompatible mem-
branes are widely used [9], filters are not reused, and 
ultrapure dialysis fluid is the standard, as more than 90% 
of patients are on high flux and/or online hemodiafiltra-
tion (OL-HDF) [19].

According to some surveys, use of OL-HDF is close to 
30% (data on file non- published from the Madrilian Society 
of Nephrology), but may be higher in regions such as 
Catalonia in which OL-HDF use has increased from 31% in 
2011 to 70% in 2017 [15]. Remarkably, over 95% of patients 
on OL-HDF (mostly on postdilution) achieved convective 
volumes higher than 20 liters per session [15]. Erythropoiesis-
stimulating agents [15–17], non-calcium-based phosphate 
binders, and calcimimetics [17] are widely used.

 Vascular Access
An important issue of hemodialysis treatment is vascular 
access. Data from the Catalonian Registry [20] show that 
only 50% of incident patients has a functioning arteriove-
nous fistula (AVF) and this remained stable for 2000–2011. 
Higher AVF rates were found for patients followed in pre-
dialysis care for at least 2 years before initiation of dialysis 
and lower rates for those with higher comorbidities [20]. 
One year after starting hemodialysis, 67% of patients with 
non- tunneled catheters and 60% with tunneled catheters 
had switched to AVF [20]. However, the percentage of 
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patients starting hemodialysis with a functioning AVF has 
decreased from 2011 on, probably due to higher comor-
bidities and older age. Thus, in 2017 40% of incident 
patients had AVF, 2% grafts and 59% catheters [15]. The 
same year, 5% of prevalent patients had a non- tunneled 
catheter, 20% tunneled catheters, 4% grafts, and 62% AVF 
(50% radiocephalic and 50% brachiocephalic/brachiobasi-
lic AVF) [15].

DOPPS (2012–2015) data show a higher frequency of 
catheters in incident patients in Spain than in Italy, 
Germany, or Japan and similar rates to the UK but lower 
than in the USA, Canada, or Belgium [18]. A higher per-
centage of prevalent patients was dialyzed through cathe-
ters in Spain than in the UK, Germany, or Australia; rates 
were similar to Italy and Sweden and lower than in Belgium 
or Canada [21].

This alarming scenario has fostered different initiatives 
from the Spanish scientific societies seeking to:

• Improve management of advanced chronic kidney 
disease

• Create working groups on interventional Nephrology [22]
 – Establish multidisciplinary groups of nephrologists, 

vascular surgeons, and radiologists.
 – Develop Spanish Clinical Guidelines on Vascular 

Access for Hemodialysis, which were recently pub-
lished [23].

 – Improve nephrologist training in vascular access mon-
itoring and increase the use of Doppler ultrasound 
[24].

 Blood-Borne Virus Infections
Another worldwide challenge at hemodialysis units is the 
control of blood-borne virus infections. The prevalence of 
hepatitis B (HBV), hepatitis C (HCV), and human immuno-
deficiency virus (HIV) infections has markedly dropped in 
Spain. According to REER, in 2018 the prevalence of HBV 
infection was 1.9%, HCV 4.3%, and HIV infection <1%) 
[6]. HBV vaccination is recommended since early stages of 
predialysis care or immediately after hemodialysis start. 
More recently, the widespread use of direct antiviral agents 
for HCV has decreased the prevalence of HCV, with some 
units achieving cure of all patients.

Data from 2008 indicated that 79% of dialysis units had 
HCV-infected patients (50% of them with isolation measures) 
while 14% units had HBV-infected patients and 4% HIV 
patients (some under complete isolation) [9]. Though new 
blood-borne virus infection management guidelines are 
expected soon, isolation measures for HCV or HIV patients 
may differ among regions depending on regional regulations 
or applications of tenders according to regional health author-
ities. This has created some confusion as to how to deal with 
cured HCV patients that remain anti-HCV positive.

 Home Hemodialysis
The use of home hemodialysis is still limited in Spain (less 
than 0.3% of prevalent hemodialysis patients or 0.1% in 
Catalonia), but it has grown recently in some Spanish hospi-
tals such as the Navarra University Clinic [25, 26]. Low 
prevalence may be related to lack of economic incentives, 
structural reasons, hospital facilities and resources suitable 
to train patients, patient choice, socioeconomic factors, but 
especially the closeness of hospitals and EDC to patient 
homes [27]. In the infrequent case of remote places, such as 
the Canary Islands or extensive, mountainous, low populated 
provinces, patients may join home hemodialysis programs 
but more often are encouraged to initiate PD [27]. Different 
initiatives are aimed at boosting home hemodialysis in Spain 
[26]. It should be mentioned that when dialysis first became 
available in Spain, home hemodialysis was the only option 
of patients living outside Madrid or Barcelona and the first 
hospitals to offer hemodialysis had large home hemodialysis 
programs [3], with patients living hundreds of kilometers 
away and lacking what we would now consider basic facili-
ties such as water treatment plants.

 Pediatric Hemodialysis
There are no recent published data on Spanish pediatric 
hemodialysis. According to Dr. Angel Alonso (La Paz 
University Hospital), the incidence of RRT among patients 
aged <18 years is 3.7 pmp. In 2016, there were 454 preva-
lent patients, most on them with functioning kidney graft 
(n  =  400), 32 on hemodialysis, and 22 on APD.  More 
detailed information is available from the Catalonian 
Registry for the period 2014–2017 [15]. These data cover 
Catalonia and close regions ascribed to Barcelona referral 
centers. In this period, 50 (11.4 pmp) pediatric patients 
started RRT in Catalonia: 42% started on hemodialysis and 
16% on PD, and 42% got a preemptive transplantation. As 
of December 31, 2017, RRT prevalence was 100 children: 
7% hemodialysis, 2% PD, and 91% with a functioning kid-
ney transplant (84% from cadaveric donors and 16% from 
living donors). Mean time to first kidney transplant was 
5.4  months after dialysis start. The relatively short time 
between dialysis start and the transplantation explains the 
high rate of central catheters; 71% tunneled and 29% per-
cutaneous. The causes of primary kidney disease in inci-
dent children were tubulointerstitial nephropathy (31%), 
glomerular (29%), hereditary or familial diseases (16%), 
and unknown (20%).

 Costs
Publications on hemodialysis costs are relatively old [28, 
29]. In 2013, a Spanish study [29] estimated the hemodialy-
sis costs to be 53,289 €/year for in-hospital hemodialysis and 
44,971 €/year for private service providers via EDC. However, 
the cost may differ according to regional health authorities. 
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The Catalonian model applies an “all-inclusive cost,” in 
which private EDC providers provide dialysis sessions, med-
ications, transport, and nutritional-psychological support for 
a fix amount per month. However, the most extended model 
applies a payer reimbursement on service, mostly related to 
the hemodialysis treatment. In this model, medications and 
transport are usually excluded. Medications available at 
external pharmacies are prescribed by Primary Care physi-
cians and bought by patients at discount prices. Medications 
only available through hospital pharmacies (e.g., EPO, par-
enteral vitamin D analogues, or cinacalcet) will be covered 
by referral hospitals.

In conclusion, high-quality hemodialysis is provided in 
Spain, with no restrictions on access or reimbursement and 
no direct costs for the patient, as the National Health System 
has universal public coverage. However, there are issues that 
can be improved, such as promoting home hemodialysis or 
reducing the use of catheters as vascular access. In this 
regard, several initiatives aim at improving hemodialysis 
quality in Spain including the standards and recommenda-
tions of the Ministry of Health [11], the Guideline for 
Dialysate Quality of the Spanish Society of Nephrology 
[19], the search for quality indicators in hemodialysis [30, 
31], the recommendations for the coordination of outpatient 
hemodialysis centers and reference hospitals [32], the cre-
ation of the Working Group on Diagnostic and Interventional 
Nephrology of the Spanish Society of Nephrology [22], or 
the publication of the Spanish Clinical Guidelines on 
Vascular Access for Hemodialysis [23].

 Peritoneal Dialysis

 Background
The first PD were performed at Fundación Jiménez Díaz 
from 1962; however, PD was dwarfed by the hemodialysis 
program [3]. Some Prof. Hernando disciples exported PD to 
other hospitals such as Puerta de Hierro University Hospital 
(Madrid), Asturias General Hospital (Oviedo), La Paz 
University Hospital (Madrid), Vírgen del Rocío Hospital 
(Seville), and Clinic University Hospital in Barcelona. PD 
development ran in parallel with the expansion of nephrol-
ogy departments throughout the country and international 
events. Peritoneal Dialysis Bulletin was published from 
1980 and later evolved to Peritoneal Dialysis International, 
the referral journal on PD. International courses such as the 
Vicenza course from 1982 and the International Society for 
Peritoneal Dialysis (ISPD), founded in 1984, contributed to 
expand PD. Technical advances such as the “Y connection” 
in 1980 [33], double bag systems (1988), and the “flush 
before fill” technique (1999) contributed to improve PD 
outcomes.

Spanish Nephrology contributed to PD knowledge 
through figures such as Prof Rafael Selgas who characterized 
peritoneal membrane failure [34, 35] or Francisco Coronel 
who pioneered PD in the diabetic population [36].

 Incidence and Prevalence
According to the 2018 REER [6], PD incidence was 24.1 
pmp and prevalence 66.5 pmp (5%). However, there are large 
interregional and interhospital differences depending on 
local expertise, patient populations, predialysis care, and 
hemodialysis availability.

The incidence of PD has continuously increased from 
2007 (15.1 pmp) to 2018 (24.1 pmp) [6]. Potential contribu-
tors include the creation of the Spanish Group for the 
Promotion and Development of PD (GADDPE) lobby in 
2009. GADDPE has generated health economic models and 
scenarios and has estimated that huge cost savings to the 
payer and a more cost-efficient model would result from 
increasing PD incidence to 30% of RRT and planned dialysis 
start increased from 50% to 75% of patients [37–40]. 
However, the impact has been limited by healthcare authori-
ties not promoting a “PD first approach” and because exist-
ing healthcare structures favor the hemodialysis start even 
for non-planned dialysis start patients. The situation may 
still change since GADDPE is supported by the Spanish 
Society of Nephrology Nursing (SEDEN) and by renal 
patient associations (FRAE, ALCER) which are strong 
stakeholders.

GADDPE also generated “Decision making aids” to be 
used at the time of patient modality choice, which are 
increasingly used by key referral hospitals and even pro-
moted by Regional Health Authorities such as in Andalucía. 
Use of these tools increased PD choice to 45% of patients 
who used them and PD incidence to 48% [41].

Similar to hemodialysis, actual prevalent patients on PD 
are older and with higher comorbidity than some years ago 
[6]. Actual annual death is 9.6% vs. 15.9% in HD [6].

 PD in Congestive Heart Failure
Spanish PD nephrologists are interested in using PD to treat 
refractory congestive heart failure [42, 43]. A Nephrology-
Cardiology consensus document has been generated to offer 
PD to NYHA IV heart failure patients [44, 45].

 Decreasing Rates of Peritonitis
As in other parts of the world, advances in connectology, 
new Y systems, and perhaps a general use of non-lactate 
solutions have decreased the rate of peritonitis [46]. As an 
example, the Andalusian registry reported a decrease from 
0.7–0.5 episodes/patient/year (2000–2010) to 0.58–0.40 
(2011–2016) [47]. Similar trends were observed in other 
regional registries [48–50].
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 PD Solutions
There is not much information on the relative use of different 
PD solutions in Spain. There are only two providers (Baxter 
and Fresenius Medical Care). However, glucose-free osmotic 
agents (Nutrineal® and Extraneal®) are widely used, espe-
cially for patients potentially benefiting from glucose-spar-
ing regimes such as diabetics, malnourished, hyperlipidemic, 
or morbidly obese patients or during acute peritonitis epi-
sodes [51].

Similarly, non-lactate solutions are widely used since 
2009, when Baxter limited the production of lactate-based 
solutions due to manufacturing issues. Low glucose degrada-
tion products (GDP) solutions are also widely used. 
According to the Andalusian registry, 87% of patients are 
prescribed bicarbonate solutions and 50% icodextrin [47].

 Automated Peritoneal Dialysis (APD)
The APD share has decreased from over 50% of PD patients 
(e.g., 66% in the Catalonian 2003–2005 registry or 54% in 
the Andalusian 2009 registry) to around 45–50% today [47]. 
Factors contributing to this decline may include local key 
opinion leaders’ publications on the faster loss residual renal 
function [52, 53], or the controversial results on peritonitis 
rates [46, 54–56].

 New Technologies: Telemedicine 
and Connectivity
Telemedicine has been pioneered by groups such as the 
Severo Ochoa Hospital in Leganés, which reported 
increased patient confidence and transport cost savings 
[57, 58]. However, the short distance between patient 
home and referral hospitals as well as the frequent 
advanced age of PD patients has limited its use. However, 
the population use of digital platforms is evolving, and 
telemedicine may allow to conciliate a larger and more 
demanding patient population with limited hospital staff 
resources [59].

More recently, systems have been developed that allow to 
export daily treatment outcomes in a bidirectional manner to 
the hospital PD staff. This would allow immediate problem-
solving (especially true in alarms during therapy), improving 
patient monitoring and outcomes while reducing costs by 
decreasing the number of hospital visits [60, 61].

 Cost
PD is free for patients as part of their universal healthcare 
coverage. PD patients are trained in public hospitals on an 
ambulatory basis. They are followed at the hospital where 
they may be admitted or transferred to another RRT modal-
ity. PD providers supply materials and devices at home every 
other fortnight. Providers are ruled by hospital or regional 
tenders.

PD cost estimation differs from other countries, in that it is 
not assigned per bag but rather it is a fixed cost per day of 
therapy depending on modality and solutions used. Roughly 
speaking, the daily price on continuous ambulatory PD is 45 €/
day, and on APD 67 €/day. Use of non-lactate solutions 
increases the daily cost in 12 €/day and icodextrin in 6 €/day. 
This means that it is not a single product buying as in other 
latitudes. There are no specific incentives to offer PD, and PD 
does not impact staff salaries. In fact, PD may be a money-
losing enterprise for hospitals, since healthcare authorities pay 
directly the cost of PD to providers of PD materials and hospi-
tals assume the costs of PD personnel and patient follow-up. 
By contrast, the costs of in-hospital hemodialysis are payed 
directly to the hospital, and an optimized management of 
hemodialysis units may result in a net benefit for the hospital.

 Renal Transplantation

Kidney transplantation is considered the RRT of choice in 
Spain as it generally provides better quality of life and sur-
vival at a lower cost [62–65]. Therefore, a large public policy 
effort is aimed at increasing kidney transplantation rates and 
acceptance of donation by the population.

 Spanish Legislation Favors Renal Transplantation
During the 1970s, the lack of enough hemodialysis facilities 
and the improving results of kidney transplantation aligned 
medical and surgical teams with patient associations to 
demand legislation changes to favor organ transplantation. 
These changes included brain death as an accepted cause of 
death that allows donation. This was included in the first 
organ transplant law published on November 6, 1979 (Law 
30/1979), later extended and detailed by the Royal Decree 
426/1980. The Decree included new legislation for release, 
extraction, conservation, and exchange of organs if therapeu-
tic purposes applied but also the following important 
features:

 1. No economic compensation could be received for the 
donation of organs.

 2. The Ministry of Health and Social Security will authorize 
those Medical Centers that can extract human organs.

 3. Organs can be obtained from living donors for implanting 
in another person provided the donor is of legal age, is in 
full possession of mental faculties, has been informed of 
the consequences, and gives express free and conscious 
consent in written form to the public authority and that 
the organ itself is destined for a particular person.

 4. Extraction of organs from deceased persons can be done 
after verifying death based on the presence of irreversible 
data of brain lesions incompatible with life, determined 
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by a neurologist or neurosurgeon and the Head of Service 
of the medical unit, or their substitute. No member of the 
transplant team can participate in this process.

 5. Extraction of organs can be performed in deceased per-
sons provided they have not stated their express opposi-
tion. Persons who die in road accidents can also be 
considered donors if the deceased person has left no 
record of express opposition, although in this case autho-
rization must be obtained from a judge and in last years 
after first grade family member’s consent to provide.

 6. The person responsible for the Medical Unit can only 
give their agreement if the recipient is aware of the pro-
cess after receiving the pertinent information and giving 
written consent.

The law establishes that help will be given to Regional 
and National Organizations as well as collaboration with 
international entities to encourage and facilitate the exchange 
and circulation of organs for transplant.

Royal Decree 2070/1999 published in 1999 allowed organ 
donation after cardiac arrest.

Royal Decree 1723/2012 published on December 29, 
2012, regulated activities related to the procurement, clinical 
use, and territorial coordination of human organs destined 
for transplant with the relevant requirements for quality and 
safety.

 Creation of the National Transplant Organization 
(ONT)
The ONT was created in 1989 and became the coordinating 
institution for organ transplant teams, as well as for consen-
sus measures favoring organ donation and extraction and any 
other measure encouraging organ transplantation. The ONT 
also created a transplant registry for Spain.

The ONT depends on the Ministry of Health and is head-
quartered in Madrid. The nephrologist Rafael Matesanz was 
the first and longest-serving director and was a key driving 
force for the success of the Spanish transplant programs. He 
was succeeded by Blanca Miranda and, currently, by Beatriz 
Domínguez-Gil, both also nephrologists.

The post of regional coordinator was created, along with 
a network of hospital coordinators, thereby having three lev-
els of organ transplant coordinators: national, regional, and 
hospital. These posts are appointed by the national and 
regional governments and by the managing director or medi-
cal director of the hospital from among qualified health per-
sonnel (physician, technical medical assistant, or registered 
nurse) entrusted with the tasks of orientation, coordination, 
support, and promotion of organ donation. This organiza-
tional system for the optimization of organ donation fits per-
fectly into the infrastructure and universal public model of 
healthcare in Spain. What is popularly known as the “Spanish 

Model of Organ Donation and Transplantation” is the combi-
nation of laws, measures, and teams to encourage organ 
transplantation. It includes the legislator, ONT, coordinating 
teams, emergency services, intensive care specialists, neu-
rologists, neurosurgeons, anesthetists, and members of the 
hospital transplant units.

 Healthcare Infrastructure
Given that kidney transplantation is considered the treatment 
of choice for ESRD, all patients who have an indication for 
kidney transplantation must be included on the waiting list 
for transplant from a deceased donor, unless they have the 
opportunity of a living donor transplant. National Healthcare 
Service approves hospitals that provide kidney 
transplantation.

In general, all hospitals have a predialysis unit for 
advanced CKD (G4/G5) patients. The possibility of living 
donation should be raised and encouraged in this unit. One 
aim is to encourage living donation for children and preemp-
tive transplants, be it from living or deceased donors, by wait 
listing when glomerular filtration rate (GFR) is ≤15  ml/
min/1.73  m2. The predialysis unit also deals with patients 
with type 1 diabetes mellitus and ESRD who have an indica-
tion for a combined kidney-pancreas transplant. Indeed, for 
this latter group of patients, the ONT oversaw the creation of 
a protocol in 2005 drawn up with the participation of trans-
plant team professionals [66].

Pre- and posttransplant follow-up is done by the 
Nephrology Service of the reference hospital in collabora-
tion with non-transplanting hospitals in the same area.

 Optimization of Deceased Donor Donation
Most transplants in Spain during the initial stages of kidney 
transplantation programs came from brain death donors. 
However, the number of patients on dialysis kept growing, 
while the number of annual transplants did not surpass 3000 
and the waiting list did not fall below 4000 [67]. Mortality in 
patients on the waiting list is higher than for those who 
received a kidney transplantation [62, 68–70]. As donors 
resulting from road traffic accidents decreased (43% in 1992 
to 4.2% in 2015), alternative donor sources allowed a con-
tinuous increase in donations to 48 donors pmp in 2018.

Two key strategies to increase the donor pool were as 
follows.

Old Donors for Old Recipients
Renal transplant recipients receiving a kidney from an 
expanded criteria donor have improved survival compared 
with wait-listed patients [71]. It is evident that kidneys from 
older donors show changes characterized by increased glo-
merular, vascular, and tubular senescence [72]. To determine 
whether the graft is suitable for kidney transplantation, in 
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addition to checking its gross appearance and main vessels, a 
protocol biopsy is first done, the scores for which determine 
whether the graft is suitable for implantation, either as a sin-
gle or a dual implant [73]. Kidneys from older donors are 
preferentially assigned to older recipients who have lower 
life expectancies.

Non-Heart-Beating Donors
The Report of Medical Consultants on the President’s 
Commission for the Study of Ethical Problems in Medicine 
and Biomedical and Behavioral Research on Guidelines for 
the Determination of Death was published in 1981. This doc-
ument, in line with that previously published by Harvard 
University, proposed that all jurisdictions in the USA should 
follow a protocol for the diagnosis of death and take into 
account that, although the traditional concept of death was 
based on the irreversible loss of heart and lung functions, it 
is now possible to maintain both functions mechanically, 
despite the loss of all brain functions. Accordingly, an indi-
vidual with irreversible cessation of circulatory and respira-
tory functions is dead; and an individual with irreversible 
cessation of all functions of the entire brain, including the 
brain stem, is dead [74]. This document therefore endorses 
donation from non-heart-beating donors. Notwithstanding 
this, and bearing in mind the previous criteria for brain death 
from the Harvard Committee, an article was published in 
1975 concerning the in situ preservation of cadaver kidneys 
for transplantation by perfusion of a cold solution using a 
double-balloon triple-lumen catheter designed for cases of 
non-heart-beating donors. This was introduced into the aorta 
via the femoral artery [75], and in 1989 the Japanese reported 
their experience with organ extraction after cardiac arrest 
[76]. This same year saw the start at the San Carlos University 
Hospital in Madrid of an organ procurement program from 
non-heart-beating donors [77]. From 1989 to 1998, 144 kid-
neys were procured from non-heart-beating donors of which 
95 were transplanted. The organs procured were classified 
according to Maastricht donor categories and most were type 
I [78]. The kidney grafts were maintained from the moment 
of the diagnosis of cardiac arrest until the time of procure-
ment by cardiopulmonary bypass. The results, published in 
2000, compared these donors with heart-beating donors. The 
non-heart-beating donor organs had a 5.73-fold increase in 
the incidence of delayed graft function. At 5 years there were 
no differences in renal function (estimated by serum creati-
nine and creatinine clearance) or graft survival (82.7% vs. 
83.9%; respectively, p = 0.576). In 1996, this center signed 
an agreement with the Madrid emergency facilities (SAMUR 
061, SERCAM) and established a protocol for the procure-
ment of organs from persons with sudden death outside the 
hospital after irreversible cardiac arrest (Maastricht type I 
donors) who were taken to the hospital. This protocol does 
not affect any cardiovascular pulmonary resuscitation 

maneuvers, and the assessment as a potential donor is done 
when the cardiac arrest is considered irreversible after a min-
imum period of resuscitation attempts of 30 minutes or when 
the lesions provoking the cardiac arrest are incompatible 
with life. The reasons for exclusion as a donor were also 
established, together with the usual laboratory tests for organ 
transplantation. Once death has been confirmed, the femoral 
artery and vein are cannulated to perfuse the organs con-
nected to a cardiopulmonary bypass machine with external 
oxygenation and hypothermia [79].

A consensus conference on non-heart beating donation 
was held at the headquarters of the ONT on November 27, 
1995. A consensus document was elaborated by 69 spe-
cialists on organ procurement from non-heart-beating 
donors. Various points of agreement were reached about 
non-heart-beating donors who undergo unsuccessful 
resuscitation attempts (Maastricht types I and II), consid-
ering two groups [80]:
 (a) Outside the hospital, attended by the Out of Hospital 

Emergency Services who transfer the potential donor to 
the hospital, applying cardiopulmonary compression 
and ventilatory support

 (b) Inside the hospital, with immediate resuscitation measures.

The requirements and protocol to follow included estima-
tion of the time of arrest, 30 minutes of unsuccessful cardio-
pulmonary resuscitation, and transfer to the reference 
hospital for admission to the Intensive Care Unit. After 
5 minutes with no pulse or the absence of an electrocardio-
gram trace, death is certified and resuscitation measures are 
initiated with a cardiac compressor.

Although the Spanish Law of 1979 on kidney transplanta-
tion and its subsequent Decree in 1980 specify the conditions 
for brain death, no reference is made to death after cardiac 
arrest. Accordingly, the authorities were encouraged to make 
legal provision for this particular situation, even though 
Spanish legislation considers any deceased person to be a 
potential donor provided no express opposition against dona-
tion has been made. This is why from the legal point of view, 
it can be considered acceptable to initiate organ conservation 
measures with a view to donation, and the law includes a 
series of ethical measures to follow. The Royal Decree 
2070/1999 that allows organ donation after cardiac arrest 
was published in 1999. This contemplates the use of preser-
vation techniques to ensure organ viability while reporting to 
the competent Court of First Instance so that, if necessary, 
any restriction or approval for donation can be established. 
Donation from non-heart-beating donors rose from 2.2% of 
all kidney transplants in 1995 to 25.8% in 2018.

 Living Donor Transplantation
Since its start, the percentage of transplants from living 
donors has always been much lower than that from deceased 
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donors. The percentage of living donor transplants in the kid-
ney transplantation registry of the ONT has risen from 1.2% 
when the registry was started in 1991 to 9% in 2018. For 
many years only two centers, Fundación Jiménez Díaz in 
Madrid and Clinic Hospital in Barcelona, regularly per-
formed living donor transplantation. Some other centers con-
sidered this unethical, given the availability of cadaveric 
donors.

A survey undertaken in 2005 found that 59% of patients 
on dialysis had no information about a kidney transplanta-
tion from a living donor and 83% stated that their medical 
team had not mentioned the possibility of this treatment. The 
main reason for not offering this possibility was that the phy-
sician considered that deceased donor transplant activity was 
sufficient in Spain [81].

In 2009 the ONT, in its living donor initiative, created a 
program for the exchange of organs (crossed donation) 
between pairs whose ABO group was incompatible or who 
had a positive crossmatch. Up until 2018 almost 200 crossed-
donation kidney transplants had been done. For this, once 
donors and recipients have been studied, an agreement is 
reached on the same day of surgery for all donor-recipient 
pairs, and after extraction, each organ is transferred to the 
relevant recipient center, either by land or by air, depending 
on the distance.

 General Results of Kidney Transplantation 
in Spain
Observational studies of the US registry show only a mar-
ginal increase in the real kidney graft survival between 
1988 and 1995 [82–84], while comparative single-center 
studies in Spain [85, 86] for the periods before and after 
1995 show a significant increase in death-censored and 
uncensored graft survival with effect from 1996. The 
uncensored real graft half-life was 10.25 years in the first 
period, and the actuarial graft half-life was 14.58 years in 
the second period (p < 0.001). The attrition rates, censored 
and uncensored, showed a significantly lower graft loss in 
the most recent period. This difference remained after 
excluding the first year from the analysis (p = 0.0018 and 
p = 0.0001, respectively). Similar data have been reported 
in a Spanish multicenter study [87] and worldwide [88]. 
This encouraged us to compare the US and Spain Caucasian 
populations. The study included 9.609 US and 3.808 
Spanish recipients who received a deceased donor kidney 
transplant in 1990, 1994, 1998, and 2002 with a follow-up 
to September 2006. Among recipients alive with graft func-
tion 1 year after transplant, the 10-year graft survival was 
71.3% for Spanish and 53.4% for US recipients (p < 0.001). 
The 10-year death-censored graft survival was 75.6% vs. 
76.0% for Spanish and US recipients, respectively 
(p  =  0.73). The 10-year recipient survival was 86.2% vs. 
67.4% (p < 0.001) for Spanish and US recipients. In patients 

with diabetes mellitus as the cause of ESRD, the adjusted 
death with graft function rates at 10 years were 23.9 and 
53.8 per 1000 person-years for Spanish and US recipients, 
respectively (p < 0.001), and among recipients whose cause 
of ESRD was not diabetes mellitus, the adjusted 10-year 
rates were 11.0 and 25.4 per 1000 person-years for Spanish 
and US recipients, respectively. The conclusion of this 
study is that US kidney transplant recipients had more than 
twice the long-term hazard of dying with a functioning 
graft than Spanish kidney transplant recipients and similar 
levels of death-censored graft function. Pre-transplant 
medical care, comorbidities such as cardiovascular disease, 
and their management in each country health system are 
possible explanations for the differences between the two 
countries [89].

Other obligatory analyses of graft and patient survival are 
those involving cases of non-heart- beating donation and 
“old-for-old” transplantations. Concerning non-heart-beat-
ing donation, the group from San Carlos University Hospital 
in Madrid analyzed their experience between 1989 and 2004 
with non-heart-beating (n = 320) and heart-beating donors 
(n  =  584). Five-year graft survival was 73.3% vs. 85.5% 
(p < 0.001), respectively; and a similar analysis but just with 
donors in both groups younger than 60 years of age gave fig-
ures of 82.1% vs. 87.4% (p = 0.22). The 5-year patient sur-
vival was 90% vs. 87.4% (p = 0.22), respectively [79].

Concerning the impact of donor age on results of renal 
transplantation, a Spanish multicenter study of 3.365 kid-
ney transplants performed between 1990 and 1998 com-
pared the results between those who received their graft 
from donors older or younger than 60 years of age (n = 478 
vs. n = 2.887, respectively). The mean serum creatinine at 
3 and 12 months was significantly higher in the group with 
older donors, and graft and patient survival were signifi-
cantly lower. Also, a linear increase in the risk of graft loss 
and patient death was noted when donor age was divided 
into subsets of 10-year increments [90]. More recently, the 
group from the Hospital del Mar in Barcelona has reported 
satisfactory results in terms of survival using deceased 
donors older than 75 years of age, thus confirming the ben-
efit of this treatment option over dialysis, even in an aged 
population [91, 92].

 Nephrology Practice in Spain

Nephrology human resources structures are almost exclu-
sively at the public sector.

To become a nephrologist within Spain, it is mandatory to 
overpass a “national all disciplines in medicine exam” in 
Spanish language, called MIR, that is held once every year. 
After a 4-year training, a place in the public health service 
networking is not guaranteed, and already degree nephrolo-
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gists must undertake another exam to get a permanent posi-
tion. These exams may differ among regions and so do the 
frequency in which these exams are announced.

Being a nephrologist via MIR (or commutation of same 
degree within the European Union) is also a requirement to 
work at EDC; however, other specialists may apply if a 
position remains vacant, as an “in clinic physician” is a 
must to have according to regulatory bodies. Outside 
Europe nephrologists may be able to work at EDC without 
performing the MIR exam and training, if a previous com-
mutation of general medicine diploma has been obtained 
through the Health and Education Ministries. Achieving the 
commutation of a nephrology title may get longer and up to 
6 years.

Private nephrology practice is very limited but has 
recently been enlarged due to the recent appearance of pri-
vate hospitals across the country that provide care through 
different private insurances used by some citizens as a volun-
teer complementary care to the universal national health 
cover.

Salaries for healthcare professionals in Spain are low: this 
is the basis of affordable universal health coverage. As far as 
we are aware, no public references state how much nephrolo-
gists may earn. In any case, salary for degree nephrology 
staff depends on regions, professional career, and number of 
days on call (average 4–5 days on duty) and/or if part of a 
transplantation team program. Roughly speaking, salaries at 
the public hospitals may range from 70,000 to 100,000 €/
year (tax included), while for nephrologists at the EDC 
would be much lower on 43,000–50,000 €/year, varying in 
accordance with being nephrologists or if extra medical 
director responsibilities take place.

As a consequence, Spain exports locally formed 
nephrologists and nurses, while it imports healthcare pro-
fessionals from Latin America and other countries with 
lower GDP.

 Highlight of Nephrology in Spain

The main highlight of Spanish Nephrology is its successful 
kidney transplant program led by the ONT. Year after year, 
Spain tops the list of kidney donations per million popula-
tion and is one of few countries having more patients carry-
ing a functional kidney graft than dialysis patients. This is 
quite in line with one of the best and more comprehensive 
healthcare systems in the world. Spain regularly features 
among the world countries with longest life expectancy, 
and it has been predicted to lead this ranking by 2040 [1]. 
However, this success is also leading to a progressive aging 
of the population, and CKD is expected to become the sec-
ond most common cause of death after Alzheimer before 
the end of the century [2].

 Future Perspectives of Nephrology in Spain

There is discrepancy between interest in the specialty by doc-
tors in training and expected increasing burden of CKD in the 
next few decades. Spain has a national exam, the MIR, which 
ranks candidates to specialty training. In the 1980s, Nephrology 
was one of the top specialties chosen. However, from the 
1990s, a decline in interest by specialist training candidates has 
been observed. Specifically, in 2009, nephrology was ranked 
29 of 47 specialties. According to Bernis et al. [93], the average 
position of the Nephrology MIR dropped from 1199 in 1990 to 
2007 in 2000 and 3457 in 2008 (Fig. 47.1). Indeed, in 2008 
Nephrology could still be chosen by candidates ranked 5485 
(out of 6000 specialization places). This is not an exclusively 
Spanish phenomenon, as it is also observed in other countries. 
We believe that it is due to very diverse causes:

• Lack of information, incomplete or low quality at 
University.

• Complex pathophysiology of renal diseases.
• Exaggerated exposure to dialysis patients and chronic 

patients with high comorbidity.
• Excessive care burden.
• Too much emotional pressure.
• Lack of significant private practice: dialysis centers or on-

duty nights as initial job opportunities.
• Loss of autonomy of the nephrologist. In many Units, 

renal biopsies are performed by radiologists, peritoneal 
catheter inserted by surgeons, acute renal failure is in the 
hands of intensivists, and vascular access is provided by 
radiologists or surgeons.

In contrast to the decline in interest by trainees, the 
burden of CKD continues to increase. According to GBD 
2016 estimates, CKD was the 8th cause of death in Spain 
in 2016 [94]. Among the top ten causes of death, CKD 
was the fastest growing from 2006 to 2016, after 
Alzheimer’s disease [2] (Fig. 47.2a). Additionally, among 
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Fig. 47.1 Annual average position of the Nephrology MIR fellows 
over time. From the 1990s, a decline in interest by specialist training 
candidates has been observed. The average position of the Nephrology 
MIR dropped from 1199 in 1990 to 2007 in 2000 and 3457 in 2008 [93]
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Fig. 47.2 Trends in top ten causes of 
death in Spain, 2006–2016. The top ten 
causes of death in 2016 in Spain in 
terms of number of deaths and their 
impact on YLDs and DALYs are shown. 
(a) % change in number of deaths 
2006–2016. (b) % change in number of 
YLDs 2006–2016. Data for top ten 
causes of death in 2016 which are also 
among the top 30 causes of YLDs are 
shown. (c) % change in number of 
DALYs 2006–2016. COPD chronic 
obstructive pulmonary disease, YLDs 
Years Lived with Disability, DALYs 
Disability Adjusted Life Years [2]
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the top ten causes of death, it also ranked second only to 
Alzheimer as the fastest growing cause of Years Lived 
with Disability (YLDs) (Fig.  47.2b) and Disability 
Adjusted Life Years (DALYs) [2] (Fig. 47.2c). DALYs are 
the sum of years of potential life lost due to premature 
mortality and the years of productive life lost due to dis-
ability. At the current pace, CKD is set to become the sec-
ond most frequent cause of death in Spain by 2100, after 
Alzheimer’s disease [2] (Fig. 47.3). This should be a call 
to action for the medical community, healthcare authori-
ties, and the population at large. Without a significant 
increase in funding for such activity that dramatically 
changes the 2006–2016 trend, CKD is set to become the 
second cause of death in Spain for future generations.

 Conclusion

Nephrology in Spain has over 60 years of history and deals 
with one of the longest life expectancies in the world that 
may impact in the sustainability of the actual universal 
National Public Health System. All renal replacement ther-
apy modalities are widely used across the country being 
more than half of prevalent patients with a functioning kid-
ney graft. Therefore, the National Transplant Organization is 
one of the most admired and awarded Spanish institutions. In 
terms of dialysis, hemodialysis is largely used providing 
high flux and/or online hemodiafiltration in more than 90% 
of all patients. The recent growth of peritoneal dialysis inci-
dence is promising and likely driven by a larger use of deci-

sion-making aids. Different challenges need to be addressed 
by the Spanish Society of Nephrology, such as lack of inter-
est in nephrology training, reduction of the worrisome use of 
central vein catheters, the continuous growth of patients on 
the kidney transplant waiting list, and the potential inequity 
that may bring a national healthcare system with transfer of 
competencies into 17 different regions.
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 Introduction

The Kingdom of Sweden is one of three Scandinavian coun-
tries, in addition to Sweden also Denmark and Norway, 
located in the northern part of Europe. More broadly 
Scandinavia refers to the Nordic countries, including also 
Finland, Iceland, and the Faroe Islands [1]. Sweden is the 
fifth largest country in Europe with an area of 450,295 km2 
and with a population of 10.3 million people [2]. An increase 
in immigration during the last decades has resulted in a large 
proportion, 2.5 million, of the population having a foreign 
background, i.e., foreign born or born in Sweden with two 
foreign-born parents [2].

Sweden has three levels of government: national, regional, 
and local (municipalities). Being a constitutional monarchy, 
all legislative power belongs to the parliament (Swedish: 
Riksdag) with its elected 349 members. Members are elected 
on the basis of proportional representation to a 4-year term [3].

The country’s regions and municipalities are responsible 
for providing a significant proportion of all public services [4]. 
There are 21 geographically defined healthcare regions in 
Sweden, usually referred to as counties. The counties are gov-
ernment bodies led by a council appointed by general elec-
tions held, as for the national parliament, every fourth year. 
The counties have the responsibility to provide equal and 
good-quality medical care for all inhabitants, and they have 
taxation authority. Most hospitals are owned and run directly 
by the counties [5]. 65 units are identified as nephrology units, 
all reporting to the Swedish Renal Registry (SRR) [6], most of 
them operated by the counties. There are a few private dialysis 
clinics that perform in-center hemodialysis (HD) after being 
contracted by the counties. Except for Visby Hospital, all peri-
toneal dialysis (PD), home hemodialysis, and in-hospital care 
for acute kidney injury (AKI) are managed at county-operated 
hospital departments. Many chronic kidney disease (CKD) 
patients, especially those in the earlier stages, are managed by 
general practitioners or other specialists in internal medicine, 
of whom a minor proportion are private.

 A Brief History of Nephrology in Sweden

On March 15, 1965, the first meeting of what was then called 
“The Swedish Society of Urology” was held in Stockholm. 
This society was acknowledged by the Swedish Medical 
Society on May 30, 1967, by the name “Swedish Society of 
Nephrology,” and nephrology was approved as a specialty by 
the Swedish Medical Association [7]. The first HD treatment 
in Sweden was performed in Lund already in 1946 by the 
legendary pioneer Dr. Nils Alwall (please see “Highlights of 
Nephrology in Sweden”), and the first renal transplantation 
was performed in 1964 in Stockholm by the renowned sur-

geon Curt Franksson [8]. For many years now, dialysis treat-
ment is a well-established procedure and carried out in about 
65 facilities throughout the country, whereas kidney trans-
plantation activity is centralized to four university clinics.

 Renal Diseases in Sweden

The most common group of diseases among patients on renal 
replacement therapy (RRT) is glomerulonephritis, followed 
by diabetic nephropathy. Concerning incidence rates, diabe-
tes has been the most common cause of end-stage renal dis-
ease (ESRD) for many years [6]. However, the number and 
hence the incidence rate of diabetes type 1 as cause of uremia 
are not increasing, rather the opposite, and the age at start of 
RRT has increased [9]. Some diseases are continuously 
decreasing as causes of uremia, especially infectious dis-
eases such as pyelonephritis, as well as obstructive uropathy 
in men.

Although the pattern of kidney diseases in Sweden is in 
general the same as in other countries in the West, there are a 
few endemic diseases in Sweden affecting the kidneys. The 
most remarkable might be the hereditary transthyretin amy-
loidosis (hATTR), a serious multisystem disease engaging 
the autonomic and sensory-motor nervous system, the heart, 
the eyes, the brain, and the kidneys. It is a hereditary autoso-
mal dominant disease caused by a mutation in the transthyre-
tin gene, resulting in defect proteins that are uploaded as 
extracellular deposits of amyloid in body organs [10]. 
However, the penetrance and the symptomatology differ 
between individuals, and few of these patients will be in need 
for RRT.

hATTR is spread over the world, but clusters of patients 
can be found in Portugal, Brazil, Japan, and the north of 
Sweden. In studies performed in 2014 by Norgren et al. at 
Umeå University, 912 carriers of the gene were identified. 
Genealogy showed that 73% of the carriers of the mutation 
in Sweden are linked to six ancestors from the 17th and 
18th centuries, thus showing that the Swedish type of muta-
tion is at least 400 years old [11]. As the protein is synthe-
sized in the liver, liver transplantation is the major current 
treatment. However, new ways of treatment are under 
development [11].

 Acute Kidney Injury

Acute kidney injury (AKI) is a common condition, compli-
cating 10–25% of hospital admissions [12]. The etiology of 
AKI is complex; it is not a disease, but rather a collection of 
syndromes, ranging from kidney-specific diseases, such as 
interstitial nephritis, to those that are part of systemic pathol-
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ogies, like sepsis and heart failure, or those that arise from 
treatments such as major surgery or chemotherapy [13].

Severe AKI is treated with acute RRT, almost always in 
intensive care units (ICU). The yearly number of patients 
treated for AKI in ICUs with continuous RRT between 
November 2018 and October 2019  in Sweden was 1840, 
equaling 4.4% of the ICU population [14]. In larger aca-
demic ICUs, the proportion is over 10%, reflecting the sever-
ity of the critical illness in those populations. In a cohort 
study between 1995 and 2004, Bell et  al. examined 2202 
patients with AKI from 32 ICUs, treated with RRT [15], and 
85.7% of patients in the study received treatment with con-
tinuous renal replacement therapy (CRRT), whereas 14.3% 
were given intermittent hemodialysis (IHD) treatment. Half 
(1102) of the patients were alive after 90 days of treatment, 
with no difference between the treatment groups. Renal sur-
vival was better in the CRRT group, in which 8.3% were still 
in need of chronic RRT at the end of the study, compared to 
16.5% in the IHD group.

In another study, Rimes-Stigare et  al. investigated 
103,363 patients treated in ICUs between 2005 and 2011, 
using data from the Swedish Intensive Care Registry [16]. 
Patients were divided into five groups, where patients with 
no prior renal dysfunction and no AKI were controls. Among 
the total number of patients, 4192 had pre-existing CKD, 
1389 had ESRD, 5273 developed AKI, and 998 patients 
with CKD developed acute-on-chronic kidney disease 
(AoC). One-year mortality was the highest in AoC patients 
(54%) followed by AKI (48.7%), CKD (47.6%), and ESRD 
(40.3%) (P < 0.001). Five-year mortality was the highest for 
the CKD and AoC groups (71.3% and 68.2%, respectively) 
followed by ESRD (62.9%) and AKI (61.8%) (P < 0.001). 
ESRD incidence was the greatest in the AoC and CKD 
groups (adjusted incidence rate ratio (IRR) 259 (95% confi-
dence interval [CI] 156.9–429.1) and 96.4 (95% CI 59.7–
155.6), respectively) and elevated in AKI patients when 
compared with controls (adjusted IRR 24 (95% CI 3.9–
42.0); P < 0.001).

 Renal Replacement Therapy in Sweden

RRT, also known as dialysis and transplantation, was estab-
lished in Sweden in the 1960s and since then has developed 
and improved. Today, all patients who are considered having 
a clear indication for RRT are offered suitable treatment. The 
largest expansion in the number of patients occurred in the 
1990s, but even today we see an expansion, although much 
smaller (2% in 2017) [6]. This means that the number of 
dialysis patients has increased by 43% during the 2000s, 
whereas the number of transplanted patients increased by 
78% during the same period.

The Swedish Renal Registry (SRR) was founded in 2007. 
It has a unique structure as it follows patients on an individ-
ual level from the debut of CKD until death. The RRT epide-
miology is the core of the registry, and it dates back to 1991 
when the precursor the Swedish Registry for Active 
Treatment of Uraemia started [17]. The registry contains 
information regarding demographic variables at RRT onset, 
cause of kidney disease, RRT modality, and survival status. 
The registry performs cross-sectional investigations of dialy-
sis quality, and since 2014, it also harbors data on dialysis 
access.

At the end of 2018, the number of patients on RRT in 
Sweden was 10,025, corresponding to a prevalence of 980 
per million population (pmp). The yearly incidence rates 
have been very stable for the past 20 years. During 2018, the 
national incidence rate was 107  pmp. The incidence rates 
have been unchanged for two decades and now seem to be 
decreasing. The continuous increase in the number of 
patients on RRT is mainly due to an increase in the number 
of transplanted patients and an improved survival among 
patients on RRT. The incidence rate differs between regions 
due to a varying age spectrum across the country. In general, 
areas or cities with a younger population have lower inci-
dence and prevalence rates [3, 18].

In order to illustrate the flow of patients throughout RRT, 
a figure was created (Fig. 48.1). During 2017, a total of 1170 
patients initiated RRT and were added to the already-existing 
patient pool. The majority of the patients started with HD 
(715), second came PD (363), and, finally, 92 patients were 
pre-emptively transplanted. A few patients moved to Sweden 
during the year: two transplanted and five on HD. The total 
number of deaths while on RRT was 953, of those 785 were 
treated with dialysis and 168 had a functioning renal trans-
plant [6].

The mean age for patients on treatment has been increas-
ing for the RRT population as a whole, although nowadays 
this increase is only attributed to transplanted patients and 
patients on peritoneal dialysis.

 Hemodialysis

All of the information in this section originates from the 
SRR [6]. Among Swedish patients starting RRT, including 
renal transplantation, around 60% start on HD, while the 
proportion of patients on HD among prevalent patients is 
only 30%. Each year, around 7% of patients on HD receive a 
renal transplant, 2% switch to PD, and the annual mortality 
rate is about 19%. Patients on HD are older compared to 
patients on PD and patients with a renal transplant. During 
recent years, the mean age for patients on HD has been 
66 years.
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The majority of the Swedish patients have in-center HD, 
but the aim is to increase the proportion of patients with 
home HD and self-care HD. The proportion of patients on 
home HD is 4%, while around 6% have self-care HD, and 
8% have self-care HD with some assistance from health-
care personnel. Most patients with home HD are linked to 
clinics at university hospitals, but there are also smaller 
clinics taking care of a few patients. Around 60% of the 
dialysis clinics have self-care HD units. In those units, 
patients gain a great deal of trust and have a lot of respon-
sibility. As an example, a patient may be the first person to 
enter the clinic in the morning, starting the water treatment 
system and the dialysis machine. Only a minority of 
Swedish patients on HD are treated in private dialysis pro-
vider clinics, 6%, in 2018.

Around 70% of the prevalent patients have a functioning 
AV fistula (AVF) or graft. An important factor for vascular 
access intervention is right timing, and it is a challenge to 
reach the goal of 65% of patients starting HD or hemodiafil-
tration (HDF) with a functioning AVF. When comparing the 
results of 2017 (50%) with 2015 (60%), we unfortunately 
observe a negative trend in the achieved result from the 
expected goal. However, it should be noted that it is a diffi-
cult task to create an AVF with enough margin to provide 
time for a possible need of re-intervention and, at the same 
time, avoid unnecessary and costly interventions for the 

patient. In Sweden as a whole, the number of central dialysis 
catheters (CDC) inserted during 2017 was unchanged in 
relation to the numbers in the years before (about 1200). 
There is still a significant difference between the choice of 
AVF or CDC as first access at initiation of HD/HDF within 
the country. In 2017, only one region achieved the goal of 
65% AVF at first dialysis. Even though such a high percent-
age of patients start HD/HDF with a CDC, AVF is the most 
common access for the majority of the patients during total 
dialysis therapy time.

The mean blood flow rate is 294 ml/min, with 62% with a 
blood flow rate of >250 ml/min and 34% with >350 ml/min. 
Most Swedish patients on HD, 71%, have dialysis sessions 
thrice weekly, while 13% have less frequent dialysis, mostly 
twice weekly. More frequent dialysis is prescribed as every 
other day for 2% of the patients and as more than that for 
14% of the patients. Regarding the length of an HD session, 
the weekly dialysis duration is 12  hours for 29% of the 
patients, whereas 25% of the patients are prescribed 
<12  hours and 46%  >12  hours. The mean urea reduction 
ratio (URR) is 74%.

About 80% of the HD/HDF patients have received a 
weekly Kt/V of around 2.0 (in accordance with KDOQI 
guidelines) since 2008. For HD patients, the average spK/V 
is 1.52 and the eKt/V is 1.35. The corresponding data for 
HDF are 1.67 and 1.49, respectively.

Nystartade 715

Inflyttade 5

Avlidna 614 varav

avbruten beh. 120

Återf. njurf. 39

Utflyttade 10

Nystartade 92

Inflyttade 2

Nystartade 363

Inflyttade 0

Avlidna 168 varav

avbruten beh. 6

Utflyttade 6

Avlidna 171 varav

avbruten beh. 32

Återf.njurf. 5

Utflyttade 1

HD
1 jan 3188

31 dec 3219

PD
1 jan 892

31 dec 894

TX
1 jan 5668

31 dec 5825

86

239 29

113

163 58

Translation
Nystartade new to the therapy
Inflyttade transferred to
Utflyttade transferred from
Avlidna 171 varav avbruten beh.32 171 deaths from which 32 suspended therapy
Återf.njurf renal function recovery

Fig. 48.1 Flowchart of how 
patients move among the 
different RRT options
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Online HDF is common in Sweden, 50–55% of the total 
number of HD patients are prescribed convective treatment, 
but there are only a small number of patients with online 
hemofiltration (0.2%). The average convective volume per 
session is 23.4  l. HDF is prescribed more frequently in 
patients younger (52–58%) than in patients older (43%) than 
75 years.

Bicarbonate dialysate and reverse osmosis water treat-
ment are universal, while HD machines are supplied by a 
limited number of companies. No reuse of dialyzers is per-
formed in Sweden.

Eighty-four percent (84%) of patients are on erythropoi-
etin treatment (median dose 8000 U per week, median Hb 
11.3 g/dL), and 69% are on intravenous iron.

Median serum phosphate level for HD patients is 
1.5  mmol/L with a range of 1.2–1.8  mmol/L, whereas for 
PTH the median serum level is 26  pmol/L and range 
14–53 pmol/L.

 Peritoneal Dialysis

Most of the information in this section originates from the 
SRR [6]. Intermittent peritoneal dialysis (IPD) for the treat-
ment of renal failure was introduced in Sweden in the 1960s. 
One of the early pioneers was Jon Gjessing, an anesthesiolo-
gist in the town of Sundsvall, who was the first to use dextran 
and amino acids as osmotic agents [19]. In his PhD thesis in 
Uppsala in 1967, he already described osmotic agents like 
amino acid and dextran, new indications for PD like severe 
hemorrhagic pancreatitis, pharmacokinetics of drugs admin-
istered intraperitoneally and as a diagnostic test in acute 
abdominal conditions, as well as the use of PD in the treat-
ment of acute poisoning (more specifically barbiturates, 
salicylates, and methyl alcohol) [20–24]. His conclusions 
arose from a series of investigations over 5  years, during 
which a total of 460 patients were treated with PD for a vari-
ety of conditions. These conditions ranged from the treat-
ment of overdosage, notably barbiturate and salicylate, to 
chronic renal failure. PD was found to be an easy method 
requiring simple apparatus and the minimum of skilled tech-
nical help. It was also found that the judicious addition of 
other compounds to the dialysate frequently conferred major 
advantages depending upon the clinical circumstances. The 
associated problems of infection and protein loss were 
largely overcome, thus extending the range of usefulness of 
this technique.

For ESRD treatment, few patients were treated with IPD 
until CAPD was introduced in Stockholm in 1978, and the 
treatment spread rapidly in the country. The use of PD has 
been relatively constant since the 1990s with about 20–25% 
of the dialysis patients treated with PD [6]. A lot of clinical 
research in PD has been performed in Sweden, particularly 
in peritoneal transport physiology [25–27], PD solutions 

(transport, biocompatibility, and alternative osmotic agents) 
[27, 28] and metabolism in PD patients [29, 30].

At present, PD is available all over Sweden with 892 of 
the 4101 dialysis patients being treated with PD (21.8%) [6]. 
On average, 35% of PD patients are treated with APD, but 
variation is very large (3–76% in different centers). APD is 
more prevalent than CAPD in the younger age group, 67% 
among children and teenagers and 60% in patients between 
45 and 64 years old.

In the SRR, PD quality data, including catheter data, are 
being fully registered since 2017. In 2017, 468 PD catheters 
were inserted, most commonly by laparotomy (184), percu-
taneous (162), laparoscopy (91), and others (2). The precise 
insertion technique varies a lot within the country, and to col-
lect specific information on that is an important goal for the 
SRR in the future. All patients are treated with biocompati-
ble glucose-based PD solutions as the old non-biocompatible 
glucose-based PD solutions are not available anymore in 
Sweden. However, the use and prescription of PD vary 
between regions (use of PD 10–40%) [6]. Icodextrin is used 
by on average 54% (5–100%).

Assisted PD (either CAPD or APD) also varies a lot 
between different regions, mainly due to different reimburse-
ment policies. The number (and percentage) of patients has 
increased from 88 (11%) in 2010 to 145 (17%) in 2017. Most 
patients receiving assisted PD are over 75 years of age (57%), 
and only 4% are younger than 45 years of age [6].

Data from the SRR show that 86% of patients have a 
weekly Kt/V urea >1.7 [6], an increase of about 6% when 
compared to 2014. There is a significant difference in 
achieved goals, between 50% and 100%, among PD centers 
across the country; however, collected data is missing for 
30–40% of the PD patients during follow-up, making inter-
pretation difficult. Moreover, the proportion of patients with 
palliative care indication might influence the degree of dialy-
sis dose goal achievement.

Three hundred eighteen APD patients are prescribed on 
average 12.8 l total infusion volume per day, with 91 (29%) 
of them with a dry day dwell and 227 (71%) with a wet day. 
Most CAPD patients, 411/538 (76%), perform 4 exchanges 
per day, and the most common total infusion volume per day 
is 8 l, 326/538 (61%). Assisted PD is performed in 16% of 
the CAPD and 13% of the APD patients.

On January 1, 2017, there were 892 patients (prevalent) 
on PD and by December 31 (same year) 894; during the year 
113 of those PD patients were transplanted (13%), 163 were 
transferred to HD (18%), 171 died (19%), 32 interrupted 
treatment, 5 recovered renal function, and 1 moved to another 
country. During the same period, 363 new patients (incident) 
started on PD, 58 transferred from HD, and 29 came from 
renal transplantation.

Eighty percent (80%) of patients are on erythropoietin, 
median dose 5000 U per week, and the median Hb is 11.4 g/
dL. Intravenous iron is prescribed to 24% of the PD patients [6].
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 Renal Transplantation

Following the first kidney transplantations in Boston, 
Swedish surgeons went to the USA in the late 1950s and 
early 1960s to learn the new techniques. The first transplan-
tation in Sweden was performed in Stockholm in April 1964 
when a young man received a kidney from his father. Soon 
after this, three more programs opened, in Gothenburg 
(1965), Malmö (1968), and Uppsala (1969), with Gothenburg 
becoming the center with the largest volumes. 
Scandiatransplant, the organ procurement organization of 
Scandinavia, was started in 1969. Of the 15,984 kidneys 
transplanted in Sweden 1964–2018, 4696 have been from 
living donors (29%). Improvements in technique, organ 
preservation, and pharmacological treatment now allow us to 
expect an almost 90% 5-year uncensored graft survival in 
transplantations from deceased donors and even better from 
living donors [6]. The total number of transplants has recently 
been around 450 per year (45 per million inhabitants). 
Swedish research achievements that have or in the near 
future might change our treatment include the studies that 
have made it possible to perform ABO-incompatible living 
donor transplants with similar results as in ABO-compatible 
couples [31]. Today, 15% of living donor transplantations are 
done with ABO-incompatible donor and receiver. To allow 
even more living donor transplantations, a Swedish exchange 
program has been initiated with the first transplants per-
formed in 2018 [32]. Within the upcoming year, this will be 
expanded to the Nordic countries within Scandiatransplant.

All centers now use a low-dose tacrolimus immunosup-
pression protocol based on the “Symphony study” [33]. Type 
1 diabetes has a very high incidence in Sweden and is the 
underlying disease in a large portion of patients needing 
RRT.  Combined pancreas-kidney transplantation is recom-
mended for most of these patients [34], and more than 700 
pancreas transplantations have been performed. In the near 
future, we also hope to be able to transplant more patients 
with pre-existing anti-donor HLA antibodies. If long-term 
results from ongoing studies [35] will confirm that this can 
be done safely with acceptable efficacy, this could serve well 
a special population that today has problems getting a 
transplant.

 Nephrology Practice in Sweden

There were about 39,000 physicians working in Sweden in 
2016, according to statistics from the Swedish Medical 
Society (Läkarförbundet) and Swedish Board of Health and 
Welfare (Socialstyrelsen) [5, 36]. Gender distribution is 
nearly equal, a few more men than women. However, there is 
a predominance of women below 50 years of age women; in 
the age group 30–35, they make up 60% of the total physi-
cian workforce [36].

Nephrologists constitute less than 1% of all specialists in 
the country or in absolute number around 300. The age and 
gender distributions are similar to doctors in general (40% 
women). Even if there is a shortage of nephrologists, salaries 
are not substantially different from most other specialties. In 
2018, the median yearly salary for a qualified nephrologist 
was around € 90,000 before taxes. On top of that, there is in 
most cases extra payment for being on-call, averaging an 
addition of 5–20%; any income originating from on-call 
work deducts, at least, 50% taxes. The shortage of nephrolo-
gists will most probably continue for several years since the 
number under training is too low, both to fill the vacancies 
and to replace predicted retirements. For doctors living in 
other European Union (EU) countries, the language is the 
major barrier; for those moving to Sweden from non-EU 
countries, their education, training, and other credentials first 
need to be verified by the Board of Health and Welfare, and 
then they are required to take an exam before receiving a 
license to practice.

At the specialized nephrology units, multi-professional 
teams take care of the patients. At larger units there are sepa-
rate teams for HD, PD, home hemodialysis, pre-dialysis, and 
post-transplantation follow-up, while at smaller units a sin-
gle team perform all these duties. The teams include physi-
cians, nurses, help nurses, technicians, physiotherapists, 
occupational therapists, dieticians, and social workers. 
Overall, nurses dominate numerically over other healthcare 
professionals, especially in institutional HD teams, where it 
is common with a ratio of 10 nurses or more per doctor. The 
relative proportion of physiotherapists, occupational thera-
pists, dietitians, and social workers are highly variable. Local 
traditions and attitudes regarding the relative importance of 
diet restrictions, physical exercise, and coping strategies for 
the survival of CKD patients highly influence these propor-
tions. There is also a shortage of nurses in Sweden, and as for 
doctors, language is a major barrier for nurses from other EU 
countries. A yearly salary for a nurse in Sweden is around € 
35,000, with around 10–15% extra for those frequently 
working weekends and night shifts.

The role nephrologists take in the care of AKI and in 
ICUs is variable. CRRT is usually prescribed directly by the 
anesthesiologists responsible for the ICUs, but in some 
 hospitals, all severe AKI cases render consultations and daily 
follow-up visits by nephrologists. At other centers, the 
nephrology involvement is restricted to providing intermit-
tent HD on demand. In a similar fashion, there are great dif-
ferences in the involvement of nephrologists in plasma 
exchange and other forms of extracorporeal apheresis thera-
pies. At some hospitals all apheresis service is provided by 
clinical immunology departments or specialized apheresis 
units, while at other hospitals all apheresis is performed by 
the dialysis departments under the auspice of nephrologists. 
At the four transplantation centers, there are special nephrol-
ogists employed who participate both in pre- and postopera-
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tive medical decisions. After the postoperative period, stable 
patients are referred to their local nephrologists for follow-
 up. In uncomplicated cases this typically happens after a 
week.

 Highlights of Nephrology in Sweden

 Dialysis Access in the Swedish Renal Registry: 
A Unique Combination of Practical Clinical Use 
and a National Quality Parameter Follow-Up

Dialysis access is an area of challenge and a factor that can 
improve quality of dialysis and reduce patient mortality. 
Follow-up of quality parameters is important locally as well 
as nationally.

A previously regional registry for vascular access became 
national in 2011, and, in 2014, it became an integrated part 
of the SRR [6]. By combining data from different parts of the 
registry, it allows the opportunity to follow the whole patient 
flow process from uremia progress, planning for dialysis as 
well as the functional status and complications of different 
types of access and treatments. The registry covers both vas-
cular and peritoneal dialysis (PD) access.

All registration is done by nurses and help nurses at the 
renal units. Data concerning fistulas, central venous cathe-
ters (CVC), and PD catheters are recorded, including place-
ment, function, complications, and interventions. Readymade 
reports make it easy to obtain data, and since the registry is 
web-based, each facility can have their reports in seconds. 
The usefulness of easy access to the number of CVC days 
and the corresponding infection rate is an example. Each 
patient’s access history is also available. The practical clini-
cal use motivates registration. Each unit can also create their 
own reports, useful for sharing with the multidisciplinary 
team.

The annual report of national data demonstrates a wide-
spread difference in contemporary access care and gives an 
assessment of quality and time trends. New techniques and 
devices can be evaluated. Vascular surgeons requested a bet-
ter follow-up of fistulas and a yearly report is now provided 
for surgeons, and locally each surgeon and interventionist 
can get their results.

 Nils Alwall

More than 2 million people suffering from kidney failure are 
currently being kept alive by dialysis. But when Nils Alwall 
was a young doctor 80 years ago, medicine had little to offer 
patients with kidney diseases other than bed rest and taste-
less diets, measures that only added new burdens, on top of 
those imposed by the uremic state. Alwall was one of the 
pioneers determined to change this.

Born in 1904, Nils Andersson (his name at birth) came 
from a farming family without academic traditions. His 
uncle Jöns, who had no children, sponsored him throughout 
the studies until high school graduation (in the classic line, 
including Latin and Greek) in June 1923. He had the second- 
best school grade at the final exams. He was registered as a 
medical student at Lund University on December 4, 1923. It 
must have been during 1923 that Nils decided to choose 
medicine as his profession; and there is a suspicion that Alf 
Sjövall, his classmate and son of the school principal, was 
the one who influenced him to become a medical doctor. 
Many years later, they both would become professors at 
Lund University where they studied medicine. On August 
31, 1927, he finalized his basic medical student exams, and 
3 weeks later, he (and his brother Edvin) got permission to 
change their family name from Andersson to Alwall.

As a top student at the medical faculty, he was offered an 
assistant teaching position in the Department of Physiology 
while also carrying on with his studies. The teaching position 
opened the opportunity for research, and he received thor-
ough training in medical chemistry, pharmacology, and 
physiology.

The departments of physiology and medical chemistry at 
Lund University were both located in a brick building out-
side the main campus and hospital area. These departments 
must have constituted a highly creative and competitive clus-
ter where three Nobel Prize laureates spent important years 
in their early careers; and at least one of them (Arvid 
Carlsson, 2000, dopamine) had the same mentor and super-
visor as Alwall, namely, Gunnar Ahlgren.

Alwall obtained his PhD in 1935, evaluating the relation 
between thyroxin and metabolism-influencing substances, 
such as dinitrophenol. In the fall of 1936, he was appointed 
by Prof. Sven Ingvar as junior physician in the Department 
of Medicine of the Lund University Hospital. Among his 
junior colleagues, there was another future successful 
Swedish medical doctor, Erik Ask-Upmark. He became 
touched by the difficult existence and gloomy fate of those 
patients with ESRD.  In a memory book 45 years later, he 
wrote about a young woman with proteinuria and  generalized 
edema whose only treatment was a strict diet and bed rest for 
1 year. Chronic renal failure patients were not usual in the 
medicine clinic in Lund, probably because most of them died 
at home. During his first 7 years working there, he saw 80–90 
patients per year with the diagnosis uremia or chronic/acute 
renal failure. From 1947 on, the number suddenly doubled – 
that most likely due to improved diagnosis and also to the 
energetic and well-recognized doctor who attracted more 
patients to the University Hospital. The correct diagnosis 
was usually not made before the patient’s death at those 
times. In Denmark, they had started doing liver biopsies, and 
Alwall decided to use the same new technique to take kidney 
tissue samples. He performed the first 13 kidney biopsies in 
the world in 1944, and the technique proved to be useful. 
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However, a fatal complication with the 13th patient made 
him consider the procedure not ethical to pursue at that time. 
Some years later (in the 1950s), the method became a routine 
diagnostic procedure.

He was a visionary man with great passion, and seeing 
how uremic patients suffered, he felt the need to do some-
thing about it. He had some very creative ideas. He 
obtained access to an area in the basement of the hospital, 
and there, on evenings and weekends when not working in 
the hospital wards, he began to carry out experiments on 
rabbits. Instrument technicians in the department of phys-
iology constructed the necessary devices; and he used 
heparin and cellophane to overcome problems with inad-
equate surface area and coagulation, obstacles that had 
hampered previous attempts to keep anuric animals alive 
with dialysis. Heparin molecule structure was identified 
by a chemist, Erik Jorpes, in Stockholm right before the 
Second World War. This made it possible for the first hep-
arin product to be manufactured and released for intrave-
nous use by the Swedish company Vitrum AB in 1936. 
Alwall’s first try to build an artificial kidney, around the 
end of the Second World War, utilized some plex-glass 
from an American bomber plane that had made an emer-
gency landing in South Sweden. He was convinced that 
there should exist a physiological method to replace the 
kidneys’ function.

Alwall was very much aware of the crucial aspects of 
water removal, and his machines were designed to allow 
negative pressure to be applied across the cellophane mem-
brane, in order to remove excess fluid. There is no doubt that 
Kolff and Alwall worked independently of each other during 
the Second World War. Alwall had Kolff as a good example, 
as the pioneer in treating patients with dialysis. On the other 
hand, he had different opinion of how a dialysis machine 
should be built. He insisted first in performing animal (rab-
bits) experimental dialysis and based on the observations 
collected, to establish fundamental conditions for harmless 
and effective dialysis. Only thereafter he took the next step, 
to start dialysis in patients. He wanted, first of all, to try dial-
ysis in patients with acute renal failure, whereas patients 
with an acute worsening of a chronic renal failure condition 
or poisoning (e.g., sleeping pills) could become a second 
possibility.

In September 1946, about 3 years after Willem Kolff had 
performed his first dialysis, Alwall treated the first ever 
patient with acute renal failure by combining dialysis with 
controlled ultrafiltration. The patient was a 49-year-old man 
with an old pulmonary disease (silicosis), who then was 
dying with renal failure and pneumonia and almost in coma. 
The patient improved dramatically, and even though he died 
of pneumonia a few days later, it was recognized as a major 
success. He immediately persuaded the hospital administra-
tors to designate a special unit for dialysis treatment, and 

before the end of the same year, he had become the head of 
the first dialysis department in the world.

In January 1947, a 54-year-old woman with a chronic kid-
ney inflammation became suddenly much worse, anuric, and 
with a blood urea concentration of 235 mg/dL. Hemodialysis 
goes well, she recovers quickly, urine production resumes, 
and the patient can go home after 2 weeks and could live 15 
more years after that! The third patient had an important psy-
chological impact for him, as his childhood’s friend Alf 
Sjövall, who was known as a good and ethical physician 
besides being the Professor of Gynecology and Obstetrics, 
asked him to treat one of his cancer patients with bilateral 
ureteral obstruction. The woman woke up after the second 
session of dialysis and asked for a cup of coffee right away! 
Blood urea went down from 346 mg/dL to normal 77 mg/dL.

He had explained the differences between Kolff’s and his 
apparatus as follows: (a) In Kolff’s, the blood is not all the 
time in contact with the dialysate, requiring much longer 
blood lines, and the apparatus becomes bulky. (b) There is no 
obstacle to the 30–40-m-long line to dilate itself, figuratively 
speaking, swallowing too much of the patient’s blood. For 
this last comment, Alwall’s apparatus was better: the blood-
lines were on both sides covered by a wire netting so that 
they could not dilate. This also provided the possibility to 
apply a positive pressure within the bloodlines (or suction 
pressure on the outside), so that filtration could be controlled 
within the bloodlines wall.

Alwall and a younger colleague, Anders Lunderquist, 
observed, both in experiments with rabbits and also with 
patients, that when they “pressed fluid out” with ultrafiltra-
tion, the lung changes seen in X-rays went into regress rap-
idly. This observation changed completely the medical 
approach for patients with acute renal failure who earlier 
would be treated with rapid large fluid infusions. Another 
important observation from their study also remain until 
today, that the best way to control dialysis patient’s water 
balance is a weight scale! It is interesting to note that in his 
application for Professorship, one of the recommendation’s 
letter was written by John P. Merrill from Harvard Medical 
School and the dialysis pioneer in the USA in 1948. He 
 certifies that Kolff and Alwall led the development of dialy-
sis therapy. Merrill also mentions, among Alwall’s unique 
achievements, ultrafiltration in order to remove fluid out of 
the patients, daily weighing of the patients, and dialysis ther-
apy for sleeping pills’ intoxication. He became Professor of 
Medicine, particularly Renal Diseases, at Lund University 
on July 1, 1957.

The technique, the equipment, and medical care contin-
ued to improve, and Alwall’s reputation skyrocketed. In the 
1950s, patients from all over Europe and the Middle East 
were sent to southern Sweden by airplane to receive dialysis 
by the “miracle man with the artificial kidney” in Lund. The 
dialysis unit at the University Hospital in Lund has now pro-
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vided 74 years of continuous front-end treatment for renal 
failure. In order to move from treatment of AKI to ESRD 
renal replacement therapy, Alwall had to overcome two 
major obstacles: the problem of vascular access and the lim-
ited capacity to treat large numbers of patients on a continu-
ous basis. He struggled on both fronts. Beginning with his 
animal experiments in the early 1940s, he had designed an 
external arteriovenous shunt made of silicone-coated rubber 
and in heparinized rabbits was able to use it repeatedly for up 
to a week. In the late 1940s, he used a similar shunt for 
humans but had to abandon the technique because of clotting 
problems. When Belding Scribner solved the problem of 
clotting by making his shunts of Teflon and Silastic, Alwall 
was quick to adopt this technique. In 1960, he began to treat 
patients with ESRD using the Scribner shunt and within 
2  years was able to achieve long-term survival for his 
patients.

At a private dinner in 1961, Alwall met Holger Crafoord, 
the CEO of Tetra Pak AB, a company making packaging 
machines for the food industry. They struck up a lively dis-
cussion, and this was the first step in the founding of Gambro 
AB, which soon became a global supplier of “disposable 
kidneys” and other dialysis equipment. When shortage of 
dialysis equipment was no longer a problem, the lack of 
other resources became the new bottleneck. A shortage of 
designated units with trained staff now hindered patients 
from getting life-saving treatments. To alleviate this, Alwall 
sent out his younger co-workers to start dialysis units all over 
the country and invited colleagues from all over the world to 
come and train in his department. In order to get more 
resources for dialysis and other aspects of renal care, Alwall 
engaged himself politically. He joined the ruling Social 
Democratic Party and became a representative in the county 
council. He used his contacts within the party to approach 
the national government and persuaded the Board of Health 
(Medicinalstyrelsen) to put the expansion of dialysis on their 
agenda. EDTA was established in 1964 and Alwall was one 
of the founders. It is said that at the beginning, most of the 
founders wanted the organization to be named WEDTA with 
the W standing for West, meaning that only members of the 
West Europe would be allowed. Alwall protested, as he was 
the only one of the founders who had close contact with col-
leagues from Eastern Europe. On the global level, he partici-
pated in the organization of conferences and formation of 
international societies and became one of the first presidents 
of the International Society of Nephrology.

Alwall’s political activities, however, also gave him many 
enemies. Conservative professors in other disciplines dis-
liked his unconventional ways of getting a large share of the 
limited resources. On the international level, his contacts 
with university hospitals in Prague, Warsaw, and Rostock in 
East Germany attracted antipathy in Western Europe and 
across the Atlantic. Contrasting with his political stands, he 

lived a traditional family life with his wife Ellen and their 
three children. His wife Ellen was a descendant of Jonas 
Alströmer, the founder of Swedish industrialism.

Dialysis was not Alwall’s only interest in nephrology. In 
1944, he had already begun performing kidney biopsies, and 
toward the end of his career, he started a large screening pro-
gram for the early CKD detection. A handful of patients who 
participated in that project and never developed ESRD are 
still followed in Lund University Hospital’s department of 
nephrology.

One can summarize his innovation activities within renal 
care in five items:

 1. He was the first one, in theory and practice, who could 
perform ultrafiltration and, with the help of pressure vari-
ation within the dialyzer in- and outside, steer water flow 
in the dialyzer. His device was the first that could be 
named “artificial kidney” and not only dialysis machine. 
Ultrafiltration is the central process in urine formation. 
He was also the first to clarify the mechanisms for lung 
edema in uremia and establish that weighing the patient 
was a simple but important method to control body water 
balance.

 2. He was the first to indicate the principle of arteriovenous 
shunt for repeated sessions of HD.

 3. His ward in Lund was the first unit for dialysis treatment 
in the world; it became in many respects germinal for 
other dialysis units.

 4. He performed the first 13 kidney biopsies in the world in 
1944, and the technique proved to be useful.

 5. His political-organizational work for the Swedish renal 
care gave important impulses also to other countries’ 
renal care.

In November 1971, Alwall got a surprising letter from his 
old friend Wilhelm Kolff, then professor in Santa Lake City, 
inviting him for a guest-professorship at his Division; they 
would work together in a NIH research project about utiliza-
tion of gamma globulin to prevent hepatitis in HD patients. 
However, in May 1972, Kolff got the news that the research 
project did not get the funding. Alwall and Kolff were friends 
for almost 40 years.

Nils Alwall was able to take his vision of treating ESRD 
with an artificial kidney from animal experiments to the bed-
side and further to worldwide implementation. To accom-
plish his goal, he had to be able to collaborate with and seek 
help from instrument technicians, physicians from different 
specialties, hospital administrators, industrialists, interna-
tional academic peers, and politicians. In doing so he became 
part of the creation of a new discipline, nephrology. Alwall 
had a myocardial infarction and passed away on February 2, 
1986, leaving a legacy behind as one of the giants in the his-
tory of nephrology [37–40].
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 Future Perspectives of Nephrology 
in Sweden

During the last two decades, the incidence rate of patients in 
need for RRT has been stable; if anything, a small decrease 
has been seen. One important reason for the levelling off of 
the incidence rates is a delayed progression toward ESRD, 
which has been shown among diabetic patients in particular. 
This trend is expected to continue due to an increased aware-
ness of the importance of a meticulous conservative treat-
ment in patients with CKD.

The increase in the number of prevalent patients in dialy-
sis can be attributed to immigration and an improved survival 
among patients on treatment. Transplanted patients make up 
an increasing proportion of patients, and this trend will prob-
ably continue.

The number of home HD patients has not increased sub-
stantially over the last decade. The age distribution together 
with the large proportion of transplanted patients may be one 
explanation for this. Older patients are mostly not suitable 
for transplantation and not healthy enough to manage HD at 
home, whereas younger patients have a great possibility to 
get a renal transplant. Also, self-care HD and PD make up a 
substantial proportion of patients that perform much of the 
treatment themselves, although with assistance from nephrol-
ogy personnel.

A large majority of nephrology departments and dialysis 
clinics are managed by public healthcare providers. There is 
no trend toward a growing number of clinics run by private 
companies, and those few that are working today are doing 
so contracted by public authorities, according to tenders 
every 5 years.

The shortage of nephrologists will probably be solved by 
an increase in the number of medical students as well as of 
doctors immigrating to Sweden.

 Conclusion

Nephrology in Sweden has a long and beautiful history. It 
began with the pioneer work and achievements by Nils 
Alwall, creating the artificial kidney. His work led to the cre-
ation of Gambro, one of the major innovators and producers 
of dialysis equipment and water treatment systems in the 
world. Scientific work regarding CKD, PD, and transplanta-
tion has also been successful, bringing Swedish insights into 
the nephrology community worldwide. During the last 
decades, Swedish nephrology has developed rapidly, 
nephrology units are spread over the country, and today all 
patients considered suitable for RRT are offered treatment. 
Healthcare in Sweden is managed by public authorities, 
although a few privately run clinics are working on behalf of 

these authorities. The patient’s own costs are low as health-
care is largely publicly financed.

Today around 10,000 patients are on RRT, giving a preva-
lence of around 1000 pmp. The percentage of transplanted 
patients has increased, and the majority of RRT patients 
today have a functioning transplant. The RRT incidence rate 
is around 120  pmp and not increasing. The growth of the 
RRT population is thus a function of an improved survival, 
and of an increase of the general population, especially due 
to immigration.

The pattern of diseases leading to ESRD is in accordance 
with other countries in the West, glomerulonephritis and dia-
betic nephropathy being the most prevalent. Thanks to an 
active CKD care, there are signs of a slower progression 
toward ESRD for some groups of patients, especially diabet-
ics, which has been shown in studies.

The nephrology future in Sweden is bright. If the increase 
in the number of patients on RRT will continue to be mostly 
due to an increase in the number of transplanted patients, the 
costs will be affordable, and the resources of society will 
cover the needs.
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Area 41,285 Km2

Population 8.48 million (2018)
Capital Bern
Three most populated cities: 1. Zurich

2. Geneva
3. Basel

Official languages German, French, Italian, and 
Romantsch

Gross domestic product (GDP) 705.5 billion USD (2018)
GDP per capita 78,816 USD (2018)
Human Development Index (HDI) 0.946 (2018)
Official currency Swiss Francs (CHF)
Total number of nephrologists 286
National society of nephrology Swiss Society of Nephrology

www.swissnephrology.ch
Incidence of end-stage renal disease1 2017 – 97.5 pmp
Prevalence of end-stage renal 
disease1

2017 – 937.9 pmp

Total number of patients on dialysis2

(all modalities)
2017 – 3683
2018 – 3796

Number of patients on hemodialysis2 2017 – Home-HD:50, 
In-Center-HD:3205, 
Self-Care:85
2018 – Home-HD:50, 
In-Center-HD:3294, 
Self-Care:89

Number of patients on peritoneal 
dialysis2

2017-APD: 171, CAPD: 172
2018- APD: 177, CAPD: 181, 
Unknown: 5

Number of renal transplantations per 
year3

2017 – 360
2018 – 358

Data from:
1.  Kramer A, et  al. The European Renal Association  – European 

Dialysis and Transplant Association (ERA-EDTA) Registry Annual 
Report 2016: a summary. Clinical Kidney Journal, 2019, 1–19

2.  The SWISS RENAL REGISTRY AND QUALITY ASSESSMENT 
PROGRAM (srrqap)

3.  Swisstransplant at www.swisstransplant.org

 Introduction

Switzerland is a small country located in the center of Europe 
with borders with Germany, France, Italy, and Austria. The 
population is 8.5  million, and there are four official lan-
guages (French, German, Italian, and Romantsch). The offi-
cial currency is the Swiss Franc. Its actual value is close to 
1.0 USD and 0.9 Euro. The gross domestic product (GDP) is 
705.5  billion USD in 2018, and the GDP per capita was 
78,816 USD in 2018.

Switzerland is both a direct and representative democ-
racy. At any time, the population can contest a law due to a 
system of popular initiatives. It is a confederation of 26 
states (Cantons) with different languages. The Federal 
State is directed by a group of 7 ministers, of whom one 
serves as president for a 1-year term. There are two cham-
bers of Congress, one in which each state is represented by 
two persons elected in their canton and another chamber in 
which the representation is distributed according to the 
number of inhabitants in each canton. Laws are defined at 
three levels: federal, cantonal, and community level. At 
each level, there are three powers: executive, legislative, 
and judiciary.

Regarding the healthcare system, laws are defined by the 
Federal State and the cantons. Medical insurance is obliga-
tory but is based on a private system. There is no state insur-
ance like in many European countries.
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 The Swiss Society of Nephrology

The Swiss Society of Nephrology (SSN) is a medical society 
member of the Swiss Medical Association (FMH). Its mis-
sion is to represent its members toward the population, 
authorities, and various institutions. In particular, the SSN 
guarantees quality of the medical practice of nephrology in 
Switzerland. The SSN encourages and supports basic and 
clinical research of the kidney and its associated diseases, 
and the SSN defends the interest of its members.

Today, a board consisting of ten members leads SSN. The 
three major linguistic regions as well as the university and 
non-university centers are represented. Colleagues in private 
practices and research centers in addition to nephro- pediatrics 
are also represented.

The SSN created the Swiss Renal Foundation (SRF) in 
2003 to support renal research activities, kidney donation, 
and patients’ information. SSN works in close collaboration 
with the Swiss Transplant Society.

A Swiss renal registry and quality assessment program 
(SRRQAP) was established in 2006 by the SSN. All chronic 
dialysis patients in Switzerland are captured and character-
ized in the dialysis registry. The registry not only reflects the 
demographic situation and the development of the Swiss 
dialysis population but also allows the assessment of impor-
tant epidemiological and health policy issues prospectively. 
Thereby, it contributes significantly to the medical care of 
these patients and to the gain of new insights into disease 
mechanisms in chronic renal failure (CKD). Quality control 
and continuous quality improvement are other aims, which 
are achieved mainly by the comparison of individual centers 
with Swiss and with other ERA-EDTA registry countries 
benchmarks. Thus, the SRRQAP publishes the annual fig-
ures, puts together benchmark analyses among individual 
centers, and submits a minimum data set to the ERA-EDTA 
for further comparisons.

Other registries are supported by the SSN, such as the 
Renal Biopsy Registry, the Lupus Registry, and the Swiss 
Kidney Stone cohort, and a close collaboration with the 
Swiss Transplantation registry is maintained.

The main goals of the SSN are the following:

• To establish the 6-year curriculum for obtaining the FMH 
title of specialist in nephrology, in accordance with fed-
eral laws

• To validate and control the continued education for the 
FMH title in nephrology

• To support financially the Swiss Renal Foundation which 
funds research projects

• To organize the annual meeting based on high standards
• To organize two annual sessions for continued medical 

education (CME)

• To organize since 2008 courses for kidneys, urinary tracts, 
and dialysis shunts

SSN is represented in the Swiss Medical Council of the 
FMH, in the Institute for postgraduate and continued educa-
tion (SIWF), in the Swiss Academy for Quality in Medicine 
(SAQM), SwissDRG, TarMed, etc.

 Brief History of Nephrology in Switzerland

The SSN was established in Bern by 17 members in 1969. 
The first hemodialysis (HD) was performed in the early 
1960s. The two first kidney transplantations were performed 
in Bern and in Zurich in 1964. SSN has created the SRF in 
2003.

Switzerland was also the cradle of the International 
Society of Nephrology (ISN). Indeed, the ISN was created in 
1960 following the 1st International Congress of Nephrology 
held that year in Geneva (Switzerland) and Evian-les-Bains 
(France).

Several famous internationally renowned nephrologists 
were members of the SSN. Among them, one can cite; Prof 
Reubi who created the nephrology center of Bern; Prof. 
G.  Thiel in Basel in the field of transplantation; Prof. 
H. Murer in Zurich who is a leader in renal transport sys-
tems; Prof. B. Rossier in Lausanne, who cloned the epithelial 
sodium channel and was a leader in the regulation of tubular 
sodium transport; Prof. H.R. Brunner in Lausanne, who was 
pioneer in the field of hypertension and the renin-angiotensin 
system; Prof. J.P. Guignard from Lausanne, an internation-
ally recognized pediatric nephrologist; and Prof. MJ 
Mihatsch in Basel, who is still a very active and renowned 
renal pathologist.

 Renal Diseases in Switzerland

The overall prevalence of CKD in Switzerland is 10.4% [1]. 
The prevalence in the low, moderate, high, and very high risk 
KDIGO categories are 89.6%, 8.4%, 1.6%, and 0.5%, 
respectively. The prevalence of CKD is similar in all linguis-
tic regions. In the Swiss population, a higher prevalence of 
CKD was found in three subgroups: participants older than 
60  years (25%), diabetic (37%), and hypertensive (23%) 
subjects. There is no actual endemic renal disease in 
Switzerland. In the past, analgesic nephropathy was particu-
larly prevalent in Switzerland. Today, diabetes and vascular 
nephropathy (including hypertension) are still the most prev-
alent causes of CKD [1, 2].

In a single center study performed in Geneva, patients 
with a community-acquired acute kidney injury (CA-AKI) 
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represented 4% of all admissions to the emergency depart-
ment during a 8-week period. Most of these patients were 
elderly, with major comorbidities and potentially nephro-
toxic medications. CA-AKI in this population was predomi-
nantly pre-renal and KDIGO stage 1 at presentation [3].

In 2017, the adjusted incidence of end-stage renal dis-
eases in Switzerland was 97.5 per million population (pmp), 
and the prevalence was 937.9 pmp. Kidney disease deaths in 
Switzerland reached 982 or 1.76% of total deaths. The age- 
adjusted death rate from kidney diseases is 5.14 per 100,000 
of the Swiss population [4].

 Renal Replacement Therapy in Switzerland

In 2012, changes in epidemiology of patients undergoing 
RRT by either HD or peritoneal dialysis (PD) over four 
decades have been examined in the Zurich area [5]. In this 
study, incident mean age progressively increased from 
48  ±  14 to 64  ±  15  years from first to fourth quartile 
(p < 0.001), with a concomitant decrease in 3- and 5-year 
survival from 72.2 to 67.7%,and 64.1 to 54.8%, respectively. 
Nevertheless, life span continuously increased from 57 ± 13 
to 74 ± 11 years (p < 0.001). Patients transplanted, at least 
once, were significantly younger at dialysis initiation, with 
significantly better survival.

In 2015, data for the Swiss Renal Registry indicated that 
the mean age in dialysis was 67.9 years old, but half of the 
patients were older than 70.8 years and 40.7% were older 
than 75  years. The first-year survival rate of a dialysis 
patient is 90.7%. The dialysis population is characterized by 
a very high rate of comorbidities, mainly cardiovascular dis-
eases and diabetes. In incident dialysis patients (hemo- or 
peritoneal dialysis; N = 3567) from the Swiss dialysis regis-
try followed up from 2014 on until December 31, 2017, 
18.8% of the patients died representing a yearly average 
below 10% [6].

 Hemodialysis

HD represents 90% of all RRT and is fully reimbursed by 
insurances, which are obligatory for all individuals living in 
Switzerland (private insurances). Some drugs and interven-
tions during dialysis are included in the global prize of a 
dialysis session (bundle). All types of hemodialysis are avail-
able in the country (HD, HDF), but there are not yet numbers 
on the prevalence of each technique. A HD session in 
Switzerland costs between 480 and 530 Swiss Francs 
depending on the percentage of patients on autonomous dial-
ysis programs (see section on PD). There are no defined 
numbers of nurses or physicians per patients on HD in 

Switzerland. Filters reuse is allowed but rarely used in the 
country because of the low price of HD filters today in regard 
to the costs and quality control obligations necessary for the 
reuse of filters.

For hospitalized patients, acute or chronic dialyses are 
paid separately in the context of the patient clinical case 
(DRG). In intensive care, the management of ESRD varies 
from center to center. In some centers, nephrologists are 
fully in charge of ESRD patients. In some others, there is a 
collaboration, intensive care physicians being independent to 
perform continuous hemofiltration whereas intermittent dial-
ysis is performed by nephrologists only.

The typical HD prescription has a dialysate flow of 
500  ml/min and a blood flow rate that varies from 300 to 
400  ml/min, depending on the patient and the vascular 
access. The conventional in-center, 4-hour, thrice-weekly 
session schedule is the standard in Switzerland. Home HD is 
low (1.2%). Nighttime dialysis is provided in very few cen-
ters. Regarding vascular accesses, the distribution is the fol-
lowing: AV fistulas, 56.1%; grafts, 11.3%, catheter, 32.4% 
(temporary, 2.9%, long term, 97.1%), and others, 0.2%. Kt/V 
is widely adopted as the main indicator of dialysis adequacy, 
and target laboratory values are those recommended by 
KDIGO.

The prevalence of hepatitis B, hepatitis C, and HIV in 
Swiss dialysis patients is the following (Table 49.1):

In HD, the main causes of death are cardiac arrest/sudden 
death (12.6%), followed by patient refusing further dialysis 
(10.2%) and unknown cause of death (9.7%). Recent data 
from the Swiss registry indicate that dialysis patients in 
Switzerland have an 8% and 14% higher survival in the first 
and second year, respectively, compared to other European 
countries [6, 7].

 Peritoneal Dialysis

PD is available in all university centers in Switzerland as 
well as in many non-university centers since the end of the 
1970s. The prevalence of PD is low in Switzerland and was 
7.3% of all RRT in 2014 and 9.5% in 2017 [8].

However, there has been a slight increase to about 9–10% 
in the last years, due to the newest version of the dialysis 

Table 49.1 Prevalence of hepatitis B, hepatitis C, and HIV in dialysis 
patients in Switzerland

Hepatitis B Hepatitis C HIV
Home HD, % 0.02 0.02 0.00
Center HD, % 2.35 2.26 0.78
PD, % 0.19 0.09 0.02
Total, % 2.56 2.37 0.80

Data from the SRRQAP 2018
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reimbursement contract. According to the new contract, the 
value of the HD reimbursement is modulated depending on 
the percentage of new incident patients with ESRD who start 
their dialysis in an autonomous program, i.e., PD, home HD, 
or a self-care program. Over two consecutive periods of 
6 months, this percentage must be greater than 20%. If not, 
the reimbursement of the HD session is reduced by about 
10% in the center, which does not achieve the target.

So far, this approach has led to a modest increase in the 
prevalence of PD and a greater increase in the incidence of 
home dialysis (from 9% to 26.8%) and self-care programs in 
centers although the prevalence of home and self-care pro-
gram remain low (about 1.5–2%).

 Dialysis in the Pediatric Population

There are five pediatric centers in Switzerland in which 21 
children were dialyzed in 2018.

 Renal Transplantation

In Switzerland, renal transplantation is performed in six cen-
ters, i.e., Basel, Bern, Lausanne, Geneva, St. Gallen, and 
Zurich. The attribution of organs is centralized and 
Switzerland is connected to Eurotransplant. A new trans-
plantation law was enforced in 2007, requiring a mandatory 
lifelong follow-up of all transplanted patients in Switzerland. 
In a collaborative effort with the Federal Office of Public 
Health, the Swiss transplant cohort discussed below ensures 
compliance with the requirements of the law.

The transplant rate in 2016 was 36 pmp (22 for deceased 
donor and 14 for living related donors) [4]. In 2018, 949 
patients were on the waiting list to receive a renal transplant 
with a slight decrease in the waiting list (1198 cases in 
2014), and 250 kidneys were transplanted. The number of 
deceased donors slightly increased (157) in 2018, but the 
trend goes toward a greater increase in the number of living 
related donors. ABO incompatible and cross-over transplan-
tation is performed in some, but not all centers. In 
Switzerland, all immunosuppressive agents are available. 
The most frequently used as chronic therapy are calcineurin 
inhibitors (96.9%), mycophenolate mofetil (97.6%), mTOR 
inhibitors (1.1%), and steroids. The protocol depends on the 
centers [9]. Drugs are paid 90% by the insurance.

On October 1, 2018, Swiss Transplant created a National 
Registry of Organ donation which enables any citizen older 
than 18 years to register his/her wish to donate in case of 
death. The main political discussion regarding transplanta-
tion in general in Switzerland is the national implementation 
of the presumed consent, which is in place in some but not all 
Swiss Cantons.

 Nephrology Practice in Switzerland

The nephrology and dialysis network in Switzerland is based 
on institutional and private practices. About 30% of the cen-
ters offering dialysis in Switzerland are private institutions. 
In addition to patient care, they are themselves responsible 
for the infrastructure of their centers. In the SSN a working 
group of “Freipraktizierende Nephrologen” was founded to 
share experiences and to advise the requests of these smaller 
units.

Currently, the official curriculum in Nephrology is 
6 years (3 years of internal medicine or another specialty 
and 3 years specifically in Nephrology). Hospitals provid-
ing nephrology training are classified in three categories: 
(A) university hospitals with renal transplantation, (B) 
large hospitals without transplantation, and (C) smaller 
centers with a dialysis unit. The duration of the possible 
training is defined for each category: 2 years for A, 1 year 
for B, and 3–6 months for C centers. Trainees have to do at 
least 2 years in A center and must go in a Bor C center to 
have their training recognized. Swiss trainees now have to 
perform the European exam of the Nephrology board. 
Physicians from other countries than Switzerland can per-
form their training in a Swiss Nephrology center, but the 
conditions are defined essentially by the local hospital and 
the Canton.

Once Swiss certified, physicians either can continue to 
work in a hospital or established themselves on their own. 
The conditions to open a dialysis center or a private practice 
are defined by the Cantonal laws. There are special condi-
tions of acceptance for countries of the EU and non-EU 
defined by a Swiss Federal commission (MEBEKO). In 
addition to the recognition of the certificates, physicians 
must have a sufficient knowledge of the local language 
(French, German or Italian) with at least a B2 level. Thus, 
there is both a Cantonal and a Federal level of acceptance. 
Salaries of nephrologists are very heterogeneous. They 
depend on the Canton, the level of competence (from fellow 
to professorship), and public versus private. Thus, the yearly 
salary can range from 50 K to more than 250 K CHF. Salaries 
are higher in private practice but depend on the activity and 
the area of practice. The same is true for nurses. For them, 
the training, number of years of practice, and the site (private 
vs public) determine the level of salary. In that case, the dif-
ference between public and private is often in favor of the 
public. Nurse salaries can range between 40 and 90 K CHF.

Job opportunities for specialized dialysis nurses are han-
dled by the dialysis centers themselves in collaboration with 
their administration and the Canton. The market for special-
ized nurses in dialysis is relatively open in Switzerland 
because of the high need. Job offers are usually available on 
the Hospitals’ websites. A sufficient level of German, French, 
or Italian is necessary as well.
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 Highlights of Nephrology in Switzerland

 The Swiss Transplantation Cohort

In Switzerland, solid organ donor evaluation and organ allo-
cation have been well organized at the level of six transplant 
centers since 1985. Each transplant program collected its 
own data and no monitoring or auditing was performed. No 
country-wide structure existed to systematically monitor 
transplant outcomes and to coordinate multicenter studies 
for the post-transplant process.

In 2006, several Swiss investigators from different disci-
plines decided to launch a prospective multicenter cohort 
project, the Swiss Transplant Cohort Study (STCS), aiming 
at a nationwide comprehensive and structured data collection 
in all solid organ transplant (SOT) recipients. After a 2-year 
set-up period, the STCS started patient enrolment in May 
2008.

The main objectives of the STCS are:

 1. To record all SOTs within one unique database system in 
order to have a complete assessment of all patient-, trans-
plant-, and center-specific activities in Switzerland.

 2. To collect prospectively high-quality longitudinal clinical 
and laboratory data of transplant recipients at the Swiss 
national level, to evaluate the quality, effectiveness, and 
efficiency of SOT in order to support patients, health care 
professionals, and policy makers with informed 
decision-making

 3. To implement a biobank sampling scheme to integrate 
biological and clinical information

 4. To reflect the complexity of the post-transplant patient 
care in an appropriate data model and integrate this com-
plexity into research hypothesis and methodology

 5. To collect selected psychosocial and behavioral data at 
time of listing and during follow-up

 6. To systematically capture relevant infectious diseases 
episodes.

 7. To record and periodically update specific risk profiles to 
reflect changes in disease and treatment status

 8. To assess determinants of poor short- or long-term out-
come and allow studying alternative pathways that con-
tribute to the understanding of patient  – and allograft 
survival

For more information, see https://www.stcs.ch/about/
study-description.

 National Centre of Competence in Research

The Swiss National Centre of Competence in Research 
(NCCR) Kidney Control of Homeostasis (Kidney.CH) is a 

nationwide research network bringing together leading spe-
cialists in experimental and clinical nephrology from all 
Swiss universities teaching medicine and from correspond-
ing university hospitals. The Swiss National Science 
Foundation supports it.

The long-term objective of our national research network 
is to advance knowledge and understanding of the renal 
homeostatic mechanisms controlling body composition in 
health and disease. Knowledge and technology transfer and 
the education of the next generation of scientists and promo-
tion of women are essential features and give this long-term 
research project strategic importance.

More on: https://www.nccr-kidney.ch/

 The Swiss Kidney Stone Cohort (SKSC)

SKSC is a longitudinal multicentric observational cohort of 
stone formers, aiming at fostering research on kidney stones 
and at collecting epidemiological data and biological sam-
ples from stone formers. It was launched in 2014 and involves 
five university centers and one State hospital covering most 
of Switzerland. Kidney stone formers with recurrent events 
or single stone former with risk factors (osteoporosis, intes-
tinal diseases, age <25  year, etc.) are included. However, 
children are not included.

The investigation protocol is identical in all recruiting cen-
ters. At baseline, patients collect two consecutive 24 h urine 
samples and complete a 2-day food diary that helps answer-
ing two 24 h structured recall interviews performed by trained 
dieticians using the software Globodiet. Validated food fre-
quency and physical activity questionnaires are also filled. 
Fresh morning urine is examined for crystalluria. Biological 
samples (2 × 24 h urine and blood) are analyzed centrally and 
biobanked (native, acidified, or alkalinized urine; serum or 
plasma). DNA is extracted and stored. Based on this initial 
baseline evaluation, patients either are given nutritional coun-
sels (by nephrologists or dedicated dieticians) and/or are 
treated with specific drugs appropriate to their condition. A 
follow-up visit at 3 months (blood and 1 × 24 h urine are col-
lected) provides evidence of adherence to the proposed inter-
vention and allows further therapeutic refinement. Further 
annual follow-ups during 3 years (blood and 2 × 24 h urine 
collections) are meant to boost adherence, check for cardio-
vascular and metabolic risk factors over time, and allow eval-
uation of the remaining stone burden. Then, follow-up phone 
calls every other year is continued for up to 10 years in order 
to keep track of stone and/or cardiovascular events.

By June 2019, 782 patients had been included in the 
SKSC.

Started in 2018, a control group of 250 matched-for-age- 
and-sex-individuals without kidney stone (as demonstrated 
by native abdominal CT-scan) completes the study by offer-
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ing data collected with the exact same protocol of non-stone 
formers.

SKSC is open to researchers interested in kidney stones. 
Its strengths uncover strong nutritional phenotype, longitudi-
nal follow-up, and standardized protocols coupled to bio-
banking. SKSC sets the stage for further clinical interventional 
trials or for basic genetic, molecular, or omics studies. More 
on http://sksc.nccr-kidney.ch/

 Future Perspectives of Nephrology 
in Switzerland

Recently, at the request of the Swiss Academy of Medical 
Sciences, and noting the interest of the Swiss Academy for 
Quality in Medicine and a similar initiative of the Swiss 
Society of Internal Medicine, the Board of the Swiss Society 
of Nephrology joined the international campaign “Choosing 
Wisely.” The campaign aims at promoting doctor-patient 
dialog and contains medical guidelines in case of unfavor-
able individual risk-benefit balance.

In the field of dialysis, there is a strong incentive to aug-
ment the number of PD patients on or performing home 
HD.  Programs of daily dialysis and night dialysis have 
started.

In the field of transplantation, there is strong political 
debate to find solutions to increase deceased donors and 
hence increase the overall renal transplantation capacities.

 Conclusion

Swiss Nephrology is very active and continuously adapting 
to fulfill the clinical tasks defined by the State and the SSN 
in the face of a growing population of elderly patients with 

ESRD. There is an important need to contain the costs of 
dialysis by favoring renal transplantation and home 
dialysis.
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 Introduction

Ukraine is the largest country in Europe and has more than 
one thousand years of history and traditions. Ukraine is 
located in the geographical center of Europe at the intersec-
tion of the main transport routes from Europe to Asia and 
from the Scandinavian states to the Mediterranean region. 
The Carpathians (where over 73,000 rivers are located) and 
the Black and Azov Seas are at the territory of Ukraine. 
Administratively our country is divided into 24 provinces 
(regions) and the Autonomous Republic of Crimea.

Ukraine is a unitary republic with the parliamentary- 
presidential system, meaning that our head of state, President, 
and legislators are elected on the national level. The official 
currency is the Ukrainian Hryvnia (UAH), introduced in 
1996. Currently (2019), UAH 1.00 is worth 0.042 USD and 
0.038 euros.
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Ukraine is a member of numerous international and 
regional international organizations, including the United 
Nations, the Council of Europe and the European Union 
(EU) Energy Community. Ukraine is currently taking steps 
to accede to the EU and has a special partnership with the 
organization. The main information for Ukraine is summa-
rized in the general table [1–6].

On April 26, 1986, Ukraine survived the Chernobyl 
nuclear accident, which was the largest uncontrolled radio-
active release in history. 115,000 innocent people, who lived 
in the area and, thus, had to be evacuated, received an  average 
effective radiation dose of 30 mSv. For comparison, the total 
worldwide average effective dose from natural background 
radiation is around 2.4 mSv per year [7]. Nevertheless, the 
ultimate health consequences, besides the acute effects, are 
still unknown.

At present, the country is characterized by a decreasing 
level of income. The armed conflict, or “hybrid war,” on the 
territory of the country’s eastern regions and the annexation 
of Crimea by Russia have been deepening the difficult eco-
nomic and social situations of the country.

Another devastating issue for Ukraine is the significant 
outflow of population and labor force, which includes 
highly skilled professionals. In 2019, the population of 
Ukraine was 42,216,766, which represents a decrease of 
approximately 25% over the last 25 years. Emigration from 
Ukraine not only contributes to the decreasing population 
but also to a “brain drain.” People who leave Ukraine pri-
marily fall into the age group of 20–49 years, so the work-
ing-age population is being reduced. Another serious 
problem is the emigration of highly skilled specialists, 
including medical professionals [8]. The war, lack of jobs, 
or decently paid jobs in Ukraine are the main push factors 
behind migration.

According to the Constitution, health care in Ukraine is 
free of charge and it should be ensured through the state 
funding. However, in practice, the Ukrainian health network 
comprises not only state medical institutions (hospitals, 
polyclinics, research institutions, maternity homes, women’s 
consulting centers, first aid stations), but private clinics, 
which frequently come with more comfortable service. 
Moreover, many medical professionals work in state and pri-
vate clinics at the same time. Therefore, the majority of peo-
ple tend to prefer paying for private healthcare services.

In August 2014, the Ukrainian Ministry of Health initi-
ated the development of National Strategy on Health Reform 
to revitalize and speed up the process of reform implementa-
tion in the health sector through improving the quality and 
access to health care and ensuring the mitigation of financial 

risks for the population [9]. In 2017, the re-modeling of the 
Ukrainian health care system started, providing a new 
approach to the financing of healthcare institutions and indi-
vidual healthcare practitioners. The introduction of the new 
system on the primary level took place in 2018, while the 
implementation of the whole reform will have been finished 
by the end of 2020 [9].

 Brief History of Nephrology in Ukraine

Professor Feofil Yanovskiy (1860–1928) was the founder of 
clinical nephrology in Ukraine. His work “Diagnostics of 
kidney diseases according to their pathologies” (1927) was 
the first textbook used for studying nephrology in Ukraine.

In 1933, Yurii Voronoy (1895–1961), the native of the 
Poltava region performed the first human kidney allotrans-
plantation in the world. In Kherson, Voronoy made the first 
human kidney transplantation without immunosuppression 
with the intention of bridging to allow the treatment of acute 
renal failure. He published his results in 1936 in a Spanish 
journal; this decision reflects Voronoy’s complicated politi-
cal situation as he was Ukrainian living in the Soviet Union 
[10, 11].

Further development happened with the establishment of 
the first Nephrology Department in Ukraine at the Institute 
of Kidney and Urinary Tract Diseases in 1965. Thereafter, 
new departments were opened in Dnipropetrovsk (1967), 
Lugansk (1968), Donetsk, Odesa, Kharkiv, and Cherkasy 
(1970), followed by the openings in all regional hospitals.

Nephrology became a medical specialty in 1970, and 
medical doctors performed their nephrology training at the 
Department of Nephrology of the Institute of Kidney and 
Urinary Tract Diseases.

Professor Viktor Karpenko (1923–2003), a representative 
of the Kyiv Scientific Research Institute of Urology and 
Nephrology, conducted successful renal transplantation from 
an alive family donor in 1972 and one from a cadaver on 
September 4, 1973 [12]. In 1977, the first department of hemo-
dialysis (HD) and kidney transplantation was established in 
the Institute of Kidney and Urinary Tract Diseases (Kyiv).

At the beginning of the current millennium, the status of 
nephrology in Ukraine remained at the same level as of 
1950 – even a common classification of kidney disease was 
absent. For example, internists in Kyiv, Kharkiv, Odesa, or 
Lviv had their own classifications of glomerulonephritis 
(GN); therefore, no single classification existed. Nephrology 
began and finished within each regional hospital and there 
were no unified conventions in the country.

M. Kolesnyk et al.
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The defining moment of the development of Ukrainian 
nephrology was the establishment of the Institute of Nephrology 
as a part of the Academy of Medical Sciences of Ukraine in 
2001. Then, a new stage of development of nephrology was 
initiated in Ukraine. The Institute of Nephrology is the nation’s 
scientific and clinical center, and it serves as a coordinator in 
the field. The Institute of Nephrology consists of the following 
departments: nephrology and dialysis, critical care nephrology, 
efferent technologies, pediatric nephrology, scientific-organi-
zational, and patent licensing, as well as laboratories of bio-
chemistry, immunology, microbiology, and pathomorphology. 
There are eight doctors of medical sciences, five professors, 
and seventeen PhDs present in the staff [13].

Because of the efforts of the Institute’s team led by prof. 
M. Kolesnyk, a national program of nephrological care was 
created. Indeed, it is constantly being improved. Today, 
nephrology in Ukraine complies with all the modern 

 requirements by structure and organization of scientific and 
clinical parts. The main reason for its inability to provide 
adequate nephrological care is the lack of financial resources. 
The present organizational structure of nephrological care in 
Ukraine is shown in Fig. 50.1.

In 2003, the National Coordination Committee (headed 
by Prof. M. Kolesnyk) was created as a part of the Institute 
of Nephrology. This committee together with regional coor-
dinators established national and provincial registers of 
patients with chronic kidney disease (CKD) and patients 
with acute kidney injury (AKI); since 2007, the Ukrainian 
Renal Date System (URDS) Registry has become a part of 
the ERA-EDTA Registry [13].

In January 2004, the Specialized Academic Nephrology 
Council was created, and it granted the right to conduct the 
acceptance of consideration regarding thesis defense for the 
doctoral and PhD degrees in nephrology.
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In 2004, the scientific and practical quarterly edition 
called the “Ukrainian Journal of Nephrology and Dialysis” 
was established. It has provided readers with a wide range of 
publications of practical and experimental nephrology and 
related disciplines. It has been certified by the Higher 
Attestation Commission of the Ministry of Education and 
Science of Ukraine. The Ukrainian Journal of Nephrology 
and Dialysis is referenced and indexed in the Crossref 
Registration Agency (DOI prefix 10.31450), the Directory of 
Open Access Journals (DOAJ), the National repository 
Vernadsky National Library of Ukraine, and the Ulrich’s 
international periodicals directory. The site of the journal is 
http://www.ukrjnd.com.ua.

Created by the employees of the Institute of Nephrology, 
the urinary system disease classification for nephrological 
practice was approved by the second National Nephrology 
Congress (Kharkiv 2005). This classification made it possi-
ble to unify the terminological concepts, approaches to diag-
nosis, treatment, and prevention as well as the creation of 
national and regional CKD patient registries.

In 2007, the Department of Intensive Nephrology was 
opened along with the National Institute of Cardiovascular 
Surgery. In 2009, a similar department was created at the 
provincial center of nephrology and dialysis in Ivano- 
Frankivsk. Wards of intensive nephrology are functioning in 
some provincial hospitals.

The Institute is a co-founder of the National Renal Fund 
of Ukraine, the main objective of which is to provide chari-
table assistance in the development of nephrological science 
and practice, as well as to promote the level of social reha-
bilitation of patients with a nephrological profile [13].

Since 2010, professional dialysis, intensive nephrology, 
and pediatric nephrology improvement courses have been 
launched for nephrologists, general practitioners, and nurses. 

CKD 5 stage medical care guidelines and protocols were 
developed and published in 2016. In the same year, the rating 
evaluation method of the main components of specialized 
medical care to nephrological patients was implemented [13].

The Ukrainian Association of Nephrologists (UAN) was 
founded in 1982, and it was reorganized into the Ukrainian 
Association of Nephrologists and Kidney Transplant 
Specialists (UANKTS) in 2017. Since 1982, congresses with 
the participation of all Ukrainian nephrologists and invited 
international speakers have been organized annually by the 
UAN and UANKTS.

 Renal Diseases in Ukraine

 Chronic Kidney Disease
Disadvantages of medical care for CKD patients reflect the 
state of the health care system in Ukraine in general. 
According to the URDS Registry, there were 36,973 patients 
with CKD 3–5 stages at the end of 2018. This indicates a 
very low level of CKD diagnosis in Ukraine [5]. Incidence 
and prevalence in the years 2017–2018 clearly demonstrate 
an insufficient level of CKD diagnostics in Ukraine 
(Table 50.1).

As presented in Table 50.1, the incidence of CKD stages 
3, 4 and 5 combined was 112.4 pmp [5]. The main causes of 
CKD were pyelonephritis (25.89%), diabetic nephropathy 
(25.3%), and glomerulonephritis (23.93%) (Table 50.2).

The pyelonephritis overdiagnosis is associated with the 
number of the nephrologist in different regions of Ukraine: 
the higher the number of the nephrologist in the region is, the 
lower pyelonephritis prevalence is observed.

Qualified nephrologists are available only in big cities/
regional centers, and this fact is reflected in the annual 

Table 50.1 Incidence and prevalence of CKD 3–5 stages

Year
CKD 3–5
(pmp)

CKD 3
(pmp/%)

CKD 4
(pmp/%)

CKD 5
(pmp/%)

RRT
(pmp/%)

2017 Prevalence 821.7 462.2/56.2% 116.5/14.2% 243.0/29.6% 204.7/84.3%
Incidence 118.1 55.2/46.7% 18.6/15.7% 44.4/37.6% 35.2/79.4%

2018 Prevalence 875.8 486.2/55.5% 122.1/13.9% 267.5/30.5% 229/83.0%
Incidence 112.4 45.5/40.5% 19.3/17.1% 47.6/42.4% 38.6/81.1%

Table 50.2 Primary renal disease as underlying cause of CKD

Year

CKD
3–5

DM
GN HN PN PKD Other Un-knownDM I DM II

pmp % % % % % % % %
2017 Prevalence 821.7 14.56 10.43 23.97 10.38 26.25 6.74 7.16 0.22

Incidence 118.1 6.57 22.87 22.87 12.04 21.54 6.47 7.19 0.46
2018 Prevalence 875.7 14.06 11.25 23.93 10.35 25.89 6.87 7.31 0.33

Incidence 112.4 6.60 23.22 24.68 12.29 16.67 7.31 8.05 1.18

Abbreviations: DM diabetes mellitus, GN glomerulonephritis, HN hypertensive nephropathy, PN pyelonephritis, PKD polycystic kidney disease
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diagnostics of CKD.  Lack of experienced nephrologists 
leads to later stages of CKD diagnosis. Approximately 60% 
of CKD patients fall into nephrologists’ hands at the third 
CKD stage and begin renal replacement therapy (RRT) on 
time. However, many ESRD patients with a late referral to 
nephrologist have multiple complications and have to start 
an urgent HD.  Most ESRD patients start RRT with 
GFR < 10 mL/min/m2, regardless of CKD cause and with-
out previous nephrological consultation (62% in 2018). It 
means that nearly 60% of ESRD patients do not have any 
pre-dialysis education.

Based on the URDS Registry, the total number of patients 
undergoing dialysis in Ukraine was estimated to be 8290  in 
2018 [5]. The prevalence of dialysis was 229 patients pmp, with 
the highest rate in Ivano-Frankivsk province (399 pmp) and the 
lowest in the Lugansk province (31 pmp). Similarly, the inci-
dence of new patients with CKD on RRT also varied signifi-
cantly (from 0 to 82 pmp) in the different provinces of Ukraine. 
Nevertheless, since 2013 there has been a significant increase in 
the prevalence (159–229 pmp) and absolute number of patients 
undergoing dialysis (7214–8290) [14].

 Acute Kidney Injury and Critical Care 
Nephrology

According to the 2018 URDS Registry, there were 946 (22.4 
pmp) patients with AKI. However, it is important to note that 
the registry only includes data from dialysis centers. 
Unfortunately, there are no exact data from resuscitation, 
cardiology, surgical, and other clinics.

The main causes of AKI among these patients were inter-
stitial nephritis of different etiologies (30%), sepsis (11.3%), 
hepatorenal syndrome (10%), hypovolemia (9.3), and 
obstruction (9.3%) (Table 50.3) [5].

In the vast majority of cases, patients fell into the nephrol-
ogists’ hands at the third stage of the AKI (67.3%). The dis-
tribution of patients according to the AKI stages is presented 
in Table 50.4.

Different RRT modality options are usually available in 
the critical care nephrology units. The choice of the RRT 
method for AKI varies according to the locality and its dif-
ferent peculiarities, such as the availability of conventional 
HD, HDF, or continuous renal replacement therapy (CRRT) 
equipment, and the experience of the nephrology team.

For the treatment of AKI patients at the third stage, inter-
mittent HD (12.1 pmp) and hybrid (1.1 pmp) dialysis therapy 
were used. Continuous veno-venous hemofiltration (CVVH) 
was used to treat 27 patients at the third stage of AKI (0.6 
pmp) [5]. It is important to point out the fact that not all the 
country’s dialysis centers usually receive AKI patients. The 
general incidence of RRT treatment for AKI patients at the 
third stage was 13.8 pmp in 2018 [5].

The ICU mortality rate for patients with the third stage of 
AKI was 0.6 pmp in 2018 [5]. The outcomes’ profile of AKI 
patients at the third stage is demonstrated in Table 50.5.

The establishment of databases has added some infor-
mation about AKI prevalence and its outcomes in Ukraine. 
Unfortunately, our all-cause ICU mortality rate is higher 
than the one of the international standards. However, 
important information about the prevalence and mortality 
of AKI patients among different ICUs is missing. These 
data could guide decisions regarding the burden of treat-
ment and success rates in our country. Moreover, the AKI 
treatment results might be improved by creating a depart-
ment or, at least, a ward for intensive nephrology care in the 
regional hospitals.

 Renal Replacement Therapy in Ukraine

Since its independence in 1992, the country remains in the 
transitional stage, not only politically and economically, 
but also in terms of health care, which results in unpleasant 
consequences for RRT availability. Unfortunately, RRT is 
generally a low-priority area for healthcare planners in 
Ukraine. Currently, only 437 nephrologists, 92 of whom 
are pediatric nephrologists, provide medical care in 
Ukraine (9 pmp). The ESRD dialysis treatment is carried 
out by 115 regional, district, inter-district, and city centers 
of nephrology and dialysis [5]. Expenses for the dialysis 
ESRD treatment during 2018 resulted in almost three bil-
lion UAH (about 12 million USD). Reimbursement from 
the state budget formed just over one billion UAH (6 mil-
lion USD) [15].

In terms of RRT modalities, Ukraine follows the pattern 
of Eastern and South European countries where HD is pre-
scribed for the majority of patients. Meanwhile, the HD 
share in Western European countries reaches only 50%. This 
is due to an active increase in kidney transplant rates. 

Table 50.3 Incidence and etiology of AKI

Year
AKI
N/pmp

Sepsis Hypovolemia CRS1 HRS IN RPGN Obstruction Unknown
% % % % % % % %

2017 803/18.9 12.5 8.3 12.1 7.3 33.4 2.4 7.1 17.7
2018 946/22.4 11.3 9.3 7.8 10.0 30 2.1 9.3 20.1

Abbreviations: CRS cardiorenal syndrome, HRS hepatorenal syndrome, IN interstitial nephritis, RPGN rapidly progressive glomerulonephritis
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Ukraine’s percentage of PD utilization is relatively high in 
comparison with Western European countries, although this 
may also reflect our underdeveloped kidney transplant pro-
gram with the lowest yearly rate in Europe [16].

However, despite all the existing problems, it is abso-
lutely necessary to note that there has been significant prog-
ress in the field of medical care over the last 5  years. A 
substantial increase in the number of RRT patients has 
occurred as a result of the increasing number of dialysis cen-
ters in Ukraine. Changes in renal care over the past 5 years 
are shown in Table 50.6.

More than 90% of all ESRD patients were 20–64 years 
old, while the oldest age group (75  years and older) 
accounted for only 6% of the total number of patients. 
Although the majority of dialysis patients were between 45 
and 64  years old, most of the transplant recipients were 
20–44 years old [5].

As one can see in Table 50.3, the RRT prevalence was 229 
pmp in 2018 and the annual increase in dialysis patients was 
approximately 40 pmp. The proportion of ESRD patients on 
RRT in Ukraine varies from 31 to 399 pmp, depending on the 
region (Fig. 50.2).

The smallest number of such patients is observed in 
Donetsk and Lugansk regions. First of all, this is related 
to the armed conflict in those areas, yet the war is not the 
only cause of serious regional differences in the number 
of RRT patients. Naturally, the RRT prevalence is directly 
associated with the gross regional domestic product 
(GRDP) and the number of nephrologists. Moreover, the 
long distance between the patients living in the rural or 
mountainous areas (including occupied territories) and 
dialysis centers is an important geographical factor, which 
contributed to the absence and irregular dialysis 
treatment.

Thus, the obstacles for the RRT implementation in low- 
gross- income regions are associated with the lack of quali-
fied medical specialists, geographical restrictions, 
infrastructure, and inadequate administrative support of 
regional administrations.

 Hemodialysis
Traditionally, HD is the leading RRT modality in Ukraine. 
7426 (77%) of ESRD patients were treated with HD in 2018 
(176 pmp). Among them, there were 5365 (72%) patients 
who received HD and 2061 (28%) patients who received 
hemodiafiltration (HDF) [5]. In the majority of cases, HDF is 
available only in regional dialysis centers and private clinics 
because of the technical and financial barriers.

Only 5.4% of the total dialysis sessions are funded by pri-
vate dialysis centers, while the great majority (94.6%) is 
state-funded. The cost of HD treatment varies among the 
Ukrainian regions. The average cost of 1 HD session in 2018 
was 2215 UAH (93 USD), while 1 HDF session costed 2270 
UAH (95 USD) [15].

The typical HD prescription in Ukraine does not differ 
from the generally accepted one. It includes a dialysate flow 
rate of about 500 ml/min with a blood flow rate from 300 to 
400 ml/min, depending on the patient and vascular access. 
Four-hour sessions conducted three times per week are stan-
dard in Ukraine [15, 16].

Kt/V is used as the main indicator of dialysis adequacy in 
Ukraine. Kt/V, blood phosphate and calcium levels, parathy-
roid hormone (PTH), serum urea before dialysis session, 
hemoglobin, and serum albumin concentrations are included 

Table 50.6 Changes in renal care over the last 5 years in Ukraine

The indicators
Years
2013 2018

The dialysis center’s number 97 115
  State-funded dialysis facilities, % 97.7 94.6
  For-profit dialysis facilities, % 2.3 5.4
Dialysis machines number, pmp 2.3 3.5
Nephrologist coverage, pmp 9 9
RRT prevalence, pmp 159 229
RRT patients’ number, abs 7214 9659
  PD patients’ number, abs 966 886
  HD patients’ number, abs 5236 5365
  HDF patients’ number, abs 99 2061
  KT patients’ number, abs 913 1364
Prevalence of PD, % 13.4 9.2
Prevalence of HD, % 72.6 55.4
Prevalence of HDF, % 1.4 21.4
KT prevalence, % 12.7 14.2

Table 50.5 Outcomes of the AKI 3 stage treated with IHD or CVVH

2017 Outcomes IHD (n = 346) CVVH (n = 24)
N % N %

Complete remission 124 35.8 8 33.3
Partial remission 117 33.8 4 16.7
CKD V 21 6.1 3 12.5
ICU mortality 48 13.9 7 29.2
Hospital mortality 17 4.9 0 0.0
Prolongation RRT 19 5.5 2 8.3

2018 (n = 511) (n = 72)
Complete remission 217 42.5 20 27.8
Partial remission 166 32.5 20 27.8
CKD V 15 2.9 4 5.5
ICU mortality 73 14,3 20 27,8
Hospital mortality 22 4,3 4 5,5
Prolongation of RRT 18 3,5 4 5,5

Abbreviations: IHD intermittent hemodialysis, CVVH continuous 
veno-venous hemofiltration, ICU intensive care unit

Table 50.4 AKI by stages

Year
AKI
N/pmp

AKI stages (%)
1 2 3

2017 803/18.9 24.2 19.4 56.4
2018 946/22.4 13.4 19.2 67.3
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in the rating criteria [17]. These target levels were achieved 
for 60% of the HD patients in 2018 [5].

Reuse of dialyzers is forbidden in Ukraine. The serop-
revalence of hepatitis B, hepatitis C, and HIV are 4.5%, 
3.8%, and 0.06%, respectively. Despite the high hepatitis C 
level, its seroprevalence decreased from 6.1% in 2013 to 
3.8% in 2018 [5, 6].

There were 707 deaths of patients who were treated by 
chronic HD and HDF in 2018; the mortality rates on HD and 
HDF were 10.9% and 7.4%, respectively. Cardiovascular 
diseases were the main causes of death (77.6%) [5, 14].

 Peritoneal Dialysis
PD is a well-established treatment modality for ESRD 
patients [18]. Currently, there are approximately 9% (21 
pmp.) of ESRD patients maintained on PD in Ukraine. As 
13.4% (22 pmp) of patients received this treatment in 2013, 
a downward trend is observed [5, 14, 18]. Such factors as the 
high costs of PD in comparison to HD, lack of adequate PD 
education of practicing nephrologists, and the patient’s PD 
awareness might be the main causes of the low implementa-
tion of PD in Ukraine.

First of all, the annual costs per patient for continuous 
ambulatory PD (CAPD) and automated PD (APD) were 
374,980 UAH (15,625 USD) and 559,677 UAH (23,320 
USD), respectively. However, the annual cost for HD 

treatment was significantly lower and formed 345,509 
UAH (14,396 USD) [15].

Secondly, not all dialysis centers can provide PD services 
in Ukraine. The main reason lies in the lack of any interest in 
either local authorities and nephrologists or solving this 
problem. In addition, the lack of laboratory tests availability 
for surveilling PD-associated complications has made the 
choice toward HD.

Finally, the decision concerning the choice of RRT modality 
should be based on both clinical considerations and patient 
preferences. However, this opportunity is not always available 
in Ukraine because of two reasons. The first one is the lack of 
capacity and desire to implement PD in the dialysis centers. 
The second one is the fact that urgent initiation of dialysis ther-
apy in recently diagnosed patients often determines its choice.

As in the case of HD, government funds cover CAPD and 
APD treatments without imposing direct costs for the 
patients. However, an extremely low number of PD patients 
were taken into consideration in 2018 (864 on CAPD and 79 
on APD) [5].

Despite the existence of the “Clinical Practice Guideline 
on Peritoneal Dialysis in Adults” [19], there is a wide varia-
tion in PD peritonitis rates in Ukraine. While the best rate 
achieved was 0.002 incidents/year in one center, it depends 
on the dialysis center. Overall, there were 120 (13.8%) PD 
patients who presented with peritonitis episodes during 

RRT incidence in Ukraine (pmp)
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Fig. 50.2 The prevalence of RRT in Ukraine in 2018
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2018. Among those who had peritonitis, PD catheter removal 
was performed in 13 (10.8%) cases, while 20 (15%) patients 
were transferred to HD [5].

The majority of patients (39.8%) had been treated by 
PD for up to 3 years in 2018; 19.45% for 5 years; 14.6% 
from 6 to 10 years, and 2.8% for more than 10 years. The 
mortality rates were 13.5% on CAPD and 7.4% on APD in 
2018; deaths were mainly caused by cardiovascular events 
(80%) [5].

 Renal Transplantation
Ukraine is a pioneer in the field of kidney transplantation as 
the first clinical human renal allograft was performed by 
Ukrainian surgeon Yurii Voronoy in Herson City Hospital 
(1933) [10]. Voronoy transplanted a human kidney of blood 
group B to a patient with the blood group O and AKI, which 
was a result of mercuric chloride poisoning. The donor’s kid-
ney was obtained from a patient, who died from a head injury 
and transplanted to the thigh vessels of the recipient. 
Although some urine output was registered after surgery, the 
patient died 2 days later [11]. In the modern era, the first suc-
cessful kidney transplantation in Ukraine was performed in 
Kyiv Institute of Urology in 1972 by Professor V.S. Karpenko 
and his team.

Currently, there are 7 transplantation centers in the coun-
try where they perform such surgical procedures: Kyiv, 
Zaporizhzhya, Kharkiv, Dnepr, Lviv, Odesa, and Kovel. The 
transplantation program has just started in Kovel, and doc-
tors have already grafted two deceased donor kidneys 
successfully.

In 2018, there were 1369 kidney transplanted patients 
in the country. The prevalence of patients living with a 
functioning renal graft was 32 pmp in 2018 [5]. 
Unfortunately, the number of transplants in Ukraine per 
year is very small (120–130) and does not meet the needs: 
the majority of grafts being transplanted from living 
related donor [5, 6]. That causes patients to look for kidney 
transplantation abroad, often in Belarus. The reason for 
this is the lack of appropriate by-laws and regulatory acts. 
A new transplantation law, passed by Ukrainian Parliament 
in 2018, may change the situation for the better, as it intro-
duces the transplant coordinator service, with the head at 
the National Coordination Center, and the nationwide reg-
istry of recipients and people willing to become organ 
donors in case of their sudden death. These changes may 
contribute to the development of deceased organ donation 
and significantly increase the number of transplanted 
organs.

Kidney transplantation surgery and posttransplantation 
management are carried out in accordance with European 
guidelines. Immunosuppression protocol includes induc-

tion of basiliximab in the cases of immunologically 
low risk and thyroglobulin in the high-risk ones. It also 
includes the maintenance of immunosuppression with cal-
cineurin inhibitors, mycophenolates and steroids. Kidney 
transplantation is done to adults and children whose 
bodyweight exceeds 8–10 kg; ABO incompatibility is no 
longer an obstacle. The transplantation surgery, as well 
as the maintenance of immunosuppression, is mostly 
government-funded.

In 2018, the worst outcomes were observed in 94 (6.9%) 
kidney transplanted patients. The main cause of transplant 
loss was chronic graft rejection (67%). Infectious complica-
tions were observed in 2.1% of cases only [5].

 Renal Disease in the Pediatric Population

Pediatric nephrology in Ukraine was part of general pediat-
rics for many years. As a separate discipline and clinical 
practice, it was allocated in the 1970s, while the Ukrainian 
Association of Pediatric Nephrologists (UAPN) was founded 
only in 2017.

 Renal Diseases
Epidemiological studies and population surveys in pediatric 
CKD have not been conducted in Ukraine. Local annual 
reports, published by the Ministry of Public Health, are not 
personalized and include general analysis of the urogenital 
system diseases [20]. Unfortunately, CKD incidence and prev-
alence among the Ukrainian pediatric population is unknown.

According to the 2012 Annual Report, there were 431,698 
children and adolescents with kidney disorders [20]. The 
revised data, conducted by the Ukrainian Ministry of Health 
(2018), revealed the increasing rate of the urinary system 
disease incidence among children during the last 20  years 
(+116.3%) [21].

In 2014, the “Institute of Nephrology of the National 
Academy of Medical Sciences of Ukraine” established the 
Pediatric CKD Registry, which became a part of the ESPN/
ERA-EDTA Registry [22].

The Registry included 2043 children who were less than 
18 years old, by the end of 2018, this number representing 
0.026% of the corresponding population. Patients with CKD 
stages 1–2 make up 79.6%, whereas those with CKD stages 
4–5 make up 12.0% [23].

Congenital malformations and dysplasia congenital 
anomalies of the kidney and urinary tract (CAKUT) (36.3%), 
glomerulonephritis (25.3%), polycystic kidney disease 
(7.8%), other cystic (2.9%), and renal (10.4%) dysplasia are 
the most frequent diagnoses in the Ukrainian children with 
CKD [23].

M. Kolesnyk et al.
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CAKUT is dominated in CKD 4–5 stages (36.1%). Also, 
an increasing trend of polycystic kidney disease and other 
renal dysplasia (13.0% and 18.1%, respectively) is observed 
[23, 24].

 Renal Replacement Therapy
The National Model of Pediatric RRT includes all the modal-
ities (kidney transplant, HD, and PD). According to the leg-
islation, government funding in this area should cover all 
costs; however, limited resources and actual special condi-
tions contribute to the shift of the responsibility and financial 
liability on parents or caregivers.

According to the Register, the prevalence of ESRD among 
Ukrainian children and adolescents was 23.2 per million 
age-related population (pmarp) on May 1, 2018 [23], being 
stable since 2014 [22].

Although there are five pediatric dialysis centers in the 
country (Kyiv, Kharkiv, Odesa, Lviv, Zaporizhzhya), pre- 
dialysis training (modality and access) is performed only in 
National Children Hospital “OHMATDYT” (Kyiv). Dialysis 
in AKI is carried out only in the National Children Hospital 
“OHMATDYT” with an annual rate of 30–40 children.

The information is, unfortunately, the only one on the 
prevalence and incidence of RRT in Ukraine.

 Hemodialysis
In 2018, the HD share of RRT was 30.1% among children 
and adolescents. The HD incidence among pediatric patients 
ranged from 12.0 to 16.0 pmarp in 2013–2018. The HD prev-
alence among the patients who are 0–17 years old was 7.0 
pmarp (only adolescents constituted 56,6%) in 2018 [23].

 Peritoneal Dialysis
The PD’s share in pediatric RRT was 13.6% with the inci-
dence rate of 1–2 pmarp. The prevalence was 3.2 pmarp in 
2018 (adolescents: 12.5%) [23].

 Kidney Transplantation
Kidney transplantation occupies the first position among 
RRT for Ukrainian children (56.3%). The prevalence among 
the 0–17  years old patients was 13.0 pmarp, whereas the 
majority were younger than 15 years of age (67.8%) [23, 24].

Since 2005, kidney transplantation has been performed in 
158 pediatric patients. In most cases (67.7%), they were with 
living-related donors [20]; the youngest child was 9 months 
old. The largest number of transplants (66.3%) has taken 
place in recent years (2014–2018), whereas one-third of peo-
ple underwent KT abroad (mainly in Belarus).

To sum up, the incidence and prevalence of RRT in the 
Ukrainian pediatric population are too low compared to 
those of other countries. An increase in the number of certi-

fied pediatric nephrologists and specialized centers can help 
to improve the situation in Ukraine.

 Nephrology Practice in Ukraine

Nephrology is not rated as a priority specialty among young 
professionals in Ukraine because of its association with a 
low salary (120–150 USD per month). As a result, special-
ized medical care for adults is provided by 437 nephrologists 
in Ukraine whereas there are only 94 certified pediatric 
nephrologists in Ukraine, although this number fluctuates 
throughout the year.

In order to obtain a degree in nephrology, one must gradu-
ate from a medical school (6 years), a complete residency of 
internal medicine (2 years), and go through 6 months of spe-
cialization. Subsequently, nephrologists in Ukraine have to 
confirm their qualification every 5 years, just like the ones in 
many European countries.

There are no issues with further employment for nephrol-
ogists in Ukraine. Nevertheless, the interest in nephrology 
among graduating students is extremely low because of the 
aforementioned salary. Surprisingly, the wages of nurse 
practitioners are about the same as those of doctors. A 
nephrologist, working in a private center, could earn 2–3- 
fold greater than in a state hospital.

Overall, one nephrology care team in Ukraine includes a 
nephrologist, advanced nurse practitioners, clinical labora-
tory specialists, and dialysis technicians. Regional dialysis 
centers typically include vascular surgeons and microbio-
logical laboratories. Unfortunately, there are no dietitians, 
social workers, or pharmacists in the Ukrainian nephrology 
care teams. The Ministry of Health suggests one nephrolo-
gist, one nurse, and one dialysis technician for every eight 
HD machines per one dialysis shift. The Hospital Nephrology 
Unit comprises one nephrologist for 20 beds and one 
nephrologist for 25 PD patients.

 Highlights of Nephrology in Ukraine

 The Chernobyl Tragedy
Ukraine is affected significantly by the Chernobyl tragedy of 
1986. In 2016, the data of the urinary system pathology 
among children born after 1995 were analyzed by their resi-
dence zones with different radioactive levels in 1986. The 
prevalence of urinary system pathology due to official statis-
tics was 57.2 per 1000 children among the residents of the 
“compromised” zone (the most affected zone according to 
the maps of radioactive contamination in 1986) vs. 51.6 
among those from the “clean” zone [25].

50 Nephrology in Ukraine
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The study of 560 Ukrainian patients who have CKD 2–5 
stages, congenital malformations, or dysplasia (single kid-
ney, renal duplication, dystopia, hydronephrosis, cystic dys-
plasia, hypoplasia, others) found that the highest incidence 
was observed among the subjects born in 1995–2000 
(59.5%). The portion of affected children who were from the 
“compromised” zones and born in 1995–2000 was lower 
than that of children from non-polluted areas (53.0% vs. 
62.3%, p = 0.009) [25].

 The Restart of Nephrology in Ukraine
Although nephrology became a medical specialty in Ukraine 
in 1970, its active development began only 30  years later. 
Despite the imperfect CKD clinical scenario and other diffi-
culties mentioned above, the number of RRT patients is con-
stantly increasing year after year.

 World Kidney Day in Ukraine
In order to popularize the knowledge related to kidney dis-
ease among the Ukrainian population, the UANKTS team 
holds annual World Kidney Day activities in different regions 
of Ukraine.

 Future Perspectives of Nephrology in Ukraine

In Ukraine, perspectives of nephrology vary depending on 
the changes in the general medical care system. If the aim of 
the State Institutes is to build a modern healthcare system 
based on the partnership of the public and private hospitals, 
the situation will change for better as a result of:

• Increased number of nephrologists (at least 25–30 pmp)
• Implementation of the national CKD screening 

program
• Organization of AKI patients care system
• Creation of new centers of nephrology and dialysis
• Increased capacity in the existing centers
• Creation of a system that ensures implementation of KT
• Creation of multidisciplinary CKD Academic Center
• Organization of оnline consultations conducted by the 

Institute of Nephrology for patients from different 
Ukrainian regions

• Use of ІТ technologies for the optimization of diagnostics 
and treatment of complicated cases in regional and 
municipal departments of nephrology and dialysis

In terms of pediatric nephrology care, the need to create 
multidisciplinary working groups on the problems of pediat-
ric nephrology is urgent. They would include urologists, 
pediatricians, transplantologists, and managers of the 
Ministry of Public Health. Other issues are connected to the 

amateur responsibility for personalized databases (registers) 
and connection to state programs.

Finally, it is appropriate to plan and conduct epidemio-
logical studies related to ethnic homogeneity and the effects 
of special factors, particularly of indirect radiation exposure 
after the Chernobyl tragedy.

 Conclusion

The history of nephrology in Ukraine is 100  years old. 
Despite this, the availability and quality of nephrological 
assistance of patients are significantly lower in Ukraine than 
in the countries of the European Union. The low incidence 
and prevalence of RRT in the country suggest that the need is 
not satisfied. Considering the low transplantation rate and 
young dialysis population in Ukraine, it is suggested that 
strategies to reduce the RRT deficit in Ukraine should be the 
development and improvement of transplantation as well as 
home-based dialysis programs.

For the Ukrainians who are affected by the armed con-
flict, the hope for a better future derives first of all from the 
peace agreements, to which we are looking forward. 
Moreover, we hope for the creation of a modern medical 
care program for nephrology patients, a program based on 
transparent diversification of expenses. It can be created 
with the united efforts of the state, private individuals, and 
healthcare companies.
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Area1 243,305 Km2

Population2 67,530,172 (2019)
Capital London (England)

Edinburgh (Scotland)
Cardiff (Wales)
Belfast (Northern Ireland)

Three most populated cities3 London – 9,750,500
Birmingham – 2,453,700
Manchester – 1,903,100

Official language English
Gross domestic product (GDP)4 £522,247 million (2019 Q3)
GDP per capita5 £33,251.59 (2019)
Human development index 
(HDI)6

0.922

Official currency Pound Sterling
Total number of nephrologists7 754
National society of nephrology Renal Association UK

British Renal Society
www.renal.org and www.
britishrenal.org

Incidence of end-stage renal 
disease (Adult)8, 9

2016 – 118 pmp
2017 – 121 pmp

Incidence of end-stage renal 
disease (Paediatric)8, 9

2016 – 9 pmarp (per million 
age-related population)
2017 – 7.9 pmarp

Prevalence of end-stage renal 
disease (Adult)8, 9

(including patients with a 
functioning kidney transplant)

2016 – 962 pmp
2017 – 983 pmp

Prevalence of end-stage renal 
disease (Paediatric)8, 9

2016 – 64.1 pmarp (per million 
age-related population)
2017 – 64.8 pmarp

Total number of (adult) patients 
on dialysis8, 9

(all modalities)

2016 – 28,876
2017 – 29,064

Total number of (paediatric) 
patients on dialysis8, 9

(all modalities)

2016 – 964
2017 – 966

Number of (adult) patients on 
haemodialysis8, 9

2016 – 25,261
2017 – 25,553

Number of (adult) patients on 
peritoneal dialysis8, 9

2016 – 3615
2017 – 3531

Number of (adult) renal 
transplantations per year10

2017 – 3351
2018 – 3596

Table references:
 1. www.thecommonwealth.org. Accessed 30/11/2019 13.55 hrs
 2. www.worldometers.info. Accessed 30/11/2019 14.00 hrs
 3. www.citymetric.com. Accessed 30/11/2019 14.02 hrs
 4. www.ons.gov.uk/economy. Accessed 30/11/2019 14. 10 hrs
 5. www.tradingeconomics.com. Accessed 30/11/2019 14.13 hrs
 6.  http://hdr.undp.org/sites/all/themes/hdr_theme/country-notes/GBR.

pdf. Accessed 30/11/19 14.18 hrs
 7.  https://www.rcpmedicalcare.org.uk/developing-physicians/special-

ties/renal-medicine/workforce. Accessed 03/12/2019 22.59 hrs
 8.  UK Renal Registry 20th Annual Report 2018 (Data for 2016) www.

renalreg.org. Accessed 16/02/20 22.20 hrs
 9.  UK Renal Registry 21st Annual Report 2019 (Data for 2017) www.

renalreg.org. Accessed 16/02/20 23.27 hrs
10.  https://nhsbtdbe.blob.core.windows.net/umbraco-assets-

c o r p / 1 2 2 5 6 / n h s b t - k i d n e y - t r a n s p l a n t a t i o n - a n n u a l -
report-2017-2018.pdf. Accessed 30/11/2019 14.50 hrs

 Introduction

The United Kingdom (UK) is formed from the countries 
England, Scotland, Wales and Northern Ireland. The National 
Health Service (NHS) was founded on 5 July 1948 by 
Aneurin Bevan to provide free health care at the point of 
need [1]. It was the first time anywhere in the world that 
completely free health care was made available on the basis 
of citizenship rather than the payment of fees or insurance. 
Hospitals, doctors, nurses and dentists were brought together 
to work under one service. It includes NHS England, NHS 
Scotland, NHS Wales and the affiliated Health and Social 
Care in Northern Ireland and employs over 1,700,000 people 
with a budget of £139.3bn in 2019/20. All nephrology ser-
vices in the UK are provided for free at the point of need, 
with very little private practice.

Nephrology in the UK has grown from its early begin-
nings into an established specialty with 84 renal  units (71 
adult and 13 paediatric) located in tertiary referral hospitals 
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across the country. More recently there has been a growth in 
the number of nephrologists working in the smaller district 
general hospitals that surround and refer in to the larger more 
specialised nephrology units. The population in the UK is 
relatively underserved with nephrologists compared to com-
parable European countries with 8.5 per million population 
[2]. The Renal Association (RA) was founded in 1950 to rep-
resent the profession [3]. The British Renal Society (BRS) 
was formed later in 2001 developing on from The British 
Renal Symposium as it was recognised a society was needed 
that embraced all of the specialist groups caring for patients 
with kidney disease [4]. Scotland has its own independent 
Renal Association. The British Association of Paediatric 
Nephrology (BAPN) was founded in 1973 [5].

Haemodialysis became established in the UK in the 
1950s, and the first kidney deceased donor transplant was 
performed in Leeds in 1959 [6]. Home therapies including 
peritoneal dialysis (PD) and home haemodialysis remain less 
well developed in the UK. In 2009 the National Confidential 
Enquiry into Patient Outcomes and Death (NCEPOD) Acute 
Kidney Injury (AKI) ‘adding insult to injury’ report was 
published. The report led to a national programme to improve 
the outcomes of patients with AKI in the UK [7].

In 2017, 8001 adult patients commenced renal replace-
ment therapy (RRT) for end-stage renal disease (ESRD), 
which represented an overall incidence rate of 121 per mil-
lion population (pmp). The majority of patients were male 
(64.1%) with a median age of 63.7 years. Diabetes was the 
leading cause of ESRD in patients starting RRT (29.4%) in 
2017. At the end of 2017, there were 64,887 adults receiving 
RRT for ESRD in the UK, representing an increase of 3.0% 
from 2016 and a UK prevalence rate of 983 pmp. Most 
patients on RRT had a functioning transplant (55.2%) fol-
lowed by in centre haemodialysis (37.3%), peritoneal dialy-
sis (5.4%) and home haemodialysis (2.0%) [8].

In the UK, the NHS established a Clinical Reference 
Group (CRG) to  cover the delivery of treatment for acute 
kidney injury, dialysis and kidney transplantation for patients 
with ESRD. These are referred to as specialised services and 
are funded by NHS England and have to meet a defined set 
of standards. These standard specifications have been devel-
oped by specialised clinicians, commissioners, expert 
patients and public health representatives to describe both 
core and developmental service standards. Core standards 
are those that all funded providers should be able to demon-
strate, with developmental standards being those which may 
require further changes in practice over time to provide 
excellence in the field [9].

In recent years, the importance of the patient voice and the 
need for shared care and decision-making have been increas-
ingly recognised within the NHS.  There are a number of 
national (and local) influential patient charities including 

Kidney Care UK, the National Kidney Federation and the 
Polycystic Kidney Disease Charity. These charities play an 
important role in working with the renal societies to lobby 
commissioners and the government for further investment and 
development of nephrology services. Research into kidney dis-
ease in the UK like many other countries is grossly under-
funded by the government but is well supported by the main 
charity Kidney Research UK (KRUK) along with many local 
charities.

Some of the main challenges for UK nephrology include 
slowing the progression of chronic kidney disease (CKD) in 
native and kidney transplants and preventing AKI. The clini-
cal pressure on nephrology services is ever-increasing which 
has undoubtedly had an effect on trainee recruitment in some 
areas due to the intensity of work. Initiatives from the societ-
ies and local units to attract and retain trainees have been 
successful in some centres. There is a long tradition of over-
seas trainees studying in UK Renal Units adding an interna-
tional perspective and leading to long-lasting collaborations. 
Currently all nephrology units are running at capacity rein-
forcing the need to offer more remote patient care through 
telemedicine and increase the numbers of kidney transplants 
and patients on home therapies. With an aging population, 
there is increasing interest in how to approach multi-morbid-
ity and frailty in patient care.

 Brief History of Nephrology in the United 
Kingdom

The earliest accounts of nephrology in the UK described in 
the Renal Association (RA) archives date from the 1950s of 
Robert Platt and Arthur Ellis who worked on nephritis and 
chronic renal failure and Clifford Wilson who specialised on 
hypertension, diabetes and nephritis [3].

Haemodialysis was first performed on a dozen patients in 
the UK by Eric Bywaters and Mark Joekes in London at the 
Hammersmith Hospital in 1946–1947 [10]. They were the 
third team in the world to use the artificial kidney. However, 
there was little evidence that the treatment was superior to 
conservative therapy, and the program closed down. It was 
not until 1956 that haemodialysis was reintroduced into the 
UK in Leeds, followed by five new units opening across the 
UK in 1959. Regional dialysis units were opened in the mid- 
to late 1960s. There was then very little further expansion of 
nephrology services for almost 20 years in the UK. The first 
deceased donor kidney transplant was performed at the 
Leeds General Infirmary in 1959, and the first live donor kid-
ney transplant was performed between identical twins in 
Edinburgh in 1960.

The Renal Association was formed on 30 March 1950 in 
London at a meeting of a diverse group of specialists. It is 
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one of the oldest renal societies in the world second only to 
the Société de Pathologie Rénale that held its first meeting in 
Paris in February 1949 [11]. There were 30 attendees at the 
first meeting of the Renal Association that included urolo-
gists and obstetricians as well as physiologists and physi-
cians. Arnold Osman was the first president of the Renal 
Association and is still recognised by the Osman lecture at 
the annual conference. In 1953 the Renal Association organ-
ised the first international meeting on all aspects of kidney 
function and disease.

Nephrology was slow to establish itself as a specialty in 
the UK and was not recognised as such by the Royal College 
of Physicians until 1967. The Ministry of Health also failed 
to recognise the specialty until a survey of manpower in 
nephrology units was performed and published in the 
British Medical Journal in 1976 [12].

The British Renal Society (BRS) was established in 2001 
to represent the whole multiprofessional nephrology team 
evolving from the British Renal Symposium, an annual 
meeting started in 1989 which focused on research and edu-
cation in the care of patients with kidney disease. The BRS is 
a federation of the various professional groups representing 
those involved in nephrology.

In 1996 the UK Renal Registry (UKRR) was established 
by the Renal Association under the guidance of Terry Feest, 
with the primary aim of collating data centrally from all 
adult UK nephrology centres to improve the care of patients 
with ESRD [13]. The first UKRR report was published in 
1998. The UKRR achieved complete UK wide electronic 
data collection on 100% of patients receiving dialysis in 
2009. The UKRR reports are recognised as authoritative and 
provide crucial data for the NHS and the Department of 
Health.

There are 62 Renal units in England, 10 units in Scotland, 
6 in Wales and 6 in Northern Ireland. Today most data are 
collected from nephrology centres via automatic quarterly 
downloads. English, Welsh and Northern Irish centres send 
their data directly to the UKRR. The UKRR identifies and 
resolves errors and inconsistencies before detailed statistical 
analyses are performed. Scottish data are collected, validated 
and published by the Scottish Renal Registry before they are 
shared with the UKRR. The UKRR collects, analyses and 
reports on data from 71 adult and 13 paediatric renal centres. 
Participation is mandated in England through the NHS 
National Service Specification, and the Chief Executive of 
each Trust is responsible for adherence to this contract.

The UKRR is funded through an annual capitation fee 
levied on patients receiving dialysis which in 2016 was 
£27.50 per patient in England and £22.50  in Wales and 
Northern Ireland. The Renal Registry Dataset Specification 
(RRDSS) is available on its website and defines the data cur-
rently collected. The data are published annually in the 

UKRR Annual Report. The report acts as a source of data for 
audit and benchmarking against the quality of care standards 
created by the Renal Association and other organisations 
such as the National Institute of Health and Care Excellence 
(NICE). The data is a shared resource and used to develop 
further research into kidney disease and improve the quality 
of care for patients.

The British Association for Paediatric Nephrology 
(BAPN) was founded by Richard White with the first meet-
ing on 22 February 1973 in London [5]. Over the last decade, 
the BAPN has worked increasingly closely with the Renal 
Association. In 2010 the BAPN ceased to be an independent 
entity and became a ‘chapter’ of the Renal Association.

The Renal Association was one of the first national soci-
eties to develop clinical standards against which quality of 
care could be audited locally and also nationally through 
the UKRR. The standards were then developed as clinical 
practice guidelines and overseen by an appointed chair 
[14]. The Clinical Practice Guidelines applied and were 
successful in achieving the much converted NICE accredi-
tation in 2011. As a result, the guidelines are hugely influ-
ential in shaping national policy and delivery of services. 
More recently, in recognition of many different guideline 
bodies, there has been an attempt to avoid repetition and 
where another respected guideline body such as NICE or 
KDIGO issues a guideline the Renal Association will pro-
duce a commentary to highlight any specific considerations 
relevant to UK practice. There are a number of other com-
mittees with one of the most recent being the Equal 
Opportunities in Nephrology Committee. This was created 
to demonstrate the Renal Association’s commitment to sup-
port and develop equality of opportunity in nephrology in 
the UK. The committee aims to improve access to mentor-
ing and career advice for nephrologists and also encourage 
women in leadership.

The importance of the patient voice and the need for 
shared care and decision- making have been increasingly 
recognised within the NHS. There are a number of national 
(and local) influential patient charities including the National 
Kidney Federation [15] and the Polycystic Kidney Disease 
(PKD) Charity [16]. Kidney Care UK [17] is an organisation 
whose main purpose is support quality improvement in kid-
ney care as part of implementation of the National Service 
Framework. There has been an expansion in the role of the 
multidisciplinary team and specialised clinics to care for 
patients with kidney disease.

Research into kidney disease in the UK like many other 
countries is grossly underfunded by the government but is 
well supported by the main charity Kidney Research UK 
(KRUK) along with many local charities [18]. Kidney 
Research UK has collaborated with the Renal Association 
and British Renal Society to from the UK Kidney Research 
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Consortium (UKKRC) in 2007. The UKKRC was  established 
in 2007 and is jointly supported by the Renal Association, 
Kidney Research UK and the British Renal Society. The aim 
is to facilitate the best collaborative clinical research for 
health in kidney disease.

 Renal Diseases in the United Kingdom

Kidney disease can be broadly considered as acute kidney 
injury (AKI) or chronic kidney disease (CKD) and repre-
sents an underappreciated UK public health challenge facing 
the NHS [19].

 Chronic Kidney Disease

Chronic kidney disease can be considered as a gradual loss 
of kidney function over time [20]. Kidney disease may be 
detected by routine testing in people with diabetes or hyper-
tension. Diabetes is the most common cause of CKD in the 
UK and has been associated with increased rates of obesity. 
CKD is classified in five stages, according to the level of 
kidney function and the presence of albumin in the urine. 
Patients with CKD stages 3–5 have moderate to severe kid-
ney disease. As kidney disease progresses, they are become 
less effective at removing waste products from blood result-
ing in the accumulation of water, waste and toxic substances 
in the body. The kidneys are also important endocrine organs 
involved in blood pressure regulation, the secretion of eryth-
ropoietin to stimulate red blood cell production and bone 
metabolism. In the earlier stages of CKD, there are no symp-
toms. A relatively small proportion of patients with CKD 
will develop complete kidney failure and require dialysis or 
a kidney transplant. CKD is associated with a significant 
increased risk of stroke, heart disease, bone disease and 
anaemia [21]. It is estimated that there are 40,000–45,000 
premature deaths each year in people with CKD [20]. CKD 
has been shown to be associated with reduced quality of life.

Chronic kidney disease is a major cause of mortality and 
morbidity which consumes a substantial healthcare resource 
[22]. CKD substantially reduces quality of life and can lead 
to premature death. It was estimated that in England in 2014, 
there were 2.6 million adults (6.1% of the population) aged 
over 16 years living with CKD stage 3–5 [23]. The cost of 
CKD to the NHS in England was estimated at 1.44–1.45 bil-
lion pounds in 2009–2010, which is equivalent to nearly 
1.3% of the annual NHS budget [24]. The cost includes both 
treatment directly associated with CKD and also treatment 
for excess non-kidney problems such as strokes, heart attacks 
and infections in people with CKD.  In 2009–2010, there 
were an estimated 7000 extra strokes and 12,000 extra heart 
attacks in people with CKD, relative to the expected number 

in people of the same age and sex without CKD. The cost to 
the NHS of health care related to these strokes and heart 
attacks is estimated at £174–178 million [25]. Patients with 
CKD have an increased length of hospital stay, averaging 
35% longer. With increased life expectancy and multi- 
morbidity, the prevalence of CKD will continue to increase 
[26].

A number of national policy initiatives have been intro-
duced in England that may have had an impact on the pre-
vention, detection and management of CKD over the past 
decade [27]. In 2004–2005, the National Service Framework 
for Renal Services promoted the national reporting of fre-
quency of CKD [28]. A new Quality Outcomes Framework 
(QOF) for primary care introduced payments linked to tar-
gets for CKD (2006), hypertension and diabetes manage-
ment [29]. Major improvements in the management of 
hypertension have subsequently been demonstrated [30]. In 
2014 the National Institute of Health and Care Excellence 
(NICE) published Chronic Kidney Disease in Adults: 
Assessment and Management Clinical Guideline (CG182) 
[31].

There are very few proven therapeutic interventions to 
slow the progression of CKD beyond tight blood pressure 
control. In the England, NICE published a favourable 
assessment of the use of tolvaptan in 2015 for patients 
meeting defined criteria to slow the progression of polycys-
tic kidney disease [32]. A number of nephrology units have 
established specialised clinics to assess patient’s suitability 
for the treatment and monitor response if commenced on 
tolvaptan.

 Acute Kidney Injury

Acute kidney injury (AKI) can be considered as a rapid 
reduction in kidney function occurring over hours to days 
[33]. Newer definitions are based on rises in serum creatinine 
and/or reductions in urine output [34]. The severity of AKI is 
staged on a scale of 1–3 based on the rise in creatinine from 
baseline or the reduction in urine output. Higher AKI scores 
are associated with increased morbidity, mortality, length of 
stay and a risk of CKD [35]. It has been estimated that AKI 
costs the NHS in England £1.02 billion [36]. AKI is a syn-
drome with multiple causes. The most common causes in the 
UK occur in acutely ill patients with sepsis, toxins, hypovo-
laemia, hypotension and/or obstruction. Other rarer causes 
include vasculitis, interstitial nephritis, glomerulonephritis 
and myeloma.

The Department of Health launched the National Service 
Framework (NSF) for Renal Services. Part one of the NSF 
for Renal Services was published in 2004 and established 
five standards for dialysis and transplantation for people with 
established renal failure. In 2005 Part two of the NSF for 
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Renal Services set out a new framework of standards identi-
fied four quality requirements covering chronic kidney 
 disease, acute renal failure and end of life care [37]. In 2007 
Donal O’Donoghue became the first National Clinical 
Director for Kidney Care for England. On behalf of  The 
Renal Association, John Feehally submitted a proposal to the 
National Confidential Enquiry into Patient Outcomes and 
Death (NCEPOD) to examine the care of patients who died 
with a diagnosis of acute kidney injury. In 2009 the NCEPOD 
Acute Kidney Injury ‘adding insult to injury’ report was 
published [7]. The report identified multiple deficiencies in 
the care of patients that died from a diagnosis of AKI. The 
report was discussed in the House of Parliament, and a 
national programme of work was established by Donal 
O’Donoghue to improve the outcomes of patients with 
AKI. The Renal Association, the Royal Colleges and NHS 
Kidney Care worked together to promote improvements in 
care in this previously neglected area of nephrology.

The Department of Health established an AKI Delivery 
Board with a multiprofessional membership in recognition of 
the nature of the breadth of specialties involved in caring for 
patients with AKI.  There were a number of initiatives that 
included the AKI UK Consensus Conference on the Management 
of acute kidney injury: the role of fluids, e-alerts and biomarkers 
held at Royal College of Physicians of Edinburgh on November 
2012 [38]. This was soon followed by the publication of the 
Acute Kidney Injury: Prevention, Detection and Management 
Clinical Guideline (CG169) by NICE in 2013 [39]. The 
NCEPOD report highlighted that education on AKI was poor, 
and Mike Jones led on introducing formal education on AKI in 
the national post- graduate curriculum.

Further work was continued by the Think Kidneys 
national programme led by Richard Fluck, which was set 
up to continue to improve the care of patients with AKI 
and provide educational resources [40]. NHS England 
produced a patient safety notice that mandated all UK 
NHS trusts to implement the NHS AKI warning algo-
rithm into their laboratories [41]. The AKI warning was 
initially launched in secondary care in April 2016 and 
then rolled out into primary care. The NHS AKI algo-
rithm was  based on the Kidney Disease: Improving 
Global Outcomes (KDIGO) AKI criteria, which is uni-
versally accepted as a biochemical definition for AKI 
[42]. The AKI warning is transmitted as an AKI e-alert 
that should prompt a clinical review to determine whether 
the patient has a clinical diagnosis of AKI. All AKI alerts 
are submitted to the UK Renal Registry by the laborato-
ries which are linked with the master patient index and 
provide an opportunity to better characterise AKI epide-
miology and associated morbidity and mortality and to 
develop AKI risk prediction models.

It has been reported that 6–8% of hospital admissions 
have AKI [43]. Further analysis has identified 60% of these 

patients have AKI when they reach hospital [35] This has led 
to the distinction of community-acquired AKI (c-AKI) from 
hospital-acquired AKI (h-AKI). Patients with c-AKI admit-
ted to hospital have a mortality of 19.6% during hospitalisa-
tion (lower than h-AKI), which increases to 45% 14 months 
post-discharge [43]. The incidence of c-AKI detected in pri-
mary care and not admitted to hospital within 7 days using 
the official NHS AKI algorithm was reported as 1.4% in a 
Scottish registry [44]. This study showed that these patients 
were of similar age but suffered fewer comorbidities than 
patients with c-AKI that were admitted to hospital. The mor-
tality rates were 17% and 42.3%, respectively, at 1  year. 
Patients with c-AKI who were not admitted to hospital were 
also less likely to make a full recovery of kidney function 
when compared with those who were admitted with c-AKI. In 
response to these important publications the Royal College 
of General Practitioners (RCGP) has produced an AKI tool-
kit [45].

In England the Commissioning for Quality and Innovation 
(CQUIN) provide payment targets to improve health care 
provided by care providers. In 2016 a national AKI CQUIN 
was developed that mandated the diagnosis and severity of 
AKI was included in a patient’s discharge summary to 
improve the transition of care. It has been proposed that AKI 
and CKD are intertwined bidirectional clinical syndromes 
with CKD being a risk factor for AKI and AKI a risk factor 
for subsequent episodes of AKI and development of CKD 
[46]. The aim of the CQUIN was to improve the recognition 
of new cases of CKD and highlight patients at risk of further 
AKI events.

 Renal Replacement Therapy in the United 
Kingdom

 Haemodialysis

It was during the bombing of London in the second world 
war that Eric Bywaters at the Hammersmith Hospital became 
interested in the histopathology of the acute kidney injury 
(AKI) caused by crush injury. Towards the end of the war 
whilst Mark Joekes was researching a new treatment for 
malaria at the Hammersmith Hospital, he received a copy of 
one of Willem Kolff’s earliest papers on the artificial kidney. 
Joekes recognised the potential for dialysis and set up a unit 
under the supervision of Eric Bywaters. Willem Kolff had 
successfully hid an artificial kidney from the occupying 
forces in Holland which was transported to the Hammersmith 
Hospital by Bywaters in 1946. Between 1946 and 1947, a 
dozen patients at the Hammersmith Hospital received hae-
modialysis [3]. The initial results failed to demonstrate any 
advantage of dialysis over conservative treatment with diet 
and electrolytes, and the unit was closed.
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Interest in haemodialysis was not revisited until the mid- 
1950s. Leslie Pyrah was a surgeon at the Leeds General 
Infirmary and had played a leading part in the establishment 
of urology as a specialty in the UK. He arranged for his reg-
istrar, Frank Parsons, to study in Chicago in 1955. Whilst in 
the USA, Parsons spent the last 3 months at the Peter Bent 
Brigham Hospital, Boston, to learn about the drum-coil arti-
ficial kidney. Frank Parsons managed to convince the Leeds 
Infirmary Board of Governors to purchase a Kolff-Brigham 
dialyser for £5500 from Boston. In 1956 Parsons transported 
the dialyzer to Leeds, although as the dialyzer was en route 
across the Atlantic, he was summoned to the Medical 
Research Council and told ‘Our advisors tell us there is no 
place for an artificial kidney in British medicine’ and 
‘Parsons, try it, but remember the country is against you’. 
Despite the lack of support, Frank Parsons established hae-
modialysis for AKI at Leeds General Infirmary in 1956 [3]. 
Parsons demonstrated the utility of dialysis through treating 
70 patients with AKI [47]. At this time, patients were trans-
ported from across the UK to receive treatment in Leeds.

Following Parson’s success, urologist Ralph Shackman 
opened a haemodialysis unit at the Hammersmith Hospital 
using the French Usifroid version of the rotating drum dialy-
ser in 1957/1958. Mark Joekes was now supporting Group 
Captain Ralph Jackson to deliver haemodialysis using the 
new Travenol twin-coil kidney at the RAF unit based at 
Halton hospital in Buckinghamshire. Further acute dialysis 
units were subsequently set up in Edinburgh, Belfast, 
Glasgow, Newcastle and the London hospital during 1959.

The first haemodialysis unit for chronic kidney disease 
(CKD) in the UK was established by Stanley Shaldon at the 
Royal Free Hospital, London. Shaldon was later the first to 
introduce home dialysis to the UK in 1964, and The Royal 
Free has also been credited as the first unit to train and 
employ nurse technicians to oversee dialyses [48].

Haemodialysis units across the country have developed 
along a hub and spoke model with haemodialysis provided 
in satellite units adjacent or within smaller district general 
hospitals who are served by the larger tertiary referral 
teaching hospitals with nephrology units. The 21st UK 
Renal Registry Report on the 2017 data returns from across 
the UK reported that there were 25,553 patients receiving 
haemodialysis or haemodiafiltration in the UK. The major-
ity of patients (94.5%) in the UK on in centre HD receive 
dialysis three times a week with 74.5% of patients having 
dialysis for 4–5  hours per session, and 86.8% achieved 
dialysis adequacy as defined by a urea reduction ratio of 
>65%. Of the prevalent haemodialysis population in 2017, 
approximately 32% had a tunnelled or non-tunnelled cath-
eter and approximately 68% had an arteriovenous fistula or 
graft (rarely). In 2017 the overall death rate was 91 per 
1000 prevalent RRT patients with an overall relative risk of 
death of 7.6 [8].

 Peritoneal Dialysis

It is not well documented when peritoneal dialysis (PD) 
was first used in the UK. There are reports from 1959 that a 
number of patients underwent PD in preparation for receiv-
ing a kidney transplant. Peritoneal dialysis became very 
popular in the UK throughout the 1980s and 1990s in the 
face of significant limitations in the provision of hospital 
and satellite haemodialysis facilities. Over the recent years, 
PD programmes have gradually shrunk and vary between 
5% and 30% of the total dialysis population. In 2016 there 
were 3615 patients on peritoneal dialysis [49]. Automated 
PD has become increasingly popular and is the most com-
mon modality in many units. In 2017, 40% of PD patients 
were on continuous ambulatory PD, and 60% were on auto-
mated PD. In 2016–2017, the PD peritonitis rate in England 
was 1 : 26.7 months. The leading cause of death in patients 
on PD < 65 years was cardiac disease (30.1%) and in older 
patients on PD > 65  years was treatment withdrawal 
(25.1%) [8]. PD continues to be offered as a self-care 
home-based therapy. Assisted PD in the home supported by 
helpers other than relatives is now available for some 
patients, and PD delivered by nursing home carers has 
assumed an increasing role for older frailer PD patients. 
Further research is ongoing to improve patient self-moni-
toring in the community.

 Kidney Transplantation

Peter Raper was a urologist at Leeds General Infirmary 
(LGI) who had previously worked with Frank Parsons in 
treating renal artery stenosis. Raper is credited to have per-
formed the first deceased donor kidney transplant in Leeds 
on 13 July 1959. He went on to perform a total of nine 
deceased donor kidney transplants up to 1966 [3]. At this 
time, little was known about the immune system or the medi-
cation required to prevent rejection. The first patient received 
total body irradiation preoperatively and died periopera-
tively; the next two had cyclophosphamide alone, and in the 
remainder a combination of cyclophosphamide and steroids. 
One patient survived for 8 months with a functional trans-
plant sadly to die of a viral infection [50].

On 30 October 1960, Michael Woodruff performed the 
first UK living donor kidney transplant between 49 years old 
identical twins. The recipient lived for a further 6  years 
before dying of an unrelated illness [51]. At the Royal Free 
in London, three kidney transplants were performed between 
1959 and 1960. The first two were deceased donor kidney 
transplants and failed. The third transplant was a live kidney 
donor transplant from father to son performed on 1 November 
1960 [3]. The recipient survived 41 days, dying with tuber-
culosis. This was the first organ transplant from a live related 
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non-sibling donor in the world using chemotherapy 
(6- mercaptopurine and prednisolone) to prevent rejection.

NHS Blood and Transplant reported that 4757 patients 
were waiting for a kidney transplant in 2018 [52]. In 2018, 
408 patients died in the UK whilst on the transplant waiting 
list. There have been a number of initiatives over the years in 
the UK to increase the number of kidney transplants and 
reduce the number of patients on the waiting list. There has 
been an increase in the number of units able to provide dona-
tion after circulatory death (DCD) and efforts to increase liv-
ing kidney donation.

In 2017/2018, there were 3272 adult kidney only trans-
plants performed in the UK an increase of 7% compared to 
2016/17. Of these, 1380 were from donation after brain death 
(DBD) donors, 940 were from DCD donors and 952 were 
from living donors. There were 130 paediatric kidney trans-
plants performed in 2017/2018, representing a 2% increase 
from the previous year [52]. The UK kidney transplant sur-
vival rate at 5 years after first adult deceased donor kidney 
only transplant is 86%. These rates vary between centres, 
ranging from 76% to 91% (risk adjusted). The equivalent 
rate after first paediatric deceased donor kidney only trans-
plant is 85%, ranging from 75% to 100%. The UK kidney 
transplant survival rate at 5 years after first adult living donor 
kidney only transplant is 93%. These rates vary between cen-
tres, ranging from 87% to 96% (risk adjusted). The equiva-
lent rate after first paediatric living donor kidney only 
transplant is 86%, ranging from 78% to 100%.

The UK Living Kidney Sharing Scheme (UKLKSS) was 
launched in April 2007 to allow patients with friends and 
family who were not able to donate because of incompatible 
blood group or tissue (HLA) type [53]. The scheme allows a 
patient to enter the sharing scheme with their friend or fam-
ily member and then awaits a matching run (performed four 
times per year) to see if they are matched with another cou-
ple in the scheme. If matching occurs, each recipient receives 
a kidney from the other’s friend or family member. This kid-
ney exchange programme increases the number of people 
who can receive transplants from living kidney donors and 
the opportunities for patients who wait a long time for a 
transplant. In March 2019, the UKLKSS performed the 
1000th kidney transplant. Since the scheme was created.

Nondirected altruistic donation of an organ from a live 
donor to a stranger was made legal in by the Human Tissue 
Act 2004 and Human Tissue (Scotland) Act 2006. Since this 
time, there has been a slow but steady increase in the number 
of altruistic donors in the UK. Six people donated in 2007 
increasing to 107 donors in 2018 [54]. A recent change in 
allocation practice in the UK means that one altruistic donor 
can start a chain of three transplants between incompatible 
pairs in the UKLKSS. In 2017/18, 22% of all UK adult kid-
ney transplants and 11% of kidney transplants in children 
were from nondirected altruistic or paired exchange dona-

tions. As of January 2018, all those who come forward to be 
a nondirected altruistic donor are registered in the UKLKSS, 
unless there is a high priority recipient on the waiting list.

In 2019 a new kidney offering scheme was introduced by 
NHS Blood and Transplant in the UK to reflect the changing 
donor pool and to address some of the inequities observed in 
the previous scheme [55]. The new kidney offering scheme 
will allocate all kidneys from both deceased brain dead 
(DBD) and deceased after circulatory death (DCD) donors 
and will more effectively match kidney transplant life expec-
tancy with patient life expectancy.

From spring 2020, an ‘opt out’ system will be imple-
mented whereby all adults in England will be considered an 
organ donor when they die unless they have recorded a deci-
sion not to donate on the Organ Donor Register or are in one 
of the excluded groups. This is referred to as an ‘opt out’ 
system [56]. People under 18, people who have lived in 
England for less than 12 months or who are not living here 
voluntarily and people who lack the capacity to understand 
the change will be excluded. Evidence from Wales suggests 
that consent rates have increased significantly since they 
introduced the opt out system in 2015.

 Nephrology Practice in the United Kingdom

 Adult Care

In the UK, there are 71 adult renal units located in teaching 
hospitals. Patients with kidney disease are cared for on dedi-
cated nephrology wards with specialised nephrology teams. 
In hospitals without renal units, patients with kidney disease 
will be admitted to general medical wards. In many of these 
hospitals, there are nephrologists who will also cover inter-
nal medicine. Patients within these hospitals needing dialysis 
or other specialised kidney care will need to be transferred to 
the local renal  unit if stable. Unstable patients requiring 
urgent dialysis will have to receive care in the intensive care 
unit.

In the UK, many renal  unit wards are not plumbed for 
haemodialysis, and patients will need to be transferred to the 
main dialysis unit for treatment. A smaller number of 
renal units are plumbed, and patients can receive haemodi-
alysis whilst staying on the ward. Some units in the UK have 
their own high dependency units and can provide haemodi-
alysis, although in most hospitals, patients are frequently 
managed on general high dependency units. These units are 
typically not plumbed for haemodialysis, and patients may 
have to be moved through the hospital to the dialysis unit. 
With respect to vascular access and the insertion of perito-
neal dialysis access, practice is fairly varied in the 
UK. Traditionally the kidney transplant surgeons would cre-
ate arteriovenous fistulas and insert PD catheters. Over the 
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recent years, the vascular surgeons have taken on this respon-
sibility. Temporary dialysis catheters are more usually 
inserted by nephrologists under ultrasound guidance with the 
more challenging cases referred to radiology. As kidney 
biopsy is no longer a required skill for nephrology trainees, 
it is now increasingly performed by radiology.

There are 24 NHS specialist kidney transplant centres in 
the UK with 6 in London [57]. There is variation in the mod-
els of patient care with some centres preferring a more 
surgical- led approach to both the inpatient and outpatient 
care, whilst other units prefer a joint medical and surgical 
approach. Some centres have separate kidney transplant 
wards, and others care for patients with kidney transplants on 
general nephrology wards. After discharge from the special-
ist kidney transplant centre following the surgery, patients 
are reviewed in their own local renal units. All centres are 
now working as multidisciplinary teams in the assessment 
and care of patients.

Over the recent years, there has been an expansion in the 
number of specialised clinics in renal  units to match the 
increase in patients with kidney disease. These clinics 
include low clearance clinics, to include low clearance trans-
plant clinics, ADPKD clinics, adolescent transition clinics, 
vasculitis clinics, joint obstetric/renal clinics, joint diabetes/
renal clinics, joint rheumatology/renal clinics and joint urol-
ogy/renal stone clinics. Many of these clinics are delivered 
by a multiprofessional team including nurse specialists, 
dieticians and pharmacists.

Patients admitted to the intensive care unit (ICU) in the 
UK will be cared for by the intensivists, nephrology or by 
both teams depending on whether the ICU is an open or 
closed ICU. An online survey of all general adult UK ICU 
was performed 2009–2010. There was a 72% response rate 
from the 233 ICUs approached [58]. In 40% of ICUs, the 
nephrology team is never or rarely consulted about patients 
with AKI.  The most commonly used form of dialysis is 
either continuous venovenous haemofiltration (CVVH) or 
continuous venovenous haemodialysis (CVVHD). 
Continuous forms of dialysis are performed by the ICU 
nurses and overseen by the intensivists. Intermittent haemo-
dialysis (IHD) is rarely used and is managed by nephrolo-
gists. The practice of critical care nephrology whereby the 
nephrology team manage the patient on ICU is less common 
now partly due to shortages of nephrology trainees and the 
development of closed ICUs where the intensivists do not 
welcome other specialties managing patients.

 Paediatric Care

There are 13 tertiary paediatric renal units in the UK which 
are equipped to provide peritoneal dialysis (PD) and haemo-
dialysis (HD). Ten of these centres also perform kidney 
transplantation. Young people aged 16–18  years may be 

managed in either paediatric or adult services. This is vari-
able across the UK and dependent on local practices, social 
factors and patient/family wishes. In the UK, in 2015, the 
prevalence rate of children and adolescents aged 16  years 
receiving treatment for end-stage kidney disease was 62.7 
per million age-related population (pmarp), and the inci-
dence rate was 10.2 pmarp [59].

 Training

Over recent years, in the UK, there has been a declining 
interest in training in nephrology. It has been proposed that 
the lack of interest in nephrology as a specialty is multifacto-
rial. Nephrology is recognised as a demanding profession 
and is considered by some trainees to have a poor work-life 
balance. The opportunities for private practice are also 
restricted in comparison with other specialties such as cardi-
ology and dermatology. With an increase in female gradu-
ates, there is a pressing need to develop more imaginative 
and flexible training posts within nephrology [60].

Currently, it is possible to qualify as a consultant 
nephrologist in 3  years following 4–5  years training in 
internal medicine. However, most trainees prefer to com-
bine their training with another specialty such as general 
internal medicine, intensive care medicine or clinical phar-
macology over a 5-year period. Nephrology training pro-
grammes in the UK will cover all aspects of kidney disease 
including acute kidney injury, glomerular and interstitial 
diseases, chronic kidney disease and the management of 
end-stage kidney disease with dialysis and transplantation. 
The training has a strong emphasis on clinical leadership 
and multidisciplinary teamworking, with opportunities to 
undertake practical procedures such as the insertion of dial-
ysis catheters. Kidney biopsy is no longer a mandatory 
requirement, and the opportunities to perform are more 
restricted. Some trainees choose to take an academic or 
educational period out of training (OOP) to perform 
research or develop leadership skills. Involvement in clini-
cal research is now encouraged as it has been recognised 
that NHS hospitals that engage in clinical research have 
better patient outcomes [61].

All doctors intending to practise medicine in the UK are 
required to be registered with the General Medical Council 
(GMC). Doctors qualifying from outside the UK may be 
eligible to apply directly for full registration if they hold 
an acceptable primary medical qualification and have com-
pleted a period of postgraduate clinical experience (intern-
ship). To practice as a specialist consultant in nephrology, 
a doctor must be on the specialist register of the GMC. To 
be eligible to apply for specialist registration with the 
GMC, doctors must have successfully completed a GMC-
approved training programme and been granted one of the 
following certificates: Certificate of Completion of 
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Training (CCT) or a Certificate confirming Eligibility for 
Specialist Registration (CESR). Doctors who have not 
completed a full GMC- approved training programme and 
wish to have their training, qualifications and experience 
assessed for eligibility for entry onto the specialist register 
must make an application under The General and Specialist 
Medical Practice Order for a CESR.  It is not possible to 
hold specialist registration without also holding full regis-
tration [62].

 Nephrology Working Practice

The NHS employs 8.5 nephrologists per million population 
to manage kidney disease in the UK, which is at the lower 
end of the scale among European countries. More than half 
of nephrologists will also contribute to general internal med-
icine, thereby reducing the time available for specialised 
nephrology care [63]. Nephrologists may practice in many 
different ways, e.g. general nephrologists, transplant 
nephrologists, academic nephrologists, interventional 
nephrologists, haemodialysis and peritoneal dialysis 
nephrologists. Nephrologists in the UK work in teams, shar-
ing responsibilities with each other and with multiprofes-
sional colleagues. Most nephrology units in the UK now 
have multiple specialist clinics, e.g. clinics for people with 
diabetes, pregnancy, lupus and vasculitis and transition clin-
ics for young adults transferring from paediatric clinics.

In the UK, the inpatient workload has become very ‘con-
sultant heavy’ and requires a significant commitment. In 
renal units, patients with renal disease are cared for on dedi-
cated nephrology wards with appropriate nursing expertise. 
The nephrology team will also review patients outside of the 
renal  unit across the hospital with kidney-related disease, 
e.g. AKI, and kidney patients under the care of other clini-
cians, including intensive care. Ward rounds are performed 
every day of the week, including weekends, and may include 
40–50 patients. Consultants will cover different areas of the 
service for a variable number of weeks and then rotate to 
other duties. Additionally, consultants will be rostered for 
night time and weekend cover with a variable number of 
trainees. Many nephrologists travel to outlying dialysis units 
and hospitals to facilitate care closer to the patient’s home. 
The profile of AKI has increased significantly in recent years, 
which has led to a major increase in referrals for specialist 
nephrological opinion. This has led to the need to expand 
nephrology expertise in the smaller district general hospitals. 
A newly appointed consultant nephrologist will commence 
on a salary of £79,860 per year which can rise to a maximum 
of £107,668 after 19 years service to the NHS, over 8 incre-
ments. By comparison a newly qualified Band 5 nurse will 
commence on £22,128 per year and reach a maximum of 
£28,746 over 8 increments, and a Band 6 nurse will start on 
£26,565 rising to £35,577 over 9 increments.

 Highlights of Nephrology in the United 
Kingdom

 Acute Kidney Injury

The UK has a long history of recognizing and furthering the 
clinical management of AKI dating back to the first descrip-
tions of crush injury during the bombing of London in the 
Second World War [10]. Leeds then set up the first renal unit 
for the treatment of patients with AKI [3]. In 2009 the 
NCEPOD AKI report led to a national NHS campaign to 
improve the care of people at risk of, or with, AKI [7]. This 
initiative has produced a wide range of guidance and infor-
mation for people working in all healthcare sectors to help 
with the prevention, detection, management and treatment of 
AKI.  In 2014 the NHS mandated that all NHS hospitals 
introduced an AKI warning into the biochemistry depart-
ments that was transmitted to the clinical team as an AKI- 
alert. The UKRR has developed a master patient index of 
people who have had a blood test that triggered AKI alert 
across England. The master patient index will link with the 
NHS Hospital Episode Statistics (HES) to allow hospital 
specific reporting of AKI rates. More recent work in the UK 
has demonstrated an improvement in the quality of care of 
patients with AKI and a reduced length of stay when a care 
bundle supported by an education package was linked to the 
AKI alert [64]. The UK is now recognised as having the most 
advanced systems in place for the detection and management 
of AKI in the world.

 UK Kidney Research Consortium and the NIHR 
Clinical Research Network

The Renal Association and BRS took the initiative with 
Kidney Research UK (KRUK) to establish a UK Kidney 
Research Consortium  (UKKRC). The Consortium estab-
lished 12 clinical specialty groups (CSGs) to develop 
national clinical trials in nephrology. The UKKRC has also 
gone on to establish three renal networks – the UK Renal 
Imaging Network, the Kidney Patient Involvement Network 
and the UK Renal Trials Network.

The NHS established the NIHR Clinical Research 
Network (CRN) for most specialties across England. 
Nephrology was identified as a research priority in 16 of 20 
local CRNs in England, and nephrology leads were 
appointed. The purpose of the NIHR CRN was to support the 
delivery of clinical research within the NHS. Meetings of the 
UKKRC are held twice a year in conjunction with the meet-
ing of the NIHR CRN Renal Disorders Specialty Group.

To date, there have been a number of successful research 
studies that have been developed within UKKRC CSGs and 
then delivered through the NIHR CRN Renal Disorders 
Specialty Group. These include PIVOTAL, led by Iain 
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Macdougall, which was a study in patients on haemodialysis 
which demonstrated that a high-dose intravenous iron regi-
men administered proactively was superior to a low-dose 
regimen administered reactively and resulted in lower doses 
of erythropoiesis-stimulating agent being administered [65]. 
Another recently completed project was NURTuRE (the 
National Unified Renal Translational Research Enterprise) 
led by Maarten Taal, which has collected a biorepository of 
patient tissue, samples and linked clinical data from 3000 
patients with CKD and over 800 patients with idiopathic 
nephrotic syndrome (INS). It is the first and unique kidney 
biobank for INS covering England, Scotland and Wales. In 
the long term, it will provide a strategic resource for funda-
mental and translational research in the UK. It will hopefully 
accelerate new advances in the understanding of the patho-
physiology of kidney disease that will benefit kidney patients, 
their treatment and care [66].

The Rare Diseases CSG developed a rare diseases reg-
ister (RaDaR) in 2009, initially recruiting paediatric 
patients with steroid resistant nephrotic syndrome and 
membranoproliferative glomerulonephritis (MPGN). In 
2012 it expanded to other conditions in paediatric centres 
and then to adult centres in Autumn 2013. RaDaR now 
recruits both adult and paediatric patients for over 70 con-
ditions and is reaching 25,000 recruits [67]. This registry 
will allow important future research into too often over-
looked rare disease.

 Green Nephrology

In 2009 Sir Muir Gray on behalf of the Campaign for Greener 
Healthcare laid down a challenge to the Renal Association to 
reduce the carbon footprint of renal medicine. In partnership 
with the British Renal Society, with funding from NHS Kidney 
Care, a Green Nephrology trainee was recruited. The Renal 
Association has adopted a sustainability policy, committing 
itself to a reduction in carbon output as a result of its activities.

 PatientView

Nephrology in the UK has led the initiative to allow 
patients to view their own blood results both online and via 
a mobile phone through a system known as PatientView. It 
began as a renal project developed by a group of Renal 
Association members led by Neil Turner from Edinburgh 
and Keith Simpson from Glasgow. PatientView was 
launched in 2004 and now covers 90% of UK renal units. 
In 2014 other specialties began to use the PatientView sys-
tem, starting with inflammatory bowel disease and diabe-
tes [68].

 Future Perspectives of Nephrology in United 
Kingdom

Some of the main challenges lying ahead for UK nephrology 
include slowing the progression of chronic kidney disease in 
native and kidney transplants and preventing AKI. The clini-
cal pressure on nephrology services is ever increasing which 
has contributed to poor medical and nursing trainee recruit-
ment in some areas. Initiatives from the societies and local 
units to attract trainees have been successful in some units.

The recent NHS 10-year plan did not include nephrology 
as a stand-alone area but instead challenged the nephrology 
community to work closely in partnership with other special-
ties such as cardiology and diabetes [69]. There is a recom-
mendation to offer more near patient clinics and home care 
for patients. The improvements in digital technology and 
development of artificial intelligence will be important to 
enabling nephrology to deliver these aspirations. With an 
aging population and growing multi-morbidity and frailty, 
there is a real need to work together with other specialties to 
improve patient care.

 Getting It Right First Time (GIRFT)

Getting It Right First Time (GIRFT) is a national programme 
designed to improve medical care within the NHS by reduc-
ing unwarranted variations. The initiative aims to tackle vari-
ations in the way services are delivered across the NHS and 
by sharing best practice between trusts. In the UK, Graham 
Lipkin and Will McKane are leading on GIRFT for the 
nephrology community. They have visited all nephrology 
units to review practice and produce reports to identify 
changes to improve care and patient outcomes, as well as 
highlighting increased efficiencies and cost savings [70].

 The Kidney Quality Improvement Partnership 
(KQuIP)

There has been an explosion in interest in quality improve-
ment within the NHS.  The Kidney Quality Improvement 
Partnership (KQuIP) was launched in 2016 as a network of 
kidney health professionals, patients and carers who are 
committed to developing, supporting and sharing quality 
improvement (QI) in kidney services to enhance outcomes 
and quality of life for patients with kidney disease [71]. The 
organisation has achieved major engagement within the UK 
nephrology community and has set up three national priority 
QI projects. These projects are: Transplant First, improving 
access to pre-dialysis transplant listing and kidney transplan-
tation; Home Therapies, improving access to home dialysis 
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therapies; and Managing Access by Generating Improvements 
in Cannulation (MAGIC): improving arteriovenous fistula 
rates by improving needling techniques. KQuIP has a central 
repository of resources called the KQuIP Hub [72]. This is a 
growing resource to make QI accessible to clinicians and 
multidisciplinary team members, as well as patients. Material 
includes QI tools, sharing of best practice, case studies, 
abstracts from the Renal Association/British Renal Society 
UK Kidney Week and other major renal events.

 Conclusion

The NHS allows all UK citizens with kidney disease to 
receive free medical care at the point of need. The NHS pro-
vides all aspects of kidney care to include chronic kidney 
disease specialist care, acute kidney injury, dialysis in hospi-
tal and at home and kidney transplantation. Nephrology is a 
well-established specialty in the NHS, but the patient popu-
lation is relatively underserved with only 8.5 Nephrologists 
per million population. The Renal Association and British 
Renal Society are the main professional bodies and are mov-
ing closer together reflecting the increasing delivery of care 
to patients by the multidisciplinary team.

More recently there has been a drive to increase the rate 
of kidney transplantation with the introduction of a national 
opt out consent system in 2020. Funding for research into 
kidney disease has been limited, which has therefore 
restricted progress in new diagnostics and specific thera-
pies compared with other more well-known specialties. 
Coordinated effects led by the RA and BRS along with the 
major UK kidney charity, Kidney Research UK have led to 
a more cohesive strategy and some significant successes 
more recently. The patient voice is well represented within 
nephrology with a number of charities playing an influen-
tial role in NHS policy. Nephrology in the UK has led the 
way with patient self-care and empowerment with 
PatientView allowing patients to view their own results. 
Nephrology in the UK has embraced quality improvement, 
and the specialty is now in a strong position to embrace the 
new digital age and artificial intelligence to continue to pro-
vide excellent patient care [73].
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Areaa 7,688,287 km2

Populationb 25,101,900 (2018)
Capital Canberra
Three most populated cities: 1. Sydney

2. Melbourne
3. Brisbane

Official language English
Gross domestic product (GDP)c 1.386 trillion USD (2017)

1.419 trillion USD (2018)
GDP per capitac 55,966 USD (2017)

56,555 USD (2018)
Human Development Index (HDI)d 0.938 (3rd, 2018)

Official currency Australian dollar (AUD)
Total number of nephrologistse 598
National society of nephrology Australian and New Zealand 

Society of Nephrology – ANZSN
www.nephrology.edu.au

Incidence of end-stage renal 
diseasef

2017 – 125 pmp
2018 – 124 pmp

Prevalence of end-stage renal 
diseasef (including patients with a 
functioning kidney transplant)

2017 – 1002 pmp
2018 – 1026 pmp

Total number of patients on 
dialysisf (all modalities)

2017 – 13,051
2017 – 13,032
2018 – 13,399

Number of patients on 
haemodialysisf

2017 – 10,624 (9.6% on home HD)
2017 – 10,624 (9.6% on home HD)
2018 – 10,983 (9.6% on home HD)

Number of patients on peritoneal 
dialysisf

2017 – 2,427
2017 – 2,427
2018 – 2,416

Number of kidney 
transplantations per yearf

2017 – 1,109
2018 – 1,149

Table references:
a Geoscience Australia. Available at http://www.ga.gov.au/scientific-
topics/national-location-information/dimensions/area-of-australia-
states-and-territories

b Australian Demographic Statistics, September quarter 2018. Available 
at https://www.abs.gov.au/AUSSTATS/abs@.nsf/mf/3101.0

c Australian Government. Department of Foreign Affairs and Trade. 
Available at https://dfat.gov.au/trade/resources/Documents/aust.pdf

d Human Development Indices and Indicators Statistical Update. United 
Nations Development Programme. 2018 Statistical update

e 2017 ANZSN Workforce Report. Available at https://www.nephrology.
edu.au/workforce-report.asp

f Australia and New Zealand Dialysis and Transplant Registry 
(ANZDATA) Annual Report 2018 and 2019. Available at http://www.
anzdata.org.au/v1/index.html

 Introduction

Australia is the smallest continent and one of the largest 
countries on Earth. The Australia’s mainland extends from 
west to east for nearly 4000 km and from Cape York Peninsula 
in the northeast to Wilsons Promontory in the southeast for 
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nearly 3200 km. Australian jurisdiction extends 500 km fur-
ther to the southern extremity of the island of Tasmania [1].

Global isolation, low relief and the aridity of much of its 
surface are few of the most prominent characteristics of the vast 
country. Australia’s isolation from other continents explains 
much of its unique plant and animal life. Isolation is also a 
pronounced feature of the social landscape beyond the large 
coastal cities as most of Australia’s population is concentrated 
on or around the coastal areas [1]. As of 1 December 2019, the 
resident population of Australia is projected to be 25,538,835 
[2]. In 2011, over 85% of the population lived within 50 km of 
the coastline of Australia, mostly in capital cities [3].

An equally significant characteristic of modern Australian 
society is multiculturalism, stemming from immigration that 
is transforming the Anglo-Celtic orientation of Australian 
culture [1]. Strikingly, there are more than 300 different 
ancestries in Australia, and 28% of the resident population is 
born overseas [4].

Historically part of the British Empire and now a member 
of the Commonwealth, Australia is a prosperous independent 
country. Australia has a federal system of government, with 
a national government for the Commonwealth of Australia 
and individual state governments (i.e. New South Wales, 
Victoria, Queensland, South Australia, Western Australia 
and Tasmania). Each state has a constitution, and its govern-
ment exercises a limited degree of sovereignty. There are 
also two internal territories: the Northern Territory, a self- 
governing territory since 1978, and the Australian Capital 
Territory (including the city of Canberra), which attained 
self-governing status in 1988. In addition, there are seven 
external territories: Ashmore and Cartier Islands, Australian 
Antarctic Territory, Christmas Island, Coco (Keeling) 
Islands, Coral Sea Islands, Heard Island and McDonald 
Islands and Norfolk Island [1, 5].

Australia has completed 28 consecutive years of annual 
economic growth, one of the few economies in the Second 
World War period to achieve this. Australia’s gross domestic 
product (GDP) was 1.419 trillion USD in 2018 and accord-
ing to the Global Wealth Report (Credit Suisse) is the wealth-
iest nation in terms of median wealth per adult. Australia 
ranks in the top 20 countries across a wide range of indexes 
including the economy, international trade, investment, edu-
cation and other global indexes [6].

 Brief History of Nephrology in Australia

Renal medicine flourished in Australia in the years follow-
ing the end of the Second World War, with the first haemo-
dialysis (HD) performed in Australia at the Brisbane General 
Hospital, Queensland, on 10 February 1954 in a 36-year-old 
woman with retained placental products who developed 

severe acute kidney injury (AKI) in the setting of sepsis [7], 
with the artificial kidney built by Dr. John Dique. She sur-
vived. The specialty continued to differentiate from the 
broader specialty of internal medicine, and leading practi-
tioners formed the Australasian Society of Nephrology 
(later the Australian and New Zealand Society of 
Nephrology) with the first scientific meeting held in 1965. 
The young Society embarked on the ambitious undertaking 
of systematically reporting on all patients receiving renal 
replacement therapy (RRT) annually. The first report of the 
Australian and New Zealand Data Registry (ANZDATA) 
was produced in 1977 and annually thereafter. Reports are 
accessible to the public at anzdata.org.au. Figure 52.1 illus-
trates the milestones of Australian nephrology.

 Renal Diseases in Australia

 Acute Kidney Injury

The Australian Institute of Health and Welfare reports that 
AKI was the principal and/or additional diagnosis in 131,780 
hospitalisations between 2012 and 2013, representing 1.6% of 
total hospital admissions across the country [8]. Hospitalisations 
attributed to AKI are increasing at an average 6% per annum. 
The average length of stay doubles in the presence of AKI, 
respectively, 11.4 vs. 5.6 days in those without AKI. Mortality 
is higher, with 14,590 (11% of all hospital admissions) deaths 
in 2012–2013 where AKI was the principal diagnosis and an 
additional 5160 deaths where AKI was recorded as the under-
lying or associated cause of death [8]. AKI-related mortality 
rates have remained relatively stable from 2000 to 2013, not-
withstanding the rise in hospitalisations [8]. Hospitalisation 
rates attributable to AKI are higher among males, the elderly 
(≥85 years old) and those living in socioeconomically disad-
vantaged areas as well as in very remote areas [8].

The aetiology of AKI precipitating hospitalisation is sub-
ject to source bias. Data from 200 consecutive AKI episodes 
in a major tertiary hospital in Sydney showed volume deple-
tion and reduced cardiac output as the most common causes 
of AKI [9]. In a larger cohort of 2367 patients with underly-
ing chronic kidney disease (CKD) enrolled in the CKD 
Queensland registry, from the Logan and Royal Brisbane and 
Women’s Hospitals, the leading aetiology of AKI was 
obstructive nephropathy (36.5%), followed by glomerulone-
phritis (18%) and acute interstitial nephritis (10%) [10]. 
CKD was attributed to AKI in 6.7% (159 patients), as 
opposed to 7.4% (179 patients) where AKI was superim-
posed on pre-existing CKD [10]. By contrast, sepsis/septic 
shock was the most common cause of AKI in the intensive 
care unit (ICU) setting with 28.4% of these cases so severe 
that RRT was required [11].

P. H. F. Gois et al.
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In Australia, the vast majority of hospitalised severe 
AKI cases are managed by critical care physicians and 
nurses and not nephrologists. In a prospective audit of all 
ICUs performing RRT across Australia (n = 81 units), 299 
patients with AKI requiring RRT were admitted in a 
3-month period. RRT via a double lumen catheter was 
started at median of 1  day (range 0–44  days) after ICU 
admission. In all but 14 patients (4.7%), operation and set-
up of RRT were exclusively carried out by critical care 
nurses. Nephrologists were consulted in only 42.1% of 
patients, notwithstanding that the majority had underlying 
CKD. In-hospital mortality rate was 46.8% with no differ-

ence in outcome between the cohort managed with 
nephrologists and those who are not [11].

All 34 Australian and New Zealand ICUs in 1 survey 
selected continuous renal replacement therapy (CRRT) as 
the support dialysis modality of choice [12]. Among the 
CRRT techniques, continuous veno-venous haemodiafiltra-
tion (CVVHDF) was most commonly used, typically using 
prefilter fluid replacement in a 1:1 ratio of dialysate to 
replacement fluid volumes [12]. All 34 units used a fixed- 
dose regimen, but the rate ranged from 1.5 to 4  L/h, and 
CRRT dosing was not modified according to patient’s body 
weight [12]. The majority (23/34) continued CRRT until kid-
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ney recovery, discharge from the ICU, or death [12]. The 
remaining 11 ICUs (constituting <10% patients) converted 
CRRT to either sustained low-efficiency dialysis (SLED) or 
intermittent HD (IHD), conditional on haemodynamical sta-
ble patients and those approaching ICU discharge [12]. 
Intensivists continued to prescribe SLED, delivered by ICU 
nursing staff, and nephrologists IHD, delivered by dialysis 
nursing staff [12]. All ICUs handed over management of 
RRT to nephrologists when the patients were discharged 
from the ICU [12].

 Chronic Kidney Disease

Two groups have profiled CKD cross-sectionally in the 
Australian population, using the framework of the KDIGO 
2012 Clinical Practice Guideline for the Evaluation and 
Management of CKD (first published in 2002) [13, 14]. The 
first, AusDiab Study [15], was a statistically random selec-
tion of 11,247 non-institutionalised Australians over the age 
of 24 years who attended physical screening during the Aus 
Diab survey. The sampling systematically excluded 
Indigenous Australians. The results of the initial analyses 
were published in 2003 and the data re-analysed in 2010 in 
response to contemporary shifts in the methodology of esti-
mating glomerular filtration rate, from the Modification of 
Diet in Renal Disease (MDRD) to the Chronic Kidney 
Disease Epidemiology Collaboration (EPI-CKD) [16]. The 
second is an ongoing national dataset of prevalence, demo-
graphics and outcomes of people who participate in the 
National Health Measures survey conducted by the Australian 
Institute of Health and Welfare (AIHW) (last reported on 30 
August 2019) [17].

Prevalence of CKD in Australia is age and sex dependent, 
varying from 4.5% of men under 45 years to 43.3% of men 
over the age of 74 years [18]. Most are unaware of their kid-
ney disease, with less than one in ten in the 2011–2012 
Australian Health Survey [19]. Hospitalisation where CKD 
is listed as the principal diagnosis (excluding dialysis) is 
common and has risen 44.4% since 2000 – from 126 people 
per 100,000 population in 2000–2001 to 182 people per 
100,000  in 2016–2017, the latest year for which data are 
available [17]. The analyses of the National Mortality 
Database by AIHW found death, where CKD was an under-
lying or associated cause, has remained around 56 people per 
100,000 since 1997, representing 10.9% of all deaths in 2017 
[20].

More granular data are difficult to source, with manage-
ment of CKD fragmented across healthcare jurisdictions and 
internal medicine specialities, including general physicians, 
geriatricians and cardiologists among others as well as 
nephrologists. The most comprehensive Australian CKD 
dataset is the CKD.Qld Registry, a cohort of >9000 people 

biased towards the more advanced CKD that is managed by 
specialists nephrology practices in the public health system 
in Queensland [21]. In this cohort opportunities still exist for 
better control of blood pressure [22]. The Registry found 
poorer outcomes among the cohort that developed superim-
posed AKI, with higher likelihood of deaths, transition to 
dialysis and higher hospitalisation costs compared to those 
who do not have additional AKI [23]. The Registry also has 
the capacity to profile across the geography of this large 
Australian state [24]. Among publications to come is a 
description of patterns of progression of CKD.

Anecdotally progression has changed over the decades, 
from a predictable and straight trend line that could be 
described by the reciprocal of creatinine to stepwise progres-
sion that tracks episodes of AKI. The changes in patterns of 
progression mirror the ageing of the population and the 
changes in the most common causes of CKD, from patterns 
like glomerulonephritis still present in younger people with 
CKD to metabolic causes like diabetes and renovascular dis-
eases found in the older age groups.

 Inherited and Genetic Kidney Diseases

The research and subspecialty practice development of 
inherited and genetic kidney disease in Australia has pro-
gressed significantly and rapidly over the past decade. 
Epidemiologically, approximately 10% of Australian adults 
with chronic kidney disease [25] and ESRD [26] have a 
potential genetic renal disease. Among Australian children, 
this has been quantified as 70.6 children per million age- 
representative population [27]. These lines of enquiry have 
been reflected by multiple lines of research as well as modi-
fications to clinical practice.

A long-standing and leading area of research has been 
around Alport syndrome and collagen 4-related glomerular 
basement membrane disorders. Seminal work around the 
relationships between Alport syndrome and de novo anti- 
GBM disease post-transplantation [28, 29] has laid a founda-
tion for significant contribution to global research, opinion 
and guidelines in Alport syndrome [30] and thin basement 
membrane nephropathy [31]. In other specific genetic renal 
diseases, guidelines for autosomal dominant polycystic kid-
ney disease have been generated [32, 33] for both local and 
international application incorporating patient and consumer 
perspectives [34]. Further innovative clinical trials are under-
way locally to further identify new and novel therapies [35].

Seminal research in the field of renal regeneration and 
model systems, specifically kidney organoids [36] and 
induced pluripotent stem cell approaches [37], has resulted 
in new approaches to research of genetic kidney diseases 
[38, 39]. This body of work continues to both enable new 
ways of understanding these kidney diseases and give hope 
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to patients of new approaches to renal replacement therapy in 
the coming decades.

In the clinical domain, specific renal genetics clinics 
around Australia have formed [40] and are now identifying 
applications and utility of both genetic and genomic clini-
cal testing in this context [41, 42]. As this is a relatively 
new and emerging field in nephrology, it has become criti-
cal to ensure that there are appropriate opportunities for 
both genomic training and upskilling [43], as well as infor-
mation dissemination. This approach is delivering real-
world change to clinical care and outcomes for individual 
patients and families whilst also subtly changing and pro-
gressing the practice of nephrology in Australia. The ability 
to have ensured connection between clinical research, fun-
damental research and clinical care is strategically placing 
the Australian healthcare system to deliver iteratively 
improved patient outcomes from a nephrological perspec-
tive. In addition, in the future this may have more gener-
alised effects in terms of understanding kidney health, 
kidney disease mechanisms and future therapies for a 
broader group of patients than just those with genetic or 
inheritable kidney disease. It is critical to dissect hype from 
hyperbole, but the approach to genetic kidney disease in 
Australia is seeking further understanding whilst delivering 
a more personalised approach to healthcare for affected 
patients and families.

 Indigenous Kidney Health

The Indigenous people of Australia, also known as Aboriginal 
and Torres Strait Islander peoples, are one of the oldest sur-
viving Indigenous cultures in the world having populated 
Australia approximately 50,000  years ago after leaving 
Africa and crossing into eastern Asia [44]. They were tradi-
tional hunter-gatherers of the land and later established long- 
distance trade by sea with the Indigenous people of Papua 
New Guinea and Indonesia. Like other First Nations peoples, 
their population was decimated during times of British colo-
nisation as a result of disease, war and massacres and 
remained a subjugated and marginalised group for many 
years. In recent times, however, the recognition of their 
rights and interests to land and waters through the “Native 
Title Act” of 1993 and a formal process of reconciliation has 
healed some wounds and seen the population increase to 
649,171 in the latest census, comprising 2.8% of the popula-
tion of Australia [45, 46].

Kidney disease is very common among Indigenous 
Australians. In 2017, the number of new Indigenous patients 
reaching end-stage renal disease (ESRD) was ~450 per mil-
lion population, representing a slow but persistent increase 
compared to a stable ~100 per million population among 
non-Indigenous patients [47]. Indigenous women are 15 

times more likely to develop ESRD than non-Indigenous 
women in the fourth and fifth decades of life, whilst a similar 
increased risk is observed in younger men. The aetiology of 
kidney disease is predominantly diabetic (~70%) with 
smaller contributions from glomerulonephritis – often infec-
tious – and hypertension. The excessive and comparatively 
higher prevalence of kidney disease in this population is 
complex and results from a number of factors including 
reduced kidney capacity at birth from maternal malnutrition 
and a maladaptive metabolic response to a Western diet rich 
in saturated fats leading to the accelerated development of 
diabetes [48]. A majority of Indigenous patients are treated 
with facility-based haemodialysis (76%) with very few able 
to access and successfully engage with long-term peritoneal 
dialysis (PD) (9%) or home haemodialysis (HHD) [47]. The 
remoteness of the towns and communities many Indigenous 
Australians live in, particularly in the Northern Territory and 
Western Australia, means they must relocate to urban centres 
for dialysis leading to a social, geographic and cultural dislo-
cation that is thought to be responsible for much of the mor-
bidity and mortality observed during the first year of dialysis. 
In this context, promotion of home therapies such as PD and 
transplantation is key.

Unfortunately, the rate of kidney transplants among 
Indigenous Australians is very low. At the end of 2017, 
Indigenous patients with ESRD accounted only for 3% of all 
kidney transplants done in that year, despite representing 
~14% of all patients on dialysis [47]. Living donation is 
extremely rare due to the endemically high levels of diabetic 
disease and a cultural reluctance to donate. The reasons for 
the disproportionately low rate of transplantation in this pop-
ulation have been the subject of much debate in recent years 
and have been attributed, among others, to difficulties pro-
gressing through the stages of activation to the deceased 
donor list as well as poorer graft and patient outcomes influ-
encing clinicians’ willingness to view them as appropriate 
transplant candidates [49]. The latest ANZDATA report 
shows that 5 years after transplantation, 84% of Indigenous 
patients were alive compared to 90% of non-Indigenous 
patients and graft function was recorded in 71% vs. 83% of 
transplant recipients, respectively; higher rates of infection, 
poor HLA matching, increased steroid exposure and lack of 
compliance with prescribed immunosuppressive medica-
tions are some of the factors thought to explain these differ-
ences [47, 50].

Despite the reality of these figures, an enormous amount 
of work is being dedicated by passionate advocates of 
Indigenous kidney health through innovative, holistic and 
multidisciplinary care strategies that strive to understand and 
harmonise the social, cultural and spiritual context of this 
ancient population with the traditional, Western model of 
healthcare. Moving forward, supporting them must be one of 
Australia’s main priorities.
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 Renal Replacement Therapy in Australia

 Haemodialysis and Haemodiafiltration

 Evolution and Epidemiology of Haemodialysis 
in Australia
Although haemodialysis was introduced in Australia in the 
early 1950s, initially this was for treatment of acute kidney 
injury, and not for people with irreversible ESRD.  In tan-
dem with the development of kidney transplantation in 
Australia, the need for maintenance haemodialysis was 
clear by the late 1960s, and the National Health and Medical 
Research Council formed a committee to address the ratio-
nalisation of transplantation and dialysis in 1968. Following 
the committee report, coordinated maintenance haemodial-
ysis programmes commenced, with patient outcomes aggre-
gated and recorded in what eventually became the 
ANZDATA registry [51].

The number of people receiving maintenance haemodial-
ysis has increased annually ever since. In 1990, 611 people 
started haemodialysis for ESRD in Australia for the first 
time; by 2000 this was 1283, and by 2010 1752. In 2018, 
there were 2193 incident haemodialysis patients treated. 
There are much larger numbers of prevalent patients. In 
1990, there were 2034 people in Australia receiving regular 
haemodialysis, which grew to 4669 by the year 2000. In 
2010, the number of prevalent haemodialysis patients was 
8659, and in the end of 2017, there were 10,983 people 
receiving haemodialysis. The steady growth in prevalent 
haemodialysis patients in Australia is because incident 
patients exceed the number of people ceasing haemodialysis 
(either by getting a transplant, switching to PD, withdrawing 
from treatment or dying on treatment) [52].

Over time, the haemodialysis population in Australia has 
aged. In 2018, 49% of incident patients were over 65 years 
of age, but the average age of prevalent patients was 
58 years. Other characteristics are more stable. About 40% 
of people receiving haemodialysis are female, and this pro-
portion has been the same for over 20 years [53]. The inci-
dence of haemodialysis is approximately fivefold higher for 
Indigenous Australians, compared to other Australians, and 
the magnitude of this difference has not changed in the last 
decade [47].

The underlying cause of ESRD for people receiving dial-
ysis has evolved. In 2000, 37% of people on haemodialysis 
had underlying glomerulonephritis, but this had fallen to 
20% by 2017, although in absolute terms the number of peo-
ple with glomerulonephritis-related ESRD remained rela-
tively stable (between 1800 and 2000 prevalent patients). 
The greatest contribution to growth in haemodialysis patient 
numbers has been due to diabetic nephropathy. In 2000, dia-
betic kidney disease was the underlying pathology in 17% of 

prevalent people receiving haemodialysis. By 2017, this pro-
portion had grown to 39% [52, 53].

Overall, currently approximately 88–90% receive haemo-
dialysis in a dedicated facility, and 10–12% at home. These 
proportions have been stable over the last decade. 
Approximately 6% of people are dialysed in private dialysis 
facilities. The majority (67%) of prevalent haemodialysis 
patients live in major Australian cities, with only 4% in 
remote settings [54].

The use of high flux haemodialysis has increased mark-
edly in Australia over time and is now the recommended 
standard [55]. Haemodiafiltration (HDF) prescription has 
also increased over time, but initially at a relatively slower 
rate than some other countries (including New Zealand). 
Between 2000 and 2014, 14.4% of patients in Australia 
received periods of HDF [54], although in recent years there 
has been a sharp increase; by 2017, 32% of dialysis patients 
were receiving HDF [53]. Use of HDF was more likely for 
males (odds ratio [OR] 1.13, 95% CI 1.03–1.24) and less 
likely with older age (reference <40 years; 40–54 years OR 
0.85, 95% CI 0.72–0.99; 55–69  years OR 0.79, 95% CI 
0.67–0.91; >70  years OR 0.48, 95% CI 0.41–0.56). In 
Australia, HDF use is correlated with some comorbidities; 
increasing obesity increases the likelihood of HDF use (BMI 
<18.5 kg/m2 OR 0.62, 95% CI 0.46–0.84; 18.5–29.9 kg/m2 
reference; >30 kg/m2 OR 1.46, 95% CI 1.33–1.61), but other 
comorbidities make HDF use less likely: chronic lung dis-
ease (OR 0.84, 95% CI 0.76–0.94, p < 0.001), cerebrovascu-
lar disease (OR 0.76, 95% CI 0.67–0.85, p  <  0.001) and 
peripheral vascular disease (OR 0.77, 95% CI 0.70–0.85, 
p < 0.001). There is no association with HDF use and race. 
Neither living remotely nor having a lower socioeconomic 
status is associated with HDF use in Australia (p  >  0.05) 
(Fig. 52.2) [54].

 Haemodialysis in Practice
The median eGFR for adult patients (calculated using the 
CKD-EPI formula) starting haemodialysis in Australia is 
7.4 mL/min/1.73 m2 and has remained unchanged over the 
last decade. Of patients referred “late” to nephrology ser-
vices (defined as within 3 months of requiring ESRD treat-
ment), the majority start on haemodialysis. As a proportion 
of all new patients, later referrals comprise 18%, which has 
remained unchanged in recent years [56].

Approximately 43% of new starts on haemodialysis start 
with an arterio-venous fistula or graft, 40% with a tunnelled 
catheter, and the remainder with a non-tunnelled catheter. 
Chances of starting dialysis without permanent access were 
increased for younger patients (80% under 25 years) and late 
referrals (90% without fistula). Average blood flow rates 
achieved are 300–349 mL/min, slightly lower when access is 
a central venous catheter [53].
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Haemodialysis is usually started at a frequency of three 
times a week, with occasional patients starting twice weekly 
(“incremental dialysis”). Incremental haemodialysis starts 
are infrequent (3%) but more common in older people and 
those without diabetes [57]. The majority of patients, once 
established, dialyse for 4–5 hours per session, three times a 
week. Fewer than 10% of haemodialysis patients undertake 
quotidian dialysis (>3 sessions per week OR > 5 hours per 
session), and this proportion is falling over time [53]. 
According to the Therapeutic Goods Administration (TGA) 
regulations, dialysers are single-use medical devices and, 
therefore, not for reuse [58].

Dialysis adequacy (as measured by achieving a urea 
reduction ration (URR) >70%) is achieved by 72% of people 
on haemodialysis in Australia and is more likely for those 
with longer dialysis sessions. The median URR for those dia-
lysing three times a week varies by dialysis centre from 65% 
to 88% [53].

A recent study showed some differences between the hae-
modialysis population using HDF compared with standard 
dialysis, although as this is observational registry data, these 
differences may be due to selection bias of those chosen for 
HDF treatment [59]. Compared to patients receiving stan-

dard haemodialysis, a greater proportion of HDF patients 
had a blood flow rate ≥  350  ml/min and used a high flux 
dialyser, although fewer did quotidian (3.5+ sessions per 
week) or extended hour (>5 hours per session) dialysis, and 
fewer required erythropoietin. Vascular access and phos-
phate control were comparable between new starters after 
12 months [59].

Treatment centres account for 36% of the variability in 
use of HDF in Australia. In a recent study, people receiving 
dialysis at centres with a higher proportion of patients on HD 
(as compared to PD) had a higher likelihood of receiving 
HDF (p < 0.001), and there was a graded incremental asso-
ciation with increasing HD:PD patient ratios (p  <  0.001). 
People dialysed in larger centres were more likely to receive 
HDF (p < 0.001), and the chances of HDF increased with 
centre size (p < 0.001). Although private dialysis units had 
higher proportion of patients on HDF (23%) compared with 
public units (15%), this was not significantly associated with 
HDF use (p = 0.7). However, differences in use of HDF by 
state/territory were seen (p < 0.001). There were lower odds 
of receiving HDF in the Northern Territory (OR 0.01, 95% 
CI <0.01–0.11) and Victoria (OR 0.13, 95% CI 0.05–0.34), 
compared with New South Wales [54].

Fig. 52.2 Associations (odds ratios) with HDF uptake in Australia between 2000 and 2014. Multivariable models: (▴) OR (odds ratio) > 5, (⦁) 
OR < 0.2. (Adapted from Mac et al. [54])
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 Haemodialysis Outcomes
Survival on haemodialysis has remained unchanged over the 
last decade in Australia. Overall, after 6 months of haemodi-
alysis, 97% (95% CI 96–97) survive, but this falls to 92% 
(95% CI 91–93) by 1 year. Survival varies by age, presence 
of diabetes and cardiovascular disease. A person <40 years, 
without diabetes or cardiovascular disease, can expect an 
85% 5-year dialysis survival, where someone similar but 
older would have poorer prognosis (aged 60–74 when start-
ing dialysis, 5-year survival is 60%). In the presence of dia-
betes and cardiovascular disease, expected 5-year survival 
for the under 60s is <60% [53].

Those treated with HDF in Australia have improved sur-
vival, but this may reflect the types of people able to access 
HDF rather than a direct treatment effect (i.e. selection bias). 
In a recent paper, in adjusted analysis, HDF was indepen-
dently associated with a significantly lower risk of death 
(hazard ratio, HR, 0.63, 95% CI 0.57–0.68), with no differ-
ences across patient subgroups. This benefit may be lessen-
ing over time (p = 0.09). There was no difference in the risk 
of cardiovascular death (HR 1.01, 95% CI 0.84–1.23, 
p = 0.90), compared to patients managed with standard hae-
modialysis (Fig. 52.3) [59].

 Haemodialysis at Home

 History and Epidemiology
HHD was initiated simultaneously in the USA and UK [60–
63] in 1964 and is claimed to have been underway even ear-
lier in Japan [64]. In 1967, the first Australian patient was 
started on HHD [63], and a year later, the NHMRC report on 
rationalisation of facilities for organ transplantation in 1968 
supported HHD as a suitable method for the treatment of 
ESRD [65]. There was then a progressive rise in the number 

of patients utilising HHD, increasing from 17% to 52% 
between 1971 and 1977. Subsequently, the percentage of 
HHD patients in Australia fell to 23% in 1987 and later 12% 
by 1997 following an increase in satellite HD and PD [51]. 
After the turn of the century, there was a resurgence on HHD 
with growing interest in nocturnal HHD [66]. Since this 
time, the utilisation rate of HHD remained stable at 11–12% 
though there is considerable interstate variation in its use. 
Globally, the prevalence of HHD is highest in New Zealand, 
and this is followed by Australia [67].

 Selection of Patients and Training
A multidisciplinary team assess the suitability of patients 
who could undergo HHD training. There are several tools 
available that may help to decide home suitability including 
the Jo-Pre-training Assessment Tool (JPAT) [68] for Home 
Dialysis (version 2.1) or Method to Assess Treatment 
Choices for Home Dialysis (MATCH-D) [69]. Once a patient 
is deemed suitable for HHD, nurses provide training at a 
dialysis centre. Most HHD units have their own training pro-
cedures. The training period is usually 4–12 weeks and tai-
lored to the individual’s learning skills. Patients, if elected, 
can also be trained to undergo nocturnal HD.  Patients are 
trained to set up the machine, self-needle and self-dialyse. 
Patients are also encouraged and trained to self-administer 
intravenous erythropoietin and iron and self-centrifuge pre- 
and post-dialysis blood for biochemistry every 4–6  weeks 
depending on unit practices. Rarely, though usually discour-
aged, partners or family members are trained to assist with 
the procedure. Patients on HHD require a strong support sys-
tem to resolve problems either intra-dialytically or inter- 
dialytically. Currently remote monitoring of dialysis using 
modem technology is not practised in Australia. “On-call 
nursing” and technical maintenance officers can give advice 
for troubleshooting and equipment problems. HHD training 
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nurses and technicians visit patients’ homes periodically at 
approximately quarterly intervals. Patients attend outpatient 
clinic every 2 to 3 months for review.

 Equipment and Access
The proportion of HD patients undergoing HHD differs by 
state (4–13%). Ninety-one centres offer HD and about half 
of them offer HHD. In 2017, 53 centres train patients, with 
the number of centres varying between states, for example, 
21 in New South Wales versus 1 from the Australian Capital 
Territory [53]. The proportion of patients undertaking HHD 
also varied by treating centres (2–26%). Most of these cen-
tres train the patients on conventional single pass HD sys-
tems and volumetric controlled. About 10% of them provide 
transportable, water source-independent HD systems (e.g. 
the NxStage System) to their patients for regular use or when 
they travel (Chris Davies, Senior Biostatistician, ANZDATA, 
Personal Communication). Water treatment and reverse 
osmosis units are required when patients use standard HD 
system. The cost of machines, home modifications including 
plumbing and power source to install the machines are borne 
by the dialysis units. Agencies subsidise water and power 
costs of HHD patients. Dialysis units regularly perform 
water quality testing, which may add further costs.

All patients perform dialysis using high-performance 
dialysers and bicarbonate dialysate. Many of them are dial-
ysing on alternate day schedule – 7 sessions every 2 weeks. 
The proportion of patients dialysing 3 days and 4.5 hours or 
longer and the proportion dialysing more than 12  hours a 
week plateaued recently (89% in 2017). The proportion of 
patients dialysing >5 sessions a week continues to fall, and at 
the end of 2017, only 2% dialyse for this number of sessions. 
Vascular access is predominantly arterio-venous fistulas 
(AVF) or grafts. Rarely (<6%) patients are trained to use cen-
tral venous catheters, i.e. permcaths (Chris Davies, Senior 
Biostatistician, ANZDATA, Personal Communication). 
Centres train the patients to adopt either rope ladder (RL) or 
buttonhole (BH) technique for AVF puncture. Each centre 
chooses the technique best suited to their patients. The BH 
technique is used in patients with limited access length or 
when undergoing daily or nocturnal HHD.

 Outcome
Last reported HHD patient survival rates (censored at first 
transplant, renal recovery or lost to follow-up) at 1, 3 and 
5 years were 99% (95% CI 97–99%), 93% (95% CI 88–96%) 
and 82% (95% CI 72–88%), respectively (Chris Davies, 
Senior Biostatistician, ANZDATA, Personal Communica-
tion). Technique survival rates for the same period were 83% 
(95% CI 81–85%), 67% (95% CI 63–70%) and 48% (95% 
CI 43–53%); death-censored technique survival rates were 
86% (95% CI 83–88%), 75% (95% CI 72–78%) and 64% 
(95% CI 59–69%). Death as the cause of technique failure in 

HHD patients is 29% (Chris Davies, Senior Biostatistician, 
ANZDATA, Personal Communication). ANZDATA do not 
capture access-related infection rates routinely, but one cen-
tre reported an infection rate of 0.10 events per 1000 AVF 
days associated with RL and 0.39 events per 1000 AVF days 
associated with BH approach [70].

 Barriers to Home HD
Barriers to patients undertaking HHD include anxiety, par-
ticularly with respect to needle insertion perceived complex 
and the challenging nature of the treatment and fear about 
isolation from medical and social support [71]. Financial 
barriers include home suitability, high out-of-pocket costs 
and time away from employment to undergo training. There 
is evidence that low-income and indigenous patients have 
reduced access to HHD [72]. Recognising and addressing 
these barriers can expand the HHD programmes in Australia 
and elsewhere. In Australia HHD is exclusively funded by 
the government, and it is one of the major reasons for 
increased uptake compared with other Western countries 
[73, 74].

 Peritoneal Dialysis

 Epidemiology
PD was introduced in Australia in the mid-1960s [75, 76]. Its 
popularity increased markedly in the late 1970s and 1980s 
after continuous ambulatory treatment became available 
[77]. Over the last decade, despite steady increases in the 
absolute numbers of PD patients in Australia, the proportion 
of patients with ESRD treated with PD has progressively 
fallen slightly from 21% (n = 862) in 2009 to 19% in 2017 
(n = 2440) [26, 78]. During this time period, there have been 
progressive increases in the proportions of male, Indigenous 
and obese patients with higher comorbidity burdens [79]. 
Australia has the fifth highest utilisation of PD in the world 
with a treatment prevalence of 99 per million population 
(pmp) that is higher than both the global average (38.1 pmp) 
and the high-income country average (53 pmp) [80]. Like 
New Zealand and Finland, Australia follows a “home dialy-
sis first” model rather than a “PD first” model [81]. Indeed, a 
number of Australian states specify targets for the proportion 
of dialysis patients receiving treatment at home (either PD or 
HHD) as a key performance indicator (e.g. Queensland spec-
ifies a target of 50%).

 Practice
PD is organised into “hub and spoke” models with parent ser-
vices being responsible for clinical governance. There are 55 
PD centres in Australia equating to 2.3 per million popula-
tion, which is higher than the global average of 1.3 PD centres 
pmp [80]. Approximately two-thirds (67%) of Australian PD 
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patients receive automated PD (APD), which is higher than 
the average APD utilisation by developed countries (42.4%, 
95% CI 34.4–50.5) [26, 82]. Icodextrin prescription in 2016 
was 45%, which has remained stable for the past decade [26]. 
In contrast, utilisation of neutral pH, low degradation produc-
tion solutions has steadily increased from 4% in 2009 to 18% 
in 2016 [26], following the publication of the balANZ trial in 
2012 [83]. Surgeons insert PD catheters in 78% of units using 
laparoscopy-only (34%), laparoscopy or open insertion 
(34%), open insertion-only (17%) or some other approach 
(15%) [84]. Despite evidence that coiled PD catheters have 
inferior outcomes, 45% of Australian PD units still use these 
catheters [84]. Two-thirds of units use a titanium connector, 
and 84% routinely flush the PD catheter during periods of PD 
rest ranging from alternate daily to monthly [84]. The median 
doctor/patient and nurse/patient ratios are 10:1 and 12:1, 
respectively, and 44% of units undertake multidisciplinary 
patient review [85]. In terms of infection control practices, 
83% of Australian PD units prescribe antibiotic prophylaxis 
prior to PD catheter insertion, 22% routinely screen for nasal 
S. aureus carriage, 56% prescribe daily topical exit site mupi-
rocin, 33% prescribe nasal mupirocin, and 89% coprescribe 
antifungal prophylaxis with antibiotic courses [85]. The most 
common initially prescribed antibiotics for the treatment of 
PD-related peritonitis are gentamicin (70%) and vancomycin 
(40%) [26]. PD training is provided by nursing staff and most 
commonly takes 4–5 days to complete with an average of 4–6 
hours spent per day [86]. Eighty-six per cent of units have a 
written PD training curriculum, but only 37% undertake com-
petency assessments following initial training [86].

 Outcomes
The most recently reported PD patient survival rates in 
Australia at 1, 3 and 5 years were 99% (95% CI 98–99%), 
95% (95% CI 94–96%) and 64% (95% CI 61–66%), respec-
tively [26]. Corresponding figures for technique survival 
(including death) were 84% (95% CI 82–85%), 41% (95% 
CI 37–46%) and 20% (95% CI 17–22%), whilst those for 
death-censored technique survival were 88% (95% CI 
86–89%), 59% (95% CI 54–63%) and 37% (95% CI 
33–41%) [26]. There have been progressive improvements in 
patient and technique survival rates over the last 15 years. 
The most common cause of technique failure is death (36%), 
followed by infection (21%), inadequate dialysis (11%), 
mechanical (10%), social (9%) and other (13%) [26, 87]. 
Peritonitis rates in Australia have fallen dramatically follow-
ing a national quality improvement project (vide infra) and 
averaged 0.31 episodes per patient year at the end of 2016 
[26]. However, there remains a sevenfold variation in 
observed peritonitis rates between different centres, which 
appears to be largely driven by centre factors rather than 
patient factors (case mix) [88, 89]. The most common organ-
ism responsible for PD-related peritonitis is coagulase- 

negative staphylococci followed by Gram-negative organisms 
[26]. Approximately three-quarters of patients with 
PD-related peritonitis are hospitalised, and 16% have their 
PD catheters removed [26, 90].

 Quality Improvement Initiative
The establishment of the Australian Peritonitis Registry on 1 
October 2003 led to the generation of important information 
that clearly demonstrated that Australian PD units had vari-
able and often poor PD infection control practices, which led 
to variable and unacceptably high peritonitis rates, which in 
turn led to variable and unacceptably high PD technique fail-
ure rates [91, 92]. These concerning data provided the impe-
tus for the establishment of a national PD continuous quality 
improvement initiative in 2009 [91]. As part of this initiative, 
a national PD-related peritonitis key performance indicator 
project was established in which quarterly unit peritonitis 
data were fed back to individual units and benchmarked 
against all other units in an identified fashion. Other strate-
gies included publishing two call to action papers [93, 94], 
conducting randomised controlled trials of novel 
PD-peritonitis prevention interventions through the 
Australasian Kidney Trials Network (AKTN) [83, 95], iden-
tifying barriers and enablers to adhering to ISPD peritonitis 
prevention and treatment guidelines through a KHA-CARI 
guideline implementation project [96], targeting education 
of early career nephrologists through the Australian PD 
Academy, developing local key opinion leaders to champion 
PD infection control, establishing a standardised PD training 
programme [97] and development of a Home Dialysis 
Network to educate, enable and empower home dialysis 
patients (http://homedialysis.org.au/). As a result of these 
projects, national peritonitis rates fell by one-third, and 
between-centre variation was halved within a period of 
4 years and has been sustained thereafter (Fig. 52.4).

 Dialysis Reimbursement

Access to dialysis is universal to Australian residents who 
hold a current Medicare Card [98]. Australian public health 
system is predominantly based on the delivery and reimburse-
ment of defined activities. The Australian government reim-
burses state and territory hospitals for the type and mix of 
services delivered, and the provision of dialysis is the respon-
sibility of each state or territory [99]. Activity Based Funding 
(ABF) is one type of health funding in line with the August 
2011 National Health Reform Agreement. Funding for public 
dialysis services comprises an ABF to cover dialysis services, 
including consumables and coordination costs [100].

Each in-centre (hospital-based) HD session counts as an 
admitted patient episode and is classified and funded under 
the admitted acute model. This payment applies only to 
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activity measured by episode of care which is defined as a 
period of care with the principal clinical intent provided by a 
healthcare provider with a defined starting time and finish 
time. The episode of acute admission for HD is the same-day 
Australian Refined Diagnosis Related Groups (AR-DRG) 
code L61Z, with International Classification of Diseases 
10th revision Australian Modification (ICD) principal diag-
nosis code Z49 [101, 102]. However, this does not apply to a 
patient undergoing dialysis whilst an inpatient for other con-
ditions. In these circumstances, dialysis will be reimbursed 
as part of the hospital admission costs.

Dialysis sessions performed in satellite units are under the 
governance of hospital health services. Health services pro-
viding satellite dialysis are required to make a mandatory 
payment, comprising two components, per L61Z dialysis 
separation to their specialist hub to cover equipment, con-
sumables and specialist services (i.e. 24 hour on-call/emer-
gency service and other specialist renal coordination and 
services) [102]. On the other hand, home dialysis therapies 
(HHD and PD) are funded as a non-admitted service event 
based on relevant coding [101].

The annual cost of each dialysis modality per patient was 
estimated by the New South Wales Dialysis Costing Study, 
indexed to 2008–2009 Australian dollars. The total costs 
(including direct dialysis service provision, medical costs, 
ongoing out-of-pocket costs to patients and transplant work-
 up for those on waiting list) of hospital HD, satellite HD, 
HHD and PD were, respectively, $85,128, $70,409, $53,268 
and $56,910 [103]. More recently, a micro-analysis study in 
Australia’s Northern Territory urban and rural areas reported 

that the average annual cost of PD per patient (indexed to 
2017 Australian dollars) was $87,250 in the first year, drop-
ping to $58,489 in the second and subsequent years [99].

 Renal Transplantation

The first successful kidney transplant in Australia was per-
formed in February 1965 at the Queen Elizabeth Hospital in 
Adelaide using a living donor. Successful living donor kid-
ney transplants followed in both Melbourne and Sydney in 
that same year [104]. Much progress has been made since 
that early period as it has internationally. As with many other 
countries where kidney transplantation has become part of 
the routine care of patients with end-stage kidney failure, 
Australia has long ago developed a successful deceased 
donor programme whilst continuing to rely on living dona-
tion. In the last decade, a highly successful national paired 
kidney donation programme has also been established to 
assist those with incompatible living donors and to improve 
HLA matching using living donors [105].

Increased governmental efforts to improve organ dona-
tion rates have occurred through the establishment of a 
national Organ and Tissue Authority (OTA) in 2009. The 
OTA’s responsibilities include the identification of as many 
donors as possible in hospitals, improving donor family con-
sent rates and supporting donor coordination services. As a 
consequence, since 2009 Australia has experienced a dou-
bling in the number of deceased organ donors. Deceased 
donation rates reached 22.2 donors per million population 
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(dpmp) in 2018, compared to the pre-reform historic mean of 
10.2 dpmp (2000–2008) [106]. In 2018 there were 897 kid-
neys transplanted from deceased donors and 238 kidneys 
transplanted from living donors [106]. Approximately one- 
third of all deceased kidney donations are now from donors 
with circulatory death (DCD) with two-thirds coming from 
donors with brain death (DBD). The average age of deceased 
donors has also increased in recent years with an increased 
use of older donors with various comorbidities. In 2017, 
14.7% of donors were 65–74 years of age, and 1.8% were 
aged 75 years or older. The mean age of deceased donors was 
46.4 years [107]. Of interest, the living donor rate in Australia 
has fallen as the number of deceased donors has increased 
and the waiting time for transplantation has improved.

National sharing of kidneys has been a feature of the 
Australian programme since kidney transplant units were 
first established in 1967. Kidneys are allocated to recipi-
ents that are blood group compatible and have a negative T 
cell cross match test with the donor. The cross match is 
currently based on a cytotoxicity assay, but Luminex iden-
tified HLA antibodies and a virtual cross match are also 
taken into account. In general, kidneys are matched and 
allocated either at a national level if there is a well-matched 
kidney especially for a sensitised recipient anywhere in the 
country or at a state level where more weight is given to 
time on the list. The national algorithm favours HLA 
matching with 0, 1 or 2 HLA mismatches whilst also pri-
oritising the sensitised (based on panel reactive antibody 
score). Paediatric recipients (<18 years old) are also priori-
tised. If national criteria are not met for allocation, kidneys 
are then allocated according to a regional (state-based) 
algorithm which relies mostly on waiting time but also on 
some degree of HLA matching in most states [108]. Each 
state can also promote rare patients to an urgent category, 
usually those who become nearly impossible to dialyse 
due to difficult dialysis access. The current national and 
state-based kidney allocation system is coordinated 
through custom built computer software known as 
OrganMatch (released in May 2019). The principles and 
rules of allocation are defined by the national Renal 
Transplant Advisory Committee (RTAC), a committee of 
the Transplantation Society of New Zealand (TSANZ). 
The allocation rules and protocols are publicly available at 
the TSANZ website [108].

Individuals with ESRD have access to the kidney trans-
plant waiting list and to transplantation if they are eligible for 
Medicare, the national public health support scheme. This is 
generally the case for all Australian citizens and permanent 
residents. Investigations, hospitalisation and surgery are all 
covered by the national scheme. Immunosuppressive medi-
cation costs are heavily subsidised by the government. 
Transplantation generally occurs in the public hospital sys-
tem and not in private hospitals. Equity of access is an impor-

tant basic principle, allowing candidates access to the waiting 
list and a transplant on the merits of their overall medical, 
surgical and psychological suitability, regardless of their 
level of private insurance, social status or race. Kidney trans-
plant programmes follow national guidelines in the form of 
the Transplantation Society of Australia and New Zealand’s 
(TSANZ) Clinical Guidelines [108] and the NHMRC Ethical 
Guidelines for Organ Transplantation from Deceased Donors 
[109].

Waiting time for kidney transplantation has shortened 
through increased deceased donation from a median of 
5–6 years at its peak in the early 2000s to 2.4 years currently 
[110]. The total number of patients waiting for a kidney in 
Australia has also fallen from 1580 at its peak in 2002 to just 
under 1000 currently. Despite these significant improve-
ments, challenges remain, especially for potential transplant 
recipients who have been sensitised to HLA antigens. 
Approximately 25–30% of the waiting list have moderate- 
high levels of anti-HLA antibodies making it difficult for 
them to find a compatible donor.

Living donation has always been an important component 
of kidney transplantation programmes in Australia. In recent 
years, recipients relying most heavily on living kidney dona-
tion are the sensitised, the paediatric population and those 
wishing to avoid dialysis. Currently, acceptance onto the 
deceased donor waiting list requires patients to have com-
menced dialysis; therefore, a pre-emptive (pre-dialysis) 
transplant is generally only possible with a living donor. 
Living donor assessment generally follows fairly strict 
guidelines, usually excluding potential donors with signifi-
cant comorbidity such as vascular disease, suboptimal renal 
function, obesity, glucose intolerance, diabetes and past or 
current malignancy. Living donation is fully supported in the 
public hospital system under Medicare. Depending on their 
work circumstances, living donors also have access to a 
financial support scheme which partly covers their income so 
they can donate.

Blood group incompatible living donor transplants are 
performed either directly or as part of the paired kidney 
donation programme. Sensitised patients with incompatible 
living donors are also entered into the paired kidney donation 
programme as are some compatible pairs that are hoping to 
obtain an improved HLA or epitope match. Improving the 
immunological match is particularly important for younger 
patients who are likely to need a further transplant in the 
future. Non-directed (altruistic) living donors who are 
deemed suitable to donate are generally entered into the 
paired kidney donation programme to assist those who are 
sensitised. In this way, paired kidney donation domino chains 
can be generated with the last donor kidney in the sequence 
going to a recipient on the deceased donor waiting list. 
Otherwise paired kidney donations occur in closed-loop con-
figurations consisting of 2–6 pairs in each chain.
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Immunosuppressive drugs are heavily subsidised by the 
government significantly reducing the cost to recipients. In 
the current era, the majority of patients are on triple therapy 
maintenance immunosuppression with tacrolimus, myco-
phenolate mofetil and low-dose prednisolone. Steroid-free 
protocols are sometimes used, but these are less common 
over the last 15–20-year period. In the last decade, some 
patients are treated with mTOR inhibitors (sirolimus or 
everolimus) as one of their 2–3 agents. Cyclosporin and aza-
thioprine are still used on occasion. Recipients with allografts 
surviving more than 15–20 years are more likely to still be 
on these older drugs and possibly be steroid-free. Induction 
agents commonly used include basiliximab as well as poly-
clonal antithymocyte antibodies.

The majority of units in Australia monitor patients with pro-
tocol biopsies especially within the first-year post- transplant. 
Often these are performed at 1, at 3–6  months and then at 
12 months. At this stage, monitoring allografts with molecular 
techniques (e.g. gene arrays) is very uncommon due to the cost 
and lack of general availability of these methods.

As reported through the ANZDATA, overall Australian 
5-year kidney transplant recipient survival is approximately 
90%, with 5-year kidney survival at approximately 80% 
[111]. There is a five- to tenfold reduction in mortality for 
patients who have received a kidney transplant compared to 
those who remain on dialysis [112].

With the implementation of Australia’s new allocation 
software, OrganMatch, in May 2019, survival matching or 
longevity matching of donor organs to recipients is currently 
under consideration. The broadened spectrum of both donors 
and recipients over the last decade requires a more sophisti-
cated approach of allocation than we have had to date. Good- 
quality kidneys from younger, healthier donors have a longer 
predicted life span, and logically these should be allocated to 
recipients with longer predicted life expectancy. Kidneys 
with a shorter predicted life span are better allocated to older 
patients also with a shorter predicted life span. In the near 
future, Australia is likely to adopt an approach using Kidney 
Donor Prognosis Index (KDPI) to assist in the allocation 
process. It is hoped that this will allow for better overall out-
comes from the entire available donor pool and avoid wasted 
life years of kidney function [113].

 Nephrology Practice in Australia

The practice of nephrology in Australia is similar that in 
other developed economies globally. Specific aspects in 
some ways are reflected by the somewhat unique organisa-
tion, funding and governance structures of Australian health-
care more broadly [114]. In 2019, Australia is a 
commonwealth of six states, two internal territories and sev-
eral smaller external territories that came into being as a 

single country on 1 January 1901. The division of responsi-
bilities as they pertain to healthcare between federal and 
state or territory governments gives insights as to specific 
structural and operational differences to other health systems 
[115]. In general and in terms of delivery, community-based 
healthcare has become the responsibility of the national fed-
eral government where public hospital-based healthcare is 
the responsibility of state/territorial governments. 
Overarching this however is the principle of a universal 
healthcare system underpinned by public hospitals and an 
additional private healthcare system with partially publicly 
reimbursed and incentivised private health insurance. Despite 
this apparent complexity, healthcare access and outcomes 
are enviable within a global context [116].

Kidney healthcare delivery is no exception. Resourcing of 
kidney health and workforce development deliver nephro-
logical care effectively, even in spite of increasing numbers 
of renal replacement therapy-treated patients [26, 117]. 
Chronic kidney disease more generally is being understood 
with greater clarity, including the variation in its incidence, 
prevalence and characteristics around Australia [118]. The 
significant geographical and environmental challenges that 
can occur further add a depth to this complexity.

The nephrology workforce in Australia is developed via a 
training pathway nationally accredited and regulated by the 
Australian Medical Council in concert with Australian 
Health Practitioner Regulation Agency, both operating under 
the auspices of the Australian Federal Government. This 
pathway commences after medical school training and a 
1-year accredited internship. It is administered by the Royal 
Australasian College of Physicians which is the professional 
college for adult physician and paediatrician training across 
both Australia and New Zealand. After an initial 3 years of 
basic physician training, both a written and clinical examina-
tion are undertaken, success at which enables progress to a 
further 3 years of advanced training. At present this requires 
all 3 years to be core training time and must include acute 
kidney transplantation and kidney biopsy exposure and 
experience. At the completion of the 6-year programme in 
either adult or paediatric medicine, Fellowship is granted in 
Nephrology or Paediatric Nephrology which enables one to 
enter nephrology practice. This training pathway has resulted 
in a nephrology workforce which compares favourably both 
regionally and globally [119].

At present, the supply of nephrologists and nephrology 
trainees in Australia is favourable in terms of domestic sup-
ply [119], resulting in some challenges in terms of post- 
training employment [120]. In public employment after 
completion of nephrology training, specialist nephrologists 
in Australia are remunerated at approximately $300,000 
Australian dollars/year/full time equivalent, though there 
may be variation by location, state, specific duties and other 
role-specific elements.
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The practice of nephrology in Australia as a specialist is 
not significantly different to that of other comparable 
Commonwealth countries such as New Zealand, Canada or 
the UK. Whilst some regional variations clearly can occur, 
they are not likely generalised in nature. Patients and their 
priorities and outcomes are the key focus of Australian 
nephrologists, and this is reflected by the SONG (Standardised 
Outcomes in Nephrology) initiative which has been initiated 
and based from Australia. The enthusiastic and functional 
nature of Australian nephrological practice is likely to con-
tinue as the specialty evolves internationally.

 Highlights of Nephrology in Australia

 Green Nephrology

The twenty-first century has seen accelerating climate 
change and biodiversity loss, which together pose unprece-
dented risks to human health [121–123]. The world over, this 
has led to growing appreciation of the need for all sectors to 
start “thinking and doing” in more environmentally con-
scious ways.

The healthcare sector is a significant contributor to 
resource depletion and greenhouse gas emissions [124, 125], 
with the environmental impact of kidney care delivery (par-
ticularly dialysis) appearing to be especially high [126]. This 
suggests the nephrology community has a major role to play 
in exploring environmentally responsible healthcare 
practice.

The concept of “green nephrology” was first pioneered in 
Australia, where over 15 years ago, the Barwon Health Renal 
Service, led by Professor John Agar, began to critically anal-
yse and document the vast resource usage and carbon foot-
print of haemodialysis procedures [127, 128]. This was 
followed by detailed chemical and microbial testing of 
reverse osmosis reject water to prove its quality and then the 
installation of the necessary infrastructure to allow for its 
capture and reuse [127, 129]. The ability of renewable energy 
generation to offset haemodialysis-related power usage was 
also investigated, with both feasibility and cost-effectiveness 
demonstrated [130].

Since that time, a limited number of other individual dial-
ysis services in Australia have taken similar important steps 
towards monitoring and improving the environmental profile 
of dialysis. However, efforts have been piecemeal, and over-
all progress has been slow, as has been the case elsewhere in 
the world.

More recently, however, signs of more wide-ranging, sub-
stantive change have appeared. The Australian and New 
Zealand Society of Nephrology (ANZSN), in partnership 
with the Renal Society of Australasia and Kidney Health 
Australia, has developed a position statement on green 
nephrology. The ANZSN is also now funding prizes to 

encourage research in the environmental space, the first 
known national body to do so. Research is underway exam-
ining the utility of adding shredded, sterilised waste plastic 
from haemodialysis procedures into concrete, with prelimi-
nary results suggesting this may improve the quality and 
durability of the end product [131, 132]. The implications of 
this are potentially far-reaching not only for waste manage-
ment in dialysis but also in the broader healthcare sector. An 
existing Australian “Green Dialysis” website (htpps://www.
greendialysis.org) has been expanded and upgraded to pro-
vide practical information for those wishing to implement 
changes in their own facilities, whilst social media platforms 
for posting and discussing ideas are slowly building.

Outside Australia, other national and regional societies 
have also begun to demonstrate leadership. The European 
Renal Association-European Dialysis and Transplant 
Association has recently committed to a broad range of ini-
tiatives aimed at “greening” the renal sector [133]. In Brazil, 
a “call to action” has been made by the national kidney soci-
ety to the nephrology community [134]. Nephrology jour-
nals are also increasingly seeking and publishing papers in 
the environmental space [135–137].

Is there more to do? With awareness still low, changes far 
from widespread and dialysis patient numbers and thereby 
resource usage exponentially rising across the developed and 
developing world, the answer to this question is a categorical 
“yes”. The need for the nephrology community to quantify, 
to document and to adopt resource conservation measures 
becomes ever-more important, in Australia and elsewhere.

 The Big Red Kidney Bus: An Australian Dialysis 
Holiday

The Big Red Kidney Bus (BRKB) is a heavily modified bus 
equipped to offer HD at remote locations. It has been fitted 
out with full water purification (pre-filtration and reverse 
osmosis) and 3 HD machines, thus offering 12 patients per 
week the opportunity of undertaking dialysis on holiday. 
Staffed by a fully trained dialysis nurse, it offers two shifts of 
dialysis per day typically in a “caravan park” (=trailer park in 
the USA) at a desirable location such as by the seaside or in 
the mountains (Fig. 52.5). Water and power are provided on- 
site by the parks (including three-phase power). The bus 
remains on-site for typically 6–8 weeks, and patients are able 
to book in for 1-week blocks  – they organise their own 
accommodation, most typically in on-site cabins. They are 
then able to take advantage of the local touristic attractions.

Care is coordinated through a single public hospital. 
Initially, patients book through the patient advocacy group 
Kidney Health Australia (KHA) either on-line or over the 
phone, and then the Hospital “Bus Coordinator” ensures the 
patient meets the acceptance criteria (e.g. no temporary lines, 
stable cardiovascular status, non-infective status). The 
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Hospital provides the dialysis consumables and is funded via 
the public hospital system, considering the dialysed patients 
as hospital patients. The patients bring their own medica-
tions, including anti-coagulation for dialysis. On-site dialy-
sis nurse staffing is also provided by the Hospital.

The Bus Coordinator then juggles the schedules and staff-
ing to optimise use of the facilities. Medical supervision is 
remote only – with the on-site dialysis nurse being able to 
contact a nephrologist from the Hospital whenever required. 
If there is a nearby dialysis facility, they are always notified 
of the Bus’s presence in case of need. Technical services are 
provided by the coordinating hospital, which includes assis-
tance with set-up and pack-up. Typically, a week is allocated 
to pack-up, moving to a new site and subsequent set-up.

The BRKB has been a great success, offering holiday and 
respite dialysis to a large group of patients from around 
Australia. The response from patients and their families has 
been universally positive. The model began in the state of 
Victoria but has since expanded to a second Bus in New 
South Wales. The model began as the initiative of a group of 
patients in Victoria who approached both KHA and the 
Hospital with the suggestion of the Bus. KHA raised the 
money to obtain and refit the Bus through charitable 
endeavours.

 The Keeping Kidneys Programme: A General 
Practitioner with Special Interest Model 
of Care for Community Kidney Health

Intervention in early-stage CKD slows rate of progression 
[138]. First-contact healthcare providers like general practi-
tioners (GPs) are ideally positioned to detect and manage the 
early stages of CKD, with >80% of Australians attending a 
GP each year. Keeping Kidneys in the Community (KK) was 
developed to leverage this high prevalence of patient contact. 
The programme was implemented in 2018 in a less- privileged 

socioeconomic area of Queensland, Australia, where access 
to specialised kidney care was not available. The aim of the 
programme is to augment a specific subset of GP kidney care 
skills in a two-phase curriculum. The longer-term aim is tak-
ing these skills back to local practices managing people with 
CKD in their communities [139].

In the proof of concept, two GPs were recruited and 
trained in a two-phase curriculum. The first phase focused on 
augmenting present knowledge and skills in CKD, specifi-
cally screening for kidney disease, developing a diagnostic 
approach to CKD aetiologies and formulating management 
plans. The second phase was a 6-month period of clinical 
detailing with a consultant nephrologist.

Patients are streamed to the KK clinic if they are (1) 
referred for kidney care to the parent specialty kidney ser-
vice, (2) have at least one indicator of kidney disease, (3) live 
in the surrounding community and (4) do not have an exclu-
sion criterion. Exclusion criteria include rapid deterioration 
of kidney function (eGFR decline >8 ml/min p.a.), kidney 
transplant recipient, receiving dialysis or expected to start 
within 6 months and/or on immunomodulatory therapies tar-
geting kidney disease. Goals of care include:

• Establishing a (putative) diagnosis
• Developing a management plan and the decision of who 

and where follow-up care will be  – discharged back to 
their GPs, managed in shared care with their GPs or man-
aged in shared care with a specialist

Figure 52.6 illustrates patients’ timeline and pathways of 
KK [139].

One hundred and forty patients were referred to KK in the 
first 8 months of its operation. Median age was 76 years (67–
81). Most patients were in CKD stage 3B (54%) or 3A 
(22%). Hypertension and diabetes were the leading CKD 
causes, but 33% had no aetiological diagnosis at entry. Most 
patients had low-average scores for CKD knowledge 

a b

Fig. 52.5 The Big Red Kidney Bus
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(13  ±  14/28) and CKD self-management (46  ±  6/116). 
Median Charlson comorbidity score, which quantifies an 
individual’s burden of disease, was 7 and predicted a survival 
of <10  years. CKD complications, e.g. anaemia and bone 
mineral disease, were not largely prevalent in this cohort. 
Mean haemoglobin (Hb) was 12.6 ± 2 g/dL but 5% had Hb 
<10  g/dL.  Mean parathyroid hormone, calcium and phos-
phate were, respectively, 94  ±  81  pg/mL, 9.6  ±  0.5 and 
3.4 ± 0.5 mg/dL. Prevalence of hypocalcaemia and hyper-
phosphataemia were, respectively, 1% and 2%. Median urine 
albumin/creatinine ratio was 38 (12–75) mg/g. One patient 
was referred for renal biopsy due to nephrotic range protein-
uria and one for bone marrow biopsy with a differential diag-

nosis of multiple myeloma. Patients travelled, on average, 
25 minutes less for their appointments, with 72% seen within 
15 km of their homes. Patients were generally satisfied with 
the care they receive with 90% agreeing or strongly agreeing 
that they “have confidence and trust in the doctor they saw”. 
Furthermore, the local district health service noted a 25% 
reduction in the outpatient waiting list for specialty kidney 
services during this time [139, 140].

KK is a new model of care that focuses on the interface 
between patients, GPs and specialists, with a strong empha-
sis on the pivotal role of GPs in the health system in Australia. 
Trained GPs were capable of staging severity of kidney dis-
ease, initiating the work-up of the cause(s) of the kidney dis-

Induction DischargeMaintenance

KK nurse consult

Initial pharmacist
consult

Community
pathology / imaging

Community
allied health

Management
plan

GP shared care

Follow-up GPwSI
consult/s

Existing patients
(with diagnosis)

Initial GPwSI
consult

3 months referral

Care
decision

Standard GPwSI
care

Stable CKD stage 1 and 2

Stable CKD stage 3a:
6 monthly GPwSI review

Stable CKD stage 3b and 4:
3 monthly GPwSI review

Stable CKD Stage 1and 2

Stable CKD Stage 3a:
12 monthly GPwSI review
12 monthly GP review

Stable CKD Stage 3b:
6 monthly GPwSI review
6 monthly GP review
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4-6 monthly GPwSI review
4-6 monthly GP review
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regular GP

Diagnosis
3 months

Group education

Initial GPwSI
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Fig. 52.6 Patient timeline and pathways of the Keeping Kidneys (KK) Programme. GP general practitioner, KHS Kidney Health Service, OPD 
outpatient department, GPwSI general practitioner with special interest, RRT renal replacement therapy
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ease and screening for complications. They managed a 
cohort of patients with CKD that were elderly and had inter-
mediately advanced CKD and complex comorbidities in 
their communities. KK also released capacity in public kid-
ney specialty services.

Many cases of CKD may be preventable through the con-
trol of modifiable risk factors [141]. All the opportunities to 
change the burden of CKD lie in the better recognition, 
knowledge and management of CKD at earlier, less severe 
stages of disease. Furthermore, delaying the onset of ESRD 
reduces the huge and escalating cost on our society. 
Therefore, additional training and education is warranted to 
better equip GPs to directly impact on CKD complications 
and disease progression. KK presents a unique opportunity 
to explore a new model of care aiming to deliver better 
healthcare outcomes.

 Future Perspectives of Nephrology 
in Australia

An ageing population, increasing prevalence of diabetes 
mellitus and the burden of CKD challenge the capacity of 
health jurisdictions across Australia [142]. Kidney disease 
utilises approximately 15% of all hospitalisations in Australia 
[103]. Furthermore, the demand for dialysis has significantly 
increased in Australia over recent decades [53]. The cost of 
treating ESRD from 2009 to 2020 is estimated to be around 
$12 billion to the Australian government [103]. In recent 
years, state-wide commissions and networks have proposed 
evidence-based initiatives and actions to address current and 
future challenges to renal services [142–148]. Each state has 
its own commission for strategic planning. Nevertheless they 
share several common goals and priorities such as:

• Investment in early detection and management of CKD 
particularly engaging local primary care physicians

• Integration of renal and palliative care for patients with 
chronic renal disease through kidney supportive care 
programmes

• Increasing accessibility – renal care closer to home
• Decentralisation of services with increased utilisation of 

telehealth
• A shift towards less inpatient activity to well-supported 

outpatient home-based care, including HHD and PD
• Increasing renal transplantation

The future of nephrology in Australia is optimistic given 
how engaged the many stakeholders, necessary to product 
different outcomes in chronic diseases, like kidney disease, 
are. At a system level, our federal legislators have enacted 
enablers like the national Organ and Tissue Authority in the 
parliament; health planners in multiple states continue to 
engage in the challenges of delivering CKD services, with the 

Advancing Kidney Care 2026 in Queensland but one exam-
ple; and we have reliable and robust platforms for ongoing 
data collections and reporting in the Australian Bureau of 
Statistics, the Australian Institute of Health and Welfare and 
ANZDATA. Australia has a vibrant kidney research commu-
nity of academics, clinician-scientists and clinicians deliver-
ing measurable impacts across the spectrum of types of 
research. In recent times research funders have emphasised 
the translational impact of their granting, with clinical trials, 
implementation science and service delivery research. 
Innovations like green nephrology and different models of 
care are springing from these environments. The immediate 
future promises to be an incubator for nephrology clinicians 
who have ideas to test in our clinical spaces.
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Incidence of end-stage renal 
disease3

2018 – 127 pmp

Prevalence of end-stage renal 
disease4

2018 – 985 pmp

Total number of patients on 
dialysis4

(all modalities)

2017 – 2779
2018 – 2846

Number of patients on 
haemodialysis4

2017 – 1917
2018 – 1978

Number of patients on peritoneal 
dialysis4

2017 – 862
2018 – 868

Number of renal transplants per 
year4

2017 – 187
2018 – 182

1.  https://tradingeconomics.com/new-zealand/gdp-per-capita accessed 
December 2019

2.  United Nations Development Programme Human Development 
Reports accessed December 2019. http://hdr.undp.org/sites/all/
themes/hdr_theme/country-notes/NZL.pdf

3.  ANZDATA Registry. 42nd Report, Chapter 1: Incidence of Renal 
Replacement Therapy for End Stage Kidney Disease. Australia and 
New Zealand Dialysis and Transplant Registry, Adelaide, Australia. 
2019. Available at: http://www.anzdata.org.au accessed December 
2019

4.  ANZDATA Registry. 42nd Report, Chapter 2: Prevalence of Renal 
Replacement Therapy for End Stage Kidney Disease. Australia and 
New Zealand Dialysis and Transplant Registry, Adelaide, Australia. 
2019. Available at: http://www.anzdata.org.au accessed December 
2019

 Introduction

New Zealand has a population of almost five million peo-
ple, with Auckland being the largest and most ethnical 
diverse city in New Zealand with a population of about 1. 
Four million individuals. Māori, the indigenous popula-
tion, make up 15% of the New Zealand population with 
Pacific People 7.4% and Asian people contributing 11% 
[1]. Māori first came to New Zealand from the Pacific 
around 1200 AD. Abel Tasman was the first European to 
discover New Zealand in 1642 but did not actually set 
foot on New Zealand. Captain James Cook was the first 
European to set foot on New Zealand in 1769. He subse-
quentially circumnavigated New Zealand drawing 
detailed maps of the coastline. With his discovery, New 
Zealand was claimed as a British Colony. However, 
unlike many other British Colonies, the indigenous popu-
lation (Māori) actually signed a treaty with the English 
Crown  – the Treaty of Waitangi  – which was meant to 
protect the rights of Māori to their land and sovereignty 
(see below). Whilst the initial settlers of New Zealand 
were predominantly from the United Kingdom, more 
recently, New Zealand has seen a much more multi-cul-
tural society develop with immigrants from Asia, India 
and Europe.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56890-0_53&domain=pdf
https://doi.org/10.1007/978-3-030-56890-0_53#DOI
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New Zealand’s main economy is related to farming and 
the production of primary produce, which is exported world-
wide. New Zealand has a democratically elected parliament 
which has a fairly strong focus on the social welfare of its 
people, such that education and healthcare are publicly 
funded. Although it is a relatively small country, it plays an 
important role in the international arena. The country’s sports 
teams particularly in rugby, sailing, cricket and softball are 
highly regarded.

The healthcare system in New Zealand is based on a pub-
licly funded healthcare system with substantially subsided 
access to primary healthcare and freely funded hospital care. 
As such, the provision of nephrology services comes under 
the publicly funded hospital system. The government over-
sight of the health system is provided by the Ministry of 
Health. An important component of the delivery of health-
care in New Zealand is the Treaty of Waitangi (English ver-
sion) and Te Tiriti o Waitangi (Māori language version) 
which recognises the sovereignty of Māori in New Zealand. 
Within New Zealand law, the health sector is required to 
work to eliminate health inequalities between Māori and 
other New Zealanders [2]. This involves a partnership 
between government (Ministry of Health) working with iwi 
(tribe), hapū (sub-tribe), whānau (extended- families) and 
Māori communities to develop strategies for Māori health 
gain and appropriate health and disability services. Māori 
participation is required at all levels of the health and dis-
ability sector, including in decision-making, planning, devel-
opment and delivery of health and disability. Under the 
Treaty obligations, the government has to ensure Māori have 
at least the same level of health as non-Māori and safeguard 
Māori cultural concepts, values and practices [2, 3]. However 
further work is required to ensure the government continues 
to fulfil their obligations to the Treaty [2].

There are a small number of nephrologists who provide 
some general nephrology in a private (fee paying) capacity. 
The majority of nephrologists in New Zealand are salaried 
full time or part time hospital physicians. Salaries range 
from about 160,000 to 240,000 NZ dollars per  annum. At 
present, there are 61 consultant nephrologists and 29 
advanced nephrology trainees (fellows) around New Zealand. 
There are nephrology services based in all of the tertiary hos-
pitals in New Zealand. Within Auckland, there is Auckland 
City Hospital, Middlemore Hospital, North Shore Hospital 
and Waitakere Hospital. There are nephrology units at 
Whangarei (Northland), Hamilton (Waikato), Hastings 
(Hawkes Bay), Palmerston North (Manawatu), New 
Plymouth (Taranaki) and Wellington, which are all in the 
North Island (See map). In the South Island, there are 
nephrology units based at Christchurch and Dunedin 
Hospitals. There are a number of regional units where 

nephrology services are provided by physicians who are dual 
trained in Internal Medicine and Nephrology. The majority 
of these have satellite dialysis facilities and collaborate with 
their regional hospital nephrology service (listed above). In 
addition, there is a national paediatric nephrology service 
based at the Starship Children’s Health, which is part of 
Auckland Hospital, with four paediatric nephrologists 
(Fig. 53.1).

 History of Dialysis

Prior to 1960, there were occasional isolated instances 
where acute peritoneal dialysis or acute haemodialysis 
using a Kolff kidney had been used to treat acute kidney 
injury. During the 1960s, renal units were established in 
Auckland, Hamilton, Wellington, Christchurch and 
Dunedin with the appointment of the first nephrologists in 
New Zealand [4].

In the early days, haemodialysis was solely a bridge to 
maintain the individual in a stable state until they could be 
transplanted. Dialysis was not seen as a long-term proposi-
tion. The units utilised different dialysis systems; either a 
Multiple Artificial Kidney System (MAKS) from Bio/
Systems Inc. of Santa Monica CA or Kolff/Travenol dialysis 
machines. Dialysis with Kiil flat plate dialysers was for 
4–5 hours, two or three times a week during the day/evening 
and up to 10  hours twice a week overnight for those who 
were working [4].

In 1966, Dr. Peter Little was appointed as Canterbury’s 
(Christchurch Hospital) first nephrologist, and he instigated 
the home haemodialysis programme in New Zealand in 
1969. The development of the Drake-Willock dialysis 
machines and Kiil dialysers meant there was affordable, rela-
tively simple technology that could be mastered by patients. 
With this equipment, patients could be trained to carry out 
overnight dialysis at home. Initially, home dialysis training 
and support was provided by the Christchurch unit for 
patients from throughout the country (see Fig.  53.2). Key 
elements of the training programme were training patients in 
a building separate from the hospital, reintegration of the 
patient back into the community to manage their own care 
and close liaison with their general practitioners, local hospi-
tal, laboratory, pharmacy, employers, and schools [4]. These 
patients were often residing long distances from the training 
unit (Fig. 53.2).

Home dialysis training units were subsequently set up in 
Auckland (1970), Dunedin (1974), Wellington (1975) and 
Waikato (1976) and Middlemore Hospital in South Auckland 
(1983). Home dialysis is still the main form of dialysis, par-
ticularly in the South Island of New Zealand [4].

R. J. Walker et al.
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Continuous ambulatory peritoneal dialysis (CAPD) in 
New Zealand started in 1978, at the Waikato (Hamilton 
Hospital) Unit [4]. CAPD was rapidly adopted by the other 
New Zealand renal units over the next few years, such that 
New Zealand now has one of the highest rates of CAPD 
internationally.

 History of Transplantation

The early nephrologists and hospital administrators saw 
dialysis as a bridging treatment, whilst patients waited for 
a transplant and dialysis services for end-stage renal dis-
ease would not have been possible without kidney trans-
plants being available in New Zealand. As is the case now, 
in the early days, a successful transplant offered a much 
superior survival and quality of life. The first kidney trans-
plant in New Zealand was carried out in 1965 with the 
donor and recipient being identical twins. A deceased 
donor transplant programme was started in 1966, with the 
Auckland Blood Transfusion Service setting up a tissue 
typing service. New Zealand adopted the Harvard Medical 
School Committee definition of brain death as part of this 
process [4–6].

The criteria for acceptance on the Auckland transplant 
programme were restrictive by today’s standards; aged 
15–45 years, no other serious health problems and absolutely 
no diabetes. In the first 2 years of the transplant programme, 
35 patients received 44 transplants: only 4 from living donors. 
All out of town patients, often with their families, would have 
to move to Auckland to have haemodialysis at Auckland 
Hospital whilst they waited, often months, for a donor kidney. 
All transplant surgery took place in Auckland until Wellington 
(1969), Christchurch (1972) and Waikato (1974) started their 

own programmes [4]. Now, transplantation services are pro-
vided from Auckland, Wellington and Christchurch.

 Chronic Kidney Disease Epidemiology

In the southern region of New Zealand, the prevalence of 
chronic kidney disease (CKD), as defined as an estimated 
Glomerular Filtration Rate (eGFR) of less than 60  ml/
min/1.73  m2, was estimated to be at least 11.8% [7]. The 
same study demonstrated that CKD was more prevalent in 
Māori (OR 1.56, CI 1.45–1.69) and Pacific people (OR 2.62, 
CI 2.28–3.01) even after adjustment for confounding factors 
including the presence of diabetes mellitus. Given the much 
greater number of Māori and Pacific people resident in the 
North Island, prevalence rates are probably even higher than 
11.8% nationwide [7, 8].

In New Zealand, glomerulonephritis (GN) is the second 
most frequent cause for progressive chronic kidney disease. 
In the 1970s, a total of 765 individuals with a biopsy-proven 
diagnosis of primary GN were enrolled in a prospective reg-
istry. Membranoproliferative GN and IgA nephropathy were 
the most prevalent forms of GN. Of interest, in the Māori and 
Pacific population, acute proliferative GN (post infectious) 
and membranoproliferative GN were more common, whereas 
in this ethnic group, IgA nephropathy was uncommon [9, 
10]. Patients with rapidly progressive glomerulonephritis 
had the highest risk of reaching end-stage kidney disease, 
whilst the cumulative incidence of end-stage kidney disease 
was 20% and 30% for those with IgA nephropathy and mem-
branous nephropathy, respectively.

The major aetiology of end-stage renal disease (ESRD) in 
New Zealand is diabetic nephropathy making up 54% of the 
cases of ESRD (Fig. 53.3), but there is marked variation by 
ethnicity with 68% of ESRD in Māori, 72% in Pacific people 
and 43% in Asian New Zealanders, due to diabetes [11]. 
There is a disproportionate representation of Māori and 
Pacific people requiring renal replacement therapy, with 
Māori almost twice as likely to develop ESRD and Pacific 
people over three times more likely to develop ESRD com-
pared to New Zealand Europeans (Fig. 53.4) [11]. Among 
Māori and Pacific peoples, disparities in the incidence of 
ESRD are evident as early as ages 15–24 years and remain 
evident across all age groups. There is no indication of gen-
der differences in New Zealand [11].

 Renal Replacement Therapy

With respect to data on ESRD and renal replacement ther-
apy, New Zealand contributes to the Australian and New 
Zealand Dialysis and Transplant (ANZDATA) registry 
(http://www.anzdata.org.au) which records all individuals 

Fig. 53.2 Neil and Gloria Herrick. Home dialysis Orepuki, rural 
Southland 1972 Left leg AV shunt, Kiil dialyser and Drake-Willock 
machine. (Picture reproduced with the permission of the family [4])

R. J. Walker et al.
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who have commenced renal replacement therapy for more 
than 90  days. In 2017, there was a total of 4658 patients 
receiving renal replacement therapy: 2768 on dialysis and 
1890 with a functioning renal transplant. The number of 
patients commencing dialysis was 615 (128 per million pop-
ulation). New Zealand has one of the highest rates of home 

dialysis with 1291 (47%) of the 2768 individuals on a home 
dialysis therapy. Of the 1291 individuals on home dialysis, 
34% are on home haemodialysis, and the rest are on perito-
neal dialysis [11, 12] (Fig. 53.5). In the South Island, over 
85% of the dialysis population are on a home dialysis 
therapy.

Fig. 53.3 Primary renal 
disease of new patients 
commencing renal 
replacement therapy, 2017. 
(Reproduced with permission. 
ANZDATA Registry [18])

Fig. 53.4 Incidence of renal 
replacement therapy by 
ethnicity in New Zealand 
2013–2017. (Reproduced 
with permission: ANZDATA 
Registry [18])
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As New Zealand has a fully funded public hospital sys-
tem, the cost of renal replacement therapies is covered by the 
government. The provision of dialysis is largely determined 
by individual patient choices along with nephrology multi- 
disciplinary team input. There is a strong focus in New 
Zealand on a ‘home first’ dialysis policy. As all nephrolo-
gists, as well as allied health staff, are salaried staff, there are 
no physician-related reimbursement costs for dialysis, and 
there are no private dialysis programmes in New Zealand. 
There are no financial incentives that may influence deci-
sions to commence dialysis. Likewise there is no  pre- specified 
staffing requirement for dialysis units, either in hospital or 
satellite units.

In New Zealand, the majority of haemodialysis is with 
high flux membranes (91%), with 22% using haemodiafiltra-
tion, with predominantly pre-dilutional fluid substitution. 
Average blood flow speed is between 300 and 350 ml/min-
ute. Seventy-seven percent (77%) of individuals dialyse 
three times a week for 4.5 hours or longer at a time. Overall, 
the majority of individuals are dialysing between 13.5 and 
20 hours a week. There is no dialyzer reuse in New Zealand.

In New Zealand, the majority of haemodialysis access is 
via arteriovenous fistulae (71%) with 28% via a tunnelled 
dialysis catheter. One-year dialysis survival is 90% and 
5-year survival is 55% (censored for transplantation) [13].

Of the patients on peritoneal dialysis, 53% are on APD 
and 47% on CAPD. Icodextrin usage is high with 60% on 
those on CAPD and 74% of those on APD using icodextrin 
[14]. PD survival rates (censored for transplantation) are 
95% at 1  year, 76% at 3  years and 53% at 5  years [14]. 

Peritoneal dialysis-related peritonitis rates are currently 1 
episode per 24.1 patient months (NZ Peritoneal Dialysis 
Registry – personal communication).

New Zealand has one of the highest rates of home dialysis 
per million population in the world. The two nephrology 
centres in the South Island of New Zealand, based in 
Christchurch and Dunedin, have an almost exclusive home 
dialysis policy, which is unique in the world. Of the total 
dialysis population in New Zealand, 47% are on home dialy-
sis, which is broken down to 16% APD, 15% CAPD and 
16% home haemodialysis [11]. The majority of the home 
haemodialysis patients are in the South Island. Those on 
home haemodialysis either self-dialyse or have a support 
person where needed. A significant proportion of those on 
home haemodialysis dialyse long hours (8 or more) over-
night at least three times a week. The longest home haemo-
dialysis patients have been dialysing at home for over 
35 years. It is also important to note that there is no remote 
monitoring  – the patients are not linked up to any sort of 
monitoring systems back to the dialysis unit.

Active conservative care programmes are also an integral 
part of nephrology services. Several of the larger units in 
New Zealand now have combined clinics with their palliative 
care physician colleagues to help manage those individuals 
who chose an active conservative care pathway or who 
decide to withdrawal from dialysis. Throughout the country, 
palliative care services and hospices collaborate with 
nephrology services. Withdrawal from renal replacement 
therapy now accounts for 20–25% of deaths in ESRD popu-
lation [12].

Fig. 53.5 Method and 
location of dialysis – New 
Zealand 2013–2017. 
(Reproduced with permission: 
ANZDATA Registry [18])

R. J. Walker et al.
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 Acute Kidney Injury and Critical Care 
Nephrology

In New Zealand, all acute kidney injury patients are man-
aged predominantly by the nephrology services. They pro-
vide acute haemodialysis as required. Patients are only 
admitted to the intensive care units if there are additional 
requirements for circulatory and respiratory support. In all 
the main hospitals, acute dialysis in the intensive care unit is 
provided by the intensivists, with varying support provided 
by the nephrology service. The modality of acute dialysis 
treatment used depends upon individual unit preferences and 
experience. These range from continuous venovenous hae-
modiafiltration (CVVHD) to sustained low efficiency hae-
modiafiltration (SLED-HDF).

 Paediatric Nephrology

New Zealand has a national paediatric nephrology service 
based at the Starship Children’s Health, Auckland Hospital 
with four paediatric nephrologists. In addition to their in- 
patient services, they provide a national outreach service 
with paediatric nephrology clinics in the main centres of 
New Zealand. Renal replacement therapies for paediatric 
patients are overseen by the national service, with the 
majority of patients dialysing in their own region or their 
transplant follow-up in close liaison with local 
paediatricians.

 Renal Transplantation

Renal transplantation takes place at three major centres. 
Auckland City Hospital provides the transplant services for 
the top half of New Zealand, which contains the largest popu-
lation base. It is also centre for the national liver, pancreas, 
heart and lung transplantation services. Wellington provides 
transplantation for the lower North Island and Christchurch is 
the transplant centre for the South Island. In New Zealand, 
transplant recipients are managed by the nephrologists in 
both the pre-transplant assessment phase and post- operatively: 
initially in conjunction with the transplant surgical team in 
the immediate post-operative phase (first 5–7 days), with sub-
sequent follow-up entirely undertaken by the nephrologists.

There are clear national guidelines related to assessment 
and acceptance onto the deceased donor transplant waiting 
list. All organ retrieval is undertaken by the Auckland Intra- 
abdominal Transplant Service with organs allocated accord-
ing to a nationally agreed algorithm overseen by the New 
Zealand Renal Transplant Leadership Team (https://www.
health.govt.nz/system/files/documents/pages/nrts-nz-kid-
ney-allocation-scheme-feb2019-final.pdf). Organ Donation 

New Zealand is responsible for co-ordinating retrievals and 
transport of organs to the recipient operating centres.

Immunosuppression therapy is fully funded by the gov-
ernment, as is all approved medications. Anti-CD25 induc-
tion therapy is standard along with calcineurin inhibitors 
(cyclosporin A 72% and tacrolimus 22%) mycophenolate 
mofetil (99%) and prednisone (99%) as initial immunosup-
pressive therapy [15].

In 2017, there were 187 transplants (40 per million popu-
lation), 69 of which were from live donors. New Zealand has 
recently expanded its deceased donor pool and now uses 
deceased cardiac donors as well. Donor rates have been 
increasing steadily over recent years. Long-term transplant 
survival rates compare favourably with those of other west-
ern countries. For primary deceased donor grafts, patient sur-
vival is 99% at 1 year and 88% survival at 5 years with graft 
survival at 1  year at 98% and 83% at 5  years. For living 
donor transplants, patient survival is 97% at 1 year and 97% 
at 5  years, with graft survival 96% at 1  year and 91% at 
5 years. As of 2017, 12% of prevalent transplants have func-
tioned for at least 20 years [15].

In New Zealand, death with a functioning transplant 
(62%) or chronic allograft nephropathy (22%) are the two 
most common causes of graft loss [15]. Of note and concern 
is the alarming increase in cancers, particularly skin cancers, 
in long-term transplant recipients. Malignancy is now the 
second most common cause of death in our transplant recipi-
ents and match cardiovascular deaths [12, 15].

ABO blood group incompatible transplantation was first 
undertaken at Auckland Hospital in 2008 and is now available 
at all three transplant centres. There has been a kidney exchange 
scheme operating for patients whose live donor is incompatible 
either for ABO blood group or a positive crossmatch. This has 
contributed a small number of transplants each year since 
inception. On August 18, 2019, the scheme joined with its 
Australian counterpart, and it is expected that this will signifi-
cantly increase the number of transplants performed.

 Nephrology Practice in New Zealand

 Medical and Nephrology Education

New Zealand has two medical schools, the University of 
Otago and the University of Auckland, with an annual intake 
of medical students around 480 per year. The course is a 
6-year undergraduate programme. Once undergraduate study 
is completed, New Zealand graduates spend the next 2 years 
in supervised attachments in metropolitan and regional hospi-
tals in order achieve full registration with the Medical Council 
of New Zealand. These attachments are predominantly medi-
cal and surgical attachments, with other specialties being 
options in the second year of provisional registration.
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Nephrology training comes under the auspices of the 
Royal Australasian College of Physicians’ (RACP) pro-
gramme for medical training (https://www.racp.edu.au/). All 
trainees undertake basic physician training covering various 
medical disciplines. At the end of the second year of basic 
training, they are able to sit the RACP Part One written 
examination. Upon passing the written examination, there 
are clinical examinations to pass. It is only once a trainee has 
passed these examinations, that they can undertake specialty 
(advanced) training in Nephrology. Nephrology training is a 
supervised 3-year programme with requirements to cover 
core competencies related to nephrology. Training is super-
vised in each nephrology unit by senior nephrologists. The 
overall training programme and review of the trainees’ prog-
ress is undertaken by the Advanced Training Committee – 
Nephrology which is run by the RACP (independent of the 
hospitals). It is expected that that trainee will undertake a 
broad range of attachments in order to get a wide exposure to 
all aspects of nephrology. Any specialty area of interest is 
usually undertaken as part of a post fellowship attachment.

In New Zealand, nephrologists generally cover all areas 
of nephrology in their clinical practice. In the larger tertiary 
units, the nephrologists may have a sub-specialty interest 
such as transplantation or dialysis, but they maintain their 
general nephrology practice as well.

The Australian and New Zealand Society of Nephrology 
(ANZSN) contributes substantially to the training pro-
gramme with provision of a number of trainee educational 
programmes which trainees are required to attend over their 
3-year training programme. Details of these courses are 
available on the ANZSN website: https://www.nephrology.
edu.au.

Once advanced training is completed and the trainees 
have been awarded their fellowship, they can apply to the 
Medical Council of New Zealand for vocational registration 
as a specialist nephrologist. For overseas trained doctors, 
there are several requirements to be fulfilled in order to be 
registered with Medical Council, to undertake clinical prac-
tice. The exact details are listed on the Medical Council of 
New Zealand website (https://www.mcnz.org.nz/registra-
tion/getting-registered/). Requirements will depend upon 
the country of origin and the training programme 
undertaken.

There are a number of countries that are recognised as 
having comparable health systems. If an individual has 
trained in one of these countries, their specialist registration 
is usually recognised. These overseas trained doctors may 
need to undertake a year of supervised clinical practice 
before being granted full vocational registration. The obliga-
tion is upon the individual to check their qualifications and 
status with the Medical Council of New Zealand before 
arriving in New Zealand to commence practice.

 Dialysis and Allied Health Staff

New Zealand now has a few clinical nurse specialists in 
nephrology who lead low GFR (CKD 4 and 5 pre-dialysis) 
clinics, who are actively involved in pre-dialysis education 
as well as transplantation education and assessment (both 
recipients and potential donors). Most dialysis units around 
the country are staffed by trained dialysis nurses; however, 
there is an increasing number of trained renal physiologists 
who oversee the dialysis training and on-going supervision 
of dialysis patients. The training, on-going supervision and 
maintenance of clinical practice standards are overseen by 
the Clinical Physiologist Registration Board (www.cprb.org.
nz) in conjunction with the New Zealand and Australia 
Society of Renal Dialysis Practice (https://www.nzasrdp.
com/).

In New Zealand, there are no specific Ministry of Health 
stipulations as to the staffing of dialysis units. In all units, 
there is a multi-disciplinary support team of dieticians, social 
workers, clinical psychologists and dialysis technicians. 
However, there is considerable variability around the country 
as to the actual extent of staffing related to these support 
staff, with no specific standards available.

 Nephrology Research

New Zealand nephrologists actively contribute to many clin-
ical studies, both investigator-initiated as well as pharma- 
sponsored studies. New Zealand nephrologists contribute 
actively to the Australasian Kidney Trials Network (AKTN – 
https://aktn.org.au/). There are a number of clinical trials 
sponsored by the Health Research Council of New Zealand 
(HRC-NZ) and the National Health and Medical Research 
Council of Australia (NH&MRC) that have been designed 
and managed by the AKTN. In addition, there is good col-
laboration with the George Institute (Sydney, Australia) with 
regard to international studies such as CREDENCE, 
ACHIEVE and REDUCCTION.

At a translational science level, Professor Alan Davidson 
(University of Auckland) has established a developmental 
biology laboratory focusing on (1) understanding the embry-
onic development and regeneration of the kidney, which 
mostly involves the zebrafish model, and (2) using human- 
induced pluripotent stem cells to model kidney diseases and 
injury, such as the lysosomal storage disease cystinosis and 
acute kidney injury caused by toxins.

Professor Suetonia Palmer (Christchurch) has an interna-
tionally recognised research programme involving meta- 
analyses and systematic network analyses of trials in kidney 
disease. She is the principal investigator on a number of 
clinical trials in conjunction with the AKTN sponsored by 
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the Health Research Council of New Zealand. She is also an 
active member of the ‘Kidney in Health and Disease’ 
research theme based at University of Otago.

The Kidney in Health and Disease’ research theme is 
directed by Professor Robert Walker and is a broad collabo-
ration of investigators with interests in kidney physiology, 
pathophysiology from bench to bedside, as well as a strong 
focus on patient related outcomes in CKD (https://www.
otago.ac.nz/kidney/). The theme holds three meetings each 
year, which is a forum for young researchers just establish-
ing their research programmes, as well as presentations by 
more senior researchers. In addition, the theme holds a bian-
nual research meeting with the Renal Scientists group of the 
ANZSN to further encourage basic translational research in 
nephrology in this region.

 Australian and New Zealand Society 
of Nephrology (ANZSN)

The ANZSN has been in existence since 1965 and has been 
an important collaborative and collegial organization of 
Australian and New Zealand Nephrology, which represents 
the interests of health professionals committed to the preven-
tion and treatment of kidney disease. The ANZSN and its 
membership support a range of research, education and clini-
cal care initiatives to promote evidenced-based practice and 
quality outcomes for patients in Australia, New Zealand and 
our wider region (https://www.nephrology.edu.au).

Within the ANZSN, there is a New Zealand Chapter 
which meets annually, separate to the main ANZSN annual 
scientific meeting. It serves an important role to promote 
specific research, educational and clinical initiatives that are 
focused on New Zealand’s needs. Almost all of the New 
Zealand nephrologists and nephrology trainees belong to the 
ANZSN.

 Ministry of Health and Regulatory Standards

The National Renal Advisory Board (NRAB) is a committee 
that works with the Ministry of Health to implement renal 
work plans throughout the country. Membership includes 
renal physicians, renal nurse specialist, clinical physiolo-
gists, managers and a consumer representative in addition to 
ex officio members from allied groups. NRAB meets quar-
terly and the agenda includes a summary from each of the 
renal units outlining challenges, successes and any critical 
incidents. Recent workstreams include ensuring that all 
unit’s disaster management plans are visible on the national 
Emergency Management system (EMIS), providing advice 
on technical issues for monitoring and management of 

viruses in haemodialysis units, formation of guidelines for 
immunisations for renal patients, and setting up a national 
late Chronic Kidney Disease database. NRAB receives the 
annual ANZDATA and Key Performance Indicator (KPI) 
reports from the responsible workgroups (https://www.
health.govt.nz/about-ministry/leadership-ministry/expert-
groups/national-renal-advisory-board).

The National Renal Transplant Service (NRTS) was set 
up in September 2014. It is responsible for leadership, over-
sight and support of renal transplantation nationally. A spe-
cific workstream is to increase the number of live donor 
transplants performed in NZ. Membership includes a physi-
cian, surgeon and manager from each of the transplant units 
and transplant co-ordinators. A larger oversight committee 
includes consumer representatives and members from sup-
porting organisations such as Organ Donation NZ and the 
NZ Blood Service. Protocols pertaining to policies for listing 
patients for transplantation and allocation of organs are over-
seen by NRTS. There has been a significant increase in the 
number of transplants performed during the last 5 years. In 
particular, each renal unit has been funded to employ a live 
kidney donor co-ordinator, and it is expected that this will 
become business as usual from 2020. A number of quality 
improvement metrics have been formulated to monitor the 
success of this programme.

 Future Perspectives of Nephrology in New 
Zealand

Like many countries, although the incidence of ESRD is 
possibly slowing down, New Zealand is facing an increased 
prevalence of CKD & ESRD in our indigenous population, 
the Māori, as well as our Pacific people. In particular, this is 
related to the rising rates of type 2 diabetes and our obesity 
epidemic [16]. Unfortunately, this is also associated with 
significant health and social inequalities including access to 
healthcare, adequate housing and education. These issues 
are not unique to nephrology, rather they are problems 
related to healthcare in general. Critical components in 
starting to address these issues are the cultural aspects to 
healthcare that are important to Māori. This is reflected in 
Hauora Māori, which is a concept that combines the physi-
cal, mental and emotional, social, and spiritual dimensions 
of health from a Māori perspective [17]. Taha tinana is the 
physical well- being and relates to the body and how to care 
for it. Taha hinengaro is the mental and emotional well-
being of the individual which acknowledges thought and 
being, feelings and the positive responses to this. Taha 
whanau is the social well-being of both the individual and 
the family (whanau). This feeling of belonging and support-
ing each other is a very strong and important concept for 
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Māori. Taha wairua is the spiritual well-being of the indi-
vidual that incorporates the beliefs, identity and personal 
awareness of the person [17]. All four components are 
closely linked and important as a total health concept for 
Māori well-being.

These concepts are taught in New Zealand medical 
schools and continue throughout postgraduate training. For 
overseas trained doctors, understanding and incorporating 
these values into their clinical practice is part of the super-
vised training they need.

 Conclusion

New Zealand nephrology is delivered under a publicly 
funded hospital system with nephrology units based in all 
the major cities of New Zealand. All nephrologists are sala-
ried employees of the district health boards they work for. 
All units provide a comprehensive nephrology service from 
general nephrology through to renal replacement services. 
New Zealand faces an epidemic of obesity and diabetes 
with diabetes the leading cause of CKD and ESRD. In New 
Zealand, the indigenous population  – Māori as well as 
Pacific people  – have disproportionately higher rates of 
CKD along with inequities in accessing healthcare which 
need to be addressed. Nephrology training in New Zealand 
is overseen by the Royal Australasian College of Physicians 
and registration as a nephrologist is also regulated by the 
Medical Council of New Zealand. As New Zealand is a 
relatively small country, the nephrology community is very 
collegial and contributes to the high level of standards for 
care in conjunction with the Ministry of Health for New 
Zealand.
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