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Foreword

Having to start on dialysis is a devastating event for anybody with major impacts on 
lifestyle for both the person affected and for their family and carers. It is therefore 
not surprising that dialysis at home rather than in a hospital or dialysis centre is 
chosen by over half of people when given unbiased education and free choice. 
Peritoneal dialysis is the simplest way for people to have dialysis at home. In addi-
tion, there are many economic advantages to peritoneal dialysis in terms of health-
care costs and resources. Peritoneal dialysis, however, is underused in most countries 
independent of income status. One of the many reasons for this is lack of knowledge 
about and experience of peritoneal dialysis. This book, Applied Peritoneal Dialysis, 
fully addresses this educational need. The aims of the book are to be practical and 
enable the reader to deliver person-centred care to the patient on peritoneal dialysis. 
There is much more to peritoneal dialysis than prescribing different types of fluid. 
The selection of chapters covers all aspects of caring for someone on peritoneal 
dialysis – from catheter insertion to selection of dialysate, types of prescription, 
achieving volume control, and measuring quality of life to mention just a few. No 
treatment is without complications and there are chapters on specific peritoneal 
dialysis related complications such as infection and encapsulating peritoneal sclero-
sis, and chapters on those related to renal failure in general such as anaemia and 
bone disease. There is a really useful chapter on common questions. Special situa-
tions are also considered with chapters on global use of peritoneal dialysis, particu-
larly in low income countries, acute kidney injury, urgent start, and paediatric use.

Peritoneal dialysis is practised globally. The international group of authors 
ensures that the book is relevant globally. Applied Peritoneal Dialysis is therefore 
an extremely useful addition to the books already available. Its clinical and holistic 
focus should result in hugely greater confidence in using peritoneal dialysis – and 
therefore ultimately its availability for and use by people requiring dialysis.

Edwina A. Brown
Imperial College Renal and Transplant Centre

Hammersmith Hospital
London, UK
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Chapter 1
History of Peritoneal Dialysis

Ehsan Nobakht, Anita Mkrttchyan, and Niloofar Nobakht

Peritoneal dialysis (PD) is a home-based dialysis modality for patients with end- 
stage kidney disease (ESKD). For the past several decades, PD has provided flexi-
bility in performing  dialysis treatments  helping ESKD patients maintain their 
everyday activities, work, and travel [1]. This flexibility also provides patients with 
the option to dialyze during sleeping or waking hours and effectively eliminates the 
need for frequent trips to outpatient dialysis centers. The concept of PD steadily 
evolved over the centuries through the creativity, dedication, and diligence of sev-
eral key innovators. By learning about the evolution and history of PD, the reader 
will gain a more comprehensive understanding of the overall importance of PD and 
will develop an appreciation for the amount of research, innovation, and persever-
ance that lead to the current status of PD. This chapter will outline the history of PD 
and review a number of major scientific breakthroughs that have collectively shaped 
how PD is currently practiced.

Peritoneal dialysis has its origins in early civilization when the presence of the 
peritoneum was first discovered. Observations of the peritoneal cavity date back to 
ancient Egyptian records of animal dissection and are described in the Ebers 
Papyrus, written in 1552 B.C., as a definitely outlined cavity in which the viscera 
are somehow suspended [2, 3]. Despite these ancient discoveries, the knowledge 
and understanding of the explicit structure and functions of the peritoneal mem-
brane remained very limited until the late nineteenth century, when the effect of the 
discovery of cells began feverishly reverberating throughout medicine and physiol-
ogy [2]. In early Greek descriptions, physicians like Galen recognized the 
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peritoneum in the abdomen of injured gladiators. The word peritoneum is derived 
from the Greek word peritonaion, in which peri means “around” and ton means “to 
stretch” [4].

The very first perception of peritoneal dialysis is thought to have occurred in the 
1740s from an early surgeon by the name of Christopher Warrick in England who 
attempted to perform a novel treatment. At that time, Warrick was treating a 50-year- 
old woman with severe ascites by installing claret wine and Bristol water into her 
peritoneum with a leather pipe. After the patient recovered successfully, Reverend 
Stephen Hales wrote about the treatment and proposed that two trochars could be used 
to allow for in and out lavage of the ascitic fluid [4]. In 1862, Friedrich Daniel von 
Recklinghausen published information on the peritoneal membrane’s cellular compo-
nents and anatomy for the first time [5]. Later in 1877, a German investigator by the 
name of G. Wegner explained the idea of peritoneal ultrafiltration. Wegner used animal 
models to permeate hypertonic solutions made of glycerin and salts to demonstrate 
increased concentration of the drained peritoneal fluid. Building upon this, he also 
explained how changing the sugar solution could alter the peritoneal membrane [6].

In 1884, two Englishman, Ernest Henry Starling and Alfred Herbert Tubby, dis-
covered that the peritoneal fluid can be bidirectional and that the removal of fluid 
from the peritoneum was affected by the quantity of membranal blood vessels. In 
1918, Desider Engel, working in Prague, demonstrated that proteins can transport 
through the peritoneal cavity. A year later, in 1919, M. Rosenberg discovered that 
the concentration of urea in the blood was equal to that in the peritoneum. This, he 
concluded, proved that urea could be removed from the body using peritoneal dialy-
sis. Then in 1923, Dr. Tracy J. Putnam used dog models to demonstrate that the 
peritoneum was a natural “dialyzing membrane” [7].

Simultaneously in 1923, a researcher at the University of Wurzburg named 
George Ganter was trying to determine how the peritoneum could be effectively 
utilized to dialyze actual patients in a clinical setting. To implement his idea, Ganter 
first conducted animal experiments and began by ligating the ureters of guinea pigs. 
He would inject a saline solution into their peritoneal cavity, where it would dwell 
for several hours before it was drained. He applied the same technique to treat his 
first patient, a young woman who presented with ureteral obstruction and uterine 
cancer. Ganter instilled varying volumes of a saline solution in the patient’s perito-
neum (1 to 3 liters per fill) until her blood chemistry levels normalized, and she was 
discharged home [4]. However, the patient subsequently died. Ganter concluded 
that PD therapy needed to be continued consistently for the patient to survive. 
Through his comprehensive research efforts, Ganter introduced several impactful 
concepts and techniques related to the treatment of patients on PD that are still 
being used today such as the need for sterile solutions, the modification of ultrafil-
tration by changing the glucose concentration, and the requirements of peritoneal 
access. In addition, he elaborated that the risk of infection would hinder the proce-
dure and the time and volume of the dwell would determine solute removal. Ganter’s 
research underpinned a foundation of understanding for the future of PD [4].

Despite these early advances, access to the peritoneal cavity remained challeng-
ing. In the early 1920s, Stephen Rosenak and P. Sewon created a metal catheter for 
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the infusion of solution into the peritoneal cavity that helped alleviate some of the 
existing difficulties maintaining adequate outflow due to the improper position of 
the previous simple hollow needle being utilized by Ganter. One of the milestones 
in the history of PD occurred at the Wisconsin General Hospital in 1936. A group of 
physicians headed by J.B.  Wear, I.R.  Sisk, and A.J.  Tinkle performed PD on a 
patient who had presented to them with urinary obstruction. For the first time ever 
documented, consistently performed PD successfully used to treat kidney failure 
secondary to urinary obstruction. This trial demonstrated that patients can safely 
and successfully be treated with peritoneal dialysis. After World War I, PD was 
being used to treat acute kidney failure by German investigators [4].

In the mid-1940s, Dr. P.S.M.  Kop, who was an associate of Willem Kolff in 
Holland working with hemodialysis at the time, quickly turned his attention to the 
exciting new dialysis modality of PD. Kop built a PD system that integrated gravity, 
allowing for the dialysis solution to infuse into the peritoneal cavity more easily. 
There were many different pieces of equipment used for this device, including large 
glass catheters to infuse the dialysate solution into the peritoneal cavity, latex rubber 
tubing to transport the dialysate solution to the patient, and large porcelain contain-
ers to store the dialysate solution. Kop and his group successfully treated 21 patients 
using this new integrated system, most of whom survived [4]. During World War II, 
the battlefield quickly became a lucrative opportunity for advancing dialysis 
research by treating injured or sick soldiers through PD. This research opportunity 
first presented itself to two physicians at Beth Israel Hospital in Boston, 
Massachusetts, in 1945, when Dr. Howard Frank and Dr. Arnold Seligman turned to 
PD as a potential strategy for treating acute kidney failure on the battlefield. The 
system that they utilized was like that of Kop and addressed many previously 
encountered technical issues, such as modifying the solution to best fit each indi-
vidual patient’s clinical needs and optimal flow rates. In addition, they utilized two 
catheters to reduce the likelihood of obstruction during the outflow portion of the 
procedure and used large sterile bottles to minimize the chances of contamination 
and related infections [Figs. 1.1 and 1.2]. That same year, they were able to success-
fully treat a patient with acute kidney injury caused by an overdose of sulfa drugs 
using this modified system [8]. This became one of the main turning points in the 
advancement of peritoneal dialysis.

Even with these improved systems, access to the peritoneal cavity still remained 
a barrier to achieve optimal outcomes, with the most common approach employing 
metal trochars left in place for hours at a time. These trochars, though effective, 
often contributed to intra-abdominal infections, and it was evident that further 
improvements in peritoneal access were required. In 1952, Arthur Grollman from 
the Southwestern Medical School in Dallas, Texas, described a new approach that 
he had researched. This new approach utilized 1-liter containers attached to a plastic 
tube; this plastic tube was then connected to a polyethylene catheter. The polyethyl-
ene catheter was groundbreaking for two main reasons: first, the tube was more 
flexible and could safely be left in place for longer periods of time, and second, 
Grollman had installed tiny holes at the intraperitoneal portion of the catheter, 
which kept the patient’s body tissue from hindering the drainage. Overall, this 
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allowed for better inflow and outflow of the fluid throughout the abdomen and peri-
toneum [9]. Furthermore, Grollman proposed that the fluid should remain in the 
abdomen for 30 minutes and then be drained into the sterile storage container [4].

In 1959 at the Naval Hospital in San Francisco, California, a research team led 
by Paul Doolan was also looking into PD under battlefield conditions. Doolan and 
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Fig. 1.1 Continuous open peritoneal irrigation by Frank, Seligman and Fine

Fig. 1.2 The flexible 
sump-drain of Frank, 
Seligman and Fine, 
composed of ordinary rubber 
glass and stainless steel
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his group created a modified version of Grollman’s groundbreaking polyethylene 
catheter. This new catheter allowed for long-term usage while maintaining its flex-
ibility. In addition, it had several side holes and grooves that provided improved 
drainage and further minimized drain hole blockage. Around this same time, 
Richard Ruben, who also worked at the Naval Hospital and was finishing his tour of 
duty, was asked to treat a woman with kidney failure. Ruben decided to initiate this 
patient on PD with Doolan’s new and improved catheter. After the patient received 
dialysis, her condition dramatically improved, but once it was stopped, she would 
begin to deteriorate again. After examining this pattern, Ruben suggested that the 
patient could go home for the week but should return to the center on weekends to 
receive dialysis. They continued this pattern of treatment for 7 months and only had 
to replace the catheter once during this period [10].

In 1959, Dr. Morton Maxwell at the Wadsworth VA Hospital in Los Angeles, 
California, analyzed the research already conducted on PD by Frank, Seligman, and 
Grollman and wanted to build a more simplistic system for treating acute kidney 
failure. He wanted to create a system that was easy to connect, utilize, and discon-
nect by medical professionals. Also, with the goal of minimizing infection risk, he 
used fewer tubing connections [11]. Maxwell reached out to a local intravenous 
solution manufacturer and commissioned them to design a customized glass con-
tainer that would hold the PD dialysate and would be attached to a plastic tubing and 
a polyethylene catheter. This new system consisted of instilling 2 liters of peritoneal 
solution into the peritoneal cavity, leaving the solution to dwell for 30 minutes and 
then draining the peritoneal solution back into the original container, repeating 
these exchanges as necessary [4]. These exchanges were done continuously until 
the patient’s blood chemistry levels were normalized. Using his method, Maxwell 
was able to successfully treat many patients. His work was published in the 
“Peritoneal Dialysis: 1. Technique and Applications” article in 1959, demonstrating 
the medical importance and simplicity of his procedure, which became known as 
the “Maxwell technique.” This was a tremendous accomplishment in the field of 
PD, as dialysis was no longer limited to specific hospitals that already had the nec-
essary, specialized equipment in place. PD could now be done in any hospital which 
had the required basic supplies [4].

In late 1959, Fred S.T. Boen published a thesis on PD in Holland. In his thesis, 
he discussed the advantages of PD, highlighting the simplicity of the procedure and 
emphasizing that the PD minimized the likelihood of sudden blood volume changes, 
allowed for altering the procedure by adjusting the dialysate for better management 
of volume and electrolytes, and had the potential to be safely utilized as a long-term 
dialysis modality. He described the influence of glucose concentration on the ultra-
filtration [4]. Boen was invited by Dr. Belding Scribner to continue his research at 
the Northwest Kidney Centers in Seattle, Washington. Accepting the offer, Boen 
relocated to Seattle in 1962, where he developed an automatic peritoneal dialysis 
system that operated overnight without requiring the supervision of a physician 
[12]. His system included 20- to 40-liter bottles for the dialysate, a capped latex 
catheter, sump drainage that held more fluid, larger infusion bottles for repeated 
infusions, and a drainage monitor to measure the amount of fluid being pulled out 

1 History of Peritoneal Dialysis



6

from the patient. Even with these new developments, Boen still had serious con-
cerns about peritonitis. The new catheter he created was an open system that could 
significantly increase the patient’s risk of infection, so he abandoned this technique 
and went back to the earlier system of removing the catheter at the end of each pro-
cedure. Boen is considered as one of the founding fathers in the field of PD [4].

In 1963, Dr. Henry Tenckhoff working at the University of Washington joined 
Boen’s group and expressed his concerns about the difficulty of transporting 40-liter 
dialysate bottles to the patient’s home for treatments [4]. He was able to eliminate 
this arduous requirement by installing a water still inside the patient’s home to get 
sterile water. The sterile water was then mixed with the dialysate concentrate, which 
was cycled in and out of the peritoneum by a controller unit. Although this simpli-
fied the procedure, the catheter still needed further modifications. Tenckhoff 
improved his design by customizing the catheter that was previously designed by 
Wayne Quinton and Dr. Russell Palmer. He shortened their siliconized catheter and 
suggested that there can be a straight and curled design to it. Additionally, he added 
Dacron felt cuffs to assist in sealing the openings through the peritoneum. Lastly, he 
designed and added a metal trochar to help place and position the catheter more 
easily [13]. Following these modifications, Tenckhoff’s new system was complete 
and ready to be used for performing PD on patients.

Norman Lasker, the acting director of the Renal Division at the Seton Hall 
College of Medicine in New Jersey, had visited the Seattle group to gain better 
insight of the new automated systems that had been created by Tenckhoff. After see-
ing his system, Lasker was concerned about the difficulty of managing a system like 
this at his own group. To address this, he started working to create a simpler system 
that utilized 2-liter sterile glass bottles, a device to warm the dialysate solutions, a 
device to measure the volume of infused dialysate, and a drainage bag. He soon 
began treating patients in their homes with his new automated cycler device with 
great success [4]. Shortly after Lasker had created and tested his new automated 
cycler, Dimitrios Oreopoulos, who had recently been tasked with running a four-bed 
intermittent PD program at the Toronto Western Hospital, ordered several “Lasker’s 
cyclers” for his home patients, as he had been very impressed with Lasker’s design. 
Oreopoulos’s program quickly became very successful, thanks to these cyclers, and 
his program expanded to more than 70 patients on intermittent dialysis, making it 
one of the largest PD programs in the world at that time [4].

In 1975, Dr. Jack Moncrief established an in-center hemodialysis program in 
Austin, Texas, where a patient by the name of Peter Pilcher was admitted to begin 
his hemodialysis treatments. After Peter’s fistula would not function, it became 
clear that he was not a viable candidate for hemodialysis. Moncrief suggested that 
the patient move to Dallas, where he could transition to PD.  When the patient 
refused, Moncrief decided to join forces with Robert Popovich, a biomedical engi-
neer, to develop a PD system to save the patient’s life. Their system included a 
2-liter bottle with tubing and a Tenckhoff catheter attached. In addition, Popovich 
recommended that five 2-liter exchanges should be performed to normalize the 
patient’s blood chemistry levels. Therefore, the fluid would need to remain in the 
peritoneum for a total of 4 hours and then be drained. This process, hypothesized 

E. Nobakht et al.



7

and tested by Moncrief, Popovich, and another researcher named K.  D. Nolph, 
became known as “continuous ambulatory peritoneal dialysis” (CAPD) [14]. 
Eventually, Dr. Oreopoulos adopted this new technique and started a CAPD pro-
gram at his practice in Toronto as well, with a few minor modifications. He changed 
the sterile glass dialysate bottle to a sterile plastic polyvinyl chloride (PVC) bag for 
easy transport, which resulted in an overall decrease in infections, and was met with 
positive feedback from patients [15]. Furthermore, Oreopoulos collaborated with 
Baxter to design a PVC bag with a spike at the end for a more sterile, secure, and 
easier way to attach the bag to the tubing [4].

Continuing to improve upon their original design, Moncrief and Popovich cre-
ated an ultraviolet exposure system located at the spike of the bag to help decrease 
the chances of infection even further. In Italy, Dr. Umberto Buoncristiani created the 
flush-before-fill mechanism, known as the “Y-system.” This system allowed for 
bacteria to be rinsed away before the new dialysate was instilled into the patient, 
significantly reducing the chances of peritonitis [16]. This “Y-system” was eventu-
ally changed to a double-bag system for the purpose of requiring only one connec-
tion. In 1978, the Food and Drug Administration (FDA) approved the CAPD 
procedure, and in the following year, Baxter brought to the market the CAPD sys-
tem, which included an antiseptic solution for the maintenance of the bag and spike, 
a Luer lock made out of titanium for catheter connection, tubing with a one-sided 
spike at the end, and solution bags [4]. In 1981, Dr. Jose Diaz-Buxo and Dr. 
D. Nakayama developed a hybrid system called “continuous cyclic peritoneal dialy-
sis” (CCPD). This system utilized a cycler device that instilled and drained dialysate 
on a continuous basis at night with a 1- to 2-liter dwell during the day. It allowed for 
the peritoneum to be in continuous contact with dialysate fluid for 24 hours [4].

In 1983, Medicare legislation permitted PD to be reimbursed at a rate indistin-
guishable from that of in-center hemodialysis. As news of this legislation spread, 
PD symposiums began to be held worldwide, giving clinicians and researchers 
opportunities to present PD clinical research, to share and discuss physician and 
patient experiences with PD, and the benefits of PD [4]. At the end of the 1980s, PD 
cyclers continued to expand and improve in their hardware components and layout, 
making them less bulky, quieter, and most importantly safer. Cyclers such as PCS 
2000 produced by Fresenius, Pac-X and Pac-XTRA by Baxter, and PD T by Gambro 
all incorporated these changes [17]. The machines allowed for utilization of dispos-
able materials and personalization of dwell time and volume to fit the patient’s needs.

Patients could dialyze with a wide range of treatment schedules such as intermit-
tent PD (IPD), nightly intermittent PD (NIPD), CCPD, and tidal volume prescrip-
tion (TPD). Then in 1994, HomeChoice was produced by Baxter. This machine was 
portable and weighed 12 kg, which was lighter than the previous machines. Also, its 
new volumetric pumps allowed for accurate exchanges [17]. The next edition, 
HomeChoice Pro, allowed for a 60-day treatment recording and storage on a 2 Mb 
data card. This helped healthcare providers better manage patients’ therapy, by uti-
lizing the card to retrieve historical data on patients’ treatments and assess the 
adherence to therapy. As other companies witnessed the success of these features, 
they started to adopt similar features on machines such as Serena, Sleep Safe, PD 
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100 T, PD 101, and PD 200. The latest edition of these machines incorporated a 60- 
to 180-day treatment recording period and the opportunity to prescribe exchange fill 
volume, total dialysate volume, and tidal time [17].

Machines like Serena and Sleep Safe allowed for decision-making on the num-
ber of cycles and dwell time. In addition, Sleep Safe had the ability to detect the 
usage of wrong solution bags and displayed the percentage of glucose per cycle. 
They had different ways of moving and measuring volume. Serena utilized pressure 
chambers which had a gravity-based system and allowed for prescription in break-
point modality, preventing spending a large amount of time at the end of the 
exchange and its enhanced drainage [17]. Sleep Safe and HomeChoice Pro utilized 
hydraulic and pneumatic pumps and used a volumetric system. All machines that 
were being produced came with a built-in battery that allowed for treatment suspen-
sion and data storage in case of a power outage. With the enhancement of software 
technology, cyclers were beginning to get programmed based on patient’s treatment 
and personal data [17].

Recent cyclers such as HomeChoice Claria, Amia, Kaguya, and Sleep Safe con-
sist of bidirectional communication properties and new treatment schedules. The 
great transformation of PD happened with the bidirectional communication between 
the patient’s cycler at home and the medical care team at a given facility. This fea-
ture can be utilized with the HomeChoice Claria cycler [17]. It has the Sharesource 
portal, in which medical professionals can adjust dialysis prescriptions, obtain treat-
ment data, and resolve problems by simply logging into the portal. Lastly, 
Sharesource provides opportunities for remote patient management (RPM), which 
enhances the quality of treatment, reduces in-center patient visits and costs, and 
decreases technique failure and patient dropout rates [17].

The demand for pursuing and utilizing PD as a dialysis modality continues to 
grow rapidly, and PD is now universally recognized as a very safe and cost-efficient 
dialysis modality. As PD continues to advance and flourish, it is important to under-
stand the history of PD and to appreciate all the innovations, trials, and tribulations 
that took place in order for PD to progress to the current status. Thanks to the dedi-
cation, perseverance, and creativity of many individuals throughout history, PD has 
become a mainstay of modern home dialysis therapy and has given ESKD patients 
a safe, convenient, and effective way to receive life-saving dialysis treatments in the 
comfort of their own home.
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Chapter 2
Physiology of Peritoneal Dialysis

Chang Huei Chen and Isaac Teitelbaum

 Peritoneal Anatomy

The peritoneum is the serosal membrane that lines the peritoneal cavity. It has a 
surface area similar to that of body surface area, ranging 1–2 m2 in adults. It consists 
of two parts: the parietal peritoneum which covers the abdominal wall and the dia-
phragm and the visceral peritoneum which covers the intra-abdominal organs. The 
parietal peritoneum accounts for 20% of the total peritoneal surface area. It receives 
blood supply from the lumbar, intercostal, and epigastric arteries and drains into the 
inferior vena cava. The visceral peritoneum accounts for 80% of the total peritoneal 
surface area. It receives blood supply from the mesenteric artery and drains into the 
portal system. The total peritoneal blood flow is estimated to range from 50 to 
100 mL/min [1].

 Peritoneal Membrane Histology

The peritoneal cavity is lined by a monolayer of mesothelial cells equipped with 
microvilli and covered by a thin layer of peritoneal fluid. The peritoneal fluid pro-
vides lubrication and allows free movement of visceral organs during respiration 
and peristalsis [2]. The mesothelial cells modulate the peritoneal microcirculation 
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by secretion of vasodilators, e.g., prostaglandins, nitric oxide, and the vasoconstric-
tor endothelin. The mesothelial cells play an important role in the initiation of the 
local immune response through secretion of chemokines that regulates leukocyte 
infiltration [3]. Underneath the mesothelium is the interstitium, which is comprised 
of a gel-like matrix containing adipocytes, fibroblasts, collagen fibers, capillaries, 
nerves, and lymphatic vessels [2, 4].

 Models of Peritoneal Transport

As solute and water move across the peritoneum from blood into the peritoneal cav-
ity, they encounter six resistance barriers: the unstirred fluid layer overlying the 
endothelium of the peritoneal capillaries, the capillary endothelium, the endothelial 
basement membrane, the interstitial space, the mesothelium, and the unstirred fluid 
layer overlying the mesothelium [5]. Of these barriers, the two unstirred fluid layers 
and the mesothelium are thought to offer negligible resistance to solute and water 
transport; the major transport barrier is the capillary endothelium [6]. Several mod-
els have been proposed to explain the physiology of peritoneal transport, which we 
will discuss in details below.

 The Three-Pore Model

Based on his observations regarding the nature of the transcapillary movement of 
solutes and water into the peritoneum, late Bengt Rippe postulated the existence of 
three pores of different sizes in the capillary endothelium. The “large pores” with a 
functional radius of 200–300 Å (20–30 nm) refer to wide interendothelial clefts. 
They allow transport of macromolecules such as albumin and other proteins and 
account for approximately 5–8% of the total pore area. The “small pores” with a 
functional radius of 40–60 Å (4–6 nm) refer to smaller clefts between endothelial 
cells. They allow transport of water and small solutes such as sodium, potassium, 
urea, and creatinine. Approximately 90–93% of the total pore area consists of the 
small pores, and they are responsible for the majority of fluid transport. Finally, 
Rippe postulated the existence of “ultrapores” with a functional radius of 2–4 Å 
(0.2–0.4 nm) which allow transport of water only. This prediction, made entirely of 
the basis of physiological observations, predated the discovery of aquaporins. The 
ultrasmall pore has since been demonstrated to be aquaporin 1 (AQP1) [7]. The 
ultrapores account for about 2% of the total pore area but can contribute up to 40% 
of the total capillary ultrafiltrate [6, 8, 9].
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 The Pore-Matrix Model

As noted above, the large and small pores are both interendothelial cell clefts. The 
pore-matrix model states that it is the density of the glycoprotein matrix on the 
luminal side of the cleft that determines whether a particular cleft functions as a 
large or small pore. At clefts endowed with a dense glycoprotein matrix, only small 
solutes can pass through the interendothelial space; these clefts function as “small 
pores.” In contrast, clefts endowed with only a loose glycoprotein matrix allow both 
small solutes and macromolecules to pass through the interendothelial space; these 
clefts function as “large pores” (Fig. 2.1). Thus, in this model, there are no defined 
“small pores” or “large pores”; the difference in transport characteristics depends on 
the density of the glycoprotein matrix that fills the interendothelial space [10].
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Fig. 2.1 Pore-matrix model. (Modified from Flessner [10])

2 Physiology of Peritoneal Dialysis



14

 The Distributed Model

In the distributed model, capillaries are assumed to be distributed uniformly 
throughout the interstitium at variable distances from the mesothelium. Solute 
transport is affected by the distance of each capillary from the mesothelium and the 
overall density of the peritoneal capillaries. The distance of each capillary from the 
mesothelium determines its relative contribution. The collective contribution of all 
the peritoneal capillaries determines the effective surface area for solute transport 
(Fig. 2.2). Therefore, two patients with the same anatomical peritoneal surface area 
could have different peritoneal vascularity and thus different effective peritoneal 
surface areas for solute transport. Within a given patient, the effective peritoneal 
surface area could vary depending on the clinical scenario. For example, inflamma-
tion, as seen in peritonitis or after prolonged exposure to high dextrose-containing 
fluid, increases vascularity and leads to increased effective peritoneal surface area. 
In this model, the degree of vascularity within the peritoneal membrane is the major 
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determinant of solute transport [9, 11, 12]. It must be emphasized that these three 
models of peritoneal transport are not mutually exclusive. Rather, they should be 
viewed as complementary with one another, forming a cohesive whole.

 Physiology of Peritoneal Transport

 Solute Transport

During peritoneal dialysis (PD), solutes are transported bidirectionally between the 
peritoneal capillary blood and the peritoneal cavity, mainly by diffusion and to a 
lesser extent by convection. Diffusion refers to the movement of solutes from a 
region of high concentration to a region of low concentration. For example, diffu-
sion of urea from capillary blood to the peritoneal cavity is at its maximum at the 
start of a PD dwell, when the concentration of urea in the dialysate is zero. With 
ongoing diffusion, the concentration gradient across the peritoneal membrane 
diminishes. In addition to the concentration gradient, other factors affecting diffu-
sion of solutes during PD include the total peritoneal surface area that is in contact 
with the dialysate, peritoneal vascularity, molecular weight of the solute, and intrin-
sic permeability of the peritoneal membrane. In clinical practice, increasing the fill 
volume recruits more peritoneal membrane to be in contact with dialysate, which 
then improves solute clearance. Keshaviah and colleagues studied the relationships 
between dialysate fill volume and the peritoneal transport constant (KoA) of small 
solutes in patients on chronic dialysis. They found that the KoA of urea, creatinine, 
and glucose increase in an almost linear fashion with fill volumes between 0.5 L and 
2.0 L [13]. The authors attributed the increase in KoA to recruitment of more peri-
toneal surface area with larger fill volume.

Vasodilatory agents augment peritoneal solute clearance by increasing peritoneal 
capillary surface area and vascular permeability. Administration of intravenous dopa-
mine or intraperitoneal nitroprusside has been shown to improve creatinine and urea 
clearances in animal models [14, 15]. Acute peritonitis is associated with an increase 
in small-solute transport, as a result of inflammation-induced increases in peritoneal 
capillary surface area and vascular permeability [16–18]. Permeability of the perito-
neal membrane is an intrinsic property dependent on the number of pores per unit 
surface area, the density of the peritoneal capillaries, and the distance between capil-
laries and the mesothelium [1, 19]. It is different in each individual patient and can be 
characterized by using the peritoneal equilibration test.

Convective transport refers to the movement of solutes as a direct result of fluid 
movement into the peritoneal cavity (i.e., solvent drag). The magnitude of convec-
tive transport of a given solute is determined by transperitoneal ultrafiltration (UF) 
and the sieving coefficient of that solute [19]. The sieving coefficient is the fraction 
of the solute which passes through the membrane with the water flow, ranging 
between 0 and 1. Because no solutes pass through the aquaporins, there is no 
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convective transport at these sites. On the other hand, small solutes do move through 
the small and large pores resulting in significant convective transport.

 Ultrafiltration

Ultrafiltration in PD is achieved either by creation of an osmotic gradient across the 
peritoneal membrane using crystalloid agents (e.g., dextrose, amino acids) or by 
inducing water flow with a colloidal agent (e.g., icodextrin). When using a crystal-
loid agent, the osmotic gradient is maximal at the start of a PD dwell; it diminishes 
with time due to dilution of the dialysate osmotic agent concentration and the 
absorption of the osmotic agent into lymphatics and tissues. This gradient can be 
maximized by using dialysate with a higher concentration of the osmotic agent (i.e., 
a higher dextrose concentration). Using 1.36%, 2.27%, and 3.86% anhydrous glu-
cose dialysis solutions (equivalent to 1.5%, 2.5%, 4.25% dextrose solutions, respec-
tively) for 6-hour dwells in patients on continuous ambulatory peritoneal dialysis 
(CAPD), Heimbürger and colleagues demonstrated a positive relationship between 
net UF rate and glucose concentration in the dialysis solution [20]. If icodextrin, a 
large molecule with a molecular weight (MW) of 13,000–19,000 Da, is used as the 
osmotic agent, the absorption is much slower compared to glucose (MW 180 Da), 
resulting in a more sustained osmotic gradient and UF.

In addition to the osmotic gradient, other factors affecting UF include the hydrau-
lic conductance of the peritoneal membrane, the effective peritoneal surface area, 
the reflection coefficient of the osmotic agent, the hydrostatic pressure gradient, and 
the oncotic pressure gradient [1, 2]. The hydraulic conductance of the peritoneal 
membrane differs between patients and likely reflects the density of aquaporins 
versus small and large pores and the distribution of capillaries in the interstitium [1]. 
The reflection coefficient (σ) of a given solute at a particular pore, which ranges 
between 0 and 1, refers to the extent to which that solute is prevented from travers-
ing that pore. A value of σ = 1 indicates that 100% of the solute gets reflected back 
from the membrane, i.e., that the membrane is completely impermeable to that sol-
ute [21]. In contrast, a value of σ = 0 suggests that the membrane is completely 
permeable to that solute. One would ideally wish to use an osmotic agent with a 
high reflection coefficient at the small pores. However, glucose has a low reflection 
coefficient of only 0.03 at the small pores; therefore, large concentrations are needed 
to achieve ultrafiltration [22]. In contrast, icodextrin has a hydrodynamic radius 
greater than the functional radius of the interendothelial cell clefts (the small pores) 
and consequently a high reflection coefficient [23]. Therefore, with prolonged dwell 
time, icodextrin is more effective in sustaining the osmotic gradient than glucose.

Under normal conditions, peritoneal capillary pressure is higher than the intra-
peritoneal pressure, creating a hydrostatic pressure gradient that favors movement 
of fluid from capillary blood into the peritoneal cavity. This gradient may be greater 
in a volume-expanded patient and lower in a volume-depleted patient [1]. Oncotic 
pressure acts to keep fluid in the blood and therefore counterbalances the 
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hydrostatic pressure and opposes UF. If the oncotic pressure is low, such as in hypo-
albuminemic patients, UF may be greater than expected [1]. An increase in intra-
peritoneal pressure reduces the hydrostatic gradient and may lead to decreased 
UF. Wang and colleagues investigated the effect of increased dialysate fill volume 
on peritoneal fluid and solute transport in Sprague Dawley rats and found that an 
increase in dialysate fill volume resulted in higher intraperitoneal hydrostatic pres-
sure and lower net UF [24]. Intraperitoneal pressure rises from the supine to the 
upright position and is highest when patients are seated. This is demonstrated in the 
study by Twardowski and colleagues, measuring the intra-abdominal pressure in 18 
patients on CAPD in the supine, sitting, and upright positions [25].

 Sodium Sieving

Heimburger and colleagues observed a decrease in dialysate sodium concentration 
during the initial period of a 6-hour PD dwell which is most prominent when using 
3.86% anhydrous glucose solution [22]. Simultaneously, plasma sodium concentra-
tion increases slightly. This is due to the fact that aquaporins, which generate up to 
half of the total ultrafiltrate in response to glucose, are totally impermeable to 
sodium. Therefore, free water entering the peritoneal cavity dilutes the intraperito-
neal sodium and decreases its concentration (lower D/PNa), while the sodium 
reflected by the aquaporins remains in the blood. As seen in Fig. 2.3, this “dip” in 
dialysate sodium concentration is most marked at 60–90  minutes. Over time, as 
sodium begins to enter the dialysate via diffusion through the small pores, the dialy-
sate sodium again rises [26]. This is clinically relevant, as repeated short dwell 
times with very hypertonic dialysate may result in hypernatremia and increased 
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thirst sensation. Note that while this phenomenon has become known as sodium 
sieving, it is physiologically due to the reflection of sodium at the aquaporin.

 Fluid Absorption

During PD, fluid is lost continuously from the peritoneal cavity via the lymphatic 
vessels and by absorption into the surrounding tissues of the abdominal wall. It is 
subsequently taken up by local lymphatics and peritoneal capillaries due to Starling 
forces [19, 27]. Lymphatic absorption mainly occurs through the lymphatic stomata 
in the diaphragm, which return peritoneal lymphatic drainage through the right lym-
phatic duct (70–80%) and the thoracic duct (20–30%) [28]. Lymphatic absorption is 
dependent on diaphragmatic movement, intraperitoneal pressure, and posture. In the 
setting of hyperventilation, lymphatic absorption increases. A rise in intraperitoneal 
pressure, such as with increased intraperitoneal volume, results in increased lym-
phatic absorption [28]. Upright posture is associated with a lower rate of lymphatic 
flow, presumable due to decreased contact of dialysate with the diaphragm [28, 29].

Studies have shown that the rate of macromolecular marker appearance in plasma 
is only approximately 10–20% of its disappearance rate from the peritoneal dialy-
sate [30, 31]. Heimbürger and colleagues investigated the relative contributions of 
direct lymphatic absorption and absorption into tissues to the total peritoneal fluid 
absorption in CAPD patients with UF failure [31]. Using radioiodinated human 
serum albumin (RISA), they compared the disappearance rate of RISA from the 
dialysate with its appearance in the plasma, assuming that the rate of appearance of 
RISA in the plasma correlates with the lymphatic absorption rate. They found that 
the appearance rate of RISA in the plasma is much lower than its disappearance rate 
from the dialysate. In addition, the plasma RISA concentration continued to rise in 
an almost linear fashion for up to 16 hours after termination of the study dwell. 
Based on these findings, the authors concluded that direct lymphatic absorption is 
of only minor importance for the total fluid absorption in PD patients and that the 
interstitial compartment serves as a reservoir of macromolecules, which are then 
absorbed by local lymphatics. It is estimated that total fluid absorption from the 
peritoneal cavity in man occurs at a rate of 60–90 mL/hr, with 10–20 mL/hr flowing 
into lymphatics and 50–80 mL/hr flowing into the surrounding tissues [27, 32]. It 
should be recognized that this “bulk” fluid absorption results in loss of both UF and 
solute clearance, as the reabsorbed fluid had previously been equilibrated with solute.

 Kinetic of a Single Peritoneal Dialysis Dwell

Taking into account both transcapillary UF of fluid into the peritoneal cavity and 
lymphatic reabsorption of fluid from the peritoneal cavity (so at any point in time, 
net UF represents the algebraic sum of transcapillary UF and lymphatic 
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reabsorption), the kinetics of a dwell may be summarized as follows: At the start of 
a PD dwell, transcapillary UF rate is at its maximum, and intraperitoneal volume 
increases quickly. Over time, the UF rate declines, as the osmotic gradient dimin-
ishes due to dialysate glucose being absorbed from the peritoneal cavity. 
Intraperitoneal volume continues to increase as fluid moves from the peritoneal 
capillaries into the peritoneal cavity, until the rate of lymphatic reabsorption equals 
the UF rate. Thus, to capture maximum net UF, one would ideally wish to drain the 
abdomen at this time. Once the rate of transcapillary UF falls below the rate of lym-
phatic reaborption, intraperitoneal volume begins to decline. When osmotic equilib-
rium between the blood and the dialysate is reached, UF ceases entirely; 
intraperitoneal volume continues to fall by virtue of lymphatic reabsorption.

 Peritoneal Equilibration Test

The peritoneal equilibration test (PET) is used in clinical practice to evaluate the 
transport characteristics of the peritoneal membrane in an individual patient. It was 
first standardized by Twardowski and colleagues in the 1980s with regard to the 
sampling procedure, duration of the dwell, and evaluation of the results [33]. The 
test is done by instilling 2 L of 2.5% dextrose dialysate into an empty abdomen 
while the patient is supine, dwelling for 4 hours, with the drain volume recorded at 
the end. Dialysate samples are taken at 0, 2, and 4 hours, and a plasma sample is 
drawn at 2 hours. As illustrated in Fig. 2.4 and summarized in Table 2.1, patients are 
categorized into one of four transporter groups based on the dialysate to plasma 
creatinine ratio (D/P Cr): high, high average, low average, and low [33]. The ratio 
of dialysate glucose at 4 hours to dialysate glucose at time 0 (D/D0 G) is used as a 
control to assess the accuracy of the PET. If D/P Cr and D/D0 G differ by more than 
one transport category, the PET is likely inaccurate [33].

Patients who are high (rapid) transporters have the most rapid equilibration of 
creatinine because of high intrinsic membrane permeability. Similarly, dialysate 
glucose diffuses rapidly into the blood through the highly permeable membrane. 
Thus, these patients rapidly dissipate the glucose-induced osmotic gradient and 
have low ultrafiltration (Fig. 2.4). In contrast, low (slow) transporters have the slow-
est equilibration of creatinine, due to low membrane permeability. Dialysate glu-
cose diffuses into blood slowly, they maintain the glucose-induced osmotic gradient 
longer, and they, therefore, have higher net UF. In the clinical setting, rapid trans-
porters tend to have good small-solute clearance but may have suboptimal UF, while 
slow transporters tend to have good UF but may be deficient in small-solute clear-
ance. Theoretically, rapid transporters would benefit from frequent short- duration 
dwells such that UF is maximized. In contrast, slow transporters would be better 
served with long-duration large-volume dwells, to maximize solute diffusion.

The net UF is calculated as the difference between the drain volume and the 
instilled volume and is used to evaluate UF capacity during the PET. The use of 
4.25% dextrose solution instead of 2.5% dextrose solution – known as the modified 
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PET – is more sensitive in capturing patients with UF failure, because the change in 
UF volume is more pronounced when using a more hypertonic solution [34–36]. 
Solute transport characteristics do not differ between the standard and modified 
PETs [36]. However, using computer simulated modeling, Rippe demonstrated that 
the difference in UF volume over a 4-hour period between patients with normal UF 
capacity and those with UF failure is about 400 mL when using 4.25% dextrose 
solution compared to 200 mL with 2.5% dextrose solution [35]. Clinically, ultrafil-
tration failure is commonly defined as net UF < 400 mL after a 4-hour dwell using 
4.25% dextrose solution, and the routine use of the modified PET rather than the 
standard test is therefore recommended by many PD experts [37].

A 1-hour “mini-PET” using 4.25% dextrose solution has been proposed by La 
Milia and colleagues to be a simple and fast method to evaluate solute transport and 
free water transport in patients on PD [38]. The authors performed standard and 
mini-PETs in 52 patients on PD using 4.25% dextrose solution. They found that 
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Fig. 2.4 Peritoneal equilibration test. (Adapted from Twardowski et al. [47])

Table 2.1 Classification of transporter groups

Transporter 
group

Standard PET with 2.5% dextrose 
D/P Cr

Standard PET with 2.5% dextrose D/
D0 G

High > 0.81 < 0.26
High average 0.65–0.81 0.26–0.38
Low average 0.5–0.65 0.38–0.49
Low < 0.5 > 0.49

PET peritoneal equilibration test, D/P Cr ratio of dialysate creatinine to plasma creatinine, D/D0 G 
ratio of dialysate glucose at 4 hours to dialysate glucose at time 0
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results of net UF and categorization of transport groups using the mini-PET corre-
late well with those obtained using the standard PET.

 Changes in the Peritoneal Membrane with Time 
on Peritoneal Dialysis

Over time, morphological changes occur in the peritoneal membrane in patients on 
long-term PD.  Prolonged exposure to glucose and glucose degradation products 
(GDP) leads to production of various proinflammatory and angiogenic factors, 
including nitric oxide (NO), transforming growth factor beta (TGF-β), and vascular 
endothelial growth factor (VEGF). These then lead to neo-angiogenesis of perito-
neal capillaries, which in turn increases the effective peritoneal surface area with 
resultant augmentation of small-solute transport [39]. Comparing peritoneal biop-
sies obtained from healthy subjects (control), uremic patients not yet on PD, patients 
on short-term PD (< 18  months), and patients on long-term PD (> 18  months), 
Combet and colleagues demonstrated that nitric oxide synthase (NOS) activity and 
upregulation of VEGF are positively correlated with the duration of PD. Moreover, 
patients on long-term PD had a 2.5-fold increase in the density of peritoneal capil-
laries, compared to the control subjects [40].

Davies and colleagues examined the effects of dialysis on longitudinal changes 
in peritoneal kinetics using serial PETs to quantify changes in small-solute transport 
(D/P Cr) and UF over a period of 5 years. They found a significant increase in D/P 
Cr during the first 6 months of PD therapy, and there was a further increase over the 
next 4 years [41]. With increased small-solute transport across the peritoneal mem-
brane, glucose diffuses into the peritoneal capillaries more rapidly, resulting in rapid 
loss of the osmotic gradient and a decline in net UF. Accordingly, Heimbürger and 
colleagues found significant correlations between time on PD and increasing D/P Cr 
as well as decreasing drained volume and D/D0 G [42]. In a separate study, 
Heimburger and colleagues compared solute and fluid transport characteristics in 
CAPD patients with loss of UF capacity to that in patients with intact UF capacity. 
They found that there is a higher diffusive mass transport coefficient for small sol-
utes (sodium, creatinine, urea, etc.) in patients who lost UF capacity, resulting in 
rapid absorption of glucose and loss of the osmotic driving force [43].

Long-term exposure to dialysis solution that is hyperosmotic, hyperglycemic, 
and acidic often causes chronic inflammation and injury to the peritoneal mem-
brane. Yanez-Mo and colleagues demonstrated that peritoneal mesothelial cells 
undergo a transition from an epithelial phenotype to a mesenchymal phenotype, 
when they are subjected to peritoneal dialysis solution [44]. This process – referred 
to as epithelial to mesenchymal transition (EMT) – leads to mesothelial denudation, 
submesothelial fibrosis, and reduction of vascular permeability [45, 46]. This culmi-
nates in reduced permeability of the peritoneal membrane, leading to a decline in 
solute and fluid transport.
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Chapter 3
Peritoneal Dialysis Patient Selection

Ephantus Njue, Sinan Yaqoob, and Niloofar Nobakht

Peritoneal dialysis (PD) is highly underutilized worldwide with wide regional varia-
tion. In the United States, only 9% of ESRD patients are on PD compared to rates 
as high as 79% in other countries. This exceptionally low rate is a worrying statistic 
for a developed country such as the United States and requires immediate attention. 
A recent NKF-KDOQI conference identified clinical, operational, societal, and 
policy-related factors that prevent access to PD as a modality of choice [1]. When 
educated about their options, most patients would choose home dialysis as their 
preferred modality [6]. Clinical studies and research from around the world have 
consistently shown that as a home-based dialysis therapy, PD is associated with 
improved patient survival, better preservation of residual kidney function, lower 
risk of infection, and increased patient satisfaction all while reducing financial 
stress to governments [5]. According to Devoe et al. (2016), there is a strong asso-
ciation between patient-targeted dialysis modality education and selecting and 
receiving PD [7]. Despite significant and widely accepted benefits of home dialysis, 
its utilization rate has remained unacceptably low in the United States (<2% for 
home hemodialysis (HHD) and < 10% for PD), rates far below that of other indus-
trialized nations [1].

The viability of PD and its place in kidney replacement therapy has evolved over 
time. PD is now much safer due to improvements in peritoneal access and catheter 
design, dialysate solutions, connectology, exit site management, peritonitis 
prevention strategies, and more. The growing use of automated PD has also led to 
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improved patient- and technique-related outcomes over recent decades [2]. Most 
ESRD patients are eligible to pursue and select PD as their dialysis modality; in 
some studies, up to 85% of the ESRD population were deemed suitable candidates 
for PD. The low utilization of PD in the United States, therefore, most likely points 
to many factors and barriers within our healthcare system.

Patient selection is a shared decision between an empowered patient and a 
knowledgeable provider. A shared decision is a process in which clinicians and 
patients work together to make decisions and select tests, treatments, and care plans 
based on clinical evidence that balances risks and expected outcomes with patient 
preferences and values. Patient selection for home dialysis starts with education in 
the early stages of CKD. The initiation of modality education early in the disease 
process results in higher uptake of home dialysis [6]. Of particular interest, patients 
who selected PD over hemodialysis (HD) were more likely to have progressed fur-
ther in the educational system, be physically independent, have been seen by a 
nephrologist earlier in the pre-ESRD period, and be more autonomous in the 
decision- making process before ESRD onset [4].

The inherent benefits of PD compared to HD should compel providers to offer 
PD first. Unfortunately, barriers exist in the form of physicians and nurses who have 
had minimal exposure to the PD modality in medical and nursing schools, respec-
tively. The myths, misinformation, and inherent biases from a poorly informed pro-
vider play a critical role in PD selection. Most patients trust their physicians to 
choose the best option for them; unfortunately, most physicians are not comfortable 
offering PD due to an overall lack of exposure to the therapy. According to Ghaffari 
et al. [3], most nephrologists are uncomfortable with recommending PD as a viable 
modality option due to the lack of exposure. Successful home dialysis programs 
should include a medical director who is a champion of home dialysis and has the 
support of physicians, social workers, dieticians, and experienced nurses who are all 
strong proponents of home dialysis and are effective educators.

Essential qualifications for pursuing the PD modality are motivation, desire for 
autonomy, and flexibility. There are few absolute contraindications for PD other 
than the lack of a functional peritoneal membrane. Active inflammatory bowel dis-
ease and recently inserted ostomies are medical reasons to withhold PD, given that 
they are commonly associated with increased risk for PD-related peritonitis and 
leakage, respectively [2]. Old ostomies are not outright contraindications to PD, and 
catheters should be placed on the opposite side or presternal to minimize the likeli-
hood of complications. Active inflammatory bowel pathologies such as diverticuli-
tis may increase the risk of developing potential polymicrobial peritonitis. Other 
potential barriers include extensive abdominal adhesions due to prior surgeries or 
previous infective processes such as peritonitis or pelvic abscess. Cognitive disor-
ders such as dementia, Alzheimer’s, or developmental disorders are relative contra-
indications as caregivers could be utilized to assist the patient in PD-related 
procedures.

Severe dexterity or physical weakness in the absence of supportive caregivers 
may be a barrier to PD due to safety issues. Vision-related problems such as blind-
ness, frailty, and upper extremity amputations in the absence of caregivers are other 
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barriers to PD. Homelessness and lack of storage spaces may be modifiable barriers 
as well. Comprehensive health assessments are imperative in modality selection. A 
thorough home environmental assessment is critical for long-term success in utiliz-
ing the PD modality; a clean living environment with adequate storage space for PD 
supplies is required. A pet assessment is equally important, especially if indoor pets, 
such as dogs and cats, are present in the patient’s home. Different programs have 
unique policies regarding pets, but the general rules are that pets should not be pres-
ent during the critical PD connections due to the risk of infection and that generally 
more than two pets are considered to be too many.

Conditions that increase intra-abdominal pressure (IAP) such as large polycystic 
kidneys, pregnancy, and space-occupying tumors may limit PD’s viability as a 
modality. The risk of hernias, hemorrhoids, and other conditions that may result 
from IAP should be addressed and may require strategies to minimize those risks. 
Constipation should be avoided, and dialysis in the supine position is strongly 
encouraged. Careful surgical assessment before the placement of PD catheters is 
essential for the identification of potential risk factors. Hernias should be repaired 
before or during the PD catheter placement procedure to avoid related complica-
tions after PD has been initiated.

Many CKD patients will choose PD if adequate, effective, and timely modality 
education is provided. An increase in PD uptake will require a concerted effort to 
educate and empower providers on the benefits of PD. A comprehensive educa-
tional program in nursing schools and nephrology fellowships should be mandated 
to allow a balanced, shared decision process. All relevant stakeholders should 
acknowledge and address the existing barriers to increase home dialysis awareness 
and knowledge. Evidence-based protocols and procedures on PD practice should be 
standardized to make PD the dialysis modality of choice in all eligible individuals.

Home modalities should always be offered to ESRD patients as the first dialysis 
modality option in the absence of absolute or non-modifiable contraindications. In 
particular, patients on the transplant list should be encouraged to select and utilize 
PD as a bridge therapy. CKD patients should be referred to in-center HD only after 
all reasonable options for home dialysis have been exhausted. There are no known 
criteria or litmus test for choosing an ideal PD candidate. Careful assessment with 
an open mind is essential in empowering patients for optimal shared decision- 
making. Exploring the roles of caregivers and family members should always be 
discussed in detail, especially for patients with significant physical or cognitive 
challenges to self-care.

There are a few tools available to guide educators and other providers in the 
determination of ideal or eligible PD patients. The MATCH-D tool is designed to 
guide clinicians through the home dialysis evaluation process, as well as to educate 
them on the key issues to consider when offering home dialysis to their ESRD 
patients. The tool is color-coded by viability and choice of home dialysis. Green 
represents characteristics that are highly recommended, yellow represents signifi-
cant barriers that could be eliminated, and red represents PD not being recom-
mended in the absence of a caregiver (Fig. 3.1).
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Chapter 4
Epidemiology of Peritoneal Dialysis

Tushar A. Chopra, Sana F. Khan, and Mitchell H. Rosner

 Introduction

In 2016, in the United States, the prevalence of end-stage kidney disease (ESKD) 
patients was 726,331, and the number of prevalent ESKD patients has typically 
risen by 20,000 per year [1]. The adjusted annual number of incident ESKD cases 
in the United States had a sharp rise between the 1980s and 1990s, and the rate lev-
eled off in early 2000 and had declined since its peak in 2006. Incident cases of 
ESKD have been stable in the last decade in the United States with an incident count 
of 124,675 patients in 2016 compared to 115,921 patients in 2010. The ESKD crude 
incidence rate is projected to rise by 11–18% between 2015 and 2030, and the num-
ber of prevalent ESKD patients is estimated to rise to 971,000–1,259,000 between 
2015 and 2030 [2]. In 2016, in the United States, peritoneal dialysis (PD) was used 
as the modality of kidney replacement by 50,552 patients. The number of incident 
ESKD patients choosing PD has increased by 85% from 2007 to 2016 [3]. 
Understanding why patients ultimately utilize one mode of kidney replacement 
therapy over another is critical. In this chapter, we discuss the epidemiology of PD 
in the United States, common characteristics among countries with high PD preva-
lence rates, factors affecting PD utilization, relevant clinical outcomes in PD, and 
potential solutions for overcoming underutilization of PD.
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 Incidence of Peritoneal Dialysis

Among incident ESKD patients in the United States in 2016, 9.7% used peritoneal 
dialysis, while the percentage of patients undergoing preemptive kidney transplant 
and hemodialysis (HD) was 2.8% and 87.3%, respectively. In the United States, the 
number of incident PD patients peaked in the mid-1990s, then declined for more 
than a decade, but has increased by 60.2% since 2000. Additionally, PD continues 
to remain the most common form of home-based dialysis (overall use of incident 
home HD was 3.1% compared to 9.7% of PD among incident ESKD patients receiv-
ing dialysis in 2016) [1].

The maximum percentage of incident ESKD patients receiving peritoneal dial-
ysis is in the pediatric age group from 0 to 21 years, and among adults, the age 
group with the highest rate of peritoneal dialysis use is the age group between 45 
and 64 years [1]. Peritoneal dialysis incidence is more in males; the most com-
mon cause of ESKD is diabetes, followed by hypertension. The number of inci-
dent African- Americans on peritoneal dialysis was 2547 patients/year compared 
to 8475 Caucasians/year, and patients of non-Hispanic ethnicity were more likely 
to be placed on PD compared to Hispanics [1]. An area of future research is to 
understand the causes of low utilization of PD among different racial/ethnic 
minorities and develop interventions to overcome barriers that may be present in 
these groups.

 Prevalence of Peritoneal Dialysis

In the United States in 2016, approximately 7.1% (50,552 patients) of all ESKD 
patients were prevalent PD, while the prevalence of kidney transplant was 29.4%, 
and hemodialysis was 63.2%. The prevalent PD population in the United States 
increased by 87.2% from 2000 to 2016. The percentage of prevalent ESKD patients 
receiving PD was most common in the age group between 22 and 44 years (8.8%) 
and among females (7.4%). The most common cause of ESKD was diabetes (19,205 
patients), followed by hypertension (14,174 patients). The number of prevalent 
African-Americans on peritoneal dialysis was 12,391 patients compared to 33,928 
Caucasians in 2016. The percentage of prevalent ESKD patients on PD that are 
Hispanic is 6.3% compared to non-Hispanic (7.4%) [1].

As mentioned above, since 2000, the prevalent PD population in the United 
States has increased by 87.2% compared to a 60.2% rise in the incident PD popula-
tion as the prevalence of PD usage is determined not only by incidence rates but also 
by technique survival on PD and patient survival which is improving [1].

There is a variable distribution of the global prevalence of PD compared to the 
United States (7.1%), with PD usage ranging from 2% in Jordan, Lithuania, 
Macedonia, and Slovakia to 71% in Hong Kong [1].
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 Common Characteristics of Countries with High PD 
Prevalence Rates

In 2016, the highest utilization of PD occurred in Hong Kong (71%), the Jalisco 
region of Mexico (61%), Guatemala (57%), New Zealand (30%), Thailand (28%), 
and Qatar (27%); for the remaining countries, PD utilization was less than 22% of 
the total population of dialysis patients [1]. Important lessons can be learned from 
the countries with high PD prevalence.

Healthcare policies, practices, and reforms can increase the utilization of PD. One 
such effective strategy is the “PD-first policy” that has been in place since 1985 in 
Hong Kong where all patients with ESKD are offered PD as the kidney replacement 
modality of choice unless there is a medical contraindication. In the mid-1980s, 
Hong Kong was reaching full capacity for in-center hemodialysis and thereby insti-
tuted the “PD-first policy” primarily because of economic and resource consider-
ations. The government reimburses for hemodialysis only if a contraindication 
exists for PD. If the patient chooses to perform in-center hemodialysis, he or she 
would have to be supported by a not-for-profit, charitable organization or a private 
hemodialysis center [4]. The outcome of this policy is that Hong Kong has the high-
est PD utilization rate (71%) in the world [5]. Additionally, a “PD-first policy” has 
been implemented in Thailand [6]. The government of Thailand introduced a uni-
versal health coverage scheme (UCS) in 2002. The inclusion of kidney replacement 
therapy for ESKD in UCS coverage occurred in 2008. The “PD-first policy” was a 
part of the universal health system scheme to address the shortage of dialysis facili-
ties and medical personnel and to improve education among trainees as well as 
access to care, with the understanding that PD is a more economical and efficient 
modality of kidney replacement therapy compared to hemodialysis. According to 
the policy, PD would be offered first, with hemodialysis as a second-line treatment 
for patients unsuitable for PD. Additionally, nephrologists were incentivized with a 
fixed fee for incident and prevalent PD patients. The effect of the “PD-first policy” 
has increased PD utilization in Thailand from 5.5% in 2007 to 28% in 2016 [1, 4].

“PD-favored policies” have been encouraged in China, Canada, Mexico, 
Guatemala, and India. The government encourages PD use as a primary modality of 
kidney replacement therapy while removing any disincentives. The reasons for 
“PD-favored policies” include the need for cost containment, empowering patients 
and caregivers, advancing PD treatment, and improving access to care. In China, 
healthcare system reforms were established in 2011 resulting in expansion of pri-
mary medical insurance covering more than 95% of the population [7]. Additionally, 
in 2012, the Chinese social security system included coverage of uremia or ESKD 
to reduce the financial burden on individual patients. As a result of this expanded 
health insurance coverage, the number of patients utilizing PD as a proportion of all 
dialysis use in China increased from 16% in 2012 to 20% in 2014 [8]. In Canada, 
the geographical variability in PD utilization between provinces is due to limitations 
in access to care as well as differences in reimbursement structure. The Ontario PD 
initiative of 2010 targeted to achieve a 30% PD prevalence and to improve dialysis 
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access to rural patients. The Canadian government, in 2012, also developed ESKD 
patient care targets in terms of dialysis care plan, education, patient engagement, 
and modality choice to promote PD uptake. The percentage of prevalent PD patients 
in Canada has slightly improved to 19.9% in 2016 compared to 18.1% in 2011 [1]. 
In Mexico, more than 80% of patients are covered by the Mexican social security 
system. The “PD-favored policy” is supported by the Mexican social security sys-
tem and the public sector institutions as a resource-conscious and cost-effective 
measure to provide dialysis access to more patients with ESKD with the same 
budget [9].

A “PD-favored policy” can be integrated into a larger “home dialysis-first pol-
icy” as adopted by Australia and New Zealand. The reason for implementing the 
“home dialysis-first policy” was the perceived clinical and economic benefit of 
home dialysis (PD and home HD) compared to in-center HD as well as to address 
the shortage of healthcare professionals in Oceania. Australia and New Zealand 
(NZ) introduced a range of national health reforms in 2008–2012. In Australia, the 
reforms included maintaining national quality control and safety standards, improv-
ing cost-effectiveness, and activity-based funding (whereby hospitals get paid for 
the number and the mix of complex patients they treat). In 2015, PD percentage 
prevalence compared to all dialysis modalities in Australia was 15% and 29% in NZ 
[10]. In NZ, the reforms established a policy of shifting to home dialysis modalities 
[11]. The overall proportion percentage of peritoneal dialysis of all home dialysis 
modalities in Australia is 68% in 2015. The government in Australia has set a 50% 
target of home dialysis usage. In New Zealand, both proportion percentages of peri-
toneal dialysis and home hemodialysis of all home dialysis modalities are markedly 
elevated at 62% and 47% in 2015 [10].

Lessons learned from countries with a high PD prevalence are that government 
policies and incentives are critical in determining the particular mix of kidney 
replacement modalities. For example, a “PD-first” policy is an effective way to 
increase PD uptake and expand access to kidney replacement therapy in a cost- 
effective way while empowering patients and their family members. Other patient 
factors, dialysis factors, industry factors, and health system-related factors affecting 
utilization of PD are discussed below (see Fig. 4.1).

 Epidemiological Factors Affecting Utilization of PD

 Patient Factors

 Age

Even though the elderly, age 65 years or greater, are the largest growing age group 
of patients with ESKD, the use of PD is less prevalent in the elderly in the United 
States. The percent prevalent ESRD patients on PD between 65 and 74  years is 
6.6% and over 75 years is 5.8% [1]. The concerns of higher comorbidities such as 
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cardiovascular disease, malnutrition, physical limitations (such as impaired visual 
acuity, hearing impairments, and dexterity issues), residing in a skilled nursing 
facility, a less robust support system, and other psychosocial limitations may create 
anti-PD biases among providers and possibly explain the low prevalence among the 
elderly, even though data suggests that PD is a reasonable choice in this population 
[12, 13]. For example, in France, the PD prevalence among elderly (over 70 years 
of age) is 54% in men and 59% in women [14]. In France and Denmark, there are 
assisted PD programs that are publicly funded to improve the utilization of PD 
among the elderly. The cost of assisted PD is equivalent to in-center HD. Assisted 
PD is an evolving concept and may improve utilization of PD in the elderly [15].

PD Fluid 
Cost
Type
APD/CAPD
Availability
Manufacturer

PD catheter
Design and type
Material
Placement timing
Personnel

Patient Factors
Age

Comorbidity, DM
Physical ability

Support 
Lifestyle 

Education
Environment 
Pets/Children
Social status

PD factors
Self-care
Convenient
Cost-effective
Flexibility 
Less staffing

Facility Factors 
Hospital economics
Clinician Bias/attitude
PD catheter placement
Organizational Priority

Health system Factors
Disparity healthcare provision

Urban vs. Rural
Developed vs. Developing
Universal Health coverage

Clinical Governance, Registries
Financial Incentives 

Health policies 
PD  first or PD favored

Outcomes
Mortality

Technique
survival

Fig. 4.1 Factors affecting PD utilization
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 Comorbid Conditions: Diabetes Mellitus (DM)

In the United States, percentage prevalence of DM is 37% compared to all PD 
patients [3]. Many diabetic patients who have severe comorbidities such as periph-
eral arterial disease, advanced neuropathy, amputation of the digits, advanced reti-
nopathy resulting in hampered manual dexterity, and visual acuity are therefore 
consigned to in-center hemodialysis rather than PD.  A large study analyzing 
398,940 incident ESKD Medicare patients from 1995 to 2000 demonstrated that 
patients with diabetes without comorbidity had a lower risk of death on PD com-
pared to HD among younger patients, while the risk of death was lower on HD 
compared to PD among the elderly [16]. Caution should be used with the generaliz-
ability of data from registry studies as effect sizes were not large. A recent system-
atic review of 25 observational studies had inconsistent and variable results on 
patient survival across study design and subgroups of patients with different forms 
of kidney replacement therapy, suggesting that either PD or HD could be the initial 
modality of choice in ESKD patients with diabetes [17]. Registry survival studies 
are expensive and consistently show similar results. Survival of PD patients is 
improving over time, survival of HD patients is unchanged, and so survival between 
the two modalities is essentially the same [18]. Understanding the reasons for the 
low use of PD in patients with diabetes is critical to allow for targeting education 
and care pathways to increase PD utilization.

 Physical Ability and Support System

Dexterity and visual acuity may hinder the patient’s ability to utilize PD and may 
lead to biased decisions by providers to not offer PD. With the advent of assisted PD 
programs and improved connection assist devices, these physical barriers may be 
successfully addressed but require dedicated care teams with expertise in assisting 
these patients and families.

 Patient Awareness of PD

An important factor influencing the growth of PD includes the implementation of 
education programs for patients with advanced CKD [19]. Most patients with CKD 
have limited awareness of the various modalities for management of ESKD. In a 
study by Finkelstein et al., when asked about the level of “perceived knowledge” 
concerning kidney disease, only 23% of patients reported having extensive knowl-
edge about kidney disease, while 35% of patients reported little or no knowledge of 
kidney disease. In terms of awareness of different ESKD modalities, more than 50% 
of the patients did not have knowledge of the different peritoneal dialysis modali-
ties. Also, knowledge of peritoneal dialysis was less compared to hemodialysis in 
patients with CKD stage 4 (42% compared to 54.9%) [20]. A pre-dialysis education 
program helps create awareness about management options. The likelihood of opt-
ing for home dialysis, having an arteriovenous (AV) fistula access, and lower 
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mortality risk during the first 90 days was noted among attendees of a pre-dialysis 
option class [19].

In 2012, a survey of 1365 dialysis patients demonstrated that approximately 50% 
of the patients reported receiving less than 30 minutes of pre-dialysis education and 
6–10% reported no time or do not remember receiving such education [21]. 
Strategies to improve pre-ESKD care education include developing enhanced edu-
cational tools such as websites, courses, and other teaching materials [22].

 Financial Considerations

Incremental cost-effectiveness ratio (ICER) is an economic measure to understand 
therapeutic interventional strategies or treatments. ICER is the ratio of change in 
costs to incremental effectiveness of treatments (e.g., treatment effect difference 
between different kidney replacement modalities). Additive costs of a dialysis 
modality would include capital cost (infrastructure), human resource cost (full time 
or part time), overhead cost (e.g., administration, maintenance), and dialysis con-
sumable costs (medical supplies and office consumables). The effectiveness of a 
dialysis modality can be measured by survival and quality-adjusted life years 
(QALY) gained. QALY is a function of the length of time and the quality of life 
lived, and a value of one assumes that 1 year of life is lived in perfect health [23]:

 
ICER

Incremental costs between treatments

Survival and QALY
=

  gained between treatments  

The long-term survival outcomes and QALY gained between PD and HD are 
similar (with perhaps a better QALY for PD). Since the denominator is nearly equal 
between treatments, the ICER is directly proportional to incremental costs of differ-
ent dialysis modalities. Cost data analysis between PD and HD has several method-
ological flaws and limitations which can be minimized by HD/PD cost ratio. A 
global comparison of HD/PD cost ratio by Nayak et al. revealed that hemodialysis 
was 1.25 times higher in cost than PD in 22 out of 46 countries suggesting that PD 
is a more cost-effective dialysis modality [24]. Additionally, in the United States in 
2016, the average cost on a per-patient basis is $76,177 for PD and $90,971 
for HD [1].

Also, socioeconomic status (SES) is a part of a larger framework of determinants 
in modality selection. PD prevalence was lower in patients treated in the private sec-
tor compared to public sector (hospitals or health system) [25].

 Other Patient-Related Factors

Absolute contraindications to the use of PD tend to be infrequent but include a 
nonfunctioning peritoneal membrane. All other patient-related factors are “rela-
tive” barriers, which can be overcome by a motivated patient and clinician experi-
ence in the PD center. Lifestyle preferences play an important role in choosing 
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PD. Peritoneal dialysis empowers patients and caregivers with more freedom with 
“self-care” and gives them the convenience of adjusting PD into their lifestyle 
(such as time management concerning work, travel, and duration of sleep). 
Additionally, one has to consider a suitable environment (adequate space for doing 
PD, storing supplies, barring pets from PD room), history of abdominal surgery, 
intact cognitive ability, attitude, coping skills, and the amount of inherent residual 
kidney function.

 Facility Factors

 Clinician Attitude and/or Bias

Clinician bias and attitude can strongly influence the options offered to a 
patient. Clinicians need to be comfortable and have clarity in understanding PD 
as well as the indications and relative contraindications for the use of 
PD. Traditionally, PD programs have had a selection bias for younger patients 
with fewer comorbidities [26]. These biases are likely unfounded, and numer-
ous strategies have been successfully utilized to increase access to PD [27]. For 
instance, Canada has developed assisted PD programs with improved outcomes 
to support elderly patients with functional limitations that would otherwise be 
on in-center dialysis [28]. The use of telemedicine and remote monitoring are 
other strategies that can be used to support patients and their families in the 
home environment [29, 30].

Professional societies are increasingly developing educational tools to ensure 
that trainees in nephrology have strong foundations in home dialysis modalities. 
However, there remains a need to develop standardized home dialysis training 
curricula.

 PD Catheter Placement

PD catheter placement is a rate-limiting step for incident PD start rates and preva-
lence rates on PD (as a successful PD catheter placement also affects technique 
survival). The issues related to PD catheter placement are the ideal design of the 
catheter, placement technique and timing, and the availability of skilled operators 
able to successfully place PD catheters. It is essential to identify a skilled operator 
who can place PD catheters with a high success rate. There is variability in the use 
of surgeons, interventional radiologists, interventional nephrologists, and general 
nephrologists placing PD catheters. There is evidence that the placement of PD 
catheters by nephrologists can improve PD utilization by reducing wait times for 
patients [31, 32] (see Chap. 7).
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 Dialysis Organizational Priorities

The reasons for the low prevalence of peritoneal dialysis in the United States (7%) 
compared to high PD prevalence countries (e.g., Hong Kong, China, Thailand, 
Australia) may be partially accounted for by the predominance of private dialysis 
providers and the overwhelming use of in-center hemodialysis. The density of 
community- based dialysis facilities owned by large dialysis organizations has 
increased faster than the general population making in-center hemodialysis readily 
available for the public. Additionally, the operational priorities of for-profit dialy-
sis organizations also influence modality distribution. An observational study on 
incident dialysis patients over 4 years demonstrated underutilization of PD in three 
out of five large dialysis organizations and was associated with a higher risk of 
death. These findings also suggest a correlation exists between the use of PD and 
outcomes [33].

 Clinical Governance/Registry Data

National registries (ANZDATA, PDOPPS, CNRDS, ERA-EDA, and USRDS) can 
help audit and provide feedback to PD centers to improve PD practices and out-
comes as there are variations in peritonitis rates and outcomes between different 
centers worldwide [34–36]. Audits and feedback from national registries would 
improve retention of patients with better technique and patient survival (quality of 
dialysis) and hence the overall prevalence of PD.

 Industry Factors

Several industry factors may affect the utilization of peritoneal dialysis. The PD 
fluid manufacturer, import duties on PD fluids, ability to match the demand and sup-
ply of PD fluid, cost of PD fluid, use of newer technologies in automated PD, and 
priorities of the dialysis organization are all factors that may play a role in the 
use of PD.

In 2015, the United States had a temporary PD fluid supply constraint that 
decreased the utilization of PD [4]. In contrast, the Thai government in 2007 reduced 
the import duty on PD fluids after implementing the PD-first policy which led to a 
marked rise in PD prevalence [37]. Health system factors and industry factors are 
intertwined to affect PD prevalence.

Technological advancements in PD have led to increased growth of PD in parts 
of the world. For instance, automated PD (APD) has been an essential determinant 
for increasing prevalence of PD in America. Eighty percent of patients in the United 
States choose APD as their initial modality [38]. Further technological advances 
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such as voice recognition commands and remote monitoring of therapies through 
telemedicine are areas of technological advancements with the potential to increase 
PD utilization by reducing the burden on the patient of traveling long distances to 
the PD center [39].

 Dialysis Factors

Peritoneal dialysis requires certain patient and social characteristics to be success-
ful. For instance, there is a need to have adequate storage space for supplies, a 
clean place to perform exchanges, and ideally a quiet and well-lit space for self-
care. Facilities at home such as space, drain access, privacy, and hygiene are 
essential.

In addition, due to the unique characteristics of PD, patients may transition from 
HD to PD to achieve better hemodynamic stability, improved volume control, and 
more dietary choices. In some cases, loss of vascular access options may necessitate 
a switch from HD to PD.

 Healthcare System Factors

Health system and governmental factors that include financial incentives, clinical 
reimbursement, availability of universal health coverage, healthcare policies 
(PD-first, PD-favored, and home HD-favored), and disparities in healthcare access 
affect PD utilization patterns.

 Universal Healthcare Coverage

Universal health coverage can positively impact the prevalence of PD depending 
upon the incentives and regulations. We have learned from high PD-prevalent coun-
tries such as China and Thailand that inclusion of ESKD in the universal health 
system plan has resulted in a rapid rise of PD [40]. In Thailand, universal health 
coverage and peritoneal dialysis-first policy were implemented in 2007, along with 
reduced import duty for PD fluids which reduced cost for PD. In China, over 95% 
of residents were eligible for insurance with the policy reform. Also, PD is a more 
cost-effective modality compared to HD in China which could have increased PD 
uptake [4]. In the United States, expedited health insurance coverage for home dial-
ysis was implemented by the Centers for Medicare & Medicaid Services (CMS), 
whereby the 90-day waiting period is waived for the uninsured incident Medicare 
eligible patients starting home dialysis.
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 Financial Incentives and Clinical Reimbursement

As mentioned earlier, PD is a more cost-effective treatment compared to 
HD. Additionally, physician reimbursement has been suggested to affect trends and 
usage of PD. In the United States, the bundled payment system, introduced in 2011 
by the Centers for Medicare & Medicaid Services (CMS), which combines the pay-
ment for dialysis care as well as injectable drug or oral equivalents had led to a shift 
in momentum toward the use of PD as compared to in-center HD [41]. Additional 
incentives to healthcare providers exist in the United States for supervising training 
of patients for home dialysis, as well as equal reimbursement for seeing a home 
dialysis patient once a month compared to two to three in-center hemodialysis visits 
a month. These changing dynamics in healthcare policies and physician reimburse-
ment have led to year-by-year rise in incident ESKD patients on peritoneal dialysis 
in the United States from 2012 to 2016. Since 2011, the growth of incident perito-
neal dialysis therapies has increased by 44% to 12,095 patients in 2016 [1].

 Healthcare Policies (PD-First and PD-Favored)

Hong Kong has the highest PD utilization rate with the PD-first policy implemented 
in the mid-1980s, and PD-favored policies have been established in China and 
Thailand since 2008–2012 [5]. The details of these policies and their impact on PD 
prevalence have been addressed previously. Additionally, a rapid rise in PD uptake 
was seen in the United States when the fee-for-service payment system was replaced 
by the prospective payment system (PPS) by the Centers for Medicare & Medicaid 
Services (CMS) in 2011 which included specific PD incentives [41].

 Healthcare Disparities

About one-fifth of the US population lives in rural areas, and the resources to pro-
vide home dialysis therapies are less developed in these areas. For instance, travel 
to monthly visits at central dialysis centers may be excessively far and expensive. 
Provision of peritoneal dialysis can increase access to care in resource-limited set-
tings in remote rural areas. In fact, an interesting observation has been that patients 
on PD in a rural setting are under the care of an urban PD training center [42]. 
Advances in telemedicine are addressing these barriers to increase utilization of PD 
in rural settings [29]. On the other hand, PD does afford access to kidney replace-
ment therapy in areas where infrastructure to support HD centers may be limited or 
poorly developed.

Another disparity is between economic factors between developed and develop-
ing nations. In developing nations, PD remains a more resource-conscious and cost- 
effective therapy compared to HD which makes it a more desired economical option 

4 Epidemiology of Peritoneal Dialysis



40

[42]. In developed nations, if the private sector is dominant, then momentum to 
maximally utilize in-center hemodialysis units and fixed costs exists [4]. The 
Thailand government reduced import duty on PD fluids as a part of the PD-first 
policy which reduced cost of PD and improved PD uptake [4].

 Epidemiology of Infection-Related Complications 
in PD Patients

Infection-related complications in peritoneal dialysis patients are one of the reasons 
for transfer to hemodialysis. These include peritonitis (61%) and exit site infections 
or catheter tunnel infections (23%) [43]. Peritonitis is a leading cause of hospitaliza-
tion among PD patients.

Peritonitis is a preventable major complication of PD and an important determi-
nant of technique and patient survival [44, 45]. Patient risk factors for PD-related 
peritonitis that are well established include diabetes mellitus, ethnicity, and malnu-
trition [46]. Certain modifiable risk factors identified include being overweight, 
smoking, depression, hypokalemia, hypoalbuminemia, invasive interventions (e.g., 
colonoscopy), low socioeconomic status, and psychosocial factors [46, 47]. 
Miscellaneous risk factors associated with peritonitis are dialysis-related (training, 
biocompatible fluids, wet contamination), infection-related (nasal Staphylococcus 
carrier status, and previous exit site infection), and social (living distance from PD 
unit and owning pets) [48].

Prevention of peritonitis is crucial for good outcomes. The goal peritonitis rate 
described is less than 0.5 episodes per year at risk depending on the patient popula-
tion. Observational studies and multinational studies have demonstrated a decreas-
ing trend in peritonitis rates (gram-positive organisms more than gram-negative) 
over the last two decades [49–51]. These trends are explained by adherence to 
evidence- based international guidelines. In Australia, peritonitis rates significantly 
fell (37%) after regular audits and feedback by national registries and also promot-
ing peritonitis prevention trials by Australian Kidney Trials Network [52]. Although 
fewer than 5% of episodes with peritonitis are fatal, peritonitis is a major contribu-
tor to mortality in around 16% of PD patients [53, 54] (see Chap. 13).

 Epidemiology of Mortality in PD Compared to HD

Technique survival and mortality are essential determinants of the prevalence of 
PD. PD catheter-related problems account for 12% of PD patients who transfer to 
HD in the first year of therapy [55] and was the second most common cause of tech-
nique failure. It is crucial to ensure proper placement of a PD catheter for the best 
outcomes. Poor technique survival is inversely associated with the prevalence of 
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PD. Examples of continuous quality improvement processes to improve technique 
survival and mortality have been implemented in Australia (with Australian Kidney 
Trial Network) and Turkey (Turkey Multicenter PD group). The Australian Kidney 
Trial Network conducts original high-quality, investigator-initiated, randomized 
controlled trials to improve practices, technique survival, as well as patient survival. 
Such collaborative research groups also help connect with leading researchers from 
other countries [56]. In Turkey, since the multicenter PD study group was estab-
lished, prevalent PD patients have increased fivefold.

Non-modifiable factors associated with mortality and technique survival include 
genetics, diet, cultural practices, lifestyles, and socioeconomic status. Certain modi-
fiable risk factors include dialysis prescriptions, adherence to treatment, comorbid 
illnesses, body size, peritoneal membrane transport, and dialysis practices.

Mortality has been correlated with the type of therapy that is offered in the dialy-
sis unit. In Rio de Janeiro, the mortality rate for patients with ESKD was higher at 
in-center hemodialysis units that did not offer peritoneal dialysis therapy. 
Interestingly, mortality rates were lower in centers where both automated peritoneal 
dialysis and continuous ambulatory peritoneal dialysis were offered than in centers 
that only offered continuous ambulatory peritoneal dialysis [57]. In the United 
States, the large dialysis organizations with lower PD-prevalent patients had worse 
mortality outcomes. Additionally, in European registry data, there has been a strong 
correlation with a prevalence of peritoneal dialysis in the treating center as well as 
the likelihood of receiving a kidney transplant in the first year of kidney replace-
ment therapy [33].

There are no randomized controlled trials addressing the mortality difference 
between PD and HD. Most of the data are from registries controlled for propensity- 
matched mortality scores and marginal structural analysis. The survival of PD 
patients is improving over time, and the survival on HD is unchanged. In the initial 
studies, there was an apparent survival advantage on peritoneal dialysis compared 
to thrice weekly hemodialysis, which could be due to preservation of residual kid-
ney function in patients transitioning to PD or the early disadvantage of “unplanned” 
starts or complications of tunneled catheter use in hemodialysis. A study comparing 
PD with HD in planned starts did not demonstrate the early survival advantage for 
PD and no change over time to a late survival disadvantage for PD, even in diabetics 
[18]. The bottom line is outcomes in PD, if not superior, are at least compara-
ble to HD.

There is variability in mortality data worldwide. Improvements in survival on PD 
versus HD have been reported in the past decade from North America (the United 
States and Canada), Asia (Republic of Korea, Hong Kong, Japan), and Oceania 
(Australia and New Zealand) [4, 5, 58, 59]. More contemporary era studies have 
shown equal outcomes comparing PD with hemodialysis [60, 61]. Since there is no 
difference in mortality outcomes between HD and PD, the patients should ulti-
mately choose a dialysis therapy based on lifestyle, personal preference, and guid-
ance from the healthcare team.
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 Proposed Solutions to Overcome Underutilization of PD

As learned from the countries of Hong Kong and Thailand, one effective strategy for 
improving uptake of PD would be a “PD-first policy,” whereby PD should be offered 
to all patients with ESKD unless a contraindication for PD exists. Reimbursement 
structures favoring PD would have to be prioritized in the policy. Other solutions for 
growing PD could be improving pre-ESKD care, reforming current education strat-
egies for patients and providers, and remodeling delivery of dialysis care to suit 
patient goals (through urgent start PD protocols, telemedicine services, assisted PD 
and PD as respite). Respite PD is supportive therapy at home prior to transition to 
hospice.

Improving pre-ESKD care is crucial to equip patients and their families with 
knowledge of kidney disease (including prognosis) and treatment options available 
(kidney replacement therapy, kidney transplantation, and conservative manage-
ment) and understand the advantages and disadvantages of treatment options to 
better plan their “life goals.” Restructuring the current continuity clinic model to 
integrate education, anemia management, nutrition services, as well as a dialysis 
access coordinator into an “advanced CKD clinic” will address the complexity of 
care provided to patients with kidney failure and provide a “one-stop shop” model 
to improve patient satisfaction, convenience, and outcomes.

Education should focus on patients as well as healthcare providers (including 
primary care providers, nephrologists, and nephrology trainees). Education of pri-
mary care providers in the community about awareness of the burden of kidney 
disease and treatment options available. (e.g., early referral of patients to a CKD 
clinic). Also, one has to focus on developing a standardized PD education curricu-
lum as well as use innovative teaching methods to improve nephrology trainee 
experience.

Remodeling delivery of dialysis focuses on the unmet needs of resource-limited 
areas (such as lack of infrastructure, remote location of patients), patients without 
pre-ESRD care who are “unplanned starts,” and expanding care to the elderly. 
Urgent start PD protocols allow patients to receive expedited education about dialy-
sis modalities and offer “urgent start” PD to interested patients in a hospital or out-
patient setting within 48–72  hours of placement of a PD catheter. A small 
nonrandomized study demonstrated the safety and feasibility of urgent start PD as 
an option for late-referred patients presenting without a plan for dialysis modality 
[31, 32]. Additionally, “transitional start units (TSU)” are being used in the United 
States to offset the home dialysis versus in-center HD imbalance [62]. Patients qual-
ifying for TSU could be motivated incident dialysis patients, as well as patients at 
various transition points in the kidney disease continuum (such as failed renal 
allograft transitioning to RRT) who are naïve in their understanding of kidney dis-
ease, treatment choices, and the risk/benefit of dialysis modalities. A dedicated team 
of healthcare professionals (comprising nephrologists, nurse practitioners, social 
workers, dieticians, and nurses) frequently meets with patients to improve clarity 
about treatment choices. TSU empower patients to find the best kidney replacement 

T. A. Chopra et al.



43

therapy based on personal life goals. Other ways to improve access to care is through 
innovative technologies such as telemedicine in PD and remote patient monitoring 
[29, 30]. Also, assisted PD services (entail supporting patients who are unable to 
perform PD) and respite PD are ways to overcome underutilization of PD in elderly 
nursing home patients. Assisted PD services are available in Canada and France [15, 
63]. Assisted PD is not reimbursed in the United States yet, and the costs are borne 
by family members.
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Chapter 5
The Evolution of Peritoneal Dialysis 
Solutions

Ephantus Njue, Lewis Simon, and Mohammad Kamgar

The use of peritoneal dialysis (PD) solutions was first described by Wegner, a 
German investigator in the late nineteenth century. He injected hypertonic and 
hypotonic solutions into the peritoneal cavity of a guinea pig and observed that 
hypertonic solutions increased the volume in the cavity and hypotonic solutions 
decreased the volume. Wegner’s findings triggered interest in the use of solutions 
for the treatment of uremia. Several scientists followed suit; Ganter used saline to 
treat uremia, and Heusser added dextrose to increase ultrafiltration (UF). Rhoads 
added lactate in PD solutions as a buffer to correct acidosis in 1938. The use of PD 
solutions has continued to evolve to the present day in the quest for formulating an 
optimal dialysate. The durability of PD as a dialysis modality depends on the type 
of solution utilized and its long-term effects on the peritoneal membrane. Many 
have argued that biocompatible solutions are ideal because they are proposed to 
limit the long-term degradation of the peritoneal membrane.

PD solutions are used as osmotic agents to regulate UF by increasing or decreas-
ing the tonicity as needed. The fluid is used to treat uremia through diffusion and 
convective transport across the membrane. The commercially used solution in the 
United States is the traditional dextrose-based solution composed of water, osmotic 
agents (glucose), electrolytes, and minerals. In addition, they have low PH for the 
purposes of preservation and prolonging shelf life. There has been a slow uptake for 
neutral or biocompatible solutions worldwide; the reasons for this will be explored 
later in this chapter. Ideal PD solutions would promote and position PD on an equal 
footing with other kidney replacement modalities in terms of longevity.
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According to Vanholder [6], an ideal PD solution must possess the following 
characteristics:

• Have a sustained and predictable solute clearance with minimal absorption of the 
osmotic agents.

• Supply deficient electrolytes and nutrients if required.
• Correct acid-base problems without interacting with other solutes in the PD fluid.
• Be free of and inhibit the growth of pyrogens and microorganisms.
• Be free of toxic metals.
• Be inert to the peritoneum.

Unfortunately, the most commonly utilized PD solutions are far from ideal. They 
are highly acidic, are glucose-based, are easily absorbed, contain glucose degrada-
tion products (GDPs), wash out local antibodies, and are difficult to add buffers due 
to crystallization. The solutions also contain dextrose in varying concentrations, 
which generates GDPs during the sterilization process. The systemic effects of 
GDPs include myocardial toxicity; locally, they cause mesothelial cell proliferation, 
increased production of advanced glycation end products (AGES), and vascular 
endothelial growth factor (VEGF). Topley [5] opined that the structural or “fibrotic” 
changes within the peritoneal membrane result in the alteration of its transport char-
acteristics. The aggregate effects of these by-products include inflammation, fibro-
sis, vascular proliferation, and ultimately UF failure.

 Composition of PD Solutions

 Osmotic Agents

Ultrafiltration (UF) is a critical component of dialysis in order to avoid extracellular 
fluid volume overload. By creating an osmotic gradient, UF is achieved by a glucose 
concentration gradient in PD solutions versus the plasma glucose levels. The degree 
of UF is dependent on the concentration gradient wherein higher glucose concentra-
tion creates a higher gradient leading to flux of water from the vascular compart-
ment into the peritoneal cavity. This gradient for UF dissipates as glucose is absorbed 
in the opposite direction along its own concentration gradient. Blood glucose con-
trol is a critical factor for UF; hyperglycemia can lead to increased fluid absorption 
leading to fluid overload. Osmotic gradient can be increased by using solutions with 
higher osmolarity. Glucose, therefore, is not an ideal osmotic agent because it is 
rapidly absorbed, worsens metabolic effects, and is difficult to utilize in labile dia-
betic patients. An ideal osmotic agent should be metabolized easily with nontoxic 
degradation products, poorly absorbed, inert and non-toxic to the peritoneal mem-
brane, and inexpensive. In addition, such a product must be effective at low concen-
trations with no metabolic consequences of absorption and must be of nutritional 
value if absorbed. Several osmotic agents have been used throughout the history of 
PD including glucose, saline, amino acids, mannitol, polyglucose, and sorbitol.
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Glucose is the most commonly used osmotic agent in PD and is available in 
North America in three different dextrose concentrations: 1.5, 2.5, and 4.25 percent. 
It is not an ideal osmotic agent due to it being easily absorbed (hence rapidly dissi-
pating the osmotic gradient for UF) and the associated metabolic complications 
from its absorption including hyperglycemia, hyperlipidemia, and weight gain. 
These high glucose concentration solutions, low pH, and GDP production can affect 
peritoneal host defense mechanisms by inhibiting phagocytosis and bactericidal 
activities. These “unphysiologic” characteristics of PD fluids have been associated 
with significant loss of peritoneal mesothelial cell viability and function, compro-
mised peritoneal immune system components, and promotion of fibrosis [1].

The advantages of traditional dextrose-based PD solutions are primarily associ-
ated with its cost-effectiveness, safety, and availability. The long-term effects of 
these solutions on the peritoneal membranes are consequential; some studies have 
associated them with terminal membrane failure including encapsulating peritoneal 
sclerosis. The use of conventional PD fluids, characterized by acidic pH (5.0–5.8), 
high lactate concentrations (30–40 mmol/L), high osmolality (320–520 mOsm/kg), 
high glucose concentrations (75.5 to 214 mmol/L), and contamination by GDPs, 
may contribute to these adverse outcomes [1]. However, cost and availability have 
remained impediments for use of biocompatible PD solutions.

Fluid removal with PD is mainly achieved via convection, and water removal 
from plasma exceeds sodium removal in the first few hours of a dwell, often leading 
to hypernatremia. Therefore, the relatively low sodium level in PD solutions helps 
offset the tendency for hypernatremia. Relatively low calcium concentrations can 
aid in the treatment of hyperphosphatemia by allowing the patient to use calcium- 
containing phosphorus binders without the risk of systemic hypercalcemia. 
However, hypocalcemia may develop in some patients, particularly in those with 
poor compliance in taking calcium-containing phosphorus binders as prescribed. 
The use of a lower concentration of magnesium is designed to prevent hypermagne-
semia and bone disease. Lactate is commonly used to control acidosis by supplying 
an absorbed buffer that is quickly converted to bicarbonate in the liver.

The constituents of these solutions are listed in Table 5.1.
Two common commercially available solutions in North America are Dianeal by 

Baxter and Delflex by Fresenius. For CAPD, they are available in 1-liter, 2-liter, 
2.5-liter, and 3-liter sizes, and for APD, they are available in 3-liter, 5-liter, and 
6-liter sizes.

Table 5.1 Constituents of PD 
solutions

Dextrose (%) 1.5, 2.5, 4.25

Sodium (mEq/L) 132
Chloride (mEq/L) 2.6
Magnesium (mEq/L) 0.5, 1.5
Lactate (mEq/L) 35, 40
Calcium mEq/L 2.5, 3.5
pH 5.2, 5.6

Adapted from Guest [3]
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Neutral pH solutions (biocompatible solutions) are not commonly used in North 
America, and many are not even available for use. They produce lower levels of 
GDPs, and it is postulated that they effect minimal mesothelial cell damage. This 
may suggest that patients could stay longer on PD with these solutions, but this is 
unproven. Indeed, in studies of technique failure in PD, problems with the integrity 
of the peritoneal membrane rank very low on the list of causes. Theoretically, bio-
compatible solutions should have better outcomes than traditional glucose-based 
solutions. In addition to utilizing lactate as a buffer, sodium bicarbonate is added in 
a separate chamber within the solution bag to prevent calcium and magnesium car-
bonate precipitation. The chamber is broken just before starting dialysis. Examples 
of these products are Physioneal, Balance, bicaVera, and Gambrosol Trio.

The amino acid-based solutions contain the same electrolytes as glucose-based 
solutions and have the same lactate buffer. They come in 0.5 to 2 percent concentra-
tions. Since they are colloids, they have relatively strong osmotic properties com-
pared to crystalloids. They are designed for patients at high risk for protein loss, 
such as high transporters, and also help with blood glucose control and reduce over-
all insulin demand. The primary disadvantage of amino acid-based solutions is ure-
mia due to increased amino acid absorption, which can potentially lead to metabolic 
acidosis. These products are most often used as a nutritional supplement and are 
utilized in addition to a standard glucose-based PD solution. There is controversy 
surrounding the use of amino acid-based solutions and whether they contribute in 
any way to nutritional status, and because of this, most practices do not utilize these 
products. The current commercially available amino acid-based solution is Nutrineal 
through Baxter.

The polyglucose solutions are made up of glucose polymers, and due to their 
molecular size, they are not able to cross the peritoneal membrane. These solutions 
act as colloids and have an osmolarity of 285–286 mOsm/L. For this reason, poly-
glucose solutions are able to sustain an oncotic gradient leading to sustained 
UF.  These solutions require a long dwell time because of the sustained oncotic 
gradient. Thus, the pressure created by these solutions will decline only slowly dur-
ing the dwell, and a positive net UF is therefore sustained throughout the long dwell 
[2]. The current commercially available polyglucose solution is Extraneal (icodex-
trin) supplied by Baxter. It is traditionally used as a last fill or a single manual 
exchange for a long dwell. Despite its impressive UF characteristics, it has some-
what restricted use due to cost. Recently, as more physicians have become aware of 
its unique characteristics and potential benefits to PD patients, there has been an 
increase in utilization. In most organizations, it requires a non-formulary exception 
request to be approved before it can successfully be prescribed. Icodextrin is slowly 
absorbed though the lymphatic system and degraded by serum amylase into glu-
cose. In the event of suspected pancreatitis in this patient population, evaluation of 
serum lipase instead of serum amylase is recommended. This is because serum 
amylase may not increase in patients on icodextrin, thus making the evaluation of 
serum amylase levels an ineffective means of diagnosing pancreatitis in these 
patients. Icodextrin has a black label from the US Food and Drug Administration 
(FDA) due to its potential for producing false glucose readings with GDHPQQ 
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glucose monitors. It is critical that patients on icodextrin ask their endocrinologist 
for an appropriate glucose monitor to avoid these false readings. While in the hos-
pital, blood sugar should be checked using peripheral blood draws unless the ward 
glucometers are compatible with icodextrin. After the discontinuation of icodextrin, 
its effects on serum glucose can persist for up to 2 weeks. Patients using icodextrin 
need to always have a safety warning device with them that can alert providers 
about the potential artifactual elevation of serum glucose secondary to icodextrin 
metabolites in systemic circulation.

 Conclusion

Peritoneal dialysis (PD) is a widely accepted dialysis modality with superior health 
outcomes compared to hemodialysis in the short term. The sterilization process of 
glucose-based solutions leads to increased production of GDPs and AGES, poten-
tially leading to peritoneal membrane damage. The earliest symptom of PD failure 
is a reduction in UF.  The use of biocompatible solutions, theoretically, should 
increase the duration of integrity of the peritoneal membrane and make PD a feasi-
ble choice as a long-term dialysis modality. William et al. [7] demonstrated that a 
new PD solution delivered to the peritoneum at neutral pH, and containing signifi-
cantly lower levels of GDP, may significantly improve the homeostasis of the peri-
toneal cavity. However, recent clinical trials by Schaefer et al. [4] report a different 
story from the remarkable peritoneal biopsy study carried out in multiple pediatric 
nephrology centers across Europe. The study concluded that neutral-pH, low-GDP 
PD fluids induce early inflammation, epithelial-to-mesenchymal transition (EMT), 
and marked vascularization of the peritoneum, all of which are associated with peri-
toneal membrane transport function. Although the study was carried out in a pediat-
ric population and the same factors might not necessarily apply to the adult 
population, its findings still create doubts regarding the negative effects that bio-
compatible solutions may have on peritoneal membrane’s long-term integrity and 
function. Further clinical trials on biocompatible solutions will ultimately deter-
mine the future use of these products.
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Chapter 6
Automated Cyclers for Peritoneal Dialysis

Ephantus Njue, Anita Mkrttchyan, and Sou Tang

Peritoneal dialysis (PD) has evolved remarkably over the decades proving itself to 
be a competitive alternate to hemodialysis (HD). In 1962, Norman Lasker designed 
the first PD cycler featuring four 2-liter glass containers of PD solution to obtain a 
reservoir of 8 liters, connected to pre-sterilized disposable tubing and bags [6]. The 
concept of the semiautomatic machine was applied to many other cyclers, and most 
were modeled after Lasker’s, the forerunner of all modern cyclers. Starting toward 
the end of the 1980s, PD cyclers underwent progressive improvement in terms of 
hardware components and layout, making continuous cycler peritoneal dialysis 
(CCPD), also known as automated peritoneal dialysis (APD), safer, quieter, and less 
bulky. Continuous progress in the hardware component of cyclers led to the avail-
ability of portable cyclers suitable for home treatment.

In 1994, Baxter launched HomeChoice, which abandoned the gravity control of 
flows using volumetric pumps and allowed for delivery of higher accuracy of dia-
lytic exchanges [3]. This generation of cyclers utilized disposable materials and 
allowed individualization of PD treatments via personalized dialysis prescriptions. 
Additionally, these cyclers have contributed to the optimized management of ultra-
filtration (UF) failure, the achievement of adequate dialytic clearances in anuric 
patients and more effective avoidance of poor patient compliance, and also increased 
the overall convenience of performing PD at home [5]. APD has greatly increased 
in popularity in the past decade and has become the preferred dialysis modality of 
choice for those with an active lifestyle.

Baxter and Fresenius are the two major companies that manufacture and supply 
the PD cyclers in North America. Current cycler technology delivers solution and 
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removes dialysate from the patient through fills, dwells, and drains. The goals of the 
cyclic PD is to provide safe and effective dialysis in an automated manner while the 
patient is sleeping, making it a more convenient option with minimal lifestyle inter-
ruptions or changes.

APD allows a patient to have more freedom during the day, especially for patients 
who require a family member to be a caregiver. This grants the patient the freedom 
to enjoy regular activities and travel and also aids those with work commitments or 
school-age children, allowing the day to appear more normal without disruptions 
[2]. In addition, APD causes less significant increases in intra-abdominal pressure 
(IAP) compared to CAPD because APD is performed at night while the patient is 
asleep. Increased IAP can lead to the formation of abdominal wall hernias, genital 
edema, hydrothorax, and other serious complications. IAP should be monitored 
using simple unit-specific techniques, and pressures above 18 cm of water should be 
addressed by reducing the fill volume and factoring the UF per cycle. Disadvantages 
of APD may include increased UF which can lead to decreased residual kidney 
function and frequent machine alarms, which can pose challenges for patients and 
caregivers. Additionally, although the APD machine is theoretically portable, it is 
heavy and difficult to transport and can easily break down. The APD machine also 
requires an outlet power supply, meaning that the cyclers will not be able to run on 
a generator. According to Domoto and Weindel (2020), machine noise, restricted 
range from machine while undergoing dialysis, and feelings of less well-being 
likely related to UF were factors which limited the long-term success of CCPD [4].

Available modes offered by the APD machine include:

• CCPD
• Intermittent peritoneal dialysis (IPD)
• Nocturnal intermittent peritoneal dialysis (NIPD)
• Tidal peritoneal dialysis (TPD)
• High-dose CCPD
• High-dose TPD

CCPD is a process that utilizes a cycler to perform several exchanges automati-
cally at night. The continuous cyclic process can increase dialytic efficacy and fluid 
removal, allowing greater clearance to be achieved with this modality compared to 
CAPD.  It allows for better flexibility with the number and volume of exchanges 
during the night without taxing the patient. Increased fill volumes are better toler-
ated in the supine position; this position also helps minimize increases in IAP. Setup 
of the cycler usually takes place at bedtime or may be set up earlier during the day. 
Unlike HD, CCPD typically does not cause patients to experience posttreatment 
fatigue because there are no major fluid shifts. There are also fewer connection and 
disconnection procedures within a 24-hour time period, leading to a significant 
reduction in the risk of touch contamination. A typical CCPD prescription consists 
of 3 to 4 exchanges during the night with fill volumes ranging between 2 and 3 liters 
each and a long day dwell with fill volumes ranging from 1.5 to 2 liters each [1].

In IPD, patients generally dialyze for a few days per week. Treatments consist of 
short cycles with 2–3-liter fill volumes (in children 3–40 mL/kg) performed over 
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8–10 hours per session, with the peritoneal cavity being drained completely. The 
patient remains dry in between sessions. This mode of treatment is usually for 
patients with significant residual kidney function, allowing the patient to achieve 
adequate clearance with a smaller overall dose of dialysis. A main disadvantage of 
IPD is limited solute removal, especially of large solutes. This mode of treatment is 
also quite costly due to its utilization of large volumes of PD solution. This treat-
ment modality is referred to as nocturnal IPD if it is performed nightly with dry 
days. NIPD is mostly reserved for patients with high solute transport and limited 
UF. Due to its shorter dwell times, NIPD can allow one to achieve better UF than 
the longer dwell times utilized in CAPD. The total dialysis volume per treatment 
typically varies between 8 and 12 liters.

TPD has a constant reserve volume of dialysate that remains in place throughout 
the entire treatment. The dwell time for TPD varies, and the initial fill is usually in 
the range of 2.0–2.5 liters. The peritoneal cavity is partially drained, leaving a 
reserve volume, and is then refilled. This process is repeated until the end of the 
treatment when the peritoneal cavity is completely drained. If necessary, the perito-
neal cavity can be refilled for a daytime exchange. The reserve volume of dialysate 
provides continuous contact with the peritoneal membrane. The drain time in TPD 
is flow-regulated: once the programmed inflow and drain volumes are achieved, the 
cycler will automatically move into the next phase of the exchange. The purpose of 
TPD is to enhance the clearance of small solutes by reducing the normal loss of 
dialytic time that is associated with the inflow and drainage of solution of the inter-
mittent technique. TPD may be useful for patients with inflow and outflow pain, as 
well as those with slow drainage or frequent machine alarms due to drainage-related 
problems. Like IPD, the main disadvantage of TPD is its increased cost due to the 
large volume of dialysate being utilized during treatments.

High-dose CCPD and high-dose TPD consist of adding additional daytime 
cycles, typically during the late afternoon or evening, to a patient’s nightly CCPD or 
TPD therapy. The long daytime dwell is divided into two shorter exchanges that 
may be performed manually or cycler-assisted. The divided daytime dwells can 
improve both clearance and UF. High-dose CCPD tends to mimic the three-pore 
model by allowing short cycles at night for UF, midrange cycles for small solutes, 
and long dwells for large solute clearance. High-dose CCPD also enhances patient 
comfort by allowing larger volumes while sleeping and smaller volumes for first 
pause and last fill. By allowing large volumes in supine position, the risks associated 
with elevated IAP pressures such as hernia, genital edema, hydrothorax, and others 
are drastically minimized.

Peritoneal dialysis cyclers available through Fresenius are listed below:
Newton IQ System Cycler (Fig. 6.1).
Made by Fresenius Medical Care. It drains by gravity, minimizes drain pain, and 

requires perfect balance of the PD solution bags. It has different modes available to 
meet specific patient therapy needs.

Freedom Cycler (Fig. 6.2).
Made by Fresenius Medical Care. It is mainly utilized for pediatric patients and 

requires four-wheel stand for portability.

6 Automated Cyclers for Peritoneal Dialysis
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Liberty Cycler (Fig. 6.3).
Made by Fresenius Medical Care. This cycler has a large color display screen 

with touch screen compatibility. It has an integrated stay•safe® and PIN system 
which decreases the risk of touch contamination. It has a modem capability for data 
communication with providers.

Peritoneal dialysis cyclers available through Baxter are listed below:
HomeChoice (Fig. 6.4).
Made by Baxter Healthcare Corporation. It is easy to troubleshoot without inter-

rupting the treatment and has simple programming.
HomeChoice Pro (Fig. 6.5).

Fig. 6.1 Newton IQ 
System Cycler. (Used with 
permission from Fresenius 
Medical Care)

Fig. 6.2 Freedom 
Cycler. (Used with 
permission from 
Fresenius Medical 
Care)
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Made by Baxter Healthcare Corporation. The operating system is similar to that 
of the HomeChoice but has an added slot for a ProCard. The ProCard requires a 
special program to access its feature and allows for comprehensive data program-
ming and uploading. It is mainly for the pediatric population due to its ability to 
perform low-volume treatments.

Amia (Fig. 6.6).

Fig. 6.3 Liberty Cycler. 
(Used with permission 
from Fresenius Medical 
Care)

Fig. 6.4 HomeChoice. 
(Used with permission 
from Baxter Healthcare 
Corporation)

Fig. 6.5 HomeChoice Pro. 
(Used with permission 
from Baxter Healthcare 
Corporation)

6 Automated Cyclers for Peritoneal Dialysis



58

Made by Baxter Healthcare Corporation. The newest cycler on the market with 
innovative and futuristic features, the Amia cycler is portable, voice-guided, and 
user-friendly (provides step-by-step directions and full color animations), and 
remote monitoring is available through Baxter’s ShareSource platform.

 Conclusion

Over the decades, many milestones have occurred for the PD cycler to evolve. These 
improved cyclers and specialized PD techniques have been instrumental in provid-
ing PD patients with greater flexibility, more significant lifestyle advantages, and 
increased PD treatment efficacy and efficiency. Collectively, these improvements 
and advantages have shown PD to be a competitive alternative to HD. With patient 
interest in PD consistently rising year after year, an executive order has been issued 
to increase the use of home dialysis modalities by 25% by the year 2025.
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Chapter 7
Continuous Ambulatory Peritoneal 
Dialysis Versus Automated Peritoneal 
Dialysis – Are There Differences 
in Outcomes?

Scott D. Bieber

Peritoneal dialysis (PD) can be performed either manually, as with continuous 
ambulatory PD (CAPD), or with the use of a machine to assist dialysate exchanges, 
best termed automated PD (APD). Historically, the choice of PD modality was 
driven by peritoneal membrane characteristics of an individual patient. APD was 
largely reserved for use among patients who were rapid or high transporters and was 
considered inappropriate for slow or low transporters. However, over the years, 
clinical experience has revealed that APD can be used effectively in patients of all 
transport types. As a result, patient and physician choice spurred by the availability 
of convenient automated devices for the delivery of PD has recently skewed the 
selection of sub-modality in favor of APD, irrespective of peritoneal membrane 
characteristics. The utilization of APD has increased over recent years in both 
developing and developed countries, with significantly higher rates of APD use rela-
tive to CAPD use in developed countries [1]. In the United States, PD is becoming 
increasingly synonymous with APD as over 70% of patients are treated with the 
sub-modality [2]. In Canada, the proportion of PD patients treated with APD 
exceeds 60% [3]. With the rate of kidney failure worldwide on the rise and the PD 
population in many parts of the world positioned to expand rapidly, the number of 
patients treated with APD is expected to become even larger. This chapter attempts 
to answer the question of CAPD vs. APD: Are there differences in outcomes? The 
outcomes assessed will include residual kidney function, peritonitis, attainment of 
volume balance, technique survival, mortality, and health-related quality of life. The 
reader should not infer that these are the only outcomes of interest when comparing 
sub-modalities of PD.  Rather, these outcomes are highlighted in this chapter 
because, at the time of writing, they are the most thoroughly studied.
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 Residual Kidney Function

Studies of individuals undergoing maintenance dialysis have consistently asso-
ciated greater residual kidney function with lower mortality risk [4]. Moreover, 
individuals with a more rapid loss of kidney function after the initiation of 
peritoneal dialysis have a significantly higher risk for death [5]. The lower 
mortality with higher residual kidney function may be explained by differences 
in solute removal or volume balance. In dialysis-dependent patients, removal of 
uremic solutes in the middle molecular weight range and protein-bound solutes 
is dependent to a larger extent on the residual kidney function [6–8]. 
Furthermore, euvolemia is easier to attain in individuals with residual urine 
output [9]. Another plausible explanation could be that the amount of residual 
kidney function is a surrogate for the presence of metabolically active kidney 
tissue, which may have a systemic protective effect. Many factors have been 
implicated in the rate of decline of residual kidney function in individuals 
undergoing maintenance dialysis, including baseline kidney function at the 
start of dialysis, ultrafiltration strategy, systemic blood pressure, presence of 
diabetes and/or congestive heart failure, use of renin-angiotensin aldosterone 
system blockers, and type of dialysate utilized [10–17]. Table 7.1 summarizes 
studies performed to examine the association of outcome and residual kidney 
function [10, 11, 14, 18–30].

With the importance of residual kidney function noted and inherent differ-
ences in fluid shifts, glucose burden, and volume control existing by PD sub-
modality, the question is raised about whether or not there is a difference in 
residual kidney function between APD and CAPD. As indicated in Table 7.1, a 
handful of observational studies have demonstrated a faster loss of residual kid-
ney function in individuals undergoing APD [19, 20, 23–25, 30]. Most of these 
studies have been small single- center studies with limited adjustment for con-
founding factors, and most subjects were not treated with renin-angiotensin-
aldosterone system blockers. Similarly, two studies reported that the likelihood 
of complete loss of kidney function in the first year of PD was higher in individu-
als undergoing APD compared with CAPD [29, 30]. The majority of these stud-
ies do not consider the influence of variations in APD prescription on the rate of 
decline in residual kidney function. In summary, the existing information avail-
able is conflicting with some reports associating a faster decline in residual kid-
ney function in individuals treated with APD and some not confirming this 
finding. The majority of the studies do not show a convincing difference by 
modality (Table  7.1). It appears reasonable to conclude that the evidence that 
APD leads to more rapid decline in residual kidney function is not persuasive. It 
has yet to be proven whether or not modality-specific effects on residual kidney 
function are clinically relevant.

S. D. Bieber



61

Ta
bl

e 
7.

1 
Su

m
m

ar
y 

of
 d

at
a 

fr
om

 s
tu

di
es

 t
ha

t 
ha

ve
 c

om
pa

re
d 

ra
te

 o
f 

lo
ss

 o
f 

re
si

du
al

 k
id

ne
y 

fu
nc

tio
n 

in
 e

nd
-s

ta
ge

 k
id

ne
y 

di
se

as
e 

tr
ea

te
d 

w
ith

 c
on

tin
uo

us
 

am
bu

la
to

ry
 p

er
ito

ne
al

 d
ia

ly
si

s 
an

d 
au

to
m

at
ed

 p
er

ito
ne

al
 d

ia
ly

si
s

Fi
rs

t a
ut

ho
r 

(y
ea

r)
St

ud
y 

ty
pe

Pe
ri

od
/

co
un

tr
y

D
at

a 
so

ur
ce

Sa
m

pl
e 

si
ze

(C
A

PD
, 

A
PD

)
Fo

llo
w

-u
p 

du
ra

tio
n

M
ea

su
re

 o
f 

G
FR

O
ut

co
m

e

D
e 

Fi
jte

r 
(1

99
4)

 
[1

8]
R

an
do

m
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

19
88

–1
99

1
N

et
he

rl
an

ds
Si

ng
le

 c
en

te
r

82
 (

41
, 

41
)

24
 m

on
th

24
-h

ou
r 

ur
in

e 
C

rC
l

m
l/m

in
/1

.7
3 

m
2

N
o 

si
gn

ifi
ca

nt
 d

if
fe

re
nc

e 
in

 c
ha

ng
e 

in
 

th
e 

tw
o 

gr
ou

ps
 (

C
A

PD
, 4

.0
 to

 2
.8

 m
l/

m
in

/1
.7

3 
m

2 ;
 A

PD
, 5

.4
 to

 2
.1

 m
l/

m
in

/1
.7

3 
m

2 )
H

ir
os

hi
ge

 (
19

96
) 

[1
9]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

19
92

–1
99

4
Ja

pa
n

Si
ng

le
 c

en
te

r
18

 (
5,

 
13

)
6 

m
on

th
24

-h
ou

r 
ur

in
e 

C
rC

l
m

l/m
in

/1
.7

3m
2

A
pp

ro
xi

m
at

el
y 

0.
3 

m
l/m

in
/m

on
th

 
de

cl
in

e 
of

 r
es

id
ua

l k
id

ne
y 

fu
nc

tio
n 

in
 

A
PD

 g
ro

up
 c

om
pa

re
d 

w
ith

 n
o 

si
gn

ifi
ca

nt
 c

ha
ng

e 
in

 C
A

PD
 g

ro
up

 
(p

 <
 0

.0
1)

H
uf

na
ge

l (
19

99
) 

[2
0]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

19
95

–1
99

7
Fr

an
ce

Si
ng

le
 c

en
te

r
36

 (
18

, 
18

)
12

 m
on

th
24

-h
ou

r 
ur

in
e 

C
rC

l
m

l/m
in

/1
.7

3m
2

Si
gn

ifi
ca

nt
ly

 g
re

at
er

 d
ec

re
as

e 
in

 A
PD

 
gr

ou
p 

(−
0.

28
 m

l/m
in

/m
on

th
) 

vs
. t

he
 

C
A

PD
 g

ro
up

 (
−

0.
1 

m
l/m

in
/m

on
th

) 
at

 
6 

m
on

th
s 

(p
 =

 0
.0

4)
. A

t 1
 y

ea
r, 

−
0.

26
 m

l/m
in

/m
on

th
 w

ith
 A

PD
 v

s.
 

−
0.

13
 m

l/m
in

/m
on

th
 w

ith
 C

A
PD

 
(p

 =
 0

.0
05

)
B

ro
 (

19
99

) 
[2

1]
R

an
do

m
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

19
95

–1
99

9
D

en
m

ar
k

M
ul

tic
en

te
r

34
 

(1
7,

17
)

6 
m

on
th

24
-h

ou
r 

ur
in

e 
C

rC
l

m
l/m

in
N

o 
si

gn
ifi

ca
nt

 d
if

fe
re

nc
e 

in
 d

ec
lin

e 
in

 
re

si
du

al
 k

id
ne

y 
fu

nc
tio

n;
 m

ea
n 

cl
ea

ra
nc

es
 a

t t
he

 e
nd

 o
f 

6 
m

on
th

s:
 

A
PD

, 3
.0

 m
l/m

in
; C

A
PD

, 3
.5

 m
l/m

in
G

al
la

r
(2

00
0)

 [
22

]
Pr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

dy
Sp

ai
n

Si
ng

le
 c

en
te

r
20

 (
11

, 
9)

12
 m

on
th

U
nc

le
ar

m
l/m

in
N

o 
di

ff
er

en
ce

 in
 k

id
ne

y 
fu

nc
tio

n 
be

tw
ee

n 
gr

ou
ps

 a
t b

as
el

in
e 

or
 a

t 
1 

ye
ar

. C
ha

ng
e 

in
 C

A
PD

, 6
.1

1 
to

 
4.

9 
m

l/m
in

; c
ha

ng
e 

in
 A

PD
, 7

.1
 to

 
5.

5 
m

l/m
in

(c
on

tin
ue

d)

7 Continuous Ambulatory Peritoneal Dialysis Versus Automated Peritoneal Dialysis …



62

Ta
bl

e 
7.

1 
(c

on
tin

ue
d)

H
am

ad
a

(2
00

0)
 [

23
]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

Ja
pa

n
Si

ng
le

 c
en

te
r

34
 (

17
, 

17
)

24
 m

on
th

D
ai

ly
 u

ri
ne

 
vo

lu
m

e,
 m

l/d
D

ai
ly

 u
ri

ne
 v

ol
um

e 
de

cl
in

ed
 

si
gn

ifi
ca

nt
ly

 m
or

e 
in

 th
e 

C
A

PD
 g

ro
up

 
(3

81
 m

l t
o 

14
7 

m
l)

 c
om

pa
re

d 
to

 th
e 

A
PD

 (
22

3 
m

l t
o 

15
7 

m
l)

, (
p 

<
 0

.0
1)

M
oi

st
(2

00
0)

 [
10

]
N

at
io

na
l 

R
eg

is
tr

y 
D

at
a

19
97

U
ni

te
d 

St
at

es

D
ia

ly
si

s 
M

or
bi

di
ty

 
an

d 
M

or
ta

lit
y 

W
av

e 
2 

St
ud

y 
of

 
U

ni
te

d 
St

at
es

 
R

en
al

 D
at

a 
Sy

st
em

10
32

 
(7

22
, 

31
0)

8–
18

m
on

th
T

im
e 

to
 a

nu
ri

a 
(<

20
0 

m
l/2

4 
ho

ur
s)

N
o 

si
gn

ifi
ca

nt
 d

if
fe

re
nc

e 
in

 ti
m

e 
to

 
an

ur
ia

 in
 in

di
vi

du
al

s 
tr

ea
te

d 
w

ith
 

C
A

PD
 a

nd
 A

PD

Si
ng

ha
l

(2
00

0)
 [

11
]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

19
94

–1
99

7
C

an
ad

a
Si

ng
le

 c
en

te
r

24
2 

(2
11

, 
31

)

27
 ±

 1
4 

m
on

th
M

ea
n 

of
 2

4-
ho

ur
 

ur
in

e 
ur

ea
 a

nd
 

cr
ea

tin
in

e 
cl

ea
ra

nc
es

, L
/w

ee
k

PD
 m

od
al

ity
 a

 s
ig

ni
fic

an
t p

re
di

ct
or

 o
f 

de
cl

in
e 

in
 k

id
ne

y 
fu

nc
tio

n 
on

ly
 w

he
n 

th
e 

vo
lu

m
e 

of
 P

D
 fl

ui
d 

us
ed

 d
ai

ly
 w

as
 

no
t i

nc
lu

de
d 

in
 a

na
ly

si
s

H
id

ak
a

(2
00

3)
 [

24
]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

19
95

–2
00

1
Ja

pa
n

Si
ng

le
 c

en
te

r
34

 (
27

, 
7)

12
–4

8 
m

on
th

M
ea

n 
of

 2
4-

ho
ur

 
ur

in
e 

ur
ea

 a
nd

 
cr

ea
tin

in
e 

cl
ea

ra
nc

es
, L

/w
ee

k

M
or

e 
ra

pi
d 

lo
ss

 in
 k

id
ne

y 
fu

nc
tio

n 
in

 
A

PD
 g

ro
up

 (
22

 m
on

th
s 

vs
. 2

8 
m

on
th

s 
to

 a
 5

0%
 r

ed
uc

tio
n 

in
 g

lo
m

er
ul

ar
 

fil
tr

at
io

n 
ra

te
) 

p 
<

 0
.0

01
Jo

hn
so

n
(2

00
3)

 [
14

]
Pr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

dy
19

95
–2

00
1

A
us

tr
al

ia
Si

ng
le

 c
en

te
r

14
6 

(1
34

, 
12

)

21
 ±

 1
5m

on
th

M
ea

n 
of

 ti
m

ed
 

ur
in

e 
ur

ea
 a

nd
 

cr
ea

tin
in

e 
cl

ea
ra

nc
es

, m
l/

m
in

/ 1
.7

3m
2

N
o 

di
ff

er
en

ce
 in

 r
at

e 
of

 d
ec

lin
e 

in
 

ki
dn

ey
 f

un
ct

io
n 

in
 in

di
vi

du
al

s 
tr

ea
te

d 
w

ith
 C

A
PD

 a
nd

 A
PD

R
od

ri
gu

ez
- 

C
ar

m
on

a
(2

00
4)

 [
25

]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

19
98

–2
00

2
Sp

ai
n

Si
ng

le
 c

en
te

r
10

4 
(5

3,
 

51
)

12
–2

4 
m

on
th

M
ea

n 
of

 2
4-

ho
ur

 
ur

in
e 

ur
ea

 a
nd

 
cr

ea
tin

in
e 

cl
ea

ra
nc

es
, m

l/m
in

In
de

pe
nd

en
t s

ig
ni

fic
an

t a
ss

oc
ia

tio
n 

of
 

tr
ea

tm
en

t w
ith

 A
PD

 to
 lo

w
er

 r
es

id
ua

l 
ki

dn
ey

 f
un

ct
io

n 
at

 1
 y

ea
r

Fi
rs

t a
ut

ho
r 

(y
ea

r)
St

ud
y 

ty
pe

Pe
ri

od
/

co
un

tr
y

D
at

a 
so

ur
ce

Sa
m

pl
e 

si
ze

(C
A

PD
, 

A
PD

)
Fo

llo
w

-u
p 

du
ra

tio
n

M
ea

su
re

 o
f 

G
FR

O
ut

co
m

e

S. D. Bieber



63

L
ia

o
(2

00
8)

 [
26

]
R

et
ro

sp
ec

tiv
e 

st
ud

y
19

96
–2

00
5

Ta
iw

an
Si

ng
le

 c
en

te
r

27
0 

(1
88

, 
82

)

39
.4

 ±
 2

4
M

ea
n 

of
 2

4-
ho

ur
 

ur
in

e 
ur

ea
 a

nd
 

cr
ea

tin
in

e 
cl

ea
ra

nc
es

 m
l/

m
in

/1
.7

3m
2

N
o 

di
ff

er
en

ce
 in

 r
at

e 
of

 d
ec

lin
e 

in
 

ki
dn

ey
 f

un
ct

io
n 

in
 in

di
vi

du
al

s 
tr

ea
te

d 
w

ith
 C

A
PD

 a
nd

 A
PD

B
al

as
ub

ra
m

an
ia

n
(2

01
1)

 [
27

]
R

et
ro

sp
ec

tiv
e 

st
ud

y
20

03
–2

00
8

U
ni

te
d 

K
in

gd
om

Si
ng

le
 c

en
te

r
27

7 
(1

30
, 

14
7)

5 
ye

ar
s

M
ea

n 
of

 2
4-

ho
ur

 
ur

in
e 

ur
ea

 a
nd

 
cr

ea
tin

in
e 

cl
ea

ra
nc

es
 L

/w
ee

k

N
o 

di
ff

er
en

ce
s 

in
 th

e 
ra

te
 o

f 
de

cl
in

e 
of

 k
id

ne
y 

fu
nc

tio
n 

be
tw

ee
n 

th
e 

tw
o 

gr
ou

ps
 (

C
A

PD
, 1

5.
4 

L
/w

ee
k/

ys
ea

r;
 

A
PD

, 1
5.

7 
L

/w
ee

k/
ye

ar
)

C
no

ss
en

(2
01

1)
 [

28
]

R
et

ro
sp

ec
tiv

e 
st

ud
y

20
01

–2
00

8
U

ni
te

d 
St

at
es

M
ul

tic
en

te
r

R
en

al
 R

es
ea

rc
h 

In
st

itu
te

62
0 

(1
79

, 
44

1)

45
0 

da
ys

U
nc

le
ar

m
l/m

in
N

o 
di

ff
er

en
ce

 in
 ti

m
e-

av
er

ag
ed

 
re

si
du

al
 k

id
ne

y 
fu

nc
tio

n 
be

tw
ee

n 
th

e 
tw

o 
gr

ou
ps

M
ic

he
ls

(2
01

1)
 [

29
]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

19
97

–2
00

6
N

et
he

rl
an

ds
T

he
 N

et
he

rl
an

ds
 

C
oo

pe
ra

tiv
e 

St
ud

y 
on

 th
e 

A
de

qu
ac

y 
of

 D
ia

ly
si

s 
(N

E
C

O
SA

D
)

58
3 

(5
05

, 
78

)

3 m
on

th
–3

 y
ea

r
M

ea
n 

of
 2

4-
ho

ur
 

ur
in

e 
ur

ea
 a

nd
 

cr
ea

tin
in

e 
cl

ea
ra

nc
es

 m
l/

m
in

/1
.7

3m
2

N
o 

si
gn

ifi
ca

nt
 d

if
fe

re
nc

e 
in

 th
e 

ra
te

 o
f 

de
cl

in
e 

of
 k

id
ne

y 
fu

nc
tio

n 
in

 
in

di
vi

du
al

s 
tr

ea
te

d 
w

ith
 C

A
PD

 o
r 

A
PD

. I
nd

iv
id

ua
ls

 s
ta

rt
ed

 o
n 

A
PD

 h
ad

 
a 

tw
o 

tim
es

 h
ig

he
r 

ri
sk

 o
f 

ac
hi

ev
in

g 
an

ur
ia

 in
 th

e 
fir

st
 y

ea
r 

co
m

pa
re

d 
w

ith
 

C
A

PD
Pe

re
z

(2
01

4)
 [

30
]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

20
00

–2
01

0
M

ul
tic

en
te

r, 
Sp

ai
n

43
9 

(3
68

, 
12

5)

24
 m

on
th

M
ea

n 
of

 2
4-

ho
ur

 
ur

ea
 a

nd
 c

re
at

in
in

e 
cl

ea
ra

nc
es

 m
l/

m
in

/1
.7

3m
2

Pa
tie

nt
s 

w
ith

 lo
w

er
 b

as
el

in
e 

re
si

du
al

 
ki

dn
ey

 f
un

ct
io

n 
ha

d 
an

 in
cr

ea
se

d 
ri

sk
 

fo
r 

fa
st

er
 d

ec
lin

e 
in

 r
es

id
ua

l k
id

ne
y 

fu
nc

tio
n 

w
he

n 
tr

ea
te

d 
w

ith
 A

PD
Pr

ob
ab

ili
ty

 o
f 

de
ve

lo
pi

ng
 a

nu
ri

a 
w

as
 

hi
gh

er
 in

 p
at

ie
nt

s 
st

ar
tin

g 
on

 A
PD

A
P

D
 a

ut
om

at
ed

 p
er

ito
ne

al
 d

ia
ly

si
s,

 C
A

P
D

 c
on

tin
uo

us
 a

m
bu

la
to

ry
 p

er
ito

ne
al

 d
ia

ly
si

s,
 C

rC
l c

re
at

in
in

e 
cl

ea
ra

nc
e

7 Continuous Ambulatory Peritoneal Dialysis Versus Automated Peritoneal Dialysis …



64

 Peritonitis

CAPD and APD differ significantly in the frequency and method of making the con-
nections and disconnections between the PD catheter and the dialysis bags. This 
difference raises the question of whether or not one technique predisposes to, or 
decreases the risk of, the patient acquiring a peritoneal infection. The method of 
making connections for CAPD has significantly changed over the years from man-
ual spiking of bags with a separate connection and disconnection with the dialysate 
bag and drain bag for each exchange to the twin bag systems. Twin bag systems 
consist of a dialysate and drain bag pre-attached to a Y-set which allows each 
exchange to consist of a single connection and disconnection along with technology 
that precludes the need for manually spiking the dialysate bag and routinely consists 
of “flush before fill.” The twin bag system is the only CAPD setup available today 
in most parts of the world and is the dominant reason for the reduction in the risk for 
peritonitis in individuals undergoing PD [31]. Historically, improvements in con-
nection systems for APD lagged behind those for CAPD.

An understanding of this differential evolution of connection systems for CAPD 
and APD is critical when interpreting studies comparing peritonitis rates for CAPD 
and APD patients during different time periods (Table  7.2) [18, 21, 27, 32–39]. 
Most of the published studies do not include description of the connection systems 
used by subjects undergoing CAPD and APD included in the comparisons. 
Nevertheless, it is possible to make some broad assessment of these comparative 
data. In the early days of the therapy, the number of connections and disconnections 
for performing PD was the single most important determinant of peritonitis rates; 
since APD required fewer connections and disconnections than CAPD, peritonitis 
rates with the former were often reportedly lower than with CAPD. Improvements 
in connection systems for CAPD, however, occurred before that for APD. This, in 
turn, may have been the reason for some studies from this intervening period to 
show a higher risk for peritonitis for individuals undergoing APD. Since then, the 
APD connection systems have improved as well, and in many contemporary stud-
ies, there is no significant difference in risk for peritonitis with the two therapies. In 
summary, the PD modality is likely to have little impact on an individual patient’s 
risk of peritonitis.

 Volume Management

During peritoneal dialysis, there is a disproportionately larger movement of water 
from capillaries to the peritoneal space across aquaporins early during the course of 
the dwell [40, 41]. This results in the dissociation between salt and water removal 
also known as “sodium sieving.” With longer dwells, there is continued diffusive 
movement of sodium across the peritoneal capillaries, and hence, if the dwell is 
long enough, the dialysate to plasma ratio for sodium will approach unity. This 
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peritoneal physiology implies that frequent short dwells with APD may result in 
greater removal of hypotonic fluid during cycling, and this could result in reduced 
net sodium removal, which would put patients at risk for hypertension and volume 
overload.

Table 7.3 lists the studies that have examined 24-hour sodium and water removal 
as well as those that have examined clinically relevant measures of volume status in 
individuals treated with CAPD and APD [18, 21, 25, 34, 42–47]. Many studies 
reveal superior sodium removal with CAPD as compared to APD. However, these 
studies should be considered with two important caveats: Firstly, the “flush-before- 
fill” process prior to each exchange has impact on the total volume that is used for 
each exchange. The flush fluid goes directly into the effluent bag without ever hav-
ing participated in the exchange. Failure to account for the flush volume – a limita-
tion of many studies that have examined this question – can result in erroneously 
attributing sodium and water in the flush to what was achieved with the PD modal-
ity. CAPD done with four exchanges per day uses a cumulatively larger total flush 
volume over the 24-hour period that of a typical APD prescription. Thus, some 
studies have overestimated sodium and water removal with CAPD. Secondly, APD 
prescriptions are heterogeneous; the prescriptions with longer dwell times, with 
diurnal exchanges, and with icodextrin for long diurnal dwells are associated with 
significantly higher sodium and water removal [45, 46, 48]. Given these consider-
ations, it is difficult to support the notion that sodium and water removal with APD 
is systematically less than with CAPD.  Our current understanding indicates that 
individualized and careful prescription management can result in equivalent removal 
of salt and water, achievement of target weight, and blood pressure control in indi-
viduals treated with CAPD or APD.

 Technique Survival

When patients transfer from PD to HD, it is considered “technique failure.” 
Reasons for this transition are complex and can be minimized in the right setting 
with appropriate resources and experienced care providers [39, 49–55]. Inherent 
differences exist in burden of therapy between sub-modalities of PD that may 
have impact on the ability of patients to remain on the therapy. Additionally, pro-
vider practice patterns can complicate technique survival studies, including the 
ones comparing CAPD to APD. Table 7.4 lists available evidence documenting 
technique survival rates between CAPD and APD [18, 28, 54, 56–61]. Analysis of 
data from one randomized controlled trial was unable to demonstrate a significant 
difference in technique survival in individuals treated with the two therapies. 
However, the trial was underpowered to detect an effect of PD sub-modality on 
technique survival [18]. Subsequent observational data are split. Given these data, 
it is difficult to conclude that the PD modality has a meaningful effect on tech-
nique survival.

7 Continuous Ambulatory Peritoneal Dialysis Versus Automated Peritoneal Dialysis …
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 Mortality

Mortality data available comparing APD to CAPD is also mostly observational 
(Table 7.4) [18, 28, 39, 54–62]. Attributing differences in mortality to any therapy is 
difficult and confounded by measured and unmeasured patient- and facility-specific 
factors. Studies have suggested that at least two potential causal physiologic mecha-
nisms may be differentially affected by the two PD sub-modalities: residual kidney 
function and serum albumin level. In the only randomized prospective trial to have 
examined the outcome of mortality, there was no difference in patient survival; 
however, the clinical trial was significantly underpowered to detect a difference 
[18]. Similarly, the majority of large observational studies available have not 
reported any differences in mortality in individuals treated with either CAPD or 
APD. However, there are three exceptions to this general theme of equivalency. One 
single-center study revealed lower death risk in patients <65 years of age treated 
with APD, while elderly patients had similar outcome on CAPD and APD [61]. 
Another single-center study from Mexico reported a lower mortality for individuals 
treated with APD, particularly in the first year of dialysis [58]. In the analysis of the 
Australian and New Zealand dialysis registry, there was lower death risk in fast or 
high transporters treated with APD compared with CAPD but higher death risk in 
slow or low transporters [60]. It is important to note that the overwhelming majority 
of patients have an “average” peritoneal transport type. Thus, based upon the avail-
able data and these considerations, it appears that the selection of PD modality is not 
likely to be an important determinant of death risk for the majority of PD patients.

 Health-Related Quality of Life

APD prescriptions are seemingly beneficial for patients to maintain their current 
lifestyle since the bulk of the dialysis treatment is performed while sleeping. 
Conversely, if done incorrectly and without proper support from dialysis providers, 
APD may be complicated by frequent machine alarms and drain pain which can 
alter sleep patterns and lead to patient frustration and burnout. Patients who are light 
sleepers, night wanderers, or get up frequently to go to the bathroom at night may 
prefer not to be connected to a cycler. Patients or partners may be hesitant to “medi-
calize” their bedroom. Thus, it is conceivable that there may be differences in the 
health-related quality of life in individuals treated with the two PD sub-modalities 
(Table 7.5) [21, 27, 29, 63–66]. A small prospective study found that individuals 
undergoing APD reported more time available for work, family, and social activities 
but reported a greater incidence of sleep disturbances compared to CAPD patients 
[21]. Another cross-sectional survey suggested better mental health in APD patients 
and higher rates of anxiety in individuals undergoing CAPD [63]. Notwithstanding 
these two studies, none of the other studies were able to demonstrate a significant 
difference in health-related quality of life between the two PD modalities. Thus, it 
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is premature to attribute a better health-related quality of life to selection of APD 
or CAPD.

In conclusion, inherent differences exist when comparing APD with CAPD. There 
are likely to be significant differences in individual patients and healthcare systems 
that will impact the choice of sub-modality. Existing medical literature does not 
support the superiority of one modality over the other when comparing outcomes of 
residual kidney function, peritonitis, technique survival, mortality, or quality of life. 
Given these findings, it is most prudent for providers to focus on educating the 
patient about their options and assist them in selecting a modality that will best suit 
their individual interests and lifestyle.
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Chapter 8
Peritoneal Dialysis Access: Catheters 
and Placement

John H. Crabtree

Being able to use peritoneal dialysis (PD) successfully as a mode of kidney replace-
ment therapy requires a functional and durable access to the peritoneal cavity. 
Access is provided by a catheter device that bridges the abdominal wall to serve as 
a conduit for infusion and drainage of dialysis solutions. This chapter will focus on 
current practices, describing the most commonly used catheter types, patient- 
specific catheter selection, and catheter placement methods.

 Catheters

The majority of catheters are constructed from silicone rubber, a material well- 
recognized for its biocompatibility and biodurability. Erosion of silicone catheters 
due to the use of topical antibiotics at the exit site has been reported but appears to 
be a rare complication [1]. The most commonly used PD catheter types are illus-
trated in Fig. 8.1. The standard double Dacron (polyester) cuff, straight- and coiled- 
tip catheters with straight or preformed arc bend intercuff segments constitute the 
core of PD access devices used around the world (Fig. 8.1a, b). Two-piece extended 
catheters were originally designed to provide a presternal exit site (Fig. 8.1c) [2]. 
The extended catheter system is comprised of a one-cuff abdominal catheter seg-
ment that attaches to a two-cuff subcutaneous extension segment using a double- 
barbed titanium connector. Extended catheters permit remote location of the exit 
site away from the usual lower abdominal sites to the upper abdomen, presternal 
area, and back regions [2–4]. This placement of the exit site away from the abdomen 
can be helpful for patients with an ostomy or rolls of pannus.
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A number of adaptations of the standard catheter designs have been made in an 
attempt to address the common mechanical problems of tip migration, pericatheter 
leaks, and tissue attachment. However, none of these other configurations has con-
vincingly proven beneficial over the standard catheter designs shown in Fig. 8.1 but 
increases device cost, adds difficulty to insertion and removal, and is not globally 
available.

a

b

c

Fig. 8.1 Shown are 
commonly used peritoneal 
catheters. (a) Catheters 
with straight intercuff 
segment, two cuffs, and 
straight or coiled tips. (b) 
Catheters with preformed 
intercuff arc bend, two 
cuffs, and straight or coiled 
tips. (c) Extended catheter 
with one cuff, coiled-tip 
abdominal catheter, 
two-cuff extension catheter 
with preformed intercuff 
arc bend, and titanium 
double-barbed connector. 
(Reprinted from Crabtree 
et al. [42] with permission 
from Multimed, Inc.)
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 Catheter Selection

Patients present with a range of body sizes and shapes, medical conditions, and 
other special needs that make it unrealistic to expect that one catheter type can serve 
all. The choice of catheter type should take into consideration the patient’s belt line, 
obesity, skin creases and folds, chronic skin conditions, intestinal stomas, gastros-
tomy tubes, incontinence, physical limitations, bathing habits, and occupation. This 
requires that the peritoneal dialysis access team be familiar with a basic inventory 
of catheter types to enable patient-specific customization of the peritoneal access 
and provides optimal pelvic position of the catheter tip and flexibility in exit site 
location. Poor catheter choice can result in flow dysfunction, flow pain, and exit site 
locations prone to infection, making inaccessible to the patient [5, 6]. Practical 
applications of a basic catheter inventory are illustrated in Fig. 8.2.

The most suitable choice of catheter is the one that produces the best balance of 
pelvic location of the catheter tip, exit site in a low infection-risk zone easily visible 
and manageable by the patient, and permits insertion through the abdominal wall 
with the least amount of tubing stress. This choice must take into consideration not 
only the patient’s physical characteristics and clinical conditions but also the dimen-
sions of the catheter device.

The catheter insertion site and the length of intraperitoneal tubing determine the 
pelvic position of the catheter tip. Overly deep placement of tubing in the pelvis can 
be attributed frequently to using the umbilicus as a landmark for catheter insertion 
and not taking into account the dimensions of the catheter tubing. Excessively deep 
pelvic placement of the catheter, wedging the tip between the rectum and bladder or 
uterus, can lead to extrinsic compression of the catheter side holes by these struc-
tures resulting in flow dysfunction and pain at the end of effluent drain, especially 
in combination with the hydraulic suction of automated peritoneal dialysis [6]. To 
avoid this mistake, the pubic symphysis is recommended as the reference point for 
optimal position of the catheter tip in the upper part of the true pelvis [7]. With the 
patient supine and the catheter tubing placed in the paramedian plane, the upper 
extent of the catheter tip end that is to rest in the upper portion of the true pelvic 
bowl is aligned with the upper border of the pubic symphysis bone (Fig. 8.3). For 
straight-tip catheters, preferably a design with 15 cm of tubing length beyond the 
deep cuff, a point 5 cm from the tip of the catheter is aligned with the pubic sym-
physis upper border. With coiled-tip catheters, the upper border of the coil is aligned 
with the upper border of the pubic symphysis. The insertion incision is indicated by 
marking the upper border of the deep cuff of the catheter in the paramedian plane. 
This skin incision site will intercept the musculofascial layer at the proper distance 
above the true pelvis [7].

The incision site will also determine what exit sites can be achieved by the device 
in question. Catheters with a preformed swan neck bend in the intramural segment 
must precisely follow the arc configuration, selecting an exit site location 2–4 cm 
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beyond the superficial cuff in line with the external limb of the catheter. Catheters 
with straight intramural segments are best limited to a gentle laterally directed sub-
cutaneous arc in order to avoid inducing excessive forces disrupting tensile memory 
that can potentially lead to catheter tip migration or superficial cuff extrusion [7]. 
The exit site is selected 2–4 cm beyond the superficial cuff. A prospective cohort 
study demonstrated no difference between downward and laterally directed exit 

a b

c d

Fig. 8.2 Practical applications of a basic catheter inventory. (a) Straight intercuff segment catheter 
with laterally directed exit site emerging above a low-lying belt line. (b) Preformed swan neck 
intercuff arc bend catheter with downwardly directed exit site emerging below a high-lying belt 
line. (c) Extended catheter with upper abdominal exit site for an obese rotund abdomen, lower 
abdominal skin folds, or incontinence. (d) Extended catheter with presternal exit site for severe 
obesity, multiple abdominal skin folds, intestinal stomas, or incontinence. (Reprinted from 
Crabtree and Chow [43] with permission from Elsevier)
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sites with regard to rates of exit site and tunnel infections, peritonitis, and catheter 
loss [8].

After determining the insertion site to achieve optimal pelvic position of the 
catheter tip and the exit site that can be reached from this location, the patient is 
examined in a sitting position. The selected exit site of the catheter being tested 
must be in a location easily visible to the patient, not within the belt line, inside a 
skin crease, or on the blind side or apex of an obese skin fold. If the available inven-
tory of single-piece catheters cannot produce both satisfactory pelvic position and 
exit site location, device selection shifts to a two-piece extended catheter to remotely 
locate the exit site away from the lower abdominal region to the upper abdomen or 
upper chest while retaining optimal position of the catheter tip [9, 10].

Instead of the cumbersome use of sample catheters to determine the insertion site 
that produces optimal catheter tip position and exit site location, a process of stencil- 
based preoperative mapping is emerging, using marking stencils to provide a reli-
able and reproducible method of catheter selection [11]. Marking stencils are 
provided by some dialysis catheter manufacturers for their most commonly used 
coiled-tip catheter designs. Stencils permit accurate and reproducible association of 
the catheter design elements to anatomical landmarks to assist in determining the 
best catheter style and insertion site that will produce optimal pelvic position of the 

Insertion Incisions

5 cm

Fig. 8.3 Schematic of a 
supine patient showing the 
method in which the 
catheter insertion site and 
deep cuff location are 
determined in order to 
achieve proper pelvic 
position of the catheter tip. 
For straight-tip catheters, 
ideally a design with 15 cm 
of tubing length beyond 
the deep cuff, a point 5 cm 
from the tip of the catheter 
is aligned with the pubic 
symphysis upper border. 
With coiled-tip catheters, 
the upper border of the coil 
is aligned with the upper 
border of the pubic 
symphysis. (Reprinted 
from Crabtree et al. [42] 
with permission from 
Multimed, Inc.)
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catheter tip and ideal exit site location. In addition to the preoperative evaluation for 
catheter selection, the marking stencil is used again at the time of the catheter place-
ment procedure to retrace the previously determined insertion incision, tunnel con-
figuration, and exit site location [12].

The PD access team of each center should agree on a basic catheter inventory and 
confirm that these specific items are made available for the peritoneal access proce-
dure. A protocol for preoperative mapping should be developed to assure that the 
patient receives the most appropriate catheter type from this inventory.

 Catheter Insertion

Implantation procedures for PD catheters include percutaneous needle-guidewire, 
open surgical dissection, peritoneoscopy, and surgical laparoscopy. Add-on tech-
niques of extended catheter placement and catheter embedment can be incorporated 
into any of these procedures. Each method will be summarized followed by a 
description of completion steps in the placement procedure that are common to all 
approaches. Regardless of the approach used, observance of a number of details is 
required to assure the best opportunity for creating a successful long-term perito-
neal access. A best practice checklist for preoperative preparation and peritoneal 
catheter placement is provided in Table 8.1.

 Percutaneous Needle-Guidewire Technique

Placement of catheters by blind percutaneous puncture is performed using a modi-
fication of the Seldinger technique. The convenience of this approach is that it can 
be performed at the bedside under local anesthesia using prepackaged self- contained 
kits that include the dialysis catheter. Often, the technique includes prefilling the 
abdomen with dialysis or saline solution instilled through an introducer needle 
inserted through an infraumbilical or paramedian incision [13, 14]. Alternatively, a 
Veress needle may be used to perform the prefill, or the prefill step may be skipped 
altogether [15]. A guidewire is passed through the needle into the peritoneal cavity 
and directed toward the pelvis. The needle is withdrawn. A dilator with overlying 
peel-away sheath is advanced through the fascia over the guidewire. The guidewire 
and dilator are withdrawn from the sheath. Optionally, to facilitate insertion, the 
catheter can be straightened and stiffened by insertion of an internal stylet. If a long 
guidewire is used, it can be left in the peel-away sheath, and the catheter is threaded 
over the guidewire. The dialysis catheter is directed through the sheath toward the 
pelvis. As the deep catheter cuff advances, the sheath is peeled away. The deep cuff 
is advanced to the level of the fascia.

The addition of ultrasound and fluoroscopic guidance to the percutaneous 
approach has greatly increased its safety and utility. Comprehensive preprocedural 
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assessment utilizing ultrasound may permit objective case selection for safe percu-
taneous insertion of catheters in patients who may have otherwise been excluded 
because of prior abdominal surgery or obesity [16]. During the course of the access 
procedure, ultrasonography can be used to identify and avoid injury to the inferior 
epigastric vessels and bowel loops. Fluoroscopy permits confirmation of needle 
entry into the peritoneal cavity by observing the flow of injected contrast solution 
around bowel loops [17]. The use of imaging techniques eliminates the need to 
perform a prefill. The retrovesical space is identified by contrast pooling in this 
dependent location. The guidewire and catheter are advanced to this site. The 
remainder of the procedure proceeds as described for blind placement. Although the 
radiopaque tubing stripe permits fluoroscopic imaging of the final catheter configu-
ration, the proximity of adhesions or omentum cannot be assessed. Practitioners of 
percutaneous guidewire placement techniques often leave the deep catheter cuff 
external to the fascia to avoid having to dissect the cuff from the rectus sheath and 
muscle if subsequent catheter removal is required. After testing flow function, the 
catheter is then tunneled subcutaneously to the selected exit site.

Table 8.1 Checklist for patient preparation and peritoneal catheter implantation

Preoperative assessment performed by a multidisciplinary PD access team to select the most 
appropriate catheter type, insertion site, exit site location, and implantation technique
Implement bowel program to prevent perioperative constipation
Shower on the day of procedure with chlorhexidine soap wash of the planned surgical site
If hair removal is necessary, use electric clippers
Empty the bladder before procedure; otherwise, Foley catheter should be inserted
Single preoperative dose of prophylactic antibiotic to provide antistaphylococcal coverage
Operative personnel are attired in cap, mask, sterile gown, and gloves
Surgical site is prepped with chlorhexidine-gluconate scrub, povidone-iodine (gel or scrub), or 
other suitable antiseptic agent and sterile drapes applied around the surgical field
Peritoneal catheter is rinsed and flushed with saline and air squeezed out of the Dacron cuffs by 
rolling the submerged cuffs between fingers
Paramedian insertion of the catheter through the body of the rectus muscle with deep catheter 
cuff within or below rectus muscle
Pelvic location of the catheter tip
Placement of purse-string suture(s) around the catheter at the level of the peritoneum and 
posterior rectus sheath and/or the anterior rectus sheath
Catheter flow test performed to confirm acceptable function
Subcutaneous tunneling instrument should not exceed the diameter of the catheter
Exit site located ≥2 cm beyond superficial cuff
Skin exit site directed lateral or downward
Exit site should be smallest skin hole possible that allows passage of the catheter
No catheter-anchoring sutures at the exit site
Attach dialysis unit’s preferred catheter adapter and transfer set at time of procedure
Exit site protected and catheter immobilized by nonocclusive dressing

Reprinted from Crabtree et al. [42] with permission from Multimed, Inc
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 Open Surgical Dissection

Placement of the PD catheter by open surgical dissection can be performed under 
local, regional, or general anesthesia [18]. A transverse or vertical paramedian inci-
sion is made through the skin, subcutaneous tissues, and anterior rectus sheath. The 
underlying muscle fibers are split to expose the posterior rectus sheath. A small hole 
is made through the posterior sheath and peritoneum to enter the peritoneal cavity. 
A purse-string suture is placed around the opening. The catheter, usually straight-
ened over an internal stylet, is advanced through the peritoneal incision toward the 
pelvis. The stylet is partially withdrawn as the catheter is advanced until the deep 
cuff abuts the posterior fascia. After satisfactory placement has been achieved, the 
stylet is completely withdrawn, and the purse-string suture is tied. (The purse-string 
suture helps to secure the catheter and prevent leakage of dialysis fluid.) The cath-
eter tubing emerges through the anterior rectus sheath incision or through a separate 
puncture in the anterior sheath. The fascia is sutured, and the catheter is tunneled 
subcutaneously to the selected exit site following a satisfactory test of flow function.

 Peritoneoscopic Procedure

The peritoneoscopic approach is a proprietary laparoscopic-assisted technique of 
peritoneal catheter placement (Y-TEC, Merit Medical, South Jordan, UT, USA). 
Although peritoneoscopy and laparoscopy are synonymous terms, the word perito-
neoscopic has been retained by interventional nephrologists to indicate the Y-TEC 
approach [19]. The procedure is typically performed in a treatment room under 
local anesthesia. A 2.5-mm trocar with an overlying plastic sleeve is inserted percu-
taneously into the peritoneal cavity through a paramedian incision. The obturator of 
the trocar is removed, permitting insertion of a 2.2-mm laparoscope to confirm peri-
toneal entry. The scope is withdrawn, and 0.6–1.5 L of room air is pumped into the 
abdomen with a syringe. The scope is reinserted, and the overlying cannula and 
plastic sleeve are visually directed into an identified clear area within the peritoneal 
cavity. The scope and cannula are withdrawn, leaving the expandable plastic sleeve 
to serve as a conduit for insertion of the catheter straightened over a stylet toward 
the previously identified clear area. The plastic sleeve is withdrawn and the deep 
cuff is pushed into the rectus sheath. After testing flow function, the catheter is tun-
neled subcutaneously to the selected exit site.

 Surgical Laparoscopy

Laparoscopy provides a minimally invasive approach with complete visualization 
of the peritoneal cavity during the catheter implantation procedure. Laparoscopic 
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procedures are performed under general anesthesia in an operating room environ-
ment. Surgical laparoscopy uses either a basic or advanced approach to providing 
PD access. Basic laparoscopic catheter placement is defined as using the laparo-
scope to merely witness the positioning of the catheter tip within the peritoneal 
cavity in real time [20, 21], whereas advanced laparoscopic implantation utilizes 
additional preemptive procedures to minimize the risk of mechanical catheter com-
plications [22–24]. With either approach, a pneumoperitoneum is created by insuf-
flating CO2 gas through an abdominal wall puncture site using a Veress needle or 
optical trocar device placed at a location separate from the point of intended catheter 
insertion. Alternatively, especially when patients have had previous midline abdom-
inal surgery or peritonitis, initial port placement and gas insufflation can be per-
formed by open dissection cutdown to the peritoneal cavity. The laparoscope is 
inserted at this remote location to guide placement of the PD catheter into the pelvis 
through a second port device placed at the designated catheter insertion incision. 
Completion of catheter positioning is the endpoint of basic laparoscopy.

Advanced laparoscopic catheter placement employs proactive adjunctive tech-
niques. Laparoscopically guided tunneling of a port device through the rectus sheath 
permits placement of the catheter in a long musculofascial tunnel directed toward 
the pelvis and effectively prevents catheter tip migration, reducing the risk of peri-
catheter hernias and pericatheter leaks [22–24]. Observed redundant omentum that 
lies in proximity of the catheter tip can be displaced from the pelvis into the upper 
abdomen and fixed to the abdominal wall or falciform ligament or folded upon itself 
(omentopexy) [25–27]. Intraperitoneal adhesions that may affect completeness of 
dialysate drainage can be divided. Intraperitoneal structures that siphon up to the 
catheter tip during the intraoperative irrigation test can be laparoscopically resected, 
e.g., appendices epiploicae of the sigmoid colon and Fallopian tubes [25, 28]. 
Redundant and bulky rectosigmoid colon blocking the pelvic inlet can be suspended 
along the lateral abdominal wall (colopexy) [25]. Previously unsuspected abdomi-
nal wall hernias and patent processus vaginalis can be identified and repaired at the 
time of the catheter placement procedure [24, 25].

The deep cuff of the catheter is positioned in the rectus muscle just below its 
point of entry through the anterior fascial sheath. A purse-string fascial suture 
around the catheter at the level of the anterior sheath is recommended to further 
reduce the risk of pericatheter leak [25]. The pneumoperitoneum is released, but 
laparoscopic ports are left in place until a test irrigation of the catheter demonstrates 
successful flow function. After any indicated adjunctive procedures are completed, 
the catheter is tunneled subcutaneously to the selected exit site.

 Extended Two-Piece Catheter Insertion

The abdominal segment of the extended catheter (Fig. 8.1c) can be implanted by 
any of the above-described insertion techniques [9, 10, 29, 30]. A secondary 
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incision is made in the vicinity of the planned upper abdominal, presternal, or back 
exit site. The measured distance between the abdominal insertion incision and the 
secondary incision is used to determine how much tubing length will be trimmed 
from one or both of the catheter segments in order to correctly span the distance. 
The trimmed catheters are joined with a supplied double-barbed titanium connector, 
and the linked catheter segments are tunneled on the surface of the fascia from the 
abdominal insertion site to the remote secondary incision with a tunneling rod. The 
extension catheter is then tunneled from the secondary incision to the exit site using 
a stylet to complete the procedure.

 Catheter Embedding

Commonly described as the Moncrief-Popovich technique [31], catheter embed-
ding consists of implanting a PD catheter far in advance of anticipated need. Instead 
of leaving the external limb of the catheter exteriorized through the skin, it is embed-
ded in a subcutaneous track. When kidney function declines to the point of needing 
to initiate dialysis, the external limb of the catheter is retrieved through a small skin 
incision that can be performed at the bedside or in the office.

Because the catheter has been allowed extended healing time within the abdomi-
nal wall, the patient is able to proceed directly to full volume peritoneal dialysis 
without the necessity of a break-in period. Catheter embedment can serve as a strat-
egy for growing PD programs by achieving early patient commitment to their 
modality choice. The need for insertion of vascular catheters and temporary hemo-
dialysis can be avoided in patients previously implanted with an embedded catheter. 
The embedding technique permits more efficient surgical scheduling of catheter 
placement as an elective nonurgent procedure and helps to reduce stress on operat-
ing room access. Disadvantages of the catheter embedding strategy include the need 
for two procedures (implantation and externalization) as opposed to one and the 
possibility of futile placement in the event of an adverse change in the patient’s 
condition during the time period that the catheter is embedded or the patient under-
goes a preemptive kidney transplant and the catheter is never used [32, 33].

Catheter embedding can be incorporated into any of the implantation approaches 
using any catheter type. The catheter is temporarily externalized through the future 
skin exit site prior to embedment. The exit site scar serves as a landmark to know 
where to come back to for externalization. After acceptable flow function of the 
catheter is confirmed, the tubing is infused with heparin, plugged, and embedded in 
the subcutaneous tissue. To minimize the risk of hematoma or seroma and to facili-
tate later retrieval, the catheter should be embedded in a linear or curvilinear subcu-
taneous track using a tunneling stylet as opposed to curling the tubing into a 
subcutaneous pocket [34]. Embedding should not be performed if anticipated need 
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for dialysis is <4 weeks or if the patient has had previous major abdominal surgery 
or peritonitis where adhesiolysis may likely leave blood in the peritoneal cavity. 
Externalization of embedded catheters is easily accommodated in the clinic pro-
vided that a suitable procedure room is available. Catheters have been embedded for 
months to years with an 85–93% immediate function rate upon externalization [32, 
34–36]. Catheter dysfunction is usually due to adhesions or intraluminal fibrin clots. 
Overall, 94–99% are successfully used for dialysis after radiologic or laparoscopic 
revision of nonfunctioning catheters [32, 34, 36].

 Procedure Elements Common to All Approaches

Following catheter insertion by one of the four approaches, it is important to test 
catheter patency and flow function before accepting placement. A variety of clini-
cal practices exist for testing hydraulic function. A limited approach is syringe 
irrigation of the catheter with a small volume of saline. Easy return of some of 
this fluid and changes in the level of an air-fluid interface in the catheter during 
respiration confirms that the catheter is located in the peritoneum and has no 
kinks. A more complete test of flow function consists of infusing 500–1000 ml of 
saline or dialysate and observing for unimpeded inflow and outflow, allowing a 
100–200-ml residual volume to avoid leaving peritoneal structures siphoned up 
to the catheter side holes. Larger irrigation volumes may permit an opportunity 
for redundant omentum, appendices epiploicae, or uterine tubes to drift up to the 
catheter tip and manifest as a cause for slow or low-volume drainage. Repositioning 
the catheter may resolve the flow dysfunction, whereas laparoscopic techniques 
can definitively deal with these identified sources of obstruction and reduce the 
risk for future mechanical complications. The larger irrigation volume also pro-
vides an assessment of hemostasis and washes out any accumulation of blood 
from the procedure.

After demonstrating satisfactory hydraulic function, the catheter is tunneled to 
the exit site using a stylet device that does not exceed the diameter of the catheter. 
Available from most major catheter manufacturers, the Faller stylet is specifically 
designed for subcutaneous tunneling of catheters and can be advanced through the 
skin without making a prior incision. The use of hemostat clamps is to be avoided. 
Patency of the catheter should be checked following tunneling with a syringe flush 
of saline to demonstrate that the tubing was not kinked during its subcutaneous 
passage.

The PD unit’s preferred catheter adapter and transfer set should be attached at the 
time of the catheter placement procedure. Although a plastic adapter is provided 
with the catheter, some PD units prefer a separately supplied titanium adapter. 
Attaching the preferred adapter and transfer set at the time of the procedure spares 
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the PD nursing staff from having to go through meticulous sterile preparation pro-
cedures to make these necessary connections and risk iatrogenic peritonitis. A final 
flush of the catheter and attachments with heparin solution may help to minimize 
the risk of postoperative fibrin plugs.

At the conclusion of the procedure, the catheter and transfer set must be ade-
quately immobilized to prevent traction at the exit site. Catheter-anchoring sutures 
should not be used. Instead, the catheter can be effectively immobilized with medi-
cal adhesive tincture and sterile adhesive strips and a nonocclusive gauze dressing 
sufficient in size to further secure the catheter.

Similar to hydraulic testing, there is a wide range of postoperative catheter flush-
ing policies among PD centers, if performed at all [37]. The most common practices 
include flushing with saline or dialysis solution, using 500- to 1000-ml volumes 
with added heparin, 1000  units/L.  The primary reason for flushing is to prevent 
fibrin or blood clot obstruction of the catheter. A flexible approach can be taken 
based upon patient conditions at the time of the catheter placement procedure. If 
bloody effluent is recognized during hydraulic testing and/or the patient undergoes 
multiple interventions during catheter placement that increases the risk of bleeding, 
it is advisable to flush the catheter within 24 hours, repeating the lavage until clear-
ing of blood is demonstrated. Unless there is persistence of blood in the effluent, 
flushes can be extended to weekly intervals until PD is started. If catheter placement 
is uneventful with negligible blood in the test irrigant, initial flush is performed at 
1 week, and then weekly until dialysis is initiated.

 Choosing a Catheter Implantation Approach

Operator performance aside, when catheter placement by percutaneous needle- 
guidewire with/without image guidance, open surgical dissection, peritoneoscopy, 
and basic laparoscopy are compared with identical study populations, the reported 
outcomes are not that different [15, 20, 21, 38–40]. However, a recent meta-analysis 
comparing open dissection, basic, and advanced laparoscopic catheter implantation 
procedures demonstrated significantly superior outcomes for advanced laparoscopy 
over the other two approaches with regard to catheter tip migration, flow obstruc-
tion, and catheter survival [41]. The strength of advanced laparoscopic implantation 
is the adjunctive procedures that are enabled by this approach. Nevertheless, the 
chosen implantation technique must take into consideration patient factors, e.g., 
anesthetic risk and magnitude of any previous abdominal surgery. Other aspects that 
influence choice include facility resources supporting the procedure and the exper-
tise and availability of the operating team. Table 8.2 offers guidelines for selecting 
a PD catheter insertion approach.
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Chapter 9
Peritoneal Dialysis Catheter Insertion 
by the Nephrologist

Claire Kennedy and Rory McQuillan

 Introduction

Timely, quality peritoneal dialysis (PD) catheter placement is the key to PD tech-
nique survival and a successful PD program. There are several PD catheter insertion 
techniques. A surgical approach (open or laparoscopic) under general anesthetic is 
most commonly used worldwide. Alternatively, percutaneous PD catheter insertion 
can be performed under local anesthetic by an interventional nephrologist or radi-
ologist. This procedure can be done under ultrasound, fluoroscopic, or peritoneo-
scopic guidance to improve visibility and safety.

The major advantage of percutaneous PD catheter insertion is related to its sim-
plicity in terms of logistics and staff resources. This approach eliminates the need 
for an operating room, surgeon, and surgical assistants. It is performed under con-
scious sedation with local anesthesia, thereby eliminating the need for an anesthetist 
and avoiding the risks of general anesthesia in these patients with often high anes-
thetic risk.

These advantages are particularly important in low-resource settings [1]. A suc-
cessful PD catheter insertion program for Aboriginal and Torres Strait Islanders 
(ATSI) in Queensland, Australia, was described [2]. The ATSI live remotely and 
have limited access to and interactions with large hospitals and dialysis units. An 
outreach PD program, centered on nephrologist-led PD catheter insertions and close 
involvement with dedicated PD nurses, facilitated the provision of timely and safe 
PD, despite geographic limitations [2].

The percutaneous approach facilitates immediate catheter use if necessary, as no 
large surgical incisions are made. Percutaneous PD catheter insertion facilitated a 
short break-in period for 245 studied patients in India [1]. The mean break-in period 
was 2.68 (± 2.6) days, with low mechanical and infective complication rates [1]. 
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Other advantages of the percutaneous approach include shorter patient recovery 
time and increased control over the exit site position.

However, the percutaneous approach also has some disadvantages when com-
pared to the surgical approach (Table 9.1). The reduced visibility increases the risk 
of catheter malposition. Reduced visibility also increases the risk of damage to 
intra-abdominal viscera. Add-on procedures such as adhesiolysis, omentopexy, her-
nia repair, and catheter fixation can be employed during surgery and may improve 
catheter position or function. These add-on procedures are not possible with the 
percutaneous approach. Meticulous patient selection and preparation are therefore 
critical to the success of percutaneous PD catheter insertion.

 Patient Selection

Careful patient selection is the cornerstone of safe percutaneous PD catheter inser-
tion. It must be clarified that the patient is able to comfortably lie flat for 1 hour. The 
patient should be reviewed in person by the interventional nephrologist. The medi-
cal comorbidities, surgical history, and medications should be considered. A 
methodical abdominal examination and a bedside ultrasound examination should be 
performed [3]. The following issues determine suitability for percutaneous PD cath-
eter insertion:

• Medical History: Patients with large polycystic kidneys abutting the anterior 
abdominal wall are not candidates for percutaneous catheter insertion. Adhesions 
are more likely if there was previous severe PD peritonitis, and so a surgical 
approach should be considered in this context [4]. A surgical approach is also 
preferred if an unusual exit site is requested or mandated.

• Surgical History: Those patients with a history of major abdominal surgery (par-
ticularly if there was a previous midline laparotomy) or multiple abdominal sur-
geries are not candidates for percutaneous PD catheter insertion due to the risk 
of adhesions [4]. Minor previous abdominal surgery is not necessarily a contra-
indication [3].

• Medications and allergies should be reviewed. Medications of particular interest 
are anticoagulants and antiplatelet agents. Suggested dosing of these drugs is 

Table 9.1 Advantages and disadvantages of percutaneous PD catheter insertion

Advantages Disadvantages

Avoid anesthesia Risk of catheter malposition
Less-resource utilization Risk of damage to intra-abdominal structures
Shorter catheter break-in period Unable to add-on procedures (e.g., 

omentopexy)
Shorter patient recovery time Not all patients are candidates
Careful planning of exit site
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outlined in the “Patient Preparation” section. Other pertinent medications are 
those that delay wound healing and increase the risk of pericatheter leaks, such 
as corticosteroids and sirolimus [5].

• Abdominal examination should be performed with specific attention to the pres-
ence of abdominal wall hernias (inguinal, umbilical, or incisional). Those 
patients who have hernias are best served in the operative setting where the her-
nia can be repaired at the same time as the catheter is inserted. Patients with 
extremes of body size carry increased risk with the percutaneous approach.

• Ultrasound examination can facilitate patient selection [3] (Table 9.2). In those 
with polycystic kidneys, kidney proximity to the anterior abdominal wall can be 
ascertained. The visceral slide test can help identify those with adhesions. 
Visceral and parietal peritoneal surfaces normally move freely against each 
other. Adhesions may be present if visceral sliding is <2 cm on deep inspiration 
and are highly likely if there is absence of visceral slide.

 Patient Preparation

There are a number of preparatory steps that should be undertaken in an organized 
fashion. A series of thorough checklists and protocols (such as for patient prepara-
tion, preoperative preparation of the surgical field, and postoperative care), as well 
as detailed patient information, will help avoid missing any of the following impor-
tant steps [6]:

• Patient Education: Patients should be given basic catheter care and dialysis edu-
cation prior to consenting for the procedure. It is important to be consistent and 
thorough with this education as deviations lead to complications and reduced 
patient satisfaction [7]. Training prior to the catheter insertion should be consid-
ered for the most vulnerable patients.

• Bowel Preparation: Calcium, oral iron supplements, and any other constipating 
medications should be held for 1 week prior to catheter insertion to prevent 
constipation. Patients should fast from midnight prior to the procedure. We 
administer laxatives for 3 days prior to PD catheter insertion. This is to empty 

Table 9.2 Utility of 
ultrasound in the context of 
percutaneous PD catheter 
insertion

Patient selection Visceral slide test
Subcutaneous tissue depth
Polycystic kidney disease
Venous collaterals

Catheter insertion Empty bladder
Epigastric artery location
Bowel loops
Needle and catheter positioning
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the bowel, improve the operative field, and reduce the risk of peritoneal con-
tamination in case of bowel injury. However, not all groups advocate bowel 
preparation as it also has the potential for patient discomfort and electrolyte 
abnormalities.

• Anticoagulation: If the patient is on anticoagulation, decisions regarding peripro-
cedural anticoagulation should be made on a case-by-case basis and occasionally 
require input from cardiology or hematology colleagues. Ideally, warfarin or 
other anticoagulant should be held for 5 days prior to the procedure. In some 
cases, bridging with low-molecular-weight heparin is required; it too should be 
held for 48 hours prior to the procedure. Antiplatelet drugs (aspirin, clopidogrel, 
prasugrel) and nonsteroidal anti-inflammatory drugs should ideally be held for 5 
to 7 days prior to the procedure. All can be restarted the day after uncomplicated 
catheter insertion.

• Skin Preparation: The patient should wash well with antiseptic soap the night 
before PD catheter insertion. The operator should carefully mark the skin with a 
marker pen prior to the procedure and check this site in both sitting and standing 
positions. The proposed exit site should be visible to the seated patient to facili-
tate exit site and catheter care, and not coincide with the beltline. Abdominal hair 
should be clipped, ideally prior to the patient’s shower.

• Diabetic medications should be adjusted as per local policy.
• Microbiological Screening: Although screening for methicillin-resistant 

Staphylococcus aureus (MRSA) and endonasal carriage of Staphylococcus 
aureus is recommended in the International Society for Peritoneal Dialysis 
(ISPD) guidelines [6], the ISPD also acknowledges that no data exist regarding 
the effectiveness of screening and eradication of Staphylococcus aureus nasal 
carriage (e.g., intranasal mupirocin) prior to PD catheter insertion [8]. There is 
some evidence to suggest that prophylactic nasal antibiotics reduce the risk of 
exit-site infections (but not peritonitis) compared to placebo [9].

• Antibiotic Prophylaxis: Single-dose, intravenous antibiotic prophylaxis should 
be administered to help prevent early-onset peritonitis. A first-generation cepha-
losporin is most frequently used. A randomized controlled trial from Florida 
reported reduced early peritonitis with single-dose vancomycin (1 g) compared 
to single-dose cefazolin (1 g) or no antimicrobial prophylaxis [10]. These bene-
fits should be considered in light of local microbiological patterns and the risks 
of emerging resistance.

• Catheter Size: For an in-depth discussion regarding catheter types and selection, 
please refer to Chap. 6 of this book. Regardless of catheter choice, an appropri-
ate length should be selected for the patient to optimize patient comfort and 
catheter function [11]. The catheter tip should sit in the deep pelvis; the pubic 
symphysis corresponds to this location externally. The planned exit site and the 
pubic symphysis should be used as the landmarks to guide catheter length and, 
therefore, planned position of the deep cuff (Fig. 9.1). We have most experience 
with double- cuff, curled-tip catheters and describe insertion of these cathe-
ters below.
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 Resources and Equipment

International guidelines suggest that a dedicated PD access team, comprised of 
invested nurses, nephrologists, interventional radiologists, and surgeons, is impor-
tant to streamline catheter insertions and improve catheter outcomes [6, 12]. A 
nephrologist-led percutaneous PD catheter insertion program needs the support of 
local surgeons and interventional radiologists, as occasionally backup will be 
required.

The procedure can be scheduled as an elective outpatient day case for well out-
patients. Catheters inserted as an outpatient have comparable outcomes to those 
inserted during elective inpatient admissions, at almost half of the cost [13]. At the 
other end of the spectrum, this procedure also facilitates urgent start PD in unwell 
inpatients, including those in the intensive care unit.

The procedure is performed in a prepared room, with an oxygen supply, suction, 
and adequate lighting, space, and equipment. Table 9.3 summarizes the equipment 
and supplies needed to insert a PD catheter safely. Ideally two assistants are present 
(one scrubbed and one not scrubbed). The patient should have intravenous access 
secured for antibiotic administration and also in case of emergency or major 
bleeding.

 Peritoneal Dialysis Catheter Insertion Technique

The patient should urinate prior to positioning for the procedure.
A modified Seldinger approach, under ultrasound guidance, is our preferred 

technique.
Before the procedure, an ultrasound is performed. The bladder is confirmed to be 

empty, thereby reducing the risk of bladder perforation [14]. A urinary catheter can 
be inserted if there are voiding dysfunction and incomplete bladder emptying. Color 

Fig. 9.1 The pubic 
symphysis is used as an 
anatomical landmark to 
help plan catheter length 
and cuff positioning (using 
a dummy catheter). This 
patient’s beltline is below 
the umbilicus. The deep 
cuff and exit site positions 
were chosen above the 
umbilicus and checked in 
sitting, standing, and lying 
positions
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Doppler can identify the inferior epigastric and hypogastric vessels and help the 
operator to avoid them (aim 2–3-cm distance between insertion point and vessel). 
Ultrasound can also help to identify a site with maximal separation between the 
abdominal wall and bowel loops, thereby reducing the risk of bowel injury (Fig. 9.2).

We insert the catheter in a paramedian location, away from the linea alba, for a 
number of reasons. The linea alba is anatomically weak, and so a PD fluid leak is 
more likely if the catheter is inserted through it rather than through the rectus 
abdominis muscle. There is a pre-peritoneal space behind the linea alba which can 
lead to catheter malposition (Fig. 9.3). Finally, insertion through the rectus muscle, 
but not the linea alba, allows one to direct the catheter caudally through this muscle 
belly, thus making migration less likely.

The site should be cleaned thoroughly and the cleaning solution allowed to dry. 
Sterile drapes are placed. Local anesthetic is infiltrated 2–5 cm below and lateral to 
the umbilicus, and a small paramedian incision is made. Obese patients will require 
a larger incision to gain adequate access and visibility. Blunt dissection to the rectus 

Table 9.3 Peritoneal dialysis 
catheter insertion equipment

Patient monitoring Automated blood pressure cuff

Oxygen saturation monitor
Imaging Ultrasound machine

Sterile ultrasound probe cover and gel
General supplies Mask

Sterile gloves
Sterile gown
Cleaning solution and scrub brush
Variety of needles
Variety of syringes
Sutures
Scalpel
Dressing

Specific supplies Peritoneal dialysis catheter insertion tray
Curved Kelly forceps for blunt dissection
Double-cuff PD catheter kit
Rigid introducer
IV pole with Y-tube PD administration set
2-liter drain bag
2-liter bag of dialysis solution
1-liter 0.9% sodium chloride irrigation 
solution

Medications Local anesthetic agent
Midazolam
Fentanyl
Heparin
Metoclopramide
Intravenous antibiotic

C. Kennedy and R. McQuillan



101

sheath is performed (Fig. 9.4). An 18-gauge needle is inserted into the peritoneal 
cavity at a 45-degree angle, directed toward the pelvis. This should be done under 
real-time ultrasound guidance. Upon entry to the peritoneal cavity, there will be 
reduced resistance, and a “pop” sensation may be felt. Correct needle position is 
confirmed by painless filling with 500  ml–1000  ml of saline. Ultrasound during 
fluid infusion demonstrates increased separation of bowel loops.

A 1-mm guidewire is inserted through the introducer needle lumen, and the nee-
dle is removed, leaving the guidewire in place. A transverse incision is made on the 

Fig. 9.2 Clear ultrasound 
visualization of the 
paramedian abdominal wall 
layers using the vascular 
ultrasound probe

Fig. 9.3 Clear ultrasound 
visualization of the 
abdominal wall layers using 
the vascular ultrasound 
probe. The thin, 
anatomically weak linea 
alba and its pre-peritoneal 
space are visualized. 
Catheter insertion through 
the linea alba has a higher 
risk of PD fluid leak and 
malposition compared to 
insertion through the rectus 
abdominis muscle
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rectus sheath, and a pocket for the deep cuff is made in the rectus muscle. A 
16-French blunt plastic dilator and a peel-away sheath are together threaded over 
the guidewire into the abdominal cavity. The dilator and guidewire are removed, 
leaving the peel-away sheath in place. The soft PD catheter, straightened by a rigid 
introducer, is inserted through the peel-away sheath into the peritoneal cavity, usu-
ally aiming for a midline or left lower quadrant position so that normal peristalsis 
will help keep the catheter in place. The intraperitoneal segment is advanced and the 
peel-away sheath divided, until the deep cuff is buried in the rectus muscle. The 
rigid introducer is removed.

The catheter coil position is checked by ultrasound. Infusion and drainage of 
dialysate confirm catheter position and function. In a well-functioning catheter, 
1-liter inflow takes approximately 5  minutes, and outflow takes approximately 
10 minutes.

An exit site is created in the pre-planned site with a single stab of the scalpel, 
which is essentially the exact size of the catheter. The catheter is tunneled to the exit 
site using the tunneling stylet (Fig. 9.5), and the superficial cuff is placed approxi-
mately 2 cm from the exit site. No sutures should be placed at the exit site. The 
paramedian incision is closed in layers and dressed with a nonocclusive dressing. 
The adaptor is attached to the catheter, and the catheter is capped with heparin. 
Erect and supine abdominal radiographs can be performed at this point to confirm 
catheter position and rule out bowel perforation [15]. Some advocate the use of a 
lateral abdominal radiograph to visualize the catheter tip in relation to the pelvic 
brim [16]. Patients are monitored for several hours after the procedure.

Table 9.4 provides a summary of PD insertion technique.
Technique variants may be used. A Veress needle may be used to gain access to 

the peritoneal space and infuse saline instead of the earlier steps outlined above 
(Fig. 9.6). The Veress needle has a retractable blunted point as well as a cutting 
point. The blunted point retracts against high resistance (muscle) exposing the cut-
ting point, whereas the blunted point stays in place against low resistance (bowel). 

Fig. 9.4 Blunt dissection 
is performed to the level of 
the anterior rectus sheath
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The “trochar method” utilizes a large bore trochar with a sharp-pointed stylet, which 
is inserted through the linea alba. The tract and insertion sites are larger, and so 
leaks are more common [17]. The modified Seldinger approach described above is 
generally considered simpler and safer.

Fluoroscopic guidance incorporates intraperitoneal contrast to identify perito-
neal structures and confirm correct positioning of the catheter. Radiocontrast is 
injected following entry into the peritoneum. The spider-like movement of contrast 

Fig. 9.5 The catheter is 
tunneled to the exit site 
using a tunneling stylet

Table 9.4 Summary of PD catheter insertion technique

Bedside ultrasound Empty bladder
Identify safe insertion point

Location Paramedian, through rectus abdominis muscle
Site preparation Cleaning solution, sterile drapes

Local anesthetic
Blunt dissection to rectus sheath

Access peritoneal 
cavity

18-gauge needle, confirm with saline

Guidewire, remove needle
Dilator and peel-away sheath, remove guidewire and dilator

Insert PD catheter PD catheter and rigid introducer, peel-away sheath removed 
simultaneously
Rigid introducer removed

Check position Ultrasound
Dialysate infusion and drainage

Exit site Single stab of scalpel
Tunneling stylet

Final steps Suture paramedian incision (not exit site)
Attach transfer set, cap with heparin
Monitor patient for several hours
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into the spaces between peritoneal layers confirms correct needle position. If the 
needle is incorrectly positioned, the pattern of contrast movement is different. For 
example, if the needle is positioned in the bowel, the contrast will spread and fill the 
bowel loop. If the needle is positioned in visceral fat, the injected contrast forms a 
round shape. The course of the guidewire can also be tracked. When the catheter is 
placed, contrast injection can confirm final position. It is important to note that the 
quality of the images is often poor and may not identify omentum or adhesions.

Peritoneoscopic guidance utilizes a small peritoneoscope/laparoscope to enable 
direct visualization of the peritoneal cavity (although introduction of the peritoneo-
scope is blind) [18]. This is performed by the nephrologist (or interventional radi-
ologist) under local anesthetic, in contrast to laparoscopic PD catheter insertion, 
which is performed by a surgeon in the operating room under general anesthetic.

Peritoneoscopy involves insertion of a 2.5-mm trochar with a plastic sleeve into 
the peritoneal cavity through a paramedian incision. The trochar obturator is 
removed, a 2.2-mm peritoneoscope inserted, and correct positioning within the peri-
toneal cavity is confirmed. The peritoneoscope is withdrawn, and room air is insuf-
flated into the abdomen using a hand pump. The peritoneoscope is re-inserted, and 
a clear area within the peritoneal cavity, suitable for catheter placement, is identified 
and the equipment guided there. The peritoneoscope and cannula are withdrawn, 
leaving the plastic sleeve behind. This serves as a guide for insertion of the PD cath-
eter over a stylet. The plastic sleeve is withdrawn leaving the PD catheter in place. 
The catheter is secured and tunneled as was described for the Seldinger approach.

 Complications

A small amount of ooze at the exit site is normal. Blood-tinged dialysate, which 
clears on subsequent flushing, is also considered normal after catheter insertion. 
The major procedural complications, which may require urgent surgical interven-
tion, are organ perforation, major bleeding, or catheter malposition (Table 9.5).

Fig. 9.6 Insertion of the 
Veress needle through the 
linea alba
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Bowel perforation occurs in less than 1% of procedures. It usually occurs at the 
time of entry into the abdominal cavity or when the catheter is advanced into the 
pelvis. It may present with sudden abdominal pain, a hissing sound, foul smell from 
gas release, watery stool with dialysate inflow, or cloudy/feculent dialysis effluent. 
Bladder perforation may present with sudden pain, extreme urinary urgency, and 
massive “urine” volume with dialysate inflow. Dipstick analysis of the feces or urine 
respectively shows high glucose due to the presence of dialysate.

Inflow through a malpositioned catheter (e.g., pre-peritoneal position) may be 
painful. Drainage may be minimal and may be clear initially and later blood-tinged. 
Major bleeding is seen in <1% of procedures. It may be evident externally at the 
catheter site or with hemoperitoneum that does not clear with flushing.

 Early Peritoneal Dialysis Catheter Care

A dry, nonocclusive dressing should be applied at the time of catheter insertion. The 
catheter should be separately immobilized to the abdominal wall with fixing tape 
(so that it can be accessed without disturbing the exit site dressing).

The patient should be given detailed advice about early catheter care, as sum-
marized in Table 9.6. Laxatives are typically given to avoid straining with constipa-
tion, which can increase the intra-abdominal pressure and increase the chance of 
dialysate leaks.

Table 9.5 Potential complications of percutaneous PD catheter insertion

Minor
  Minor bleeding
  Blood-tinged dialysate
Major
  Catheter malposition
  Bowel perforation
  Bladder perforation
  Major bleeding

Table 9.6 Early PD catheter care

Do not disturb the dressing (unless heavily soiled with blood)
Do not bathe/shower until exit site healed
Take analgesia for the pain; the pain should improve daily
Ooze may occur and should be managed by applying additional dressings over the original 
dressing (do not remove the original dressing)
Extensive bleeding mandates hospital attendance
Regular laxatives to encourage daily bowel movements
No driving for 1 week
No heavy lifting for 6 weeks
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Approximately 7  days post-catheter insertion, the patient should attend for a 
dressing change by a PD nurse using sterile technique. The catheter should be 
flushed at this time; we use 1 liter of heparinized dialysate with a heparin lock. If the 
effluent is bloody after the first flush, additional flushes should be performed until 
the effluent clears.

Dressing changes and catheter flushes are typically performed weekly for 
3 weeks. At this time, the exit site should be fully healed, the patient can assume exit 
site care, and the catheter can be used for PD training. Centers differ with respect to 
the use of topical antibiotic cream at the exit site. Regardless of local policy, topical 
antibiotic cream is not recommended until the catheter exit site has fully healed.

 Patient Outcomes

The careful patient selection described above, with exclusion of higher-risk candidates, 
leads to difficulty comparing outcome data for the various catheter insertion tech-
niques. Additionally, there are few prospective or randomized trials to guide practice.

Surgical and percutaneous approaches have been compared in a number of pub-
lished reports. A systematic review summarized 13 heterogeneous studies (n = 2681 
patients). The compiled results suggested that outcomes with the percutaneous 
approach were similar to outcomes with the surgical approach (open, laparoscopic, 
or peritoneoscopic) in terms of 1-year catheter survival, catheter dysfunction, and 
PD fluid leaks. A lower incidence of peritonitis was observed at 1 year in those who 
underwent percutaneous placement (incidence rate ratio 0.77, p = 0.02) [19].

As mentioned, selection bias is unavoidable. One group attempted to account for 
this by retrospectively comparing outcomes in patients with no history of prior 
abdominal surgery who underwent first PD catheter insertion (i.e., all eligible for 
percutaneous approach). 63 patients underwent percutaneous PD catheter insertion, 
and 64 underwent surgical PD catheter insertion over a 7-year period. There were 
no significant differences between groups with respect to peritonitis, exit site leak 
drainage failure, and catheter survival at 3 and 12 months [20].

 Program Outcomes

A successful percutaneous PD catheter insertion program has been shown to have a 
positive impact on PD utilization. A review of PD uptake in three centers in Florida 
was undertaken [21]. The proportion of patients with incident end-stage kidney dis-
ease choosing PD was relatively stable over several years at 16%, 17%, and 18%. A 
peritoneoscopic PD catheter insertion program was rolled out and PD uptake rose to 
32%, 22%, and 27%, respectively. The nephrologist-led catheter insertion program 
was discontinued some years later, and the overall uptake across the three sites fell 
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to 6%. The authors credited the percutaneous catheter insertion program with the 
positive trend in PD uptake [21].

A Canadian population-based cohort study reviewed 3886 patients with advanced 
chronic kidney disease who underwent open surgical, laparoscopic, nephrology- 
percutaneous, or radiology-percutaneous catheter insertion [22]. 83% of all patients 
ultimately received PD. After adjustment, PD utilization was shown to be highest in 
the nephrology-percutaneous group, compared to other three groups. It was sug-
gested that this was related to optimized catheter insertion timing, excellent tech-
nique, and greater nephrologist commitment to PD success [22].

Interesting variations in PD uptake were demonstrated in the 2013 UK Renal 
Registry review [23]. 20.1% of incident dialysis patients started PD. 68% of those 
centers with nephrologist-led catheter insertion programs (13 of 19 centers) reported 
over 20% of incident dialysis patients starting PD. 50% of those centers with 
surgeon- led catheter insertion programs (7 of 14 centers) had over 20% of incident 
dialysis patients starting PD [23].

 Financial Considerations

As percutaneous PD catheter insertion may be performed as an outpatient, without 
the need for anesthesia, surgeon, or other operating room resources, the costs are 
substantially less than those associated with surgical catheter insertion [13]. Formal 
cost-effectiveness analysis of a percutaneous PD catheter insertion has not been 
performed to date.

Dialysis reimbursement policies vary worldwide and can impact on the uptake of 
the home dialysis modalities including PD.  There has been a recent switch to a 
“bundled” prospective payment system of reimbursement for Medicare-covered 
dialysis patients in the United Sates, which has incentivized home dialysis provi-
sion. Increased reimbursement for percutaneous PD catheter insertion has also 
incentivized this procedure by interventional nephrologists or radiologists. The 
authors feel that in order to ensure growth of PD as a modality, incentives aimed at 
promoting PD catheter insertion should be attached to the patient successfully per-
forming PD at home rather than to the catheter insertion per se. Incentivizing the 
insertion itself may lead to an increase in poorly placed catheters.

 Quality Improvement

It is incumbent on all interventional nephrologists to review their catheter outcomes 
in a transparent way and continually strive for quality improvement. Several inter-
national recommendations regarding PD catheter insertion quality improvement 
have been made.
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 Operator Training

Operator experience is paramount to the success of the technique. Each operator 
should have adequate training and supervision prior to independent catheter inser-
tion, as outlined by the American Society of Diagnostic and Interventional 
Nephrology [24]. It is recommended that these skills be gradually built by observ-
ing a catheter insertion, assisting with a catheter insertion, supervised catheter inser-
tions (six in a 1-year period), and independent catheter insertions (ten in a 6-month 
period to consolidate skills, with a logbook record). Following review of the log-
book procedures and catheter outcomes with an experienced operator, additional 
supervision or training may be deemed necessary.

The operator is most often a nephrologist or interventional radiologist but may 
also be a specialist nurse or a physician assistant. The operator skillset may extend 
to PD catheter removal, buried PD catheter exteriorization, and PD catheter manip-
ulation. PD catheter insertion training courses are available in various high-volume 
centers internationally and provide anatomy teaching, ultrasound instruction, and 
hands-on simulation experience.

A quality control tool such as a cumulative summation chart may help plan and 
track training. The use of this tool for peritoneoscopic PD catheter insertions was 
described [25]. The chart followed the trainees’ learning curves and demonstrated 
curve flattening as training advanced and the trainees became more skillful. 
Technical proficiency was observed after 23 procedures [25].

Ultrasound skills are invaluable as outlined above and increase safety with mini-
mal additional resource utilization. The use of fluoroscopic or peritoneoscopic guid-
ance necessitates significant additional resources and training [26].

 Local Audit

The ISPD recommends that each program perform continuous audit of catheter inser-
tions and outcomes, with a multidisciplinary review of the results at least annually [6]. 
Suggested audit outcomes of interest with their corresponding targets are outlined in 
Table 9.7. The primary marker of successful outcome is >80% catheter patency at 1 year.

Table 9.7 Audit outcomes

Target

Number of insertions
Waiting time
Bowel perforation < 1%
Significant hemorrhage < 1%
Early exit site infection (14 days) < 5%
Early peritonitis (14 days) < 5%
Functional catheter problem requiring manipulation/replacement/modality change (1 year) < 20%
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 Program Collaboration

Collaboration among centers is also crucial to foster operator training, standardize 
access to PD, and benchmark outcomes. The UK Renal Registry, for example, coor-
dinates a regular multicenter PD access audit across England, Wales, and Northern 
Ireland.

 Conclusions

The success of a PD program depends on timely access to high-quality PD access. 
We suggest that a PD access program with dedicated staff and resources for both 
percutaneous and surgical PD catheter insertions offers exactly this.

Given the reduced visibility with the percutaneous approach and therefore 
increased risk of catheter malposition and organ perforation, patients should be 
carefully selected for this procedure and meticulously prepared. Several technique 
variations exist, all of which are followed by fastidious early catheter care. Where 
available, ultrasonography, fluoroscopy, and peritoneoscopy can increase the safety 
of the procedure by increasing visibility. A percutaneous catheter insertion program 
can impact positively on patient and program outcomes in high- and low-resource 
settings alike.
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Chapter 10
Peritoneal Dialysis Adequacy

Ali Z. Ibrahim and Joanne M. Bargman

 The Importance of Time Compared to Small Solute Clearance

In discussing how adequacy has been considered throughout the history of perito-
neal dialysis (PD), one must first understand the concept of uremia and how its 
treatment evolved. Principally, the ideas that ultimately led to interventions such as 
the Giovannetti diet stemmed from the notion of by-products of protein metabolism 
being causative of the uremic syndrome [1]. This diet, which consisted of protein 
restriction to minimize production of urea, demonstrated the emphasis placed on 
plasma chemistry in shaping how dialysis adequacy was measured.

In subsequent years, Scribner and others noted that chronic PD patients experi-
enced improvement or stabilization of uremic symptoms, such as neuropathy, com-
pared to their hemodialysis (HD) counterparts, despite the observation that PD had 
less reduction of plasma creatinine and urea [2]. They hypothesized that the perito-
neum was more permeable and effective at removing higher molecular weight ure-
mic solutes than was HD [2]. Such solutes, by virtue of their size, were removed at 
a slower rate than urea and were less effectively removed by cellulose HD mem-
branes, particularly during treatments that lasted only a few hours. What followed 
was the idea that removal of such higher weight solutes in the HD patient necessi-
tated a minimum number of hours of dialysis per week, rather than on specific 
plasma chemistries of urea and creatinine. This formed the basis of the “square 
meter per hour” hypothesis, which suggested that inadequate removal of middle 
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molecules was responsible for uremic complications and that in HD their removal 
was proportional to time on dialysis (more specifically the product of dialysis hours 
and the useable surface area of the dialyzer measured in square meters) rather than 
measured conventional solute chemistry (urea and creatinine) [3]. In essence, this 
emphasis of improving patient symptoms by focusing on dialysis time over specific 
solute concentrations formed some of the understanding of PD adequacy and its 
effect on the understanding of symptomatic uremia.

 A Solute Shift

While understanding the complexity of uremia was made difficult by the inability to 
measure non-urea middle molecular weight uremic toxins, some efforts were made 
in later years to determine dialysis timing and dosing effects on patient outcomes. A 
landmark work in this respect, the National Cooperative Dialysis Study (NCDS), 
sought to explore this relationship in hemodialysis patients [4]. Designed as a two- 
by- two randomized controlled trial, the groups were divided into low vs. high time- 
averaged urea concentrations and long vs. short dialysis time. The main outcome of 
interest was hospitalization rates for nonaccess-related problems. In this design, 
urea concentration changes could be seen as a surrogate for small molecular weight 
uremic toxin clearance, with dialysis time representing a surrogate for clearance of 
middle molecular weight uremic toxins [5]. Interestingly, overall both low urea con-
centration and longer dialysis time were associated with lower hospitalization rates. 
The dialysis time variable, however, was just shy of statistical significance (p = 0.06). 
A distinction needs to be made here regarding such results that may have clinical 
validity but are erroneously discarded as irrelevant for not reaching the appropriate 
p value [6]. It is important also to note that certain exclusion criteria limit the exter-
nal validity of the NCDS. For instance, patients with diabetes, uncontrolled hyper-
tension, systemic disease, and cancer were excluded. These populations, of course, 
form the bulk of dialysis patients currently.

Regardless, these findings led to a shift in focus from dialysis time to urea con-
centration as the basis to measure dialysis dose and outcome. What followed was an 
attempt by Sargent and Gotch to adopt a pharmacokinetic model relating treatment 
and blood urea concentrations; this led to formulation of Kt/V urea [7]. A secondary 
analysis of NCDS data using Kt/V urea led to solidification of this relationship as a 
“step” function, where a value less than 0.8 was associated with greater morbidity, 
and a value greater than 0.8 was associated with lower morbidity [8]. There was no 
gradation of association, no causation identified, and most importantly, no random-
ized controlled trial to validate Kt/V as a suitable predictor of meaningful patient 
outcomes. Furthermore, the acceptance of a step function was unique, as little in 
biology or physiology relates outcome as behaving via this kind of function.

Despite the lack of validation, Kt/V urea became a standard for dialysis dosing 
thereafter. Accordingly, with no other established metric, the utility of Kt/V urea as 
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a predictor of clinical outcomes was readily applied to continuous ambulatory peri-
toneal dialysis (CAPD) by Teehan et al. [9]

 Putting Solute Clearance to the Test

The question of solute clearance as it related to peritoneal dialysis adequacy led to 
another landmark work on the subject, the CANUSA study [10]. The purpose of this 
study was to examine the relationship among dialysis adequacy, nutrition, and clini-
cal outcomes. 680 incident peritoneal dialysis patients, the majority of whom (98%) 
were undergoing CAPD, with the remainder on continuous cycling peritoneal dialy-
sis, were studied. The study utilized Cox proportional hazards modeling with dialy-
sis adequacy and nutritional status as time-dependent covariates, with the main 
outcomes being mortality, technique failure, and hospitalization.

Overall, there was an increase in the relative risk of death with age, presence of 
diabetes, presence of cardiovascular disease, and lower Subjective Global 
Assessment of nutrition. Interestingly, there was an association between increased 
mortality and lower creatinine clearance, which at this stage was defined as the sum 
of renal and peritoneal clearances, with no distinction between the two. It is worth 
noting that out of the 680 study patients, only 90 had died within the study period, 
with the majority of other included patients being administratively censored at the 
end of the study period. Accordingly, the mortality results are mostly based on inter-
polated data and modeled curves rather than actual survival data [10].

Despite its limitations, the CANUSA study results reinforced the notion that 
with greater total small solute clearance, PD patients achieved better outcomes. 
This, in turn, led to a trend toward increased dose of PD, measured by Kt/V urea. 
This was so prevalent that it led to further reinforcement by the Dialysis Outcomes 
Quality Initiative (DOQI) guidelines in 1997, which suggested a weekly target Kt/V 
of 2 for CAPD, 2.1 for CCPD, and 2.2 for intermitted PD (IPD), with a creatinine 
clearance target of 60 liters per week [11]. However, due to the observation in 
CANUSA that low (slow) transporters who had lower creatinine clearances had bet-
ter survival, the Canadian Society of Nephrology then decreased the target clear-
ance in low and low-average transporters to 50 liters per week.

The axiom of higher clearance translating to a mortality benefit for PD patients 
was prevalent in North America in light of these recommendations, despite no ran-
domized controlled trial evidence. A challenge to this concept came in the form of 
the ADEMEX study, a Mexican-based prospective randomized controlled trial 
examining the effects of increased peritoneal clearance thresholds on mortality rates 
in PD patients [12]. In short, ADEMEX investigators randomized 960 patients into 
a control group receiving 8 liters of dialysate a day, and an intervention group 
receiving 10–12 liters per day to a weekly creatinine clearance of 60 liters per week, 
consistent with DOQI guidelines. Despite a difference in Kt/V between the control 
and intervention group (average peritoneal Kt/V urea 1.62 vs. 2.13), survival rates 
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between the two groups were equal. This held true even with stratification by factors 
such as age, diabetes status, and serum albumin.

ADEMEX marked a departure from the reliance on small solute clearance in PD 
patients as a predictor of improved mortality. Lo et al. also examined Kt/V targets 
and clinical outcomes in a randomized prospective study in Hong Kong, random-
izing CAPD patients to Kt/V thresholds of 1.5–1.7, 1.7–2, and greater than 2 [13]. 
No survival benefit was found with higher Kt/V than 1.7, but interestingly, patients 
maintained at lower Kt/V of 1.7 were deemed by their physicians to have “inade-
quate dialysis and ultrafiltration.” Nutritional indices and hospitalization were simi-
lar across groups. The authors concluded that a Kt/V of less than 1.7 was therefore 
associated with more “clinical problems.” With that in mind, there is no clearly 
defined and evidence-based lower limit for Kt/V in peritoneal dialysis.

This wave of critically examining the reliance on small solute clearance touched 
on the hemodialysis world as well, as exemplified by the HEMO study [14]. In this 
study, hemodialysis patients were randomized to low- vs. high-dose hemodialysis 
(Kt/V 1.2 vs. 1.6), again with no difference in clinical outcomes. These studies sug-
gested no survival advantage with higher Kt/V urea or creatinine clearance, mean-
ing high-dose dialysis regimens were onerous without significant benefit. The 
results from these trials posed an important question: What else can then be consid-
ered in predicting clinical outcomes for PD patients if we cannot rely on small sol-
ute clearance, namely, Kt/V urea or creatinine clearance?

 The Role of Residual Kidney Function

The answer to effective PD adequacy may be a multipronged approach of maximiz-
ing peritoneal uremic toxin clearance while maintaining residual native kidney 
function and urine volume. This is in contrast to a strict focus on small solute clear-
ance. In a reanalysis of the CANUSA data by Bargman et  al., the investigators 
sought to separate the effects of residual renal clearance from that of peritoneal 
clearance which were simply added together in the original CANUSA report. In 
doing so, we were able to demonstrate that the signal for improved survival was 
driven exclusively by renal clearance. The scale of renal clearance needed for a 
clinically significant reduction in mortality was impressive; just 0.5 mL/min of glo-
merular filtration rate was associated with a 12% survival advantage. In addition, 
every 250-mL increment in daily urine volume was associated with a 36% reduction 
in the relative risk of death [15]. This association between residual kidney function 
and improved survival has been demonstrated in several other studies [16–18].

There are no clear established reasons why residual kidney function confers such 
mortality benefit for PD patients. It may be an epiphenomenon representative of a 
healthier patient overall, and so such a patient would naturally have a lower mortal-
ity. Inflammation, as a possible comorbid condition affecting both residual kidney 
function and mortality, has been explored as an important factor [19–21]. 
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Pecoits- Filho et al. have shown an association between loss of residual kidney func-
tion and a rise in inflammatory markers such as IL-6 and CRP [22]. Improved total 
sodium and water removal and maintenance of volume status may also explain the 
mortality benefit of residual kidney function in PD patients [23, 24]. This is particu-
larly important knowing that volume overload with hypertension and left ventricu-
lar hypertrophy is a frequent problem in PD patients [25]. Lastly, Bammens et al. 
also demonstrated that renal clearance may play a larger role in clearance of middle 
molecular weight uremic toxins (e.g., beta-2 microglobulin and p-cresol) (see 
Fig. 10.1 adapted from original paper) [26].

Adding to the concept of residual kidney function aiding in clearance of uremic 
toxins, beyond small molecules such as urea, Leong et al. demonstrated a similar 
effect in hemodialysis patients. Particularly, they showed that patients without 
residual kidney function undergoing hemodialysis thrice weekly accumulated more 
toxic levels of uremic secreted middle molecular solutes than patients dialyzing 
twice weekly but with residual kidney function. It is worth noting that the difference 
was not compensated by the additional hemodialysis treatment despite the conse-
quent increased weekly Kt/V urea [27].

 Euvolemia as an Adequacy Measure

In addition to improvement in clearance of middle molecular weight uremic toxins, 
achieving volume control with adequate ultrafiltration is an important parameter to 
consider in PD adequacy. This concept was elucidated in the European APD 
Outcome Study (EAPOS) which sought to identify baseline predictors survival in 
anuric PD patients [28]. In this prospective cohort, the authors found that among 
other predictors (diabetes, poor nutritional status, advanced age), baseline ultrafil-
tration of less than 750 mL/24 h was associated with poor survival. Interestingly, 
baseline creatinine clearance was not found to have an effect on either patient or 
technique survival.
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Renal Clearance Peritoneal Clearance

Fig. 10.1 Percentage of 
peritoneal and renal 
clearance of uremic 
molecules
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This result may agree with that seen in the previously mentioned ADEMEX 
study [12], in which increased solute clearance was not found to be associated with 
mortality benefit, with the knowledge that almost half of the study patients were 
anuric. A corollary to consider is that poor ultrafiltration may have possibly contrib-
uted to some of the mortality in the study patients.

Volume maintenance through adequate ultrafiltration, while important for patient 
outcomes, needs to be balanced against the risk of over-ultrafiltration and volume 
depletion, which may result in reduction in residual kidney function [29].

 Maintenance of Residual Kidney Function

Maintaining residual kidney function in PD patients utilizes similar strategies to 
those used in pre-dialysis chronic kidney disease patients (Table 10.1). First and 
foremost, avoidance of nephrotoxic agents such as nonsteroidal anti-inflammatory 
drugs (NSAIDs) is encouraged. The use of intravenous contrast is discouraged 
unless absolutely necessary, and in such cases, ensuring the patient is well hydrated 
is recommended [30]. Some centers recommend the use of N-acetylcysteine (NAC) 
to mitigate the risk of contrast-induced nephropathy, but evidence for this is lack-
ing [31].

Despite the trepidation of some clinicians in using angiotensin-converting 
enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARBs) in kidney 
patients, evidence actually shows a correlation with preserved residual kidney func-
tion with the use of these drugs in PD patients [32, 33]. Efforts should be made 
particularly to increase their utilization in patients who were taken off these medica-
tions due to hyperkalemia in the pre-dialysis end-stage kidney disease treat-
ment phase.

With regard to kidney transplant patients with failing allografts transitioning to 
PD, there is some evidence to suggest continuing immunosuppression if the glo-
merular filtration rate is greater than 1 mL/min [34, 35]. This is extrapolating a simi-
lar mortality benefit as had been seen in the CANUSA reanalysis [15]. The choice 
of medication for immunosuppression has not been well studied, but minimizing 
calcineurin inhibitors (CNI) due to their known risk of nephrotoxicity is suggested.

Table 10.1 Strategies to 
preserve residual kidney 
function in PD patients

Strategies to preserve residual kidney function

Avoiding NSAIDs
Discouraging IV contrast use, but if needed, ensuring 
euvolemia and considering NAC
Increasing use of ACEi and ARBs
Maintaining immune suppression for functioning allografts, 
minimizing CNI exposure
Avoiding extracellular fluid volume depletion
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 Practical Ways to Increase Adequacy

As mentioned previously, maintaining PD adequacy is a multipronged approach 
that includes maximizing peritoneal clearance with the dialysis prescription while 
maintaining residual kidney function as discussed above. The upcoming International 
Society for Peritoneal Dialysis Practice Recommendations will focus on a prescrip-
tion in the context of the patient and his/her goals rather than targeting small solute 
clearance parameters [38].

If a patient is clinically and biochemically suspected to be under-dialyzed, sev-
eral changes to the PD prescription can help increase the adequacy of peritoneal 
clearance (Table 10.2). The first change would be a total increase in the volume of 
dialysate used, by way of fill volume and number of exchanges. Increasing fill 
volumes increases volume of diffusion as well as the recruitment of peritoneal 
membrane surface area. This enhances solute clearance and ultrafiltration [36]. 
Additional exchanges may also enhance overall adequacy but can become onerous 
requiring additional therapy time in patients on automated peritoneal dialysis 
(APD). A large number of exchanges can also be onerous to those patients on 
CAPD. Such patients who undergo nightly exchanges via an automated cycler are 
best served by adding a day dwell of icodextrin solution which enhances solute 
clearance and ultrafiltration while maintaining a reasonable therapy time overnight 
[37]. This day dwell can be maximized in volume as well keeping in mind patient 
comfort and activity.

 Summary

In considering the evolution in understanding of PD adequacy, we can appreciate 
that small solute kinetics have not been proven to fully capture how PD treats and 
ameliorates symptoms of kidney failure. The clearance of middle molecular weight 
toxins and the importance of volume control and preservation of residual kidney 
function are all important concepts that need further attention and understanding. 
Above all, emphasis needs to be placed on patient-important outcomes such as mor-
bidity, mortality, and quality of life.

Table 10.2 Strategies to 
increase PD dose

Strategies to increase PD dose

Increasing dialysate fill volume
Increasing number of exchanges
Using night cycler to increase exchanges while decreasing 
cycle length
Adding icodextrin day dwell
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Chapter 11
Techniques in Peritoneal Dialysis

Vikram Aggarwal and Martin J. Schreiber Jr.

 Introduction

Understanding peritoneal physiology and technical innovations in peritoneal dialy-
sis has led to a significant reduction in therapy-related complications over the last 
four decades. Technology and techniques to perform peritoneal dialysis (PD) have 
evolved and, in its current form, are reliable, easy to use, and come at an acceptable 
cost. Also, various regimens and modes of PD allow for social interaction and opti-
mizing PD efficiency in terms of solute clearance and fluid removal. Overall, the 
successful advances in PD techniques have prompted broader utilization and served 
as the foundation for major ESKD healthcare reform initiatives in the USA to sup-
port further growth of home-based dialysis [1]. We will outline procedural princi-
ples and details of variations of flow techniques (tidal, intermittent, or continuous), 
regimens [intermittent PD (IPD or continuous PD (CPD)], and modes of PD (man-
ual or automated). These strategies allow for using tidal PD (TPD), continuous flow 
peritoneal dialysis (CFPD), assisted peritoneal dialysis, urgent-start PD, incremen-
tal PD, and remote patient monitoring (RPM) in clinical practice [2]. We will also 
outline various approaches that can further enhance the scope of PD usage in spe-
cific clinical situations.
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 PD Technique and Related Glossary

 PD Exchange

The PD technique involves stepwise procedures to connect the PD catheter and 
perform PD exchange. Maintenance of standard aseptic precautions during PD 
exchanges to prevent PD-related infectious complications is an integral part of PD 
technique. The success and longevity of PD largely depend on the quality of initial 
training and how the patient follows the appropriate technique to the last detail.

A typical manual PD exchange consists of several steps [Fig. 11.1]:

• Drain (outflow): In this initial step, the indwelling fluid from the previous 
exchange is allowed to flow into an empty bag. Draining typically takes 
10–20 minutes. The amount of fluid drained during each exchange is referred to 
as drain volume.

• Fill (inflow): After the initial “flush before fill,” the PD solution is allowed to 
flow into the peritoneal cavity via the afferent limb of the Y-shaped tubing. This 
phase usually takes about 10 minutes. PD solutions are usually warmed to body 
temperature before use. The amount of PD solution used to fill the peritoneal 
cavity is referred to as fill volume.

• Dwell: After filling peritoneal cavity, the PD solution stays for specific dwell 
time to allow for the solute exchange and ultrafiltration.

PERITONEAL
CAVITY

DRAINAGE
BAG

FLUSH BEFORE FILL PRINCIPLE

PD
SOLUTION

FILL DWELL DRAIN

VOLUME

TIME

PD EXCHANGE

X X

X X

Fig. 11.1 Typical PD exchange demonstrating fill, dwell, and drain phase with relation to intra-
peritoneal fluid volume and time
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At the start of the PD exchange procedure, the “Y tubing set” is connected to the 
PD catheter via a transfer set and extension tube. The Y-set tube has an afferent limb 
which is connected with a fresh dialysate bag and an efferent limb with a drainage 
container attached. The Y system connectology applies the “flush-before-fill” prin-
ciple [Fig. 11.2]. This approach allows for lines to be flushed free of possible bacte-
rial contamination before each dialysate infusion without opening the system to the 
outside air (the drain, flush, instill method). First, after connection, a small amount 
of fresh dialysate (100 ml) is flushed into the drainage bag, and then the peritoneal 
cavity is drained so that any contaminants introduced during the connection proce-
dures are flushed into the drainage bag and not into the peritoneal cavity. After 
drainage, the fresh dialysate is infused. This “drain first-infuse later” principle has 
markedly decreased peritonitis incidence in people doing manual or automated 
exchanges [3, 4].

PERITONEAL
CAVITY

DRAINAGE
BAG

PD
SOLUTION

Fig. 11.2 Flush-before-fill 
principle: PD solution is 
allowed to flow into the 
peritoneal cavity via the 
afferent limb of the 
Y-shaped tubing before the 
start of the fill phase of the 
exchange
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 PD Technique

PD technique, in its simplest form, relates to the flow pattern of PD fluid during PD 
exchanges. The intermittent flow and tidal flow patterns are routinely used. 
Continuous flow peritoneal dialysis (CFPD) has not been adopted into clinical prac-
tice despite having mechanistic advantages [2] [Fig. 11.3].

In intermittent flow PD, the peritoneal cavity is completely drained before fresh 
dialysis fluid is instilled. Most currently used PD prescriptions such as CAPD, noc-
turnal intermittent peritoneal dialysis (NIPD), and continuous cyclic peritoneal 
dialysis (CCPD) are performed with intermittent flow technique.

In tidal peritoneal dialysis (TPD), only a portion of the initial fill volume is 
drained and replaced by fresh dialysis fluid during each exchange. TPD is a com-
mon strategy applied for patients who experience “drain pain” [5, 6]. Drain pain is 
discomfort in the abdominal/rectal region due to the catheter irritating or exerting a 
hydraulic suction effect on adjacent visceral organs or parietal peritoneum during 
the drain period as intraperitoneal volume decreases. This sensation generally 
diminishes over time but maybe problematic early in the course of PD, particularly 
in patients on automated peritoneal dialysis. In TPD, a residual volume (usually 
15%–25%) is kept in the abdomen at the end of each dwell as a cushion to prevent 
the catheter from irritating the visceral organs. For example, for a 2-liter fill volume, 
80% tidal exchanges would imply that 1600 ml is drained at the end of the dwell, 
followed by a 1600-ml infusion. The reservoir of fluid left in the peritoneal cavity is 
finally drained out with the final exchange.

TPD is also used in situations where catheter function is suboptimal and where 
full drainage takes too much time leading to frequent drain alarms that can interrupt 
sleep during CCPD/NIPD regimens [5, 6]. Automated cyclers can be programmed 
to deliver TPD. Tidal PD can also be used in patients who experience pain or dis-
comfort during the fill phase.

2 L

1 L

Various PD flow-techniques

Intraperitoneal volumes during PD exchanfes

Intermittent flow PD
Examples:
CCPD
NIPD
CAPD

Tidal PD
Indications:
Drain pains
Low drain alarms

Continuous flow PD
Indications:
PD in AKI
Enhance PD clearance and UF

Fig. 11.3 Various PD flow techniques
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 Continuous Flow Peritoneal Dialysis (CFPD)

In CFPD, a continuous flow of dialysis fluid is instilled, and at the same time, spent 
dialysate is drained via a separate catheter or lumen. CFPD is a potential strategy to 
enhance peritoneal clearance and ultrafiltration by achieving a larger concentration 
gradient between the dialysate and plasma for solute and glucose, respectively [7]. 
Nourse et al. demonstrated similar outcomes with CFPD compared to conventional 
PD in pediatric patients with AKI [8]. This concept can theoretically be applied in 
chronic PD patients with failing membrane function. However, CFPD is rarely used 
due to challenges associated with the use of double- or dual-lumen catheters, the 
technical limitations of achieving predictable and real-time ultrafiltration rates, and 
the requirement of large amounts of dialysate fluid to achieve higher flow volumes. 
Besides, there is no proven advantage of increasing small solute clearance in terms 
of survival [9].

 Regimen and Modes of Performing PD Exchanges [Fig. 11.4]

A PD regimen entails a systematic plan of how PD exchanges will be performed. 
PD exchanges can be conducted intermittently (IPD) or continuously (CPD). In IPD 
regimens, there are periods when the peritoneal cavity is not filled and left dry, 
while with CPD regimens, the peritoneal dialysate is always present in the perito-
neal cavity.

The mode or the methods by which PD exchanges are attained depend on 
patients’ choice, lifestyle, and medical necessity in some situations. Three modes of 
PD regimens/exchanges are manual (mPD), automated (aPD), and assisted. In some 

PD regimen and modes

PD Regimens

Intermittent PD(IPD)

Modes of PD

Continuous PD(CPD)

Manual/Ambulatory IPD Manual/Ambulatory CPDAutomated IPD Automated CPD

Day time
manual IPD
exchanges
mDIPD
daily/few
times per wk.

Day time
manual IPD
exchanges
mDIPD
daily/few
times per wk.

Nighttime
manual IPD
exchanges
mNIPD
daily/few
times per wk.

Nighttime
manual IPD
exchanges
mNIPD
daily/few
times per wk.

Day time
APD only
aDIPD
daily/few
times per
wk.

Day time
APD only
aDIPD
daily/few
times per
wk.

Nighttime
APD only
aNIPD
daily/few
times per
wk.

Nighttime
APD only
aNIPD
daily/few
times per
wk.

aNIPD
with
short
morning/
evening
day dwell

aNIPD
with
short
morning/
evening
day dwell

Continuous
cyclic PD
CCPD
with long
day dwell
daily

CCPD
with two
short day
dwells

Continuous
ambulatory
PD
CAPD

Fig. 11.4 PD regimen and modes
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cases, people use both automated and manual methods. On rare occasions, assisted 
PD is a means of supporting people unable to perform their PD, with trained staff or 
family members assisting with all or part of the dialysis procedure [10].

The PD prescription for an individual incorporates details of PD regimen, mode, 
fill volume, number of exchanges, and dwell times..

 Intermittent PD Regimens

PD exchanges are performed periodically, several times per week. IPD regimens 
can be done manually (mIPD) or with an automated cycler (aIPD). aIPD regimens 
allow for patient convenience as the exchanges can be conducted automatically dur-
ing nights (sleep period) instead of time-consuming frequent manual exchanges. 
CPD regimens provide better peritoneal small- and middle-molecule clearance 
compared to IPD regimens as there are many hours in the day where no dialysis is 
taking place in the latter regimen.

 Automated Cycler-Assisted IPD Regimens (aIPD): (Nighttime 
or Daytime)

Automated nocturnal intermittent peritoneal dialysis (aNIPD) is done with an auto-
mated cycler at night only with dry daytime periods. aNIPD is the most preferred 
combination of PD method and regimen by the patients as it frees up their daytime 
and avoids the feeling of discomfort while ambulating with daytime dwells. By its 
nature, aNIPD is performed in a supine position. On rare occasions, daytime IPD 
(aDIPD) with cycler can also be offered if patients have discomfort with being teth-
ered to the machine during sleep.

Most of the daily IPD regimes are accomplished with automated mode (cycler), 
and the patients have to be connected to machine for short periods (6–10 hours). 
Thus, the commonly prescribed aNIPD involves performing machine-assisted IPD 
regimen at night. In addition, details such as total nightly volume of 8 liters, dwell 
volume of 2 liters, 4 exchanges over 8 hours, and concentration of PD solutions are 
specified in aNIPD prescription [Table 11.1].

 Manual IPD Regimens (mIPD): (Daytime or Nighttime)

Manual daytime ambulatory PD (mDIPD), i.e., 1–2 daytime exchanges with 2–3-L 
dwell volumes, nighttime use of single manual PD exchanges most often with ico-
dextrin solution (mNIPD) only, or a hybrid of manual daytime and nighttime 
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exchanges are used such that patients avoid the inconvenience of being connected 
with an automated cycler [Table 11.1]. These mIPD regimens are often incorporated 
to facilitate an incremental PD approach (as described below).

Intermittent PD regimens have patient-centered and medical advantages in terms 
of the following:

• Can be safely prescribed in patients with residual kidney function (RKF). The 
ADEMEX trial and reanalysis of the CANUSA study have established that peri-
toneal small solute clearance is not associated with survival on PD [11, 12].

• In patients with residual kidney function (RKF), an incremental PD regimen 
safely allows patients to do infrequent and shorter PD regimens at their homes. 
Incremental PD is more acceptable to the patients initiating kidney replacement 
therapy and attracts them to PD. Incremental PD refers to the practice of incor-
porating RKF to achieve the total desired solute removal and initially prescribing 
only a modest dose of IPD, typically 6 L/day or less [13, 14].

• IPD regimens done in a supine position, with low fill volumes, minimize mechan-
ical complications of leaks and hernia associated with continuous elevation of 
the intra-abdominal pressure [15–17]. If patients at risk for, or with established 
leaks and hernia, have minimal RKF, then these IPD strategies can allow patients 
to initiate RRT with PD within 2 weeks of catheter placement (urgent-start PD) 
and avoid HD [18, 19]. While urgent-start peritoneal dialysis is usually per-
formed with an automated cycler, manual exchanges can be performed if no 
cycler is available [20].

Table 11.1 Typical PD prescriptions

Intermittent PD Typical daily prescription

Machine-assisted: aIPD 
(aNIPD or aDIPD)

Total dwell time = 6–10 hours
Number of exchanges = 3–5 exchanges
Dwell volume per exchange = 2–2.5 liters
PD solution: dextrose-based

Manual: mDIPD or mNIPD Total dwell time = 6–12 hours
Number of exchanges = 1–3 exchanges
Dwell volume per exchange = 2–3 liters
PD solution: Dextrose or icodextrin

Continuous PD Prescription
CAPD (manual) Total dwell time = 24 hours

Number of exchanges = 3–5 exchanges
Dwell volume per exchange = 1.5–3 liters
PD solution: dextrose of icodextrin

CCPD (machine-assisted) Total dwell time = 24 hours
aNIPD as above + machine-assisted single daytime exchange of 
1–3 liters with either dextrose or icodextrin solution

Enhanced CCPD (hybrid of 
machine and manual mode)

Total dwell time = 24 hours
aNIPD as above followed by the last fill and another exchange 
some time during the day with a 1–2 liter dextrose or icodextrin 
solution
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• Allows for rapid and small-volume exchanges (cycler-assisted). Thus, beneficial 
in patients with rapid transport status.

These advantages and variations of IPD have allowed prescribers to individual-
ize PD prescriptions based on challenging clinical situations and expand the use of 
PD as outlined in Table 11.2 and Table 11.3.

Table 11.2 IPD strategies during initiation or early phase of PD start

Potential application IPD strategy Advantage

Urgent-start peritoneal 
dialysis
During training period
During initial home 
self-care or assisted 
treatments

mDIPD
aDIPD
aNIPD
mNIPD (nighttime 
icodextrin)

Patients often have residual kidney function 
during this phase
Allows for small-volume exchanges and in 
supine position: Avoids risk of elevated 
intra-abdominal pressure and thus 
minimizes the risk of leak

Incremental peritoneal 
dialysis

mNIPD (night 
icodextrin)
aNIPD
mDIPD (1–3-day 
exchanges)
Hybrid of above
All of the above can 
be performed daily or 
few times a week

Patients often have residual kidney function 
during this phase

Assisted peritoneal 
dialysis
Increase in uptake of PD 
in patients with barriers 
related to self-care PD

aNIPD/aDIPD
mNIPD/NDIPD

Easier for relatives or staff to perform 1/2 
visits for connection and disconnection

Remote-patient 
monitoring

aNIPD/aDIPD Can monitor adherence to therapy and 
catheter dysfunction

Table 11.3 IPD strategies during long-term maintenance phase of PD

Potential application IPD strategy Advantage

Patients with fluid overload-rapid 
transport status

aIPD: 
aNIPD, 
aDIPD

Allows for rapid exchanges to 
optimize ultrafiltration

Mechanical issues:
Post-abdominal surgery, i.e., hernia 
repair
Preexisting hernia not requiring surgery

aIPD: 
aNIPD, 
aDIPD

Avoids increased intra-abdominal 
pressure by using the supine position

Assisted peritoneal dialysis
Change in medical condition which is a 
barrier to self-care PD and at risk for 
transfer to in-center HD

aNIPD/
aDIPD
mNIPD/
NDIPD

Easier for relatives or staff to perform 
one to two visits for connection and 
disconnection

Remote patient monitoring aNIPD, 
aDIPD

Can monitor adherence to therapy and 
catheter dysfunction
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 Continuous Peritoneal Dialysis (CPD) Regimens

 Manual CPD, i.e. CAPD

In CAPD, 1.5 to 2.5 liters of dialysis fluid is manually instilled into the peritoneal 
cavity three to five times daily. Each exchange involves drain, fill, and dwell phases, 
as described above [Table 11.1]. During the dwell phase, the patient goes about a 
regular routine until it is time for the next exchange. Even though CAPD involves 
frequent manual exchanges, it appeals to patients who do not want to be continu-
ously tethered to a cycler or who have issues operating and dealing with machines 
and alarms. CAPD is also useful when there are flow problems of the dialysis fluid 
through the catheter. Also, it offers a cheaper option to provide PD in developing 
countries.

 Machine-Assisted CPD, i.e., CCPD

Automated peritoneal dialysis is usually performed using an automated cycler 
which is programed to deliver three to four exchanges overnight for 6–10 hours, 
depending on the patient’s preference and sleep pattern. During the daytime, the 
APD patient has the option of either an extended last fill/dwell, usually with icodex-
trin, or to perform two long (6- to 8-hour) daily dwells (referred to as last fill and 
midday exchange) [Table 11.1]. At bedtime, the patient connects to the cycler, 
which drains the day fill, followed by automated night exchange initiation and 
instillation of the last fill which the patient then carries during the day. In the morn-
ing, the patient with last dwell remaining in the abdomen disconnects from the 
cycler and is free to go about daily activities until bedtime. Most cyclers can be 
programmed to vary inflow volume, inflow time, dwell time, and drain time. Cyclers 
also monitor outflow volume and excess drainage (UF volume). Current APD 
machines have alarms for inflow failure, overheating, and poor drainage.

Continuous peritoneal dialysis regimens are employed to enhance small and 
middle molecular weight solute clearance and hence used in patients with low or 
low-average transport status or those with uremic symptoms or with minimal or 
absent residual kidney function. CCPD with daytime exchange with icodextrin can 
augment ultrafiltration in patients with rapid transport status.

 Aseptic Precautions

During the performance of PD, patients are expected to follow certain aseptic prac-
tices under carefully controlled conditions to minimize contamination by patho-
gens. Practices include hand hygiene, using a mask, and maintaining a safe 
environment in the area where the exchanges are being carried out.
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Excellent hand hygiene by the patient, family members, and members of the 
healthcare team is essential before initiating the PD exchange procedure. 70% 
alcohol- based hand rubs for at least 15 seconds is the most preferred method [21]. 
Handwashing for 15  seconds with antimicrobial soap (4% chlorhexidine) is the 
most effective method for hand cleansing. Visibly dirty hands require handwashing 
with soap. Wearing a face mask during a dialysis exchange is recommended. All 
injection ports should be scrubbed with chlorhexidine and alcohol before injections, 
and the use of multiple-dose vials (e.g., heparin or potassium chloride) for dialysate 
supplements should be avoided to decrease the risk of introducing microorgan-
isms [21].

ISPD guidelines recommend that PD patients apply topical antibiotic (mupirocin 
or gentamicin) cream or ointment to the catheter exit site daily. As mentioned above, 
space where PD is performed should be kept clean, dry, well-lit, and pet-free [21].
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Chapter 12
Peritoneal Dialysis in Acute Kidney Injury: 
Prescribing Acute PD

Daniela Ponce and André Luís Balbi

 Prescribing Acute PD

In the 1970s, acute PD was widely accepted for the treatment of acute kidney injury 
(AKI), but this practice has declined in favor of HD [1–5]. PD is frequently used in 
developing countries because of its lower cost and minimal infrastructural require-
ments [4–7]. However, in developing countries, the infrastructure for quality 
research is often lacking, meaning that there has been limited evidence on standard-
ized treatment regimens such as indications, dosing and technical failure, and 
mortality.

 Technical Aspects and Controversies

The use of PD in AKI is facilitated by placement of a Tenckhoff catheter which can 
be safely performed at the bedside by a nephrologist, radiologist, or surgeon. PD 
offers several advantages over HD, namely, technical simplicity and a lower risk of 
bleeding. The gradual and continuous nature of PD ensures that disequilibrium syn-
drome is prevented and that cardiovascular stress is minimal, which reduces the risk 
of renal ischemia and fluid-electrolyte imbalance [1–8].

Besides the classical indications (volume overload, electrolyte disorders, uremic 
symptoms, or acid-base disturbances), PD can also be used to maintain volume 
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control in patients with congestive heart failure (functional Class IV) and control 
hyperthermia and hypothermia. In the setting of natural disasters, when patients are 
at risk for AKI and damage to infrastructure makes access to electricity, clean water, 
and facilities for water treatment unavailable, PD has been described as an impor-
tant and lifesaving RRT modality [8–12].

The technique of fluid delivery in acute PD can increase the risk of peritonitis 
because there are significantly more connections and disconnections compared with 
the three to four exchanges in chronic continuous ambulatory PD. Using an auto-
mated cycler PD could minimize the number of connections, which reduces the risk 
of complications, including contamination. Nursing time is also reduced because all 
cycles occur automatically. Cyclers also offer tidal PD in which a small volume of 
fluid is left in the abdomen at all times, which may reduce mechanical complica-
tions and discomfort. Tidal PD also has the theoretical benefit of increased solute 
clearance because fluid continuously dwells in the peritoneal space, including dur-
ing the fill and drain portion of the cycle. Automated cyclers have been used exten-
sively for PD in AKI, but they may prove to be too expensive in low-resource 
settings.

The use of commercially produced PD solutions is recommended [13]. Although 
dialysate solutions are manufactured in a number of developing countries, their 
availability continues to be limited in many regions of the world. Because they are 
too heavy to be delivered by air, they often need to pass through several countries 
before they reach their final destination. As a result, a number of PD units produce 
their own solutions using a mixture of modified Ringer’s lactate and glucose, both 
of which are readily available in most hospitals. The potential risks are contamina-
tion and infection.

There has been much interest in the composition of dialysate or replacement 
fluid used for RRT in critically ill patients, in particular because patients with shock 
or liver failure may not be able to convert lactate to bicarbonate. In RCTs that com-
pare lactate-based replacement fluids versus bicarbonate-based replacement fluids 
for CRRT, patients randomized to bicarbonate-buffered solutions had more rapid 
correction of acidosis and less cardiovascular instability [14]. In PD, the evidence is 
limited to one small RCT that also showed that acidosis in patients with shock or 
liver failure was corrected significantly faster if bicarbonate-containing solutions 
were used rather than lactate-based fluids [15].

Standard PD solutions do not contain any potassium. As a result, a significant 
number of chronic PD patients develop hypokalemia (potassium <3.5 mmol/L) or 
require potassium supplementation, especially because hypokalemia is a risk factor 
for peritonitis and death in chronic PD patients [16]. In acute PD, potassium loss 
can be particularly high because each 2-L exchange has the potential to remove up 
to two times the serum potassium concentration. Such rapid potassium loss can be 
prevented or corrected by adding potassium to the dialysis solution [17].

We [1, 10, 17] demonstrated that control of serum potassium was obtained after 
a 1-day session of high-volume PD.  If the serum potassium fell to <4  mmol/L, 
potassium 3.5–5 mmol/L was added to the dialysis solutions. Strict adherence to an 
aseptic technique and attention to detail are important when adding fluids or drugs 
to the dialysis solution.
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It is also true that PD is not as efficient as extracorporeal therapy with respect to 
small solute removal per unit time. Lower efficiency can be observed in large and 
severely hypercatabolic patients, fluid removal can be unpredictable, there is always 
the risk of infection, and there are possible issues with mechanical ventilation [5]. 
PD is absolutely contraindicated in patients with recent abdominal surgery and rela-
tively contraindicated in patients with abdominal hernia, adynamic ileus, intra- 
abdominal adhesions, peritoneal fibrosis, or peritonitis. Table  12.1 shows the 
advantages and disadvantages of PD.

Since volume and solute removal is slow and unpredictable, PD is not as efficient 
as extracorporeal blood purification techniques for the treatment of emergencies 
such as acute pulmonary edema or life-threatening hyperkalemia [9–12, 18–21]. 
Another possible limitation of PD in AKI is that of associated protein losses which 
may aggravate malnutrition. Protein losses as high as 48 g/day have been reported, 
but some reports document maintenance of serum albumin levels [22–25]. Protein 
supplementation, either enteral or parenteral (1.5 g/kg/day), is recommended for 
AKI patients on PD [26, 27].

The high glucose concentrations in peritoneal dialysate may cause hyperglyce-
mia, even in nondiabetic patients. This is easily correctable through intravenous or 
intraperitoneal administration of insulin. Peritonitis occurring in patients with AKI 
using PD as a modality of RRT can lead to very poor outcomes, and older studies 
report a frequency as high as 40% [2, 3, 6]. With better catheter implantation tech-
niques and automated methods, the incidence of peritonitis has been reduced, and 
the risk of infection in PD is similar to other forms of extracorporeal blood purifica-
tion for AKI [2, 3].

Previous studies have reported that PD can increase intra-abdominal pressure 
(IAP), which leads to impaired diaphragm mobilization and decreased pulmonary 
compliance and ventilation, which may cause or worsen respiratory failure [26, 28]. 
However, PD is seldom the cause of ventilation impairment in patients without pul-
monary disease. Results from our group suggest increases in the pulmonary compli-
ance without changes in IAP in AKI patients treated with PD [29]. Recently, the 

Table 12.1 Advantages and disadvantages of peritoneal dialysis (PD) in acute kidney injury (AKI)

Advantages Disadvantages

Technically simple It requires intact peritoneal cavity with adequate 
membrane function

No need for expensive equipment It may not be adequate for severe acute pulmonary 
edema or life-threatening hyperkalemia

It avoids vascular access Infection (peritonitis) can occur
It ensures minimum blood loss Ultrafiltration and clearance cannot be exactly predicted
Biocompatible It can cause protein losses
Useful in all types of AKI It can cause hyperglycemia and hypernatremia
More rapid renal recovery It may impair respiratory mechanics
It provides continuous RRT and 
cardiovascular stability
Beneficial in select patient population
(children, heart failure, cirrhosis, 
bleeding diathesis)

Lactate buffer
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same group performed a prospective cohort study that evaluated 154 patients, 37 on 
continuous PD and 94 on HD [30]. Respiratory mechanic parameters such as pul-
monary static compliance (Psc), resistance of the respiratory system (Rsr), and oxy-
genation index (OI) were assessed for 3 days (pre- and post-dialysis moments). The 
initial clinical parameters were similar in the two groups, except for the older age in 
continuous PD group. In both groups, Psc increased significantly post- dialysis, with 
no difference between the two groups. Rsr remained stable among patients on con-
tinuous PD and decreased among HD patients. There was difference in Rsr between 
the two groups at the post-dialysis moments in days 1 and 2 (p = 0.03). OI increased 
in both groups, although there was no difference between them. IAP was evaluated 
only in patients treated by PD, and there was no increase during the treatment. We 
concluded that AKI patients undergoing IMV and HD or PD had statistical signifi-
cant improvement in the mechanical ventilation and oxygenation, with no differ-
ence between the two groups.

 Evidence and Guidelines

Recently, interest in using PD to manage patients with AKI has been increasing. The 
first question that must be asked is whether PD can provide adequate clearance in 
the treatment of AKI patients. Our study group, from the Botucatu School of 
Medicine, Brazil, demonstrated that with careful thought and planning, critically ill 
AKI patients can be successfully treated with PD [2, 10, 17, 31–33].

We assessed the efficacy of high-volume peritoneal dialysis (HVPD) in a pro-
spective study of 30 consecutive AKI patients [10]. PD was performed using a 
Tenckhoff catheter, 2-L exchanges, and 35–50-minute dwell times. The pre-
scribed Kt/V value was 0.65 per session, the duration of each session was 
24  hours, and a total dialysate volume of 36–44  L/day was used. HVPD was 
effective in the correction of blood urea nitrogen (BUN), creatinine, bicarbonate, 
and fluid overload. Weekly Kt/V was 3.8 ± 0.6, and the mortality was 57%. Five 
years later, we performed another prospective study on 204 AKI patients treated 
with HVPD (prescribed Kt/V = 0.60/session). Sepsis was the main cause of AKI 
(54.7%) followed by heart failure (24.7%). BUN and creatinine levels stabilized 
after four sessions to approximately 50 mg/dL and 4 mg/dL, respectively. Weekly 
delivered Kt/V was 3.5 ± 0.68 and the mortality rate was 57.3%. Older age and 
sepsis were identified as risk factors for death. Persistence of urine output, 
increases of 1 g/day in nitrogen balance (NB), and achieving 500 mL/day were 
associated with better prognosis [32].

UF after three sessions were identified as favorable prognostic factors. We con-
cluded that HVPD is effective in selected patients. However, if after three sessions 
UF is low or NB is negative, substitution or addition of HD should be considered. 
There were mechanical complications in 7.3% of AKI patients treated with HVPD, 
and 12% of patients had developed peritonitis. Change of the dialysis method 
occurred in 13.3% of patients because of refractory peritonitis or mechanical com-
plications (leakage or UF failure).

D. Ponce and A. L. Balbi



137

Dialysis dose adequacy in AKI is a controversial subject, and there are very lim-
ited data on the effect of PD dose on AKI. Solute clearance in PD is limited by 
dialysate flow, membrane permeability, and surface area in contact with dialysate. 
Exchanges of 2 L lasting approximately 1 hour can achieve a saturation of the spent 
dialysate in the range of 50%. This means that over 24 hours, a daily Kt/V of 0.5 can 
be achieved in a patient with a body weight between 60 and 65 kg [2, 8–10].

We performed a trial involving 61 septic AKI patients randomized to receive 
higher-intensity (n = 31) or lower-intensity (n = 30) PD therapy (prescribed Kt/V of 
0.8/session versus 0.5/session). The two groups had similar mortality after 30 days 
(55% versus 53%, p = 0.83). We demonstrated that increasing the intensity of con-
tinuous HVPD therapy does not reduce mortality and does not improve control of 
urea, potassium, and bicarbonate levels [27].

According to the International Society for Peritoneal Dialysis (ISPD) guidelines 
for PD for AKI, where resources permit, targeting a weekly Kt/V urea of 3.5 pro-
vides outcomes comparable to that of daily HD; targeting higher doses does not 
improve outcomes. This dose may not be necessary for many AKI patients, and 
targeting a weekly Kt/V of 2.1 may be acceptable [13].

Recently, Parapiboon et  al. [34] performed a study whereby 80 critically ill 
patients with AKI underwent PD. This was a randomized controlled trial comparing 
the two regimens recommended in the ISPD guidelines, aimed at achieving target 
weekly Kt/V of 3.5 and 2.1, respectively. Patients were randomized 1:1 to receive 
1.5 L of PD fluid using manual PD and a single-bag open system delivered either 
hourly (36 L/24 hours) or every 2 hours (18 L/24 h) for the first 48 hours. Following 
this, they could perform exchanges less often, based on metabolic parameters and 
fluid balance. Catheters were inserted by the nephrologist at the bedside and used 
immediately. Patients were excluded if they had severe hyperkalemia (> 6.5 mmol/L), 
were hypercatabolic, had CKD stage 5, were HIV-positive, or had had recent 
abdominal surgery or had a midline scar. Fluid balance and delivered dose were 
calculated on a daily basis. The primary endpoint was 30-day mortality, and second-
ary endpoints were dialysis dependence, metabolic control, peritonitis rate, and 
length of hospital stay.

The primary hypothesis was that intensive treatment would result in a 10% 
reduction in mortality. However, the number of patients needed to power this study 
was >700, and as such, it was underpowered for the primary endpoint. Mortality, 
however, was compared using Kaplan-Meier survival analysis.

The dropout rate was low, with one patient in the low-intensity arm changing to 
HD and two of the high-intensity patients being transferred to low intensity due to 
either hyperglycemia or hypokalemia.

Baseline characteristics were not significantly different between the two groups. 
However, it must be noted that as this study was performed in Asia, the mean body 
weight was low (60.1 kg ± 11.1) compared with that seen in other countries and the 
dwell volumes were low because of this. The patients were similar to those in the 
study by Ponce-Gabriel et al., with 88% on mechanical ventilation, 69% on inotro-
pic support, and a mean APACHE II score of 26 (10).

Seventy-five patients were included in the analysis. The achieved weekly Kt/V 
was 2.26 in the low-intensity group and 3.3 in the high-intensity group. There was 
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no significant difference in metabolic control although ultrafiltration was higher in 
the high-intensity group. The average glucose concentration in the PD fluid was not 
reported, making interpretation of the ultrafiltration results difficult. Peritonitis rates 
were similar between the two groups, and despite the use of an open PD system, the 
overall peritonitis rate was similar to that in the Brazilian study (10). The mortality 
was 72% in the high-intensity and 63% in the low-intensity groups (p = 0.18), sug-
gesting no advantage to the higher-intensity treatment. These results suggest there 
is unlikely to be any advantage in achieving a weekly Kt/V > 2.2.

The conclusion from these studies is that there is now objective evidence that the 
lower target and recommended dwell times published in the ISPD guidelines are suffi-
cient for treating AKI with PD and do not lead to inferior outcomes. This has significant 
implications for those low- and middle-income countries setting up acute PD centers, 
giving them the reassurance that large volumes of fluid are not necessary and, as such, 
acute PD is affordable and lifesaving [35]. Future studies should address whether differ-
ent ways of assessing the adequacy of PD treatment for AKI would be useful. The goal 
would be to better understand how best to ensure adequate dialysis and use this to base 
recommendations for treatment to maximize outcomes and minimize costs.

Another important question to consider is whether PD is comparable to other 
dialysis methods as it applies to AKI patients. The answer to this question is not 
straightforward. Current available modalities present advantages and disadvantages 
under specific circumstances, and these therapies should therefore be considered 
more of as a continuum rather than a series of modalities to be compared [13, 31–
37]. Few studies have compared PD with other dialysis methods in AKI patients, 
and there are conflicting findings with regard to efficacy and cost. An older study by 
Phu et al. [20] compared intermittent PD with continuous RRT and demonstrated a 
worse outcome in patients treated with PD. However, specific factors such as the use 
of rigid catheters, manual exchanges, too short dwell time (15 minutes), and no 
dialysis dose quantification likely were confounding factors.

A randomized study performed by our group in 120 AKI patients compared 
HVPD versus daily intermittent HD [31]. Baseline characteristics were similar in 
both groups, which included older patients (mean age >60 years), patients with a 
high APACHE II score, and patients using vasoactive drugs (>60%). Both RRT 
modalities achieved metabolic and acid-base control. Mortality did not differ sig-
nificantly between the two groups (58% versus 53%). Renal recovery was similar 
for both modalities, but HVPD was associated with a significantly shorter time to 
recovery (7.2 ± 2.6 versus 10.6 ± 4.7 days).

George et al. [36] performed a randomized study to compare continuous venove-
nous hemodiafiltration (CVVHDF) and PD in critically ill patients. No difference 
was observed in correction of metabolic parameters and fluid overload. Urea and 
creatinine clearances were higher, and fluid correction was faster with CVVHDF. The 
mortality rates in the two study groups were similar. Unfortunately, the procedures 
were performed at different technological levels to the detriment of PD, in which 
rigid catheters, locally available PD fluids, and manual exchanges were used.

In another prospective study, we compared the effect of HVPD against prolonged 
HD (PHD) on AKI patients’ outcome [38]. The PHD and HVPD groups were simi-
lar in gender, severity, and etiology of AKI. There was a trend toward statistical 
difference regarding the presence of sepsis (62.3% in PHD group versus 44.9% in 
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HVPD group, p = 0.054). Delivered Kt/V and UF were higher in PHD group, and 
there was no difference between the two groups in mortality and recovery of kidney 
function or need for chronic dialysis.

In 2013, a systematic review published by Chionh et al. [39] included 24 obser-
vational cohorts or randomized adult population studies (n = 1556 patients) on PD 
and in the setting of AKI. The primary outcome of interest was mortality. According 
to the authors, the overall methodological quality was low, and they concluded that 
there is currently no evidence to suggest significant differences in mortality between 
PD and extracorporeal blood purification in AKI and that there is a need for high- 
quality evidence in this important area.

In the most recent trial [40], Al-Hwiesh et al. compared 120 AKI patients ran-
domized to treatment with tidal PD or CVVHDF. It is important to note that high- 
volume tidal PD (25 L per session) and a more biocompatible PD solution were used 
in this study. The survival at 28 days was significantly better in the patients treated 
with tidal PD when compared to CVVHDF (69.8% vs. 46.8%, p < 0.01). Recovery 
of kidney function was also in favor of tidal PD (60.3% vs. 35.5%, p < 0.01).

We published the largest cohort study providing patient characteristics, clinical 
practice, patterns, and their relationship to outcomes in a developing country [41]. 
Its objective was to describe the main determinants of patient and technique sur-
vival, including trends over time of PD treatment in AKI patients.

For comparison purposes, patients were divided into two groups according to the 
year of treatment: 2004–2008 and 2009–2014. A total of 301 patients were included, 
though 51 were transferred to HD (16.9%) during the study period. The main cause 
of technique failure (TF) was mechanical complication (47%) followed by peritonitis 
(41.2%). There was a change in TF during the study period; patients treated during 
2009–2014 had a relative risk (RR) reduction of 0.86 (95% CI, 0.77–0.96) compared 
with patients treated between 2004 and 2008, and three independent risk factors were 
identified: period of treatment at 2009 and 2014, sepsis, and age >65 years.

During the study, there were 180 deaths (59.8%). Death was the leading cause of 
dropout (77.9% of all cases), mainly due to sepsis (58.3%), followed by cardiovas-
cular disease (36.1%). The overall patient survival rate was 41% at 30 days and 
patient survival improved along study periods. Compared with patients treated from 
2004 to 2008, patients treated at 2009–2014 had a RR reduction of 0.87 (95% CI, 
0.79–0.98). The independent risk factors for mortality were sepsis, age >70 years, 
Acute Tubular Necrosis Individual Severity Score (ATN-ISS) >0.65, and positive 
fluid balance. In conclusion, we observed an improvement in patient survival and 
TF between the two time periods, even after correction for several confounders and 
using a competing risk approach.

Table 12.2 shows the dialysis protocol technique, prescription, adequacy parameters, 
adverse events, and outcome in different and recent studies (last 12 years) on PD in AKI.

 Practical Aspects of Prescribing, Delivering, and Monitoring PD

We have prepared a flowchart of the practical aspects of prescribing, delivering, and 
monitoring the PD in AKI patients (Fig. 12.1).
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AKI + need for renal replacement therapy (RRT)

PD indication if:

peritoneal cavity is intact
patients is not hyperca tabolic

there is not acute pulmonary edema
there is not high potassium life-threatening situations
it can not impair respiratory mechanics (FIO2 < 70%)

there is not infection in abdominal wall

catheter flexible insertion bynephrology team

adequate resources

yes no

yes no

shock or live failure

bicarbonate

containing

dialysate

Prescribed Kt/V = 0.5 / session*
(high volume, continuous and automated PD)
1.5–21 1-1.5 hourly cycles
Consider change to 2-3 hourly cycles once
metabolic and fluid Controls are achieved

Prescribed Kt/V = 0.3 / session
target weekly Kt/V=2.1

1.5–21 2-3 hourly cycles

standard dialysate standard dialysate

After HVPD session (24h)

clinical evaluation
serum lab exam diary

urine and dialysate
lab exams once a week

calculations: delivered Kt/V* and nitrogen balance (NB)
once a week

PD should be replaced with or added of other RRT
after 3 sessions if:

UF is low than 500 ml/session or fluid balance is positive: Metabolic control is not achievied (BUN > 60 mg/dl)
 NB is negative
 Mechanical or infectious complications related to PD

PD should be interrupted when

recovery of renal function
(urine output > 1000 ml/24 h
and drop in creatinine and BUN values)

change of the dialytical method patient death more than 30 days
of follow-up

Fig. 12.1 Practical aspects of prescribing, delivering, and monitoring the PD in AKI patients
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 Conclusion

This chapter provided information not only supporting PD as an alternative to extra-
corporeal therapy for AKI but also discussing the targets to be addressed when 
using PD including adequate dose and metabolic and fluid control.

In conclusion, PD is a simple, safe, and efficient way to correct metabolic, elec-
trolytic, acid-base, and volume disturbances generated by AKI; it can be used as an 
RRT modality to treat AKI in developing and developed countries, either in or out 
of the intensive care unit setting. Furthermore, we have observed an improvement in 
patient and technique survival over the years even after correction for several 
confounders.
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Chapter 13
Prescribing Chronic Peritoneal Dialysis 
Therapy

Anjali Bhatt Saxena

 Introduction

Peritoneal dialysis (PD) is an effective and flexible modality of kidney replacement 
therapy. Many variations in the PD prescription exist, thus allowing patients to have 
individualized treatments based upon their lifestyle, residual kidney function, and 
clinical condition. In this chapter, we will review the different types of PD, how to 
prescribe an initial PD regimen, and the mainstays of PD prescription modification 
for prevalent patients. When prescribing PD, it is important to remember that 
patients may need several prescription modifications over their PD lifetime. Initially, 
most patients have residual kidney function and will do well with many prescrip-
tions. As dialysis vintage increases, the prescription must be refined to meet both 
solute clearance and ultrafiltration goals.

 Peritoneal Dialysis Modalities

There are two main types of peritoneal dialysis: continuous ambulatory peritoneal 
dialysis (CAPD) and automated peritoneal dialysis (APD). The main distinction 
between the two modalities is that the former utilizes only manual exchanges, 
whereas the latter incorporates the PD cycler in the regimen. In both CAPD and 
APD, several prescription variations exist (Table 13.1).
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The first main variation on the PD prescription is called intermittent PD (IPD). 
IPD can be performed using CAPD or APD, i.e., it can be done with all manual 
exchanges or by using the cycler for exchanges. IPD should usually be reserved for 
patients with residual kidney function. Three types of IPD can be described, what 
we will term IPD types 1, 2, and 3. In IPD type 1, the patient receives continuous 
exchanges for a period of several days, followed by a time of rest (Fig. 13.1). IPD 
type 1 is uncommon, but it can be useful in the following settings: a hospitalized 
patient, patients needing dialysis but not yet trained for home, or patients with acute 
kidney injury (AKI), particularly in resource-poor settings where hemodialysis is 
not readily available. IPD type 2 can be described as multiple exchanges per day 
(either manually or via cycler) with a dry period of at least several hours during each 
24-hour period; the dry period can be at night or during the day (Fig. 13.2). One 
example of IPD type 2 is nocturnal intermittent PD (NIPD), a PD regimen that 
involves nighttime dwell(s) with a dry day. NIPD can be performed manually (one 
manual exchange at bedtime followed by a drain in the morning) or using the cycler 
(connection to the cycler at bedtime, with several cycler exchanges during the night 
followed by cycler drain in the morning without a last fill) (Figs. 13.3 and 13.4). 
NIPD is useful not only in patients with residual kidney function but also in those 

Table 13.1 PD prescription variations

Continuous ambulatory PD (CAPD)
  Intermittent PD
   PD exchanges during all or part of the day, dry night
   PD exchanges on some days of the week, with certain days off of PD
  Nocturnal intermittent PD (NIPD)
   Nightly PD dwells, dry day
Automated PD (APD)
  Nocturnal intermittent PD (NIPD)
   PD at night with the cycler, dry day
  Intermittent PD (IPD)
   PD only some days of the week
    Nightly cycler treatment with only part of the day on PD, some portion of the day 

dwell-free
  Continuous cyclic PD (CCPD)
    Cycler at night with a last fill at the end of the cycler regimen, all day dwell until nighttime 

connection to cycler
  High-dose CCPD or CCPD+
    Cycler at night, with one or more daytime exchange (either manually or using the cycler)
  Tidal PD
    Cycler at night, each cycler drains an incomplete and designated portion of the fill volume 

in order to leave a “buffer” amount of PD fluid in the peritoneum; the last drain is usually 
complete

   Can be used as an NIPD, CCPD, or CCPD+ regimen
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uses:

hospitalized patient, needing dialysis but not yet trained for home 

inability to do PD at home (older era, developing areas)

AKI

can be manual or cycler based

day 1 day 2 day 3…

frequency of exchanges varies

continued for a few days then stopped

IPD TYPE 1

Fig. 13.1 IPD type 1

IPD TYPE 2

uses:

o new patient, needing dialysis but not yet trained

o urgent start PD

o post − abdominal surgery 

o incremental PD

o manual or cycler based

day 1

~ 3 - 8 exchanges (day or night)

day 2 or day 3 continued for several days

continued…

Fig. 13.2 IPD type 2
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with a small hernia, particularly while awaiting surgical repair of the hernia. Another 
example of IPD type 2 is in urgent-start PD or postabdominal surgery, situations in 
which a patient undergoes multiple supine exchanges, either at night at home or 
during the day in the clinic, followed by a dry period. Low-volume supine PD in the 
postoperative period reduces the risk for peri-catheter leaks [1, 2]. The urgent-start 

IPD Type 2, NIPD

NIGHT DAY

uses:

Incremental PD: patients with significant residual renal function (RRF)

hernia (with RRF)

can be done with or without cycler at night

NIGHT DAY…

Fig. 13.3 IPD type 2, NIPD

CCPD
with short day dwell

DAY

uses:

minimize daytime discomfort 

hernia

schedule considerations (working, exercise, travel, etc.)

patients with residual renal function (RRF) 

patients with high (fast) membrane transport status requiring short 

dwells (+RRF)

day 1 day 2

continued…

NIGHT NIGHTDAY DAY NIGHT

Fig. 13.4 CCPD with short day dwell
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PD/postabdominal surgery PD regimen is described in more details below. Finally, 
IPD type 3 can be described as PD performed all or part of the day, either CAPD or 
APD, for fewer than 7 days a week. As noted above, all of the IPD prescriptions are 
best suited for patients who have residual kidney function. The presence of residual 
kidney function allows PD patients to undergo what is called incremental PD, 
described below.

The second main variation on the PD prescription is continuous PD, a term that 
essentially refers to the point that the peritoneum is continuously in contact with PD 
fluid 24 hours a day, 7 days a week. Continuous PD can be done with CAPD (three 
to five manual exchanges every day) or APD (nighttime cycler with last fill in the 
morning, with or without a daytime exchange) (Figs. 13.5, 13.6, and 13.7). Most 
patients worldwide start PD with a continuous regimen although the incremental or 
IPD prescriptions are gaining popularity of late in those incident patients who have 
residual kidney function. Patients without residual kidney function should be on 
continuous PD prescriptions because middle-molecule clearance is highly dwell 
time-dependent and these patients need a long dwell sometime throughout the 
24-hour day for this purpose once their native kidneys can no longer perform this 
function [3].

Tidal PD is another variation on the PD regimen. Tidal PD is typically used with 
APD (cycler) therapy. Its main use is to alleviate drain pain in those patients on APD 
who experience pain during peritoneal drainage with the cycler. The idea of tidal PD 
is to leave a small buffer of PD fluid constantly in the peritoneum during the cycler 
therapy, therefore allowing the catheter to “float” in the PD fluid to avoid the cath-
eter moving adjacent to intraperitoneal organs and causing pain during drains. A 
pictorial description of tidal PD is shown in Fig. 13.8. With tidal PD, the patient 

CAPD

NIGHT DAY

uses:

incident PD patients 

patients with low (slow) membrane transport status

PD in areas without cycler availability

PD patients who prefer manual PD to cycler (e.g.)

NIGHT DAY…

Fig. 13.5 CAPD
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connects to the cycler at the initiation of PD as usual. The full inflow volume is 
instilled for the first inflow. Thereafter, for each drain period, only a portion of the 
initial inflow volume is drained, and the same volume is instilled for the next inflow. 
Typically tidal PD prescriptions will allow 5–20% of the initial inflow volume to 
remain intraperitoneally between each exchange. In other words, after the initial 
inflow, the subsequent drains will drain between 80 and 95% of the initial inflow 
volume (and the subsequent inflow volumes will be of the same volume). At the end 

CCPD

DAY

uses:

maintenance (chronic )PD

day 1 day 2

continued…

NIGHT NIGHTDAY DAY NIGHT

Fig. 13.6 CCPD

CCPD+
a.k.a. high-dose CCPD

DAY

uses:

maintenance (chronic )PD

patients with high (fast) membrane transport status who need 

shorter day dwells

patients requiring higher PD volumes to achieve adequate solute 

clearance

day 1 day 2

continued…

NIGHT NIGHTDAY DAY NIGHT

Fig. 13.7 CCPD +, aka high-dose CCPD
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of the cycler therapy, in the morning, a full drain will usually occur. It is not recom-
mended to prescribe less than 80% drain volume with tidal PD due to the risk of 
increased intraperitoneal volume in the case of incomplete drains during the 
nighttime.

 Basics of the PD Prescription

There are two main goals of PD: solute clearance and fluid removal. Diffusion is the 
mechanism responsible for the majority of small solute transport from the blood 
into the peritoneum, although convection plays a smaller role in small solute clear-
ance and may contribute more to middle-molecule clearance. Fluid removal occurs 
via osmosis due to the osmotic gradient between the blood and the peritoneal fluid 
in the peritoneal cavity. Both diffusion and fluid removal (or ultrafiltration) require 
time to occur, termed the dwell time. A review of the physiology of PD can be found 
in Chap. 2, Physiology of Peritoneal Dialysis. Dwell time is part of the PD prescrip-
tion, as is the type of PD fluid to be used, i.e., what percent dextrose solution (1.5%, 
2.5%, or 4.25% dextrose or icodextrin) in order to optimize ultrafiltration for a 
particular patient. Typically the dwell time will not change on a day-to-day basis, 
but the PD fluid type might change depending on the fluid status of the patient.

 Initial Prescription

The initial PD prescription should take into account several factors: lifestyle prefer-
ences, patient size, residual kidney function, type of PD desired, and fluid status, 
among others. One of the most important factors to consider when deciding upon an 

TIDAL PD

DAY

uses:

drain pain

minimizing down time with a poorly draining catheter

day 1 day 2

continued…

NIGHT NIGHTDAY DAY NIGHT

Fig. 13.8 Tidal PD
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initial PD prescription is the patient’s lifestyle. One of the main benefits of PD over 
in-center hemodialysis (HD) is that it affords the patient a more flexible schedule 
and also can disrupt their daily schedule to a lesser degree than in-center 
HD. Therefore, it is of upmost importance that a full interview is conducted with 
patients prior to PD initiation, in order to determine what type of PD schedule would 
suit them best. For example, a mother of young children who needs to get up mul-
tiple times during the night to attend to her children might fare better on CAPD than 
APD, since with the latter she would be tethered to the dialysis cycler throughout 
the night. Alternatively, a patient who wishes to continue working during the day 
would fare better on APD, so that she can receive her dialysis at night and be free of 
the need for midday exchanges.

Patient size is also a main determinant of the PD prescription. The total volume 
of dialysate required per day can, in part, describe the total dialysis dose. Smaller 
patients will need less total dialysate volume per day to adequately remove uremic 
toxins than larger patients. The following equation can be used to estimate the total 
daily dialysate volume a patient needs to meet the minimum desired peritoneal 
Kt/Vurea target:

 
Kt V D P V/ / /urea ureah drain volume time� �� ��24

 
(13.1)

In this equation, drain volume (DV) is the summation of the total number of liters 
of dialysis instilled per day plus the daily ultrafiltration volume. D/Purea refers to the 
dialysate to plasma ratio of urea at the end of a typical dwell time or, in other words, 
how much of the dialysate is saturated with urea. In most patients, D/Purea after a 
4-hour dwell is at least 90% or 0.9. Time is 7 days since, by convention, Kt/Vurea is 
reported as a weekly number. Finally, V refers to the volume of distribution of urea, 
which is considered equivalent to the total body water (TBW) volume. It can be 
determined by using standard TBW formulae such as the Watson formula [4]:

For males:

 
Total Body Water TBW age height� � � � � � � �2 447 0 09156 0 1074 0 33. . . . 662�weight

 

For females:

 TBW height weight� � � � �2 097 0 1069 0 2466. . .  

Numerous online calculators are available to help determine volume distribution 
of water or urea. An example of how to use Eq. 13.1 above in determining an initial 
prescription can be found in Table 13.2.

A note should be made that the Watson formula for TBW can yield inaccurate 
results when used in obese patients. Fat mass does not contain much water and is 
unlikely to be a source of body-mass producing toxins; therefore, the estimation of 
the volume of distribution of urea (Vurea) in obese patients would be overestimated 
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when using the Watson formula (which includes body weight in its calculation). 
When V (or TBW) is overestimated, the dialysis dose must be higher than when V 
is not overestimated to meet set Kt/Vurea targets, and this can lead to the following 
consequences: (1) increased amount of daily dialysate needed to meet targets, lead-
ing to (2) increased glucose exposure to the peritoneum, (3) increased burden of 
therapy due to increased fill volumes or increased number of exchanges per day, and 
(4) increased cost of therapy. An alternative to using the actual body weight is the 
use of the ideal (standard) body weight or a compromise between the two. 
Unfortunately, little data exists to support this practice, and there are no data yet 
comparing outcome and Kt/Vurea using actual vs. ideal body weight. A second alter-
native for determination of TBW is the use of bioimpedance spectroscopy. A discus-
sion of the use of actual vs. ideal body weight or the use of bioimpedance is out of 
the scope of the current review.

Residual kidney function can and should be accounted for in the initial PD pre-
scription. The amount of PD fluid needed to meet solute clearance targets can be 
reduced in a patient with significant residual kidney function, with the benefit of less 
exposure of bioincompatible dialysate with the peritoneal membrane, and achieve-
ment of clearance targets while receiving less onerous and less costly lower clear-
ance prescriptions. Additionally, studies have suggested that incremental PD can 
help maintain nutritional health, increase the amount of free time off of PD, and 
perhaps lead to slower decline in residual kidney function over time [5–7]. A full 
discussion of incremental PD can be found in Chap. 21.

The other component of the PD prescription aside from solute clearance involves 
ultrafiltration. The PD dialysate can be prescribed at different osmotic strengths 
(i.e., 1.5%, 2.5%, or 4.25% dextrose) in order to obtain optimal ultrafiltration vol-
umes. As described in the chapter on PD physiology, the higher the dextrose con-
centration in the PD fluid, the higher the osmotic gradient, which in turn leads to 
more ultrafiltration. In general, a good practice is to prescribe or teach patients to 
use the lowest dextrose concentration needed to achieve desired ultrafiltration 

Table 13.2 Sample PD prescription

49 years old male: 70 kg, height 163 cm, anuric
  V = 39 L (using the Watson formula)
  Goal weekly peritoneal Kt/Vurea = 1.7
  Goal daily peritoneal Kt/Vurea = 1.7 ÷ 7 = 0.24
Daily Kt/Vurea = [(24 h drain volume * D/P urea) * time] ÷ V
  0.24 = [(24 h DV * D/Purea) * time] ÷ V
  0.24 = [(24 h DV * 0.9) * 1 day] ÷ 39 L
  24 h DV * 0.9 = 0.24 * 39 L
  24 h DV = (0.24 * 39 L) ÷ 0.9
  24 h DV = 10.4 L daily
The patient needs 10.4 L daily of combined inflow volume and UF per day
Assuming he needs at least 1 L daily UF to stay euvolemic, he would need 9.4 L daily of inflow 
volume divided throughout the day
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targets because higher dextrose concentration fluids are associated with a greater 
risk for long-term failure of the PD membrane [8]. Icodextrin is a colloid solution 
that creates a slow and sustained ultrafiltration profile; it should only be used for 
long dwells (8+ hours), particularly in those patients who are high (rapid) transport-
ers based on the PET or 4-hour D/Pcreat test.

 Prescription Modification

As described in the introduction, most incident PD patients will do well with most 
all PD prescriptions, mostly because they have residual kidney function to assist 
with solute and water clearance. Nevertheless, the initial prescription should be 
evaluated approximately 4 weeks after the initiation of PD, and the initial evaluation 
should include an assessment of solute clearance (Kt/Vurea, ultrafiltration volume, 
24-hour urine volume, and residual kidney function including weekly renal Kt/Vurea). 
The International Society for Peritoneal Dialysis (ISPD) guidelines have recom-
mended a target total weekly Kt/V (urine + peritoneal) of 1.7 [9]. Additionally, the 
initial Peritoneal Equilibration Test (PET) should be performed at this time to deter-
mine the membrane transport type of the patient. As long as a patient is meeting 
solute targets due to a combination of peritoneal and renal Kt/Vurea clearances, the 
patient should have regular 24-hour urine collections to determine the renal Kt/Vurea 
component to their total Kt/Vurea. We recommend urine testing at the minimum of 
every 4 months but preferably every 3 months in these cases. Once the daily urine 
volume is less than 100 mL, 24-hour urine collections can cease, and solute targets 
can be measured with peritoneal Kt/Vurea only.

PD patients should be seen regularly to evaluate clinical parameters such as clini-
cal signs of uremia and volume disturbance. The necessary frequency of visits will 
vary based upon patient’s dialysis vintage (incident patients may benefit from more 
frequent visits until they are deemed to be clinically stable), dialysis efficacy and 
clinical stability, and local- or country-specific requirements regarding dialysis 
patient care. Regarding inadequate solute clearance, the most efficient method of 
increasing solute clearance is to increase inflow volumes. Increasing contact 
between the peritoneal membrane and the peritoneal fluid has been shown to be 
more effective in increasing solute clearance than increasing the frequency of 
exchanges. With both CAPD and APD, it is possible to gradually increase inflow 
volumes in quantities of 200–250 mL per exchange per week, until the required 
inflow volume is achieved.

Ultrafiltration targets are patient-dependent and based upon the patient’s fluid 
status as well as their peritoneal membrane transport status. Having PET data avail-
able greatly enhances the ability to prescribe the correct dwell time duration as well 
as the percent dextrose solution (or icodextrin) needed for the patient. As a general 
rule, high transporters will need shorter dwells in order to optimize ultrafiltration 
volumes, whereas low transporters can ultrafilter quite well with longer (e.g., 
4 hours) exchanges. There is no hard and fast rule that a low transporter needs to be 

A. B. Saxena



157

on CAPD – it is quite possible to have a low transporter use the cycler for two to 
three exchanges during the night, followed by either no last fill (if they have signifi-
cant residual kidney function) or a last fill, as needed. On the other hand, most high 
transporters will fare better with cycler therapy overnight and either a dry day (if 
they have significant residual kidney function) or if they don’t have significant 
residual kidney function a last fill with either icodextrin for the long day dwell or a 
last fill with dextrose and a midday exchange in order to avoid fluid absorption.
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Chapter 14
Urgent-Start Peritoneal Dialysis

Arshia Ghaffari and Win Win Hlaing

 Background

Peritoneal dialysis (PD) and hemodialysis (HD) are considered complementary 
therapies that provide similar clinical outcomes for patients with end-stage kidney 
disease (ESKD) [1–7]. PD has several advantages over in-center HD including pres-
ervation of vascular access sites, maintenance of residual kidney function, increased 
likelihood to maintain employment, and lower therapy cost [8]. Yet, while in coun-
tries with a “PD-first” policy up to 80% of ESRD patients are on PD, only about 
10% of the worldwide dialysis population is on PD [9, 10].

This variability in PD utilization is multifactorial and involves complicated infra-
structural, financial, policy, and resource issues. However, a common problem in 
places with low PD penetration is that most patients (up to 75%) start dialysis sub-
optimally without established dialysis access [11–13]. While there have been efforts 
to optimize pre-dialysis education, promote preemptive dialysis access creation, 
and improve planning for transition to kidney replacement therapy (KRT), these 
efforts have largely been unsuccessful. In the United States, despite CMS (Centers 
for Medicare & Medicaid Services) incentives to provide pre-dialysis education 
when patients have chronic kidney disease (CKD) stage 4, the percentage of patients 
initiating dialysis with a central venous catheter (CVC) has not changed in the past 
20 years [11].

Historically, before HD was readily available, PD was commonly used as an 
acute dialysis modality in hospitalized patients (see chapter on acute PD). Moreover, 
emergent PD for acute and chronic dialysis needs remains commonplace in 
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pediatrics as well as in countries with limited access to HD [14]. Yet, even if exper-
tise exists, there remain many barriers to PD initiation in patients with an unplanned 
start. The advent of modern HD technology and ability to obtain rapid dependable 
temporary HD access has resulted in HD winning out as the favored therapy in the 
urgent or emergent setting. Consequently, the infrastructural requirements and 
expertise to directly place patients without an established plan onto PD does not 
readily exist in most centers. Furthermore, when patients “crash” into dialysis and 
are started on in-center HD, often without choice, the likelihood of transitioning to 
PD later in the course of their care is unlikely [15].

It is abundantly clear that patients starting dialysis with a CVC have significantly 
worse outcomes as compared to patients starting dialysis with an established arte-
riovenous fistula, graft, or PD catheter (PDC) [16]. CVCs are associated with a high 
risk of infectious, cardiovascular, and access-related complications. The overall 
mortality rate is considerably higher (up to 40%) in the first 3 months after starting 
HD with a CVC, and a higher mortality rate persists even after transition to a per-
manent access [17–20].

Over the past 20  years, in an effort to avoid CVCs while increasing patient 
choice, multiple investigators have demonstrated that early initiation of PD after PD 
catheter implantation is a safe, effective, and feasible in unplanned patient starts 
[21–25]. As part of a movement to implement urgent-start PD programs, protocols 
have been developed to safely transition late-presenting patients onto PD without 
having to wait 2–4 weeks after PD catheter implantation [26]. In this chapter, we 
will define urgent-start PD, discuss how urgent-start PD is completed and outcomes, 
and provide information about establishing urgent-start PD programs.

 Urgent-Start PD: Definition and Candidacy

There are varying definitions of urgent-start PD in the literature. The predominant 
definition is initiation of PD exchanges less than 2 weeks after PD catheter insertion 
in patients with newly diagnosed ESRD who do not have a plan for kidney replace-
ment therapy [26]. The 2-week timeline is based on the historical surgical recom-
mendation not to utilize the PD catheters prior to 2 weeks after implantation [27]. In 
practice, most urgent-start PD patients are initiated on PD exchanges within 
4–5 days after PD catheter insertion, with some studies reporting emergent-start PD 
immediately after PD catheter placement. Some investigators have suggested limit-
ing the term “urgent-start PD” to those needing dialysis in less than 72 hours while 
utilizing the term “early-start PD” for those needing dialysis between 72 hours and 
14 days [28]. Conversely, in our experience, if a patient has an emergent indication 
for dialysis (severe hyperkalemia, pulmonary edema, overt uremia), we utilize HD 
or continuous renal replacement therapy (CRRT) with a temporary CVC.  Once 
stable, we then evaluate for PD candidacy and allow for transition to urgent-start PD 
and removal of CVC to limit exposure to CVCs [26].
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Potential candidates for urgent-start PD include patients with GFR 3–10  ml/
min/1.73 m2 with no absolute contraindications or unresolvable barriers to PD and 
with no emergent need for dialysis. Absolute contraindications are similar to con-
ventional start. When contraindications are correctable, we make sure to address 
them to allow patients the opportunity for PD.

Identifying appropriate urgent-start PD candidates increases the likelihood of 
both short-term and long-term PD technique success [29, 30]. Although patients in 
urgent need of dialysis may have a difficult time making decisions about compli-
cated dialysis options, focused options education, with family involvement helps 
facilitate understanding and decision- making. Education can be provided by the 
nephrologist, renal case worker, dialysis nurse, social worker, or dedicated renal 
educator. Education should be unbiased and provided at a grade school level.

PD candidacy evaluation should be incorporated into the education. A checklist 
of questions to screen candidacy helps identify potential barriers [26]. The two main 
areas to screen include social barriers (home condition/cleanliness, space for dialy-
sis supplies, access to toilet and sink, family support) and medical barriers (func-
tional capability/disability, abdominal surgeries, psychiatric disorder, memory 
problems, hearing and vision impairment). Although the patient has the ultimate 
choice in modality of dialysis, a provider recommendation about what dialysis 
option is helpful in guiding decision-making.

 Urgent-Start PD: How Is It Accomplished?

Once a patient presents with advanced CKD in need of urgent dialysis initiation, 
urgent-start PD involves having a process to evaluate the patient for PD candidacy, 
establish rapid PD access, and assist with the transition of patient onto PD in a safe 
manner (Fig. 14.1).

Depending on surgical expertise and patient comorbidities, PD catheter place-
ment can be arranged as an either inpatient or outpatient. The preferred method for 
PD catheter placement in conventional-start PD has been laparoscopic placement 
with concomitant correction of hernias, redundant omentum, epiploic appendages, 
or adhesions [31, 32]. However, in the setting of urgent-start PD, while this approach 
may provide the best long-term catheter outcomes, it may be challenging as it 
requires a skilled surgeon and an available operating room with the appropriate 
equipment. Additionally, common comorbidities in ESRD patients may result in the 
need for anesthesia (and sometimes cardiac) clearance which may delay the 
procedure.

Surgical techniques utilizing local anesthesia or percutaneous approaches to PD 
catheter placement have been well studied and deemed to have similar short-term 
outcomes to laparoscopic PD catheter placement [33–39]. Interventional nephrolo-
gists and radiologists with appropriate expertise can place dual-cuff PD catheters 
without requirement for general anesthesia and therefore do not require pre- 
procedure anesthesia or cardiac clearance. The disadvantage of the percutaneous 
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approach is that it is difficult to perform in the very obese and in patients with prior 
major abdominal surgeries.

Once the catheter is placed and deemed functional, the decision needs to be made 
how soon the patient can start nurse-assisted exchanges [26]. If the patient requires 
immediate dialysis initiation, low-volume recumbent PD exchanges either manu-
ally or via a cycler in the inpatient setting are initiated with the assistance of a nurse 
(depending on center expertise and equipment availability). If there is no immediate 
need, the patient can be discharged with follow-up in the PD clinic within 
24–48 hours. Upon arrival to the PD clinic, the PD nursing staff complete an assess-
ment as to the need for urgent-start PD [26]. If the patient meets the criteria for 
dialysis initiation, the physician is informed, and nurse-assisted, supine, low- volume 
exchanges are initiated at the peritoneal dialysis clinic.

The specific prescription for urgent-start PD depends on the degree of residual 
kidney function, patient size, and other clinical parameters such as uremia, volume 
status, and degree of hyperkalemia and acid-base derangements. If the patient is not 
overtly uremic, intermittent PD (alternating days), with dry days in between, are 
started to theoretically allow tissue ingrowth into the catheter cuffs. However, if the 

Once training completed, discharged home on full volume CADP or CCPD

PD training begins on non-dialysis days in week 2

Patient receives in-center low-volume recumbent IPD based on protocol-based prescription for two weeks        
(or until ready for discharge home)

Initial dialysis schedule determined

Inpatient management can occur is has other reasons for 
hospitalization

Transferred to outpatient unit for initiation if no need for 
hospitalization

Patient referred for rapid PD catheter placement

Kept NPO and anticoagulants 
held

Pre-op antibiotics ordered
Pre-catheter instructions given 

to patient
Catheter is placed within 24-48 

hours 

Patient presents with advanced CKD without a plan for dialysis 

Receives rapid modality 
education Determined if PD candidate

Recommendation made to 
initiate PD

Patient agrees with urgent-
start PD

Permission Requested From Peritoneal Dialysis International. PMID 24335123

Fig. 14.1 Urgent-start PD flow demonstrating steps from patient presentation until discharge home
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patient has more overt uremia or volume overload, daily therapy can be imple-
mented. Most protocols involve four to eight cycles of low-volume exchanges (usu-
ally 750–1250  ml) over a 6–8-hour period. Fill volume can be increased by 
250–500 ml per exchange per week [26, 40].

All exchanges should be performed with the patient in the supine or semi-supine 
position to minimize increase in intra-abdominal pressure and pericatheter leaks. 
The abdomen should be left dry during the ambulatory period in the initial 2 weeks. 
While urgent-start PD can be accomplished by manual exchanges, automated PD 
minimizes the work burden on the nursing staff and catheter manipulation.

During the first week of therapy, videos are utilized to provide patients with pas-
sive learning while receiving PD treatments. During the second week, training is 
started and usually completed in the third to fourth week. When training is nearing 
completion, a home visit is done to make sure the home is ready for PD therapy. If 
deemed appropriate, supplies are ordered, and patients are sent home on self-care 
home PD at full volume, much like a conventional-start PD patient.

It should be noted that during the urgent-start period, the prescribed regimen is 
focused on controlling uremic symptoms and achieving volume and electrolyte con-
trol. The aim is not to achieve a specific Kt/V target. Specific clearance targets can 
be considered once the patient is on a home PD regimen.

 Establishing an Urgent-Start Program

Establishing the infrastructure prior to attempting to initiate patients on urgent-start 
PD is essential to program success [40]. Urgent-start PD requires coordinated care 
among multiple disciplines. Aside from patient education and selection, the abilities 
to achieve rapid PD catheter placement, cultivate nursing support, and secure 
administrative backing are critical parts of any program.

Rapid PD catheter placement is the rate-limiting step in any urgent-start pro-
gram. Regardless of the method of catheter placement, there must be a commitment 
by the surgical team to place catheters within 24–48 hours of request and to manage 
catheter complications as needed in a timely manner.

Experienced nurses are preferred to manage medically challenging patients. 
Nurses should become familiarized with urgent-start concepts of low-volume 
recumbent PD as well as potential complications. Specific protocols in managing 
patients and complications in the urgent-start period are helpful in standardizing 
practice.

Administrative support, both at the hospital and clinic levels, should include pro-
vision of adequate PD expertise, supplies (catheters, cyclers, solutions, and chairs), 
space, and staffing. Training of nurses and ancillary staff on concepts of urgent-start 
PD is imperative to program success.
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 Studies to Support Early PD Initiation

Before the advent of formal urgent-start PD programs, multiple studies evaluated 
the effect of initiating PD exchanges prior to 2 weeks after PD catheter placements 
(Table 14.1) [21–25]. Immediate full-volume PD exchanges after PD catheter place-
ment was demonstrated to be feasible without increased risk for pericatheter leak or 
migration if a purse-string suture was placed at the internal cuff [21]. This was fur-
ther supported in another study demonstrating less than 5% incidence of pericathe-
ter leak or outflow failure with early initiation of PD (within 6  days of catheter 
placement) [22].

The first report that resembled modern urgent-start PD was by Povlsen and 
Ivarsen in which automated PD was started in a protocol-driven manner less than 
24 hours after open surgical PDC placement [23]. Fill volumes were 1200–1500 ml 
based on body weight (<60 kg or >60 kg). This retrospective study demonstrated 
that as compared to planned start patients, the urgent-start PD group had similar 
3-month technique survival, no difference in infectious complications, but had a 
significantly higher mechanical complication rate (28.9% versus 7.7%, P < 0.02).

Lobbedez et al. in an observational study compared hospitalizations and patient 
survival for 34 unplanned start PD patients as compared to 24 unplanned start HD 
patients with follow-up out to 1 year [24]. The median time to PD initiation was 
4  days. Initial hospitalization duration, survival-free of hospitalization at 6 and 
12 months, mean duration of hospitalization, and adjusted 1-year survival were no 
different between the two groups.

In the largest study, Yang reviewed early start of incremental PD in 226 patients 
with 84 late-start PD patients with regard to catheter-related complications within 
6  months of catheter insertion [25]. In the early group, PD was started in 
2.0 ± 2.7 days, whereas in the late group, PD was started 41 ± 43 days. Overall 
complications were no different between the two groups.

However, it should be noted that these studies were hospital-based without a 
distinct urgent-start PD structure. Therefore, although they provided data that early 
initiation of PD is feasible without overt complications, they were considerably dif-
ferent compared to how we define and apply urgent-start PD currently.

 Contemporary Urgent-Start PD Studies

Since 2010, multiple newly formed urgent-start PD programs worldwide have pub-
lished their experiences (Table  14.2). Unfortunately, these studies are predomi-
nantly observational, lack satisfactory control groups, and are mostly single-center. 
Nonetheless, the overall trend of results allows understanding of potential outcomes.

In 2012, as part of a quality improvement report, we shared our initial experience 
with urgent-start PD [26]. In this report, we compared 90-day outcomes of our 
urgent-start PD population to conventional-start PD patients comparing 
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dialysis-related outcomes, PD-related infections, and catheter-related complica-
tions. We demonstrated that dialysis-related outcomes (Kt/V urea, hemoglobin, 
parathyroid hormone, phosphorus, albumin) and infections (peritonitis and exit site) 
were no different between the urgent-start and conventional-start PD groups. We 
noted a higher rate of minor and major leaks in the urgent-start PD group, but these 
differences were not statistically studied due to the low number of events. We shared 
our protocols as part of a supplement to the study.

Casaretto et al. in an observational study of 11 private practice patients demon-
strated that in a program with laparoscopic PDC placement with PD initiation in 
less than 48 hours, the 90-day technique survival was 91% (1 patient transplanted) 
[41]. No infectious or other complications were noted. Masseur et al. further sup-
ported these findings by demonstrating in 81 patients in a large private practice 
group that 90-day technique survival was 92.6% [42]. In another single-center pro-
spective observational study, Alkatheeri demonstrated a minor pericatheter leak rate 
of 10%, catheter migration rate of 20%, and low peritonitis (1:319 patient months) 
and exit-site infection rates (1:159 patient months) [43]. Technique survival at 
90 days was 93.3% and 80% at the end of the study (median follow-up 201 days).

In an Australian single-center matched case control study, urgent-start PD 
patients were matched 1:3 with conventional-start PD patients based on age and 
diabetic status [44]. The urgent-start PD group started PD on average 4 days (1–7) 
after PDC placement as compared to 40 days (25–70) for the conventional-start PD 
group. Initial fill volumes were 1.0 liter for the urgent-start PD group as compared 
to 2 liters for the conventional-start PD group. Leaks within 4 weeks of catheter 
placement were higher in the urgent-start PD group (12% versus 1%, P = 0.047). 
Catheter migration within 4 weeks of PD commencement was also higher in the 
urgent-start PD group (12% versus 1%, P = 0.047). There was no difference in cath-
eter blockage, exit-site infections, or peritonitis episodes. While certain catheter- 
related complications were higher in the urgent-start PD groups, this did not seem 
to impact technique survival or peritonitis-free survival.

While most studies have been single-center, a small multicenter study of 81 
urgent-start PD patients was completed in 22 PD centers of a large dialysis organi-
zation [45]. Twenty-one patients starting PD within 48 hours were subclassified as 
emergent starts, while the rest were deemed non-emergent. Comparing outcomes, 
52% of the emergent group and 33% of the nonemergent group had mechanical 
complications. Leaks occurred in 10% of the emergent group while only in 3% of 
the non-emergent group. Both groups had about the same rate of drain problems 
(emergent, 10%; non-emergent, 12%). During the 1-year follow-up, overall tech-
nique failure was 26%, and there were no deaths.

Another larger propensity-matched study of 690 urgent-start PD patients com-
paring mortality, hospitalizations, and infections and comparing urgent-start PD to 
urgent-start HD and planned PD has been completed but not published. Data pre-
sented in abstract form demonstrated that as compared to planned PD, urgent-start 
PD had no significant difference in mortality (IRR 0.96; CI 0.52–1.79; p = 0.91) or 
infections (IRR 1.44; CI 0.88–2.36; p = 0.15) but a 45% higher rate of hospitaliza-
tions (IRR 1.45; CI 1.13–1.87; P  =  0.004). As compared to urgent-start HD, 
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urgent- start PD has a 51% lower short-term mortality (IRR 0.49; 95% CI 0.29–0.84; 
p  =  0.009), 39% lower rate of hospitalizations (IRR 0.61; 95% CI 0.49–0.77; 
p < 0.001), and 42% lower rate of infections (IRR 0.58; CI 0.39–0.87; p = 0.008) [46].

Xu et al. reviewed mechanical and abdominal wall complications associated with 
starting PD within 7 days of PD catheter placement in a population of 922 patients 
over a 10-year period with a median follow-up of 31.3 months [47]. About half the 
patients started PD within 1 day of catheter placement. Overall, 4.8% of patients 
developed abdominal wall complications at a median follow-up of 5.2 months (inci-
dence of 1.5/100 patient years). These complications included hernias (55%), 
hydrothorax (25%), hydrocele (14%), subcutaneous leaks (5%), and pericatheter 
leak (2%). Risk factors for abdominal wall complications included male sex, history 
of abdominal surgeries, and lower exchange volume. No correlation was found 
between infusion volumes and abdominal wall complications.

A few studies have directly compared urgent-start PD with HD with a CVC. Koch 
et al. in a single-center observational cohort study compared morbidity and mortal-
ity in 66 unplanned PD patients with 57 unplanned HD patients with 6 months of 
follow-up [48]. While there was no difference in mortality (PD 30.3%; HD 42.1%, 
P = 0.19), HD patients had a significantly higher risk of bacteremia (HD 21.1%; PD 
3.0%; P < 0.01).

The largest published experience comparing urgent-start PD and HD with a CVC 
is from China [49]. This retrospective study compared patient survival and dialysis- 
related complications in 178 patients (82 HD, 96 PD) over a 1-year period. Patients 
requiring emergent dialysis were excluded. PD catheters were placed via a laparot-
omy method by nephrologists. Intraperitoneal fill volumes ranged from 0.75 to 1.2 
liters. During the first month after catheter insertion, 5.2% of PD patients and 24.4% 
of HD patients developed complications. The main complications in the PD group 
included catheter malposition (3.1%) and peritonitis (2.1%). In the HD group, there 
was a high incidence of catheter-related infections (11%), thrombosis (7.3%), and 
bleeding (3.7%). Bacteremia was significantly higher in HD patients (13.4%) as 
compared to PD patients (3.1%). The same research team, in a separate retrospec-
tive analysis, reviewed short-term complications specifically in 80 diabetic ESRD 
patients (50 PD, 30 HD) that either commenced urgent-start PD or urgent-start HD 
[50]. The incidence of overall complications was significantly lower in the diabetic 
PD population (6.0% in PD, 26.6% in HD, P = 0.024).

 Challenges of Urgent-Start PD

Securing needed surgical resources, addressing educational deficits of PD treatment 
teams, and working around therapy limitations in the urgent-start period are the 
main challenges of urgent-start PD. While establishing a pathway to rapid PD cath-
eter placement is a key asset, surgical support to manage PD catheter complications 
is just as important. Lack of timely surgical support will predispose to high early 
technique failure rates, which may impact both patient, staff, and physician morale.
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Technique success involves having the expertise and experience to be able to 
manage more complicated patients. In the United States, the majority of PD clinics 
are small (fewer than 20 patients) and sometimes without physical space or ade-
quate staffing to take on an influx of patients. It is preferable that when setting up 
urgent-start PD programs, larger clinics with a more robust and experienced staff 
are chosen.

The emergent need for dialysis is another issue that is difficult to address with 
PD. Low-volume PD provides only a small amount of urea and other small- molecule 
clearance, especially if done for 6–8 hours on an alternate day basis. In more emer-
gent scenarios, HD or CRRT can be used as a bridge to urgent-start PD. While some 
studies have demonstrated an ability to perform “emergent-start PD,” the risk of 
catheter-related complications including leak and migration increases, often result-
ing in patients requiring temporary HD with a CVC, which defeats the overall goal 
[23, 51]. It appears, however, that if care is taken to place a purse-string suture at the 
rectus muscle at the time of PD catheter placement, the increased risk of leak, even 
with larger exchange volumes, is mitigated [21, 52].

 Conclusion

Avoiding CVCs and increasing patient choice are the core benefits of urgent-start 
PD.  Urgent-start PD also allows patients to avoid multiple procedures since the 
initial dual-cuff PD catheter serves as the permanent dialysis access. This approach 
adds the benefit of preservation of vascular access sites, longer maintenance of 
residual kidney function, and all at a lower cost than urgent HD [8, 53].

While larger, higher-quality, and longer-duration studies are required, initial 
studies suggest that urgent-start PD is a safe and feasible choice in unplanned 
patients who need chronic dialysis initiation. Although rates of catheter-related 
complications appear to be higher in urgent-start PD than patients who start conven-
tional PD, technique survival seems to be similar between the two groups. 
Additionally, urgent-start PD appears to have similar, if not better, outcomes than 
patients starting HD with a CVC with regard to bloodstream infections and early 
hospitalizations. These preliminary studies suggest once the infrastructural needs 
are in place, patients presenting to dialysis without a plan should have the option of 
being directly started onto PD through an urgent-start pathway.
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Chapter 15
Infectious Complications in Peritoneal 
Dialysis

Anjali Bhatt Saxena

 Introduction

Peritoneal dialysis (PD) patients have fewer hospitalizations due to infections when 
compared to hemodialysis (HD) patients. Specifically, PD patients have fewer hos-
pitalizations due to septicemia/bacteremia, pneumonia, and cellulitis [1]. 
Nevertheless, peritonitis and to a lesser extent catheter exit-site infections are lead-
ing causes of PD morbidity, and peritonitis is a major cause of transfer to HD. In an 
analysis involving greater than 40,000 patients, infectious complications were the 
most frequent cause of PD patients transferring to HD [2]. Therefore, it is relevant 
to address the most frequent infections encountered in PD, and in this chapter, we 
will address exit-site infections, catheter tunnel infections, and peritonitis as well as 
the topic of infection prevention.

 Exit-Site and Tunnel Infection

The PD catheter exit site is an important part of the PD system. The catheter exit site 
is the main potential entry point of bacteria from the environment into the perito-
neum; therefore, it is important that the exit site is clean, dry, and well healed. A 
subcutaneous cuff, approximately 2–3  cm deep to the skin/exit site, is the main 
physical barrier to the entry of bacteria and other materials from the skin into the 
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catheter tunnel. Infection at the exit site is a major risk factor for peritonitis and/or 
tunnel infection.

The exit site should be examined at every clinic visit, and the patient should be 
advised to examine the exit site daily. The presence of purulent drainage at the exit 
site is consistent with an exit-site infection, whereas simple erythema at the exit site 
may or may not indicate an exit-site infection [3, 4]. Erythema at the exit site with-
out drainage could be a result of skin irritation (e.g., from cleansing agents), exit- 
site trauma, or changes seen normally after new catheter placement. Clinical 
judgment should be used in these cases, with attention placed on certain aspects of 
the exit site (Table 15.1) [5]. In the case of any exit site with exudate, a swab culture 
should be taken in order to guide antibiotic therapy. In the case of an erythematous 
exit site without exudate, empiric therapy for exit-site infection, discussed below, is 
likely to be helpful, whereas swab cultures are not recommended.

Initial empiric treatment of routine exit-site infections should include antibiotic 
therapy against S. aureus since this bacteria is the most commonly encountered 
cause of exit-site infection. Oral therapy with cephalexin should be sufficient for 
nonresistant streptococcal and non-MRSA (methicillin-resistant S. aureus) staphy-
lococcal infections; in the case of MRSA infection, oral trimethoprim/sulfamethox-
azole, clindamycin, or linezolid can be utilized, or intraperitoneal (IP) vancomycin 
therapy can be administered. Patients with a history of Gram-negative exit-site 
infection should have Gram-negative coverage added as well (e.g., oral fluoroquino-
lone) until culture results return, after which point therapy should be tailored to 
culture results. Therapy should initially continue for 2  weeks for Gram-positive 
organisms and 3 weeks for Pseudomonas species. If the exit site does not appear to 
improve within the first week and the antibiotics given are appropriate per culture 
results, consideration should be given to change from oral to IP therapy for the next 
1–2 weeks. Lack of response to several weeks of antibiotic therapy, especially with 
concurrent peritonitis, should prompt evaluation for catheter removal. Simultaneous 
catheter removal and replacement is a procedure wherein the infected catheter is 
removed and a new catheter is placed on the opposite side, in the same operation. 
This procedure has been shown to be effective for refractory exit-site and/or tunnel 
infections in PD patients and prevents the need to place a hemodialysis catheter and 

Table 15.1 Evaluation of the 
PD catheter exit site

Inflammation
  Redness of the skin
  Size/diameter of inflamed area
  Pain or induration
  Duration of inflammation
Presence of crust at exit site or on gauze dressing
Expressible pus and/or spontaneous pus
External or internal granulation tissue prominence
Presence or absence of internal secretions
Palpation findings (tenderness, pus)
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subsequent transfer to hemodialysis [6, 7]. When using this technique, patients 
should receive 1–2 weeks of perioperative antibiotics and should perform supine, 
low-volume peritoneal dialysis for the first week post-catheter placement, in order 
to prevent catheter leak at the new catheter site [6].

Exit-site colonization is associated with increased risk for exit-site infection; 
therefore, several procedures should be followed in order to reduce the risk of exit- 
site infection. First, practitioners should always wear a mask when examining the 
exit site in close proximity, in order to reduce the transfer of oropharyngeal bacteria 
from the examiner to the patient’s exit site. Second, the exit site must be allowed to 
heal in a sterile environment after new catheter placement. Routine showers should 
be avoided until full healing of the exit site, usually 2 weeks [4]. Third, once the exit 
site has healed fully, routine exit-site care should involve daily cleaning as per the 
PD (peritoneal dialysis) clinic protocol, and the exit site should be dried fully before 
placing any dressing over the exit site. Lastly, it is highly recommended to apply 
either gentamicin or mupirocin cream to the exit site after cleaning (and drying) it 
thoroughly as part of a daily exit-site care regimen. Antibiotic prophylaxis at the 
exit site has been shown to reduce infection rates significantly [8, 9] (Table 15.2). 
Finally, the external portion of the catheter should be secured in order to prevent 
tugging of the catheter at the exit site, a risk factor for exit-site infection.

PD catheter tunnel infections typically occur in the presence of an exit-site infec-
tion and manifest as exit-site drainage with pus expressible from the tunnel as well 
as redness, pain, and erythema along the tunnel tract. Microbiological culture should 
be obtained from any expressible drainage, and empiric antibiotic therapy should 
commence immediately as per guidelines above for exit-site infection. Catheter tun-
nel infections that do not respond promptly to oral antibiotics should prompt con-
version to IP antibiotic administration. Oftentimes tunnel infections will require 
3–4 weeks of treatment for full resolution. As described above, refractory infections 
can be addressed by simultaneous catheter removal and replacement.

Occasionally the subcutaneous (superficial) catheter cuff can complicate catheter 
tunnel infections. Pain on palpation of the cuff, with or without erythema of the skin 
overlying over the cuff, is suggestive of potential cuff involvement. Recurrent exit- 
site or tunnel infection is another sign of possible cuff involvement. Ultrasonography 
can be utilized to determine if there is a peri-cuff abscess or fluid collection [10]. 
Unfortunately, cuff involvement in tunnel infection often leads to the need for cath-
eter replacement if antibiotic therapy is not effective [11]. An alternative approach 
is surgical revision of the exit site so as to de-roof the catheter cuff and allow the exit 

Table 15.2 Daily PD catheter exit-site care

Usual exit-site care (washing with antibacterial soap and water or other cleaning agents per 
clinic protocol)
Gentamicin cream 0.1% cream or mupirocin 2% cream
  Apply to clean and dry exit site daily after usual exit-site care
Secure catheter externally to avoid tugging at the exit site
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site to heal by secondary intention. These procedures tend to be more effective when 
the superficial cuff is no more than 2 cm deep to the exit site.

 Peritonitis

The incidence of peritonitis has been decreasing over time in patients on chronic 
peritoneal dialysis, in part due to technological and procedural improvements in PD 
[1, 12]. Nevertheless, peritonitis remains the main infection seen in PD patients and 
is a major cause of PD catheter loss and transfer to HD [1, 2]. In an analysis involv-
ing >40,000 patients, infectious complications were the most frequent cause of PD 
patients transferring to HD [2]. Peritonitis has also been found to be the leading 
cause of transfer to hemodialysis in several long-term PD studies [13]. Furthermore, 
peritonitis can cause damage to the peritoneal membrane, sometimes irreversibly, 
and is a leading cause of hospitalization in PD patients [1]. In this section, we will 
review the causes, diagnosis, treatment, and prevention strategies for peritonitis.

 Definition and Diagnosis

The basic definition of peritonitis is inflammation of the peritoneum, and infectious 
peritonitis can be defined as peritoneal inflammation due to any infectious organ-
ism. The International Society for Peritoneal Dialysis (ISPD) has published guide-
lines outlining criteria for the diagnosis of PD-related peritonitis. Specifically, 
peritonitis should be diagnosed when two of the following three criteria are met: (1) 
abdominal pain and/or cloudy effluent; (2) dialysis effluent white cell count >100/
μL or >0.1 × 109/L (after a dwell time of at least 2 hours), with >50% polymorpho-
nuclear cells; and (3) positive dialysis effluent culture [14, 15]. In the case of a posi-
tive culture without effluent leukocytosis and typical peritonitis symptoms, the 
effluent should be sent for repeat analysis to confirm true infection.

Peritonitis can have several clinical manifestations (Table 15.3), but in general, 
any patient with cloudy effluent or suspicious symptoms such as abdominal pain 

Table 15.3 Clinical findings 
suggestive of possible 
peritonitis

Signs/symptoms
  Fever
  Abdominal pain
  Nausea
  Diarrhea
  Cloudy effluent
Exam
  Abdominal tenderness
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should have their PD fluid examined for infection by sending the effluent for an 
immediate cell count and culture. Gram stains are helpful in that they can identify 
yeast early, but often gram stains have low bacterial yield in PD peritonitis. PD 
effluent should be sent to the laboratory promptly (within a few hours) of presenta-
tion whenever possible in order to produce the best culture results.

Proper procedures are important to establish the diagnosis and identify the organ-
isms involved in the infection. Each PD clinic should aim for a culture-negative 
peritonitis rate of <20% of episodes and preferably <15% of episodes [14, 15]. 
Simple inoculation of blood culture bottles with PD effluent in the clinic is an 
acceptable and efficient routine method of obtaining cultures [16, 17]. To enhance 
the yield of the culture by five to ten times, the centrifugation method can be uti-
lized; in this method, 50 mL of effluent is centrifuged at 3000 g for 15 minutes, and 
the sediment is resuspended in 3–5 mL of supernatant, followed by inoculation on 
solid culture media or standard blood culture media [18].

 Peritonitis Treatment

There are a few steps to take in the early management of peritonitis aside from the 
selection of antibiotics. First, one must assess the need for hospitalization. Patients 
who appear septic or hemodynamically unstable should always be considered for 
possible hospitalization. Additionally, those patients who are in extreme pain and/or 
have mental status changes should be evaluated for the feasibility of continuation of 
home or self-care dialysis versus a short hospitalization stay until they are more 
clinically stable. Second, for patients with abdominal pain, a quick peritoneal flush 
(1000 mL of PD fluid inflow, immediately drained) can help clear endotoxin and 
inflammatory mediators and thus can reduce the symptoms of peritoneal pain. 
Third, IP heparin should be administered in one exchange daily until the effluent 
clears, in order to prevent catheter clogging. This can be done upon presentation and 
subsequently until the effluent is no longer cloudy. Finally, it is useful to review 
with the patient at the time of presentation what risk factors were present to possibly 
account for the peritonitis (Table 15.4).

Once the patient has been clinically evaluated, empiric antibiotics should be 
given as soon as possible, within 1–2 hours of presentation if possible [19]. The 

Table 15.4 Possible causes 
of peritonitis: questions to ask 
the patient

Touch contamination?
Recent procedures (e.g., colonoscopy)?
Constipation?
Catheter damage?
Exit-site drainage or trauma?
Diarrhea or other GI illnesses?
Hernia?
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initial empiric antibiotic regimen should include both Gram-positive and Gram- 
negative coverage [20, 21]. A typical initial regimen could include a first-generation 
cephalosporin or vancomycin, the latter reserved for those known to be or at higher 
risk for methicillin-resistant organisms, plus Gram-negative coverage with a third- 
generation cephalosporin, fluoroquinolone, or gentamicin. Treatment should be 
intraperitoneal and should continue while cultures are followed closely; antibiotics 
should be eventually adjusted based on culture and sensitivity results. Antibiotic 
treatment can be administered in an intermittent fashion (once daily, long dwell of 
at least 6 hours) or in a continuous fashion (antibiotics in each PD dwell). Readers 
can refer to published guidelines for dosing recommendations for both intermittent 
and continuous antibiotic regimens [20, 21]. Antibiotic dosing should take into con-
sideration the patient’s residual kidney function and size, in order to avoid inade-
quate antibiotic doses; when using vancomycin or gentamicin, blood levels of the 
drug should be monitored to ensure therapeutic dosing has been achieved 
(Table 15.5) [22].

Antibiotic therapy should continue for 3 weeks in the case of all infections except 
those with Streptococcus or Staphylococcus epidermidis, both of which can be 
treated for 2  weeks. Pseudomonas infections should be treated with two agents 
concurrently; acceptable agents include ceftazidime, cefepime, fluoroquinolones, 
and gentamicin, and treatment should always be guided by culture and sensitivity 
results [15]. Culture-negative peritonitis should prompt a repeat cell count and dif-
ferential after 3 days of negative culture. If the cell count is consistent with a resolv-
ing infection at day 3, Gram-negative treatment can be discontinued, and treatment 
should continue with empiric Gram-positive treatment (vancomycin or first- 
generation cephalosporin) for 2 weeks [15]. One should consider tests for the isola-
tion of rare organisms (e.g., mycobacteria, fungi) if the peritonitis does not appear 
to be resolving at day 3 by way of improving PD effluent cell counts.

Follow-up cell counts should be obtained in peritonitis in order to ensure ade-
quate response to therapy. Three separate studies have shown that the follow-up cell 
count can help predict the outcome of peritonitis. One study involving 565 consecu-
tive episodes in Hong Kong showed that the day 3 effluent cell count >1000 cell/
mcL indicated a 64% likelihood of treatment failure. Other predictors of treatment 

Table 15.5 Antibiotic doses for peritonitis: intermittent therapy

Antibiotic Recommended intraperitoneal dosing

Cefazolin or cephalothin 15–20a mg/kg once daily
Vancomycin 30a mg/kg once, then 15 mg/kg every 3–5 days; follow serum drug 

levels and adjust dose to maintain therapeutic levels
Ceftazidime, cefepime 
(2-g load)

15–20a mg/kg once daily

Gentamicin, tobramycin 0.6a mg/kg once daily; follow serum drug levels
Ciprofloxacin 500 mg twice daily orally; for empiric usage, do not use without 

concurrent Gram-positive coverage
aNotes: (1) IP antibiotic dwell time should be a minimum of 6 hours for optimum drug absorption, 
(2) use the higher does for patients with significant residual kidney function [15]
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failure included infection with mycobacterium, pseudomonads, and fungi [23]. Two 
other studies have found that the number of days with an effluent cell count greater 
than 100 cells/mcL is predictive of treatment failure and/or catheter loss [24, 25]. 
Hence, it is important to obtain follow-up cell counts several days after initiation of 
antibiotic therapy, even if the peritoneal effluent clears.

Refractory peritonitis is defined as failure of the effluent to clear after 5 days of 
culture-guided antibiotics [15]. Persistent elevated cell counts should always prompt 
reconsideration of the antibacterial therapy and, if elevated cell counts are pro-
longed beyond 5 days despite proper antibiotic therapy, should lead to consideration 
of catheter removal. In cases of refractory peritonitis, the patient should be trans-
ferred to hemodialysis, and antibiotic administration should continue for another 
2–3 weeks. If the patient has clinical improvement (lack of peritonitis symptoms), a 
new catheter can be placed as early as 4 weeks after initial catheter removal.

Fungal peritonitis is uncommon but is associated with poor outcomes. It accounts 
for fewer than 2–5% of all peritonitis episodes but is associated with high mortality 
rates (5–25%), leads to catheter removal, and often leads to technique failure [26]. 
The first sign of possible fungal peritonitis is the presence of yeast seen on gram 
stain or KOH prep of the effluent. Fungal culture results can be elusive and often 
take days to weeks to manifest. A diagnosis of fungal peritonitis should always lead 
to catheter removal. In one of the largest studies of fungal peritonitis in an experi-
enced PD center, catheter removal for fungal peritonitis was associated with a 31% 
mortality rate compared with a mortality rate of 91% in those patients whose cath-
eter remained in situ [27]. Patients should be transferred to hemodialysis for the 
course of the antifungal therapy. Treatment of fungal peritonitis should include anti-
fungal agents as dictated by culture and sensitivity reports; oftentimes an infectious 
disease consultation can be helpful to identify the correct antifungal therapy based 
on local susceptibility patterns. There are no clear guidelines regarding whether or 
when a patient can return to PD after fungal peritonitis; one study showed that up to 
one third of patients could return to PD after a median time to catheter reinsertion 
of 15 weeks after the initial infection, with the longest delay to catheter reinsertion 
being more than 6 months [28].

An association has been suggested between current or previous antibacterial use 
and increased risk of development of fungal peritonitis; antibacterial agents may 
disturb intestinal flora and lead to overgrowth of fungi, which can then cause peri-
tonitis by migrating across the intestinal wall into the peritoneum. Several studies 
have shown a reduction in the fungal peritonitis rate when antifungals (oral nystatin 
or fluconazole) are simultaneously given with any course of antibacterial therapy, 
either PD-related or not [29–33]. Nystatin has the benefit of being largely non- 
absorbed, and therefore the risk of resistance is low. Dosing of nystatin is typically 
500,000 IU four times daily during treatment with antibacterial agents and up to 
4 days after the last dose of the antibacterial.

Several conditions can occur wherein peritonitis occurs after successful treat-
ment for peritonitis. Recurrent peritonitis is defined as peritonitis within 4 weeks of 
antibiotic completion for a prior episode but with a different organism, whereas 
relapsing peritonitis is peritonitis within 4 weeks of antibiotic completion for a prior 
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episode with the same organism or one sterile episode [15]. Both can be treated with 
a full course of antibiotics as would be done for routine peritonitis. In the case of 
recurrent peritonitis or relapsing peritonitis (peritonitis more than 4  weeks after 
antibiotic completion for a prior episode with the same organism), one can consider 
intra-catheter thrombolytic therapy (e.g., tissue plasminogen activator (tPA)), with 
an aim to eliminate any biofilm in the catheter that may be harboring bacteria. The 
rationale of using fibrinolytics in relapsing, or recurrent peritonitis, is as follows: 
bacterial colonization on the catheter can be sequestered by a biofilm that consists 
of fibrin clots or a polysaccharide matrix that protects bacteria from the antimicro-
bial agents, and fibrinolytic agents may allow lysis of the biofilm layer, thus allow-
ing resolution of bacterial colonization [34, 35].

Recurrent peritonitis or relapsing peritonitis that does not resolve after two 
courses of antibiotics should prompt consideration of catheter removal. Simultaneous 
catheter removal and replacement can be considered in cases wherein the infection 
has been controlled (i.e., the effluent cell count is less than 100 cells/μL, and culture 
is negative) [36]. As described above, after this procedure, patients should receive 
1–2 weeks of perioperative antibiotics and should perform supine, low-volume peri-
toneal dialysis for the first week post-catheter placement, in order to prevent cathe-
ter leak at the new catheter site [6].

 Infection Prevention

Despite the fact that infections in peritoneal dialysis have become more infrequent 
with time, peritonitis remains the major cause of infection in PD patients. It is useful 
to explore some of the most important aspects of an infection prevention schema in 
peritoneal dialysis (Table 15.6).

The risk for infectious complications in PD begins at the time of catheter place-
ment. Therefore, certain procedures should be practiced during and after catheter 
placement in order to reduce the risk for exit-site infection and/or peritonitis after 
catheter placement. First, a suitable exit site should be chosen prior to catheter 
placement, preferably with the patient in the upright position in order to select an 

Table 15.6 Key elements of 
peritonitis prevention

New catheter: exit site heals in a sterile environment
Complete full initial training program
Home visit
Proper exit-site care, including prophylactic topical 
antimicrobials at exit site
Avoidance of constipation
Retraining after peritonitis
Ongoing patient education
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exit site free of belt lines and skin folds and one within the patient’s clear line of 
sight [37, 38]. Second, the patient should be prepped with a laxative 1–2 days pre-
operatively. Constipation is a risk factor not only for peritonitis but also for catheter 
malfunction. Third, Gram-positive antibiotics should be given perioperatively; sev-
eral randomized controlled trials have shown that peri-catheter placement antibiot-
ics reduce the risk for PD infections after catheter placement [39]. Finally, the exit 
site should be allowed to heal in a sterile environment, as discussed above in the 
section regarding exit-site infections. Patients should keep the original dressing in 
place, barring any major bleeding or pus/exudate drainage, for at least 1–2 weeks 
postoperatively. It is imperative that they do not shower or wet the exit-site during 
this time period as well.

After catheter placement, the patient will begin PD training. It is imperative that 
patients receive thorough education and training in the PD technique including edu-
cation on exit-site care and the possible symptoms of exit-site infection or peritoni-
tis. They should be taught to contact the PD clinic immediately, without delay, 
whenever they suspect an abnormal exit site or possible peritonitis symptoms such 
as unexplained abdominal pain, cloudy effluent, or nausea/vomiting. Oftentimes a 
delay in the treatment of PD-related infections can lead to worse outcomes. Since 
prevalent PD patients may have not experienced any PD complications for months 
before an episode of peritonitis or exit-site infection, they may delay seeking medi-
cal attention for hours to days after signs and symptoms of possible infection; there-
fore, they too should receive routine reeducation regarding the signs and symptoms 
of exit site and/or peritonitis during the monthly PD clinic visit.

A home visit should be performed before or during the training period, with a 
goal toward helping the patient optimize the home environment to allow for PD suc-
cess and reduce the risk of infection. Attention should be paid to certain aspects of 
the home environment such as adequate lighting in the PD “room,” the presence of 
a clean and uncluttered work surface, an organized storage system, avoidance of 
pets in the PD “room” and PD storage areas, and closeable windows in the PD area, 
among other things [40]. It is also useful to perform a home visit whenever a patient 
changes residences and after an episode of peritonitis, again with the same intent to 
optimize the home environment for PD. At the home visit post-peritonitis, it is also 
useful to observe the patient perform the PD connection procedure, to ensure proper 
technique.

Peritonitis can be associated with certain invasive procedures, and antibiotic pro-
phylaxis can be helpful to reduce the risk of infection in the setting of dental proce-
dures as well as colonoscopy. One study examined 77 CAPD patients who underwent 
97 colonoscopies in Hong Kong between 1994 and 2006 and found that no perito-
nitis occurred post-procedure in 18 patients who were given prophylactic antibiot-
ics, whereas there was a 6.3% risk of peritonitis after colonoscopy if prophylactic 
antibiotics were not given [41]. Table 15.7 shows suggested prophylactic antibiotic 
regimens for both dental and lower GI procedures.
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 Infection Monitoring

PD infections should be monitored regularly in every PD center as part of a continu-
ous quality improvement (CQI) program. Patterns of infection should be reviewed and 
root causes of infection identified in order to help reduce overall infection rates. It has 
been recommended that the following be monitored: the yearly incidence of peritoni-
tis, specific organism rate, percentage of peritonitis-free patients, and organism sus-
ceptibilities. Additionally, recommendations from the ISPD suggest that the peritonitis 
rate should be reported as the number of episodes per patient-year, with a goal of at 
least less than 0.50 infections per patient-year [15]. Some centers are now reporting 
peritonitis rates of less than 0.20 per patient-year (personal reference). Infection moni-
toring has been shown to reduce peritonitis rates in several studies [42, 43].

 Summary

Infectious complications specific to peritoneal dialysis include exit-site or tunnel 
infections and peritonitis. Certain procedures, both at the time of catheter placement 
and subsequently during maintenance PD therapy, can reduce the risk of PD-related 
infections. Empiric antibiotics should be given whenever a PD infection is clinically 
suspected; antibiotic selection can be tailored after microbiological data is eventu-
ally known. Infection monitoring is an important part of the CQI program for every 
PD program and can lead to reduced infection rates.
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Chapter 16
Noninfectious Complications of Peritoneal 
Dialysis

Hao Yan and Joanne M. Bargman

 PD Catheter Malfunction

PD catheter malfunction is defined as outflow failure with or without inflow failure 
due to catheter migration or kink, mechanical obstacle in the catheter lumen or 
transfer set, or encapsulation around the catheter tip. Recent studies have shown a 
catheter malfunction rate varying from 4% to 13% with conventional or modified 
open surgical implantation [1–3] and better outcomes with advanced techniques [4, 
5]. However, it is still a major cause of PD technique failure [6].

Catheter malfunction can be one-way or two-way obstruction. One-way obstruc-
tion refers to poor outflow, while two-way obstruction presents with both inter-
rupted or even completely blocked inflow and outflow. Given potential intraperitoneal 
dead space, less drainage compared to installation volume in the first dialysate 
exchange after catheter insertion or long-time cessation of PD does not necessarily 
mean catheter malfunction, and the catheter function should be evaluated with infu-
sion of more dialysate.

One-way obstruction is frequently caused by constipation, catheter migration, or 
incomplete wrap around intra-abdominal portion of the catheter. The catheter tip 
can migrate into upper quadrants of the abdomen or into a loculated pocket. 
Sometimes migration is the result of omental wrap. Stool retention in bowel and 
catheter migration can be detected by abdominal plain radiograph, and an experi-
enced operator can use ultrasonography to diagnose dislocated catheter accurately 
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[7]. Due to the limitation of the two-dimensional image, simultaneous abdominal 
anterior-posterior and lateral views or abdominal computerized tomography (CT) 
may be needed to provide more information about the catheter location and its rela-
tionship with nearby organs [8]. Redundant omentum is the most likely to cause 
encasement around the catheter, and it usually happens early after catheter insertion. 
Under the negative pressure of outflow, omentum is sucked into the catheter lumen 
via the side ports, occluding the drainage. Inflow may not be affected since the 
dialysate flow can flush the intraluminal tissue back though the side ports. With the 
advent of laparoscopy, some previously unrecognized causes have been found, 
including fimbriae of the fallopian tubes and proliferation of vascularized fibrous 
tissue from the parietal or visceral peritoneum [9, 10].

Two-way obstruction is often related to intraluminal fibrin or blood colt or cath-
eter kink. Complete encasement by the omentum or rarely by a fibrin sheath can 
form a compartment around the catheter tip [11, 12]. Clot results from intra- 
abdominal bleeding or occasionally hematoma in the adjacent tissues or organs 
[13]. They often introduce resistance when irrigating the catheter using a syringe, 
and sometimes the obstacle is visible in the catheter lumen. Catheter kink can be 
identified by radiograph showing an unexpected rigid angle along the subcutaneous 
or intra-abdominal tubing. Extraluminal fibrin sheath usually needs to be diagnosed 
by laparoscope or fluoroscope.

After catheter malfunction is recognized, a scheme for diagnosis and treatment 
should be initiated (Fig.  16.1). Efforts to promote bowel movements can be the 
fundamental treatment for all types of catheter malfunction, particularly one-way 
obstruction. Increasing physical activity may be helpful to reposition the dislocated 
catheter. Though not always rewarding, vigorous irrigation to the catheter with 
saline (50 ml or more) using a syringe can be a choice to dislodge one-way obstruc-
tion caused by incomplete wrap; more importantly, in the case of two-way obstruc-
tion, it possibly expels the intraluminal fibrin or colt and recanalizes the catheter. If 
irrigation does not work, fibrinolysis therapy can be considered. Heparin (1000 U/
mL), urokinase (2000 IU/mL), or tissue plasminogen activator (t-PA, 1 mg/mL) can 
be added in saline (usually 10 mL), and the solution is kept in the catheter lumen for 
1 hour, followed by aspiration using a syringe [14, 15]. For those with abundant 
fibrin in the effluent, 1000 U/L heparin added in the dialysate for each exchange is 
recommended.

If these conservative treatments fail, fluoroscopic manipulation or surgical inter-
vention should be considered. A stiff guide wire can be inserted into the catheter 
lumen under fluoroscopic guidance, and it can reposition a migrated catheter and 
can clear out the fibrin or clot in the lumen [16, 17]. However, this procedure is 
technically challenging. Also, it cannot prevent recurrent obstruction. Laparoscopy 
provides direct visualization of the intra-abdominal anatomy, and catheter salvage 
can be achieved by manipulation such as catheter reposition, intraluminal obstacle 
clearance, unwrapping of the omentum, and adhesion lysis (Fig. 16.2); even more, 
with advanced techniques including omentopexy and catheter tip fixation, it effec-
tively prevents recurrence and allows patients to resume PD shortly after surgery 
[18, 19]. Other surgical techniques for catheter salvage include minilaparotomy 
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[20] and utilization of special instruments [21], but the experience is limited. In 
extreme cases, the malfunctioning catheter has to be removed and replaced by a 
new one.

 Inflow and Drain Pain

Some patients complain of abdominal pain during dialysate exchanges in the 
absence of catheter-related complications, involving either instillation or drainage. 
It influences the patient’s quality of life and may cause cessation of PD.

Inflow pain usually occurs at the beginning of infusion and can be multifactorial. 
It may be due to the dialysate flow quickly striking the bladder or rectum. The infu-
sion through a coiled catheter is relatively more diffuse and gentle, probably reduc-
ing the inflow pain relative to a straight-tip catheter. Slowing the infusion rate may 
attenuate this mechanical action. Otherwise, leaving a residual amount of fluid in 
the abdomen after drainage, called tidal PD, provides a buffer pool to relieve inflow 
pain. In extreme cases, this phenomenon has to be treated with fluoroscopic or 
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laparoscopic manipulation to adjust the position of the catheter tip, or even with 
catheter reinsertion. Additionally, the temperature of the dialysate should be moder-
ate to avoid thermal or cold stimulus [22], and avoiding hypertonic dialysate has 
been reported to be helpful [23].

Another important cause is the acidity of conventional dialysate. The PH of con-
ventional lactate buffered dialysate is 5.2–5.5. The acidic dialysate is gradually neu-
tralized after approximately 1  hour of dwelling [24], and the discomfort should 
subside. Relatively more biocompatible PD fluids using bicarbonate or a combina-
tion of bicarbonate and lactate provide a neutral PH value of 7.0–7.4. Some studies 
have shown their benefit to alleviating inflow pain [25–27]. Because of the neutral-
ization of the dialysis fluid during the dwell, acidic dialysis fluid is not a cause of 
outflow pain.

a

c d

b

Fig. 16.2 A 46-year-old male patient with a history of appendicectomy received peritoneal dialy-
sis catheter insertion using open surgical technique. The procedure was difficult, and intra- 
abdominal adhesion was speculated. However, it succeeded and the catheter flush was satisfying. 
Despite an abdominal plain film showing catheter tip right in the pelvic cavity on the first postop-
erative day, two-way obstruction was observed 1 week after insertion. Conservative treatments 
were not rewarding, and laparoscopic manipulation was performed 20  days after insertion. 
Laparoscopy showed that the intra-abdominal portion of the catheter was completely encased by 
omentum, and the omentum adhered to the parietal peritoneum at the site of catheter entry (Panel 
A). Omental adhesion was observed at the other part of peritoneal cavity as well. Adhesiolysis 
(Panels B and C) and catheter tip fixation (Panel D) were performed. Peritoneal dialysis treatment 
has been uneventful afterward
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Some patients experience pain on drainage in the rectal or genital areas, particu-
larly at the end of outflow. There is remarkable variation in the prevalence, ranging 
from 4% to 37% among different centers in a same territory as reported [28]. It is 
more prevalent in patients using a cycler while occasionally can be seen in CAPD 
patients. The hydraulic suction by a cycler exerts more aggressive mechanical stress 
to the sensitive parietal peritoneum or the external bowel wall compared to the 
siphoning on CAPD. The other cause may be that the insertion site is too low in the 
patient’s pelvis, so that when dialysate is completely drained, the catheter tip lies 
against adjacent structures.

To solve the problem, firstly laxatives can be applied to the patient. Increased 
peristalsis and evacuated bowel may help the catheter move into a better position. If 
it fails, tidal PD as adopted in treating inflow pain is also applicable [29]. A tidal 
volume of 10–50% is practicable. Additionally, a switch to another brand of cycler 
or CAPD can be an option. For CAPD patients, the approach is simply terminating 
the drainage before the abdomen is completely emptied.

 Complications Related to Increased Intra-abdominal Pressure

Intra-abdominal pressure (IAP) is the steady-state pressure within the abdominal 
cavity, which results from the interaction between the abdominal wall and viscera. 
It is normally around 0 cmH2O and oscillates according to respiratory phase and 
abdominal wall resistance. Under certain conditions such as obesity, it may sustain 
at a level of 13–20 cmH2O without clinical significance [30].

In the general population, IAP predominantly depends on body mass index 
(BMI) [31–34]. The IAP of the drained peritoneal cavity averages approximately 
8 cmH2O [32]. A 2 L intraperitoneal volume (IPV) in supine position results in vari-
ous IAP values from 13.5 to 18.8 cmH2O [32–34]. Every 500 ml increase in IPV is 
associated with a linear elevation of 1.1–1.3 cmH2O in IAP [32, 35, 36]. IAP is the 
lowest when a patient is in a supine position. It increases 2–4 cmH2O in the stand-
ing position. The sitting position introduces another increment of 1.5–2 
cmH2O.  Physical activities such as coughing and straining can lead to transient 
intra-abdominal hypertension as high as tenfold [37].

Elevated IAP and anatomic defects of the peritoneal cavity boundary lead to 
hernias, genital and abdominal wall leaks, and hydrothorax caused by pleuroperito-
neal communication.

 Hernias

Hernias occur in 6%–9% of PD patients according to population-based studies [38, 
39] and in some single center observations more than 20% [40, 41]. Incidence varies 
between 0.04 and 0.08 episodes/patient-year in different cohorts [39, 42]. The mean 
time on PD before the development of hernia varies from months to years [43–45]. 
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The presence of hernia poses a threat to PD technique survival [39], not only because 
of irreparable anatomic lesions in some cases but also rarely as a result of refractory 
peritonitis complicating hernia.

Demographic features such as older age and male gender are risk factors of her-
nia formation [38, 39]. Polycystic kidney disease (PKD) patients are prone to 
develop hernias [38, 39, 42], which may be the result of increased IAP and deficient 
connective tissue strength. The risk of herniation increases by approximately 20% 
for each year on PD [39, 43]. Those with smaller body habitus may be predisposed, 
perhaps because the dwell volumes are not adjusted proportionately to the body size 
[46]. Other risk factors include multiparity, previous hernia repair, history of mul-
tiple laparotomies, and midline incision for PD catheter placement [38–40, 42, 43].

Though IAP is supposed to play a role in herniation, studies have shown that IAP 
values are not different between PD patients with and without hernias [32–34]. 
Therefore, weakness or defects in the supporting structures of the abdomen are 
probably important in the pathogenesis of hernias.

In the early days, there was a predominance of hernia at the incision site or 
through the catheter placement site [43]. The abdominal incision for the implanta-
tion of the dialysis catheter is a major potential weakness, especially when it is 
made in the midline which is an anatomically weak area [47]. Paramedian incision 
through the rectus muscle is a better option to reduce the risk of perioperative leaks 
and hernia formation [48], and with the improved PD catheter insertion techniques, 
this type of hernia has become less common and accounts for about 22% of abdomi-
nal hernias [38, 39]. Instead, recent reports have shown that inguinal hernia is the 
most frequent type, representing 40% to 50% of all hernia events [38, 39]. Patent 
processus vaginalis is another area of potential weakness for herniation, which is 
more common in males than in females. Increased IAP during PD may push bowel 
and dialysis fluid into the processus vaginalis, resulting in an indirect inguinal her-
nia. Boys may be predisposed to this complication, and if they develop a unilateral 
inguinal hernia, both sides should be repaired prophylactically [49]. The other com-
mon hernias include umbilical hernia (12–31%), femoral hernia (2–4%), and trans-
diaphragmatic hernia (1–7%).

Asymptomatic hernias may be occult and only noticed when bowel strangulation 
occurs. Most hernias present as a painless lump which is more obvious in upright 
position or during activities that increase IAP, sometimes accompanied by dialysate 
leak. A rare variation of hernias is enterocele [50], which occurs when the intestine 
prolapses and descends into the lower pelvic cavity and pushes at the top part of the 
vagina to create a bulge. We observed a case of enterocele in a Chinese female PD 
patient with prolapse of uterus. Rarely bowel herniates through the weak parts of the 
diaphragm including the foramen of Bochdalek, the foramen of Morgagni, and the 
esophageal hiatus to cause transdiaphragmatic hernias which can present as a 
retrosternal air–fluid level or juxtacardiac mass [51]. Usually ultrasonic exam and 
computer tomography (CT) can detect hernias accurately.

The most worrisome complications are incarceration and strangulation of bowel, 
manifesting as a tender lump, recurrent Gram-negative peritonitis, bowel obstruc-
tion, or perforation. This can occur through almost any kind of hernia but especially 
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a small one [52, 53]. Umbilical hernias may have a propensity for bowel strangula-
tion [54, 55]. It is important to search for occult hernias if a patient presents with 
peritonitis, especially if caused by enteric organisms.

Pre-existing hernias can be repaired simultaneously with catheter insertion [56, 
57]. In order to improve the patients’ quality of life and reduce the risk of PD tech-
nique failure, hernias warrant surgical repair to avoid enlargement, subsequent leak, 
bowel incarceration, and strangulation. Hernia repair with mesh is reported to have 
a lower risk of recurrence in contrast with that without mesh placement [58], and it 
may afford a quicker return to full-volume dialysis [59, 60]. Mesh repair can be 
done with open surgical technique or under laparoscopy. Preperitoneal retro-rectus 
mesh placement with minimal breach of the peritoneum is assumed to be better in 
reducing the risk of mesh infection from peritonitis, compared to intraperitoneal 
onlay mesh placement with exposure of the mesh to the peritoneal cavity. However, 
studies comparing these methods are scarce.

Usually it is not necessary to convert the patient to hemodialysis around the her-
nia repair [61]. Patients can carry out their normal PD regimen up to the time of 
surgery. They should be drained for the operation. Various postoperative PD proto-
cols have been shown to be safe and effective. Our protocol is as follows: PD is 
suspended for the first 48 hours after repair and then gradually reintroduced; CAPD 
patients are prescribed intermittent PD (IPD) three times per week for 10 hours per 
day for 2 weeks, followed by five exchanges of low volume (1–1.5 L) CAPD or 
2 weeks, and return to the presurgery prescription by 4 weeks; patients on continu-
ous cycling PD (CCPD) received 1 week of IPD followed by 4 weeks of nocturnal 
IPD and returned to the original dose in 5 weeks [62]. In the Renji Hospital, abdom-
inal hernia repair with mesh placement was performed in 20 Chinese CAPD 
patients. All the patients restarted PD using a cycler 24 hours after operation with an 
initial dwell volume of 1 L. The dwell volume gradually increased to 2 L during the 
next 3 weeks, and then the preoperative CAPD regimen was resumed. No hernia 
recurrence or mesh infection was observed within 1-year postoperative follow-up 
[63]. Apart from adjustment in PD prescription, the patients need to avoid factors 
inducing high IAP. Those who cannot tolerate early PD reintroduction or would be 
at risk of underdialysis with low-dose PD should be considered for temporary 
hemodialysis.

 Abdominal Dialysate Leaks

Loss of peritoneal membrane integrity, such as an opening or a tear, leads to dialy-
sate leak in PD patients. The common body structures involved in dialysate leaks 
include abdominal wall, external genitals, and occasionally retroperitoneum; while 
pleuroperitoneal communication is also a leak, it will be discussed below.

This complication can be classified as early and late leaks according to whether 
it occurs within 30  days after PD catheter placement. Generally, early leaks are 
related to catheter insertion and manifest as “visible” moisture or leakage at catheter 
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exit site or incision wound which can be identified as dialysate by a positive glucose 
dipstick. There is also collection in the catheter tunnel or subcutaneous swelling in 
soft tissue around the surgical area, which can be detectable by ultrasound or 
CT. Current guidelines of the International Society for Peritoneal Dialysis (ISPD) 
suggest starting PD at least 2 weeks after catheter insertion whenever possible [64], 
in order to ensure surgical wounds in the peritoneum and each layer of abdominal 
wall tissue are completely healed. We have shown in a cohort study comprising 657 
patients that the incidence of leaks among patients commencing PD within and after 
2 weeks of catheter insertion were nonsignificantly different (1.5% vs. 0%), sug-
gesting expertise in catheter placement technique and proper urgent start PD proto-
col can lead to acceptable outcomes [3]. However, caution should be taken in 
patients who are malnourished, obese, or receiving long-term steroid or mTOR 
treatment. Stopping PD temporarily or employing PD regimens with minimal 
impact on IAP for 2 weeks is effective to treat early leaks, while in refractory cases 
catheter removal and reinsertion should be performed [65]. Apparent leaks at the 
exit site or through the wound increase the risk of PD-related infections [66], and 
prophylactic antibiotic may be necessary [67].

Late leaks are often related to a mechanical tear in the peritoneum, resulting in 
dialysate extravasation into the abdominal wall, external genitalia, or retroperito-
neal cavity, which may be coincident with hernias. Frequently, patients complain of 
localized fullness, edema, and sometimes decreased ultrafiltration. On clinical 
examination, an asymmetric appearance of the abdomen may be observed in a 
standing position. Moreover, when the dialysate has dissected into the superficial 
structures of the abdomen, the abdominal wall can look pale and boggy. The skin 
indentations made by an elastic waistband, underwear, or the catheter lying across 
the abdomen look deeper and more prominent than usual. There are two pathways 
through which leaks into external genitalia take place [68]. One is from a patent 
processus vaginalis to form a hydrocele or labia majora edema, and this pathology 
is more common in men than in women. If bowel accompanies the dialysate through 
the processus vaginalis, there will be an associated inguinal hernia; in fact, the pres-
ence of scrotal edema may suggest a clinically occult indirect inguinal hernia [69]. 
Secondly, dialysate can track through the soft tissue plane from the catheter inser-
tion site, a soft-tissue defect within a hernia, or a peritoneo-fascial defect (Fig. 16.3). 
In these cases, genital edema can be associated with edema of the anterior abdomi-
nal wall and settle over the penis or mons pubis.

Retroperitoneal leaks occur rarely in PD patients and could be a quite common 
cause of acute ultrafiltration failure [70, 71]. It is usually characterized as a sudden 
decline in ultrafiltration but normal PD catheter function. The retroperitoneal space 
is able to accommodate a large amount of fluid, and there is no apparent localized 
sign on physical examination. Nephrologists often face difficulties in diagnosing 
this complication and need to rule out other causes of fluid overload. Concomitant 
hernia and pleuroperitoneal leak are not uncommon in this setting [70].

CT scan employing iodinated contrast in dialysate is helpful to diagnosing leaks 
[70, 72]. In order to maximize the sensitivity of the study, it is recommended to use 
the largest PD volume tolerable, encourage the patient to take different body 
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positions, and perform plain CT scan 2–3 hours after the labelled dialysate is infilled 
to facilitate fluid egress from the peritoneal cavity [72]. Normally, dialysate should 
be confined in peritoneal cavity. When there is a retroperitoneal leakage, CT scan 
shows dialysate labeled by contrast breaks through peritoneal membrane and 
assembles in retroperitoneal space, usually asymmetrically (Fig. 16.4). This method 
is also effective in demonstrating other types of leaks or hernias. For instance, it can 
distinguish the different pathways leading to genital edema described above and 
guide the further intervention. Magnetic resonance imaging (MRI) also can detect 
retroperitoneal leak (Fig. 16.4), using the dialysate per se as the tracer, and it pos-
sibly has advantages in circumventing the risk of allergy and renal toxicity from the 
iodine contrast [70]. Abdominal scintigraphy with technetium-99  m is also an 
option to diagnose leaks and hernias [73, 74].

Leaks to abdominal wall and external genitals usually require surgical correc-
tion, especially those accompanied with hernias and those unresponsive to low IAP 
PD regimens or temporary PD discontinuation, and recurrence is not rare [65]. 
Report on surgical intervention to repair retroperitoneal leak is scarce. Usually it 
needs PD cessation to allow the tear on the peritoneum to heal up. Some studies 

a
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Fig. 16.3 A 60-year-old male polycystic kidney disease patient who had been on peritoneal dialy-
sis for 17 months developed scrotum edema. Computerized tomographic scan with dye in dialysate 
showed a clear pathway of dialysate seepage through the abdominal wall to the right side to the 
scrotum. A coincident hernia was found on laparotomy and was repaired with mesh
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show a high rate of resolution in retroperitoneal leak even without interruption to 
PD [70, 71]. However, according to our experience, it may be related to high risk of 
permanent transfer to HD.

 Hydrothorax

The prevalence of pleuroperitoneal leak ranges from 0.6% to 3% [75–77]. It may be 
more prevalent in female PD patients [78]. As observed in the Renji Hospital, it 
happened in 0.9% of 1708 PD patients over 29 years, among which two-thirds hap-
pened in women. This complication has been suggested to be more prevalent in 
those with PKD, as is the case with hernias and genital edema [79]. It predomi-
nantly occurs on the right side [75], probably because of the presence of the heart 
and pericardium which prevents fluid flux across the left hemidiaphragm. 
Occasionally hydrothorax can be seen on the left side or bilaterally. Rarely isolated 
pericardial effusion can be the only manifestation of pleuroperitoneal leak [80].

Possible mechanisms for hydrothorax in PD patients include congenital and 
acquired diaphragmatic defects, pleuroperitoneal pressure gradient, and lymph 
drainage disorders. When there is a defect on the diaphragm, the boundary between 
the peritoneal cavity and the pleural cavity, pressure gradient between increased 
IAP and physiological negative pressure in the pleural space drives dialysate into 
the pleural cavity. Some pleuroperitoneal communication arises from congenital 
histological changes in diaphragm, including lack or absence of common tissue, 
tendons, and skeletal muscle tissues which is displaced by disordered fibrous con-
nective tissue [81]. In this context, hydrothorax usually happens very quickly after 
PD initiation. However, it also occurs in patients on long-term PD, suggesting an 
acquired manner exists. Presumably, those patients have attenuated tissue separat-
ing pleural from peritoneal space, and it may take repeated exposure to raised IAP 
or an episode of peritonitis to remove the barrier between the two cavities. Such 
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Fig. 16.4 Computerized tomography with dye in the installed dialysate (Panel A) and magnetic 
resonance imaging (Panel B) demonstrating retroperitoneal leaks (star) in two individual cases
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may be the case in a patient who presented with acute massive hydrothorax and was 
found to have amyloidosis within the hemidiaphragm [82]. The communication 
between the cavities may be a one-way flow, possibly attributing to the pressure 
gradient, a valve-like defect, and tamponade action of the subphrenic hepatic cap-
sule. Another mechanism is postulated to be disordered lymph drainage, particu-
larly in the right hemidiaphragm where the lymphatic system is most abundant.

The severity of symptoms depends on the amount of pleural effusion. A consid-
erable proportion of PD patients may remain asymptomatic [75], and hydrothorax 
may be detected incidentally on routine chest radiographs. When there is massive 
hydrothorax, the patient complains of dyspnea, usually complicated by reduced 
ultrafiltration. Sometimes the symptoms are akin to congestive heart failure, but 
cannot be relieved by using hypertonic dialysate. Instead, it may aggravate since 
more ultrafiltration leads to even higher IAP that triggers further flux of dialysate 
into the pleural space. Physical examination is consistent with pleural effusion.

Hydrothorax is easily detectable by ultrasonic study, chest radiography with a 
posterior-to-anterior view, or plain CT scan; however, these imaging studies cannot 
differentiate the origin of the pleural effusion. Thoracentesis can attenuate respira-
tory embarrassment and perform a diagnostic role. Hydrothorax consequent to pleu-
roperitoneal leak should be a transudate with a high glucose concentration. A 
glucose concentration gradient between the pleural effusion and a simultaneous 
blood sample greater than 3  mmol/L suggests a high probability of PD-related 
hydrothorax [83]. However, if the fluid has remained in the pleural cavity for a long 
time without new dialysate installation, there can be significant glucose absorption 
into the circulation, making the result of pleural fluid glucose measurement equivo-
cal. Similarly, the use of a glucose-free dialysate such as icodextrin can result in 
lack of a glucose gradient in the pleural fluid. Methylene blue can be instilled in the 
peritoneal cavity as a tracer, and blue staining of the pleural fluid provides evidence 
of an origin in the peritoneal cavity. However, it may cause chemical peritonitis, and 
the blue staining may be too faint to be recognized. Contrast CT peritoneography 
[84, 85] and peritoneal scintigraphy [86] in the similar way as previously discussed 
can identify pleuroperitoneal communication, providing greater sensitivity.

Thoracentesis, and sometimes a concomitant pleural drain, is necessary when 
there are acute or persistent symptoms of dyspnea. Discontinuing PD usually leads 
to resolution of pleural effusion [75], while refractory hydrothorax suggests there 
may be a mono-directional communication. Generally, interruption to PD is needed 
in majority of the cases. However, there have been reports about successful manage-
ment by using a cycler and PD prescription of frequent exchanges with small dialy-
sate volume [87]. Theoretically, resealing of the transdiaphragmatic communication 
is possible in those as a result of peritonitis, in which the integrity of cell layers 
overlying a diaphragmatic defect is transiently lost. A systemic review showed that 
spontaneous healing of the diaphragmatic defect can be achieved in 53% of the 
cases [88], but according to our experience, it only accounts for less than 10%.

Intrathoracic administration of various agents has been used to induce pleurode-
sis, including oxytetracycline, talc, and autologous blood [75, 88–90]. Some of the 
procedures are painful and are associated with an increased risk of infection [91]. 
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More importantly, experience with these methods is limited. Operative repair under 
thoracotomy or visual-assisted thoracoscopy (VATS) is a more definitive treatment 
for pleuroperitoneal leak. A communication between peritoneal and pleural space 
may be visualized. To increase the detection rate, 2–3 L of dialysate can be infused 
into the peritoneal cavity, and the diaphragm is inspected from the pleural side for 
seepage through holes or blisters. Suture with or without reinforcement with Teflon 
felt patches, mesh repair, or pleurodesis can be applied to the defects, providing 
successful continuation of PD [92].

 Abnormal PD Effluent Appearance

Normally, PD effluent is transparent and colorless or pale yellow. A change in the 
appearance of used dialysate usually indicates some physiological or pathological 
conditions. The most frequent abnormal appearance is turbidity, which is often 
associated with peritonitis, but also can be noticed in the presence of fibrin, neoplas-
tic cells, and inflammatory reactions to medications and even dialysate itself [93, 
94]. The other relatively common abnormalities include hemoperitoneum and 
chyloperitoneum.

 Hemoperitoneum

Bloody effluent, namely, hemoperitoneum, indicates the presence of blood in dialy-
sate drainage. As little as 2 mL of blood can render 1 L of dialysate noticeably 
blood-tinged. Hemoperitoneum has a wide differential diagnosis, as shown in 
Table 16.1.

A number of gynecological issues are related to hemoperitoneum, among which 
menstruation may be the leading cause, accounting for more than one-third of the 
benign episodes [95]. One mechanism is that the shed uterine tissue and blood flow 
into the peritoneal cavity through the fallopian tubes and the other may be perito-
neal endometriosis shedding simultaneously with the intrauterine endometrium dur-
ing menstruation. The peritoneal bleeding may start a few days prior to the 
appearance of blood per vagina, coincident with the timing of menstrual pain [96]. 
Women of childbearing age may also experience hemoperitoneum simultaneous 
with ovulation at mid-cycle [95, 97]. In this instance, bleeding is probably from the 
ovary with the rupture and release of the ovum. Hemoperitoneum associated with 
menstruation or ovulation is recognized by their occurrence in non-menopausal 
women and the periodicity. Women of reproductive age should be reassured. 
However, potential risks of exacerbation of anemia and peritonitis is noteworthy. 
Furthermore, a ruptured ovarian cyst and rarely pathological pregnancy have been 
reported to be sources of hemoperitoneum [98–102].
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Causes other than gynecological physiology and pathology should be carefully 
investigated to rule out acute or malignant etiologies, especially those associated 
with rapid changes in serum hemoglobin level, localized abdominal symptoms and 
signs, or changes in the patient’s overall condition. Recurrent hemoperitoneum may 

Table 16.1 Causes  
of hemoperitoneum

Gynecological

  Menstruation
  Ovulation
  Ruptured ovarian cyst
  Endometriosis
  Pathological pregnancy including raptured ectopic pregnancy
Neoplastic

  Renal cell carcinoma
  Colon adenocarcinoma
  Hepatoma
  Hepatic metastases
Polycystic diseases

  Polycystic kidney disease
  Polycystic liver disease
Gastrointestinal

  Catheter-induced splenic injury
  Spontaneous splenic rupture in chronic myelogenous leukemia
  Colonic perforation in dialysis amyloid
  Spontaneous rupture of splenic infarct
  Acute cholecystitis
  Post-colonoscopy
  Intraperitoneal connective tissue pouch
  Pancreatitis
  Gastric pseudoaneurysm
Hematological

  Idiopathic thrombocytopenic purpura
  Anticoagulation therapy
Diseases of the peritoneal membrane

  Sclerosing peritonitis
  Peritoneal calcification
  Radiation-induced peritoneal fibrosis
Miscellaneous

  Leakage from intraperitoneal or extraperitoneal hematoma
  Post-pericardiocentesis
  Angiomyolipoma of kidney
  IgA nephritis
  Mixed connective tissue disease
  Extracorporeal lithotripsy
  Spontaneous rupture of umbilical vein
  Abdominal aortic aneurysm
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be a harbinger of disease of the peritoneal membrane itself such as the inflammatory 
phase of encapsulating peritoneal sclerosis.

Hemoperitoneum increases the risk of intraperitoneal blood coagulating and 
catheter obstruction. Therefore, use of intraperitoneal heparin (500–1000 U/L) until 
effluent recovers the normal appearance has been recommended. Intraperitoneal 
heparin is not absorbed, so it does not worsen the bleeding or lead to systemic anti-
coagulation. If intraperitoneal bleeding is caused by minor injury involving only 
small blood vessels, the use of rapid exchanges with dialysate at room temperature 
can be helpful to speed resolution. It is postulated that the relatively cool dialysate 
induces peritoneal vasoconstriction which leads to hemostasis.

 Chyloperitoneum

A milky-white appearance of dialysate effluent is a unique character of chyloperito-
neum. When there is interruption of the lymphatic drainage from the gut to the main 
lymphatic trunks, chylomicrons rich in triglycerides flux into the peritoneal cavity. 
The cloudy fluid may wax and wane, depending on what kind of fatty acids the 
patient is ingesting. It usually occurs after a meal rich in long-chain fatty acids and 
clears some time afterwards.

The diagnosis is suggested by the typical appearance of the dialysate, and peri-
tonitis needs to be excluded. Lipoprotein electrophoresis shows lipid staining at the 
origin, a characteristic of chylomicrons. When the dialysate is separated into layers 
upon standing, the supernatant stains positively for fat with Sudan Black and dis-
solves with ether. The triglyceride concentration in the effluent is above 110 mg/dL, 
which is higher than that of plasma.

The diagnosis warrants further investigation into the causes. However, the etiol-
ogy of chyloperitoneum is obscure (Table 16.2). The most common cause is neo-
plasm, particularly lymphoma.

The management of chyloperitoneum is based on treating its underlying cause. 
Temporary cessation of PD could accelerate the healing of chylous leak. A diet of 
medium-chain instead of long-chain fatty acids may be helpful until its resolution, and 
parenteral nutrition can be an alternative. Octreotide has been reported to resolve chy-
loperitoneum in a PD patient. It blocks somatostatin receptors in the intestine and 
decreases intestinal fat absorption, intestinal blood flow, and lymph secretion [103].

 Other Abnormal PD Effluent Appearance

Rifampicin can stain the effluent orange. Fluorescein used in eye angiography for 
diabetic retinopathy screening may lead to a yellow fluorescent color in the effluent 
bag. When there is a leak from the biliary system, effluent presents a yellow-green 
color. Cola-like dialysate may indicate the existence of methemalbumin or metmyo-
globin. In hemorrhagic pancreatitis, heme is released from red blood cells as a result 
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of hemolysis, and then it combines with albumin to form methemalbumin [104]. If 
a PD patient experiences severe rhabdomyolysis, there can be myoglobin and red 
blood cells in effluent, which lead to the production of metmyoglobin [105].

 Encapsulating Peritoneal Sclerosis

Encapsulating peritoneal sclerosis (EPS) is a rare but devastating complication 
among patients undergoing long-term PD. It is characterized by greatly thickened 
peritoneal membrane and dense layers of fibro-connective tissue that encapsulate 
the intestinal loops, leading to recurrent bowel obstruction and malnutrition.

Table 16.2 Causes of chyloperitoneum

Obstruction by cell proliferation

  Lymphoma
  Lymph node extension of a cancer of an abdominal or pelvic organ
  Lymphangioleiomyomatosis
Obstruction by infections

 Mycobacteria-related infections
  Lymphatic filariasis
Trauma

  Blunt or penetrating abdominal trauma
  Abdominal surgery (including dialysis catheter insertion)
  Thoracic surgery (thoracic duct trauma)
Excessive lymph production or less venous drainage

  Congestive heart failure
  Constrictive pericarditis
  Superior vena cava syndrome
Cirrhosis
Medications

  Manidipine, benidipine, nisoldipine, nifedipine, lercanidipine
  Diltiazem
  Aliskiren
Miscellaneous

  Pancreatitis
  Lupus disease with mesenteric involvement
  Nephrotic syndrome
  Sarcoidosis
  Retroperitoneal fibrosis
  Whipple’s disease
  Children: Congenital anomalies of the lymphatic system
      Obstructive intestinal lesions
      Lymphangioma
      Battered child syndrome
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The prevalence varies between 0.4% and 3.7%, and among patients on PD for 
more than 5 years, it could be as high as 18.4%; the incidence ranges from 1.4 to 
13.6 episodes/1000 patient-years [106]. The appreciable variation may be a result of 
different diagnostic criteria, clinician’s expertise, and practice patterns among PD 
programs. A considerable proportion of cases happens after PD cessation. Long PD 
duration is a universally accepted determinant for occurrence of EPS. Other risk 
factors such as higher dialysate glucose exposure, frequent and severe peritonitis, 
history of abdominal surgery, use of β-blocker, UF failure, higher peritoneal perme-
ability, and kidney transplantation have been reported by several studies; however, 
due to lack of consistency or significant interactions with long PD vintage, they are 
not reliable indicators.

EPS is associated with high mortality. Once again, longer time on PD is a risk 
factor of death among EPS patients [107]. Fortunately, with early diagnosis and 
developing management, it seems that the outcomes have improved [108], and the 
survival rate of post-transplantation EPS patients may be superior to that of those 
developing EPS during PD or after PD technique failure [109].

The diagnosis of EPS is established when both functional and structural features 
present. EPS can progress slowly and asymptomatically for a long period. At the 
early stage, there is an inflammatory state manifesting with fever, fatigue, anorexia, 
weight loss, bloody dialysate or ascites, anemia, hypoalbuminemia, and elevated 
C-reactive protein. Later, it progresses to the encapsulating stage in which the cap-
sule starts to form but has not progressed enough to impair intestinal peristalsis; 
thus, bowel obstruction is still absent. However, the symptoms of intestinal obstruc-
tion appear with the aggravating capsulation process over time, including abdomi-
nal pain, nausea, vomiting, constipation, and abdominal mass, which define the 
ileus stage. The intermittent ileus can be relieved by conservative treatment, but the 
intervals between recurrence episodes shorten with time, and it ultimately develops 
to complete bowel obstruction.

Structural changes can be detected by different imaging studies [110]. The most 
commonly used method is abdominal CT scan, and it shows great discriminant 
value and reproducibility [111, 112]. The most prevalent findings related to EPS are 
peritoneal calcification, peritoneal thickening, bowel wall thickening, bowel tether-
ing, loculation, and bowel dilatation (Fig. 16.5). However, these findings, especially 
thickening of the bowel wall, also can be seen in patients on long-term PD, and only 
a combination with the clinical feature of ileus is diagnostic. Furthermore, CT is not 
indicated as a screening tool for EPS, since it may occur within a year or less after 
a normal CT scan [113]. On laparotomy, the encapsulating phase is characterized by 
a cocoon like encapsulation of opaque tissue enclosing some or all of the small 
intestine [114]. The pathologic changes of EPS are not discriminative from those 
found in long-term PD patients, so biopsy is not diagnostic [115].

Generally PD should be discontinued after a diagnosis of EPS is made. However, 
it is unclear whether the cessation of PD can prevent EPS progression, especially 
given that there could be retention of intra-abdominal inflammatory factors after PD 
catheter removal. Several reports advocate the use of peritoneal lavage using dialy-
sate after switch of dialysis modality to hemodialysis to treat EPS [116, 117]. 
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Nutritional support is a crucial conservative treatment, and it is usually delivered by 
parenteral nutrition therapy. EPS of early stage can be ameliorated by this method 
[118]. Several medications have been used to treat EPS, including corticosteroids, 
tamoxifen, and immunosuppression, and the result remains controversial [119, 
120]. Perhaps these drug therapies may only exert beneficial effects in the early 
stage when the inflammation is active. Surgical intervention is more definitive for 
those who have already developed into the ileus stage. The procedure may consist 
of peritonectomy, enterolysis, and partial enterectomy [121, 122]. Bowel perfora-
tion and refractory postoperative infections are the main complication of the sur-
gery. However, a dedicated surgical team can be associated with better results [108, 
121, 123].

There is no evidence supporting pre-emptive switching of long-term PD patients 
to HD, but at a certain time point, usually 5 years after PD commencement, the 
patients should be notified about the risk of this complication even after discontinu-
ation of PD, though the majority will not develop EPS. Several strategies has been 
speculated to be beneficial to prevent EPS, including minimizing dialysate glucose 
exposure, use of neutral PH solutions with low GDPs [124], prevention of peritoni-
tis, and peritoneal lavage after PD cessation [125], but further study is needed to 
validate these approaches.
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Chapter 17
ESKD Complications: CKD-MBD

Victoria T. Vo and Stuart M. Sprague

In healthy individuals, normal serum concentrations of calcium and phosphorus are 
maintained through the interaction of three hormones: parathyroid hormone (PTH), 
calcitriol (1,25-dihydroxyvitamin D), which is the active metabolite of vitamin D, 
and fibroblast growth factor 23 (FGF-23). Circulating or soluble klotho also plays a 
role in mineral homeostasis. These hormones act on four primary target organs: the 
bone, kidney, intestine, and parathyroid glands. The kidneys play a critical role in 
the regulation of normal serum calcium and phosphorus concentrations and of the 
three hormones. Derangements in mineral homeostasis are common and develop 
early in patients with chronic kidney disease (CKD). By the time patients reach end- 
stage kidney disease (ESKD), these abnormalities are universally observed. As 
CKD progresses, the body attempts to maintain normal serum concentrations of 
calcium and phosphorus by altering the production of calcitriol, PTH, FGF-23, and 
klotho. Eventually these compensatory responses become unable to maintain nor-
mal mineral homeostasis, resulting in (1) altered serum concentrations of calcium, 
phosphorus, PTH, calcitriol, FGF-23, and klotho, (2) disturbances in bone remodel-
ing and mineralization (often referred to as “renal osteodystrophy”) and/or impaired 
linear growth in children, and (3) extraskeletal calcification in soft tissues and arter-
ies. In 2006, the term chronic kidney disease–mineral and bone disorder (CKD- 
MBD) was developed to describe this triad of abnormalities in biochemical 
measures, skeletal abnormalities, and extraskeletal calcification [1]. The abnormali-
ties that constitute CKD-MBD are interrelated in both the pathophysiology of the 
disease and the response to treatment. All the components of CKD-MBD are associ-
ated with increased risk of fractures, cardiovascular disease, and mortality in 
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patients with ESKD. To further understand the complex integration of these abnor-
malities in CKD-MBD, each component will be independently discussed.

 Biomarkers: Calcium, Phosphate, 
and 1,25-Dihydroxyvitamin D

Calcium and phosphate homeostasis in advanced chronic kidney disease (CKD) is 
complex, and dysregulation of calcium is directly related to the dysregulation of 
serum phosphate and 1,25-dihydroxyvitamin D which develops early as kidney dis-
ease progresses.

Patients with advanced kidney disease often develop hypocalcemia. The devel-
opment of this electrolyte disorder is multifactorial and related to decreased kidney 
production of 1,25-dihydroxyvitamin D and elevated serum phosphate [2, 3]. As 
kidney disease progresses, there is a loss of renal mass, which ultimately results in 
decreased proximal tubular 25-hydroxyvitamin D3 1-α-hydroxylase (CYP27B1) 
activity and correlatively a decrease in production of 1,25-dihydroxyvitamin D 
from 25-hydroxycholecalciferol. This, in turn, affects gastrointestinal absorption of 
calcium, which contributes significantly to the development of hypocalcemia. 
1,25-Hydroxyvitamin D production is further suppressed by elevated FGF-23 con-
centrations found in advanced kidney disease. Serum elevation of phosphate due to 
decreased renal excretion in the setting of reduced kidney function also lowers 
available ionized calcium by binding it in the vascular space or precipitating deposi-
tion of calcium–phosphate in extraskeletal tissues. Maintenance of appropriate 
physiologic concentrations of serum calcium despite these described pathways of 
dysregulation and regulation of serum concentration of phosphate and 
1,25- dihydroxyvitamin D is further influenced by circulating hormones which com-
prise the PTH–vitamin D–FGF-23 axis [4].

 Biomarkers: Parathyroid Hormone

PTH is secreted by chief cells in the parathyroid gland and works in the regulation 
of serum calcium and phosphate concentrations. PTH affects change on serum cal-
cium and phosphate concentrations by targeting receptors located on the bones and 
kidneys in an effort to maintain homeostasis. PTH stimulates bone remodeling 
through the stimulation of osteoblasts and indirect stimulation of osteoclasts. As 
PTH concentrations increase, the net effect is to increase bone resorption resulting 
in calcium and phosphate release from bone and increased serum calcium and phos-
phate concentrations. PTH also acts upon the kidney to reduce urine calcium excre-
tion, reduce urinary phosphate reabsorption (increasing phosphate excretion), and 
increase renal production of 1,25-dihydroxyvitamin D.
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The serum PTH concentration is influenced by many factors that exert positive or 
negative feedback mechanisms on PTH secretion. Phosphate exerts a positive effect 
on PTH through stabilization of PTH mRNA and thereby increases secretion when 
hyperphosphatemia occurs [5]. The parathyroid gland senses changes in serum ion-
ized calcium concentrations via parathyroid calcium sensing receptors (CaSR), 
which mediates a negative feedback inhibition on the secretion of PTH when ionized 
calcium levels are high [6]. 1,25-Dihydroxyvitamin D is also known to exert negative 
feedback inhibition on PTH secretion [7] through binding of the parathyroid vitamin 
D receptor (VDR) and direct suppression of the PTH gene transcription [8]. Fibroblast 
growth factor-23 (FGF-23) also acts to inhibit PTH secretion through downregula-
tion of PTH gene expression, decreased PTH secretion, and decreased PTH cell pro-
liferation through the parathyroid klotho–FGF receptor [9, 10].

 Biomarkers: FGF-23 and Klotho

FGF-23 is a hormone produced by osteoblasts and osteocytes that works in the 
regulation of serum calcium, phosphate, 1,25-dihydroxyvitamin D, and 
PTH. α-klotho acts as a co-receptor for FGF-23, and FGF-23 mitigates its effects on 
serum calcium, phosphate, and 1,25-dihydroxyvitamin D through binding with its 
klotho–FGFR1 receptor complex which is found in kidney and parathyroid gland 
tissue. One of the key regulators for bone secretion of FGF-23 is phosphate. 
Hyperphosphatemia has been shown in human phosphate loading studies to increase 
FGF-23 concentrations [11, 12], and FGF-23, in turn, reduces phosphate reabsorp-
tion by the kidney through downregulation of Na-Pi 2a cotransporters in the proxi-
mal tubules and increases urine phosphate excretion [13].

Serum FGF-23 decreases PTH secretion as discussed above; elevated PTH, how-
ever, has been shown to increase FGF-23 concentration in the blood [14, 15]. This 
interaction between PTH and FGF-23 completes a bone parathyroid hormonal axis 
[14]. FGF-23 is also a component in another hormonal axis. Elevated serum con-
centrations of PTH increase renal production of 1,25-dihydroxyvitamin D, and as 
discussed above, 1,25-dihydroxyvitamin D has negative feedback inhibition on 
PTH production. Elevated concentrations of serum 1,25-dihydroxyvitamin D have 
been found in human studies to increase FGF-23 concentrations in the blood [16, 
17]. FGF-23 then acts upon the kidney through its klotho–FGFR1 receptor complex 
and suppresses 25-hydroxyvitamin D3 1-α-hydroxylase (CYP27B1) activity while 
stimulating 24-hydroxylase (CYP24A1) causing both reduced production and inac-
tivation of 1,25-dihydroxyvitamin D [13, 18]. It is this loop of positive and negative 
feedback that comprises the PTH–vitamin D–FGF-23 axis [4].

Klotho proteins produced by the kidney can be found as membrane-anchored 
(that act as co-receptors for FGF-23) or soluble proteins. Freely circulating, soluble 
klotho has also been shown to effect changes in serum calcium homeostasis. This 
soluble klotho increases calcium reabsorption in distal convoluted tubules and 
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connecting tubules through enzymatically cleaving the extracellular domain of 
TRPV5 calcium channels located there, which keeps the TRPV5 calcium channels 
in the cell membranes [19, 20]. Calcium then moves through these channels down 
electrochemical gradients and enters the cells. Serum elevations in 
1,25- dihydroxyvitamin D also upregulate klotho expression [21] which then works 
in concert with FGF-23 to suppress 1,25-dihydroxyvitamin D as noted above.

 Secondary and Tertiary Hyperparathyroidism

One of the most widely recognized complications of advanced CKD and ESKD is 
hyperparathyroidism. This occurs in the setting of increased secretion of PTH by the 
parathyroid gland, which could be related to a primary disorder in the parathyroid 
gland (primary hyperparathyroidism, which will not be discussed here), increased 
secretion of PTH due to an appropriate stimulus (secondary hyperparathyroidism), 
or inadequately regulated secretion of PTH (tertiary hyperparathyroidism).

By definition, secondary hyperparathyroidism (SHPT) is characterized by 
increased levels of PTH secretion required for the maintenance of normal serum 
calcium levels in the setting of kidney impairment. This elevation of PTH simula-
tion is multifactorial caused by hypocalcemia, decreased 1,25-dihydroxyvitamin D, 
and hyperphosphatemia, all of which occur as advanced kidney disease develops. 
Hyperphosphatemia in advanced kidney disease is a common problem, especially in 
patients undergoing dialysis. Epidemiologic studies have shown peritoneal dialysis 
(PD) patients have lower average serum phosphate concentrations compared to 
hemodialysis (HD) patients [22, 23]; however, a subsequent study found that PD 
patients are exposed to higher time averaged phosphate concentrations compared to 
HD patients [24]. The development of the underlying hypocalcemia is multifacto-
rial related to elevated serum phosphate, decreased renal production of 
1,25- dihydroxyvitamin D, and increased FGF 23 production [2, 3]. In the setting of 
prolonged sustained increased secretion of PTH to maintain calcium homeostasis, 
parathyroid hyperplasia develops. With the development of parathyroid gland 
hyperplasia, nodules develop within the gland which have decreased expression of 
both the VDR and CaSR, thus rendering the tissue less responsive to the circulating 
concentrations of ionized calcium and 1,25-dihydroxyvitamin D and potentiates 
risk for progression to tertiary hyperparathyroidism [9, 25].

In addition, although FGF-23 is known to act upon the parathyroid gland to 
decrease PTH secretion, in advanced CKD and parathyroid gland hyperplasia, there 
is decreased cellular membrane expression of the klotho–FGFR1 [26]. It is pre-
sumed that this mechanism of downregulation of klotho–FGFR1 results in failed 
inhibition of PTH secretion despite high circulating levels of FGF-23 found in 
advanced CKD [2, 27]. Animal model studies have shown that FGF-23 can act inde-
pendently on the parathyroid gland to suppress PTH secretion via a klotho-indepen-
dent, calcineurin-mediated FGF-23 signaling pathway, but this does not appear to 
be a dominant pathway for PTH regulation [28].
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Sequelae of SHPT include renal osteodystrophy, increased fracture risk, vascular 
calcifications, and cardiovascular disease; thus, treatment of this disease is impor-
tant in managing morbidity and mortality in CKD patients. Treatment of SHPT 
consists of management of calcium, phosphate, and 1,25-dihydroxyvitamin D dys-
regulation. Control of hyperphosphatemia through dietary control and oral phos-
phate binders are common first-line treatments. Increased elimination of phosphate 
through dialysis is another cornerstone in treatment of hyperphosphatemia in ESKD 
patients. Though phosphate is a small anion with a molecular weight of 96 Daltons 
(Da) and should fall within the water-soluble, low-molecular-weight category of 
uremic toxins, it has characteristics which cause it to have significantly different 
clearances in HD and PD patients than other small molecular uremic toxins. 
Phosphate exhibits hydrophilic characteristics, and it is encased by an aqueous 
cover which increases its effective molecular weight. It is mainly distributed in the 
intracellular space and has a slow intra-/extracellular solute transfer rate. 
Additionally, a proportion of serum phosphate is bound to serum calcium, sodium, 
or magnesium in the form of salts. These factors all contribute to characteristics that 
lead to a significantly slower diffusion time compared to its proportionally sized 
counterpart, urea (60 Da), and in dialysis causes it to act similarly to a middle mol-
ecule [29, 30].

Elimination of phosphate through dialysis varies between patients and dialysis 
modalities. Phosphate clearance through HD can be increased by increasing the 
frequency of HD sessions while decreasing the length (short daily sessions), increas-
ing the length of sessions on three times a week conventional HD regimens, or 
changing to nocturnal HD sessions with variable frequency. Clearance through PD 
is complex, and patients have variable clearance that is driven by individual patients’ 
trans-membranous peritoneal transport characteristics and the characteristics inher-
ent to phosphate. Studies have found that clearance of phosphate in patients on PD 
is independently associated with dwell time and not significantly influenced by 
dwell volume, ultra-filtrate volume, or number of exchanges and that phosphate 
clearance is significantly greater in continuous ambulatory PD compared to auto-
mated PD especially in slower peritoneal transporters [24, 31, 32]. Since the removal 
of phosphate in PD is dependent on dwell time, having dialysis fluid dwell for the 
full 24 hours will optimize this removal. Often when patients begin PD, they have 
sufficient residual renal clearance of phosphate that serum levels can be controlled 
with night cycler dialysis and a dry day. However, if phosphate intake is high, or 
residual renal clearance of phosphate declines over time, adding a day dwell will 
contribute significantly to improving removal of this anion.

Further medical management of SHPT includes interventions such as calcitriol 
and other synthetic vitamin D receptor activators (VDRA) which have been shown 
to reduce PTH levels through binding of the VDR and inhibiting PTH gene tran-
scription [8, 33]. However, they increase the risk of hypercalcemia and hyperphos-
phatemia. Prolonged, chronic increased secretion of PTH can lead to parathyroid 
gland hyperplasia, and ultimately, hypercalcemia can develop. This severe form of 
SHPT is generally seen in patients with long-term advanced CKD and patients on 
dialysis. Calcimimetics, such as cinacalcet and etecalcitide, allosterically bind to 
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CaSR and increase their sensitivity to serum calcium concentrations. These calcimi-
metics have been found to effectively lower PTH and FGF23 concentrations while 
not increasing serum calcium concentrations [34–37]. Although etecalcitide must 
be administered intravenously and thus cannot conveniently be used in PD patients, 
cinacalcet has been found to be equally effective in both PD and HD patients. 
Inappropriately elevated PTH can be related to other underlying comorbidities 
including vitamin D deficiency. It is important that this be evaluated and addressed 
as repletion of vitamin D stores can aid in reduction of PTH without further treat-
ment needs [27, 38].

Alternately, tertiary hyperparathyroidism (THPT) is characterized by inappropri-
ately increased levels of PTH despite hypercalcemia which is related to autonomic 
function of multiple hypertrophied parathyroid glands refractory to medical man-
agement. Most often THPT is seen in patients on dialysis or after kidney transplan-
tation. As noted above, severe SHPT can also present with hypercalcemia but can be 
controlled with medications. Gland hyperplasia can be categorized into two distinct 
forms, diffuse hyperplasia and nodular hyperplastic glands, which are related to 
monoclonal chief cell growth. As previously mentioned, CaSR and VDR are both 
downregulated in hyperplastic parathyroid glands, which likely contributes to resis-
tance to calcitriol and calcium [39–41].

Like SHPT patients, patients with THPT are at increased risk for renal osteodys-
trophy, fractures, vascular calcification, and cardiovascular disease. These patients 
may also present clinically with symptoms associated with hypercalcemia including 
pruritus, mental status changes, muscle weakness, or worsening kidney allograft 
function. Treatment for THPT is centered on surgical management with subtotal or 
total parathyroidectomy. Studies evaluating the recurrence of hyperparathyroidism 
after subtotal vs total parathyroidectomy with and without autotransplantation 
found no difference in recurrence rate; however, total parathyroidectomy without 
autotransplantation was associated with increased risk of hypocalcemia [42]. Recent 
studies have suggested that ultrasound-guided ablation therapy may be useful [43]; 
unfortunately, there presently are no comparative or long-term studies to assess the 
usefulness of this approach.

 Renal Osteodystrophy

Bone remodeling is a dynamic process occurring constantly in all individuals as 
osteoblasts and osteoclasts form and resorb bone in a balanced and regulated man-
ner. Renal osteodystrophy describes a multifactorial disorder of bone remodeling 
and morphology, and it is present in patients with all stages of CKD. Key factors 
that contribute to the development of ROD is dysregulation in serum calcium and 
phosphate concentration leading to systemic alterations in the hormones that help 
regulate these electrolytes.

An important factor in the pathophysiology of ROD is 1,25-dihydroxyvitamin D 
deficiency which leads to reduced intestinal absorption of calcium and propagates 
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increased PTH secretion seen in secondary hyperparathyroidism. This underlying 
pathophysiology of advanced CKD and hyperphosphatemia also driving increased 
PTH secretion have been found to cause a high turnover bone disease known as 
osteitis fibrosa which is classically seen in ROD [44]. Osteitis fibrosa is character-
ized by increased bone remodeling with increased activity of both osteoclasts and 
osteoblasts. There is increased bone resorption and increased bone formation; how-
ever, this new bone matrix is osteoid (unmineralized) and nonlamellar (not parallel) 
bone and found predominately in the cortical osteons of long bone [45]. Histological 
examination of osteitis fibrosa reveals net bone resorption with marrow and peritra-
becular fibrosis in addition to increased cortical porosity which may contribute to 
osteopenia and increased risk for fractures [44–46]. Mixed uremic osteodystrophy 
is another high-turnover bone disease and differs from osteitis fibrosa in that there 
is an underlying defect in mineralization [1, 47].

Low-turnover bone disease is another form of ROD and is also referred to as 
adynamic bone disease. This form of ROD occurs when ESKD patients are over-
treated with calcium and/or VDRAs, thereby suppressing the level of PTH secretion 
needed for normal rates of bone turnover. In adynamic bone disease, there is 
decreased bone formation and, secondarily, decreased mineralization, which may 
also be associated with hypercalcemia. PD is considered a risk factor for adynamic 
bone due to prolonged exposure to high calcium concentrations found in the dialy-
sate [48, 49], and multiple studies have found low-turnover bone disease to be the 
most prevalent form of ROD in PD patients [50, 51].

Osteomalacia is another form of low-turnover ROD but is associated predomi-
nately with aluminum toxicity when aluminum was previously used more in the 
treatment of ESKD patients. Aluminum toxicity causes increased bone matrix syn-
thesis by existing osteoblasts but defective mineralization resulting in unmineral-
ized osteoid and inhibiting osteoblast differentiation [45]. Another cause of 
osteomalacia is severe vitamin D deficiency which can be related to primary defi-
ciency (related to malnutrition/malabsorption), kidney disease, or medications (like 
antiepileptic drugs). Patients with osteomalacia have elevated serum bone alkaline 
phosphatase early in the pathophysiologic process but if left untreated will escalate 
to vague muscular symptoms and later bony pain, proximal muscle weakness, and 
abnormal gait [52]. Therefore, it is important that the underlying etiology of osteo-
malacia be identified and addressed as ongoing severe vitamin D deficiency can also 
worsen secondary hyperparathyroidism and its associated sequelae. Both high- and 
low-turnover bone disease result in reduced healthy bone formation and, as a result, 
do not allow the bone to work as it normally would to buffer the excess calcium and 
phosphate in the serum, resulting in hypercalcemia and hyperphosphatemia poten-
tially accelerating the development of extraskeletal calcifications [45, 53, 54].

Bone biopsy is the gold standard for diagnosis of ROD (although infrequently 
performed), and treatment for ROD is centered on maintaining normal serum cal-
cium and phosphate concentrations through use of phosphate binders and VDRAs. 
Calcium concentration in PD dialysate should be tailored to individual patient’s 
needs, but it is generally recommended to use calcium concentrations 2.5–3.0 
mEq/L due to this increased risk for hypercalcemia [49, 55]. Use of 
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aluminum- based phosphate binders has significantly decreased and is limited to 
short courses of therapy, generally less than 1–2 months, to reduce incidence of 
aluminum toxicity. The goal of treatment is targeted toward controlling secondary 
hyperparathyroidism, reducing PTH secretion, and maintaining normal serum cal-
cium concentrations [45, 56]. The Kidney Disease: Improving Global Outcomes 
(KDIGO) does not recommend routine use of calcitriol or other VDRAs prior to the 
use of calcimimetics, due to increased risk of hypercalcemia, but rather the use of 
VDRAs and/or calcimimetic therapy should be reserved for treatment in progres-
sive secondary hyperparathyroidism with consideration of the underlying serum 
calcium and phosphate consentrations [56].

 Osteopenia/Osteoporosis

Osteoporosis is characterized by low bone mass and increased bone fragility. 
Skeletal derangements associated with CKD-MBD place patients with CKD at a 
higher risk for fragility fractures than the general population, and several studies 
have found that ESKD patients have a fourfold higher risk for hip fracture than non- 
dialysis patients [57–59]. Additionally, hip fractures in advanced CKD and ESKD 
patients were found to be associated with higher morbidity and mortality than com-
pared to the general population [59, 60].

The pathophysiology of osteopenia and osteoporosis in CKD patients is multi-
factorial, and complicated by traditional risk factors such as age, gender, and weight 
and underlying renal osteodystrophy. The 2017 KDIGO recommends screening 
patients with dual energy X-ray absorptiometry to assess fracture risk in patients 
with CKD-MBD and/or risk factors for osteoporosis [56]. Multiple longitudinal 
studies have validated the use of the World Health Organization T score for fracture 
risk classification and diagnosis of osteopenia and osteoporosis in advanced CKD 
patients [61–63]. Though bone biopsy is considered the gold standard for diagnosis 
of ROD, bone biopsies are no longer suggested prior to the initiation of therapy for 
osteoporosis understanding that this diagnostic tool is not widely available or easily 
attainable and therapy should not be withheld in patients at high risk for fracture 
[56]. Alternatively, treatment decisions can be guided through the use of biomarkers 
such as serum PTH and bone-specific alkaline phosphatase which can be used for 
the evaluation of bone turnover [64].

As with ROD, the first-line treatment for osteoporosis in CKD patient is manage-
ment of CKD-MBD with phosphate binders and VDRAs. Traditional treatments of 
osteoporosis used in the general population such as calcium supplementation may 
not be feasible in the CKD population, given risks for hypercalcemia in severe 
SHPT or adynamic bone disease, but other lifestyle interventions such as smoking 
cessation, weight bearing exercise, fall prevention, and improved nutrition are 
encouraged. Pharmacologic interventions specific to osteoporosis include osteoana-
bolic agents and antiresorptive agents.
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Osteoanabolic agents are forms of recombinant PTH or PTH-related peptide. 
High-turnover bone disease related to hyperparathyroidism should not be treated 
with osteoanabolic agents, but low-turnover bone disease in CKD patient are a tar-
get demographic for this medication. Teriparatide, an osteoanabolic agent, has been 
studied in multiple CKD patient populations and found to be both safe with variable 
efficacy in increasing bone mineral density [65–67]. Antiresorptive agents inhibit 
osteoclast-mediated bone resorption and should not be used in patients with ady-
namic or low-turnover bone disease. Bisphosphonates, an antiresorptive agent, is 
normally cleared by the kidney and therefore previously avoided in patients with 
CKD due to concerns about accumulation in the skeleton and oversuppression of 
bone turnover. However, recent studies have shown that bisphosphonates can be 
used in CKD patients of various stages safely, but none of these studies included 
patients with advanced stage 4 disease or on dialysis [68–70]. Another antiresorp-
tive agent, denosumab, has also been shown to be safe to use and effective in patients 
with advanced CKD and ESKD [71–73], but romosozumab, a newly released ana-
bolic agent, has not been studied in patients with CKD [74].

 Extraskeletal Calcifications

Extraskeletal calcifications in CKD predominately manifests in the form of vascular 
calcifications of the arteries or arterialized veins. Calcium phosphate in the form of 
hydroxyapatite is deposited either in the intimal or medial layer of vessels which 
causes distinct subtypes of vascular calcification.

Intimal calcification occurs in classic atherosclerotic plaques and is associated 
with inflammation and lipid deposition. Vascular calcification seen in advanced kid-
ney disease usually occurs as arterial medial calcifications (AMC). The hydroxy-
apatite crystal deposition occurs in the tunica media along the elastic laminae and 
typically is not associated with inflammation [53, 75]. AMC is associated with sig-
nificantly increased vessel stiffness and reduced compliance [76] which in turn is 
associated with hypertension, left ventricular hypertrophy, and heart failure.

It is no longer presumed that the underlying etiology of vascular calcification is 
due to passive deposition attributable solely to elevated calcium phosphate product 
seen in advanced CKD, but rather it is due to complex, multifactorial processes. 
Studies evaluating the effects on hyperphosphatemia on vascular smooth muscle 
cells (VSMC) have found that elevated serum phosphate concentrations causes loss 
of smooth muscle lineage markers SMα-actin and SM22α and increased expression 
of osteoblastic differentiation markers Runx2, Osf2/Cbfa1, osteopontin, osteocal-
cin, and alkaline phosphatase [77–80]. These changes in cell signaling markers 
results in phenotypic change of VSMC to osteochondrogenic-like cells that contain 
matrix vesicles and are capable of laying down mineralization-matrix of bone col-
lagen and noncollagenous proteins [81]. These phosphate- and calcium-enriched 
matrix vesicles are released into the extracellular space and act as a nidus for 
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calcium phosphate nucleation and mineralization. Similar to this, apoptotic bodies 
from dying VSMC released during apoptosis also act as a nidus for mineralization 
[54, 82].

Beyond hyperphosphatemia, other studies evaluating uremic serum effect on 
VSMC have also noted increased upregulation in osteoblastic differentiation mark-
ers including Runx2, Cbfa1, and alkaline phosphatase which implicates the uremic 
milieu found in advance CKD patients contributes independently to the calcification 
of vasculature [83, 84]. Increased synthesis of alkaline phosphatase also plays a 
significant role in vascular mineralization as alkaline phosphatase is a pro- 
calcification enzyme and disrupts anti-calcification mechanisms in the vessel wall. 
Key calcification inhibiting proteins produced by smooth muscle cells include pyro-
phosphate and osteopontin which are inactivated by alkaline phosphatase [85] in 
addition to downregulation of other calcification inhibitors like fetuin-A and klotho 
[53]. One study has suggested that the accelerated vascular calcification noted in 
ESKD is a direct result of dialysis treatment itself causing VSMC apoptosis and 
thereby reduction of VSCM-derived calcification inhibitors [86].

A study examining adipocytes (which share a common origin with osteocytes in 
mesenchymal stem cells) found that in the presence of hyperphosphatemia, there is 
increased expression of Runx2, a key transcription factor associated with osteoblast 
differentiation, which can induce fully differentiated mature adipocytes to become 
osteoblast-like cells with subsequent mineralization [87]. Furthermore, other stud-
ies have suggested that adipocytes may contribute to VSMC proliferation and calci-
fication through unidirectional paracrine stimulation via secretion of proteins such 
as leptin and VEGF-A [87–89].

Treatment to reduce vascular calcifications is focused on the reduction of serum 
phosphate as discussed above, but no studies have shown that targeting any level of 
phosphate concentration improves vascular calcifications. The use of non-calcium- 
based phosphate binders has been shown to reduce vascular calcifications to a 
greater degree than calcium-based binders [53]. Additionally, animal studies have 
shown that sevelamer and lanthanum binders have prevented vascular calcifications 
in uremic murine models [90, 91]. Calcimimetics can also be used to inhibit the 
development of vascular calcifications and have been shown to reduce aortic calci-
fication scores in HD patients [92, 93].

Patients undergoing long-term (>10 years) PD may also develop a unique but 
rare form of calcification not found in HD patients, peritoneal calcifications. 
Histologically, a significant proportion of long-term PD patients may have micro-
scopic peritoneal calcifications which can be found along peritoneal facing sur-
faces, and in one study these microscopic peritoneal calcifications were associated 
with highly sclerosed tissues and extracellular precipitation adhesive protein osteo-
pontin [94]. Large peritoneal calcifications in PD patients, which are detectable 
through imaging studies such as computed topography scans, have been associated 
with complex, dialysis-related peritonitis and multiple abdominal surgeries [95]. 
Peritoneal calcifications related to PD are considered benign and have not been 
found to be associated with aortic calcifications or serum concentrations of calcium, 
phosphate, or PTH [96].
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 Cardiovascular Disease

A serious comorbidity in patients with ESKD is cardiovascular disease (CVD) and 
is the leading cause of death within this patient population [97]. According to the 
US Renal Data System (USRDS) Annual Data Report, CVD accounted for 48% of 
all ESKD patients’ deaths, and a study, using data from the USRDS evaluating 
ESKD patients from 2003–2013, found that when compared to general population, 
HD patients have a higher CVD mortality risk compared to PD patients (HR 13.64 
compared to 7.86, respectively) [98]. Comorbidities that occur in ESKD patients 
include sudden cardiac death, coronary artery disease, congestive heart failure, 
acute myocardial infarction, valvular heart disease, peripheral arterial disease, atrial 
fibrillation, ventricular arrhythmias, venous thromboembolism, pulmonary embo-
lism, cerebrovascular accident, transient ischemic attack, and pulmonary hyperten-
sion (HTN) [97, 99]. There have been multiple studies examining coronary artery 
disease in HD patients compared to PD patients, and none have found that HD 
patients have significantly more coronary artery disease compared to PD patients 
[100–102]. The pathophysiology related to the elevated incidence and prevalence of 
CVD in the ESKD population compared to the general population is very complex 
and multifactorial.

Patients with advanced CKD often have many medical comorbidities which con-
tribute to the cause and progression of underlying kidney disease including diabetes 
mellitus (DM) and HTN. Additionally, CKD patient have disease-related risk fac-
tors that include CKD-MBD, anemia, chronic inflammation, and malnutrition, and 
the increased risk for CVD seen within this population could be ascribed solely to 
their prevalent medical comorbidities. However, large meta-analyses have found 
that CKD and albuminuria are risk factors for CVD independent of DM and HTN 
and that patients who have CKD and albuminuria without DM or HTN had similar 
cardiovascular mortality risk as CKD patients with albuminuria and DM or HTN 
[103, 104].

The elevation of several hormones in advanced CKD, such as PTH and FGF-23, 
occur as a means to maintain homeostasis in calcium and phosphate serum concen-
trations; but these elevated hormones also function as uremic toxins affecting many 
organs in the body including the heart. Serum PTH concentrations increase as CKD 
advances in response to low serum calcium and 1,25-dihydroxyvitamin D concentra-
tions as described above. Animal studies have found that elevated PTH concentra-
tions can activate cardiac fibroblasts leading to inter-myocardiocyte fibrosis and 
collagen deposition [105] and increased rate heart rate and earlier cellular death of 
cardiac cells [106]. FGF-23 serum concentrations also increase in advanced kidney 
disease due to elevated serum phosphate and PTH concentrations, and one study 
examining the difference in serum FGF-23 concentrations in HD and PD patients has 
found that HD patients have significantly higher serum FGF-23 levels compared to 
PD patients independent of serum PTH, phosphate, and calcium levels [107]. Studies 
have found that FGF-23 acts upon the heart through a klotho-independent receptor, 
FGFR4, and is associated with cardiomyocyte hypertrophy and left ventricular 
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hypertrophy [108]. FGF-23 has also been shown to promote diastolic dysfunction, 
congestive heart failure, and arrhythmias [109, 110]. Even though PD patients have 
lower FGF-23 levels, no studies have demonstrated a difference in CVD.

Increased vascular calcification, as discussed above, is a major risk factor for 
development and propagation of CVD in CKD patient population. Vascular calcifi-
cation can result in increased pulse pressure and pulse wave velocity which then 
contributes to reduction in diastolic coronary perfusion and left ventricular hyper-
trophy [111]. Advanced CKD patients also have a high incidence of valvular calci-
fication which contribute significantly to morbidity and mortality in this patient 
population [112].

Other disease-specific risk factors also play a significant role in advanced CKD 
patients’ development and progression of CVD. Volume status in these patients is 
difficult to measure and control, especially in ESKD patients on dialysis. Acidosis 
has been found to negatively impact not only bone and mineral metabolism but also 
increase vascular stiffness and vascular calcifications in dialysis patients [113].

It is widely accepted that statin therapy reduces cardiovascular mortality in the 
general population. A meta-analysis of 80 randomized controlled trials including 
51,099 patients found that use of statins reduced all-cause mortality and incidence 
of cardiovascular events in CKD patients not on dialysis; however, statins did not 
reduce all-cause or cardiovascular mortality in patients on dialysis [114]. In addi-
tion, this study also did not find a reduction in cardiovascular events despite noted 
decrease in serum cholesterol levels of patient who were on dialysis.

 Calcific Uremic Arteriolopathy

Calcific uremic arteriolopathy (CUA), also known as calciphylaxis, is a manifesta-
tion of extraskeletal calcification which almost exclusively occurs in patients with 
advanced CKD and predominantly in patients on dialysis. It is a rare complication 
in ESKD patients affecting 1–5% of patients on dialysis [115, 116] and is associated 
with a 60–80% mortality rate [116]. Although there have been a small number of 
studies by one research group that have suggested that PD is a risk factor for the 
development of CUA [117, 118], there have been no other studies that substantiate 
these findings, and studies on the incidence of CUA in the PD population are very 
limited.

Lesions in CUA are characteristically associated with superficial necrosis related 
to tissue ischemia (commonly with an associated black eschar), subcutaneous fat 
necrosis, and poor wound healing [116]. Clinically, patients present with livedo 
reticularis and tender, indurated subcutaneous plaques occurring mainly on the 
breast, abdomen, and lower extremities [119]. Histopathologic examination of CUA 
lesions characteristically reveals medial calcification of subcutaneous arterioles, 
venules, and capillaries, endovascular fibrosis, and intravascular thrombi, although 
the presence of endovascular fibrosis and intravascular thrombi is variable [119, 
120]. The exact mechanism in the pathogenesis of CUA remains unclear. CKD 
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patients on HD have increased intravascular calcifications which affects many organ 
systems causing various other comorbidities, but only a very small number develop 
this rare complication.

Classically, a high calcium phosphate product has been associated with increased 
risk for the development of CUA [115, 121], and other risk factors such as obesity, 
diabetes mellitus, hyperparathyroidism, and warfarin use have also been recog-
nized. PTH specifically appears to have a significant role in the pathogenesis of 
CUA. Case reports have shown that CUA can occur in patients with primary hyper-
parathyroidism [122] and after kidney transplantation in patients with tertiary 
hyperparathyroidism [123]. These case studies would suggest that PTH plays an 
independent role in the pathogenesis of CUA and lesion development is not strictly 
associated with the uremia found in dialysis-dependent patients.

Animal studies have shown that warfarin may cause calcifications in rat arteries 
[124]. Warfarin, a vitamin K antagonist, inhibits a specific vitamin K-dependent 
matrix G1s protein (MGP) which is a key calcification inhibitor [125, 126]. 
Additionally, CKD patients who have significant nutritional deficits may also be 
affected by low availability of Vitamin K and have insufficient levels to act as a 
cofactor for the phosphorylation and gamma carboxylation of MGP.  Nutritional 
supplementation of vitamin K was shown to restore carboxylated MGP levels in 
animal studies [126].

Patients on dialysis with CUA have a 1-year survival rate of 29% and 2-year 
survival rate of 14.5% [127]. Wound care in patients with CUA lesions is vital con-
sidering that the leading cause of mortality in these patients is infection and sepsis. 
Wound debridement, either through chemical or surgical means, should be handled 
on a case-by-case basis due to ischemia, poor wound healing, and high risk for 
infection. Hyperbaric oxygen therapy is an adjunctive therapy that can be consid-
ered to aid in wound healing. A small case series showed that 58% of patients who 
received treatment with hyperbaric oxygen had improved wound scores and 11 out 
of 34 patients in that cohort had complete wound healing [128]. Additional adjunc-
tive therapies include bisphosphonates to mitigate bone loss and reduce serum cal-
cium concentrations in the setting of elevated PTH and Vitamin K supplementation 
as previously discussed above [127, 129].

The primary modality for treatment of CUA is use of sodium thiosulfate which 
is typically given intravenously with dialysis three times weekly during the last 30 
minutes of HD. As discussed above, data on the incidence of CUA in PD patients 
and treatment with sodium thiosulfate is limited. There are strategic complications 
in arranging the administration of sodium thiosulfate to PD patients as intravenous 
administration requires patients to come to the PD dialysis unit to receive the medi-
cation whereas HD patients are able to receive dosing with normal scheduled treat-
ments. Typically, sodium thiosulfate is administered during HD not only due to 
access availability but also to blunt the effects of metabolic acidosis which poten-
tially could occur with treatment. There are a small number of studies in which PD 
patients have received thrice weekly intravenous sodium thiosulfate with minimal 
side effects and no significant development of acidosis [130, 131]. Sodium thiosul-
fate can also be administered intra-peritoneally three times weekly [132] or orally at 
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variable dosing; however, bioavailability of oral sodium thiosulfate has been found 
to be very low and may not result in therapeutic benefit [133]. Intralesional injec-
tions of sodium thiosulfate have also been shown to be helpful [134]. The mecha-
nism by which sodium thiosulfate works to improve CUA lesions is not clearly 
understood. Previously thought to improve CUA lesions through calcium chelating 
properties or lowering ionized Ca concentrations through acidification of the blood 
[135], other studies have suggested that sodium thiosulfate reduces oxidative stress 
and promotes vasodilation [136] and that sodium thiosulfate has vascular calcifica-
tion-inhibiting properties [93, 137]. Although some clinicians may choose to con-
vert PD patients to HD in the setting of CUA, there have been no studies performed 
evaluating whether this results in improved morbidity or mortality.

Reducing underlying mineral derangements is also a key target for treatment of 
CUA. The use of non-calcium phosphate binders and intensifying dialysis either in 
frequency or length of treatment time to lower the calcium–phosphate product are 
strategies that can be applied in this patient population. Patients who were previ-
ously on warfarin for anticoagulation should be changed to alternate medications. 
Traditionally, heparin injections are used in this patient population, but non-vitamin 
K antagonist oral anticoagulants like apixaban have also been safely used in HD 
patients with atrial fibrillation and deep vein thrombosis [138].

 Summary

CKD-MBD is an important comorbidity of advanced CKD and ESKD which con-
tributes significantly to the mortality within this patient population. Maintaining 
physiologic homeostasis of serum calcium, phosphate, and 1,25-dihydroxyvitamin 
D is the cornerstone of ongoing care in these patients to prevent the development 
and progression of parathyroid, cardiovascular, and bony disease and the sequelae 
of extraskeletal calcification. Through the use of close laboratory monitoring, 
dietary modification, and medications, this balance can be maintained and reduce 
the effects of CKD-MBD on patients with advanced kidney disease.

References

 1. Moe S, Drueke T, Cunningham J, Goodman W, Martin K, Olgaard K, Ott S, Sprague S, 
Lameire N, Eknoyan G. Definition, evaluation, and classification of renal osteodystrophy: a 
position statement from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int. 
2006;69(11):1945–53.

 2. Komaba H, Fukagawa M. FGF 23-parathryroid interaction: implications in chronic kidney 
disease. Kidney Int. 2010;77(4):292–8.

 3. Komaba H, Kakuta T, Fukagawa M. Management of secondary hyperparathyroidism: how 
and why? Clin Exp Nephrol. 2017;21(Suppl 1):S37–45.

 4. Blau JE, Collins MT.  The PTH-vitamin D-FGF23 axis. Rev Endocr Metab Disord. 
2015;16:164–74.

V. T. Vo and S. M. Sprague



225

 5. Nechama M, Ben-Dov IZ, Silver J, Naveh-Many T. Regulation of PTH mRNA stability by 
the calcimimetic R568 and the phosphorus binder lantham carbonate in CKD. Am J Physiol 
Renal Physiol. 2009;296:F795–800.

 6. Conigrave A. The calcium-sensing receptor and the parathyroid: past, present, future. Front 
Physiol. 2016;7:1–13.

 7. Delmez JA, Tindira C, Grooms P, Dusso A, Windus DW, Slatopolsky E. Parathyroid hormone 
suppression by intravenous 1,25-dihydroxyvitamin D. J Clin Invest. 1989;83:1349–55.

 8. Ritter CS, Brown AJ.  Direct suppression of PTH gene expression by the vitamin D pro-
hormones doxercalciferol and calcidiol requires the vitamin D receptor. J Mol Endocrinol. 
2011;46:63–6.

 9. Ben-Dov IZ, Galitzer H, Lavi-Moshayoff V, Goetz R, Kuro-o M, Mohammad M, Sirks R, 
Naveh-Many T, Silver J. The parathyroid is a target organ for FGF23 in rats. J Clin Invest. 
2007;117(12):4003–8.

 10. Krajisnik T, Bjorklund P, Marsell R, Ljunggren O, Akerstrom G, Jonsson KB, Westin 
G, Larsson TE.  Fibroblast growth factor-23 regulates parathyroid hormone and 
1alpha- hydroxylase expression in cultured bovine parathyroid cells. J Endocrinol. 
2007;195(1):125–31.

 11. Burnett SM, Gunawardene SC, Bringhurst FR, Juppner H, Lee H, Finkelstein JS. Regulation 
of C-terminal and intact FGF-23 by dietary phosphate in men and women. J Bone Miner Res. 
2006;21(8):1187–96.

 12. Scanni R, von Rotz M, Jehle S, Hulter HN, Krapf R. The human response to acute enteral and 
parenteral phosphate loads. J Am Soc Nephrol. 2014;25(12):2730–9.

 13. Saito H, Kusano K, Kinosaki M, Ito H, Hirata M, Segawa H, Miyamoto K, Fukushima 
N.  Human fibroblast growth factor-23 mutants suppress Na+-dependent phosphate 
co-transport activity and 1alpha, 25-dihydroxyvitamin D3 production. J Biol Chem. 
2003;278(4):2206–11.

 14. Lavi-Moshayoff V, Wasserman G, Meir T, Silver J, Naveh-Many T. PTH increases FGF23 
gene expression and mediates the high FGF23 levels of experimental kidney failure: a bone 
parathyroid feedback loop. Am J Physio Renal Physio. 2010;299(4):F882–9.

 15. Burnett-Boview SA, Henoa MP, Dere ME, Lee H, Leder BZ. Effects of hPTH(1-34) infusion 
on circulating serum phosphate, 1,25-dihydroxyvitamin D, and FGF23 levels in healthy men. 
J Bone Miner Res. 2009;24(10):1681–5.

 16. Collins MT, Lindsay JR, Jain A, Kelly MH, Cutler CM, Weinstein LS, Liu J, Fedarko NS, 
Winer KK. Fibrobast growth factor-23 is regulated by 1alpha,25 dihydroxyvitamin D. J Bone 
Miner Res. 2005;20(11):1944–50.

 17. Nishi H, Nii-Kono T, Nakanishi S, Yamazaki Y, Yamashita T, Fukumoto S, Ikeda K, Fujimon 
A, Fukagawa M. Intravenous calcitriol therapy increases serum concentrations of fibroblast 
growth factor 24  in dialysis patients with secondary hyperparathyroidism. Nephron Clin 
Pract. 2005;101(2):c94–9.

 18. Shimada T, Kakitani M, Yamazaki Y, Hasegawa H, Takeuchi Y, Fujita T, Fukumoto S, 
Tomizuka K, Yamashita T. Target ablation of FGF23 demonstrates an essential physiological 
role of FGF23 in phosphate and vitamin D metabolism. J Clin Invest. 2004;113(4):561–8.

 19. Leunissen EHP, Nair AV, Bull C, Lefeber DJ, van Delft FL, Bindels RJM, Hoenderop 
JGJ. The epithelial calcium channel TRPV5 is regulated differentially by klotho and siali-
dase. J Biol Chem. 2013;288(41):29238–46.

 20. Chang Q, Hoefs S, van der Kemp AW, Topala CN, Bindels RJ, Hoenderop JF.  The 
beta-glucuronidase klotho hydrolyzes and activates the TRPV5 channel. Science. 
2005;310(5747):490–3.

 21. Hu MC, Kuro-o M, Moe OW.  Renal and extrarenal actions of klotho. Semin Nephrol. 
2013;33(22):118–29.

 22. Noordzij M, Korevaar JC, Boeschoten EW, Dekker FW, Bos WJ, Krediet RT. The Kidney 
Disease Outcomes Quality Initiative (K/DOQI) guideline for bone metabolism and disease in 
CKD: association with mortality in dialysis patients. Am J Kidney Dis. 2005;46(5):925–32.

 23. Young EW, Albert JM, Satayathum S, Goodkin DA, Pisoni RL, Akiba T, Akizawa T, Kurokawa 
K, Bommer J, Piera L, Port FK. Predictors and consequences of altered mineral metabolism: 
the dialysis outcomes and practice patterns study. Kidney Int. 2005;67(3):1179–87.

17 ESKD Complications: CKD-MBD



226

 24. Evenepoel P, Meijers BKI, Bammens B, Viaene L, Claes K, Sprangers B, Naesens M, 
Hoekstra T, Schlieper G, Vanderschueren D, Kuypers D. Phosphorus metabolism in perito-
neal dialysis and haemodialysis treated patients. Nephrol Dial Transpl. 2016;31(9):1508–14.

 25. Rodriguez M, Nemeth E, Martin D. The calcium-sensing receptor: a key factor in the pathogen-
esis of secondary hyperparathyroidism. Am J Physiol Renal Physiol. 2005;288(2):F253–64.

 26. Pavik I, Jaeger P, Ebner L, Wagner CA, Petzold K, Spichtig D, Poster D, Wuthrich RP, 
Russman S, Serra AL. Secreted klotho and FGF23 in chronic kidney disease Stage 1 to 5: a 
sequence suggested from a cross-section study. Nephrol Dial Transplant. 2013;28:352–9.

 27. Jamal SA, Miller PD.  Secondary and tertiary hyperparathyroidism. J Clin Densitrom. 
2013;16(1):64–8.

 28. Olauson H, Lindberg K, Amin R, Sato T, Jia T, Goetz R, Mohammad M, Anderson G, Lanske 
B, Larsson TE. Parathyroid-specific deletion of klotho unravels a novel calcineurin- dependent 
FGF23 signaling pathway that regulates PTH secretion. PLoS Genet. 2013;9(12):1–10.

 29. Kuhlmann MK. Phosphate elimination in modalities of hemodialysis and peritoneal dialysis. 
Blood Purif. 2010;29(2):137–44.

 30. Bammens B, Evenepoel P, Verbeke K, Vanrenterghem Y. Removal of middle molecules and 
protein bound solutes by peritoneal dialysis and relation with uremic symptoms. Kidney Int. 
2003;64(6):2238–43.

 31. Courivaud C, Davenport A. Phosphate removal by peritoneal dialysis: the effect of trans-
porter status and peritoneal dialysis prescription. Perit Dial Int. 2016;36(1):85–93.

 32. Davenport A. Peritoneal phosphate clearance: the effect of peritoneal dialysis modality and 
peritoneal transport status. Adv Perit Dial. 2017;33:5–12.

 33. Slatopolsky E, Weerts C, Thielan J, Horst R, Harter H, Martin KJ. Marked suppression of sec-
ondary hyperparathyroidism by intravenous administration of 1,25-dihydoxy- cholecalciferol 
in uremic patients. J Clin Invest. 1984;74(6):2136–43.

 34. Block GA, Martin KJ, de Francisco AL, Turner SA, Avram MM, Suranyi MG, Hercz G, 
Cunningham J, Abu-Alfa AK, Messa P, Coyne DW, Locatelli F, Cohen RM, Evenpoel P, 
Moe SM, Founier A, Braun J, McCray LC, Zani VJ, Olson KA, Drueke TB, Goodman 
WG.  Cinacalcet for secondary hyperparathyroidism in patients receiving hemodialysis. N 
Engl J Med. 2004;350(15):1516–25.

 35. Block GA, Bushinsky DA, Cheng S, Cunningham J, Dehmel B, Drueke TB, Ketteler 
M, Kewalramani R, Martin KJ, Moe SM, Patel UD, Silver J, Sun Y, Wang H, Chertow 
GM.  Effect of etelcalcetide vs cinacalcet on serum parathyroid hormone in patients 
receiving hemodialysis with secondary hyperparathyroidism: a randomised clinical trial. 
JAMA. 2017;317(2):156–64.

 36. Pereira L, Meng C, Marques D, Frazao JM.  Old and new calcimimetics for treatment of 
secondary hyperparathyroidism: impact on biochemical and relevant clinical outcomes. Clin 
Kidney J. 2018;11(1):80–8.

 37. Sprague SM, Wetmore JB, Gurevich K, Da Roza G, Buerkert J, Reiner M, Goodman W, 
Cooper K. Effect of cinacalcet and vitamin D analogs on fibroblast growth factor-23 during the 
treatment of secondary hyperparathyroidism. Clin J Am Soc Nephrol. 2015;10(6):1021–30.

 38. Walker MD, Cong E, Lee JA, Kepley A, Zhang C, McMahon DJ, Silverberg SJ. Vitamin D in 
primary hyperparathyroidism: effects on clinical, biochemical, and densitometric presenta-
tion. J Clin Endocrinol Metab. 2015;100(9):3443–51.

 39. Fukuda N, Tanaka H, Tominaga Y, Fukagawa M, Kurokawa K, Seino Y.  Decreased 
1,25- dihydroxyvitamin D3 receptor density is associated with a more severe form of parathy-
roid hyperplasia in chronic uremic patients. J Clin Invest. 1993;92(3):1436–43.

 40. Kifor O, Moore FD, Wang P, Goldstein M, Vassilev P, Hebert SC, Brown EM.  Reduced 
immunostaining for the extracellular Ca2+−sensing receptor in primary and uremic second-
ary hyperparathyroidism. J Clin Endocrinol Metab. 1996;81(4):1598–606.

 41. Tokumoto M, Tsuruya K, Fukuda K, Kanai H, Kuroki S, Hirakata H. Reduced p21, p27 and 
vitamin D receptor in the nodular hyperplasia in patients with advanced secondary hyper-
parathyroidism. Kidney Int. 2002;62(4):1196–207.

V. T. Vo and S. M. Sprague



227

 42. Gasparri G, Camandona M, Abbona GC, Papotti M, Jeantet A, Radice E, Mullineris B, Dei 
PM. Secondary and tertiary hyperparathyroidism: causes of recurrent disease after 446 para-
thyroidectomies. Ann Surg. 2001;233(1):65–9.

 43. Jiang B, Wang X, Yao Z, Wu H, Xiao L, Gong H, Gao Z. Microwave ablation vs parathyroid-
ectomy for secondary hyperparathyroidism in maintenance hemodialysis patients. Hemodial 
Int. 2019;23(2):247–53.

 44. Lau WL, Linnes M, Chu EY, Foster BL, Bartley BA, Somerman MJ, Giachelli CM. High 
phosphate feeding promotes mineral and bone abnormalities in mice with chronic kidney 
disease. Nephrol Dial Transpl. 2013;28(1):62–9.

 45. Hruska KA, Teitelbaum SL. Renal osteodystrophy. N Engl J Med. 2005;333(3):166–74.
 46. Sabbagh Y, Graciolli FG, O'Brien S, Tang W, Machado dos Reis L, Ryan S, Phillips L, 

Boulanger J, Song W, Bracken C, Liu S, Ledbetter S, Dechow P, MEF C, Carvalho AB, Jorgetti 
V, RMA M, Schiavi SC. Repression of osteocyte Wnt/beta-catenin signaling is an early event 
in the progression of renal osteodystrophy. J Bone Miner Res. 2012;27(8):1757–72.

 47. Moe S. Vascular calcifications and renal osteodystrophy relationship in chronic kidney dis-
ease. Eur J Clinc Invest. 2006;36(Suppl 2):51–62.

 48. Brandenburg VM, Floege J.  Adynamic bone disease  - bone and beyond. NDT Plus. 
2008;1(3):135–47.

 49. KDIGO clinical practice guidelines for the diagnosis, evaluation, prevention, and treatment 
of chronic kidney disease-mineral and bone disorder (CKD-MBD). Chapter 4.3. Kidney Int. 
2009;73(Suppl 113):S90–9.

 50. Sanchez MC, Bajo A, Selgas R, Mate A, Millan I, Martinez E, Lopez-Barea F. Parathormone 
secretion in peritoneal dialysis patients with adynamic bone disease. Am J Kidney Dis. 
2000;36(5):953–61.

 51. de Oliveira RA, Fellype B, Mendes M, dos Reis LM, Castro JH, ZML B, IDB M, Carvalho 
AB, Moyses RM, Jorgetti V. Peritoneal dialysis per se is a risk factor for sclerostin-associated 
adynamic bone disease. Kidney Int. 2015;87(5):1039–45.

 52. Bhan A, Rao AD, Rao S. Osteomalacia as a result of vitamin D deficiency. Endocrinol Metab 
Clin N Am. 2010;39(2):321–31.

 53. Byon CH, Chen Y. Molecular mechanisms of vascular calcification in chronic kidney disease: 
the link between bone and the vasculature. Curr Osteoporos Rep. 2015;13(4):206–15.

 54. Moe SM, Chen NX. Mechanisms of vascular calcification in chronic kidney disease. J Am 
Soc Nephrol. 2008;19(2):213–6.

 55. Nitta K, Hanafusa N, Tsuchiya K. Mineral bone disorders (MBD) in patients on peritoneal 
dialysis. Ren Replace Therapy. 2019;5(4):1–6.

 56. Ketteler M, Block GA, Evenepoel P, Fukagawa M, Herzog CA, McCann L, Moe SM, Shroff 
R, Tonelli MA, Toussaint ND, Vervloet MG, Lenoard MB. Executive summary of the 2017 
KDIGO chronic kidney disease - mineral and bone disorder (CKD-MBD) guideline update: 
what's changed and why it matters. Kidney Int. 2017;92(1):26–36.

 57. Stehman-Breen CO, Sherrard DJ, Alem AM, Gillen DL, Heckbert SR, Wong CS, Ball A, 
Weiss NS. Risk factors for hip fractures among patients with end-stage renal disease. Kidney 
Int. 2000;58(5):2200–5.

 58. Alem AM, Sherrard DJ, Gillen DL, Weiss NS, Beresford SA, Heckbert SR, Wong C, 
Stehman-Breen C. Increased risk for hip fracture among patients with end-stage renal dis-
ease. Kidney Int. 2000;58(1):396–9.

 59. Maravic M, Osterag A, Torres PU, Cohen-Solal M. Incidence and risk factors for hip frac-
tures in dialysis patients. Osteoporos Int. 2014;25(1):159–65.

 60. Kim SM, Long J, Montez-Rath M, Leonard M, Chertow GM. Hip fracture in patients with 
non dialysis requiring chronic kidney disease. J Bone Miner Res. 2016;31(10):1803–9.

 61. Naylor KL, Garg AX, Zou G, Langsetmo L, Leslie WD, Fraser LA, Adachi JD, Morin S, 
Goltzman D, Lentle B, Jackson SA, Josse RG, Jamal SA. Comparison of fracture risk predic-
tion among individuals with reduced and normal kidney function. Clin J Am Soc Nephrol. 
2015;10(4):646–53.

17 ESKD Complications: CKD-MBD



228

 62. West SL, Lok CE, Langsetmo L, Cheung AM, Szabo E, Pearce D, Fusaro M, Wald R, 
Weinstein J, Jamal SA. Bone mineral density predicts fractures in chronic kidney disease. J 
Bone Miner Res. 2015;30(5):913–9.

 63. Iimori S, Mori Y, Akita W, Kuyama T, Takada S, Asai T, Kuwahara M, Sasaki S, Tsukamoto 
Y. Diagnostic usefulness of bone mineral density and biochemical markers of bone turnover 
in predicting fracture in CKD stage 5D patients - a single center cohort study. Nephrol Dial 
Transplant. 2012;27(1):345–51.

 64. Khairallah P, Nickolas TL. Management of osteoporosis in CKD. Clin J Am Soc Nephrol. 
2018;13(6):962–9.

 65. Miller PD, Schwartz EN, Chen P, Misurski DA, Krege JH.  Teriparatide in postmeno-
pausal women with osteoporosis and mild or moderate renal impairment. Osteoporos Int. 
2007;18(1):59–68.

 66. Cejka D, Kodras K, Bader T, Haas M.  Treatment of hemodialysis associated adynamic 
bone disease with teriparatide (PTH1-340): a pilot study. Kidney Blood Press Res. 
2010;33(3):221–6.

 67. Sumida K, Ubara Y, Hoshino J, Mise K, Hayami N, Suwabe T, Kawada M, Imafuku A, 
Hiramatsu R, Hasegawa E, Yamanouchi M, Sawa N, Takaichi K. Once weekly teriparatide 
in hemodialysis patients with hypoparathyroidism and low bone mass: a prospective study. 
Osteoporos Int. 2016;27(4):1441–50.

 68. Shigematsu T, Muraoka R, Sugimoto T, Nishizawa Y. Risedronate therapy in patients with 
mild to moderate chronic kidney disease with osteoporosis: post-hoc analysis of data from 
the risedronate phase III clinical trials. BMC Nephrol. 2017;18(1):66.

 69. Jamal SA, Bauer DC, Ensrud KE, Cauley JA, Hochberg M, Ishani A, Cummings 
SR. Alendronate treatment in women with normal to severely impaired renal function: an 
analysis of the Fracture Intervention Trial. J Bone Miner Res. 2007;22(4):503–8.

 70. Toussaint ND, Lau KK, Strauss BJ, Polkinghorne KR, Kerr PG. Effect of alendronate on vas-
cular calcification in CKD stages 3 and 4: a pilot randomized controlled trial. Am J Kidney 
Dis. 2010;56(1):57–68.

 71. Jamal SA, Ljunggren O, Stehman-Breen C, Cummings SR, McClung MR, Goemaere S, 
Ebeling PR, Franek E, Yang YC, Egbuna OI, Boonen S, Miller PD. Effects of denosumab 
on fracture and bone mineral density by level of kidney function. J Bone Miner Res. 
2011;26(8):1829–35.

 72. Block GA, Bone HG, Fang L, Lee E, Padhi D. A single-dose study of denosumab in patients 
with various degrees of renal impairment. J Bone Miner Res. 2012;27(7):1471–9.

 73. Chen CL, Chen NC, Hsu CY, Chou KJ, Lee PT, Fang HC, Renn JH. An open-label, prospec-
tive pilot clinical study of denosumab for severe hyperparathyroidism in patient with low 
bone mass undergoing dialysis. J Clin Endocrinol Metab. 2014;99(7):2426–32.

 74. Saag KG, Petersen J, Brandi ML, Karaplis AC, Lorentzon M, Thomas T, Maddox J, Fan M, 
Meisner PD, Grauer A.  Romosozumab or aldendronate for fracture prevention in women 
with osteoporosis. N Engl J Med. 2017;377:1417–27.

 75. Lau WL, Pai A, Moe SM, Giachelli CM. Direct effects of phosphate on vascular cell function. 
Adv Chronic Kidney Dis. 2011;18(2):105–12.

 76. London GM, Guerin AP, Marchais SJ, Metivier F, Pannier B, Adda H. Arterial medial calci-
fication in end-stage renal disease: impact on all-cause and cardiovascular mortality. Nephrol 
Dial Transpl. 2003;18:1731–40.

 77. Jono S, McKee MD, Murry CE, Shioi A, Nishizawa Y, Mori K, Morii H, Giachelli 
CM.  Phosphate regulation of vascular smooth muscle cell calcification. Circ Res. 
2000;87(7):e10–7.

 78. Steitz SA, Speer MY, Curinga G, Yang HY, Haynes P, Aebersold R, Schinke T, Karsenty G, 
Giachelli CM. Smooth muscle cell phenotype transition associated with calcification. Circ 
Res. 2001;89(12):1147–54.

 79. Leopold J. Vascular calcification: mechanisms of vascular smooth muscle cell calcification. 
Trends Cardiovasc Med. 2015;25(4):267–74.

V. T. Vo and S. M. Sprague



229

 80. Chen NX, Moe SM.  Pathophysiology of vascular calcification. Curr Osteoporos Rep. 
2015;13(6):372–80.

 81. Moe SM, Chen NX. Pathophysiology of vascular calcification in chronic kidney disease. Circ 
Res. 2004;95(6):560–7.

 82. Reynolds JL, Joannides AJ, Skepper JN, McNair R, Schurgers LJ, Proudfoot D, Jahnen- 
Dechent W, Weisberg PL, Shanahan CM.  Human vascular smooth muscle cells undergo 
vesicular-mediated calcification in response to changes in extracellular calcium and phos-
phate concentrations: a potential mechanism for accelerated vascular calcification in ESRD. J 
Am Soc Nephrol. 2004;15(11):2857–67.

 83. Chen NX, O'Neill KD, Duan D, Moe SM. Phosphorus and uremic serum up-regulate osteo-
pontin expression in vascular smooth muscle cells. Kidney Int. 2002;62:1724–31.

 84. Chen NX, Duan D, O'Neill KD, Wolisi GO, Koczman JJ, LaClair R, Moe SM. The mecha-
nisms of uremic serum-induced expression of bone matrix proteins in bovine vascular smooth 
muscle cells. Kidney Int. 2006;70(6):1046–53.

 85. Lomashvili KA, Cobbs S, Hennigar RA, Hardcastle KI, O'Neill WC.  Phosphate-induced 
vascular calcification: role of pyrophosphate and osteopontin. J Am Soc Nephrol. 
2004;15(6):1392–401.

 86. Shroff RC, McNair R, Figg N, Skepper JN, Schurgers L, Gupta A, Hiorns M, Donald AE, 
Deanfield J, Rees L, Shanahan CM. Dialysis accelerates medial vascular calcification in part 
by triggering smooth muscle cell apoptosis. Circulation. 2008;118(17):1748–57.

 87. Chen NX, O'Neill K, Akl NK, Moe SM. Adipocyte induced arterial calcification is prevented 
with sodium thiosulfate. Biochem Biophys Res Commun. 2014;449(1):151–6.

 88. Mikhaylova L, Malmquist J, Nurminskaya M. Regulation of in vitro vascular calcification by 
BMP4, VEGF and Wnt3a. Calcif Tissue Int. 2007;81(5):372–81.

 89. Zeadin M, Butcher M, Werstuck G, Khan M, Yee CK, Shaughnessy SG.  Effect of leptin 
on vascular calcification in apolipoprotein E-deficient mice. Arterioscler Thromb Vasc Biol. 
2009;29:2069–75.

 90. Phan O, Ivanovski O, Nguyen-Khoa T, Mothu N, Angulo J, Westenfeld R, Ketteler M, Meert 
N, Maizel J, Nikolov I, Vanholder R, Lacour B, Drueke T, Massy Z. Sevelamer prevents 
uremia-enhanced atherosclerosis progression in apolipoprotein E-deficient mice. Circulation. 
2005;112(18):2875–82.

 91. Nikolov I, Joki N, Nguyen-Khoa T, Guerrera I, Maizel J, Benchirit J, dos Rios LM, Edelman 
A, Lacour B, Jorgetti V, Drueke T, Massy ZA. Lanthanum carbonate, like sevelamer-HCl, 
retards the progression of vascular calcification and atherosclerosis in uremic apolipoprotein 
E-deficient mice. Nephrol Dial Transpl. 2012;27(2):505–13.

 92. Raggi P, Chertow GM, Torres PU, Csiky B, Naso A, Nossuli K, Moustafa M, Goodman WG, 
Lopez N, Downey G, Dehmel B, Floege J. The ADVANCE study: a randomized study to 
evaluate the effects of cinacalcet plus low-dose vitamin D on vascular calcification in patients 
on hemodialysis. Nephrol Dial Transpl. 2011;26(4):1327–39.

 93. Nakayama K, Nakao K, Takatori Y, Inoue J, Kojo S, Akagi S, Fukushima M, Wada J, 
Makino H. Long-term effect of cinacalcet hydrochloride on abdominal aortic calcification in 
patients on hemodialysis with secondary hyperparathyroidism. Int J Nephrol Renovasc Dis. 
2014;7:25–33.

 94. Nakazato Y, Yamaji Y, Oshima N, Hayashi M, Saruta T. Calcification and osteopontin local-
ization in the peritoneum of patients on long-term continuous ambulatory peritoneal dialysis 
therapy. Nephrol Dial Tranpl. 2002;17(7):1293–303.

 95. Agarwal A, Yeh BM, Breiman RS, Qayyum A, Coakley FV. Peritoneal calcification: causes 
and distinguishing features on CT. Am J Roentgenol. 2004;182(2):441–5.

 96. Vlijm A, Phoa SSKS, Noordzij M, Spijkerboer AM, van Schuppen J, Stoker J, Struijk DG, 
Krediet RT. Are peritoneal calcifications in long term peritoneal dialysis related to aortic cal-
cifications and disturbances in mineral metabolism. Nephrol Dial Transpl. 2011;26(1):304–8.

 97. United States Renal Data System. 2018 USRDS annual data report: Epidemiology of kidney 
disease in the United States. National Institutes of Health, National Institute of Diabetes and 
Digestive and Kidney Diseases, Bethesda, 2018.

17 ESKD Complications: CKD-MBD



230

 98. Modi ZJ, Yee L, Ji N, Kapke A, Selewski DT, Dietrich X, Abbott K, Nallamothu BK, Schaubel 
DE, Saran R, Gipson DS. Risk of cardiovascular disease and mortality in young adults with 
end stage renal disease. JAMA Cardiol. 2019;4(4):353–62.

 99. Bhatti NK, Galougahi K, Paz Y, Nazif T, Moses JW, Leon BM, Stone GW, Kirtane AJ, 
Karmpaliotis D, Bokhari S, Hardy MA, Dube G, Mohan S, Ratner LE, Cohen DJ, Ali 
ZA. Diagnosis and management of cardiovascular disease in advanced and end-stage renal 
disease. J Am Heart Assoc. 2016;5(8):e003648.

 100. Jansa TT, van Reekum FE, Ozyilmaz A, de Jong PA, Boereboom FTJ, Hoekstra T, Verhaar 
MC, van Jaarsveld BC. Coronary artery calcification in hemodialysis and peritoneal dialysis. 
Am J Nephrol. 2018;48(5):369–77.

 101. Kim CD, Cho JH, Choi HJ, Jang MH, Kwon HM, Kim JC, Park SH, Lee JM, Cho DK, Kim 
YL. Coronary artery calcium scores using electron beam CT in patients with chronic renal 
failure. J Korean Med Sci. 2005;20(6):994–9.

 102. Lee CM, Chen PW, Leung TK, Wang HJ, Kung CH, Lin YH, Hsiao WT, Chen YY. Comparison 
of coronary artery calcification in peritoneal and hemodialysis patients. J Exp Clin Med. 
2011;3:89–92.

 103. Fox CS, Matsushita K, Woodward M, Bilo HJ, Chalmers J, Heerspink HJ, Lee BJ, Perkins 
RM, Rossing P, Sairenchi T, Tonelli M, Vassalotti JA, Yamagishi K, Coresh J, de Jong 
PE, Wen CP, Nelson RG.  Associations of kidney disease measures with mortality and 
end-stage renal disease in individuals with and without diabetes: a meta-analysis. Lancet. 
2012;380(9854):1662–73.

 104. Mahmoodi BK, Matshushita K, Woodward M, Blankestijn PJ, Cirillo M, Ohkubo T, Rossing 
P, Sarnak MJ, Stengel B, Yamagishi K, Yamashita K, Zhang L, Coresh J, de Jong PE, Astor 
BC. Associations of kidney disease measures with mortality and end-stage renal disease in 
individuals with and without hypertension: a meta-analysis. Lancet. 2012;380(9854):1649–61.

 105. Amann K, Ritz E, Wiest G, Klaus G, Mall G. A role of parathyroid hormone for the activation 
of cardiac fibroblasts in uremia. J Am Soc Nephrol. 1994;4(10):1814–9.

 106. Bogin E, Massary SG, Harary I.  Effect of parathyroid hormone on rat heart cells. J Clin 
Invest. 1981;67(4):1215–27.

 107. Bi S, Liang X, Cheng L, Wang Y, Wang T, Han Q, Zhang A. Hemodialysis is associated 
with higher serum FGF23 level when compared with peritoneal dialysis. Int Urol Nephrol. 
2017;49(9):1653–9.

 108. Leifheit-Nestler M, Grabner A, Hermann L, Ritcher B, Schmitz K, Fischer DC, Yanucil C, 
Faul C, Haffner D.  Vitamin D treatment attenuates cardiac FGF23/FGFR4 signaling and 
hypertrophy in uremic rats. Nephrol Dial Transplant. 2017;32:1493–503.

 109. Isakova T, Xie H, Yang W, Xie D, Anderson AH, Scialla J, Wahl P, Gutierrez OM, Steigerwalt 
S, He J, Schwartz S, Lo J, Ojo A, Sondheimer J, Hsu CY, Lash J, Leonard M, Kusek JW, 
Feldman HI, Wolf M. Fibroblast growth factor 23 and risks of mortality and end stage renal 
disease in patients with chronic kidney disease. JAMA. 2011;305(23):2432–9.

 110. Glassock RJ, Pecoits-Filho R, Barberato SH. Left ventricular mass in chronic kidney disease 
and ESRD. Clin J Am Soc Nephrol. 2009;4:S79–91.

 111. Cozzolino M, Mangano M, Stucchi A, Ciceri P, Conte F, Glassi A. Cardiovascular disease in 
dialysis patients. Nephrol Dial Transplant. 2018;33(Suppl 3):iii28–34.

 112. Wang Z, Jiang A, Wei F, Chen H. Cardiac valve calcification and risk of cardiovascular or all- 
cause mortality in dialysis patients: a meta-analysis. BMC Cardiovasc Disord. 2018;18(1):12.

 113. Voiculet C, Zara O, Bogeanu C, Vacaroiu I, Aron G. The role of oral sodium bicarbonate 
supplementation in maintaining acid-base and its influence on the cardiovascular system in 
chronic hemodialysis patients - results of a prospective study. J Med Life. 2016;9(4):449–54.

 114. Palmer SC, Craig JC, Navaneethan SD, Tonelli M, Pellegrini F, Strippoli GFM. Benefits and 
harms of statin therapy for persons with chronic kidney disease: a systematic review and 
meta-analysis. Ann Intern Med. 2012;157(4):263–75.

 115. Angelis M, Wong LL, Myers SA, Wong LM. Calciphylaxis in patients on hemodialysis: a 
prevalence study. Surgery. 1997;122(6):1083–90.

 116. Vedvyas C, Winterfield LS, Vleugels RA. Calciphylaxis: a systematic review of existing and 
emerging therapies. J Am Acad Dermatol. 2012;67(6):e253–60.

V. T. Vo and S. M. Sprague



231

 117. Zacharias JM, Fontaine B, Fine A. Calcium use increases risk of calciphylaxis: a case control 
study. Perit Dial Int. 1999;19:248–52.

 118. Fine A, Zacharias J. Calciphylaxis is usually non-ulcerating: risk factors, outcome and ther-
apy. Kidney Int. 2002;61(6):2210–7.

 119. Au S, Crawford RI. Three-dimensional analysis of a calciphylaxis plaque: clues to pathogen-
esis. J Am Acad Dermatol. 2002;47(1):53–7.

 120. Santos PW, He J, Tuffaha A, Wetmore JB. Clinical characteristics and risk factors associated 
with mortality of calcific uremic arteriolopathy. Int Urol Nephrol. 2017;49(12):2247–56.

 121. Sprague S.  Painful skin ulcers in a hemodialysis patient. Clin J Am Soc Neph. 
2014;9(1):166–73.

 122. Mirza I, Chaubay D, Gunderia H, Shih W, El-Fanek H. An unusual presentation of calciphy-
laxis due to primary hyperparathyroidism. Arch Pathol Lab Med. 2001;125:1351–3.

 123. Massry SG, Gordon A, Coburn JW, Kaplan L, Franklin SS, Maxwell MH, Kleeman 
CR. Vascular calcifications and peripheral necrosis in a renal transplant recipient. Am J Med. 
1970;49(3):416–22.

 124. Price PA, Faus SA, Williamson MK. Warfarin causes rapid calcification of the elastic lamel-
lae in rat arteries and heart valves. Arterioscler Thromb Vasc Biol. 1998;18(8):1400–7.

 125. Ketteler M, Rothe H, Brandenburg VM, Westenfeld R.  The K factor in chronic kid-
ney disease: biomarkers of calcification inhibition and beyond. Nephrol Dial Transplant. 
2014;29:1267–70.

 126. McCabe KM, Booth SL, Fu X, Shobeiri N, Pang JJ, Adams MA, Holden RM. Dietary vita-
min K and therapeutic warfarin alter the susceptibility to vascular calcification in experimen-
tal chronic kidney disease. Kidney Int. 2013;83:835–44.

 127. Jeong HS, Dominguez AR.  Calciphylaxis: controversies in pathogenesis, diagnosis, and 
treatment. Am J Med Sci. 2016;351(2):217–27.

 128. An J, Devaney B, Ooi KY, Ford S, Frawley G, Menahem S. Hyperbaric oxygen in the treat-
ment of calciphylaxis : a case series and literature review. Nephrology. 2015;20(7):444–50.

 129. Nigwekar SU, Kroshinsky D, Nazarian RM, Goverman J, Malhotra R, Jacksonn VA, Kamdar 
MM, Steele DJR, Thadhani RI. Calciphylaxis: risk factors, diagnosis, and treatment. Am J 
Kidney Dis. 2015;66(1):133–46.

 130. Cicone JS, Petronis JB, Embert CD, Spector DA. Successful treatment of calciphylaxis with 
intravenous sodium thiosulfate. Am J Kidney Dis. 2004;43(6):1104–8.

 131. Zhang Y, Corapi KM, Luongo M, Thadhani R, Nigwekar SU.  Calciphylaxis in peri-
toneal dialysis patients: a single center cohort study. Int J Nephrol Renovasc Dis. 
2016;19(9):235–41.

 132. New N, Mohandas J, John GT, Ratanjee S, Healy H, Fancis L, Ranganathan D.  Calcific 
uremic arteriolopathy in peritoneal dialysis populations. Int J Nephrol. 2011; Article ID 
982854:1–9.

 133. Farese S, Stauffer E, Kalicki R, Haldebrandt T, Frey BM, Frey FJ, Uehlinger DE, Pasch 
A.  Sodium thiosulfate pharmacokinetics in hemodialysis patients and healthy volunteers. 
Clin J Am Soc Nephrol. 2011;6(6):1447–55.

 134. Strazzula L, Nigwekar SU, Steele D, Tsiaras W, Sise M, Bis S, Smith GP, Kroshinsky 
D.  Intralesional sodium thiosulfate for the treatment of calciphylaxis. JAMA Dermatol. 
2013;149(8):946–9.

 135. Pasch A, Schaffner T, Huynh-Do U, Frey BM, Frey FJ, Farese S. Sodium thiosulfate prevents 
vascular calcifications in uremic rats. Kidney Int. 2008;74(11):1444–53.

 136. Hayden MR, Tyagi SC, Kolb L, Sowers JR, Khanna R. Vascular ossification - calcification in 
metabolic syndrome, type 2 diabetes mellitus, chronic kidney disease, and calciphylaxis - cal-
cemic uremic arteriolopathy: the emerging role of sodium thiosulfate. Cardiovasc Diabetol. 
2005;4:4–22.

 137. O’Neill WC, Hardcastle KI. The chemistry of thiosulfate and vascular calcification. Nephrol 
Dial Transplant. 2012;27(2):521–6.

 138. Garza-Mayers AC, Shah R, Sykes DB, Nigwekar SU, Kroshinsky D. The successful use of 
apixaban in dialysis patients with calciphylaxis who require anticoagulation: a retrospective 
analysis. Am J Nephrol. 2018;48(3):168–71.

17 ESKD Complications: CKD-MBD



233© Springer Nature Switzerland AG 2021
A. Rastogi et al. (eds.), Applied Peritoneal Dialysis, 
https://doi.org/10.1007/978-3-030-70897-9_18

Chapter 18
Anemia Management in Peritoneal Dialysis

Ramy Hanna and Anjay Rastogi

 Introduction

In the United States, 37 million people have chronic kidney disease (CKD) [1], and 
the current prevalence of end-stage kidney disease (ESKD) is also approaching 
nearly 750,000 patients [2]. Only 7–10% of patients with ESKD are being started 
on PD, for an estimated prevalence of 50–75,000 patients [1].

Correction of anemia in the setting of CKD and ESKD is an important manage-
ment goal [3]. The development of anemia exacerbates risks of coronary artery 
disease (CAD) so prevalent in these populations [4, 5]. Further, fatigue and lower 
health-related quality of life (HRQoL) scores are strongly correlated with anemia in 
CKD/ESKD patients [6].

It is becoming clear that after the implementation of the US Kidney Health 
Initiative (US-KHI), PD will become an increasingly favored modality for cost and 
convenience [7]. There is increasing evidence of favorable outcomes with regard to 
preservation of residual kidney function (RKF) [8].

The “at-home” care model of patients with PD will require special attention to 
anemia of ESKD/CKD management. Iron management and erythropoiesis- 
stimulating agents (ESAs) require more planning when the patient is primarily 
undergoing therapy at home rather than receiving injectables and infusions of 
medications on hemodialysis [9]. The new hypoxia-inducible factor-prolyl 
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hydroxyl inhibitor (HIF-PHI) drugs present great opportunities for a new class of 
agents that are oral and maybe optimally suited for the peritoneal dialysis popula-
tion [10]. The challenges of caring for an ever-expanding group of dialysis patients 
at home will require new strategies and innovative approaches to deliver quality 
care remotely.

 Pathophysiology of Anemia in End-Stage Kidney Disease

Anemia in end-stage kidney disease is a consequence of reduced erythropoietin 
production resulting in impaired red blood cell generation [11]. There is also devel-
opment of iron deficiency, a part of which is ostensibly related to blood loss on 
dialysis membranes/machines (in hemodialysis). This is not routinely experienced 
in patients undergoing peritoneal dialysis [12]. Figure 18.1 explains the pathophysi-
ology of anemia in CKD and ESKD, with attention to different factors between 
HD and PD.

The main source of biological erythropoietin production is the pericytes of the 
kidney tubules. With CKD/ESKD, these pericytes are either lost with the shrinking 
kidney mass or differentiate to myofibroblasts [13]. This results in ever-shrinking 
amounts of biologically- derived erythropoietin [13]. This is the primary mecha-
nism of decreased bone marrow production of erythroblasts and development to 
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reticulocytes and, later, erythrocytes. Calcium/phosphorous deposition, vitamin b12 
(cyanocobalamin)/folate deficiency, iron deficiency, aluminum-based binders, a rise 
in urea and ultimately uremia, and dialysis filter and procedurally related inflamma-
tion are additional hypothesized causes of anemia in CKD and ESKD [3].

The inflammation seen in CKD and ESKD is the subject of a new area of research 
within anemia in CKD, and that is the reduced utilization of iron stores due to hep-
cidin dysregulation [14]. Hepcidin is hypothesized to be related to increased secre-
tion from activated macrophages, due to inflammation and vascular injury related to 
calcium deposition and dialyzer membrane-related inflammation [15]. There are 
also concerns of iron overload and cardiovascular risk related to high levels of hep-
cidin [15]. Hepcidin levels can also directly exert effects on patient outcomes and 
costs by inducing ESA resistance [10, 15]. Figure 18.2 displays the usual physiol-
ogy of erythrocytosis, pathophysiology in CKD/ESKD patients, and pharmacology 
of common treatment options.

 Rationale for Anemia Treatment

CKD and ESKD both lead to increased cardiovascular strain due to volume over-
load. This is especially pronounced in ESKD in HD and PD patients where volume 
overload results in left ventricular hypertrophy (LVH) [16]. Thus, anemia in the 
setting of LVH and ESKD results in increased risks of ischemia due to inability to 
supply myocardial oxygen demand (MVO2). Patients with CKD- and ESKD-related 
anemia have higher progression of coronary artery disease (CAD), congestive 

Pericytes

Myofibroblasts

Sufficient EPO

Low EPO

Colony forming unit 
erythroid

Normal kidney

CKD/ESRD

Pro
erythroblast

Basophilic
erythroblast

Polychromatic
erythroblast

Orthochro-
matophillic
erythroblast

Reticulocyte Erythrocyte

ESA use

Fe store availability

HIF

HIF HIF-PHI 
stabilizers

Prolyl
hydroxylase

(HIF-PHI
Prolong EPO 

T1/2)

HIF
activity

Hepcidin

Fe supplementation

Hepcidin 
promotes 

Hepatic Fe 
sequestration

EPO receptor

Fig. 18.2 Erythrogenesis in normal kidney and in CKD/ESKD.  EPO erythropoietin, ESAs 
erythropoiesis- stimulating agents, Fe iron, HIF-PHI hypoxia-inducible factor-prolyl hydroxylase 
inhibitor, T1/2 half-life

18 Anemia Management in Peritoneal Dialysis



236

heart failure (CHF), and even atherosclerotic vascular disease (ASVD) [17–21]. 
The current treatment goal is a hemoglobin target of 10–11.5 g/L (but less than 
12 g/L). The risk of treating to higher hemoglobin was noted in multiple studies that 
demonstrated a higher risk of stroke, myocardial infarction, and venous thrombo-
embolism [22]. Though higher hemoglobin reduced subjective feelings of fatigue in 
HD and PD patients, these benefits are not substantial enough to justify the overall 
systemic risks [23].

Anemia in ESKD was treated with blood transfusion and intravenous (IV) iron 
prior to the advent of ESAs [24]. The original ESA indication given by the US FDA 
was for the reduction in need of blood transfusions. This was extremely helpful in 
the CKD and ESKD population, resulting in less risk of blood-borne illnesses and 
less risk of foreign antigen sensitization, which may limit options for transplanta-
tion. The mechanism of ESA agents is simply the direct stimulation of erythrocyte 
precursors (erythroblasts) to divide and develop into reticulocytes and mature red 
blood cells. This requires free iron stores without which bone marrow progenitor 
development will not be possible [25, 26]. Risks of iron supplementation include 
oxidative damage in CKD, and in ESKD an increased risk of infection has been 
seen in some studies [27, 28], but not others such as the PIVOTAL trial and the dedi-
cated follow-up infection sub-study [29, 30]. Table 18.1 discusses cardiovascular 

Table 18.1 Oral and parenteral iron formulations for use in peritoneal dialysis

Agent Route
Usual 
dose Usual schedule Side effects

Iron sulfate Oral 325 mg TID Constipation, poor 
bioavailability, and 
absorption

Iron gluconate Oral 240–
320 mg

TID to QID Poor bioavailability and 
absorption

High-molecular- 
weight iron 
dextran

Intravenous 100 mg 
injection

2–3 times a week for 
limited duration

Anaphylaxis, infection 
risk, renal oxidative stress 
risk in CKD

Low-molecular- 
weight iron 
dextran

Intravenous 100 mg 
injection

2–3 times a week for 
limited duration

Anaphylaxis, infection 
risk, renal oxidative stress 
risk in CKD

Iron sucrose Intravenous 100 mg 
injection

2–3 times a week for 
limited duration

Anaphylaxis, infection 
risk, renal oxidative stress 
risk in CKD

Ferric gluconate Intravenous 125 mg 
injection

2–3 times a week for 
limited duration

Benzyl alcohol reactions

Ferumoxytol Intravenous 510 mg 
injection

Followed by 1 repeat 
dose 3 days to 8 days 
after initial dosing

Will cause enhancement 
on MRI scanning up to 
3 months after

CKD chronic kidney disease, Mg milligram, MRI magnetic resonance imaging, QID four times a 
day, TID three times a day
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risks in CKD and ESKD patients, and Fig. 18.2 shows the effect of physiology of 
ESAs in promoting erythropoiesis.

 Role of Iron in Anemia Therapy and Evidence for Use

Given the activation of hepcidin discussed above, iron deficiency and relative iron 
deficiency are common comorbid issues in ESKD patients, including those on PD 
[26]. The supplementation of iron then becomes a central focus in the management 
of anemia [25]. In patients receiving ESAs, the demand for iron is also higher, 
resulting in a need for more iron supplementation to ensure ESA effectiveness [31].

Oral iron, while easy to use, is poorly absorbed and has been proven to be less 
effective than IV iron. This holds true for peritoneal dialysis patients specifically as 
well [28]. Iron sulfate, in particular, can aggravate constipation, though iron gluco-
nate is associated with a lower incidence of constipation [32]. IV iron is better toler-
ated and allows more efficient use of ESAs [31]. The PIVOTAL trial also has 
allowed insight into a proactive versus reactive IV iron strategy [30]. It has been 
found that a proactive IV iron loading strategy is associated with lower cardiovas-
cular event rate and a lower rate of ESA utilization in HD [30]. Though these find-
ings are likely generalizable, a specific trial in PD patients with IV iron has not yet 
been done [30].

Avoidance of blood transfusions can thus be maximized with proper IV iron use 
in HD and PD patients [25, 30, 31]. It is important to monitor ferritin and iron satu-
ration parameters to avoid hepatic iron overload [28]. In CKD patients, there are 
some concerns about oxidative stress with IV iron use, but these concerns are greatly 
lessened in ESKD patients [27, 28]. Infectious complications of IV iron use, how-
ever, are possible. In general, IV iron is to be avoided in active infections but should 
be used to avoid risks of blood-borne pathogen exposure (with transfusion) [27, 28]. 
Maintenance iron strategy seems to be associated with less infection risk than bolus 
iron infusions [27, 28]. Immune sensitization [33], transfusion reactions, and gen-
eral strain on healthcare resources are also undesirable side effects of blood transfu-
sion that can be avoided with optimal iron use and ESA administration [22]. The 
available oral and intravenous iron formulations are compared and contrasted in 
Table 18.1, along with dosing recommendations for those agents.

 Erythropoiesis-Stimulating Agents and Evidence for Use

Erythropoiesis-stimulating agents are recombinant erythropoietin products that 
have been artificially produced [34–36]. There are compounds similar to biological 
erythropoietin alpha and others that have been altered to change their half-life (dar-
bepoetin) [37]. These have been in clinical use since the 1980s–1990s and were a 
major development in CKD and ESKD care [38].
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Newer developments include a depot form that limits hemoglobin variability 
(methoxy polyethylene glycol-epoetin beta) [9, 39]. These agents all function in a 
similar fashion once they reach cell signaling machinery, namely, the stimulation of 
the erythropoietin receptor and the transmission of that signal via phosphorylation 
to signal transducer and activator of transcription (STAT) protein [40]. The translo-
cation of STAT protein from the cytoplasm to the nucleus results in promotor bind-
ing of genes encoding the transferrin receptor and other proteins that stimulate 
erythropoiesis. See Fig. 18.3 for schematic of ESA mechanism of action [40].

The primary FDA indication given to all ESAs is to prevent the need for blood 
transfusion in end-stage kidney disease, and they are often used in the setting of 
CKD as well [41]. The use of these agents is associated with a U-shaped safety 
curve, with underuse being associated with anemia and poor cardiovascular out-
comes [5, 19]. Overuse, however, similarly results in higher risks of cardiovascular, 
cerebrovascular, and thromboembolic events [22]. The correction of anemia to the 
standard 10–11.5  g/L is associated with improved health-related quality of life 
(HRQoL) questionnaire rating, less fatigue, and improved cardiovascular morbidity 
and mortality rates [38]. The dangers of elevated hemoglobin far outweigh any ben-
efits of correcting hemoglobin to normal levels [38]. Limiting factors due to cost, 
injectable route, and risk of antibodies forming to drug have also driven a search to 
use the lowest effective dose of drug to achieve desired effect [42]. While correcting 
to a target of 11–12 g/L is cost-effective, beyond these targets, there are both cost 
and risk barriers that present an unfavorable risk/benefit ratio [42].
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Fig. 18.3 Molecular biology of ESA and HIF stabilizing agents. (a) ESA mechanism. (b) HIF- 
PHI Mechanism. EpoR erythropoietin receptor, ESA erythropoiesis-stimulating agent, mRNA 
messenger RNA, HIF-α hypoxia-inducible factor alpha, HIF-β hypoxia-inducible factor beta, PHI 
prolyl hydroxylase inhibitor, SHPI-1 SH2-domain containing protein; STAT signal transduction 
and transcription protein, Ubq ubiquinone. Note ubiquinone-tagged proteins are marked for pro-
teasome degradation
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These drugs can be injected intravenously, and this is often done during HD; in 
CKD and PD patients, the subcutaneous route is preferred [43]. Please see Table 18.2 
for available ESAs with data on T1/2, cost, routes of injection, and structural particu-
lars. Dosing recommendations are also included for short- and long-acting ESAs in 
Table 18.2. Intraperitoneal delivery of ESAs has been successfully administered in 
a dry abdomen with greatly enhanced bioavailability as reported in Bargman 
et al. [44].

 Hypoxia-Inducible Factor Stabilizers and Evidence for Use

Hypoxia-inducible factor (HIF) is normally produced in response to low oxygen 
conditions, and this induces erythropoietin production in addition to several other 
hypoxia response genes [10]. HIF is then degraded by prolyl hydroxylase which 
marks HIF for ubiquitin tagging and eventual degradation by the proteasome. The 
mechanism of HIF stabilizer-PHI is the prevention of hydroxylation of HIF by pro-
lyl hydroxylase, the interruption of ubiquitin tagging, and the provision of a steadier 
signaling promoting erythropoietin transcription and translation [45–48]. See Fig. 
18.3 for the mechanism of action of this novel class of anti-anemia agent [49].

Table 18.2 Doses of erythropoietin analogues used in end-stage kidney disease

Agent Route Usual dose Usual schedule Side effects

Erythropoietin- 
alpha

IV
SQ

300 units/Kg 
2000 units–
20,000 units

TI week
(T1/2 = 4–13 hours)

High hemoglobin 
>12 g/L associated with 
adverse CV and 
cerebrovascular events
Worsening of existing 
malignancy

Darbepoetin- alpha IV
SQ

0.45 mcg/Kg
25 mcg to 500 
mcg doses

Every 4 weeks
(T1/2 = 24–144 hours)

High hemoglobin 
>12 g/L associated with 
adverse CV and 
cerebrovascular events
Worsening of existing
malignancy

Methoxy 
polyethylene 
glycol-epoetin beta

IV
SQ

0.6 mcg/kg
60–360 mcg 
doses

60–180 mcg every 
2 weeks
120–360 mcg every 
4 weeks
T1/2 119–124 hours
(HD lower T1/2, PD 
higher T1/2)

High hemoglobin 
>12 g/L associated with 
adverse CV and 
cerebrovascular events
Worsening of existing
malignancy

Erythropoietin beta not approved by US FDA (in use in EU)
Erythropoietin delta not approved by US FDA (in use in EU)
Erythropoietin omega not approved by US FDA (in use in EU)

CV cardiovascular, FDA US Food and Drug administration, EU European Union, G gram, HD 
hemodialysis, V intravenous, Kg kilogram, L liter, mcg micrograms, PD peritoneal dialysis, SQ 
subcutaneous, T1/2 half-life, TI week three times a week
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The first agent approved by the US FDA of the HIF-PHI class was roxadustat, 
and it was also novel in that it is an oral agent [50]. The trials marking its approval 
were placebo controlled, and they showed efficacy [51]. An unexpected benefit was 
a visible reduction in hepcidin levels [52] and suggests that HIF-PHI agents may 
make iron more available for use in erythropoiesis [52]. Head-to-head studies 
against other ESAs demonstrated superiority or noninferiority as well [53].

Currently a large variety of HIF-PHI agents are undergoing FDA phase 2 clinical 
trial testing. The new agents in development include daprodustat [54], vadadustat 
[55], molidustat, enarodustat, and desidustat [56–60]. Some agents have shown 
greater than desired/goal increases in serum hemoglobin. The biological erythropoi-
etin level needed to achieve these increases, however, is lower than the usually pre-
scribed doses of other directly acting ESAs [49].

Further, the oral administration of these agents solves many issues with drug 
storage, availability, administration logistics, and cost concerns. The availability of 
an oral agent makes this class of agents very appealing for the PD population [49]. 
Given the concern noted earlier about erythropoietin and poor outcomes with nor-
malized hemoglobin, the use of these agents should be closely monitored to ensure 
that hemoglobin levels stay in the 10–11.5 g/L range [38]. It is not known if the 
same deleterious effects of higher hemoglobin will be noted with HIF-PHI agents as 
with other ESA compounds. It is prudent though to follow the same precautions at 
this point, with the available evidence [38].

 Difference Between Anemia Therapy in Peritoneal 
and Hemodialysis Patients

There are various subtle differences between the HD and PD populations summa-
rized here. The pathophysiology of anemia in ESKD is similar among CKD, HD, 
and PD populations [12]. HD populations, though, have a lower threshold for inject-
able therapies given availability of nursing care three times a week, access to the 
blood stream, and intensive in-center monitoring [12]. This logistical setup does not 
translate to superior outcomes and comes at a great cost, however [12]. The acute 
and chronic risks of blood loss in HD circuits, infection risk in patients undergoing 
HD with tunneled dialysis catheters (TDC), and inflammation risk due to the HD 
circuit are factors aggravating anemia of ESKD in this population with no correlate 
in the PD population [61].

The PD population, however, has several challenges. There are fewer opportuni-
ties for nursing care; the use of longer-acting injectables capable of being injected 
subcutaneously is thus more optimal for PD [12]. Long-acting ESA analogues of 
erythropoietin alpha and longer-acting erythropoietin beta agents all are dosed sub-
cutaneously in the PD population. As mentioned, the promise of oral HIF-PHI 
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agents with their oral administration is optimal in the PD population. In addition to 
the ease of administration, the new generation of HIF-PHI’s effect on hepcidin may 
reduce need for iron loading and increase iron availability [12]. This is helpful, 
since PD patients are not often available for intravenous iron therapy, and this 
approach may improve the efficacy of the usually poorly bioavailable oral iron ther-
apy [12]. Another important approach is the potential use of intraperitoneal ESA, 
which, if done correctly via a dry abdomen, results in greatly improved pharmaco-
kinetics and bioavailability [44].

 The Need for Further Workup

While it is very likely that anemia in the setting of CKD/ESKD (including HD and 
PD) is likely due to erythropoietin deficiency and/or resistance related to hepcidin 
or other factors, some red flags should spur investigation [62]. It has been noted 
recently that there is a significant number of patients with CKD and ESKD who 
have macrocytic anemia and vitamin B12 (cyanocobalamin) deficiency in CKD and 
ESKD populations [63]. It is important to note, though, that high B12 levels are 
deleterious and should be avoided based on recent studies [64].

A strongly microcytic anemia with findings, signs, and symptoms suggestive of 
gastrointestinal bleeding should spur a gastroenterological evaluation and upper and 
lower tract endoscopy to locate any occult bleeding or malignancy. (Remember that 
PD patients need antibiotic prophylaxis before endoscopy and should undergo these 
procedures with an “empty” peritoneal cavity.) This is especially important in 
patients on ESAs, who may have a risk factor as ESAs can promote tumor angio-
genesis [62].

In cancer patients, while ESAs can be used, their management must be in the 
hands of an oncological physician who knows how they may affect the treatment 
and prognosis of an underlying malignancy [65]. Ideally oncology and nephrologi-
cal consultants would co-manage such patients in close collaboration so as to ensure 
both nephrological and oncologic guidelines are met [62].

The use of ESAs may not stop the need for blood transfusions due to develop-
ment of ESA resistance, neutralizing antibodies, and hepcidin hindering iron avail-
ability. Packed red cell transfusions may still be needed to keep hemoglobin >7 or 
>8 in patients with cardiac risk factors [62]. If blood transfusions do not improve 
with ESA, a thorough malignancy and even a hemolytic anemia workup should be 
undertaken [65]. In some cases, bone marrow biopsy may reveal a plasma cell dys-
crasia, myelodysplastic syndrome, or underlying malignancy. Rarely thrombotic 
microangiopathy or paroxysmal nocturnal hemoglobinuria may be uncovered, as 
both these diseases may have been occult causes of ESKD in anemic patients [66]. 
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Table 18.3 lists alarm signs that suggest the need for further consultation and workup 
in PD/ESKD patients with anemia.
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Chapter 19
Peritoneal Dialysis in Diabetic Patients

Cheuk-Chun Szeto

 Introduction

Diabetes mellitus and chronic kidney disease (CKD) are both common, serious, and 
costly medical problems. In 2017, there were 476 and 697 million diabetic and 
CKD patients, respectively, around the world [1]. CKD causes over 1.2 million 
deaths globally every year, of which over one-third have diabetic kidney disease [2]. 
In many parts of the world, 50% of end-stage kidney disease (ESKD) patients newly 
put on dialysis nowadays have diabetic nephropathy as the underlying renal diagno-
sis [3]. The presence of diabetes is also consistently associated with a markedly 
elevated risk of cardiovascular disease and death in dialysis patients.

Peritoneal dialysis (PD) is a life-saving treatment of ESKD, and, being a home- 
based and inexpensive modality of dialysis, the utilization of PD has been increas-
ing in many parts of the world [4, 5]. However, diabetic patients have specific 
problems after receiving PD, and there are areas that clinicians must be cautious 
while treating diabetes in PD patients.

 PD for Diabetic Patients

 Choice of PD as the Dialysis Modality

The choice of dialysis modality for diabetic patients involves multiple consider-
ations and may not be purely medical or scientific. Hemodialysis is feasible in many 
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patients but would be a concern when there is underlying cardiovascular disease or 
hemodynamic instability, which are both common in diabetic patients. Furthermore, 
it is often technically difficult to establish a permanent vascular access, and diabetic 
patients are at high risk of developing catheter-related blood stream infection [6]. 
Many diabetic patients are elderly, have limited mobility, and may have logistic dif-
ficulty to come to the hemodialysis center thrice weekly.

In contrast, there are a number of advantages to use PD as the modality of treat-
ment for diabetic patients with ESKD. Being a home-based therapy, frequent travel 
to the dialysis center and restriction of daily activity are avoided. As a continuous 
therapy, hemodynamic and biochemical stability are maintained. Although peritoni-
tis is always a concern, the risk is probably balanced by that of catheter-related 
blood stream infection as in the case of hemodialysis. However, glucose absorption 
from PD solution may pose problems to diabetic and metabolic control, and protein 
loss to PD effluent may aggravate malnutrition and sarcopenia.

 Metabolic Consequence of PD

With conventional glucose-based PD solutions, 50–80% of the instilled glucose is 
absorbed. The carbohydrate load to the patient depends on the glucose concentra-
tion of the PD solution, frequency of dialysis exchange, and the peritoneal transport 
characteristics. On average, around 50–150 g/day of glucose is absorbed, which is 
equivalent to 200–600 kcal/day and could contribute to 10–30% of the daily caloric 
requirement of a diabetic patient.

Glucose absorption leads to a number of metabolic consequences [7]. Appetite is 
suppressed, but the effect is usually counterbalanced by the improvement of uremia. 
Weight gain is common after the initiation of PD. Glucose intolerance, insulin resis-
tance, and the development of an atherogenic lipid profile are often observed. In an 
observational study, Kim et al. [8] noted that the median weight gain after 1 year of 
PD was 2.3 kg. The magnitude of weight gain was more severe in diabetic patients 
and was related to systemic inflammation and rapid decline in residual kidney func-
tion [8]. In another study of 444 new PD patients, Choy et al. [9] reported a mean 
weight gain of 1.34 kg after 1 year of PD. Nearly 25% patients had weight gain over 
3 kg, which was more common in diabetic patients [9]. However, the magnitude of 
weight gain during the first year of PD was not associated with adverse clinical 
outcome [9].

With the high prevalence of obesity and substantial weight gain after PD, a large 
proportion of diabetic PD patients develop overt metabolic syndrome. A study of 
329 prevalent PD patients showed that over 95% diabetic PD patients (and 62% of 
nondiabetic ones) fulfilled the diagnostic criteria of metabolic syndrome [10]. 
However, the overall survival, cardiovascular survival, and technique survival did 
not differ between patients with and without metabolic syndrome, irrespective to the 
diabetic status [10].
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With the continuous glucose exposure, nondiabetic patients may develop 
hyperglycemia after the initiation of PD therapy. In an observational study of 
252 nondiabetic patients newly started on PD, fasting plasma glucose levels 
were greater than 200 mg/dL in 21 patients (8.3%), and fasting plasma glucose 
was 126–200 mg/dL in 48 patients (19.0%) [11]. Seven patients required insulin 
therapy, and three required low-dose sulfonylurea therapy [11]. In this study, 
obesity was not a risk factor of hyperglycemia after PD, but even mild hypergly-
cemia was associated with worse survival rate [11]. The result indicates that 
fasting plasma glucose should be monitored in nondiabetic patients after initia-
tion of PD.

 Glucose-Sparing Strategies

In view of the adverse metabolic consequences, it is logical to minimize glucose 
exposure in diabetic PD patients. Possible strategies of glucose sparing are sum-
marized in Table 19.1. To start with, the need of hypertonic PD cycles should be 
reduced by dietary salt and water restriction. Diuretics, especially loop diuretics, 
should be used liberally. Residual kidney function should be preserved by avoiding 
nephrotoxic agents (e.g., nonsteroidal anti-inflammatory agents and aminoglyco-
sides). Previous randomized controlled trials suggest that angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers are effective in preserving resid-
ual kidney function [12].

On the other hand, ultrafiltration from PD could be optimized without excessive 
exposure to hypertonic glucose-based solution by appropriate design of the PD regi-
men and use of glucose-free solutions. Utilization of glucose-polymer (i.e., icodex-
trin) solution notably improves glycemic control and leads to favorable metabolic 
profiles in diabetic patients [13, 14]. Johnson et  al. [15] showed that HbA1c 
decreased from 8.9 to 7.9  in diabetic patients treated with icodextrin solution. 
Amino acid-based PD solution is also often used to reduce the insulin requirement 
of diabetic PD patients, although it was originally developed for its nutritional ben-
efit. A small study showed that replacement of glucose with amino acid-based 

Table 19.1 Strategies of 
reducing glucose exposure 
for diabetic PD patients

(A) Non-dialysisa

   Dietary salt and water restriction
   Liberal use of diuretics
   Preservation of residual kidney function
(B) Dialysis
  Icodextrin PD solution
    Combination regimen of glucose polymer and amino 

acid-based solutions
aThe aim is to reduce the use of hypertonic PD cycles
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solution had beneficial effects on glucose and lipid metabolism [16]. Combination 
regimens that use both icodextrin and amino acid-based solutions on the diabetic 
control of PD patients have further been tested in a randomized control trial [17]. In 
this study, 251 diabetic PD patients were randomized to a low-glucose combination 
regimen or a conventional glucose-based one [17]. After 6 months, the mean gly-
cated hemoglobin, serum fructosamine level, and lipid profiles improved in the 
combination group but remained unchanged in the control group [17–19]. However, 
there was a trend of more serious adverse events, including those related to extracel-
lular fluid volume expansion, in the combination group [17]. Taken together, avail-
able studies strongly support that glucose sparing solutions substantially improves 
the glycemic control and leads to a favorable metabolic profile in diabetic PD 
patients. Other studies also show possible beneficial effects on peritoneal function 
[14]. However, the long-term benefit on cardiovascular event or patient survival has 
not been demonstrated.

 Management of Diabetic PD Patients

 Specific Problems

A number of specific problems are noteworthy in diabetic patients undergoing 
dialysis, and some of which are specific for PD. First, it is actually difficult to 
define diabetes in PD patients because there is no true fasting state unless PD is 
withheld overnight before the fasting blood test. Oral glucose tolerance test may 
not be reliable in advanced kidney failure because glucose level elevation is 
prolonged as a result of uremia-related insulin resistance. Insulin requirement is 
unpredictable. Insulin resistance is well recognized, while insulin sensitivity 
also occurs because of reduced insulin catabolism and renal gluconeogenesis. 
The metabolism and excretion of many oral hypoglycemic agents are reduced. In 
spite of the glucose load from PD solution, there is usually little mental symp-
tom from gross hyperglycemia because there is no polyuria or osmotic diuresis. 
As a result, insulin but not much intravenous fluid is needed for the treatment of 
ketoacidosis or hyperosmolar state in PD patients. Advanced kidney failure leads 
to increased level of carbamylated hemoglobin, which cannot be distinguished 
with HbA1c by exchange chromatography and may affect the result of glycemic 
monitoring. In contrast, affinity chromatography, colorimetric, or ELISA meth-
ods of HbA1c measurement are not affected. It is also commonly believed that 
the risk of hyperkalemia is increased in diabetic patients undergoing dialysis 
because of the lack of insulin secretion, concomitant aldosterone deficiency, and 
transcellular fluid shift and electrolyte drift secondary to hyperglycemia. 
However, hypokalemia seems a more common clinical problem in diabetic PD 
patients [20].
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 Treatment of Diabetes

 Insulin Therapy in PD

Insulin is the treatment of choice for diabetic patients with advanced CKD. Diabetic 
patients often have reduced insulin requirements when they develop advanced 
CKD.  Since PD solution contains glucose, the insulin requirement of these 
patients would theoretically increase after commenced on PD.  However, in an 
observational study of 60 diabetic patients newly started on PD, the average incre-
ment in dosage was only 0.10 ± 0.22 unit/kg/day [21]. The increase in insulin 
dosage correlates with the number of hypertonic PD cycle required per day, with 
each extra 2.5% dextrose 2L exchange results in an average of 7.5 unit/day 
increase in insulin requirement [21]. In other words, diabetic patients usually have 
little increase in insulin requirement after initiation of PD unless they require 
hypertonic PD cycles. In another study, plasma C-peptide concentration and dura-
tion of diabetes, reflecting a decrease in beta-cell reserve, were the main determi-
nants of insulin requirement after PD, while dialysis adequacy had no effect on 
the insulin requirement [22].

In addition to the standard subcutaneous injection, intraperitoneal (IP) insulin 
has been advocated for diabetic PD patients. Use of IP insulin injection has the 
advantages of a continuous therapy, elimination of subcutaneous injection, and a 
physiological route of absorption via the portal circulation. However, the regimen is 
often complicated, and the risk of peritonitis is always a concern. This approach is 
not commonly used nowadays.

 Oral Hypoglycemic Agents

Although insulin is often the preferred agent for treating diabetic patients undergo-
ing dialysis, a non-negligible proportion of patients have mild hyperglycemia and 
could be well controlled by oral hypoglycemic agents. Metformin, the first-line oral 
hypoglycemic agent for the general population, is contraindicated in advanced kid-
ney failure [22]. The metabolism and excretion of many other oral hypoglycemic 
agents are also reduced in kidney failure, and dosage adjustment is often necessary. 
For sulfonylureas, glyburide or glibenclamide should be avoided, while glipizide or 
gliclazide may be used at a low dose [22]. Most of the dipeptidyl peptidase 4 
(DPP-4) inhibitors (i.e., gliptins) could be used with dosage reduction, except that 
linagliptin does not require dosage adjustment [22]. For glitinides, repaglinide 
could be used without dose reduction, while nateglinide should be avoided because 
of the accumulation of active metabolites [22]. Thiazolidinediones could also be 
used at the usual dose, although the risk of fluid retention and heart failure should 
be considered [23]. Incretin mimetics (e.g., exenatide) and α-glucosidase inhibitors 
should be avoided [22].
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 Target of Glycemic Control

There are few published data dedicated on the relation between diabetic control and 
clinical outcome in PD patients. Although there is no evidence that a tight diabetic 
control preserves residual kidney function in PD patients, diabetic control would 
still be important for the prevention of other microvascular and macrovascular com-
plications. The role of tight diabetic control, however, is controversial. In the 
UKPDS study, 3867 new patients with type 2 diabetes were randomized to tight or 
conventional diabetic control (HbA1c 7% versus 7.9%) and then followed for up to 
15  years [24]. Intensive blood glucose control by either sulfonylureas or insulin 
substantially decreases the risk of microvascular (mostly retinopathy) but not mac-
rovascular complications (myocardial infarction or stroke) [24]. In the ADVANCE 
study, 11,140 patients with type 2 diabetes were randomly assigned to either stan-
dard or intensive glucose control (HbA1c 7.3% versus 6.5%) and then followed for 
5 years [25]. In this study, intensive glucose control yielded a 10% relative reduc-
tion in the combined outcome of major macrovascular and microvascular events but 
primarily as a consequence of a 21% relative reduction in nephropathy [25]. The 
consideration is, however, different in high risk (e.g., dialysis) patients, who have a 
different risk-to-benefit ratio. In the ACCORD study, 10,251 high-risk patients were 
randomized to receive intensive therapy (target HbA1c below 6.0%) or standard 
therapy (target HbA1c 7.0–7.9%) [26]. In this study, intensive glycemic control 
increases the mortality and did not significantly reduce major cardiovascular events 
as compared with standard therapy, but hypoglycemia and weight gain were more 
common in intensive group [26]. Similarly, in the Veterans Affairs diabetes trial, 
intensive glucose control in patients with poorly controlled type 2 diabetes had no 
significant effect on the rates of major cardiovascular events, death, or microvascu-
lar complications [27]. Taken together, it would be reasonable to liberalize HbA1c 
target in PD patients in order to reduce the risk of hypoglycemia.

 Hypoglycemia

Diabetic patients with kidney disease has an increased risk of hypoglycemia. The 
high risk of severe hypoglycemia reflects altered insulin and drug pharmacology, 
including metabolite accumulation, inadequate gluconeogenesis, and flattening of 
the relationship between mean glucose control and HbA1c [28]. The combination of 
hypoglycemia and kidney failure is associated with a high mortality in type 2 dia-
betic patients [29, 30].

 Glycemic Monitoring

The method of monitoring diabetic control should be considered. Traditionally, 
HbA1c – the glycated hemoglobin level – is used, but the level is often falsely low 
in patients with CKD because of the reduced red cell life span and low-grade 
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hemolysis. On the other hand, HbA1c may also be falsely high in patients with 
advanced CKD because of severe acidosis or carbamylation of hemoglobin. In a 
cross- sectional study of 258 diabetic dialysis patients, Peacock et al. [31] showed 
that HbA1c was 1% lower for the same degree of mean serum glucose level as 
compared to diabetic patients without nephropathy. For that reason, capillary blood 
glucose monitoring assumes particular importance for assessment of glycemic con-
trol in dialysis patients. Although the traditional approach is to check capillary 
blood glucose at fasting, pre-meal and bedtime, postprandial blood glucose testing 
may be helpful in patients with gastroparesis. For patients receiving icodextrin 
solution, specific attention should be paid on factitious hyperglycemia due to the 
interference with glucose dehydrogenase pyrroloquinoline quinone (GDH-PQQ) 
assay for blood glucose measurement in several brands of glucometer, while GDH 
nicotinamide adenine dinucleotide (GDH-NAD) assay used by some other brands 
is not affected.

 Treatment of Other Cardiovascular Risk Factors

 Blood Pressure

Control of blood pressure is one of the key factors in reducing cardiovascular mor-
bidity and mortality in diabetes [32]. Both the KDOQI [33] and KDIGO [34] rec-
ommend a low blood pressure target for patients with diabetes and (pre-dialysis) 
CKD, although the evidence is weak. The recent SPRINT trial supports a systolic 
blood pressure target of 120 mmHg (versus 140 mmHg) for high-risk patients [35], 
but the result of this trial may not be applicable to patients with diabetes or advanced 
kidney failure [36]. Taken together, a blood pressure target of 130/80 is reasonable 
and evidence-based, but implementation of this blood pressure target also requires 
assessing patient preferences, concurrent medical conditions, and careful monitor-
ing for adverse effects of therapy [36].

In pre-dialysis diabetic patients, angiotensin-converting enzyme (ACE) inhibi-
tor or angiotensin receptor blocker (ARB) is the preferred antihypertensive agent 
because these drugs show cardiovascular and renal protection beyond blood pres-
sure control as compared to other drug classes. Preservation of residual kidney 
function remains a relevant concern in dialysis patients, and ACE inhibitor or 
ARB should still be the preferred choice of antihypertensive agents in view of 
their cardiovascular benefits and the effect of preserving residual kidney function 
[12, 37]. For optimal blood pressure control, the KDIGO guideline also recom-
mends a sodium intake below 90 mmol per day (i.e., 5 g of sodium chloride) [34]. 
Sodium restriction may also enhance the antihypertensive effect of ACE inhibitor 
or ARB.  However, two studies reported that a very low 24-h urinary sodium 
excretion (a surrogate marker of dietary sodium intake) was paradoxically associ-
ated with increased all-cause and cardiovascular mortality in diabetic patients 
[38, 39].
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 Volume Control

Diabetic PD patients have a high prevalence of volume overload, which is a strong 
predictor of patient survival and cardiovascular event [40]. Despite substantial fluid 
accumulation, many patients remain asymptomatic. In an observational study of 
212 diabetic patients without clinical edema, the average volume of overhydration, 
as determined by bioimpedance spectroscopy, was 5L [40]. Vigorous volume con-
trol also facilitates the achievement of blood pressure target. However, there is lim-
ited evidence that vigorous fluid control reduces cardiovascular mortality or heart 
failure in diabetic PD patients.

 Lipid

Dyslipidemia is common in diabetic PD patients [41], but there is little evidence 
that treatment of hyperlipidemia reduces the rate of cardiovascular event or mortal-
ity. In both German Diabetes and Dialysis Study [42] and the AURORA Study [43], 
statins did not significantly reduce the rate of cardiovascular events in diabetic and 
nondiabetic patients receiving hemodialysis. In the SHARP study, which recruited 
6382 pre-dialysis and 3056 dialysis patients (2540 hemodialysis and 496 PD), lipid 
lowering with simvastatin plus ezetimibe reduced the incidence of major athero-
sclerotic events in pre-dialysis CKD with not chronic dialysis patients [44]. The 
latest Kidney Disease: Improving Global Outcomes (KDIGO) Lipid Work Group 
recommends that lipid-lowering therapy should not be initiated in dialysis patients, 
but statins could be continued for patients who are already taking this drug at time 
of dialysis initiation [45].

 Antiplatelet and Antithrombotic Therapy

The use of antiplatelet and antithrombotic agents for the prevention of cardiovascu-
lar disease in diabetic patients with advanced kidney disease has not been robustly 
studied [28]. It has been questioned whether the balance of benefit and harm of 
antiplatelet therapy is the same in diabetic patients with kidney disease [46]. Given 
the high rates of thrombotic and embolic events in advanced kidney failure and the 
potential harms associated with antiplatelet or antithrombotic agents, the use of 
these therapies and novel oral anticoagulants requires further evidence and should 
be individualized [28].

 Treatment of Other CKD Complications

 Anemia

Anemia is a common complication in CKD, and it tends to occur earlier in patients 
with diabetic nephropathy than nondiabetic individuals with a comparable kidney 
function [47]. The cause of excessive anemia in patients with diabetic nephropathy 
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is multifactorial [48]. Diabetes is associated with an inappropriately low erythropoi-
etin response for the degree of anemia, probably due to abnormal glycosylation of 
the cytokine; a better diabetic control is associated with a higher erythropoietin level 
[49]. Chronic hyperglycemia can lead to hypoxia in the renal interstitium, which 
results in impaired production of erythropoietin by the peritubular fibroblasts [48].

Anemia in diabetic nephropathy is an independent contributor to the pathogen-
esis and progression of other diabetes-related complications, notably left ventricular 
hypertrophy. In diabetic patients, correction of anemia improves quality of life and 
may delay the progression of diabetic complications [48]. Clinicians should follow 
the current KDIGO recommendations on the treatment of anemia in diabetic PD 
patients [50].

 Mineral Bone Disease

There are subtle but important differences in the spectrum of mineral bone dis-
ease between diabetic and nondiabetic CKD [51]. In the former, adynamic bone 
disease often predominates over hyperparathyroidism, and vitamin D deficiency 
is common. Uremia impairs the production of cholecalciferol from 7-dehydro-
cholesterol by ultraviolet-B light radiation [52]. Reduced formation of 
1,25- dihydroxycholecalciferol is due to profound tubulointerstitial injury and 
early loss of 1α-hydroxylase activity [52]. Hyperglycemia also downregulates 
vitamin D receptor in various tissues, contributing to the functional vitamin D 
deficiency [52].

Some other bone problems may also be specific for diabetic patients [51]. For 
example, poorly controlled diabetes is associated with hypercalciuria, which predis-
poses to bone loss. Patients with advanced diabetes have an increased risk of fall 
and fracture because of poor vision and peripheral neuropathy. Although not com-
monly used nowadays, thiazolidinedione has been reported to be associated with 
accelerated loss of bone mineral density.

 Conclusion

In summary, the management of diabetic PD patient requires attention to multiple 
aspects. For diabetic patients newly put on PD, weight gain and its consequential 
metabolic changes are a concern. Worsening of diabetic control is not common 
unless the patient needs hypertonic PD cycles. Glucose-free PD regimens may fur-
ther facilitate diabetic control. For the management of diabetes in PD patients, the 
targets of glucose and blood pressure control need to be individualized with careful 
balance of the risk and benefit. ACE inhibitor and ARB should be continued as 
much as possible. Statin may also be continued if it has been started before dialysis. 
Anemia is particularly common and severe in diabetic PD patients and deserves 
specific attention. Since adynamic bone disease is common, parathyroid hormone 
should not be excessively suppressed.
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Chapter 20
Peritoneal Dialysis in Special Situations

Niloofar Nobakht, Julio C. Romero, and Xiaoxiao Yin

 Introduction

Peritoneal dialysis (PD) is used widely and successfully in treatment of end-stage 
kidney disease (ESKD) patients. The continuous nature of the therapy and its home- 
based, self-care character make it advantageous for certain subgroups of patients. 
This chapter focuses on the use of PD in subgroups of ESKD patients who 
require special considerations.

 Autosomal Dominant Polycystic Kidney Disease

Autosomal dominant polycystic kidney disease (ADPKD) ranks as the most com-
mon hereditary kidney disease and the fourth leading cause of ESKD in the United 
States, with a prevalence rate of 4.7% [1]. Globally, polycystic kidney disease 
affects 4–6 million people and accounts for ESKD prevalence of up to 10% in cer-
tain countries. ADPKD patients present mainly with renal cysts, enlarged kidneys 
and intra-abdominal complications including cyst rupture, cyst infection, liver cysts, 
diverticulitis, and abdominal wall hernias. In the process of cyst growth, 
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approximately 45% of patients progress to ESKD by the age of 60 and up to 75% 
by the age of 70 [2].

Previously, the presence of ADPKD was considered, by some, as a relative con-
traindication to peritoneal dialysis (PD) as a kidney replacement modality. The 
basis of this thinking was that the enlarged kidneys, which would, for various rea-
sons, impair the patient’s ability to tolerate the intraperitoneal volume of PD fluids 
and associated complications.

In recent years, several studies have analyzed clinical outcomes, patient and 
technique survival, and other complications regarding ADPKD undergoing PD, 
with different results.

One of the earliest studies of ADPKD  patients  undergoing PD, which was a 
small retrospective trial, paired 26 ADPKD patients with 26 non-ADPKD contem-
porary controls, in which no significant difference was found in patient or technique 
survival between the two groups. The transfer reasons from PD to hemodialysis 
(HD) were not different between ADPKD patients and controls [3].

Several subsequent studies [4–8] regarding PD technique survival have demon-
strated similar findings. A retrospective study with longer follow-up involving 56 
ADPKD cases compared with 56 age- and sex-matched nondiabetic patients on PD 
revealed no significant difference in mortality, PD technique survival, or the number 
of patients switching to HD [8].

In a multicenter historical prospective matched-cohort, involving 106 ADPKD 
and 212 non-ADPKD patients, all ADPKD patients initiated PD during the study 
window, simultaneously 2 consecutive non-ADPKD paired on PD (1:2 enrollment 
ratio). Peritoneal dialysis in ADPKD patients was associated with lower mortality 
rate and similar overall rate of technique failure, compared with non-ADPKD 
patients. Despite this, most technique failures were directly related to ADPKD itself 
(such as nephrectomy and leakage) [6].

A larger study from the French PD registry analyzing 4162 incident ESKD (non-
diabetic) and 344 ADPKD cases between 2002 and 2008 demonstrated baseline 
lower comorbidity scores and younger age in the ADPKD group. Significantly, 
similar patient and technique survival in both groups were shown [7, 9].

A meta-analysis in 2018 featured a combination of 12 cohorts, including 14,673 
patients on PD (931 ADPKD and 13,742 non-ADPKD). In this study, ADPKD, as 
the cause of ESKD, found to have a lower mortality risk, when compared with other 
etiologies. The risk of technique failure and peritonitis were not significantly differ-
ent between the two groups, but abdominal hernia risk was significantly higher, and 
dialysate leakage also occurred in the ADPKD group compared with the non- 
ADPKD group.

The finding of lower mortality in ADPKD patients on PD was unexpected and 
challenged the traditional view that PD should be avoided. The underlying explana-
tion for this is not known for certain, but a few points should be noted. First, it 
should be pointed out that a few studies [4, 10, 11] have also shown survival benefits 
in ADPKD patients on HD compared with those with other causes of ESKD, espe-
cially if diabetes is excluded [11] because it has been viewed as a poor prognostic 
factor in PD patients [12, 13]. Second, ADPKD progresses to ESKD at a younger 
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age and with fewer comorbidities and a better functional status than those with other 
etiologies of ESKD, which are good prognostic factors [14, 15].

In the meta-analysis, the higher risk of abdominal hernia and dialysate leak, both 
resulting from increased abdominal pressure, presumably due to enlarged polycys-
tic kidneys within the abdominal cavity, was significantly demonstrated. Notably, 
this did not translate to higher technique failure, suggesting that abdominal hernia 
and dialysate leak are readily treatable without the need of transferring to HD.

The ADPKD patients should be considered at increased risk for abdominal her-
nia and leak. The prescription should be geared to limiting the intraperitoneal vol-
ume and thus the intraperitoneal pressure. Consideration should be given to night 
cycler PD wherein the patient dialyzes in the supine position, with lower consequent 
intraperitoneal pressure. If there is sufficient residual kidney function, the patient 
could be empty of dialysis fluid during the day. If the patient needs a long day dwell 
for sufficient solute removal, consideration should be given to using a lower fill 
volume for the day dwell than that used for the overnight exchanges.

Peritonitis risk also did not differ between the ADPKD and non-ADPKD group 
despite a higher risk of diverticulitis [16] and cyst infection [17, 32] in ADPKD group, 
both of which are usually caused by enteric Gram-negative bacteria.

It is possible that the microbiological profile of ADPKD-related peritonitis may 
be distinct from peritonitis in non-ADPKD, so the overall peritonitis rate did not 
differ in the two groups. However, a study regarding long term outcome of ADPKD 
patient on PD [8] reported the microbiological culture results did not show signifi-
cant differences in the incidence of Gram-negative infection in ADPKD compared 
with controls.

In closing, the preponderance of data supports that ADPKD patients can safely 
perform PD with equivalent outcomes to other patients on PD and also compared 
with patients on HD. Personalization of PD prescriptions may allow effective meth-
ods to reduce complications and to expand the use of PD in ADPKD patients.

 Chronic Heart Failure

Managing severe heart failure (HF) in patients refractory to diuretic therapy is a 
major challenge. While HD is conventionally reserved for patients with ESKD, PD 
has long been proposed for management of congestive HF [18]. PD offers potential 
advantages over extracorporeal therapy (EC), including less neurohumoral activa-
tion, better preservation of residual kidney function, the possibility of daily therapy 
in a home setting, and tighter control of sodium balance [19–21].

In chronic dialysis patients, PD was associated with better preservation of resid-
ual kidney function, which was considered a factor contributing to longer survival 
[22, 23]. A prior systematic review evaluating the before and after effects of PD in 
patients with HF found that hospitalization days declined significantly, with a lower 
class by the New York Heart Association (NYHA) criteria and better left ventricular 
ejection fraction (LVEF) [24].
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A meta-analysis evaluated the clinical outcomes of PD compared to EC therapy 
in HF. Through a comprehensive search strategy, data was retrieved from 31 studies, 
including the largest study presently [25].

All the four observational, non-randomized studies [25–29] compared PD 
against EC therapy (HD or UF), and there was no significant difference in the 
mortality rates with either modality. Interestingly, application of PD in HF showed 
effective symptom relief. Almost all studies reported an improvement in the 
symptom score, when measured by the NYHA grade, and positive effects on 
LVEF with most studies reporting an increase in EF, typically ranging between 
2% and 31%.

Moreover, the benefit of PD was a significant reduction in hospitalization rate 
and length of stay [30, 31].

The technique of PD in HF was variable. It appears that the most common tech-
nique employed was intermittent PD with manual exchanges using dextrose-based 
solutions. PD prescription in this highly variable cohort with different cardiac and 
renal status was largely focused on achieving adequate UF for the individual 
patients.

Peritonitis was reported as the commonest complication with the rate ranging 
from 0.02 to 0.46 episodes per patient-year. This rate is similar to other  ESKD 
patients on PD, which, according to the ISPD guidelines, should be no more than 
0.5 episodes per year at risk [32].

The option of a home-based therapy with family/community support may be an 
attractive option to patients especially if it results in lower hospitalization rates and 
duration of hospitalization. For the purpose of HF, PD can be performed intermit-
tently based on weight gain or symptoms, empowering the patient to provide self- 
care and improve his/her quality of life.

However, the level of evidence is still weak as only observational data are avail-
able. There is inadequate evidence comparing PD to EC therapy, but limited data 
suggest similar mortality rates for either form of therapy.

 Liver Cirrhosis

The exact prevalence of combined ESKD and cirrhosis is unknown, but few studies 
have shown 4–6% ESKD patients have the comorbidity of cirrhosis [33, 34]. The 
combination of ESKD and cirrhosis represents difficult management scenarios due 
to unstable hemodynamics and fluid balance compounded by coagulopathy, malnu-
trition, and encephalopathy.

PD can be considered as an alternative therapy in cirrhotic patients undergoing 
HD [35, 36].

In general, hemodialysis is the most prevalent RRT modality in cirrhosis with 
ESKD. The potential problems with HD in cirrhotic patients have been well described 
as hemodynamic instability, coagulopathy, and meeting dialysis adequacy goals. 
Intradialytic hypotension occurs frequently in cirrhotic patients undergoing HD.
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Several observational studies supported PD as a substitute for RRT in those with 
complications associated with HD [37–39].

Three out of five patients transferred to PD due to hemodynamic instability dur-
ing HD treatments. All patients were reported to have good hemodynamic toler-
ance, and similar to the prior study, mortality was not related to PD, but driven by 
cirrhosis complications [36].

A retrospective study compared 21 cirrhotic PD and 41 control PD to analyze 
survival outcomes of PD patients with liver cirrhosis. The survival of 5 years and 
hospitalization rates were similar in cirrhotic PD and non-cirrhotic PD patients.

More recently, several studies analyzed survival outcomes from cirrhotic patients 
undergoing PD and HD. Two different data sets from different centers, with 340 HD 
patients and 85 PD and 1116 HD patients and 279 PD, respectively, were studied 
retrospectively. Statistical data from both these cohorts demonstrated lower all- 
cause mortality in cirrhotic patients undergoing PD compared with HD.

Patients with cirrhosis are at increased risk of infections for several reasons, 
including reduction in leukocyte phagocytosis and recruitment, altered complement 
activity, and abnormal function of the reticuloendothelial system [23]. These abnor-
malities contributing to the development of spontaneous bacterial peritonitis (SBP) 
is suspected to be secondary to the hematogenous spread of enteric organisms to the 
peritoneum or transmural migration crossing the bowel mucosa. So, concern may 
arise that cirrhotic patients on PD are at increased risk of peritonitis, due to the 
inherent risk of SBP, and catheter- and technique-related peritonitis. Additionally, 
another risk  factor for infections is thought to be the lactate-buffered PD solu-
tions [40].

A retrospective review of 21 cirrhotic and 41 controls on PD showed a trend to a 
lower rate (statistically not significant) of peritonitis in the cirrhotic group. 
Interestingly, this study showed Gram-positive bacteria as the most common caus-
ative agent while excluding SBP as an inciting event. Additionally, while SBP is a 
strong risk factor for the development of hepatic encephalopathy, none of the 
patients in this cohort developed that complication following peritonitis epi-
sodes [37].

With the concerns of peritonitis, a retrospective analysis compared peritonitis 
rates between cirrhotic (n = 25) and non-cirrhotic (n = 36) PD patients with hepatitis 
B virus infection. There was no difference in the peritonitis rates or peritonitis-free 
survival in the two groups [38]. Time to first peritonitis was also similar in the 
groups, as were the rates of Gram-positive and Gram-negative infections. Treatment 
response rate and outcomes did not differ either [38]. Oral antibiotic prophylaxis 
has been recommended in cirrhotic patients with ascites, to prevent development of 
spontaneous bacterial peritonitis [41].

Common complications with PD are secondary to poor tunnel maturation (early) 
and increased intra-abdominal pressure (late) and include internal and external 
leaks, umbilical and inguinal hernias, and catheter malposition. Thirty-three cir-
rhotic on PD were compared with 33 controls on PD. Not only was there no differ-
ence in the early technical complications amid the two groups, but overall 
complications and surgical interventions were also similar [15, 21].
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 Abdominal Surgeries and Abdominal Complications

Patients with abdominal surgeries or other abdominal complications are not 
considered good candidates for PD and that prevalent PD patients needing 
abdominal surgery  are commonly switched to hemodialysis. However, some 
data show that, when appropriately planned, PD can still be an acceptable option 
for ESKD with certain abdominal complications, undergoing abdominal sur-
gery, or in pregnancy, etc [42].

 Diverticular Disease of the Colon

Clinicians might be reluctant to offer PD to patients with colonic diverticulosis, 
because of the theoretical increase in the risk of peritonitis [43, 44].

In 1990, Tranæus et al. [45] used barium enema to assess 129 patients at start of 
PD and suggested that the risk factors significant for the development of peritonitis 
included more than 10 diverticula; diverticula size exceeding 10 mm; and divertic-
ula found in the ascending, transverse, or descending colon (but not in the sig-
moid colon).

Yip et al. [46] evaluated 604 PD patients for diverticulosis by colonoscopy or 
barium enema. Of those patients, 24% were found to have diverticulosis, with the 
most common site being the ascending colon and the organism most frequently 
associated with peritonitis being Escherichia coli. The investigators concluded that 
the presence of diverticulosis was an independent risk factor for the development of 
enteric peritonitis.

In general, PD is safe for patients who have diverticulosis. Episodes of diverticu-
litis that cause inflammation of the bowel wall theoretically lead to higher risk of 
translocation of organisms across the bowel wall into the peritoneal cavity. It is 
unclear whether holding PD during an attack of diverticulitis lessens the risk of 
bacterial translocation, but holding PD could be considered in patients who have 
sufficient residual kidney function. A history of recurrent diverticulitis is a concern 
when considering PD as a possible kidney replacement therapy.

 Abdominal Hernia

Abdominal hernia affects 12–37% of PD patients [47, 48].
In 2003, Balda et al. [49] assessed the effect of hernias in patients on PD and 

demonstrated that hernia recurrence rates were low without negatively affecting PD 
technique survival.

In 2011, Wakasugi et al. [50] retrospectively analyzed nine patients on continu-
ous ambulatory peritoneal dialysis (CAPD) with abdominal hernias. All these 
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patients undergoing hernia repair did not switch to HD, which suggested the possi-
bility that perioperative HD can be skipped.

Moreover, from the 6-year experience of Sodo et al. with repair of abdominal 
hernias and simultaneous placement of a PD catheter, hernia recurrence and perito-
nitis were not reported during a mean follow-up of 551 days with continued PD [51].

Thereafter, based on the clinical experience and literature reviews, Khoury et al. 
[52] recommended the following:

• Careful initial examination before placement of the PD catheter to rule out any 
type of hernia

• Periodic abdominal examination after insertion of the PD catheter
• Elective hernia repair before initiation of PD
• Bilateral hernia repair for any young male patient with an inguinal hernia on 

one side

 Abdominal Surgery in PD

Hsu et al. [53] described five patients undergoing radical nephrectomy by the retro-
peritoneal approach, preserving the peritoneal membrane, which helped in the 
immediate initiation of PD after the surgery. The authors preferred the retroperito-
neal approach to the transperitoneal approach to preserve the peritoneal membrane 
due to no significant complications during the wound healing or peritoneal leakage 
over the postoperative period.

Malavade and Bargman’s study [54] showed wound dehiscence or other surgical 
complication didn’t present on the patients with nephrectomy and later started dial-
ysis within 1 year. But, the risk for incisional hernia and retroperitoneal PD fluid 
leak were high, postoperatively.

Other surgeries, such as bariatric surgery in the form of sleeve gastrectomy, were 
also described in a PD patient by Imam et al. [55], which showed the patient did 
very well both in surgery and PD treatment.

Plus, laparoscopic cholecystectomy in 11 PD patients with the same procedure 
in 33 patients not on PD demonstrated none of PD-encountered peritonitis, leaks, or 
hernias, as Ekici et al. [56] reported.

Favorable outcomes in PD patients with stomas were described by Korzets et al. 
[57] in 1992. And in 1998, Twardowski et al. [58] demonstrated with 6-year data 
that PD can still be applied in PD patients with abdominal complications just using 
pre-sternal PD catheters, which was also successfully used in children by Chadha 
et al. [59].

As suggested by the reports described above, PD can be performed safely in such 
scenarios. An assessment of abdominal surgeries, and the possible complications, 
including abdominal surgeries, in this patient population, with appropriate tailoring 
of the PD prescription, can allow these patients to remain on PD without compro-
mising their quality of life or increasing their healthcare expense.
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 Pregnancy

Although those receiving peritoneal dialysis are at a high risk of encountering 
maternal and fetal complications, the occurrence of successful pregnancies in 
women with end-stage kidney disease undergoing PD is becoming more common. 
With developed dialysis technology, women in this population should be monitored 
by a dedicated team of renal physicians and an obstetric team to ensure the best 
maternal and fetal outcomes.

The first successful full-term pregnancy in an ESKD patient on HD was first 
reported in 1971 by Confortini et al. [60]. Subsequently, in 1983, the first sustained 
pregnancy on PD was reported in a patient who had been receiving the treatment for 
2.5 years. Despite the many challenges faced by pregnant ESKD women, the rate of 
successful pregnancy and live birth has increased to approximately 30% from the 
1990s [61, 62]. From the 54 reported cases of pregnant women receiving PD avail-
able in the literature since 1983, 47 cases (87%) have resulted in a successful preg-
nancy, but only 6 cases were full-term deliveries [63, 64].

Preliminary data from the Australia and New Zealand Dialysis and Transplant 
Registry (ANZDATA) showed that the live birth rate of HD patients on conception 
was approximately twice as likely as on PD patients [65].

In another large survey of pregnancy and ESKD from the United States, 1.1% of 
reproductive-aged women receiving PD conceived versus 2.4% on hemodialy-
sis [66].

This lower conception rate in PD women has been postulated to be related to the 
presence of fluid in the abdominal cavity or inadequate dialysis intensity [65].

Interestingly, once conception was successful, infant survival was not signifi-
cantly different between the hemodialysis and PD patients. It is also suggested that 
the outcome of pregnancy was better in women who conceived before starting dial-
ysis than in women who conceived after starting dialysis [66].

The improved pregnancy outcomes are presumably related to amount of residual 
urine, conception during peri-initiation of the PD period, medication adjustment, 
tailoring PD prescription, blood pressure control, and correction of metabolic and 
nutrition profiles.

The goal of 2.2–2.6 for Kt/V in pregnant women on dialysis was suggested [66, 
67]. But in the practical sense, most nephrologists would rather treat the patients 
clinically by monitoring blood parameters and adjusting the PD prescription as 
needed than following the Kt/V indicators. In the guideline published in 2015 [68], 
the authors do not recommend using Kt/V and/or peritoneal creatinine clearance as 
a measurement of dose of dialysis in pregnancy due to the lack of studies consider-
ing these markers in correlation to pregnancy outcomes.

Anemia should be managed with erythropoiesis-stimulating agents (ESAs) and 
vitamins [68]. The usual dose of ESA (Epogen) for a patient on PD is 50 U/kg twice 
weekly and should be frequently adjusted upward by 50–100% due to increasing 
body weight. Iron supplementation at a dose of 1–15 mg/day and folic acid 1 mg/
day enhance the efficacy of ESA, and iron stores should be assessed before ESA is 
initiated. It is advisable that the hemoglobin levels be maintained at 10–11 g/dL, 
hematocrit at 30–35%, and serum ferritin of 200–300 μg/mL [68].
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The patient’s fluid status should be reviewed by the nephrologist and obstetrician 
closely. Ideally, a weekly or fortnightly ultrasound of the uterus should be carried 
out from the second trimester onward to assess the growth and weight of the fetus. 
Dry weight must be reviewed continuously because weight gain is expected to reach 
between 0.3 kg and 0.5 kg of weight per week during the second and third trimesters.

Blood pressure should be controlled with pregnancy-safe medications, such as 
long-acting nifedipine, labetalol, or methyldopa [69]. Management of hypertension 
in pregnancy to a tighter target is not associated with adverse neonatal effects or 
pregnancy outcomes, as the data from the Control of Hypertension in Pregnancy 
Study (CHIPS) has shown, which randomized women with diastolic blood pressure 
of 85 or 100 mmHg [70].

It should be pointed out that malnutrition is often caused by the lack of appetite 
experienced by pregnant women on PD due to the sugar load in dialysate and the 
delayed gastric emptying effect of dialysate inside the peritoneal cavity. It can also 
be caused by the hypercatabolic effect of pregnancy in ESKD and the decreased 
appetite induced by acidosis and urea levels. The recommendation for those PD 
patients who are at risk of protein depletion is 1.4–2.1 g per kg body weight/day of 
protein. In early pregnancy, water-soluble vitamins and minerals are essential, 
including folic acid. Other vitamins that should be supplemented are vitamin C, 
thiamine, riboflavin, niacin, and vitamin B6. And also the positive calcium balance 
should be retained with sufficient supplementation of calcium and vitamin D3 (Ref).

Several theoretical advantages are offered by PD to the pregnant patients: the 
continuous therapy avoids the fluid shifts and blood pressure variations, frequently 
seen in HD, and no heparin is required, which is thought to reduce bleeding compli-
cations. However, some complications specifically to PD have been reported in 
pregnancy including peritonitis and exit site infection. And also the complications, 
such as hemoperitoneum [71, 72], catheter malposition [73], catheter-related pain 
[74], and PD catheter-related uterine trauma, remain as concerns or challenges of 
PD therapy [72].

 Conclusion

Peritoneal dialysis is a very effective, relatively inexpensive, and safe form of kid-
ney replacement therapy. It is important to keep an open mind about the different 
subgroups of ESKD patients who can benefit from the therapy.
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Chapter 21
Survival Outcomes with Peritoneal Dialysis

Martin J. Schreiber Jr

 Overview

Maybe Charles Darwin was correct when he suggested the following: It is not the 
strongest of the species that survive, nor the most intelligent, but the ones most respon-
sive to change. Survival is the act of living through something life- threatening or adjust-
ing to an unanticipated change in life. End-stage kidney disease (ESKD) is definitely a 
life-threatening change, yet the survival outcome any specific individual patient experi-
ences can be quite variable, signifying the complexity of what determines “survival.”

The survival outcomes statistics for patients with ESKD typically do not account 
for variations by country, study analytical design, provider and patient characteris-
tics, and care delivery model. The issue of which dialysis modality leads to better 
survival is a complex one and likely depends on a myriad of patient-specific factors 
and practice patterns not fully captured in published reports of modality compari-
sons on “survival.”

This chapter reviews the modality comparisons and the impact of study design 
on patient survival results, survival differences in specific subpopulations, multiple 
predictors of survival, infrastructure/processes, and approaches to discussing sur-
vival with ESKD patients.

 Survival Outcomes in ESKD Versus the General Population

According to the US Renal Data System (USRDS) 2018 report [1], at every age, 
patients with ESKD on dialysis have significantly increased mortality when 
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compared with nondialysis patients and individuals without kidney disease. At age 
60 years, a healthy person can expect to live for more than 20 years, whereas the life 
expectancy of a patient aged 60 years who is starting hemodialysis (HD) is closer to 
4 years. Among patients aged 65 years or older who have ESKD, mortality rates are 
six times higher than in the general population [2]. The 5-year survival rate for a 
patient undergoing long-term dialysis in the United States is approximately 35% 
and approximately 25% in patients with diabetes.

For ESKD patients, the highest mortality rate occurs within the first 6 months of 
initiating dialysis. Mortality then tends to improve over the next 6 months, before 
increasing gradually over the next 4 years [1]. It is interesting to note that the vul-
nerability of dialysis patients is still increasing due to the growing number of diabet-
ics, elderly, and patients with a history of cardiovascular disease (CVD), and yet 
overall mortality rates continue to improve.

The crude mortality rate among all ESKD patients (dialysis and transplant) 
declined from 185.6 per 1000/year in 1996 to 137.2 per 1000/year in 2017, an abso-
lute decrease of 48.4 per 1000/year [3]. In 2017, the dialysis modality mortality 
rates were 167 for HD patients and 156 for peritoneal dialysis (PD) patients per 
1000 patient-years; by comparison, the mortality rates were 172 for HD patients and 
152 for PD patients, per 1000 patient-years in 2013 [4]. The USRDS data demon-
strates that the net reduction in adjusted mortality from 2001 to 2017 was 27% for 
HD patients and 42% for PD patients. Overall, mortality rates among ESKD (dialy-
sis and transplant) patients have consistently declined over the last 16 years, with 
rates leveling during recent years.

In 2012, Nordio et al. [5] reviewed survival comparisons in patients treated by 
long-term dialysis in the Italian Dialysis and Transplantation Registry versus the 
general population in order to determine the prognosis of dialysis patients. The 
study used the relative survival method to estimate the decrease in survival directly 
due to dialysis therapy in 27,642 patients; 22,756 (82.3%) patients were treated with 
HD only and 3265 (11.8%) with PD only. Five-year observed and expected surviv-
als were 47.4% and 85.0%, respectively, yielding a relative survival estimate of 
55.6% versus the general population. In other words, survival was 44.4% less than 
expected for the general population. Older age, systemic diseases, and diabetes 
showed the strongest association with excess mortality. PD was associated with a 
lower relative excess risk in only the first year of treatment.

Analyses of differences in outcomes over time and across geographic regions 
are powerful tools we can apply to gain an understanding of the impact of 
changes or variations in practices on survival. They should provide a framework 
for future studies that are needed to examine which changes in practice patterns 
and clinical care may contribute to changes in mortality rates in patients with 
ESKD [6].

Decreases in excess mortality over time have been observed for patients of all 
ages, both during treatment with dialysis and during time with a functioning kidney 
transplant. In general, absolute decreases in excess ESKD-related mortality were 
greatest for the oldest patients. All age groups have demonstrated significant 
improvements in mortality risk over the past 22 years [7]. Understanding the role 
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that the dialysis modality plays in overall patient survival is key to designing those 
practice changes and care improvements necessary to advancing survival in our 
dialysis patients.

 Survival Outcomes Between Dialysis Modalities

As illustrated in Table 21.1, a number of studies have been published over the past 
30 years that examined patient survival comparing in-center hemodialysis (ICHD) 
versus PD.  Data on important factors known to be associated with survival in 
patients undergoing maintenance dialysis (MD), such as race, residual kidney func-
tion (RKF), serum albumin, body mass index (BMI), and pre-dialysis nephrology 
care, are not always available or included for risk adjustment in many of these stud-
ies. Also, there are likely country-level differences in practices, physician views of 
modality comparisons, patient candidacy for both therapies, and fundamental dif-
ferences in the patient selection processes between therapies that could potentially 
account for some of the variability in reported outcomes.

 Statistical Study Design

Both observational studies and randomized controlled trials (RCTs) fulfill a 
complementary and valuable role in nephrology, although the RCT is seen as a 
gold standard. As such, the ideal tool for dialysis modality comparisons would be 
RCT design, yet prior attempts at RCTs have been complicated by lack of statis-
tical power and inadequate recruitment [8, 9]. Thus, retrospective observational 
trials have been utilized to examine mortality risks associated with dialysis 
modalities [10, 11]. However, observational studies possess residual confound-
ing that arises from imbalances between compared treatment approaches. For 
example, by censoring at 90 days, the USRDS includes only patients that survive 
90 days on a modality; this discounts the importance of early deaths on treat-
ment. In addition, comorbidity reporting on the Center for Medicare and Medicaid 
Services (CMS) Medical Evidence Form (2728 Form) fails to capture pertinent 
clinical information.

Some reports have grouped patients by age, presence or absence of diabetes, 
comorbidity index, vintage on dialysis, and other factors to decrease selection bias 
on modality comparison of outcomes and thus decrease biased conclusions.

Addressing these analytical design concerns has fostered an increase in 
propensity- matched studies. Propensity score matching (PSM) confers additional 
advantages over alternative designs by reducing selection bias between therapies. 
The propensity score allows one to design and analyze an observational (nonran-
domized) study so that it mimics some of the characteristics of a RCT [12].

21 Survival Outcomes with Peritoneal Dialysis
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 Dialysis Modality Comparisons

Over time, and after innumerable published reports on dialysis modality survival, 
the overall survival of incident patients treated with either PD or HD is equivocal 
with reported differences in survival primarily reflecting differences in clinical 
practices within health systems and evolving clinical trends.

However, several studies deserve further review from a historical perspective. 
Concerns over the outcomes of patients receiving PD were raised in an influential 
study by Bloembergen et al. [13] who examined the USRDS database published in 
1995. The authors noted a 19% overall higher mortality for patients with ESKD 
treated with PD compared with HD, and for years thereafter, the debate raged posi-
tioning the impact of one modality against the other on patient survival. Vonesh 
et al. [14] in 2006 noted that overall patient survival was similar for PD and HD but 
that important differences do exist within select subgroups of patients, particularly 
those subgroups defined by age and the presence or absence of diabetes. Also, Wong 
et al. [15] demonstrated that HD and PD are associated with similar mortality among 
incident dialysis patients who are eligible for both modalities.

The study by Kumar et  al. [16] merits special mention, because she used a 
propensity- matched design to monitor a defined cohort of 1003 matched pairs of 
patients receiving either incident HD or PD in a certain US geographic area 
(Southern California). The authors observed the cumulative risk of death was more 
than twofold higher over the course of the first year on dialysis among matched 
incident HD patients compared with incident PD patients in both the adjusted time- 
dependent, as-treated, and intent-to-treat analyses. Specifically, PD was associated 
with a survival advantage for up to 3 years in the as-treated analysis with no signifi-
cant difference in adjusted survival thereafter and for up to 2 years in the intent-to- 
treat analysis with no difference in adjusted survival thereafter. Seemingly, consistent 
practice approaches to ESKD care, in an integrated care model, leveraging best 
demonstrated practice approaches could have impacted outcome results.

More recently, Elsayed et al. [17] conducted a systematic review of meta- analysis 
studies used to exam mortality differences between ICHD and PD. Published reports 
meeting the review criteria from 1993 to 2014 were evaluated. There were 214 cita-
tions with 17 cohort studies and 113,578 PSM incident dialysis patients. Based on 
results of the review, the authors concluded that PD and ICHD carry equivalent 
survival benefits, and the reported differences in survival between treatments largely 
reflect a combination of factors that are unrelated to clinical efficacy. This analysis 
uncovered significant mortality differences between HD and PD that varied by 
region, over time, and according to the study design. Taken together, these new find-
ings would suggest that while the overall survival of incident patients treated with 
either PD or HD is similar, reported differences in survival primarily reflect differ-
ences in clinical practices within health systems and evolving clinical trends.

As we look back over the numerous papers that have compared the survival of 
patients on ICHD or PD coupled with the lack of a RCT and the varied study designs 
on validity of study conclusions, the focus should be shifting to a new approach in 
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dialysis assignment. Assessing the most appropriate therapy for specific subpopula-
tions and understanding those determinants that guide therapy selection and impact 
patient outcome (including quality of life) should now guide the treatment decisions 
of incident patients and assist in identifying the transition point for modality trans-
fer as needed for prevalent patients.

 PD Survival Outcomes in Special Populations

 Diabetes

Diabetic patients on dialysis have a 1.3-fold higher mortality rate relative to other 
primary kidney diseases; specifically examining life expectancy for patients on PD, 
the 5-year adjusted survival rate was only 38%, according to the USRDS report 
[18]. A Taiwanese cohort study [19] of 51,000 incident dialysis patients demon-
strated that pre-existing diabetes was associated with an 80% increased risk of all- 
cause mortality (hazard ratio [HR] = 1.81).

Lee et al. [20] analyzed outcomes data from a nationwide prospective cohort in 
Korea of 902 patients with diabetes who started dialysis between August 2008 and 
December 2013; during a median follow-up period of 28 months, the relative risk of 
death was lower in PD compared to HD in the whole cohort. While there was no 
difference in survival rates in the cohort of poor glycemic control (hemoglobin A1c 
[HbA1c] ≥ 8.0%), there was a significant survival advantage of PD.

Several years later, Abe et al. [21] analyzed data from 8954 prevalent PD patients 
for 2 years, 2014–2015. A Cox proportional hazards regression analysis was used to 
determine factors that were independently associated with patient survival. After 
multivariate adjustment, older age, longer duration of dialysis, presence of diabetes, 
cardiovascular (CV) comorbidity, use of 2.5% glucose dialysate, higher C-reactive 
protein and phosphate levels, and a lower serum albumin level were independently 
associated with increased HRs for all-cause mortality. The CV event rate was sig-
nificantly higher in the diabetes group than in the nondiabetes group (15.9% vs 
8.7%; P < 0.0001). Diabetes, older age, longer duration of dialysis, CV comorbid-
ity, and inflammation were predictors of mortality in patients on PD.

Couchoud et al. [22] conducted a systematic review of 25 observational studies, 
and based on the available information, there was no evidence in favor of one dialy-
sis modality over another. However, the authors did note that differences between 
studies could be explained by selection bias and country-and center-specific differ-
ences in PD and HD practices.

In several additional studies, examining patient survival rates, both good glyce-
mic control [23, 24] and the use of icodextrin dialysate solution, improved patient 
survival [25]. Poor glycemic control is a consistent predictor of subsequent risk of 
catheter tunnel and exit-site infection, but not of peritoneal infection, among dia-
betic patients starting PD therapy [26]. In addition, the presence of baseline diabetic 
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complications and a high comorbidity burden at the start of dialysis contribute to 
individual patient outcomes.

Previous studies [27] focused on long-term PD survival, up to 10 years, have 
reported that the most important characteristics of patients surviving on long-term 
PD were patients’ age, pre-dialysis comorbidity, prolonged RKF, maintenance of 
adequate nutrition, low solute transport rates, and low rates of peritonitis. While 
diabetes is an important contributing comorbidity, a number of other factors warrant 
attention to optimize long-term patient survival.

Considering results from a number of studies and the working groups of the 
International Society for Peritoneal Dialysis (ISPD) [28], the suggested diabetic 
recommendations indicate that a glycosylated hemoglobin be measured at least 
once every 3 months in diabetic PD patients to assess glycemic control. The glyco-
sylated hemoglobin should be targeted around 7% (53 mmol/L) in PD patients with 
diabetes and may be up to 8.5% (69 mmol/L) in older diabetic PD patients. A once- 
daily icodextrin exchange should be considered as the long-dwell dialysis solution 
in diabetic PD patients for better glycemic control.

 Elderly Patients

There is currently no general consensus as to the best dialysis modality for the 
elderly patient with ESKD. As noted by Brown et al. [29] as a population, older 
dialysis patients may present later for dialysis, have a greater number of comorbid 
conditions, are at greater risk of cognitive dysfunction, and have increased levels of 
frailty and potential sensory impairment. Clinically, frailty presents as a composite 
of poor physical function, exhaustion, low physical activity, and weight loss and is 
associated with an increased risk of falls.

Bieber and Mehrotra [30] in a review of a large number of observational studies 
comparing the risk of death for older adults on PD or HD reported the results were 
variable with a number of characteristics believed to account for the differences. 
However, in the absence of existing diabetes, there did not appear to be a difference 
in death in older patients treated with PD or HD.

Comparison of outcomes in the elderly ESKD population, for the most part, 
relies on observational studies; however, most suggest that survival rates are similar, 
except for either elderly patients [31] with diabetes or long duration of time on 
dialysis (longer than 1–3 years), wherein HD appears superior [32]. And yet from a 
quality-of-life perspective, there appeared no significant difference between HD 
and PD. In essence, the dialysis modality selection in the elderly should be guided 
by the patient preference, unbiased information, and shared decision-making with 
the primary nephrologist considering the patient’s therapeutic goals [33].

Staff-assisted PD may play a role in the elderly patient faced with ESKD man-
agement decisions. Smyth et al. [34] analyzed data on 148 patients with a mean age 
of 63 years and with 22 patients on staff-assisted PD. There was no difference in 
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patient survival (mean, 29.8 months) by age group or whether they were on inde-
pendent PD vs staff-assisted PD.

 Obesity

The association between obesity and mortality in the PD population was evaluated 
in the Netherlands Cooperative Study on the Adequacy of Dialysis 2 (NECOSAD) 
cohort [35]; study findings noted that PD patients who are obese at the start of dialy-
sis do not have a worse survival compared with PD patients with a normal 
BMI.  Conversely, PD patients with a low BMI during dialysis have a twofold 
increased mortality risk. An additional study also noted that lower BMI, lower mus-
cle mass, weight loss, and serum creatinine decline were associated with higher 
death rates [36].

In 2004, Stack et al. [37] showed a heightened risk of death among PD patients 
with BMI ≥ 23.5 kg/m2 (versus HD patients in the same BMI categories), while 
comparable survival was observed among those with lower BMI.

Obi et al. [38] noted that obese patients started with higher levels of RRF but had 
faster declines in RRF and consistently achieved lower total dialysis small solute 
clearance (Kt/V) (renal Kt/V plus dialysis Kt/V) over time despite greater increases 
in dialysis Kt/V. Compared with matched HD patients, PD patients had lower mor-
tality in the BMI categories of <25 kg/m2 and 25 to <35 kg/m2 and had equivalent 
survival in the BMI category ≥35 kg/m2 (P for interaction = 0.001 [vs < 25 kg/m2]).

 Failed Kidney Transplant

There is limited information about the outcomes of patients commencing PD after 
failed kidney transplantation. In a retrospective study [39], 328 patients registered 
in the French Language Peritoneal Dialysis Registry (RDPLF) who started PD after 
kidney transplant failure (treatment group) between January 2002 and December 
2012 were compared with 656 matched never-transplanted patients having started 
PD during the same period (control group). Patient and PD technique survival and 
peritonitis episodes were analyzed. Over the observation period, patients’ survival 
was similar between the two groups (treatment, 17  months; control, 21  months; 
P = 0.34).

Badve et al. [40] analyzed data on all patients from the ANZDATA Registry, who 
started PD between April 1, 1991, and March 31, 2004, and entered PD due to a 
failed kidney transplant (FTx) vs non-failed transplant patient source (NFTx) 
(13,638 NFTx vs 309 FTx). On multivariate analysis, PD patients with FTx had 
comparable patient mortality (weighted HR, 1.09), death-censored technique fail-
ure (adjusted HR, 0.91), and peritonitis-free survival (adjusted HR, 0.92) with those 

21 Survival Outcomes with Peritoneal Dialysis



286

PD patients who had failed native kidneys; the patients in the FTx group had mortal-
ity comparable with those in the NFTx group (weighted HR, 1.09).

 Organ-/Disease-Specific Predictive Factors

 Cardiovascular Disease

The most common cause of death in the overall dialysis population, whether PD or 
HD, is CVD; CV mortality is 10–20 times higher in dialysis patients than in the 
general population. New patients at ESKD onset have a disproportionate burden of 
coronary disease (CAD) [41]. Young adults (ages 22–29  years) have risks for 
ESKD- associated CVD that may vary from other ages [42]. Assessing the coronary 
structural and functional status at the start of dialysis is in many cases incomplete 
whether at the point of initiating dialysis or after dialysis initiation. The ISPD 
enacted a global work group to evaluate and provide recommendations to improve 
CV outcomes for PD patients in published reports, Cardiovascular and Metabolic 
Guidelines in Adult Peritoneal Dialysis Patients Part I and Part II: Management of 
Various Cardiovascular Complications [28, 43]. Understanding the impact of CAD 
vs non- CAD, congestive heart failure (CHF), hypertension, and overhydration on 
the dialysis modality survival outcomes over time are critically important.

 Coronary Artery Disease

The incidence, severity, and mortality of CAD is higher in dialysis patients than in 
the general population. The current practice approach to dialysis and CAD is 
informed by observational data with a significant potential for bias [44]. In 2003, 
Ganesh et al. [45] conducted a historical prospective cohort study of 11,000 incident 
ESKD patients with and without CAD from 1995–1997; the data utilized for this 
analysis came from the CMS 2728 Form. Both diabetic patients and nondiabetic 
patients with CAD experienced higher mortality on PD compared with HD (36.1% 
vs 33.7%). In contrast, nondiabetic patients without CAD had similar survival on 
PD or HD.

As summarized in the USRDS 2018 report [1], ESKD patients have lower sur-
vival when CVD conditions are present; PD patients had a lower burden of CAD, 
heart failure, and peripheral arterial disease, as compared with their HD counter-
parts (57.7% vs 70.6%). However, a higher percentage of PD patients had revascu-
larization procedures vs ICHD patients overall. In a nationwide, Taiwanese 
population-based cohort study [46], with a long follow-up period of 13 years, HD 
patients (n = 1404) had a higher independently associated, de novo CAD risk in 
comparison with the PD patients (n = 220) regardless of their gender, age, and dia-
betes status. Targeting modifiable CVD risk factors (traditional and kidney disease 
related) should be employed to improve CVD outcomes in PD patients [47].
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 Arrhythmias

Clinically significant arrhythmias are common in HD patients to a greater degree 
than in those on PD. Bradycardia and asystole rather than ventricular tachycardia 
may be key causes of sudden death in HD patients. Associations with the temporal 
pattern of dialysis suggest that modification of current dialysis practices could 
reduce the incidence of sudden death [48]. For patients on PD, the risk factors for 
the occurrence of ventricular arrhythmias (VAs) in continuous ambulatory perito-
neal dialysis (CAPD) were examined in 47 patients by echocardiography, 
dipyridamole- thallium tests, and biochemical profile; the group with VA had a 
greater cardiac mass index dependent only on an increased left ventricular internal 
diameter [49].

For comparison with the non-uremic population with end-stage heart failure due 
to dilated cardiomyopathy, independent predictors of prognosis include intravenous 
inotropic requirement (P < 0.001), maximal, tolerated captopril dose (P = 0.013), 
and systolic blood pressure (p  =  0.003) [50]. In ambulatory patients with stable 
NYHA class III heart failure, the severity of VAs using the Lown classification, 
exercise tolerance, and left ventricular ejection fraction are important determinants 
of survival [51].

 Congestive Heart Failure

Heart failure is associated with significant increases in morbidity and mortality in 
dialysis patients; approximately 15%–28% of patients being dialyzed have been 
diagnosed with CHF [52]. Ejection fraction can be normal in ESKD until late in the 
disease course [53]. A differential injury compromising ventricular function through 
cardiac ischemic stunning can occur on HD without evidence on PD [54]. Dialysis 
type has been reported to preserve longitudinal and radial left ventricular mechan-
ics; left ventricular systolic function has been reported to deteriorate earlier in HD 
patients when compared with PD [55], as monitored by the use of speckled tracking 
[56]. Both low systolic blood pressure (BP) and alterations in pulse pressure 
(PP) have been described as risk factors for mortality in patients with CHF on dialy-
sis [57]. Lertdumrongluk et  al. [58] observed a U-shaped association between 
change in pulse pressure during HD and all-cause mortality with large declines or 
rises in pulse pressure associated with higher mortality. In a study of 306 patients on 
PD [57], elevated pulse pressure was associated with an increased risk of all-cause 
and cardiovascular death; the study demonstrated that for each increment of 
1 mmHg in pulse pressure, there was a 2.7% increased hazard of all-cause death 
[95% confidence interval (CI) 1.001–1.054, P = 0.039] and a 4.1% increase in risk 
for cardiovascular mortality (HR, 1.041). Additionally, in PD patients with CHF, 
low BP has been associated with significantly greater mortality risk (HR, 3.13) for 
systolic BP ≤ 100 mmHg vs patients with systolic BP 111–120 mmHg [59].

A study by Sens et al. [60] from the French Renal Epidemiology and Information 
Network (REIN) Registry found that the risk of mortality was elevated in patients 

21 Survival Outcomes with Peritoneal Dialysis



288

with ESKD and CHF who received PD compared with those who received 
HD.  Median survival time was 20.4  months in patients receiving PD versus 
36.7 months in the HD group. Patients in the PD treatment group were older and had 
higher rates of New  York Heart Association (NYHA) stage III–IV classification 
than in the HD group. In assessing prior reports, selection bias and unmeasured 
confounding bias may distort the true mortality risk associated with PD and HD.

 Blood Pressure Abnormalities and Variability

Abnormalities in BP levels (low systolic BP [<100 mmHg], pulse BP) are associated 
with all-cause and CV mortality and duration of hospitalization, especially in 
patients with a history of CHF and diabetes and those treated with antihypertensive 
medications on PD. Uncontrolled BP is correlated with an increase in left ventricular 
hypertrophy (LVH), left ventricular mass index [61], and cardiothoracic ratio (CTR).

Jang et al. [62] noted that PD is no better than HD with regard to overall BP 
control; the same is true for frequency of BP fluctuations over time [63]. Additionally, 
a narrow PP below 40 mmHg was associated with increased mortality when com-
pared to PP > 60 mmHg. As demonstrated by a Turkish study [64], remote monitor-
ing of automated PD patients may provide better control of peripheral BP and 
decrease of central hemodynamic parameters via controlling excess body water.

 Hydration Levels: Over- or Underhydration

Volume control is a modifiable risk factor. Both volume and sodium overload, often 
aggravated by loss of RKF and ultrafiltration failure (UF), are the predominant 
mechanisms underpinning hypertension in PD patients [47]. Overhydration contrib-
utes to this risk of death as it is associated with hypertension, increased left ven-
tricular mass, and reduced arterial dispensability. And yet, overly aggressive 
treatment of blood pressure (<110 mmHg systolic BP) and volume status in PD 
patients should be cautioned against due to the potential negative impact of low 
blood pressure on hastening the decline and loss of residual kidney function [65].

Bioimpedance analysis (BIA) [66, 67] has been utilized in many PD programs to 
evaluate volume and nutrition status, and the results have been shown to predict 
survival. More recently, a portable whole body bioimpedance spectroscopy device 
(or body composition monitor [BCM]) has been employed to measure volume sta-
tus in PD patients [68]. The BCM measures the impedance spectroscopy at 50 dif-
ferent frequencies between 5 kHz and 1 MHz.

 Peritonitis

Peritonitis and the frequency of peritonitis has been independently associated with 
higher risk of all-cause, CV, and infection-related mortality in PD patients, and its 
impact on mortality is more significant in patients with longer PD duration. The 
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impact of peritonitis on late CV mortality of PD patients suggests a link between 
acute inflammation and CV outcomes.

Ye et al. [69] studied 1321 patients. After adjusting for confounders, peritonitis 
was independently associated with 95% increased risk of all-cause mortality (HR, 
1.95), increased risk of CV mortality (HR, 1.90), and near fourfold increased risk of 
infection-related mortality (HR, 4.94). Further analyses showed that peritonitis 
strongly influenced mortality in patients who dialyzed longer than 2 years.

An analysis of 2405 episodes of peritonitis in 5707 patients (48% males, 44% 
diabetes, 73% hypertensive) from the Brazilian PD (BRAZPD) II cohort study 
noted that patients with one episode of peritonitis presented a 22% increase in the 
HR of late CV mortality compared to those who never experienced peritonitis (HR, 
1.22) [70]. Adjusted hazard for CV mortality showed a stepwise negative effect on 
survival for each additional peritonitis episode of infection: two episodes (HR, 
1.78), three episodes (HR, 2.81), and four episodes (HR, 3.84).

 Residual Kidney Function (RKF)

The contribution of RKF cannot be overstated as an independent predictor of sur-
vival in patients on dialysis [71]; each glomerular filtration rate increase of 5 L/
week/1.73 m2 resulted in a 12% mortality reduction independent of dialysis clear-
ance in a previous cohort study [72]. Preservation of RKF is associated with 
improved survival in both HD and PD [73, 74]. Several studies [75, 76] have dem-
onstrated that there is a differential advantage for RKF preservation for patients on 
PD when compared to HD-treated patients. In a study of 1032 PD patients com-
pared to 811 HD patients from the Dialysis Morbidity and Mortality Study 
(DMMS), PD had a 65% lower risk of RKF loss than those treated with HD, and 
patients on HD were three times more likely to have lost RKF as PD patients. 
Marants et al. [77] uncovered the pathophysiologic mechanism for RKF loss, by 
directly measuring intradialytic renal perfusion, and confirmed that the decrease in 
renal perfusion represents the first key step toward characterizing RKF loss in 
patients on HD due to “kidney stunning.” Preserving RKF is vital, and loss in RKF 
contributes to inflammation, anemia, malnutrition, LVH, volume overload, hyper-
tension, and CVD and interacts with these factors to increase morbidity and 
mortality.

Htay et al. [78] reported on a secondary analysis of data from the balANZ trial, 
performed in 15 centers in Australia, New Zealand, and Singapore, to identify inde-
pendent predictors of RKF and urine volume (UV) in 161 incident PD patients 
observed for 19.5 ± 6.6 months. RKF declined from 7.5 ± 2.9 mL/min/1.73 m2 at 
baseline to 3.3 ± 2.8 mL/min/1.73 m2 at 24 months. Common modifiable risk fac-
tors consistently associated with preserved RKF and residual UV were use of bio-
compatible PD solutions (which themselves are associated with diminished 
ultrafiltration) and achievement of higher systolic BP, lower peritoneal UF, and 
lower dialysate glucose exposure over time. Several reports have also highlighted 
the relation between RKF and left ventricular structure [79] and different functional 
performance [80].
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A retrospective cohort study [81] evaluated whether the RKF decline over time, 
in addition to baseline RKF, increased risk of mortality and anuria in 581 PD 
patients. Rapid RKF decline (≥ 0.09 decline) over a 12-month period was associ-
ated with a 2.6-fold increase in the risk of death (HR, 2.60) and a twofold increase 
in anuria (HR, 2.06). Each quartile of increasing severity of RKF decline over a 
12-month period increased risk incrementally for death. The impact on mortality 
and RKF preservation was particularly severe for those with diabetes mellitus.

Highlighting the potential for considering PD as a “preservation technique,” He 
et al. [82] noted that initiating PD was associated with a slower rate of RKF decline 
compared to the rate in the pre-dialysis period as reported by individual glomerular 
filtration rates (GFR) for approximately 12 months before and after PD in 77 new 
Chinese PD patients.

 Hypokalemia

An increased incidence of hypokalemia can contribute to overall cardiac risk for 
death in PD patients. The incidence of hypokalemia was analyzed by Torlen et al. 
[83] in 10,468 PD patients and 111,651 HD patients treated by a large dialysis orga-
nization. PD patients have a greater likelihood of developing hypokalemia (serum 
potassium <4 mmol/L). There was a U-shaped relationship between time-averaged 
serum potassium and all-cause and CV mortality of PD patients, with adjusted HRs 
of 1.51 for all-cause mortality for potassium <3.5 mEq/L and 1.52 for potassium 
≥5.5 mEq/L.

 Frailty

Frailty is a multidimensional characterization of an individual, previously consist-
ing of three or more of the following criteria: unintentional weight loss; exhaustion; 
slow gait speed; muscle weakness; and low levels of physical activity [84]. Frailty 
has been associated with an increased risk of adverse health outcomes and mortality 
[85]. Brar et al. [86] conducted a prospective cohort study of 109 home dialysis 
patients (76 on PD, 33 on HD) assessed by four frailty assessment tools: Fried 
frailty criteria, short physical performance battery, physician impression, and nurse 
impression for a median follow-up period of 3.3 years; frailty, as defined by subjec-
tive or objective criteria, was associated with a more than twofold risk of death or 
technique failure. These findings were independent of age, sex, albumin, hemoglo-
bin, and comorbidity, suggesting that the operational definitions of frailty capture 
nontraditional risk factors for adverse outcomes in this population.

 Peritoneal Membrane Transport Type

Peritoneal transport has an impact on clinical outcomes, but it is not constant in PD 
patients. A 10-year study of 470 PD patients from Hong Kong [87] examined the 
changing trend of peritoneal transport and its impact on patient outcomes. Mean 
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dialysate-to-plasma creatinine ratio (D/P Cr) dropped significantly in the first year 
and remained constant thereafter. A slow, increasing trend was observed after year 
5. There was no significant difference in patient survival rates based on baseline 
transport group; D/P Cr only became a significant risk factor for mortality by year 
3 and onward.

Icodextrin may provide advantages over standard glucose dialysate in respond-
ing to transport changes over time on PD. In a study from Korea, Han et al. [88] 
analyzed data on 2163 incident PD patients (641 icodextrin and 1522 non- icodextrin) 
over 23.7 months to investigate whether icodextrin provides patient survival advan-
tages versus standard glucose dialysate. The results demonstrated that death 
occurred in 92 (14.4%) patients in the icodextrin group compared with 128 (20.0%) 
in the non-icodextrin group, suggesting that icodextrin may play a role in optimiz-
ing patient survival; the authors did not detail the peritoneal equilibration test results 
but did note that 63.7% of patients had diabetes. A Chinese study [89] involving 217 
incident PD patients noted that icodextrin use was associated with a significantly 
lower risk of death (adjusted HR = 0.33).

 Process/Infrastructure Factors

 Unplanned Starts and PD Patient Survival Outcomes

Seemingly, patient survival is largely determined by the CV health status at initia-
tion of dialysis, and even the best dialysis modality will not reverse the CV damage 
that has accumulated in the pre-dialysis stage [90]. Whether ESKD patients are 
presenting for PD or HD, pre-dialysis care impacts outcome after initiating treat-
ment. As such, the lack of sufficient pre-dialysis care and pre-dialysis education 
should lead to classifying patients as “increasing risk”; pre-dialysis care mat-
ters [91]..

As detailed in the 2019 USRDS Report, analyzing data through 2017, 33.4% of 
incident ESKD patients had received little or no pre-ESKD nephrology care, 19.2% 
of patients starting ESKD therapy were reported on the CMS 2728 Form as not hav-
ing received nephrology care before ESKD onset. An additional 14.1% had an 
unknown duration of pre-ESKD nephrology care. Because treatment characteris-
tics, such as erythropoiesis-stimulating agent use and dietary care, for the unknown 
group were similar to those with no pre-ESKD nephrology care, one may assume 
that up to 33.3% of new ESKD cases received little or no pre-ESKD nephrol-
ogy care.

 Modality Transitions and PD Patient Survival Outcomes

Mortality risk after transfer from PD to HD may be influenced by the cause of PD 
technique failure, the clinical status of the patient, and the intensity of management 
during the transition. Reported results on survival post transfer from PD to HD lack 
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effective patient comparisons, incorporate varied study designs, and are few in num-
ber [92]. In an ANZDATA study, patients transferred to conventional hemodialysis 
(CHD) due to inadequate dialysis or mechanical complications had lower mortality 
risk after transition to CHD than those with infectious causes of PD technique fail-
ure. In contrast, transfer to CHD due to social reasons was associated with an 
increased mortality risk once transferred. Globally, mortality after transition to 
CHD can be as high as 25% if the transition is unplanned. Most patients who switch 
from PD to CHD do so permanently, as 24% of patients returned to PD after 30 days 
on CHD, while only 3% did so after 180 days on CHD [93].

Significantly greater mortality risks are evident for both diabetic and nondiabetic 
patients who switch therapies during follow-up irrespective of their original modal-
ity assignment [45]. Accordingly, increased vigilance should be given to diabetic 
patients transitioned to alternate modalities.

Dialysis modality switch was associated with increased mortality risk, but switch 
from PD to HD within 6 years did not show significant hazard of mortality in a data 
analysis from the Korean Society of Nephrology on 21,840 incident dialysis patients 
[94]. In the future, the findings from the INTErnational Group Research Assessing 
Transition Effects in Dialysis (INTEGRATED) initiative [95] will potentially assist 
with learnings helpful in managing modality transitions.

 Discussing PD Survival Outcomes with ESKD Patients

Dialysis-dependent ESKD is a serious illness with high disease burden, morbidity, 
and mortality. Survival rates are determined from a broad array of different patients 
with varied disease burden, which can impact individual patient outcomes. 
Discussing these issues with patients can be difficult and most nephrologists differ 
in their approach to survival discussions compared with oncologists discussing can-
cer treatments and outcomes [96, 97].

It is important for patients to understand that survival rates do not necessarily 
predict how an individual with specific characteristics will do on dialysis. In many 
cases, statistics may be dated and do not account for variations in individual charac-
teristics as outlined in this chapter; an individual’s prognosis may be different based 
on the individual variables of the patient.

Fewer than 10% of patients on dialysis report having had a conversation about 
goals, values, and preferences with their nephrologist, although nearly 90% report 
wanting this conversation. In multiple studies, timely discussions about serious ill-
ness care goals, however, have been associated with enhanced goal-consistent care, 
improved quality of life, and positive family outcomes without an increase in patient 
distress or anxiety [98]. Discussions regarding survival are especially important in 
the population older than 70  years. Mortality in the first year on dialysis for 
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individuals over age 75 years old approaches 40%, and even those with better prog-
noses face multiple hospitalizations and declining functional status [99].

Patients on PD and their caregivers were purposively sampled from nine dialysis 
units across Australia, the United States, and Hong Kong to identify and rank out-
comes and discussed the reasons for their choices [100]. The ten highest ranked 
outcomes were PD infection, mortality, fatigue, flexibility with time, BP, PD failure, 
ability to travel, sleep, ability to work, and effect on family. Mortality was ranked 
first in Australia, second in Hong Kong, and 15th in the United States; factors that 
affect a patient’s functional status (e.g., pain, mobility, flexibility of time, ability to 
work) were more important to US patients than mortality.

Cancer is generally associated with multiple symptoms, diminished functional 
status, and adverse changes in a patient’s health-related quality of life (HRQOL) 
[101, 102]. Also, the quality of survival (QoS) tool is a patient-centric concept used 
in cancer discussions that helps decision-making and patient communication. Both 
the HRQOL tool and the QoS map exercise could provide a framework to assess 
patient status and monitor ESKD patients and thus would be helpful in modality 
discussions with patients by nephrologists [103].

What matters most to patients with ESKD has been explored by St Clair Russell 
and Boulware [104]; they described the different approaches to options education 
and a concept of “don’t tell but ask,” with the purpose of helping families connect 
the dots through engaging both the patient and family in options education. This 
framework for survival discussions is critically important to achieving holistic 
patient care decisions for the ESKD patient.

 Conclusion

Understanding the complexity of “survival” matters and is at the core of devising 
strategies to extend it. Recognizing what we have learned about determinants of PD 
survival outcomes and what matters most in designing care models should guide 
modality selection. Nephrologists should focus on risk factor prevention and control 
when making treatment decisions, emphasizing the concept of “the right therapy for 
the right patient at the right time”. Above all, placing the patient at the center of care 
is critically important for making treatment decisions that extend “quality sur-
vival” on PD.

In addition, timely organ/disease assessment and designing action steps that neu-
tralize or prevent complications are critical for extending PD survival. Survival dis-
cussions with ESKD patients and care partners may be difficult but can be invaluable 
for charting the best course of treatment for the individual patient based on what we 
know regarding the link between dialysis modality and survival for that individual 
patient.

21 Survival Outcomes with Peritoneal Dialysis



294

References

 1. United States Renal Data System. 2018 USRDS annual data report: epidemiology of kidney 
disease in the United States. National Institutes of Health, National Institute of Diabetes and 
Digestive and Kidney Diseases, Bethesda, MD; 2018.

 2. Centers for Disease Control and Prevention: deaths and mortality. 2017. http://www.cdc.gov/
nchs/fastats/deaths.htm. Accessed 1 May 2019.

 3. US Renal Data System 2019 annual data report: epidemiology of kidney disease in the 
United States. Am J Kidney Dis. 2019:S0272-6386(19)31008-X. https://doi.org/10.1053/j.
ajkd.2019.09.002. [Epub ahead of print.]

 4. United States Renal Data System. 2015 USRDS annual data report: epidemiology of kidney 
disease in the United States. National Institutes of Health, National Institute of Diabetes and 
Digestive and Kidney Diseases, Bethesda, MD; 2015.

 5. Nordio M, Limido A, Maggiore U, Nichelatti M, Postorino M, Quintaliani G, Italian Dialysis 
and Transplantation Registry. Survival in patients treated by long-term dialysis compared 
with the general population. Am J Kidney Dis. 2012;59(6):819–28. https://doi.org/10.1053/j.
ajkd.2011.12.023.

 6. Foster BJ, Mitsnefes MM, Dahhou M, Zhang X, Laskin BL. Changes in excess mortality 
from end stage renal disease in the United States from 1995–2013. Clin J Am Soc Nephrol. 
2018;13(1):91–9. https://doi.org/10.2215/CJN.04330417.

 7. Johansen KL.  Life expectancy gains for patients with ESRD.  Clin J Am Soc Nephrol. 
2018;13(1):11–2. https://doi.org/10.2215/CJN.12831117.

 8. Gutman RA, Blumenkrantz MJ, Chan YK, Barbour GL, Gandhi VC, Shen FH, et  al. 
Controlled comparison of hemodialysis and peritoneal dialysis: Veterans Administration 
multicenter study. Kidney Int. 1984;26(4):459–70. https://doi.org/10.1038/ki.1984.196.

 9. Korevaar JC, Feith GW, Dekker FW, van Manen JG, Boeschoten EW, Bossuyt PM, et al. 
Effect of starting with hemodialysis compared with peritoneal dialysis in patients new on 
dialysis treatment: a randomized controlled trial. Kidney Int. 2003;64(6):2222–8. https://doi.
org/10.1046/j.1523- 1755.2003.00321.x.

 10. Jager KJ, Stel VS, Wanner C, Zoccali C, Dekker FW. The valuable contribution of obser-
vational studies to nephrology. Kidney Int. 2007;72(6):671–5. https://doi.org/10.1038/
sj.ki.5002397.

 11. Noordzij M, Dekker FW, Zoccali C, Jager KJ. Study designs in clinical research. Nephron 
Clin Pract. 2009;113(3):c218–21. https://doi.org/10.1159/000235610.

 12. Austin PC. An introduction to propensity score methods for reducing the effects of confound-
ing in observational studies. Multivar Behav Res. 2011;46(3):399–424. https://doi.org/10.108
0/00273171.2011.568786.

 13. Bloembergen WE, Port FK, Mauger EA, Wolfe RA.  A comparison of cause of death 
between patients treated with hemodialysis and peritoneal dialysis. J Am Soc Nephrol. 
1995;6(2):184–91.

 14. Vonesh EF, Snyder JJ, Foley RN, Collins AJ. Mortality studies comparing peritoneal dialysis 
and hemodialysis: what do they tell us? Kidney Int Suppl. 2006;103:S3–S11. https://doi.
org/10.1038/sj.ki.5001910.

 15. Wong B, Ravani P, Oliver MJ, Holroyd-Leduc J, Venturato L, Garg AX, et al. Comparison 
of patient survival between hemodialysis and peritoneal dialysis among patients eligi-
ble for both modalities. Am J Kidney Dis. 2018;71(3):344–51. https://doi.org/10.1053/j.
ajkd.2017.08.028.

 16. Kumar VA, Sidell MA, Jones JP, Vonesh EF.  Survival of propensity matched incident 
peritoneal and hemodialysis patients in a United States health care system. Kidney Int. 
2014;86(5):1016–22. https://doi.org/10.1038/ki.2014.224.

 17. Elsayed ME, Morris AD, Li X, Browne LD, Stack AG. Propensity score matched mortality 
comparisons of peritoneal and in-centre haemodialysis: systematic review and meta-analysis. 
Nephrol Dial Transplant. 2020. https://doi.org/10.1093/ndt/gfz278. [Epub ahead of print].

M. J. Schreiber Jr

http://www.cdc.gov/nchs/fastats/deaths.htm
http://www.cdc.gov/nchs/fastats/deaths.htm
https://doi.org/10.1053/j.ajkd.2019.09.002
https://doi.org/10.1053/j.ajkd.2019.09.002
https://doi.org/10.1053/j.ajkd.2011.12.023
https://doi.org/10.1053/j.ajkd.2011.12.023
https://doi.org/10.2215/CJN.04330417
https://doi.org/10.2215/CJN.12831117
https://doi.org/10.1038/ki.1984.196
https://doi.org/10.1046/j.1523-1755.2003.00321.x
https://doi.org/10.1046/j.1523-1755.2003.00321.x
https://doi.org/10.1038/sj.ki.5002397
https://doi.org/10.1038/sj.ki.5002397
https://doi.org/10.1159/000235610
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1038/sj.ki.5001910
https://doi.org/10.1038/sj.ki.5001910
https://doi.org/10.1053/j.ajkd.2017.08.028
https://doi.org/10.1053/j.ajkd.2017.08.028
https://doi.org/10.1038/ki.2014.224
https://doi.org/10.1093/ndt/gfz278


295

 18. Saran R, Robinson B, Abbott KC, Agodoa LY, Albertus P, Ayanian J, et al. US Renal Data 
System 2016 annual data report: epidemiology of kidney disease in the United States. Am J 
Kidney Dis. 2017;69(3 Suppl 1):A7–8. https://doi.org/10.1053/j.ajkd.2016.12.004. [Erratum 
in Am J Kidney Dis. 2017;69(5):712.]

 19. Tien KJ, Lin ZZ, Chio CC, Wang JJ, Chu CC, Sun YM, et al. Epidemiology and mortal-
ity of new-onset diabetes after dialysis: Taiwan national cohort study. Diabetes Care. 
2013;36(10):3027–32. https://doi.org/10.2337/dc12- 2148.

 20. Lee MJ, Kwon YE, Park KS, Kee YK, Yoon CY, Han IM, et al. Glycemic control modifies 
difference in mortality risk between hemodialysis and peritoneal dialysis in incident dialy-
sis patients with diabetes: results from a nationwide prospective cohort in Korea. Medicine 
(Baltimore). 2016;95(11):e3118. https://doi.org/10.1097/MD.0000000000003118.

 21. Abe M, Hamano T, Hoshino J, Wada A, Nakai S, Hanafusa N, et al. Predictors of outcomes 
in patients on peritoneal dialysis: a 2-year nationwide cohort study. Sci Rep. 2019;9(1):3967. 
https://doi.org/10.1038/s41598- 019- 40692- 6.

 22. Couchoud C, Bolignano D, Nistor I, Jager KJ, Heaf J, Heimburger O, et al. Dialysis modality 
choice in diabetic patients with end-stage kidney disease: a systematic review of the available 
evidence. Nephrol Dial Transplant. 2015;30(2):310–20. https://doi.org/10.1093/ndt/gfu293.

 23. Passadakis PS, Oreopoulos DG.  Diabetic patients on peritoneal dialysis. Semin Dial. 
2010;23(2):191–7. https://doi.org/10.1111/j.1525- 139X.2010.00707.x.

 24. Yoo DE, Park JT, Oh HJ, Kim SJ, Lee MJ, Shin DH, et al. Good glycemic control is associ-
ated with better survival in diabetic patients on peritoneal dialysis: a prospective observa-
tional study. PLoS One. 2012;7(1):e30072. https://doi.org/10.1371/journal.pone.0030072.

 25. Wang IK, Lin CL, Yen TH, Lin SY, Sung FC. Comparison of survival between hemodialysis 
and peritoneal dialysis patients with end-stage renal disease in the era of icodextrin treatment. 
Eur J Intern Med. 2018;50:69–74. https://doi.org/10.1016/j.ejim.2017.11.017.

 26. Rodríguez-Carmona A, Pérez-Fontán M, López-Muñiz A, Ferreiro-Hermida T, García- 
Falcón T. Correlation between glycemic control and the incidence of peritoneal and catheter 
tunnel and exit-site infections in diabetic patients undergoing peritoneal dialysis. Perit Dial 
Int. 2014;34(6):618–26. https://doi.org/10.3747/PDI.2012.00185.

 27. Maiorca R, Cancarini GC, Brunori G, Zubani R, Camerini C, Manili L, et al. Comparison 
of long-term survival between hemodialysis and peritoneal dialysis. Adv Perit Dial. 
1996;12:79–88.

 28. Wang AY, Brimble KS, Brunier G, Holt SG, Jha V, Johnson DW, et al. ISPD cardiovascular 
and metabolic guidelines in adult peritoneal dialysis patients part I - assessment and manage-
ment of various cardiovascular risk factors. Perit Dial Int. 2015;35(4):379–87. https://doi.
org/10.3747/pdi.2014.00279.

 29. Brown EA, Finkelstein FO, Iyasere OU, Kliger AS.  Peritoneal or hemodialysis for the 
frail elderly patient, the choice of 2 evils? Kidney Int. 2017;91(2):294–303. https://doi.
org/10.1016/j.kint.2016.08.026.

 30. Bieber SD, Mehrotra R. Patient and technique survival of older adults with ESRD treated with 
peritoneal dialysis. Perit Dial Int. 2015;35(6):612–7. https://doi.org/10.3747/pdi.2015.00050.

 31. Foote C, Ninomiya T, Gallagher M, Perkovic V, Cass A, McDonald SP, et al. Survival of 
elderly dialysis patients is predicted by both patient and practice characteristics. Nephrol Dial 
Transplant. 2012;27(9):3M581–3587. https://doi.org/10.1093/ndt/gfs096.

 32. Han SS, Park JY, Kang S, Kim KH, Ryu DR, Kim H, et al. Dialysis modality and mortal-
ity in the elderly: a meta-analysis. Clin J Am Soc Nephrol. 2015;10(6):983–93. https://doi.
org/10.2215/CJN.05160514.

 33. Segall L, Nistor I, Van Biesen W, Brown EA, Heaf JG, Lindley E, et al. Dialysis modality 
choice in elderly patients with end-stage renal disease: a narrative review of the available 
evidence. Nephrol Dial Transplant. 2017;32(1):41–9. https://doi.org/10.1093/ndt/gfv411.

 34. Smyth A, McCann E, Redahan L, Lambert B, Mellotte GJ, Wall CA. Peritoneal dialysis in an 
ageing population: a 10-year experience. Int Urol Nephrol. 2012;44(1):283–93. https://doi.
org/10.1007/s11255- 011- 9973- 2.

21 Survival Outcomes with Peritoneal Dialysis

https://doi.org/10.1053/j.ajkd.2016.12.004
https://doi.org/10.2337/dc12-2148
https://doi.org/10.1097/MD.0000000000003118
https://doi.org/10.1038/s41598-019-40692-6
https://doi.org/10.1093/ndt/gfu293
https://doi.org/10.1111/j.1525-139X.2010.00707.x
https://doi.org/10.1371/journal.pone.0030072
https://doi.org/10.1016/j.ejim.2017.11.017
https://doi.org/10.3747/PDI.2012.00185
https://doi.org/10.3747/pdi.2014.00279
https://doi.org/10.3747/pdi.2014.00279
https://doi.org/10.1016/j.kint.2016.08.026
https://doi.org/10.1016/j.kint.2016.08.026
https://doi.org/10.3747/pdi.2015.00050
https://doi.org/10.1093/ndt/gfs096
https://doi.org/10.2215/CJN.05160514
https://doi.org/10.2215/CJN.05160514
https://doi.org/10.1093/ndt/gfv411
https://doi.org/10.1007/s11255-011-9973-2
https://doi.org/10.1007/s11255-011-9973-2


296

 35. de Mutsert R, Grootendorst DC, Boeschoten EW, Dekker FW, Krediet RT. Is obesity asso-
ciated with a survival advantage in patients starting peritoneal dialysis? Contrib Nephrol. 
2009;163:124–31. https://doi.org/10.1159/000223790.

 36. Ekart R, Hojs R. Obese and diabetic patients with end-stage renal disease: peritoneal dialysis 
or hemodialysis? Eur J Intern Med. 2016;32:1–6. https://doi.org/10.1016/j.ejim.2016.03.016.

 37. Stack AG, Murthy BV, Molony DA.  Survival differences between peritoneal dialy-
sis and hemodialysis among “large” ESRD patients in the United States. Kidney Int. 
2004;65(6):2398–408. https://doi.org/10.1111/j.1523- 1755.2004.00654.x.

 38. Obi Y, Streja E, Mehrotra R, Rivara MB, Rhee CM, Soohoo M, et  al. Impact of obesity 
on modality longevity, residual kidney function, peritonitis, and survival among incident 
peritoneal dialysis patients. Am J Kidney Dis. 2018;71(6):802–13. https://doi.org/10.1053/j.
ajkd.2017.09.010.

 39. Benomar M, Vachey C, Lobbedez T, Henriques J, Ducloux D, Vernerey D, et al. Peritoneal 
dialysis after kidney transplant failure: a nationwide matched cohort study from the 
French Language Peritoneal Dialysis Registry (RDPLF). Nephrol Dial Transplant. 
2019;34(5):858–63. https://doi.org/10.1093/ndt/gfy290.

 40. Badve SV, Hawley CM, McDonald SP, Mudge DW, Rosman JB, Brown FG, et al. Effect of 
previously failed kidney transplantation on peritoneal dialysis outcomes in the Australian and 
New Zealand patient populations. Nephrol Dial Transplant. 2006;21(3):776–83. https://doi.
org/10.1093/ndt/gfi248.

 41. Stack AG, Bloembergen WE.  Prevalence and clinical correlates of coronary artery dis-
ease among incident US dialysis patients: a cross-sectional study. J Am Soc Nephrol. 
2001;12(7):1516–23.

 42. Modi ZJ, Lu Y, Ji N, Kapke A, Selewski DT, Dietrich X, et al. Risk of cardiovascular disease 
and mortality in young adults with end-stage renal disease: an analysis of the US Renal Data 
System. JAMA Cardiol. 2019;4(4):353–62. https://doi.org/10.1001/jamacardio.2019.0375.

 43. Wang AY, Brimble KS, Brunier G, Holt SG, Jha V, Johnson DW, et al. ISPD cardiovascular 
and metabolic guidelines in adult peritoneal dialysis patients part II - management of vari-
ous cardiovascular complications. Perit Dial Int. 2015;35(4):388–96. https://doi.org/10.3747/
pdi.2014.00278.

 44. Burlacu A, Genovesi S, Basile C, Ortiz A, Mitra S, Kirmizis D, et al. Coronary artery disease 
in dialysis patients: evidence synthesis, controversies and proposed management strategies. J 
Nephrol. 2020. https://doi.org/10.1007/s40620- 020- 00758- 5. [Epub ahead of print.]

 45. Ganesh SK, Hulbert-Shearon T, Port FK, Eagle K, Stack AG. Mortality differences by dialy-
sis modality among incident ESRD patients with and without coronary artery disease. J Am 
Soc Nephrol. 2003;14(2):415–24. https://doi.org/10.1097/01.asn.0000043140.23422.4f.

 46. Hung YM, Chen YY, Huang WC, Wang PYP, Chou P, Lai YJ. Association between dialysis 
modalities and risk of coronary artery disease: a population-based cohort study in Taiwan. 
Ther Apher Dial. 2018;22(5):469–75. https://doi.org/10.1111/1744- 9987.12676.

 47. Jegatheesan D, Cho Y, Johnson DW. Clinical studies of interventions to mitigate cardiovas-
cular risk in peritoneal dialysis patients. Semin Nephrol. 2018;38(3):277–90. https://doi.
org/10.1016/j.semnephrol.2018.02.007.

 48. Roy-Chaudhury P, Tumlin JA, Koplan BA, Costea AI, Kher V, Williamson D, et al. Primary 
outcomes of the Monitoring in Dialysis Study indicate that clinically significant arrhyth-
mias are common in hemodialysis patients and related to dialytic cycle. Kidney Int. 
2018;93(4):941–51. https://doi.org/10.1016/j.kint.2017.11.019.

 49. Canziani ME, Saragoça MA, Draibe SA, Barbieri A, Ajzen H. Risk factors for the occurrence 
of cardiac arrhythmias in patients on continuous ambulatory peritoneal dialysis. Perit Dial 
Int. 1993;13 Suppl 2:S409–11.

 50. Anguita M, Arizón JM, Bueno G, Latre JM, Sancho M, Torres F, et al. Clinical and hemo-
dynamic predictors of survival in patients aged < 65 years with severe congestive heart 
failure secondary to ischemic or nonischemic dilated cardiomyopathy. Am J Cardiol. 
1993;72(5):413–7. https://doi.org/10.1016/0002- 9149(93)91132- 2.

M. J. Schreiber Jr

https://doi.org/10.1159/000223790
https://doi.org/10.1016/j.ejim.2016.03.016
https://doi.org/10.1111/j.1523-1755.2004.00654.x
https://doi.org/10.1053/j.ajkd.2017.09.010
https://doi.org/10.1053/j.ajkd.2017.09.010
https://doi.org/10.1093/ndt/gfy290
https://doi.org/10.1093/ndt/gfi248
https://doi.org/10.1093/ndt/gfi248
https://doi.org/10.1001/jamacardio.2019.0375
https://doi.org/10.3747/pdi.2014.00278
https://doi.org/10.3747/pdi.2014.00278
https://doi.org/10.1007/s40620-020-00758-5
https://doi.org/10.1097/01.asn.0000043140.23422.4f
https://doi.org/10.1111/1744-9987.12676
https://doi.org/10.1016/j.semnephrol.2018.02.007
https://doi.org/10.1016/j.semnephrol.2018.02.007
https://doi.org/10.1016/j.kint.2017.11.019
https://doi.org/10.1016/0002-9149(93)91132-2


297

 51. Rouleau J, Shenasa M, de Champlain J, Nadeau R. Predictors of survival and sudden death in 
patients with stable severe congestive heart failure due to ischemic and nonischemic causes: 
a prospective long term study of 200 patients. Can J Cardiol. 1990;6(10):453–60.

 52. Cedeño Mora S, Goicoechea M, Torres E, Verdalles Ú, Pérez de José A, Verde E, 
et  al. Cardiovascular risk prediction in chronic kidney disease patients. Nefrologia. 
2017;37(3):293–300. https://doi.org/10.1016/j.nefro.2016.10.002.

 53. Chen SC, Su HM, Hung CC, Chang JM, Liu WC, Tsai JC, et al. Echocardiographic param-
eters are independently associated with rate of renal function decline and progression to 
dialysis in patients with chronic kidney disease. Clin J Am Soc Nephrol. 2011;6(12):2750–8. 
https://doi.org/10.2215/CJN.04660511.

 54. Chou JA, Kalantar-Zadeh K, Mathew AT. A brief review of intradialytic hypotension with a 
focus on survival. Semin Dial. 2017;30(6):473–80. https://doi.org/10.1111/sdi.12627.

 55. Günaydın ZY, Karagöz A, Bektaş O, Karataş MB, Karataş A, Bayramoğlu A, Kaya A. The 
effects of dialysis-type on left ventricular function in non-diabetic end-stage renal disease 
patients. Acta Cardiol. 2016;71(6):709–16. https://doi.org/10.2143/AC.71.6.3178190.

 56. Cinotti R, Delater A, Fortuit C, Roquilly A, Mahé PJ, Demeure-dit-Latte D, et al. Speckle- 
tracking analysis of left ventricular systolic function in the intensive care unit. Anaesthesiol 
Intensive Ther. 2015;47(5):482–6. https://doi.org/10.5603/AIT.a2015.0078.

 57. Fang W, Yang X, Bargman JM, Oreopoulos DG. Association between pulse pressure and 
mortality in patients undergoing peritoneal dialysis. Perit Dial Int. 2009;29(2):163–70.

 58. Lertdumrongluk P, Streja E, Rhee CM, Sim JJ, Gillen D, Kovesdy CP, et al. Changes in pulse 
pressure during hemodialysis treatment and survival in maintenance dialysis patients. Clin J 
Am Soc Nephrol. 2015;10(7):1179–91. https://doi.org/10.2215/CJN.09000914.

 59. Goldfarb-Rumyantzev AS, Baird BC, Leypoldt JK, Cheung AK. The association between 
BP and mortality in patients on chronic peritoneal dialysis. Nephrol Dial Transplant. 
2005;20(8):1693–701. https://doi.org/10.1093/ndt/gfh856.

 60. Sens F, Schott-Pethelaz AM, Labeeuw M, Colin C, Villar E. Survival advantage of hemodi-
alysis relative to peritoneal dialysis in patients with end-stage renal disease and congestive 
heart failure. Kidney Int. 2011;80(9):970–7. https://doi.org/10.1038/ki.2011.233.

 61. Koc M, Toprak A, Tezcan H, Bihorac A, Akoglu E, Ozener IC. Uncontrolled hypertension 
due to volume overload contributes to higher left ventricular mass index in CAPD patients. 
Nephrol Dial Transplant. 2002;17(9):1661–6. https://doi.org/10.1093/ndt/17.9.1661.

 62. Jang JS, Kwon SK, Kim HY.  Comparison of blood pressure control and left ventricular 
hypertrophy in patients on continuous ambulatory peritoneal dialysis (CAPD) and automated 
peritoneal dialysis (APD). Electrolyte Blood Press. 2011;9(1):16–22. https://doi.org/10.5049/
EBP.2011.9.1.16.

 63. Alexandrou ME, Loutradis C, Schoina M, Tzanis G, Dimitriadis C, Sachpekidis V, et  al. 
Ambulatory blood pressure profile and blood pressure variability in peritoneal dialysis 
 compared with hemodialysis and chronic kidney disease patients. Hypertens Res. 2020. 
https://doi.org/10.1038/s41440- 020- 0442- 0. [Epub ahead of print.]

 64. Yeter HH, Karacalik C, Eraslan E, Akcay OF, Derici U, Ronco C. Effect of remote patient 
management in peritoneal dialysis on hemodynamic and volume control. Nephrology 
(Carlton). 2020. https://doi.org/10.1111/nep.13751. [Epub ahead of print.]

 65. Wang AY, Dong J, Xu X, Davies S.  Volume management as a key dimension of 
a high-quality PD prescription. Perit Dial Int. 2020;40(3):282–92. https://doi.
org/10.1177/0896860819895365.

 66. Passauer J, Petrov H, Schleser A, Leicht J, Pucalka K.  Evaluation of clinical dry weight 
assessment in haemodialysis patients using bioimpedance spectroscopy: a cross-sectional 
study. Nephrol Dial Transplant. 2010;25(2):545–51. https://doi.org/10.1093/ndt/gfp517.

 67. Tabinor M, Davies SJ. The use of bioimpedance spectroscopy to guide fluid management in 
patients receiving dialysis. Curr Opin Nephrol Hypertens. 2018;27(6):406–12. https://doi.
org/10.1097/MNH.0000000000000445.

21 Survival Outcomes with Peritoneal Dialysis

https://doi.org/10.1016/j.nefro.2016.10.002
https://doi.org/10.2215/CJN.04660511
https://doi.org/10.1111/sdi.12627
https://doi.org/10.2143/AC.71.6.3178190
https://doi.org/10.5603/AIT.a2015.0078
https://doi.org/10.2215/CJN.09000914
https://doi.org/10.1093/ndt/gfh856
https://doi.org/10.1038/ki.2011.233
https://doi.org/10.1093/ndt/17.9.1661
https://doi.org/10.5049/EBP.2011.9.1.16
https://doi.org/10.5049/EBP.2011.9.1.16
https://doi.org/10.1038/s41440-020-0442-0
https://doi.org/10.1111/nep.13751
https://doi.org/10.1177/0896860819895365
https://doi.org/10.1177/0896860819895365
https://doi.org/10.1093/ndt/gfp517
https://doi.org/10.1097/MNH.0000000000000445
https://doi.org/10.1097/MNH.0000000000000445


298

 68. Van Biesen W, Williams JD, Covic AC, Fan S, Claes K, Lichodziejewska-Niemierko M, 
et al. Fluid status in peritoneal dialysis patients: the European Body Composition Monitoring 
(EuroBCM) study cohort. PLoS One. 2011;6(2):e17148. https://doi.org/10.1371/journal.
pone.0017148.

 69. Ye H, Zhou Q, Fan L, Guo Q, Mao H, Huang F, et al. The impact of peritoneal dialysis- 
related peritonitis on mortality in peritoneal dialysis patients. BMC Nephrol. 2017;18(1):186. 
https://doi.org/10.1186/s12882- 017- 0588- 4.

 70. Pecoits-Filho R, Yabumoto FM, Campos LG, Moraes TP, Figueiredo AE, Olandoski M, 
et al. Peritonitis as a risk factor for long-term cardiovascular mortality in peritoneal dialysis 
patients: the case of a friendly fire? Nephrology (Carlton). 2018;23(3):253–8. https://doi.
org/10.1111/nep.12986.

 71. Perl J, Bargman JM.  The importance of residual kidney function for patients on dialy-
sis: a critical review. Am J Kidney Dis. 2009;53(6):1068–81. https://doi.org/10.1053/j.
ajkd.2009.02.012.

 72. Bargman JM, Thorpe KE, Churchill DN, CANUSA Peritoneal Dialysis Study Group. 
Relative contribution of residual renal function and peritoneal clearance to adequacy of dialy-
sis: a reanalysis of the CANUSA study. J Am Soc Nephrol. 2001;12(10):2158–62.

 73. Shafi T, Mullangi S, Toth-Manikowski SM, Hwang S, Michels WM. Residual kidney func-
tion: implications in the era of personalized medicine. Semin Dial. 2017;30(3):241–5. https://
doi.org/10.1111/sdi.12587.

 74. Termorshuizen F, Dekker FW, van Manen JG, Korevaar JC, Boeschoten EW, Krediet RT, 
et al. Relative contribution of residual renal function and different measures of adequacy to 
survival in hemodialysis patients: an analysis of the Netherlands Cooperative Study on the 
Adequacy of Dialysis (NECOSAD)-2. J Am Soc Nephrol. 2004;15(4):1061–70. https://doi.
org/10.1097/01.asn.0000117976.29592.93.

 75. Lysaght MJ, Vonesh EF, Gotch F, Ibels L, Keen M, Lindholm B, et  al. The influence of 
dialysis treatment modality on the decline of remaining renal function. ASAIO Trans. 
1991;37(4):598–604.

 76. Moist LM, Port FK, Orzol SM, Young EW, Ostbye T, Wolfe RA, et al. Predictors of loss of 
residual renal function among new dialysis patients. J Am Soc Nephrol. 2000;11(3):556–64.

 77. Marants R, Qirjazi E, Grant CJ, Lee TY, McIntyre CW.  Renal perfusion during hemodi-
alysis: intradialytic blood flow decline and effects of dialysate cooling. J Am Soc Nephrol. 
2019;30(6):1086–95. https://doi.org/10.1681/ASN.2018121194.

 78. Htay H, Cho Y, Pascoe EM, Darssan D, Hawley C, Johnson DW, et al. Predictors of resid-
ual renal function decline in peritoneal dialysis patients: the balANZ trial. Perit Dial Int. 
2017;37(3):283–9. https://doi.org/10.3747/pdi.2016.00206.

 79. Rebić D, Matovinović MS, Rašić S, Kes P, Hamzić-Mehmedbašić A. The effect of preserved 
residual renal function on left ventricular structure in non-anuric peritoneal dialysis patients. 
Kidney Blood Press Res. 2015;40(5):500–8. https://doi.org/10.1159/000368526.

 80. Ma T, Ding G.  Effects of residual renal function on left ventricle and analysis of related 
factors in patients with hemodialysis. Ren Fail. 2013;35(2):198–203. https://doi.org/10.310
9/0886022X.2012.745153.

 81. Hu SL, Joshi P, Kaplan M, Lefkovitz J, Poenariu A, Dworkin LD, et al. Rapid change in resid-
ual renal function decline is associated with lower survival and worse residual renal function 
preservation in peritoneal dialysis patients. Perit Dial Int. 2017;37(4):477–81. https://doi.
org/10.3747/pdi.2016.00211.

 82. He L, Liu X, Li Z, Abreu Z, Malavade T, Lok CE, et al. Rate of decline of residual kidney 
function before and after the start of peritoneal dialysis. Perit Dial Int. 2016;36(3):334–9. 
https://doi.org/10.3747/pdi.2016.00024.

 83. Torlén K, Kalantar-Zadeh K, Molnar MZ, Vashistha T, Mehrotra R.  Serum potassium 
and cause-specific mortality in a large peritoneal dialysis cohort. Clin J Am Soc Nephrol. 
2012;7(8):1272–84. https://doi.org/10.2215/CJN.00960112.

M. J. Schreiber Jr

https://doi.org/10.1371/journal.pone.0017148
https://doi.org/10.1371/journal.pone.0017148
https://doi.org/10.1186/s12882-017-0588-4
https://doi.org/10.1111/nep.12986
https://doi.org/10.1111/nep.12986
https://doi.org/10.1053/j.ajkd.2009.02.012
https://doi.org/10.1053/j.ajkd.2009.02.012
https://doi.org/10.1111/sdi.12587
https://doi.org/10.1111/sdi.12587
https://doi.org/10.1097/01.asn.0000117976.29592.93
https://doi.org/10.1097/01.asn.0000117976.29592.93
https://doi.org/10.1681/ASN.2018121194
https://doi.org/10.3747/pdi.2016.00206
https://doi.org/10.1159/000368526
https://doi.org/10.3109/0886022X.2012.745153
https://doi.org/10.3109/0886022X.2012.745153
https://doi.org/10.3747/pdi.2016.00211
https://doi.org/10.3747/pdi.2016.00211
https://doi.org/10.3747/pdi.2016.00024
https://doi.org/10.2215/CJN.00960112


299

 84. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older 
adults: evidence for a phenotype. J Gerontol Ser A Biol Sci Med Sci. 2001;56(3):M146–56. 
https://doi.org/10.1093/gerona/56.3.m146.

 85. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the concepts of dis-
ability, frailty, and comorbidity: implications for improved targeting and care. J Gerontol Ser 
A Biol Sci Med Sci. 2004;59(3):M255–63. https://doi.org/10.1093/gerona/59.3.m255.

 86. Brar R, Whitlock R, Komenda P, Prasad B, Bohm C, Thorsteinsdottir B, et al. The impact 
of frailty on technique failure and mortality in patients on home dialysis. Perit Dial Int. 
2019;39(6):532–8. https://doi.org/10.3747/pdi.2018.00195.

 87. Jiang C, Lo WK. Trend of peritoneal transport and impact on patient survival: a 10-year 
follow- up cohort study. Clin Nephrol. 2018;89(5):349–57. https://doi.org/10.5414/
CN108917.

 88. Han SH, Ahn SV, Yun JY, Tranaeus A, Han DS. Effects of icodextrin on patient survival 
and technique success in patients undergoing peritoneal dialysis. Nephrol Dial Transplant. 
2012;27(5):2044–50. https://doi.org/10.1093/ndt/gfr580.

 89. Wang IK, Li YF, Chen JH, Liang CC, Liu YL, Lin HH, et al. Icodextrin decreases technique 
failure and improves patient survival in peritoneal dialysis patients. Nephrology (Carlton). 
2015;20(3):161–7. https://doi.org/10.1111/nep.12375.

 90. Lameire N, Van Biesen W, Vanholder R. Did 20 years of technological innovations in hemo-
dialysis contribute to better patient outcomes? Clin J Am Soc Nephrol. 2009;Suppl 1:S30–40. 
https://doi.org/10.2215/CJN.04000609.

 91. Spigolon DN, de Moraes TP, Figueiredo AE, Modesto AP, Barretti P, Bastos MG, et  al. 
Impact of pre-dialysis care on clinical outcomes in peritoneal dialysis patients. Am J Nephrol. 
2016;43(2):104–11. https://doi.org/10.1159/000444401.

 92. Boissinot L, Landru I, Cardineau E, Zagdoun E, Ryckelycnk JP, Lobbedez T.  Is transi-
tion between peritoneal dialysis and hemodialysis really a gradual process? Perit Dial Int. 
2013;33(4):391–7. https://doi.org/10.3747/pdi.2011.00134.

 93. Imbeault B, Nadeau-Fredette AC.  Optimization of dialysis modality transitions for 
improved patient care. Can J Kidney Health Dis. 2019;6:2054358119882664. https://doi.
org/10.1177/2054358119882664.

 94. Jeong JC, Kim S, Kim KP, Yi Y, Ahn SY, Jin DC, et al. Changes in mortality hazard of the 
Korean long-term dialysis population: the dependencies of time and modality switch. Perit 
Dial Int. 2020:896860820915024. https://doi.org/10.1177/0896860820915024. [Epub ahead 
of print.]

 95. INTEGRATED group consists of (in alphabetical order), Chan C, Combes G, Davies S, 
Finkelstein F, Firanek C, Gomez R, et  al. Transition between different renal replacement 
modalities: gaps in knowledge and care-The Integrated Research Initiative. Perit Dial Int. 
2019;39(1):4–12. https://doi.org/10.3747/pdi.2017.00242.

 96. Koropchak CM, Pollak KI, Arnold RM, Alexander SC, Skinner CS, Olsen MK, et  al. 
Studying communication in oncologist-patient encounters: the SCOPE trial. Palliat Med. 
2006;20(8):813–9. https://doi.org/10.1177/0269216306070657.

 97. Otero Gonzalez A, Iglesias Forneiro A, Camba Caride MJ, Perez Melon C, Borrajo Prol MP, 
Novoa Fernandez E, et al. Survival for haemodialysis vs. peritoneal dialysis and technique 
transference. Experience in Ourense, Spain, from 1976 to 2012. Nefrologia. 2015;35:562–6. 
https://doi.org/10.1016/j.nefro.2015.10.002.

 98. Mandel EI, Bernacki RE, Block SD. Serious illness conversations in ESRD. Clin J Am Soc 
Nephrol. 2017;12(5):854–63. https://doi.org/10.2215/CJN.05760516.

 99. Bakewell AB, Higgins RM, Edmunds ME.  Quality of life in peritoneal dialysis patients: 
decline over time and association with clinical outcomes. Kidney Int. 2002;61(1):239–48. 
https://doi.org/10.1046/j.1523- 1755.2002.00096.x.

 100. Manera KE, Johnson DW, Craig JC, Shen JI, Ruiz L, Wang AY, et al. Patient and caregiver 
priorities for outcomes in peritoneal dialysis: multinational nominal group technique study. 
Clin J Am Soc Nephrol. 2019;14(1):74–83. https://doi.org/10.2215/CJN.05380518.

21 Survival Outcomes with Peritoneal Dialysis

https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/59.3.m255
https://doi.org/10.3747/pdi.2018.00195
https://doi.org/10.5414/CN108917
https://doi.org/10.5414/CN108917
https://doi.org/10.1093/ndt/gfr580
https://doi.org/10.1111/nep.12375
https://doi.org/10.2215/CJN.04000609
https://doi.org/10.1159/000444401
https://doi.org/10.3747/pdi.2011.00134
https://doi.org/10.1177/2054358119882664
https://doi.org/10.1177/2054358119882664
https://doi.org/10.1177/0896860820915024
https://doi.org/10.3747/pdi.2017.00242
https://doi.org/10.1177/0269216306070657
https://doi.org/10.1016/j.nefro.2015.10.002
https://doi.org/10.2215/CJN.05760516
https://doi.org/10.1046/j.1523-1755.2002.00096.x
https://doi.org/10.2215/CJN.05380518


300

 101. McCarthy EP, Phillips RS, Zhong Z, Drews RE, Lynn J.  Dying with cancer: patients’ 
function, symptoms, and care preferences as death approaches. J Am Geriatr Soc. 
2000;48(S1):S110–21. https://doi.org/10.1111/j.1532- 5415.2000.tb03120.x.

 102. Rodriguez KL, Bayliss N, Alexander SC, Jeffreys AS, Olsen MK, Pollak K, et al. How oncol-
ogists and their patients with advanced cancer communicate about health-related quality of 
life. Psychooncology. 2010;19(5):490–9. https://doi.org/10.1002/pon.1579.

 103. Fallowfield L, Nadler E, Greaney M, Gater A, Subar M, Orsini S, et al. The Quality of Survival 
(QoS): a concept framework to assist communication and decision making about cancer care. 
J Clin Oncol. 2016;34(3_suppl):78. https://doi.org/10.1200/jco.2016.34.3_suppl.78.

 104. St Clair Russell J, Boulware LE.  End-stage renal disease treatment options education: 
what matters most to patients and families. Semin Dial. 2018;31(2):12–128. https://doi.
org/10.1111/sdi.12665.

 105. Collins AJ, Hao W, Xia H, Ebben JP, Everson SE, Constantini EG, et  al. Mortality risks 
of peritoneal dialysis and hemodialysis. Am J Kidney Dis. 1999;34(6):1065–74. https://doi.
org/10.1016/S0272- 6386(99)70012- 0.

 106. Keshaviah P, Collins AJ, Ma JZ, Churchill DN, Thorpe KE. Survival comparison between 
hemodialysis and peritoneal dialysis based on matched doses of delivered therapy. J Am Soc 
Nephrol. 2002;13 Suppl 1:S48–52.

 107. Vonesh EF, Snyder JJ, Foley RN, Collins AJ. The differential impact of risk factors on mor-
tality in hemodialysis and peritoneal dialysis. Kidney Int. 2004;66(6):2389–401. https://doi.
org/10.1111/j.1523- 1755.2004.66028.x.

 108. Jaar BG, Coresh J, Plantinga LC, Klag MJ, Levey AS, Levin NW, et al. Comparing the 
risk for death with peritoneal dialysis and hemodialysis in a national cohort of patients 
with chronic kidney disease. Ann Intern Med. 2005;143(3):174–83. https://doi.org/10.732
6/0003- 4819- 143- 3- 200508020- 00003.

 109. McDonald SP, Marshall MR, Johnson DW, Polkinghorne KR. Relationship between dialy-
sis modality and mortality. J Am Soc Nephrol. 2009;20(1):155–63. https://doi.org/10.1681/
ASN.2007111188.

 110. Mehrotra R, Chiu YW, Kalantar-Zadeh K, Bargman J, Vonesh E.  Similar outcomes with 
hemodialysis and peritoneal dialysis in patients with end-stage renal disease. Arch Intern 
Med. 2011;171(2):110–8. https://doi.org/10.1001/archinternmed.2010.352.

 111. Yeates K, Zhu N, Vonesh E, Trpeski L, Blake P, Fenton S. Hemodialysis and peritoneal dialy-
sis are associated with similar outcomes for end-stage renal disease treatment in Canada. 
Nephrol Dial Transplant. 2012;27(9):3568–75. https://doi.org/10.1093/ndt/gfr674.

 112. Lukowsky LR, Mehrotra R, Kheifets L, Arah OA, Nissenson AR, Kalantar-Zadeh 
K. Comparing mortality of peritoneal and hemodialysis patients in the first 2 years of dialysis 
therapy: a marginal structural model analysis. Clin J Am Soc Nephrol. 2013;8(4):619–28. 
https://doi.org/10.2215/CJN.04810512.

 113. Heaf JG, Wehberg S.  Relative survival of peritoneal dialysis and haemodialysis patients: 
effect of cohort and mode of dialysis initiation. PLoS One. 2014;9(3):e90119. https://doi.
org/10.1371/journal.pone.0090119.

 114. Waldum-Grevbo B, Leivestad T, Reisæter AV, Os I.  Impact of initial dialysis modality on 
mortality: a propensity-matched study. BMC Nephrol. 2015;16:179. https://doi.org/10.1186/
s12882- 015- 0175- 5.

 115. Wang IK, Lu CY, Muo CH, Chang CT, Yen TH, Huang CC, Li TC, Sung FC. Analysis of 
technique and patient survival over time in patients undergoing peritoneal dialysis. Int Urol 
Nephrol. 2016;48(7):1177–85. https://doi.org/10.1007/s11255- 016- 1296- x.

 116. van de Luijtgaarden MW, Jager KJ, Segelmark M, Pascual J, Collart F, Hemke AC, et al. 
Trends in dialysis modality choice and related patient survival in the ERA-EDTA reg-
istry over a 20-year period. Nephrol Dial Transplant. 2016;31(1):120–8. https://doi.
org/10.1093/ndt/gfv295.

 117. Thiery A, Séverac F, Hannedouche T, Couchoud C, Do VH, Tiple A, et al. Survival advantage 
of planned haemodialysis over peritoneal dialysis: a cohort study. Nephrol Dial Transplant. 
2018;33(8):1411–9. https://doi.org/10.1093/ndt/gfy007.

M. J. Schreiber Jr

https://doi.org/10.1111/j.1532-5415.2000.tb03120.x
https://doi.org/10.1002/pon.1579
https://doi.org/10.1200/jco.2016.34.3_suppl.78
https://doi.org/10.1111/sdi.12665
https://doi.org/10.1111/sdi.12665
https://doi.org/10.1016/S0272-6386(99)70012-0
https://doi.org/10.1016/S0272-6386(99)70012-0
https://doi.org/10.1111/j.1523-1755.2004.66028.x
https://doi.org/10.1111/j.1523-1755.2004.66028.x
https://doi.org/10.7326/0003-4819-143-3-200508020-00003
https://doi.org/10.7326/0003-4819-143-3-200508020-00003
https://doi.org/10.1681/ASN.2007111188
https://doi.org/10.1681/ASN.2007111188
https://doi.org/10.1001/archinternmed.2010.352
https://doi.org/10.1093/ndt/gfr674
https://doi.org/10.2215/CJN.04810512
https://doi.org/10.1371/journal.pone.0090119
https://doi.org/10.1371/journal.pone.0090119
https://doi.org/10.1186/s12882-015-0175-5
https://doi.org/10.1186/s12882-015-0175-5
https://doi.org/10.1007/s11255-016-1296-x
https://doi.org/10.1093/ndt/gfv295
https://doi.org/10.1093/ndt/gfv295
https://doi.org/10.1093/ndt/gfy007


301© Springer Nature Switzerland AG 2021
A. Rastogi et al. (eds.), Applied Peritoneal Dialysis, 
https://doi.org/10.1007/978-3-030-70897-9_22

Chapter 22
Quality of Life in Peritoneal Dialysis

Jack Beadle and Edwina A. Brown

 Introduction

The World Health Organization (WHO) defines health as ‘a state of complete physi-
cal, mental and social well-being not merely the absence of disease’. The treatment 
of disease can also be associated with significant social, psychological and physical 
burdens, so it follows that measures of health don’t focus merely on the absence of 
disease but on the well-being of the patient and on treatment satisfaction.

The concept of QOL is subjective and is multidimensional, reflecting an indi-
vidual patient’s perception of their position in life, in the context of their values and 
culture, which is affected by their expectations, concerns and their support networks 
[1]. This is a broad definition, but the impact of disease and treatment on a patient’s 
physical, social and psychological well-being has come to be defined as health- 
related quality of life (HRQOL) [2].

End-stage kidney disease (ESKD) is a major cause of morbidity and mortality 
worldwide and is associated with a significant symptom burden for patients [3]. 
Despite the resources devoted to treatment of kidney disease, improvements in dial-
ysis and management of comorbidities, patients continue to experience significant 
morbidity and a reduced quality of life (QOL) [4]. Treatment with kidney replace-
ment therapy (KRT) in the form of peritoneal dialysis (PD), haemodialysis (HD) or 
transplantation allows patients to survive the lethal complications of kidney disease 
but is associated with major impairment of health-related quality of life (HRQOL) 
for all modalities [5]. As survival rates for patients with ESKD have improved, and 
patients have prolonged time on treatment, focus has shifted to HRQOL as an 
important outcome measure for patients on dialysis.
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There is evidence that a lower QOL in patients with ESKD is associated with 
increased risk of death and hospitalisation and correlates better with these outcomes 
than surrogate markers such as serum albumin level [6]. Peritoneal dialysis patients 
with low HRQOL scores have increased mortality, even correcting for comorbidity, 
PD modality, demographic variables and laboratory variables [7].

Improvements to a patient’s QOL, through the provision of high-quality PD and 
patient care, have the potential to improve patient outcomes. A focus on measures 
of HRQOL is increasingly recognised as an important outcome metric for the suc-
cess of peritoneal dialysis [8].

 Measurement of Quality of Life

End-stage kidney disease is associated with a considerable burden of physical 
symptoms and the psychological, social and treatment-related aspects of 
KRT. Methods to quantify HRQOL in long-term conditions attempt to score the 
impacts of treatment and disease across aspects of physical, social and psychologi-
cal domains. In the USA, there is a requirement that dialysis facilities ask patients 
to complete assessments of HRQOL annually and be assessed for depression and 
for pain once a year [9]. Nevertheless, the best methods for assessing HRQOL in PD 
patients and the frequency with which this should be done remain unclear.

There are a variety of assessment tools available for measuring HRQOL, but 
there is no ‘gold standard’ for use in a PD population. Objective measures, such as 
the Short Form 36 (SF-36), have been validated in chronic disease and allow com-
parison across a range of chronic health conditions. Other scoring systems, such as 
the KDQOL-36, have additional scales related to specific aspects of kidney disease 
and dialysis.

 Common Assessment Tools

Short From 36 (SF36): A generic measure of HRQOL for use in the general 
population.

• It is not kidney disease, or treatment, specific but allows comparison with a range 
of chronic health conditions.

• It measures eight health domains including physical (physical activity; role limi-
tations due to physical health; pain and general perception of health) and mental 
(levels of energy and fatigue; limitations on social activity; role limitations due 
to emotional problems and general mental health) domains, with higher scores 
associated with better health.

• The physical and mental domains are summarised in physical (PCS) and mental 
component summaries (MCS).

• Variants of this form exist, such as the SF12.
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KDQOL-36: Based on the SF12 with additional scales focusing on outcomes 
related to kidney disease

• These include items such as the burden of kidney disease, work status, sexual 
function and sleep.

• In the observational Dialysis Outcomes and Practice Patterns Study (DOPPS) of 
over 7000 HD patients, lower KDQOL-36 scores were associated with a higher 
risk of death and hospitalisation [10].

Beck Depression Inventory (BDI) and Hospital Anxiety and Depression 
Scale (HADS)

• Determine the presence of symptoms of depression. They are not used for the 
diagnosis of depression.

For HRQOL assessment scores to be relevant to an individual patient, there 
needs to be a recognition that an individual’s priorities and perceptions change over 
time [11, 12], through different stages of kidney disease and across different modal-
ities of kidney replacement therapy [13].

Subjective measures of HRQOL – patient-reported outcome measures (PROMs) – 
are likely to be better at reflecting the patient experience but can be difficult to 
compare between studies and may be difficult to interpret. Initiatives attempting to 
standardise the reporting of relevant patient reported outcomes in peritoneal dialysis 
patients, such as SONG-PD [8], aim to establish core outcomes to be reported in 
trials in PD to enable comparison between interventions.

 Quality of Life in Kidney Replacement Therapy

End-stage kidney disease is associated with a significant impairment in HRQOL 
compared to the general population [13], which persists across all forms of kidney 
replacement therapy [14]. Treatment for kidney disease aims to improve survival 
and maintain a patient’s QOL, but there is evidence that HRQOL continues to dete-
riorate despite patients on HD or PD having lower SF36 scores than a pre-dialysis 
population [13].

Kidney transplantation is associated with a better QOL than HD or PD [15, 16] 
but is not a feasible treatment for everyone.

PD and HD as dialysis modalities have their own individual advantages and dis-
advantages. PD has the advantage of being a home-based therapy that allows for 
increased patient independence and freedom – to travel or to work – but is associ-
ated with a lower technique survival over time. HD has the advantages of being 
suitable for patients unable to perform their own dialysis, and of long-term tech-
nique survival, however, it is associated with haemodynamic instability and worse 
cognitive decline in older patients [17].

Studies comparing HRQOL between HD and PD have not consistently found a 
significant advantage of one of the other, perhaps reflecting the fact the different 
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modalities have different advantages in different ‘domains’ of HRQOL. One study 
of 232 community-based HD and 201 PD patients in Singapore, for example, 
showed significant physical and emotional impairment of QOL in both patient 
groups compared to a healthy population but noted advantages of PD in patient 
autonomy and patient flexibility and advantages to HD in the domains of physical 
and emotional function [18]. On the other hand, a Saudi study showed advantages 
to PD across all domains except physical function [19].

Despite this, meta-analyses of studies have failed to show a significant advantage 
of one modality over another. An Iranian meta-analysis of 2212 dialysis patients 
showed no significant difference between QOL scores in HD or PD patients [20], 
whilst another meta-analysis showed the only statistically significant difference 
between the modalities was an advantage of PD in the burden of kidney disease [21].

The most complete recent meta-analysis comparing QOL outcomes between HD 
and PD looked at 4318 patients across 15 studies [22]. This analysis showed advan-
tages to PD across three HRQOL domains, though this was not statistically signifi-
cant. There was, however, a significant variation based on the date of publication 
and study location, with newer studies favouring peritoneal dialysis and older stud-
ies, the majority of which were conducted in the USA, favouring haemodialysis.

 Patient Priorities for Outcomes in PD

As a home-based treatment for ESKD, PD has a number of significant benefits in 
terms of flexibility, the ability to work, the ability to travel, and the ability to have 
needle-free treatment. Nevertheless, it is challenging  – requiring dialysis to be 
scheduled into patients’ lives several days each week, demanding fastidious atten-
tion to hygiene and technique and necessitating a degree of patient or caregiver 
responsibility and training.

Many of the factors affecting a PD patient’s QOL reflect aspects of health spe-
cific to peritoneal dialysis – such as the need to be vigilant for peritonitis, to manage 
bowel habits to facilitate effective dialysis and deal with catheter-related complica-
tions. Whilst the aims of PD as a treatment modality are to prevent death from 
uraemia and help manage fluid and electrolytes, treatment-related outcomes which 
are important to patients and to caregivers can vary, and there is an increasing under-
standing of the mismatch between the priorities of patients and physicians when it 
comes to determining what high-quality dialysis means.

One study, reporting the priorities described by groups of PD patients in three 
countries (Hong Kong, Australia and the USA), reported a mix of clinical (death, 
infection, blood pressure control and dialysis failure) and nonclinical outcomes 
(including fatigue, flexibility with time, sleep, work and impact on family and 
friends) [12]. Rather than mortality, the most important outcomes for many patients 
and carers reflected anxieties about preventing infection – peritonitis, line and tun-
nel infections. This was partly because infections were associated with pain, hospi-
talisation and a potential failure of dialysis. The top 10 outcomes identified by PD 
patients as important is listed below (Table 22.1.)
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Table 22.1 Patient-reported 
outcomes in peritoneal 
dialysis [12]

Peritoneal dialysis infection
Death
Fatigue
Flexibility with time
Blood pressure
Failure of peritoneal dialysis
Ability to travel
Quality of sleep
Ability to work
Effect of treatment on family and friends

https://cjasn.asnjournals.org/content/14/1/74
Clinical outcomes (infection, death, failure of dialysis) and 
patient reported outcomes were the highest priorities for PD 
patients
Focus groups in three countries (Australia, Hong Kong and the 
USA) asked what were the most important outcomes for them

 Factors Associated with Quality of Life in PD

HRQOL encompasses multiple domains of health including physical, psychologi-
cal, social and treatment-related spheres (Fig. 22.1). Some of these factors and their 
effects on HRQOL in PD patients are outlined below.

Demographic

Social

PhysicalTreatment

Psychological
Depression
Anxiety
Body image

Age
Sex
Ethnicity

Social support
Socioeconomic status
Impact on family/carers

Comorbidities
Gastrointestinal symptoms
Anaemia
Infection
Nutrition
Sleep disorders
Sexual dysfunction

Residual renal function
Dialysis adequacy
Dialysis modality
Dialysis solutions

Fig. 22.1 Factors associated with HRQOL in PD
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 Demographic Factors

Perceptions of QOL are individual and are affected by a range of cultural and demo-
graphic variables.

 Sex

Female sex has been associated with lower HRQOL scores in CKD populations in the 
USA [23] and in ESD populations in Europe [24], although these did not specify the 
specific domains across which scores were reduced. Female sex was found to be the 
strongest predictor of the burden of kidney disease domain in haemodialysis patients 
in one study [25]. Despite sex differences in the rate of progression of kidney disease 
[26] and sex-related differences in access to healthcare around the world [27], there 
are very few studies directly assessing the effects of sex on HRQOL in PD patients.

One study of PD patients in the UK noted an association of male sex with lower 
HRQOL scores, across a number of domains; this was postulated to be related to 
difficulties adapting to chronic illness and changes to a role as ‘head of the house-
hold’ [28]. Another study in the USA showed a reduction in satisfaction with care 
scores in black men on PD, compared to black women and white PD patients [29]. 
There is evidence that gender makes a difference in symptoms of sexual dysfunction 
in PD [30], with women on PD experiencing significantly lower sexual function 
scores than healthy peri- or postmenopausal controls.

 Ethnicity

Minimisation of differences in the standards of healthcare received by patients of 
different ethnic or socio-economic groups is central to the high quality of care in 
dialysis patients. Biochemical measures of dialysis adequacy, such as calcium phos-
phate product and haemoglobin targets, have been shown to vary in different ethnic 
groups independently of socio-economic status [31], as has patient survival [32], 
but the relationships between ethnicity and other dialysis-related outcomes, such as 
HRQOL, have been less widely reported.

In the USA, there is evidence that black patients on dialysis report better overall 
health and fewer negative effects of kidney disease than white patients [33] and with 
higher satisfaction with care on PD [29]. A UK study comparing HRQOL between 
patients of white and Indo-Asian backgrounds showed a significant reduction in 
perceived QOL in Asian patients across the domains of physical health, mental 
health and kidney disease [34]. Physical health and kidney disease scores were asso-
ciated with more social deprivation in the Asian group. Asian patients were more 
likely to be living in houses with extended families, and it was argued that home- 
based treatment modalities, such as PD, might have an impact on the social 
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perception of their illness. There were no differences in HRQOL scores between 
HD and PD patients, however, when adjusted for ethnicity.

In contrast, a Dutch study showed significant differences in social characteris-
tics, such as marriage, and perceptions of health between Caucasian, black and 
Asian dialysis patients, but no differences in the physical or mental component sum-
maries of HRQOL [32].

One potential concern when assessing HRQOL scores across different ethnic 
groups is whether scoring systems such as KDQOL or SF36 are of comparable 
validity between ethnic groups or if enough consideration is given to language bar-
riers in patients and caregivers.

The relative significance attached to a variety of patient-reported outcomes in PD 
patients has been shown to vary from country to country, with more weighting 
attached to QOL-reported outcomes in some countries compared to others – reflect-
ing differences in culture or healthcare provisions [35] and perhaps implying that 
the domains assessed in HRQOL scores are not equally applicable to all groups.

 Age

The proportion of older patients on dialysis is increasing. Older patients tend to 
have more comorbidities, frailty and cognitive and sensory impairments than 
younger patients and have a shorter life expectancy, with a limited long-term sur-
vival on dialysis.

Frailty is associated with worse QOL scores for older patients on dialysis, regard-
less of their modality, and is related to an increased risk of cognitive impairment, 
falls hospitalisation and death [36]. Older and younger patients have different health 
expectations, and older patients prioritise outcomes associated with quality, rather 
than longevity of life [12]. Home-based treatment, such as PD, would appear to 
offer significant advantages in older population for whom the principal determi-
nants of HRQOL are greater independence and control [37]. Concerns about length 
of time on PD are less of an issue for older patients, with the risk of encapsulating 
peritoneal sclerosis only 5% even after 5 years, suggesting that lifestyle and quality 
of life may be more important considerations [36]. Nevertheless, the majority of 
older patients are started on HD. The North Thames Dialysis Study showed no dif-
ference in 12-month mortality between HD and PD patients aged over 70 [38], 
whilst the BOLDE study showed that in closely matched groups of older dialysis 
patients, PD patients suffered less illness intrusion than those on HD [39].

Frailty alone should not be a barrier to home-based therapy in patients for whom 
in-hospital HD would be a significant burden. Availability of assistance by family 
members or paid carers enables frail older patients to have peritoneal dialysis at 
home. Assisted PD is associated with increased treatment satisfaction for older 
patients, compared to HD [40], and is not associated with a significant worsening of 
caregiver QOL, compared to self-care CAPD or APD [41].
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 Social Factors

 Socio-Economic Status

As predictors of HRQOL on PD, family income and levels of education were not 
associated with impaired QOL in an evaluation of 1674 PD patients in Brazil [42].

 Social Support Networks

Social networks are important determinants of HRQOL for patients with chronic 
health conditions. One study comparing social support networks and their impact on 
HRQOL scores in dialysis patients found that PD patients had larger social net-
works than HD patients, particularly family networks, and received more social 
support [43]. Larger social networks are associated with higher participation and 
lower anxiety, and closer interpersonal relationships were associated with increased 
psychological well-being. The size of social networks for both PD and HD patients 
declines over time, but the identification of a supportive network may have a posi-
tive effect on continuing engagement with therapy and QOL .

 Burden on Caregivers

Many of the physical and psychosocial burdens of ESKD are shared by patient’s 
caregivers and are associated with significant lifestyle changes. Older, frailer and 
more comorbid patients on PD may become increasingly dependent on support 
from carers or family in performing exchanges and connecting and disconnecting 
from dialysis or in their activities of daily living. The effects of dialysis modality on 
the QOL and burdens of caregivers are incompletely understood. One study sug-
gested that PD is associated with reduced caregiver burden and lower levels of 
depression than HD; however, patients with more than two comorbidities were 
excluded from this study, so it is unclear whether these results can be extrapolated 
to a frailer, more comorbid population [44]. A systematic review of 5367 caregivers 
showed impaired HRQOL scores in carers compared to the general population, but 
no significant difference between different dialysis modalities [45].

 Psychological Factors

 Depression

Depression is associated with increased mortality [46], lower HRQOL [47] and 
poorer treatment compliance [48] in dialysis patients and anaemia, nutritional status 
and lower residual kidney function in PD [49]. In PD patients, depression is 
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associated more strongly with QOL measures than biochemical parameters of dialy-
sis adequacy, such as KT/Vurea [47], and depression has been found to correlate 
with rates of peritonitis [50]. Whilst the prevalence of depression based on clinical 
interviews of dialysis patients is around 23%, self-reported symptoms of depression 
occur in 39% [51]. Symptoms of depression appear to be particularly concerning for 
carers and families of PD patients, as it is felt that this is out of their control [12]. 
Studies have shown that improvement of depressive symptoms is associated with 
improved treatment satisfaction in APD and CAPD patients [52]. Depression can be 
difficult to treat in patients on dialysis; most of the studies have been done in 
HD. One small study has shown that drug therapy may be efficacious [53], but this 
needs to be repeated in larger numbers.

 Anxiety

Symptoms of anxiety have also been shown to correlate more strongly with QOL 
than measures of PD dialysis adequacy [47] and are common in incident PD patients 
[54]. High levels of anxiety are a predictor of technique survival and mortality in PD 
[55], suggesting that treatment of anxiety might be an effective means of improving 
outcomes in PD.

 Body Image

Body image disturbance is common in dialysis patients and is associated with anxi-
ety and depression [56]. Increasing levels of depression and anxiety in PD patients 
are associated with worsening body image and sexual satisfaction; however, body 
image perception is better in PD patients than HD patients [57].

 Physical Factors

 Sexual Dysfunction

Sexual dysfunction is common in patients on PD [58] and is a significant contribu-
tor to HRQOL, although the importance given to it appears to vary with patient’s 
age [12] . One study of sexual dysfunction in PD patients in Taipei [30] showed the 
prevalence of erectile dysfunction in men was 51.9% and was associated with 
older age and higher fasting glucose levels. In women, lower sexual function was 
associated with higher levels of depression, older age and treatment with 
APD. APD is associated with night-time restrictions, but there was no association 
with sexual dysfunction in men, and the much larger Dutch NECOSAD cohort 
[59] found that patients on APD scored higher on levels of sexual function than 
patients on CAPD.
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 Nutrition

Nutrition plays a significant role in the physical and mental well-being of PD 
patients, with evidence that markers of nutrition and inflammation, such as serum 
albumin, decline over time on PD [28]. Malnutrition in dialysis patients is impor-
tant, but is not always visually apparent, and may be exacerbated by the gastrointes-
tinal effects of PD, with symptoms of pain, bloating and constipation and laxative 
use and dietary restrictions imposed to manage electrolyte levels. Nutrition is par-
ticularly important in older dialysis patients where lower energy intake is associated 
with a smaller social support network and lower PCS of HRQOL scores [60]. In 
addition, lower protein intake is associated with socio-economic deprivation, 
depression and reduced PCS HRQOL scores.

Management of fluid status, gastrointestinal symptoms and diet have been identi-
fied as important outcomes to patients [12], and accurate nutritional assessment and 
support may be an important adjunct to managing volume overload, hypertension 
and physical and mental well-being [61].

 Gastrointestinal (GI) Symptoms

Gastrointestinal symptoms such as nausea, bloating, vomiting and abdominal pain 
are extremely common in PD patients, which may be a reflection of the use of the 
peritoneal space for dialysis [62]. An increased burden of GI symptoms is associ-
ated with impaired psychological well-being and with deficiencies in nutri-
tional status.

 Sleep Disorders

Sleep disorders are common in patients with ESKD and are associated with 
increased mortality and reductions in QOL [63]. Poor sleep is associated with 
reduced physical activity, due to daytime dysfunction due to sleepiness, and anxiety 
and depression. Sleep apnoea events were reduced in patients switching from CAPD 
to nocturnal PD and correlated with improvements in overnight KT/V and CrCl 
[64]; however, there are few studies examining the effect of treating sleep distur-
bance on HRQOL in PD patients.

 Disease-Related Factors

 Anaemia

Anaemia is commonly encountered in patients with CKD and is associated with 
both increased mortality [65] and a reduced HRQOL, particularly in physical 
domains such as vitality and physical performance [66]. Treatment of anaemia is 
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associated with benefits to HRQOL in PD, with significant improvements to emo-
tional well-being in patients treated with erythropoiesis-stimulating agents (ESA) 
and improvements in patient’s emotional roles associated with increasing haemo-
globin and ferritin concentrations [67].

 Infection

Infection is a major cause of anxiety and concern in PD patients as it is associated 
with physical pain, risk of hospitalisation, mortality and potential end of PD treat-
ment [68]. Reducing the risk of peritonitis and catheter-associated infection places a 
heavy burden on patients and carers to pay rigorous attention to aseptic technique, 
hand hygiene, personal hygiene and an ability to recognise problems and deal with 
these. Depression in PD patients is associated with increased rates of peritonitis and 
elevated inflammatory markers [50], as are factors such as dependent personalities, 
educational attainment and literacy levels [69]. Infection and inflammation are cor-
related with lower levels of haemoglobin, elevated inflammatory markers and poorer 
nutrition, which are themselves associated with impairment in HRQOL scores. 
Episodes of peritonitis, but not exit-site infections, are independently associated with 
a decline in HRQOL over time, particularly in the domains of treatment satisfaction 
[28]. Many risk factors for peritonitis are potentially modifiable, and reducing rates 
of infection is likely to have a significant impact on hospitalisation and HRQOL.

 Treatment-Related Factors

 Residual Kidney Function

In the pre-dialysis period, a declining glomerular filtration rate (GFR) is associated 
with a deterioration in QOL measures, throughout the stages of CKD [13]. 
Preservation of residual kidney function is an important concept in PD, but there are 
few studies investigating its effect on HRQOL. A lower weekly renal KT/V, as a 
marker of residual kidney function (RKF), has been associated with depression and 
reduction in HRQOL across all domains [70], suggesting that maintaining residual 
kidney function might be an attractive way of preserving HRQOL in PD patients. 
Whilst comparison of groups of PD patients with and without residual kidney func-
tion has shown no difference QOL scores [71], preservation of RKF can lower the 
dialysis burden by reducing daily exchanges and/or days on dialysis.

 Small Solute Removal

The PD prescription is often increased to achieve ‘target’ levels of small solute 
removal as measured by Kt/Vurea or creatinine clearance without good evidence 
that this affects mortality or morbidity. Insufficient solute removal, however, is 
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associated with an increased symptom burden, as demonstrated in one study where 
incident CAPD patients in Hong Kong were randomised to three separate KT/V 
targets [72]. Patients with a total KT/V < 1.7 had significantly more clinical symp-
toms and more severe anaemia; however, there was no difference in survival or 
hospitalisation and no benefits observed in increasing dialysis prescription to 
achieve KT/V > 2.

Moreover, in the ADEMEX trial, whilst HRQOL was strongly predictive of 
patient survival and hospitalisation, there was no evidence that increasing creatinine 
clearance targets had any effect on long-term HRQOL [73].

Whilst increasing dialysis prescription may have an effect on symptom burden, 
this may be offset by other factors affecting HRQOL, such as the number of 
exchanges patients are performing, which may affect their perception of the burden 
of treatment.

 PD Modality (APD, CAPD)

A prospective study randomising patients to CAPD or APD showed that the noctur-
nal dialysis occurring with APD meant that patients had significantly more time for 
work, family and social engagements; however, sleep disturbance was found to be 
more common in the APD group [74]. Despite this, there was no difference in 
HRQOL scores between the modalities. Whilst there may be advantages in choos-
ing one PD modality over another for individual patients, studies have not demon-
strated a consistent difference in HRQOL between patients undergoing APD 
or CAPD.

 PD Solutions

Compared to conventional glucose-based PD solutions, newer PD solutions, with 
lower concentrations of glucose and glucose degradation products, are designed to 
improve the health and viability of the peritoneal membrane. Biocompatible PD 
solutions are associated with preservation of RKF and native urine output, 
although the relationship between the two is confounded by reduced ultrafiltration 
and possible volume overload [75]. High peritoneal glucose loads are associated 
with symptoms of depression and sexual dysfunction in male PD patients [76]. 
Comparisons between icodextrin and high concentration glucose-containing solu-
tions have shown reduction is symptoms such as dizziness, abdominal cramps and 
lack of appetite, translating into increased KDQOL scores in the domains of health 
perception, physical functioning and role in patients switched from glucose- 
containing PD solutions to icodextrin in one trial [77]. Nevertheless, it is unclear 
if newer solutions are associated with consistent benefits to HRQOL in larger 
studies.
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 How Can We Optimise QOL in PD?

There are a wide variety of factors that can affect an individual’s HRQOL, and 
whilst not all of these are modifiable, recognition of domains of difficulty for 
patients, or focusing on patient-centred outcomes, could provide possible strategies 
for improving the HRQOL of individual dialysis patients.

Tailoring a PD prescription around an individual person’s requirements, such 
having a day, or weekend, off of PD, allows patients and caregivers to manage their 
own time flexibly and personalise their regimen around home, work and social com-
mitments. In addition to the factors outlined above, offering patients choice can 
result in increased treatment satisfaction and identifying priorities or concerns 
important to individual patients.

The importance of an integrated multidisciplinary team for PD patients cannot be 
understated. The role of nurse-led management is important, in educating patients 
and families in the pre-dialysis stage, identifying potential areas in need of support 
and providing a contact point for patients. Comprehensive pre-dialysis education 
and follow-up has been associated with improved sleep, social function and emo-
tional well-being in HRQOL scores [78].

 Conclusions

Improvement of a patient’s quality of life should be a priority of good PD care. In 
our responsibility to ensure best quality care, we must recognise the importance of 
patient priorities, psychological well-being and treatment satisfaction alongside 
other outcome measures such as hospitalisation, infection and adequacy.

HRQOL correlates strongly with patient outcomes and is often more important 
to patients than survival, particularly in chronic illnesses. An individual approach, 
focusing on symptom management, social support, psychological well-being, 
choice and independence, should be considered in optimising treatment choices for 
each patient.
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Chapter 23
Incremental Peritoneal Dialysis

Mihran Naljayan

 Introduction

Home dialysis continues to have an increasing rate of utilization in the United States 
in incident dialysis patients based on USRDS data available from 2016 [1]. There 
were 124,675 incident ESKD patients in the United States. Of these patients, 87.3% 
were initiated on hemodialysis and 9.7% on PD, and 2.8% received a preemptive 
kidney transplant. Despite the high numbers of incident patients beginning on 
hemodialysis (HD), there has been a significant increase in the number of incident 
ESKD patients beginning on a home kidney replacement modality. Specifically, 
there was an 85.6% increased use of home dialysis since 2016 when compared to 
2007. PD continues to be more utilized than home HD, although there was a 108.1% 
increase in home HD in 2016 when compared to 2007. Despite that large increase, 
home HD use remains only 3.1% in the incident ESKD patients. Overall, there has 
been an increase in the number of incident PD patients by 60.2% since 2000.

Interestingly, the estimated glomerular filtration rate (eGFR) for incident ESKD 
patients at the initiation of dialysis has increased in 2016 when compared to 1996 
with 38.6% of patients having an eGFR ≥10 mL/min in 2016 as compared to 12.9% 
[1]. This increase is despite the IDEAL study that demonstrated starting dialysis at 
a higher eGFR has no significant survival advantage when compared to starting 
dialysis with a lower eGFR [2]. In this study, patients were initiated on PD or HD 
based on provider and patient choice, and a subset of the patients were initiated on 
incremental PD or incremental HD. Incremental PD is defined as a PD prescription 
that is less than full dose. It can be defined in different ways including continuous 
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cyclic peritoneal dialysis (CCPD) overnight with dry days, CCPD fewer than 7 days 
a week, or continuous ambulatory peritoneal dialysis (CAPD) with fewer than four 
exchanges in a day possibly including a dry period as well [3]. Incremental HD is 
defined as fewer than three sessions a week. This study was not designed to compare 
the effects of incremental versus standard dose of dialysis, but other studies that will 
be reviewed in this chapter evaluate outcomes of these patients. As more patients are 
initiated on PD than in prior years, and more patients are initiated at an eGFR 
>10 mL/min, incremental initiation of kidney replacement therapy seems to be a 
viable option for these patients. This chapter will review the benefits and risks of 
using incremental PD for the ESKD patient.

 Adequacy and Residual Kidney Function

In PD, one metric of adequacy is a measure of small solute clearance, with a target 
weekly Kt/Vurea of 1.7–2.0. This is a combination of both peritoneal and residual kid-
ney Kt/Vurea. In patients with significant residual kidney function (RKF), a lower dose 
of dialysis may be used to achieve the same adequacy targets. Clearance may be 
defined in multiple ways, but most commonly small solute clearance is measured with 
Kt/Vurea for both HD and PD. Other solutes such as protein and hydrophobic toxins 
have different transport characteristics than urea, and these are not measured when 
calculating clearance using Kt/Vurea [4]. Other factors not taken into consideration are 
salt and volume removal. These clearance measurements do not account for factors 
such as nutrition and quality of life. Lastly, increasing small solute clearance in PD 
has not shown improvement in outcomes, but higher RKF has been shown to improve 
outcomes [5]. Beta(2)-microglobulin clearance is a measure of middle molecular 
clearance. Studies have evaluated the differences between beta(2)-microglobulin 
clearance between patients on HD and PD, but Yamamoto et al. studied the difference 
between serum levels in those patients with higher RKF on PD versus those with less 
RKF. They found that patients with higher RKF had lower serum beta(2)-microglob-
ulin levels [6]. This suggests differences in solute clearance between the kidney and 
the peritoneal membrane. Although clearance between some small solutes may be 
similar, other substances are not cleared at the same rate or efficiency between these 
two filtration systems. We measure clearance in terms of Kt/Vurea for both renal and 
peritoneal clearance, but these two, the kidneys and the peritoneal membrane, are not 
equivalent when considering clearance of other solutes. Maximal utilization of renal 
clearance would therefore increase clearance of other solutes that are not adequately 
removed by the peritoneal membrane. Clearance can be viewed as a total target that is 
achieved. Initially when starting dialysis, less peritoneal dialysis clearance is neces-
sary to achieve the total clearance required since there is a more significant contribu-
tion of renal clearance, but as the RKF declines, more peritoneal contribution will be 
needed in order to achieve the required total clearance (see Fig. 23.1).

The decline of RKF is an important factor in survival. Data from the CANUSA 
study shows that RKF has an impact on survival whereas peritoneal clearance does 
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not [7]. This suggests that maintenance of RKF is vital to improve outcomes in 
ESKD patients. Patients on PD have less of a decline of the RKF than patients on 
HD [8]. If a patient is maintained on PD longer, then it is possible that they will 
retain their RKF for a longer period of time. Utilization of incremental PD may also 
decrease this loss of RKF. In one study comparing prescriptions utilizing icodextrin 
with dextrose versus dextrose solutions alone, patients with dextrose solutions alone 
had more of a decline in their residual urine output [9]. There may be hastening of 
RKF loss with additional dextrose utilization. Golper et al. reviewed the concept of 
the “intact nephron in reverse” hypothesis wherein the incremental initiation of 
dialysis may suppress factors that promote the decline of kidney function [10]. For 
example, Davenport A. discussed the concept of RKF loss in patients on routine 
thrice-weekly hemodialysis and stated that hypovolemia with repeated episodes of 
intradialytic hypotension likely plays a large role in the loss of RKF [11]. However, 
in PD, patients are maintained in a slightly more hypervolemic state, and therefore 
incremental initiation of PD may preserve RKF. Therefore, with incremental PD, 
less dextrose exposure and inhibiting the promotors of renal decline initially may 
help to maintain RKF longer while the patient remains on PD.

 Technique Survival in PD

Ultrafiltration (UF) failure is one of the main reasons for dropout from PD. Volume 
overload is due to a combination of peritoneal fibrosis and loss of RKF. Peritoneal 
fibrosis is attributed to two different processes: peritoneal fibrosis and peritoneal 
inflammation [12]. The mesothelial cell changes of the peritoneal membrane are felt 
to be driven primarily by glucose and glucose degradation products contained in the 
peritoneal dialysis solutions [13–15]. Over time, as patients are exposed to these 
solutions, fibrosis of the peritoneum develops. This fibrosis leads to a decrease in 
the ability of water to transport across the peritoneal membrane. The dextrose expo-
sure also leads to neovascularization which alters membrane transport characteris-
tics leading to a high transport status of the membrane. Both of these changes 
together lead to diminished peritoneal UF over time. With the decline in RKF over 
time, in combination with these fibrotic changes, patients are unable to achieve the 
daily UF volumes needed to stay on PD. This ultimately leads to transfer from PD 
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Fig. 23.1 Total Kt/Vurea 
showing various degrees of 
PD and RKF as the 
components. (Image 
adapted from Bargman 
et al. [4])
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to HD (another solution to the diminished ultrafiltration is bimodal therapy with PD 
and HD – see Chap. 30).

Incremental PD inherently decreases the dextrose exposure to the peritoneal 
membrane [16]. As patients are started on incremental PD, the cumulative exposure 
in those first few months to years is significantly less than those patients who start 
full-dose PD.  Over time, as patients transition to full dose PD, their cumulative 
dextrose exposure also remains less and therefore may lengthen the time it takes for 
significant fibrosis and neovascularization of the peritoneal membrane to occur. 
This may delay the likelihood of ultrafiltration failure as noted previously. Further 
studies are needed to see if this is indeed the case.

Incremental PD may provide a small amount of clearance that relieves uremic 
symptoms. As patients progress to end-stage kidney disease, symptoms of uremia 
progressively worsen. With the addition of a small amount of PD as patients develop 
these symptoms, the added clearance of these solutes may resolve these symptoms. 
This can improve the patient’s quality of life and allow them to get back to feeling 
more “normal.”

 Quality of Life

Quality of life is another important feature of PD. The psychosocial “burnout” of 
PD is another one of the top reasons for dropout from PD [17]. Performing four 
manual exchanges daily with CAPD or 8–10 hours of cycler therapy every night can 
be burdensome for the patient, especially since there are no “days off” from the 
therapy. Incremental PD offers the opportunity to decrease the number of exchanges 
and have less time on the cycler or less frequent days of therapy, which may lead to 
a decrease in “burnout.” In a patient who is new to dialysis, incremental PD may 
offer a stepwise initiation to therapy. It is imperative that a patient understand that 
over time, as the RKF declines, more PD will be needed to achieve adequacy and 
maintain volume status. A recent study showed that even missing one HD treatment 
a month increases a patient’s risk for mortality and hospitalization, and patients in 
some countries are more likely to miss than in other countries which suggests some 
cultural differences [18]. There have been no studies that show that missing one PD 
treatment a month increases the risk for mortality or hospitalization likely due to the 
fact that PD is typically performed 7 days a week. This daily therapy is what leads 
patients to develop burnout; therefore, incremental PD allows patients to have some 
flexibility in their treatments. Further studies are needed to evaluate the improve-
ment in quality of life in patients on incremental PD when compared to those on 
conventional PD or conventional HD.

Physicians and sometimes patients and their caregivers want to know what maxi-
mizes their chances of survival on a specific type of therapy in addition to improving 
their quality of life. With a lower dose of dialysis prescribed, outcomes data for both 
technique survival and patient mortality is needed. As noted previously, adequacy 
using Kt/Vurea is not a predictor of survival in PD. Various groups have evaluated 
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both technique and mortality outcomes in patients on incremental PD. A Canadian 
cohort found no significant difference in mortality between patients on incremental 
PD versus those on conventional PD [3]. An Italian study found that more patients 
are being placed on incremental PD, particularly with CAPD, and that larger clinics 
tend to use incremental PD more in their patients [19]. Another study showed that 
using three versus four daily exchanges in CAPD had no significant difference on 
RKF or urine volume [16]. As more nephrologists become comfortable with manip-
ulating dialysis prescriptions based on RKF, more patients will likely be transi-
tioned to incremental PD who have adequate RKF.

 Prescription Design

The challenging part of developing such a modified prescription is knowing how 
much dialysis is necessary to deliver an adequate dose of dialysis while maintaining 
patients in a euvolemic state. Guest et al. developed a computer-generated model 
using urea kinetics to determine what volume of dialysate would be needed to 
achieve a weekly Kt/Vurea of 1.7  in patients with various degrees of RKF using 
CAPD [20]. As would be expected, as the RKF declines, significantly more volume 
or higher dextrose-containing solutions are needed to achieve the target Kt/Vurea and 
maintain adequate UF. Another study was also performed using kinetic modeling to 
determine what volume of dialysate would be needed to perform thrice-weekly PD 
to achieve the target Kt/Vurea [21]. These types of studies are great to explain the 
theory of why a decreased total volume of dialysate can still achieve target adequacy 
and UF goals, and the clinical studies outlined previously validate the outcomes of 
these prescriptions. However, further studies and tools are needed to be developed 
for physicians to easily calculate necessary volumes of dialysis based on RKF so 
that prescriptions can be designed when a patient initially starts dialysis. As stated 
above, the peritoneal membrane and the nephron have different effects on solute 
clearance, so simply adding the Kt/Vurea from both is a gross oversimplification of 
clearance.

After initiation, adequacy should be measured to ensure appropriate adequacy is 
achieved. It is equally important to measure a 24-hour urine monthly to assess RKF 
so that if there is a precipitous drop in RKF for any reason, an appropriate increase 
in the dialysis prescription can be made. This can ensure patient safety when per-
forming incremental PD (Fig. 23.2).

 Incremental PD and Incremental HD

Incremental PD cannot be discussed without also reviewing the concept of incre-
mental HD. As noted previously, incremental HD is defined as HD fewer than three 
times a week. Recommended dose of dialysis as measured by adequacy for various 
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governing bodies based on recommended guidelines [22] has been established 
through hemodialysis and peritoneal dialysis trials evaluating clearance and mortal-
ity [7, 23, 24]. For PD, as noted previously, a weekly Kt/Vurea should be ≥1.7, and for 
HD, the weekly Kt/Vurea should be ≥3.6 with a minimum single pool Kt/Vurea of ≥1.2. 
However, currently, particularly in the United States, RKF is not considered when 
calculating Kt/Vurea for HD patients, and the current recommendation of the mini-
mum single pool Kt/Vurea ≥ 1.2 is solely based on the contribution of the hemodialy-
sis treatment. Furthermore, with the current in-center HD model of thrice-weekly 
HD in the United States, incremental HD is difficult to perform from a regulatory 
and staffing standpoint, particularly in dialysis clinics within the large dialysis orga-
nizations that build their models for staffing and utilization of HD chairs on a thrice-
weekly model. It is also difficult to obtain appropriate adequacy targets in incremental 
HD for the in-center patient if the RKF component is not measured. The National 
Kidney Foundation guidelines from 2015 suggest a target standardized Kt/V of 2.3 
per week, but the calculation also includes the RKF component [22].

The average thrice-weekly HD patient spends between 3 and 4 hours at each HD 
treatment. This is a cumulative time on therapy of 9–12 hours a week, which does 
not include transportation time to and from the facility, wait time before the chair is 
available and the machine is prepared, cannulation of the access, removal of the 
needles and achieving hemostasis, and any pre- and post-assessments by facility 
nursing staff. When also considering these factors, patient may spend up to 20 or 

CKD 5 (eGFR <15 
mL/min)

New PD patient

Night cycler with dry day 
or CAPD 2-3 

exchanges/day
Full dose PD

RKF Kt/V >1.0 RKF Kt/V <1.0

Monthly 24-hour urine 
creatinine clearance 

(CrCl)

Repeat Adequacy Continue incremental PD

Decreased 
CrCl

Stable CrCl

Continue incremental PD Increase to Full Dose PD

RKF Kt/V >1.0 and 
Total Kt/V >1.7

RKF Kt/V <1.0

Fig. 23.2 Designing a peritoneal dialysis prescription for an incident ESKD patient starting PD
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more hours a week away from home and “getting dialyzed.” As discussed previ-
ously, data has shown that HD decreases RKF faster than PD [8]. However, a recent 
meta-analysis by Garofalo et al. showed that both incremental PD and incremental 
HD had less loss of RKF in the first year when compared to full-dose dialysis [25], 
though better prospective trials are needed to distinguish further the benefit between 
these approaches.

Performing less frequent HD not only may preserve RKF but also decreases the 
amount of time a patient is spending during their week “getting dialyzed.” This may 
contribute to a better quality of life as well. Further studies are needed to evaluate 
this concept. There are many studies published evaluating various benefits of an 
approach of incremental HD including maintenance of RKF, cost, and quality of life 
[26–29].

Ultimately, the key to any incremental dialysis approach is ensuring the patient 
is receiving the optimal type of dialysis to achieve clearance of uremic toxins, main-
tain appropriate volume status, and improve their quality of life. This may be 
achieved by the incremental kidney replacement therapies when a patient has a 
higher eGFR, but clinicians need to be mindful of RKF decline and appropriately 
adjust dialysis prescription to maintain these clinical outcomes (Table 23.1).

In summary, patients can do well with incremental PD prescriptions. These pre-
scriptions decrease the amount of dextrose exposure to the peritoneal membrane 
while maintaining RKF and helping patients with burnout due to the burden of 
therapy (Table  23.2). This can all be done while maintaining adequate dialysis, 

Table 23.1 Key features between incremental HD, incremental PD, conventional CAPD, 
CCPD, and HD

Incremental 
CAPD

Conventional 
CAPD

Incremental 
CCPD

Conventional 
CCPD

Incremental 
HD

Conventional 
HD

Time on 
therapy

<24 hours 
(1–3 
exchanges)

24 hours 
(4–5 
exchanges)

<8 hours 
(overnight 
cycler, dry day 
or less than 
7 days a week)

24 hours 
(overnight 
CCPD with 
day dwell)

2–4 hours 
per 
treatment, 
1–2 times a 
week

3–4 hours per 
treatment, 3 
times per week

Kt/Vurea RKF ≥ 1.0
Total ≥ 1.7

RKF <1.0
Total ≥ 1.7

RKF ≥ 1.0
Total ≥ 1.7

RKF < 1.0
Total ≥ 1.7

Total 
weekly ≥2.1

Per treatment 
≥1.2

RKF 
contribution

Necessary N/A Necessary N/A Necessary N/A

Table 23.2 Advantages and disadvantages to incremental PD

Advantages Disadvantages

Utilization of RKF for maximal solute clearance
Maintenance of RKF
Decreased number of exchanges
Decreased waste with less utilization of 
dialysate
Decreased risk for peritonitis with fewer 
exchanges in CAPD
Improved quality of life
Decreased dextrose exposure to peritoneum

Monthly 24-hour urine collections
Patient refusal to increase prescription as RKF 
decreases
Electrolyte disturbances
Uremia
Hypervolemia
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obtaining euvolemia, and decreasing costs and waste by using less supplies when 
unnecessary.
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Chapter 24
Pediatric Peritoneal Dialysis

Raj Munshi and Bradley A. Warady

 Introduction and Epidemiology

The prevalence of end-stage kidney disease (ESKD) in children (<21 years of age) 
is 20-fold less than that in adults [1–3], with an incidence that varies from 4 to 14 per 
million age-related population (pmarp) globally, with the highest incidence rates in 
developed countries [4]. In 2016, kidney replacement therapy was provided to chil-
dren in 84 countries [4]. The incidence rate of ESKD in those younger than 20 years 
of age among European countries was reported to be 8.3 pmarp, with a prevalence 
of 58 pmarp from 2009 to 2011. In the United States, the point prevalence of chil-
dren aged 0–21 years with ESKD was 99.1 per million population (pmp) in 2016 
[1]. The prevalence in the United States has remained stable, but the incidence rate 
has decreased by 21.1% from 17.5 pmp in 2004 to 13.8 pmp in 2016 [1].

The primary causes for ESKD in children are congenital anomalies of the kidney 
and urinary tract (CAKUT) and primary glomerular disease, with CAKUT being 
the most common cause in Europe and Australia/New Zealand and primary glo-
merular disease slightly more prevalent in the United States [1–3].

In Australia and New Zealand, 70% of prevalent pediatric ESKD patients treated 
with dialysis have been reported to receive peritoneal dialysis (PD). Among all 
countries, children less than 10 years are more likely to be on peritoneal dialysis 
than hemodialysis (HD) [1–3]. Peritoneal dialysis is often the preferred modality in 
children as it allows vascular access to be avoided, which can be particularly diffi-
cult to maintain free of complications in a young child. Peritoneal dialysis is also 
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associated with more regular school attendance, better hemodynamic and metabolic 
control with less stringent dietary restrictions, and better preservation of residual 
kidney function than HD [5, 6]. Finally, few absolute and relative contraindications 
exist for the performance of PD in children (Table 24.1). In this chapter, we will 
discuss peritoneal dialysis therapy for infants and children with ESKD.

 Access

 Catheter Characteristics

A well-functioning access is mandatory for the successful performance of PD. The 
Tenckhoff catheter remains the most common catheter used for chronic PD in chil-
dren [7]. The catheter is composed of siliconized rubber, with an intraperitoneal 
segment which can be straight or curled, and one or two Dacron cuffs. The subcuta-
neous tunnel configuration of the catheter can be either straight or with a preformed 
curve to the catheter described as the swan neck configuration [7, 8]. The three pos-
sible orientations of the catheter exit site are upward, lateral, or downward. Current 
data (2007–2015) from the International Pediatric Peritoneal Dialysis Network 
(IPPN) Registry derived from more than 2000 patients from 105 pediatric nephrol-
ogy centers in 38 countries and recent data (2011–2014) from 734 children cared for 
in 29 participating sites of the Standardizing Care to Improve Outcomes in Pediatric 
ESRD (SCOPE) Collaborative have demonstrated that the majority of catheters 
used in children were Tenckhoff catheters with a curled intraperitoneal segment, 
with two cuffs, a swan neck tunnel configuration, and either a lateral or downward 
exit site orientation (Table 24.2) [9, 10]. In most (64.3%) cases described in SCOPE, 
the catheter was accompanied by a titanium adapter. Pediatric curled catheter size 
varies from 42 cm to 62.5 cm from cuff to tip. For infants, 23-cm catheters from cuff 
to tip are available.

There is no clear advantage between the single- and double-cuff catheters when 
the single cuff is placed in the rectus sheath as compared to a subcutaneous 

Table 24.1 Absolute and relative contraindications for peritoneal dialysis

Absolute contraindication Relative contraindication

Abdominal wall defects (i.e., omphalocele or 
gastroschisis)

Presence of ileostomy and colostomies

Bladder exstrophy Infants with significant organomegaly
Diaphragmatic hernia Inadequate living situation for home dialysis
Obliterated peritoneal cavity Lack of appropriate caregiver support
Peritoneal membrane failure Impending/recent major abdominal surgery

Imminent transplantation
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placement [11]. Whereas data from the North American Pediatric Renal Trials and 
Collaborative Studies (NAPRTCS) initially suggested that double-cuff catheters 
were associated with reduced episodes of peritonitis and exit site infections [12], 
this experience was not replicated in recent studies from SCOPE and the IPPN [9]. 
The IPPN data also did not reveal the number of cuffs to be a risk factor for catheter 
revision [10].

The theoretical benefit for the swan neck configuration is that it allows the cath-
eter to exit the skin in a downward orientation while allowing the distal end of the 
catheter to enter the peritoneal cavity in an unstressed condition, thus reducing the 
risk for migration out of the pelvis. The SCOPE collaborative did not find a differ-
ence in peritonitis rates when comparing catheters with swan neck and straight tun-
nels [9]. The SCOPE collaborative, though, did find that upward orientation of the 
exit site and a plastic adapter as compared to titanium were associated with an 
increased risk of infection [9].

The presumed advantages of the curled intraperitoneal catheter segment include 
an increased number of side holes for the exchange of fluid; better separation 
between the bowel and abdominal wall, thus protecting the holes from obstruction 
from bowel or omentum; less pain from inflow due to dispersion of the fluid; and 
potentially less trauma to the bowel [8]. A Cochrane meta-analysis of 13 random-
ized controlled trials in 2013 demonstrated no difference in the incidence of exit site 
or tunnel infections, peritonitis, or catheter malfunction due to migration or leakage 
when comparing coiled and straight catheters among adult patients [13]. Surprisingly, 
recent data from the IPPN demonstrated that the curled catheter with a swan neck 
tunnel was associated with a significantly higher risk for access revision (OR, 1.3; 
1.04–1.63) [10].

Table 24.2 Catheter characteristics [9, 10]

IPPN (n = 2453) SCOPE (n = 734)

Catheter (%)
  Tenckhoff 95.9 96.8
Intraperitoneal configuration (%)
  Curled 68.5 94.1
  Straight 27.4 5.9
Cuffs (%)
  Two 86.3 73.3
  One 13.7 26.8
Subcutaneous tunnel (%)
  Swan neck 62.9 68.6
  Straight 37.1 28.1
Exit site (%)
  Up 14.1 3.9
  Down 53 51.5
  Lateral 32.9 44.6
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 Surgical Considerations

Preoperative considerations include ensuring that any constipation is treated, as 
constipation is associated with post-placement catheter migration and peritonitis 
[14]. The child should be examined to determine the best placement for the catheter 
exit site. In children who are in diapers, the exit site should be above the diaper area 
to reduce the risk for contamination. Many young children with CAKUT also have 
stomas (e.g., vesicostomy, ureterostomy, and colostomy), which will also influence 
where the exit site is placed. To help meet nutritional demands, children often 
require a gastrostomy tube/button that should ideally be contralateral to the location 
of the exit site. Treatment guidelines also suggest that gastrostomy creation should 
be performed either prior to or concurrently with PD catheter placement to reduce 
the risk of peritonitis [15–17]. As in adults, the belt line should also be avoided 
when selecting the exit site location, and the exit site should be lateral or downward 
facing and on the opposite side of any stoma; consideration for a chest location of 
the exit site may be necessary on occasion [18].

The preoperative exam should also include an inspection for hernias, as the fre-
quency of hernias in PD patients is reported to be between 11.8% and 53%, with a 
higher risk in the youngest patients [19–21]. Inguinal hernias usually occur in the 
first year of life; they are often bilateral and most require surgical correction. 
Umbilical hernias can also worsen as a result of the increased intraperitoneal pres-
sure that occurs during PD. Due to the high prevalence of hernias, peritoneography 
or laparoscopic inspection is performed at the time of catheter placement, and if 
detected, surgical correction of the hernia is performed at that time.

Preoperative antibiotic administration within 60 minutes prior to skin incision 
has been shown to reduce the risk of early peritonitis after placement of the PD 
catheter [18]. A first-generation cephalosporin is recommended, but the antimicro-
bial choice should be tailored based on local susceptibilities and public health con-
siderations. Vancomycin is recommended if a patient is colonized with 
methicillin-resistant Staphylococcus aureus. In children with lower gastrointestinal 
stoma, a single dose of an aminoglycoside is also recommended [18].

The laparoscopic approach to catheter placement in children is preferred over the 
open surgical technique [22–24]. The laparoscopic approach allows for smaller 
peritoneal incisions, thus reducing the risk of dialysate leakage. It also allows for 
inspection of the abdomen for hernias. Compared to the open surgical placement in 
an adult study, the laparoscopic approach is associated with a lower rate of catheter 
flow dysfunction (6–6.9% vs. 10.4–17.1%) [22]. During placement of the catheter, 
an omentectomy/omentopexy is also performed at some centers. Performance of an 
omentectomy has reduced the rate of catheter occlusion among children from 
10–22.7% when it is not performed to 5% [25, 26]. If not performed with the initial 
catheter placement, a subsequent omentectomy can be performed if there is omental 
wrapping of the catheter resulting in obstruction.

The goals of early exit site care post-catheter placement are to prevent bacterial 
colonization during the healing phase and to prevent local trauma by minimizing 
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mobilization of the catheter until the exit site is healed [27, 28]. The dialysis cath-
eter should be secured via an adhesive tape to prevent torqueing, but sutures at the 
exit site are to be avoided as the sutures themselves may act as a reservoir for bac-
teria. The dressing should have multiple layers of gauze to wick away any discharge 
during early healing, and dressing changes should be limited to once weekly by a 
professional trained in sterile technique until the site is healed, unless the dressing 
is soiled or wet. An occlusive dressing should not be used as it may trap the fluid at 
the exit site and create an environment for bacterial growth. Submersion of the cath-
eter or exit site in water via bathing, showering, or swimming should be avoided 
during healing.

General recommendations are to delay the use of the catheter for regular dialysis 
when possible, for at least 10–14 days [18, 29]. This is due to the concern for leak-
age of dialysis fluid to increase the risk of infection [30, 31]. The risk of leakage 
with early use (<7 days) was not seen in the Italian peritoneal dialysis registry or in 
the recent IPPN registry [10, 32]. However, data from the SCOPE collaborative 
demonstrated that early catheter use (<14 days after insertion) was associated with 
an increased risk of peritonitis (OR. 1.9; 1.2–3.1, p < 0.001) within 60 days of inser-
tion [33].

The IPPN registry recently published its experience with PD catheter revisions 
from 2007 to 2015. Overall, the revision rate was 1 per 83.2 patient-months. Risk 
factors included younger age, diagnosis of CAKUT, use of a swan neck tunnel with 
a curled intraperitoneal portion, and presence of an ostomy. Indications for access 
revision were mechanical dysfunction (60%), dialysate leakage (6%), peritonitis 
(16%), and exit site/tunnel infection (12%). In 6%, the reason was not reported [10].

 Chronic Catheter Care

The goal of chronic exit site care is to prevent the development of exit site and tun-
nel infections. Both early and chronic exit site cares mandate cleansing of the exit 
site with a nonirritating, nontoxic cleansing agent. Numerous cleansing agents are 
available such as povidone-iodine, chlorhexidine, Amuchina solution/hypochlorite 
solution, hydrogen peroxide, sodium hypochlorite, octenidine, etc., with none prov-
ing superiority [18, 34]. In the SCOPE collaborative, the most common cleansing 
agent used is sodium hypochlorite, but many centers do not use any cleansing solu-
tion after the PD catheter tract has healed. The optimal frequency of dressing 
changes and exit site cleansing is unclear, but current recommendations from the 
adult ISPD guidelines are to perform catheter exit site care at least twice weekly and 
every time after a shower [34]. Regular application of a topical antibiotic at the exit 
site is also recommended by the ISPD guidelines because of adult data which clearly 
shows that application of an antimicrobial cream or ointment at the exit site is asso-
ciated with a decreased frequency of catheter-related infections [18, 29]. Mupirocin 
is effective against gram-positive skin flora, but its use has been associated with an 
increased incidence of gram-negative infections, specifically Pseudomonas 
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aeruginosa [35, 36]. A subsequent systematic review determined that gentamicin 
was associated with fewer exit site infections caused by gram-negative organisms 
and had comparable efficacy to mupirocin against gram-positive organisms [37]. 
The use of alternating mupirocin and gentamicin or polysporin triple compound 
ointment has been associated with an increased risk of fungal peritonitis and is 
therefore not generally recommended [38, 39]. Medicinal honey has demonstrated 
antimicrobial action against a broad spectrum of bacteria and fungi, including 
methicillin- resistant Staphylococcus aureus and multidrug-resistant gram-negative 
organisms. However, a randomized trial in adult peritoneal dialysis patients demon-
strated that medicinal honey resulted in an increased risk of exit site infection and 
peritonitis in those with diabetes, and therefore its regular use could not be recom-
mended [40]. Whereas these data do not extrapolate to the pediatric PD patient for 
whom diabetes is a rare complication, the successful use of medicinal honey has 
only been seen in a small series of eight children who demonstrated a reduction in 
infection and improvement in the appearance of the exit site [41].

 Technology

 Automated Cycler

Most pediatric PD patients receive some form of automated peritoneal dialysis 
(APD), although continuous ambulatory peritoneal dialysis (CAPD) is conducted in 
some regions where limited financial resources restrict the use of APD. A signifi-
cant benefit of APD in children, in addition to precluding the need for PD proce-
dures during the day in most cases, is the presence of volumetric controls at lower 
volumes. As described below, the ideal PD fill volume for children <2 years of age 
is 600–800 ml/m2 body surface area (BSA) and in older children 1100–1400 ml/m2, 
with the daytime fill generally half of the nighttime volume. Since the BSA of chil-
dren younger than 2 is typically 0.2–0.5 m2, full fill volumes for these children can 
range from 120 ml to 400 ml, volumes that are easily delivered by a cycler. In the 
United States, two companies, Fresenius and Baxter, provide peritoneal dialysis 
machines. The minimum fill volume for the Fresenius Liberty models is 500 ml, 
whereas the Baxter HomeChoice cycler allows fill volumes as low as 60–100 ml. 
Characteristics of a new cycler from Baxter, Amia, include a higher minimum fill 
volume of 300 ml, but it also permits remote monitoring of the home dialysis pro-
cedure by the dialysis center, an important development in PD technology that ide-
ally will result in improved patient care and outcomes for children and adults.

 Peritoneal Dialysis Solutions

Peritoneal dialysis solutions in children are the same as those used by adults. 
Available dialysis solutions are differentiated by its buffer (lactate vs. bicarbonate), 
osmotically or oncotically active agents (glucose or icodextrin and amino acids), 
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single-chamber vs. multi-chamber solution bags, and final pH of the solution 
(5.5–6.5 vs. 7.0–7.4). These solutions are also differentiated as biocompatible vs. 
incompatible. Conventional peritoneal dialysis fluids are single-bag solutions char-
acterized by a high glucose concentration (>10–50X normal serum concentration), 
giving it high osmolality, high lactate concentration (>35X normal serum levels), 
and acidic final solution (5.5–6.5). Given the single-chamber design, lactate is cho-
sen as the buffer to prevent precipitation of calcium and bicarbonate. Animal data 
has demonstrated lactate-associated toxicity such as altered cytokine release, reduc-
tion of antioxidants, and induction of neoangiogenesis [42–44].

Heat is used during the sterilization process of peritoneal dialysis solutions 
which, along with the prolonged storage of solutions, results in the generation of 
glucose degradation products that are associated with toxicity to the peritoneum. 
The glucose degradation products have been linked experimentally to peritoneal 
membrane thickening, pathologic changes to the peritoneal vasculature, and dam-
age to the mesothelial cell lining the peritoneum [45, 46]. Glucose degradation 
products are precursors for advanced glycation end-product (AGE) formation that 
further accelerates the process of vascular and tissue aging throughout the body 
[47]. Data on the benefits of more biocompatible solutions, which are not available 
in the United States, have been mixed. An animal model demonstrated that exposure 
to more glucose degradation products resulted in more albuminuria, higher glo-
merulosclerosis index score, and tubulointerstitial damage, suggesting a role in the 
deterioration of residual kidney function [48]. In a prospective multicenter trial 
among 21 children who were randomized to either a single-chamber bag with a high 
generation of glucose degradation products (GDP) or a double-chamber bag with a 
lower concentration of GDPs, the patients dialyzed with the dual-chamber solution 
had a significantly reduced plasma concentration of AGEs [49]. A prospective ran-
domized crossover trial in 28 children over 28 weeks comparing a lactate-based 
buffer vs. a purely bicarbonate-based buffer with a physiologic final pH demon-
strated improved correction of metabolic acidosis and increased mesothelial cell 
mass associated with the use of the bicarbonate-based solution [50]. However, 
another study comparing the same lactate-based vs. pure bicarbonate-based solution 
in 37 children over 1 year did not demonstrate an advantage of either solution in 
achieving or maintaining metabolic acid/base balance. It did demonstrate improved 
preservation of ultrafiltration with the use of the purely bicarbonate-based solution 
[50]. To date, the most robust study to assess the histopathologic effect of neutral 
pH, biocompatible PD solutions in children performed histomorphometry and 
molecular analysis on 256 peritoneal and 172 omental specimens from 56 children 
with normal kidney function, 90 children with end-stage kidney disease at the time 
of catheter insertion, and 82 children undergoing PD with biocompatible solutions. 
There were no children undergoing PD with conventional solutions [51]. The study 
demonstrated early peritoneal angiogenesis (within 6  months) with a twofold 
increase of blood microvessel density, increased endothelial surface area, and 
submesothelial thickness and inflammation. As peritoneal dialysis vintage increased, 
so did submesothelial inflammation and epithelial to mesenchymal transition lead-
ing to submesothelial thickening that was most pronounced after 4 years of PD [51]. 
Based on these findings, the belief that biocompatible solutions marked by neutral 
pH, low-glucose degradation products, and reduced lactate better preserve the 
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peritoneal membrane, prevent ultrafiltration failure, and reduce peritonitis episodes 
due to better host defenses remains unfounded [52].

Icodextrin-based solutions, which use icodextrin instead of glucose as the 
osmotic agent, are characterized as being more biocompatible due to the lower con-
centration of glucose degradation products, no direct glucose exposure to the peri-
toneum, and its iso-osmolar property. Icodextrin is a large glucose polymer derived 
from corn starch and, due to its large size (1.7–45 KD), is not avidly transported 
across the peritoneum resulting in a higher reflection coefficient and improvement 
in solute and water removal. Icodextrin drives ultrafiltration via the generation of 
colloidal osmotic forces similar to albumin. As compared to glucose-containing 
solutions, ultrafiltration increases over time associated with the use of icodextrin 
and is sustained for over 12 hours; in turn, it is recommended that icodextrin be 
utilized once a day during the longest dwell in patients with suboptimal ultrafiltra-
tion capacity. In young infants, the efficacy of icodextrin can be limited, whereas its 
efficacy in older children may be dependent on the long dwell exchange volume, 
with a minimum fill volume of 550 ml/m2 being associated with improved icodextrin- 
related ultrafiltration [53, 54].

Amino acid (1.1%)-based peritoneal dialysis solutions are potentially more bio-
compatible due to a lack of glucose or glucose degradation product exposure of the 
peritoneum. Nutritionally, they offer a source of calories other than glucose. The 
biocompatibility of amino acid solutions has, however, been questioned after experi-
mental studies have demonstrated increased inflammatory markers such as IL-6 [55], 
suppressed leukocyte recruitment [56], and increased neoangiogenesis associated 
with their use [57]. Alternatively, long-term exposure in rats demonstrated preserved 
ultrafiltration capacity similar to what occurs with dual-chambered solutions [58]. At 
present, there is very limited use of these solutions in pediatrics as alternative means 
to address nutritional needs, such as supplemental tube feedings, are successful.

A recent Cochrane systematic review comparing biocompatible peritoneal dialy-
sis solutions (with the absence of amino acid solutions) to conventional solutions 
demonstrated that low GDP, neutral pH solutions improved residual kidney function 
and urine volume preservation, although this finding was seriously confounded by 
reduced ultrafiltration with these solutions. The study was inconclusive in terms of 
the impact on differences in peritonitis rates and other adverse events such as hospi-
talizations. Icodextrin was associated with reduced volume excess status without 
compromising residual kidney function. The IPPN registry also found that biocom-
patible solutions were associated with improved linear growth among children who 
initiated dialysis at age younger than 2 years. Interestingly, the IPPN found that the 
use of amino acid solutions was not associated with better linear growth [59].

 Prescribing Peritoneal Dialysis to Children

The goals of PD in children, as in all forms of kidney replacement therapy, are to 
achieve and maintain euvolemia and normotension; optimize nutritional status, 
growth, and development; and limit medications. Small solute clearance has also 
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been a recommended outcome metric, and the 2006 KDOQI guidelines recommend 
a weekly total (dialysis plus residual kidney function) Kt/Vurea of ≥1.8. More 
recently, however, a decreased emphasis on Kt/V is being recommended because of 
a lack of evidence supporting a correlation between Kt/V and outcome in PD 
patients [60]. At the same time, patient- and caregiver-reported outcomes are being 
recognized as important contributors to the prescription process and shared decision- 
making for chronic PD and will be incorporated into the soon-to-be published rec-
ommendation from the International Society for Peritoneal Dialysis (ISPD) for 
high-quality care in both children and adult PD patients [61, 62].

An emphasis on phosphorus management because of the morbidity and mortality 
associated with cardiovascular disease in the PD population will also be highlighted 
in the pediatric recommendations. As stated above, the goal fill volume in children 
age >2  years is 1100–1400  ml/m2 at night while supine and 600–800  ml/m2 for 
children <2  years. Calculating fill volume based on weight (30–50  ml/kg) risks 
underfilling the peritoneum resulting in suboptimal dialysis. In contrast, because 
there is a direct relationship between the peritoneal surface area and BSA in infants 
and young children, scaling the fill volume by BSA optimizes recruitment of the 
peritoneum for dialysis [63]. The smaller fill volume in children <2 years is based 
on the tolerability of the fill volume for infants. Increasing fill volumes above 
1400 ml/m2 for older children and adolescents risks increasing the intraperitoneal 
pressure too high and increasing morbidity from pain, dyspnea, hydrothorax, hernia 
formation, gastroesophageal reflux, and loss of ultrafiltration due to increased lym-
phatic absorption [64]. The relationship between hydrostatic intraperitoneal pres-
sure and increasing intraperitoneal fill volumes in children has been well studied by 
Fischbach (Table 24.3) [65].

The peritoneal equilibration test (PET) continues to be the most frequently used 
clinical tool to assess the peritoneal membrane transport capacity and assist the PD 
prescription process. Modification of the PET in children from the procedure con-
ducted in adults consists of using a standardized fill volume to 1100 ml/m2 in chil-
dren >2 years and the prescribed fill volume (usually 600–800 ml/m2) in children 
<2 years. A 2.5% dextrose solution is utilized for the PET, unless the evaluation is 
being performed to evaluate ultrafiltration failure and function of aquaporin chan-
nels in which case a 4.25% dextrose solution is utilized [66]. Both the traditional 
4-hour and the modified short (2-hour) PET have been validated in children [67, 68].

In general, most children on automated peritoneal dialysis (APD) are prescribed 
dwell times of around 1 hour and receive nightly therapy for 8–12 hours. In some 
cases, characterization of the membrane transport capacity with the PET may 

Table 24.3 Intraperitoneal pressure as related to intraperitoneal volume  [63]

Intraperitoneal pressure (cmH20) Intraperitoneal volume (ml/m2 BSA)

Adults 13.4 ± 3.1 1585 ± 235
Children > 2 years 5.2 ± 2.6 600 ± 50

8.2 ± 3.8 990 ± 160
14.1 ± 3.6 1400 ± 50
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permit fewer exchanges with no less efficacy. Nightly APD allows for optimizing 
the fill volume with the lowest increase in intraperitoneal pressure while patients are 
supine and allows children to be free to attend a full day of school during the day 
without having to conduct dialysis. Adjustment of the dwell time should be made 
based on clinical and laboratory parameters such as growth, residual kidney func-
tion, peritoneal membrane function, phosphate clearance, and ultrafiltration [64]. In 
all cases, the use of dialysis solution with the lowest dextrose concentration should 
be prescribed because of the potential membrane injury that can occur with hyper-
tonic solutions and limit the use of PD for children who require a lifetime of kidney 
replacement therapy [69].

 Infectious Complications

Exit site infections and peritonitis continue to be a major source of morbidity and 
mortality in children who receive chronic PD. A recent study from the SCOPE col-
laborative demonstrated an exit site infection rate of 0.25 episodes per dialysis year 
among 857 catheters between 2001 and 2014. Age less than 2 years was protective, 
while children 6–12 years of age had the highest risk for exit site infection. Having 
a stoma was not associated with an increased risk for development of an exit site 
infection. Finally, 6% of patients with an exit site infection developed peritoni-
tis [70].

The diagnosis of peritonitis is considered when the effluent is cloudy and the 
patient has abdominal pain with or without a fever. An empiric diagnosis of perito-
nitis is made if the effluent white blood cell count is greater than 100/mm3 and at 
least 50% of the WBCs are polymorphonuclear leukocytes [18]. Blood culture 
bottles are recommended to be the preferred technique for bacterial culture of the 
PD effluent in the adult peritonitis guidelines, whereas centrifugation of 50 ml of 
PD effluent at 3000 g for 15 minutes, followed by resuspension of pellet in 5–10 ml 
that is directly inoculated on solid culture media, is recommended in the pediatric 
guidelines. Both guidelines accept both approaches as suitable techniques to cul-
ture the PD effluent, with a goal of reducing the frequency of culture-negative 
peritonitis and isolating causative organisms to facilitate appropriate antibiotic 
therapy.

Peritonitis episodes are costly to the medical system as hospitalization for peri-
tonitis is associated with a median cost of $13,665 (7871–$28,434), which does not 
include the cost to the family from missed work, missed school, finding care for 
siblings, etc. [71]. Recent data from SCOPE has demonstrated a peritonitis rate of 
0.46 infections per patient year [9]. The organism distribution was gram-positive 
(38%), culture-negative (25%), gram-negative (19%), polymicrobial (10%), and 
fungal (8%). Staphylococcus epidermidis was the most common gram-positive 
organism, and pseudomonas was the most common gram-negative organism identi-
fied in the SCOPE.  Risk factors for infections included age ≤2  years, upward 
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directed catheter exit site, and touch contamination [9]. Of the peritonitis episodes, 
77% resolved with treatment, 6% required temporary removal of the catheter, and 
12% resulted in a change in dialysis modality [9]. Fungal peritonitis was associated 
with an increased rate of hospitalization, catheter removal, and technique failure as 
compared to bacterial and culture-negative peritonitis [72]. Interestingly, in nearly 
50% of patients who experienced fungal peritonitis, this infection was their first 
peritonitis episode, and only 17% of patients had a history of peritonitis within 
30 days of the fungal peritonitis episode [72]. The only independent risk factor for 
fungal peritonitis was age less than 2 years at the time of catheter insertion.

International data from the IPPN from 2001 to 2004 revealed a peritonitis rate of 
1.4 infections per patient year [73]. The study demonstrated geographic variability 
in organism type (Fig.  24.1) and outcomes. Overall technique failure requiring 
change in dialysis modality was 8%, and 89% of episodes were successfully treated 
with intraperitoneal antibiotics [73]. More recent data from IPPN demonstrates a 
rate of 0.44 infections per patient year among 3162 patients from 43 countries [74].

Infants appear to be the most vulnerable population for infection, as has been 
demonstrated by the NAPRTCS for decades. The SCOPE collaborative recently 
investigated the epidemiology and risk factors for peritonitis in children <1 year of 
age, from the time their PD catheter was placed, even prior to being discharged 
home for outpatient dialysis. Over an observational period of 1 year following PD 
catheter placement, this cohort demonstrated an overall annualized peritonitis rate 
of 0.76 infections per patient year, with an exceptionally high rate of 1.73 infections 
per patient year during the initial hospitalization prior to hospital discharge [75]. 
Risk factors for infection included age <30 days at the time of catheter placement, 
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polycystic kidney disease as primary kidney disorder, history of nephrectomy prior 
to or concurrent with the PD catheter placement, and insertion of a gastrostomy tube 
after placement of a PD catheter [75]. Infants who experienced peritonitis had 
reduced survival (86.3 vs. 95.6%) and a longer initial hospitalization (82 vs. 60 days) 
as compared to those infants who were infection-free [75].

The International Society for Peritoneal Dialysis (ISPD) has provided guidelines 
for the prevention and treatment of exit site infections and peritonitis in children 
[18, 34]. Recommendations for the empiric treatment (Fig. 24.2) of peritonitis high-
light the need for antibiotic therapy that addresses gram-positive and gram-negative 
infections, with consideration of fungal prophylaxis with antibiotic exposure. Also 
emphasized is the fact that intraperitoneal antibiotic therapy is preferred for patients 
suspected to have peritonitis, unless bacteremia is suspected in which case intrave-
nous antibiotic therapy is required. Recommendations for modification of the anti-
biotic therapy once the organism has been isolated and for the duration of therapy 
are also included in the guidelines. As noted above from SCOPE and as demon-
strated by the IPPN, in most cases, attention to these recommendations will result in 
resolution of the infection. However, at least temporary catheter removal is often 
necessary in the setting of refractory peritonitis to preserve membrane function. 
Table 24.4 describes recommendations/catheter care bundles for preventing perito-
neal dialysis catheter-related infections from the SCOPE collaborative which are 
based on the 2012 pediatric ISPD guidelines and which have been associated with a 
substantial decrease in the peritonitis rate within SCOPE participating sites [18, 76, 
77]. The recommendations are categorized into three broad categories: peritoneal 
dialysis catheter insertion bundle, patient and caregiver training bundle, and follow-
up care bundle.

Start intraperitoneal antibiotics as soon as possible.
Allow to dwell for 3 – 6 hours.

Ensure gram-positive and gram-negative coverage.
Base selection on historical patient and

center susceptibility patterns, as available

Monotherapy with cefepimea

If cefepime is not available:

Gram-positive coverage:
either 1st-generation

cephalosporin or glycopeptidea

Gram-negative coverage:
either ceftazidime
or aminoglycoside

Fig. 24.2 Empiric therapy  [18]. aIf the center’s rate of methicillin-resistant Staphylococcus 
aureus (MRSA) exceeds 10%, or if the patient has history of MRSA infection or colonization, 
glycopeptide (vancomycin or teicoplanin) should be added to cefepime or should replace the first- 
generation cephalosporin for gram-positive coverage. Glycopeptide use can also be considered if 
the patient has a history of severe allergy to penicillins and cephalosporins

R. Munshi and B. A. Warady



339

 Noninfectious Complications

Mechanical complications were the most common cause of catheter revisions in the 
first year post-PD catheter insertion among participants from the IPPN registry [10]. 
Impairment of flow of the peritoneal fluid, either into the peritoneal cavity or during 
drainage, can occur due to luminal obstruction with fibrin or blood, catheter malpo-
sition, constipation, extraluminal catheter occlusion by omentum or adhesions, or 
secondary to kinking of the catheter. Leakage of the peritoneal fluid from the cath-
eter exit site is a risk early post-catheter placement, usually in the first month post- 
insertion [10]. Increased intraperitoneal pressure, a weak abdominal wall, and the 
location of PD catheter placement can also increase the risk for leakage. 
Intraperitoneal pressure will be increased with large fill volumes, as well as with 
patient activities such as exercise or aggressive coughing. Very young children or 

Table 24.4 Standardizing Care to Improve Outcomes in Pediatric ESRD (SCOPE) collaborative 
practice bundles to prevent peritoneal dialysis catheter-related infections [74]

Peritoneal dialysis (PD) 
catheter insertion bundle

Patient and caregiver training 
bundle Follow-up care bundle

Exit site (ES) orientation 
should be downward or 
lateral position

Training should be performed by a 
trained pediatric PD nurse

Perform objective score of 
exit site per ISPD guidelines 
[18]

Single-dose of first- 
generation cephalosporin 
(vancomycin if MRSA) is 
administered within 
60 minutes prior to incision

Training should cover all aspects 
of the ISPD guidelines [18] and 
include specific procedures for 
hand hygiene per WHO guidelines, 
ES care, aseptic connection 
technique

Review key aspects of hand 
hygiene per WHO 
guidelines, ES care, and 
aseptic technique

No sutures at the exit site Trainer to trainee (or family) ratio 
should be 1:1

Repeat concept and 
demonstration test every 
6 months

ES dressing should not be 
changed for 7 days 
postoperative unless soiled, 
loose, or damp

Appropriate teaching aides and 
attention to adult learning 
techniques should be utilized

Query for touch 
contaminations or other 
breaks in aseptic technique 
and whether they were 
treated per ISPD guidelines

ES dressing should be 
changed by a health 
professional if changed 
within 7 days postoperative

Post-training concept and 
demonstration test should be 
administered

Patient/caregiver to receive 
training after a peritonitis 
episode

Sterile procedure should be 
utilized for dressing 
changes until ES is healed

Home visit performed

PD catheter is immobilized 
until ES is healed
PD catheter is not used for 
PD for at least 14 
postoperative days
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children with a history of numerous abdominal surgeries may have a weak abdomi-
nal wall. Children with Eagle-Barrett syndrome (EBS) which consists of a triad of 
abdominal muscle deficiency giving them the characteristic prune belly appearance, 
urinary tract abnormalities, and cryptorchidism also require special consideration. 
Their abdominal wall defect often raises concern regarding a possible increased risk 
of dialysate leakage, outflow failure, and infection. A single-center retrospective 
study in six EBS patients with nine non-EBS peritoneal dialysis patient controls did 
not, however, demonstrate an increased risk for infectious and noninfectious com-
plications [78]. An earlier retrospective study among six patients with EBS without 
controls demonstrated better outcomes among patients with a laparoscopic approach 
to catheter placement [79]. Implantation of the catheter in the midline of the rectus 
as compared to a paramedian approach in all children has also been associated with 
an increased risk for leakage [80]. The placement of fibrin glue at the time of PD 
catheter placement has decreased the frequency of dialysate leakage associated with 
the early use of the catheter on occasion [81].

Pain or discomfort during filling can occur due to the sensation created from the 
jet of the infusing fluid, the acidity of the fluid, or cooler temperature of the fluid 
leading to discomfort. Adding base to the solution or using solutions with physio-
logic pH will often reduce discomfort during inflow. Warming the fluid and reduc-
ing the flow of the fill will also alleviate some discomfort. Pain during draining is 
also a not infrequent finding among patients on PD. Tidal PD, which is character-
ized by the maintenance of a prescribed residual peritoneal fluid volume in-between 
exchanges, has proven to alleviate “drain pain” in many patients [82].

Development of a hydrothorax, where there is a pleuroperitoneal connection, is 
the result of leakage of peritoneal fluid into the pleural space. This usually occurs in 
the right chest, and risk factors include an abnormal lymphatic system, increased 
intraperitoneal pressure, and congenital diaphragmatic defects [83]. Therapy typi-
cally consists of temporary cessation of PD.  In those patients for whom such an 
approach is not possible, frequent small volume exchanges can be trialed. 
Thoracocentesis is required if the patient has shortness of breath. If conservative 
management of temporary cessation of peritoneal dialysis is not successful, 
pleurodesis or surgical repair of the diaphragmatic hernia may be required [84].

Encapsulating peritoneal sclerosis (EPS) is a serious complication of long-term 
chronic peritoneal dialysis that results from extensive sclerotic thickening of the 
peritoneum that leads to encasement of bowel loops and a markedly increased risk 
for morbidity and mortality. Clinically, patients can present with significant abdom-
inal pain, abdominal mass, weight loss, emesis, fever, constipation, ultrafiltration 
failure, and/or hemoperitoneum. The process is usually slow and unlike an acute 
abdomen [85]. This diagnosis should be considered in patients on long-term PD 
who experience a progressive decrease of their ultrafiltration capacity. In regions 
such as Japan where many patients receive dialysis for years, the permitted duration 
of PD is limited as a strategy to decrease the development of EPS [85].

Anterior ischemic optic neuropathy is an acute ischemic disorder of the optic 
nerve head that results in sudden blindness in about 1% of children on chronic PD 
[86]. The greatest risk for this complication appears to be the development of 
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hyponatremic hypovolemic hypotension during infancy. Infants are particularly 
prone to hyponatremia due to their more efficient clearance of sodium as compared 
to older children and adults [87]. Convective clearance of sodium in infants is also 
higher as they require a relatively larger ultrafiltration volume per unit BSA due to 
their solely liquid diet. Sources of nutrition for infants (breast milk and formula) are 
also low in sodium. In those infants who are polyuric, the urine is yet another source 
of sodium loss. Thus, infants on chronic PD typically require sodium supplementa-
tion to keep up with losses, prevent hyponatremic hypovolemia, and optimize 
growth [86].

 Outcome: Morbidity and Mortality

Growth limitation is a major morbidity seen among children on peritoneal dialysis, 
with the highest risk of short stature among children who start dialysis at a younger 
age [1, 2, 88]. Correction of acidosis, control of osteodystrophy, provision of ade-
quate nutrition, and use of recombinant growth hormone therapy are important 
interventions designed to optimize growth [17]. School absenteeism is also high 
among children with ESKD, but in Australia/New Zealand, more children on peri-
toneal dialysis or with functioning transplant were able to attend unmodified school 
as compared to those treated with hemodialysis [3]. Anemia is also common in 
children on PD, with hemoglobin values >11 g/dL associated with improved sur-
vival [89]. Mortality is much higher in children with ESKD as compared to their 
age-matched healthy population [1–3]. Mortality is lowest among transplant 
patients, with all-cause mortality rates among hemodialysis and peritoneal dialysis 
patients in the United States being 5.4 and 2.2 times higher than in transplanted 
patients, respectively [1]. The primary causes of mortality in children on dialysis are 
cardiovascular disease and infection.

 Unique Population: Infants

Infants with ESKD, defined as patients <1 year of age, are a population that push the 
technological and ethical limitations in medicine. Technical challenges include the 
patient’s small size; their thin subcutaneous tissue layer for tracking and securing 
the PD catheter; their nutritional, developmental, and infection-related challenges; 
and the comorbidities (e.g., cardiovascular, neurologic, pulmonary) that often exist 
and that increase the complexity and burden of care for parents and healthcare pro-
viders. Ethical challenges arise as decisions are being made for the patient who is 
not able to advocate for themselves, and decisions made by the family and providers 
have lifelong implications.

Infants with ESKD are at higher risk for morbidity and mortality compared to 
older children. At the turn of this century, only 50% of pediatric nephrologists 
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offered dialysis to infants, likely the result of their poor survival rate and their fre-
quent associated comorbidities [87]. NAPRTCS data for patients initiating dialysis 
as infants from 1992 to 1999 revealed 73% survival at 3 years. Thankfully, in the 
past two decades, there have been substantial improvements in survival [90]. Data 
from NAPTRCS have demonstrated the overall survival of infants initiating dialysis 
between 2000 and 2012 to be 85%, and neonates (<30 days of age at initiation) 
experienced a 3-year survival of 78.6% [91]. Survival among 264 infants from 32 
countries from Europe, Australia, New Zealand, and Japan who initiated chronic 
dialysis as neonates was 81.2% at 2 years and 76.4% at 5 years. The main causes of 
death in this cohort of patients were infection (35.6%) and cardiac disease (8.9%). 
Growth retardation was seen in 63% of patients [92]. Very recent data derived from 
the United States Renal Data System (USRDS) from 2000 to 2014 showed patient 
survival of children starting dialysis as neonates (<1 month of age) at 1 and 5 years 
of 86.6% and 74.6%, respectively. These results are substantially improved com-
pared to neonates who initiated dialysis from 1990 to 1999 for whom the 1- and 
5-year survival rates were 76.9% and 63.8%, respectively. This trend was also seen 
among infants who initiated dialysis between the ages of 1 and 12 months of life in 
the USRDS database where 1- and 5- year survival from 2000 to 2014 was 89.6% 
and 79.3% as compared to 80.8% and 61.6% from 1990 to 1999 (Fig. 24.3) [93].

Infants who survive the early period of dialysis most often receive a kidney trans-
plant at 2–3 years of age. Most important is the fact that their success post- transplant 
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is better than all other pediatric age groups post-transplant [90, 94]. Despite these 
improved outcomes, additional data pertaining to short- and long-term quality of 
life, growth, and development are needed to better inform parents and caregivers 
when confronted with decisions regarding the advisability of initiating long-term 
dialysis therapy in this unique and often complex group of patients [95, 96].

References

 1. USRDS annual renal data system: 2018 USRDS annual data report. Epidemiology of kidney 
disease in the United States. National Institutes of Health, National Institute of Diabetes and 
Digestive and Kidney Diseases. In: Systems USRD, editor. Bethesda, MD; 2018.

 2. Chesnaye N, Bonthuis M, Schaefer F, Groothoff JW, Verrina E, Heaf JG, et al. Demographics 
of paediatric renal replacement therapy in Europe: a report of the ESPN/ERA-EDTA registry. 
Pediatr Nephrol. 2014;29(12):2403–10.

 3. Registry A. Pediatric patients with end stage kidney disease requiring renal replacement ther-
apy. Australia Australia and New Zealand Dialysis and Transplant Registry: Adelaide; 2018.

 4. Ploos van Amstel S, Noordzij M, Warady BA, Cano F, Craig JC, Groothoff JW, et al. Renal 
replacement therapy for children throughout the world: the need for a global registry. Pediatr 
Nephrol. 2018;33(5):863–71.

 5. Feber J, Schärer K, Schaefer F, Míková M, Janda J. Residual renal function in children on 
haemodialysis and peritoneal dialysis therapy. Pediatr Nephrol. 1994;8(5):579–83.

 6. Misra M, Vonesh E, Van Stone JC, Moore HL, Prowant B, Nolph KD. Effect of cause and time 
of dropout on the residual GFR: a comparative analysis of the decline of GFR on dialysis. 
Kidney Int. 2001;59(2):754–63.

 7. Twardowski ZJ.  Peritoneal access: the past, present, and the future. Contrib Nephrol. 
2006;150:195–201.

 8. Gokal R, Alexander S, Ash S, Chen TW, Danielson A, Holmes C, et al. Peritoneal catheters 
and exit-site practices toward optimum peritoneal access: 1998 update. (Official report from 
the International Society for Peritoneal Dialysis). Perit Dial Int. 1998;18(1):11–33.

 9. Sethna CB, Bryant K, Munshi R, Warady BA, Richardson T, Lawlor J, et al. Risk factors for 
and outcomes of catheter-associated peritonitis in children: the SCOPE collaborative. Clin J 
Am Soc Nephrol. 2016;11(9):1590–6.

 10. Borzych-Duzalka D, Aki TF, Azocar M, White C, Harvey E, Mir S, et al. Peritoneal dialy-
sis access revision in children: causes, interventions, and outcomes. Clin J Am Soc Nephrol. 
2017;12(1):105–12.

 11. Alexander SR, Tank ES.  Surgical aspects of continuous ambulatory peritoneal dialysis in 
infants, children and adolescents. J Urol. 1982;127(3):501–4.

 12. Lewis MA, Smith T, Postlethwaite RJ, Webb NJ. A comparison of double-cuffed with single- 
cuffed Tenckhoff catheters in the prevention of infection in pediatric patients. Adv Perit Dial. 
1997;13:274–6.

 13. Hagen SM, Lafranca JA, IJzermans JN, Dor FJ. A systematic review and meta-analysis of 
the influence of peritoneal dialysis catheter type on complication rate and catheter survival. 
Kidney Int. 2014;85(4):920–32.

 14. Flanigan M, Gokal R. Peritoneal catheters and exit-site practices toward optimum peritoneal 
access: a review of current developments. Perit Dial Int. 2005;25(2):132–9.

 15. Ledermann SE, Spitz L, Moloney J, Rees L, Trompeter RS. Gastrostomy feeding in infants and 
children on peritoneal dialysis. Pediatr Nephrol. 2002;17(4):246–50.

 16. von Schnakenburg C, Feneberg R, Plank C, Zimmering M, Arbeiter K, Bald M, et  al. 
Percutaneous endoscopic gastrostomy in children on peritoneal dialysis. Perit Dial Int. 
2006;26(1):69–77.

24 Pediatric Peritoneal Dialysis



344

 17. Group KW.  KDOQI clinical practice guideline for nutrition in children with CKD: 2008 
update. Executive summary. Am J Kidney Dis. 2009;53(3 Suppl 2):S11–104.

 18. Warady BA, Bakkaloglu S, Newland J, Cantwell M, Verrina E, Neu A, et al. Consensus guide-
lines for the prevention and treatment of catheter-related infections and peritonitis in pediatric 
patients receiving peritoneal dialysis: 2012 update. Perit Dial Int. 2012;32 Suppl 2:S32–86.

 19. von Lilien T, Salusky IB, Yap HK, Fonkalsrud EW, Fine RN. Hernias: a frequent complication 
in children treated with continuous peritoneal dialysis. Am J Kidney Dis. 1987;10(5):356–60.

 20. van Asseldonk JP, Schröder CH, Severijnen RS, de Jong MC, Monnens LA. Infectious and 
surgical complications of childhood continuous ambulatory peritoneal dialysis. Eur J Pediatr. 
1992;151(5):377–80.

 21. Hölttä TM, Rönnholm KA, Jalanko H, Ala-Houhala M, Antikainen M, Holmberg C. Peritoneal 
dialysis in children under 5 years of age. Perit Dial Int. 1997;17(6):573–80.

 22. Crabtree JH, Burchette RJ.  Effective use of laparoscopy for long-term peritoneal dialysis 
access. Am J Surg. 2009;198(1):135–41.

 23. Copeland DR, Blaszak RT, Tolleson JS, Saad DF, Jackson RJ, Smith SD, et al. Laparoscopic 
Tenckhoff catheter placement in children using a securing suture in the pelvis: comparison to 
the open approach. J Pediatr Surg. 2008;43(12):2256–9.

 24. Maio R, Figueiredo N, Costa P. Laparoscopic placement of Tenckhoff catheters for peritoneal 
dialysis: a safe, effective, and reproducible procedure. Perit Dial Int. 2008;28(2):170–3.

 25. Conlin MJ, Tank ES. Minimizing surgical problems of peritoneal dialysis in children. J Urol. 
1995;154(2 Pt 2):917–9.

 26. Lewis M, Webb N, Smith T, Roberts D.  Routine omentectomy is not required in children 
undergoing chronic peritoneal dialysis. Adv Perit Dial. 1995;11:293–5.

 27. Prowant BF, Twardowski ZJ. Recommendations for exit care. Perit Dial Int. 1996;16 Suppl 
3:S94–S9.

 28. Twardowski ZJ, Prowant BF.  Exit-site healing post catheter implantation. Perit Dial Int. 
1996;16 Suppl 3:S51–70.

 29. Watson AR, Gartland C, Group EPPDW. Guidelines by an Ad Hoc European Committee for 
elective chronic peritoneal dialysis in pediatric patients. Perit Dial Int. 2001;21(3):240–4.

 30. Rahim KA, Seidel K, McDonald RA. Risk factors for catheter-related complications in pedi-
atric peritoneal dialysis. Pediatr Nephrol. 2004;19(9):1021–8.

 31. Patel UD, Mottes TA, Flynn JT. Delayed compared with immediate use of peritoneal catheter 
in pediatric peritoneal dialysis. Adv Perit Dial. 2001;17:253–9.

 32. Rinaldi S, Sera F, Verrina E, Edefonti A, Gianoglio B, Perfumo F, et al. Chronic peritoneal 
dialysis catheters in children: a fifteen-year experience of the Italian registry of pediatric 
chronic peritoneal dialysis. Perit Dial Int. 2004;24(5):481–6.

 33. Keswani M, Redpath Mahon AC, Richardson T, Rodean J, Couloures O, Martin A, et al. Risk 
factors for early onset peritonitis: the SCOPE collaborative. Pediatr Nephrol. 2019;34:1387–94.

 34. Szeto CC, Li PK, Johnson DW, Bernardini J, Dong J, Figueiredo AE, et al. ISPD catheter- 
related infection recommendations: 2017 update. Perit Dial Int. 2017;37(2):141–54.

 35. Wong SS, Chu KH, Cheuk A, Tsang WK, Fung SK, Chan HW, et  al. Prophylaxis against 
gram-positive organisms causing exit-site infection and peritonitis in continuous ambulatory 
peritoneal dialysis patients by applying mupirocin ointment at the catheter exit site. Perit Dial 
Int. 2003;23 Suppl 2:S153–8.

 36. Piraino B, Bernardini J, Florio T, Fried L. Staphylococcus aureus prophylaxis and trends in 
gram-negative infections in peritoneal dialysis patients. Perit Dial Int. 2003;23(5):456–9.

 37. Tsai CC, Yang PS, Liu CL, Wu CJ, Hsu YC, Cheng SP. Comparison of topical mupirocin and 
gentamicin in the prevention of peritoneal dialysis-related infections: a systematic review and 
meta-analysis. Am J Surg. 2018;215(1):179–85.

 38. Wong PN, Tong GM, Wong YY, Lo KY, Chan SF, Lo MW, et al. Alternating mupirocin/gen-
tamicin is associated with increased risk of fungal peritonitis as compared with gentamicin 
alone - results of a randomized open-label controlled trial. Perit Dial Int. 2016;36(3):340–6.

R. Munshi and B. A. Warady



345

 39. McQuillan RF, Chiu E, Nessim S, Lok CE, Roscoe JM, Tam P, et al. A randomized controlled 
trial comparing mupirocin and polysporin triple ointments in peritoneal dialysis patients: the 
MP3 study. Clin J Am Soc Nephrol. 2012;7(2):297–303.

 40. Johnson DW, Badve SV, Pascoe EM, Beller E, Cass A, Clark C, et al. Antibacterial honey 
for the prevention of peritoneal-dialysis-related infections (HONEYPOT): a randomised trial. 
Lancet Infect Dis. 2014;14(1):23–30.

 41. Forbes TA, Shaw L, Quinlan C. Topical honey in the management of pediatric peritoneal dialy-
sis exit sites. Perit Dial Int. 2016;36(6):684–7.

 42. Witowski J, Topley N, Jörres A, Liberek T, Coles GA, Williams JD. Effect of lactate-buffered 
peritoneal dialysis fluids on human peritoneal mesothelial cell interleukin-6 and prostaglandin 
synthesis. Kidney Int. 1995;47(1):282–93.

 43. Breborowicz A, Rodela H, Martis L, Oreopoulos DG. Intracellular glutathione in human perito-
neal mesothelial cells exposed in vitro to dialysis fluid. Int J Artif Organs. 1996;19(5):268–75.

 44. Zareie M, Hekking LH, Welten AG, Driesprong BA, Schadee-Eestermans IL, Faict D, et al. 
Contribution of lactate buffer, glucose and glucose degradation products to peritoneal injury 
in vivo. Nephrol Dial Transplant. 2003;18(12):2629–37.

 45. Williams JD, Craig KJ, Topley N, Von Ruhland C, Fallon M, Newman GR, et al. Morphologic 
changes in the peritoneal membrane of patients with renal disease. J Am Soc Nephrol. 
2002;13(2):470–9.

 46. Ha H, Yu MR, Choi HN, Cha MK, Kang HS, Kim MH, et al. Effects of conventional and new 
peritoneal dialysis solutions on human peritoneal mesothelial cell viability and proliferation. 
Perit Dial Int. 2000;20 Suppl 5:S10–8.

 47. Shaw S, Akyol M, Bell J, Briggs JD, Dominiczak MH. Effects of continuous ambulatory peri-
toneal dialysis and kidney transplantation on advanced glycation endproducts in the skin and 
peritoneum. Cell Mol Biol (Noisy-le-Grand). 1998;44(7):1061–8.

 48. Müller-Krebs S, Kihm LP, Zeier B, Gross ML, Deppisch R, Wieslander A, et al. Renal toxicity 
mediated by glucose degradation products in a rat model of advanced renal failure. Eur J Clin 
Invest. 2008;38(5):296–305.

 49. Schmitt CP, von Heyl D, Rieger S, Arbeiter K, Bonzel KE, Fischbach M, et al. Reduced sys-
temic advanced glycation end products in children receiving peritoneal dialysis with low glu-
cose degradation product content. Nephrol Dial Transplant. 2007;22(7):2038–44.

 50. Haas S, Schmitt CP, Arbeiter K, Bonzel KE, Fischbach M, John U, et al. Improved acido-
sis correction and recovery of mesothelial cell mass with neutral-pH bicarbonate dialy-
sis solution among children undergoing automated peritoneal dialysis. J Am Soc Nephrol. 
2003;14(10):2632–8.

 51. Schaefer B, Bartosova M, Macher-Goeppinger S, Sallay P, Vörös P, et al. Neutral pH and low- 
glucose degradation product dialysis fluids induce major early alterations of the peritoneal 
membrane in children on peritoneal dialysis. Kidney Int. 2018;94(2):419–29.

 52. Blake PG.  Is the peritoneal dialysis biocompatibility hypothesis dead? Kidney Int. 
2018;94(2):246–8.

 53. Rousso S, Banh TM, Ackerman S, Piva E, Licht C, Harvey EA.  Impact of fill volume on 
ultrafiltration with icodextrin in children on chronic peritoneal dialysis. Pediatr Nephrol. 
2016;31(10):1673–9.

 54. Dart A, Feber J, Wong H, Filler G.  Icodextrin re-absorption varies with age in children on 
automated peritoneal dialysis. Pediatr Nephrol. 2005;20(5):683–5.

 55. Tjiong HL, Zijlstra FJ, Rietveld T, Wattimena JL, Huijmans JG, Swart GR, et al. Peritoneal 
protein losses and cytokine generation in automated peritoneal dialysis with combined amino 
acids and glucose solutions. Mediators Inflamm. 2007;2007:97272.

 56. Mortier S, Faict D, Gericke M, Lameire N, De Vriese A. Effects of new peritoneal dialysis 
solutions on leukocyte recruitment in the rat peritoneal membrane. Nephron Exp Nephrol. 
2005;101(4):e139–45.

 57. Reimann D, Dachs D, Meye C, Gross P. Amino acid-based peritoneal dialysis solution stimu-
lates mesothelial nitric oxide production. Perit Dial Int. 2004;24(4):378–84.

24 Pediatric Peritoneal Dialysis



346

 58. Mortier S, Faict D, Schalkwijk CG, Lameire NH, De Vriese AS.  Long-term exposure 
to new peritoneal dialysis solutions: effects on the peritoneal membrane. Kidney Int. 
2004;66(3):1257–65.

 59. Rees L, Azocar M, Borzych D, Watson AR, Büscher A, Edefonti A, et al. Growth in very young 
children undergoing chronic peritoneal dialysis. J Am Soc Nephrol. 2011;22(12):2303–12.

 60. Bargman JM. We use Kt/V urea as a measure of adequacy of peritoneal dialysis. Semin Dial. 
2016;29(4):258–9.

 61. Hanson CS, Gutman T, Craig JC, Bernays S, Raman G, Zhang Y, et al. Identifying important 
outcomes for young people with CKD and their caregivers: a nominal group technique study. 
Am J Kidney Dis. 2019;74:82–94.

 62. Manera KE, Johnson DW, Craig JC, Shen JI, Ruiz L, Wang AY, et al. Patient and caregiver 
priorities for outcomes in peritoneal dialysis: multinational nominal group technique study. 
Clin J Am Soc Nephrol. 2019;14(1):74–83.

 63. Fischbach M, Haraldsson B, Helms P, Danner S, Laugel V, Terzic J. The peritoneal membrane: 
a dynamic dialysis membrane in children. Adv Perit Dial. 2003;19:265–8.

 64. Fischbach M, Warady BA. Peritoneal dialysis prescription in children: bedside principles for 
optimal practice. Pediatr Nephrol. 2009;24(9):1633–42; quiz 40, 42.

 65. Fischbach M, Haraldsson B. Dynamic changes of the total pore area available for peritoneal 
exchange in children. J Am Soc Nephrol. 2001;12(7):1524–9.

 66. La Milia V, Pozzoni P, Virga G, Crepaldi M, Del Vecchio L, Andrulli S, et al. Peritoneal trans-
port assessment by peritoneal equilibration test with 3.86% glucose: a long-term prospective 
evaluation. Kidney Int. 2006;69(5):927–33.

 67. Lerner GR, Warady BA, Sullivan EK, Alexander SR. Chronic dialysis in children and adoles-
cents. The 1996 annual report of the North American Pediatric Renal Transplant Cooperative 
Study. Pediatr Nephrol. 1999;13(5):404–17.

 68. Warady BA, Jennings J. The short PET in pediatrics. Perit Dial Int. 2007;27(4):441–5.
 69. Bartosova M, Schaefer B, Vondrak K, Sallay P, Taylan C, Cerkauskiene R, et al. Peritoneal 

dialysis vintage and glucose exposure but not peritonitis episodes drive peritoneal membrane 
transformation during the first years of PD. Front Physiol. 2019;10:356.

 70. Swartz SJ, Neu A, Skversky Mason A, Richardson T, Rodean J, Lawlor J, et al. Exit site and 
tunnel infections in children on chronic peritoneal dialysis: findings from the Standardizing 
Care to Improve Outcomes in Pediatric End Stage Renal Disease (SCOPE) collaborative. 
Pediatr Nephrol. 2018;33(6):1029–35.

 71. Redpath Mahon AC, Richardson T, Neu AM, Warady BA, Investigators S. Factors associated 
with high-cost hospitalization for peritonitis in children receiving chronic peritoneal dialysis 
in the United States. Pediatr Nephrol. 2019;34:1049–55.

 72. Munshi R, Sethna CB, Richardson T, Rodean J, Al-Akash S, Gupta S, et al. Fungal perito-
nitis in the Standardizing Care to Improve Outcomes in Pediatric End Stage Renal Disease 
(SCOPE) collaborative. Pediatr Nephrol. 2018;33(5):873–80.

 73. Schaefer F, Feneberg R, Aksu N, Donmez O, Sadikoglu B, Alexander SR, et al. Worldwide 
variation of dialysis-associated peritonitis in children. Kidney Int. 2007;72(11):1374–9.

 74. Warady WA, Borzych-Duzalka D, Schaefer F, editors. Worldwide experience with peritonitis 
in children: a report from the International Pediatric Peritoneal Dialysis Network (IPPN)2019; 
annual dialysis conference. Dallas Texas.

 75. Zaritsky JJ, Hanevold C, Quigley R, Richardson T, Wong C, Ehrlich J, et al. Epidemiology 
of peritonitis following maintenance peritoneal dialysis catheter placement during infancy: a 
report of the SCOPE collaborative. Pediatr Nephrol. 2018;33(4):713–22.

 76. Redpath Mahon A, Neu AM.  A contemporary approach to the prevention of peritoneal 
dialysis-related peritonitis in children: the role of improvement science. Pediatr Nephrol. 
2017;32(8):1331–41.

 77. Neu AM, Richardson T, Lawlor J, Stuart J, Newland J, McAfee N, et al. Implementation of 
standardized follow-up care significantly reduces peritonitis in children on chronic peritoneal 
dialysis. Kidney Int. 2016;89(6):1346–54.

R. Munshi and B. A. Warady



347

 78. Wisanuyotin S, Dell KM, Vogt BA, O’Riordan MA, Avner ED, Davis ID. Complications of peri-
toneal dialysis in children with Eagle-Barrett syndrome. Pediatr Nephrol. 2003;18(2):159–63.

 79. Crompton CH, Balfe JW, Khoury A. Peritoneal dialysis in the prune belly syndrome. Perit Dial 
Int. 1994;14(1):17–21.

 80. Macchini F, Valadè A, Ardissino G, Testa S, Edefonti A, Torricelli M, et al. Chronic peritoneal 
dialysis in children: catheter related complications. A single centre experience. Pediatr Surg 
Int. 2006;22(6):524–8.

 81. Sojo ET, Grosman MD, Monteverde ML, Bailez MM, Delgado N. Fibrin glue is useful in 
preventing early dialysate leakage in children on chronic peritoneal dialysis. Perit Dial Int. 
2004;24(2):186–90.

 82. Vychytil A, Hörl WH. The role of tidal peritoneal dialysis in modern practice: a European 
perspective. Kidney Int Suppl. 2006;103:S96–S103.

 83. Leblanc M, Ouimet D, Pichette V.  Dialysate leaks in peritoneal dialysis. Semin Dial. 
2001;14(1):50–4.

 84. Alhasan KA. Recurrent hydrothorax in a child on peritoneal dialysis: a case report and review 
of the literature. Clin Case Rep. 2019;7(1):149–51.

 85. Honda M, Warady BA. Long-term peritoneal dialysis and encapsulating peritoneal sclerosis in 
children. Pediatr Nephrol. 2010;25(1):75–81.

 86. Vidal E, Schaefer F. Hypotension in infants on chronic peritoneal dialysis: mechanisms, com-
plications, and management. Adv Perit Dial. 2015;31:54–8.

 87. Warady BA, Alexander SR, Hossli S, Vonesh E, Geary D, Watkins S, et  al. Peritoneal 
membrane transport function in children receiving long-term dialysis. J Am Soc Nephrol. 
1996;7(11):2385–91.

 88. Schaefer F, Benner L, Borzych-Dużałka D, Zaritsky J, Xu H, Rees L, et al. Global variation of 
nutritional status in children undergoing chronic peritoneal dialysis: a longitudinal study of the 
international pediatric peritoneal dialysis network. Sci Rep. 2019;9(1):4886.

 89. Borzych-Duzalka D, Bilginer Y, Ha IS, Bak M, Rees L, Cano F, et al. Management of anemia 
in children receiving chronic peritoneal dialysis. J Am Soc Nephrol. 2013;24(4):665–76.

 90. Carey WA, Martz KL, Warady BA. Outcome of patients initiating chronic peritoneal dialysis 
during the first year of life. Pediatrics. 2015;136(3):e615–22.

 91. Geary DF. Attitudes of pediatric nephrologists to management of end-stage renal disease in 
infants. J Pediatr. 1998;133(1):154–6.

 92. van Stralen KJ, Borzych-Dużalka D, Hataya H, Kennedy SE, Jager KJ, Verrina E, et  al. 
Survival and clinical outcomes of children starting renal replacement therapy in the neonatal 
period. Kidney Int. 2014;86(1):168–74.

 93. Sanderson KR, Yu Y, Dai H, Willig LK, Warady BA. Outcomes of infants receiving chronic 
peritoneal dialysis: an analysis of the USRDS registry. Pediatr Nephrol. 2019;34(1):155–62.

 94. Vidal E, Edefonti A, Murer L, Gianoglio B, Maringhini S, Pecoraro C, et al. Peritoneal dialysis 
in infants: the experience of the Italian Registry of Paediatric Chronic Dialysis. Nephrol Dial 
Transplant. 2012;27(1):388–95.

 95. Linder E, Burguet A, Nobili F, Vieux R. Neonatal renal replacement therapy: an ethical reflec-
tion for a crucial decision. Arch Pediatr. 2018;25(6):371–7.

 96. Mehler K, Gottschalk I, Burgmaier K, Volland R, Büscher AK, Feldkötter M, et al. Prenatal 
parental decision-making and postnatal outcome in renal oligohydramnios. Pediatr Nephrol. 
2018;33(4):651–9.

24 Pediatric Peritoneal Dialysis



349© Springer Nature Switzerland AG 2021
A. Rastogi et al. (eds.), Applied Peritoneal Dialysis, 
https://doi.org/10.1007/978-3-030-70897-9_25

Chapter 25
The Principles of Drug Dosing 
in Peritoneal Dialysis

Joseph B. Pryor, Joseph Lockridge, and Ali J. Olyaei

 Introduction

The prevalence of chronic kidney disease (CKD) is significantly increasing, impact-
ing approximately 23 million Americans. Greater than 660,000 have end-stage kid-
ney disease (ESKD) requiring dialysis [1]. It is estimated that in the United States, 
only approximately 10% of patients with ESKD receive peritoneal dialysis as kid-
ney replacement therapy. In comparison, the utilization of PD is much higher in 
other countries. The latest estimate indicates that over 270,000 patients are receiv-
ing peritoneal dialysis worldwide accounting for 11% of all the kidney replacement 
modalities [2]. Peritoneal dialysis patients are at increased risk for infections, car-
diovascular complications, anemia, and adverse drug reactions, all of which con-
tribute to the greater morbidity and mortality compared to both the general 
population and CKD I–III patients [3–9]. Polypharmacy is a common problem in 
patients with end-stage kidney disease; work from a cross-sectional study in the 
province of Ontario, Canada, has established that end-stage kidney patients take, on 
average, 12  ±  5 distinct medications per day (about 19 pills daily), with 70% 
reported potentially inappropriate [10, 11].

The goal of treatment and drug dosing is to achieve therapeutic plasma concen-
tration while reducing toxicity and avoiding major drug interactions. Studies docu-
menting the impact that dosing and medication errors have on the morbidity and 
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mortality of patients with renal insufficiency emphasize the need for careful pre-
scribing and close monitoring of renal and extra-renal functions [12, 13]. In recent 
papers, even medications with wide therapeutic windows have been shown to 
increase morbidity, fall rates, and hospitalization rate when not adjusted appropri-
ately based on kidney function [14, 15].

For most drugs, efficacy and safety are reported in the general population, and 
many studies exclude patients with advanced kidney disease, in particular perito-
neal dialysis patients. Furthermore, even post hoc analyses often fail to include 
patients on dialysis. Any recommendations about drug dosing in peritoneal dialy-
sis patients should be used with caution. Unfortunately, most drug dosing guide-
lines have been published with recommendations that are supported with limited 
clinical evidence or, at best, from poor-quality data and study design in HD 
patients [16]. Therefore, these factors complicate the picture for making drug dos-
ing recommendations in peritoneal dialysis patients. Here, we will try, based on 
accurate and limited evidence-based medicine, to discuss the pharmacokinetics 
and dosing of common medications prescribed to patients with ESKD on perito-
neal dialysis [17].

 Pharmacokinetic Alterations in Chronic Kidney Disease

Broadly, pharmacokinetics defines a drug’s behavior and characteristics over time 
in the body before reaching its therapeutic site of action and includes the study of 
drug absorption, distribution, metabolism, and elimination. Thorough understand-
ing of each property and the modifiable variables, predicted plasma concentrations, 
drug activity, and toxicity can be estimated. The kidney is largely responsible for 
drug elimination but also, directly and indirectly, influences drug absorption, distri-
bution, and metabolism [17–20]. Discerning these physiologic changes is essential, 
especially among healthcare providers prescribing medications in peritoneal dialy-
sis patients [21].

 Absorption

Absorption and bioavailability are dependent on the route of exposure and drug 
characteristics. Although intravenous administration bypasses many absorptive bar-
riers, most medications in the outpatient are taken orally. In peritoneal dialysis 
patients, the absorption is hindered for many reasons. Drug interactions may occur 
with commonly co-prescribed medications such as phosphate binders or calcium 
supplements. These agents are known to chelate medications such as quinolone 
antibiotics, thus decreasing their absorption and therapeutic efficacy [16]. Oral 
absorption is limited by high molecular weight (>500 Da) and low gastrointestinal 
permeability. Mucosal edema might reduce epithelial permeability and thereby 
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affect drug absorption. This edema may enhance the absorption of hydrophobic 
agents while decreasing the absorption of hydrophilic agents. In states of uremia 
from ESKD, slowed peristalsis or uremia-induced vomiting will further hinder or 
delay the absorption of many oral agents [22]. Intraperitoneal (IP) drug administra-
tion can be an effective method of drug delivery in PD patients. Although many 
drugs can and have been administered via IP administration for many years, no 
standardized treatment protocol has been developed in terms of schedule, dwell 
time, type of drug, or carrier solution. Today, IP drug administration is limited to 
antibiotics and heparin. Other drugs such as insulin have been used, but most studies 
indicate an unpredictable bioavailability when given intraperitoneally. In addition, 
many drugs are not compatible with peritoneal dialysis solutions [23, 24].

 Volume of Distribution

The volume of distribution (Vd) is the theoretical volume describing a drug’s con-
centration in the blood or plasma. A small Vd is typically found among hydrophilic 
drugs. Although Vd is relatively constant for a given drug, factors such as obesity, 
thyroid function, total body protein, age, sex, kidney function, and volume status 
can all influence this parameter. Volume status is important, especially in patients 
with more advanced kidney disease such as peritoneal dialysis patients given the 
predisposition to become volume overloaded. Compartmental fluid shifts between 
the intracellular and extracellular space may alter Vd, resulting in drug levels falling 
outside their therapeutic window. Aminoglycosides are one class of medication that 
has both a narrow therapeutic window and a small Vd; this contributes to the diffi-
culty in achieving therapeutic levels while trying to avoid toxicity [25]. Additionally, 
protein binding and total body protein influence drug distribution as only unbound 
active drugs/metabolites are able to interact with their cellular target and exert their 
pharmacologic effect. Disease states that alter total body protein levels, such as 
glomerular disease, predispose patients to altered free drug concentrations. Further, 
compounding protein binding is accumulation of uremic toxins in the peritoneal 
dialysis population. This altered drug affinity for albumin inadvertently increases 
the risk of adverse events [26]. This is well-documented with phenytoin as uremia 
decreases the percentage of protein binding in the plasma, leading to an increase in 
free drug concentration and hence predisposing the patient to toxicity [27]. When 
given intraperitoneally, most lipophilic drugs are absorbed primarily through the 
portal circulation and are subject to significant first-pass metabolism through the 
hepatobiliary system before reaching systemic circulation and target organs. One 
major therapeutic implication of this extensive first-pass metabolism is that there is 
a greater risk of treatment failure and insufficient plasma concentrations of many 
drugs. For hydrophilic agents with Vd less than 1 L/kg such as most antibiotics, 
drugs can be given intraperitoneally with expected achieved plasma concentration 
similar to intravenous drug administration. In summary, IP drug administration 
should be limited to drugs with proven efficacy and safety through this route [28, 29].
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 Metabolism

Current guidelines for drug dosing in peritoneal dialysis are primarily based on fac-
tors affecting the renal clearance of the drug. There is limited data about the effects 
of kidney impairment on drug metabolism in peritoneal dialysis patients. It has been 
proposed that the increased cytokines, PTH, and uremic toxins may downregulate 
cytochrome activity in the liver and gastrointestinal tract, contributing to altered 
drug metabolism [30]. Additionally, kidney impairment may decrease drug trans-
port capacity, further decreasing metabolism; however, in patients on dialysis, drug 
metabolism has been noted to improve for unclear reasons [31]. While dosage 
adjustment primarily pertains to renally cleared medications, it should be noted that 
dialysis also predisposes patients to accumulation of metabolites and byproducts of 
primarily hepatically metabolized medications, thus posing a risk of drug accumu-
lation and adverse drug reactions [32]. Meperidine, a narcotic agent, undergoes bio-
transformation to normeperidine, which is renally eliminated, and in dialysis 
patients can accumulate and lower the seizure threshold, most notably in those with 
uremia [33]. Finally, administration of insulin through peritoneal dialysis has been 
associated with subcapsular hepatic steatosis. Hepatic dysfunction may alter cyto-
chrome enzymatic system expression and drug metabolism activities [34, 35].

 Elimination

The kidney is a vital organ for drug elimination, primarily occurring through glo-
merular filtration and tubular secretion. Drug dosage adjustment for reduced kidney 
function should be considered in PD patients. However, the challenge is how to 
accurately dose patients to avoid toxicity while ensuring therapeutic benefits. 
Estimating kidney function in patients with residual kidney function and drug elimi-
nation through dialysis determines the influence of peritoneal dialysis on drug dis-
position. In patients with peritoneal dialysis, the access to the peritoneal cavity 
provides an opportunity to deliver and remove medication effectively. The effective 
peritoneal dialysis prescriptions provide a urea clearance of about 10 ml/min. Since 
most drugs are larger than urea, drug removal is approximately 5–7.5 ml/min. In 
general, removal of drugs on PD has not been well-studied and is based on theoreti-
cal considerations of molecular size and chemical makeup of the drug.

In a healthy kidney, proteins are too large to be excreted, but in peritoneal dialy-
sis patients with glomerular disease, proteinuria exists and enhances elimination of 
protein-bound drugs. In peritoneal dialysis, the peritoneum is used to remove excess 
fluid, correct electrolyte problems, and remove drugs and toxins. This allows only 
drugs of certain sizes to move from an area of greater concentration to lower con-
centration. Many peritoneal dialysis patients continue to have some residual kidney 
function and eliminate between 10% and 30% of the fraction of plasma concentra-
tion. Intraluminal albumin binds to loop diuretics, such as furosemide inhibiting its 

J. B. Pryor et al.



353

action on the loop of Henle, effectively, creating a state of diuretic resistance in 
some patients [22]. Increasing dosage and frequency of diuretic administration 
could overcome this problem. Tubular secretion is also affected and increases the 
accumulation of organic acids which compete for elimination with drugs such as 
methotrexate, cephalosporin, and sulfa compounds, ultimately increasing the risk of 
drug toxicity [22, 36, 37].

 Drug Adjustments in Patients on Peritoneal Dialysis

Drug dosing adjustments in CKD are individually based, and the extent of pharma-
cokinetic changes varies with different drugs. Depending on the medication and its 
indication, loading doses can be beneficial in achieving a therapeutic steady state 
early in most patients, especially in medications with a longer half-life, such as 
digoxin, and antimicrobial agents. In patients on peritoneal dialysis, the same load-
ing dose is given, as this accelerates time to reach a therapeutic plasma concentra-
tion. The maintenance dosing ensures therapeutic steady state and is adjusted by 
manipulating either the frequency or dosage, the latter being more common [21]. 
Impaired kidney function can necessitate drug level monitoring to ensure therapeu-
tic levels and is commonly assessed by checking a peak level which occurs 
60–120 minutes after oral intake, or 30 minutes after IV administration. Another 
option includes checking a trough, which occurs just before the next scheduled dose 
and is commonly seen with vancomycin, even among patients with normal kidney 
function. In general, patients with peritoneal dialysis require smaller doses com-
pared to the general population and hemodialysis patients. Careful consideration of 
medication adjustments should be made for all patients.

Our recommendation is to develop a systematic approach to drug dosing in peri-
toneal dialysis patients. This will help to limit medication errors and improve thera-
peutic benefits while minimizing serious toxicities.

• Step 1: Identify patients with risk factors for adverse reactions.
• Step 2: Identify the drug’s pharmacokinetic behavior.
• Step 3: Adjust dose according to kidney residual function, risk of toxicity, and 

potential risk of drug failure.
• Step 4: Identify potential drug interactions that impact plasma concentrations.
• Step 5: Establish a monitoring plan.

The first step involves identifying patients at risk for drug adverse reactions with 
chronic kidney disease. For example, metformin is a very effective agent for the 
management of adult Type-2 diabetic patients with normal kidney function, but the 
use of metformin should be avoided in PD patients due to risk of lactic acidosis [38]. 
The next step is to identify and understand the pharmacokinetic behaviors of each 
individual agent or active moiety. Then, one must discern the percentage of the drug 
or active metabolite eliminated unchanged through the kidney and how this will be 
influenced by peritoneal dialysis. In general, drugs that are fully metabolized or lack 
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active metabolites do not require dosage adjustment; however, medications elimi-
nated unchanged through kidney or active metabolites eliminated through the kid-
ney often require adjustment. Finally, the dosage should be adjusted according to 
consideration of residual kidney function, drug toxicity, and potential risk of treat-
ment failure. Healthcare providers also should assess drug-drug interactions that 
might influence plasma concentrations. Even with appropriate dosing schedules, 
toxicity and adverse events can occur, so balancing efficacy and risks of toxicities 
while also monitoring toxicity is important.

 Peritoneal Dialysis and Clearance

Dialysis is the treatment of choice for ESKD when there is no option for kidney 
transplantation, but many modalities exist, including continuous, intermittent, 
extended duration, peritoneal, and hemofiltration, all of which differ in surface area, 
flow rates, membrane charge, and pore size contributing to unique dialyzability of 
medications [39]. Each modality requires unique medication adjustments, empha-
sizing the healthcare providers’ role in individualizing therapy. For example, perito-
neal dialysis can be administered continuously vs intermittently, and while peritoneal 
dialysis is generally not as effective as HD in a given session for drug removal, the 
continuous nature may enhance and allow for increased drug removal [21]. Most 
guidelines and recommendations for drug dosing do not consider the duration of 
dialysis or type of dialysis. Healthcare providers should utilize their clinical and 
scientific knowledge of clinical pharmacokinetic and estimate the drug removal for 
each individual patient. Drug characteristics also contribute to their dialyzability, 
including lipophilicity, ionic status, protein binding, and molecular weight, the lat-
ter being most significant, with medications larger than 1000 Daltons being poorly 
dialyzed [40]. Protein-bound medications are not freely available to be dialyzed. In 
general, medications that are >70% protein-bound are not dialyzable. Table 25.1 
shows drug factors influencing intraperitoneal drug therapy.

Conversely, for drugs not eliminated through dialysis, drug accumulation might 
occur resulting in supratherapeutic levels and potential toxicities [17, 21]. These 
variations in drug elimination experienced among dialysis patients complicate 
achieving and maintaining therapeutic drug levels. Furthermore, most dialysis drug 
dosing guidelines do not account for duration and type of dialysis in regard to 

Table 25.1 Drug factors influencing intraperitoneal drug therapy [41]

Drug characteristic Favorable to dialysis Unfavorable to dialysis

Molecular weight <500 Da >1000 Da
Water solubility Water-soluble Not water-soluble
Volume of distribution Vd <1 L/kg Vd >2 kg/L
Protein binding Low, <90% High, >90%
Renal clearance High, >50% Low, <50%

J. B. Pryor et al.
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dosage adjustments. Healthcare providers should use their clinical judgment accord-
ing to dose-limiting toxicity and pharmacokinetic properties of each drug to make a 
decision about appropriate drug adjustment.

 Commonly Prescribed Medications

Drug administration in peritoneal dialysis is similar to non-dialysis patients, but 
intraperitoneal (IP) administration also exists. Although for many years IP adminis-
tration of the drugs has been reported and conducted, no standard treatment in terms 
of dose, duration, schedule, indwelling time, or solution has been established. In 
most cases, healthcare providers must ensure that the pharmacotherapeutic agents 
can penetrate the peritoneal surface and reach the site of action in order to exert the 
pharmacodynamic effect. For example, under circumstances where vascular access 
is limited, antimicrobial agents such as vancomycin may be administered IP, allow-
ing for easy access leading to therapeutic blood levels and effective infection eradi-
cation [42]. However, most drugs are not well-studied to establish AUC and/or 
cavity-to-plasma ratio; thus, FDA approval for IP administration is limited, requir-
ing healthcare providers to rely on drug characteristics and pharmacokinetic proper-
ties in order to optimize the care of the patients while minimizing adverse drug 
reactions. Herein we discuss the classes of commonly prescribed medications. 
Table  25.2 highlights the effect peritoneal dialysis has on commonly prescribed 
medications [43].

 Antimicrobial Agents

Infection is a leading cause of morbidity and mortality in CKD patients on dialysis. 
Most antibiotics require maintenance dosing adjustment as they are either partially 
or completely excreted renally. In critically septic patients, hemodynamic changes 
can result in reduced organ perfusion and, if prolonged, cause organ dysfunction. 
This is associated with alterations in clearance and volume of distribution, both of 
which significantly contribute to the pharmacokinetics of antimicrobials, ultimately 
making drug dosing a challenging issue for healthcare providers [44, 45]. Without 
dosage adjustments, renal insufficiency predisposes to renal and extra-renal toxic-
ity. Peritoneal dialysis differs from HD for antibiotic dosing in that peritoneal dialy-
sis does not remove drug as efficiently; thus, smaller doses are required. Furthermore, 
in HD, many drugs require dosing to occur after dialysis, whereas this is not the case 
for peritoneal dialysis. Daptomycin is an example where decreased dosing is 
required. If not adjusted, daptomycin exhibits extra-renal toxicity, specifically pre-
disposing to rhabdomyolysis if not adjusted. Daptomycin is highly protein-bound 
and cannot be given intraperitoneally. Conversely, β-lactams have large therapeutic 
windows allowing for more aggressive dosing schedules in the setting of peritoneal 

25 The Principles of Drug Dosing in Peritoneal Dialysis
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dialysis. For some antimicrobial agents, an unadjusted loading dose is recom-
mended in order to achieve therapeutic levels more rapidly. In peritoneal dialysis 
patients, in general practice, when drug is given intraperitoneally, it is best to admin-
ister drugs with the longest indwelling time possible, allowing for prolonged expo-
sure to therapeutic levels [46]. In patients who can tolerate oral medications, oral 
route should be employed; however, it should be noted that iron, calcium, and phos-
phate binders are frequently co-prescribed among peritoneal dialysis patients. These 
can interact and bind oral antimicrobial agents such as fluoroquinolones, resulting 
in decreased absorption. In these circumstances, it is recommended that antimicro-
bial dosing occur 2–4 hours after supplement and phosphate binders to allow maxi-
mal antibiotic absorption [47].

Peritonitis is one of the major complications associated with peritoneal dialysis. 
Most commonly caused by gram-positive bacteria (coagulase-negative 
Staphylococcus spp., Streptococcus spp., S. aureus, Enterococcus spp., 
Corynebacterium spp.) followed by gram-negative (Escherichia coli, Klebsiella 
spp., Pseudomonas aeruginosa), failure to obtain positive cultures is not uncommon 
[48]. This occurs most often because many patients are started on empiric antibiot-
ics prior to obtaining cultures on peritoneal dialysate. In the setting of presumed 
peritoneal dialysis infection, empiric IP antibiotics should include both cefazolin or 
vancomycin for gram-positive cultures and cefepime, ceftazidime, or aminoglyco-
sides for gram-negative cultures until the culture and sensitivity reports are available 
(Table 25.3). Treatment duration is typically 2–3 weeks depending on severity (see 
Chap. 15). Clinical improvement should be seen in 48–72 hours, and the catheter 
should be removed if cloudy effluent persists greater than 5 days.

A retrospective analysis of a large University Health Network Home Peritoneal 
Dialysis database offered important insights into the treatment of peritonitis in adult 
patients with residual kidney function who received antimicrobial agents. 
Objectively, treatment failure was found to occur in 28 of 80 patients [32%] with 
residual kidney function. In contrast, treatment failure was reported only in 16% of 
anuric patients. In addition, a significantly higher rate of recurrence was reported 
[21% vs 10%] in patients with residual kidney function. This study highlights the 
importance of residual kidney function and drug elimination. Patients with residual 
kidney function eliminate medications more rapidly, which could lead to pharmaco-
therapeutic failure [49].

 Analgesics

In concordance with the general population, pain prevalence has been reported at 
40–60% of patients receiving dialysis [50]. Although a majority of analgesics are 
metabolized by the liver, thus requiring minimal adjustment, peritoneal dialysis 
patients often have increased sensitivity to analgesic agents [32]. Acetaminophen 
and nonsteroidal anti-inflammatory drugs (NSAIDs) are often considered first-line 
pharmacologic agents for mild pain, but given the sodium retention, hypertension, 
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and renal and gastrointestinal toxicity, NSAIDs should be used with caution in this 
population unless lacking effective alternatives. If used, non-selective COX inhibi-
tors with a short half-life such as ibuprofen or salsalate are preferred as they exhibit 
less extra-renal effects but still have the same potential for nephrotoxicity and com-
promise of residual kidney function. In general, COX2 inhibitors are avoided 
because of the increased cardiovascular risk, which is already at high risk in perito-
neal dialysis patients [51, 52]. In pain non-responsive to acetaminophen, alternative 
options include low-dose opiates such as hydrocodone, oxycodone, and hydromor-
phone with a goal to slowly up-titrate to avoid toxicity. Morphine and meperidine 

Table 25.3 Intraperitoneal dosing in peritonitis [5, 42]

Antimicrobial
Intermittent IP
(in one exchange per day)

Continuous IP
Initial loading 
dose (per liter of 
dialysate)

Maintenance dose 
(per liter of 
dialysate)

Aminoglycosides

Amikacin 2 mg/kg Continuous IP administration not 
recommendedGentamicin 0.6 mg/kg

Tobramycin 0.6 mg/kg
Cephalosporins

Cefazolin 15 mg/kg 500 mg 125 mg
Cefepime 1 gram 500 mg 125 mg
Ceftazidime 1–1.5 grams 500 mg 125 mg
Penicillins

Amoxicillin Intermittent IP administration 
not recommended

250–500 mg 50 mg
Ampicillin None 125 mg
Oxacillin None 125 mg
Nafcillin None 125 mg
Penicillin G 50,000 units 25,000 units
Other

Vancomycin 15–30 mg/kg every 5 days, or 
every 2 days for patients with 
RRF* and based on serum drug 
levels

1 gram 25 mg (adjust 
based on serum 
drug levels)

Aztreonam – 1 gram 250 mg
Ciprofloxacin – 50 mg 25 mg
Daptomycin – 100 mg 20 mg
Linezolid Oral: 600 mg bid None Oral: 200–300 mg 

daily
Ampicillin- 
sulbactam

2 grams every 12 hours 1 gram 100 mg

Imipenem-cilastatin 500 mg every 12 hours 250 mg 50 mg
Trimethoprim- 
sulfamethoxazole

Oral: one DS daily None Oral: one DS tablet 
twice daily

Antifungal

Fluconazole 200 mg every 24–48 hours – –
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should be avoided in peritoneal dialysis patients due to active metabolites increas-
ing toxicity (Table  25.3) [53]. Other alternatives to oral agents include topical 
NSAID analgesics such as diclofenac, providing local relief and conferring reduced 
systemic concentrations and side effects such as gastrointestinal and cardiovascular, 
but large trials assessing for non-renal toxicity are lacking in peritoneal dialysis 
patients [54, 55].

Neuropathic pain is also common among patients on peritoneal dialysis. Tricyclic 
antidepressant amitriptyline is metabolized hepatically and does not accumulate; 
however, these pharmacologic agents have significant anticholinergic side effects 
which may limit their use. Gabapentin and pregabalin are extensively renally 
cleared, so dose reduction is necessary but can be used to effectively treat both neu-
ropathic pain and pruritus associated with uremia [56] (Table 25.2). Overall, there 
have been limited studies assessing the proper dosing of analgesics in peritoneal 
dialysis, but the general rule of starting low and titrating up is recommended to 
avoid adverse reactions [57].

 Anticoagulation Agents

Patients on dialysis may have increased risk of bleeding due to platelet dysfunction 
but occasionally have indications for anticoagulation such as atrial fibrillation and 
venous thromboembolism. Although warfarin remains the anticoagulant of choice 
given its hepatic metabolism, there is a significant risk of bleeding, vascular calcifi-
cation [58, 59], and calciphylaxis [60, 61] with the use of warfarin. Dose adjustment 
remains the same to achieve a goal INR of 2–3 for most indications [62]. In acute 
settings requiring anticoagulation, unfractionated heparin is still preferred as low 
molecular weight heparins are renally excreted and should be avoided, but if unable, 
adjustment based on kidney function with weekly factor Xa level monitoring is 
recommended. Other agents including factor Xa inhibitor rivaroxaban and direct 
thrombin inhibitor dabigatran are contraindicated in patients on peritoneal dialysis 
due to renal clearance making effects difficult to predict [63]. Among the newer 
agents, apixaban has the most favorable pharmacologic profile, allowing for use in 
peritoneal dialysis setting following dosage adjustment [64, 65]. However, the treat-
ment with apixaban or newer agents has not yet been associated with a lower inci-
dence of new stroke, transient ischemic attack, or systemic thromboembolism in 
dialysis patients [66].

 Diuretics and Antihypertensive Agents

Hypertension is very common among peritoneal dialysis patients and plays a dual 
role in declining residual kidney function as well as the progression of cardiovascu-
lar disease. Cardiovascular disease is the number one cause of death in peritoneal 
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dialysis patients, emphasizing the need for aggressive risk factor modification. Most 
antihypertensive agents including beta-blockers, calcium channel blockers, nitrates, 
and other centrally acting drugs need minimal adjustment. It is important for the PD 
patient with residual kidney function to stay euvolemic. Euvolemia has been associ-
ated with prolonged survival. Unfortunately, loop, thiazide, and potassium-sparing 
diuretics are often discontinued in patients with chronic kidney disease patients 
upon initiating peritoneal dialysis [67]. PD patients are at greater risk of fluid accu-
mulation and peripheral edema due to sodium retention. In the CANUSA study, the 
relative risk of death increased with increased age, diabetes, previous history of 
cardiovascular disease, decreased serum albumin, and decreased urine volume. 
Urine outputs of 250 ml/day were associated with a 36% mortality rate reduction 
[68, 69]. Sodium and water retention increases blood pressure which increases mor-
tality and cardiovascular morbidity. A recent nationwide prospective cohort study of 
692 PD patients demonstrated that urine volume of 100 ml/day is independently 
associated with a lower risk of mortality. Interestingly in this study, only residual 
kidney function, not e-GFR, was significantly associated with survival benefit after 
adjustment for potential confounders. It has been also shown that diuretics in PD 
patient may protect residual kidney volume and provide better control of blood 
pressure, hyperkalemia, and significant proteinuria [70]. Lv et al. compared the use 
of furosemide 120 mg daily vs placebo in a pilot study of 26 PD patients. After 
6 months, the diuretic group had less problems with edema, overall weight gain, and 
adequate blood pressure control compared to the placebo arm (P < 0.05) [71]. In 
general, the use of diuretics could increase both fluid and sodium removal which 
proved to improve mortality and morbidity related to edema and was also found to 
be helpful for hypertension and cardiovascular complication of dialysis. Besides the 
use of loop diuretics, Witoon et al. have reported that the combination of furose-
mide, hydrochlorothiazide, and spironolactone results in higher urine output and 
better volume control compared to furosemide alone [72]. The primary concern 
with loop diuretics is development of ototoxicity. However, the data is limited and 
is only a concern when given intravenously with aminoglycosides infused at a rapid 
rate. Maximal recommended oral doses of loop diuretics found to be effective are 
furosemide 320–400  mg, torsemide 50–100  mg, and bumetanide 8–10  mg. 
Furosemide is the most commonly used loop diuretic but with variable absorption 
between 10% and 60% compared to the 80–100% with torsemide and bumetanide 
[69]. It is important to mention that diuretics have no effects on the cardiovascular 
endpoint or surrogate marker in anuric dialysis patients. ACE inhibitors are com-
mon first-line antihypertensive agents due to cardioprotective characteristics and 
more effective than other antihypertensive drugs in reducing proteinuria and in 
slowing the rate progression of residual kidney decline over time in PD patients [73].

Both ARB and ACE-I should be considered in PD patients with hypertension or 
cardiovascular complications. Compared to other drugs, both agents can preserve 
small but significant residual kidney function. Both hyperkalemia and hypokalemia 
are very frequent in patients on PD and should be closely monitored [73]; however, 
the use of these agents necessitates caution in patients with inadequate dialysis and 
dietary noncompliant patients as well [74]. Otherwise, most other antihypertensive 
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medications are well-tolerated and require mild- to moderate-dose adjustments. 
Beta-blockers are an excellent class of drug to use in peritoneal dialysis patients 
because of their ability to reduce sympathetic activities and cardiovascular conse-
quences in addition to their anti-dysrhythmic properties [75]. However, recent stud-
ies have suggested that sudden death in dialysis patients may be the result of 
bradyarrhythmias, in which case the use of beta-blockers will have to be 
reconsidered.

 Hypoglycemia Agents

Diabetes is the most common cause of CKD worldwide, with 40% of DM patients 
having advanced CKD [76, 77]. The management of blood glucose in peritoneal 
dialysis patients is complex and challenging. This population is at increased risk of 
both hypoglycemia and hyperglycemia because insulin clearance decreases, while 
glucose is used in dialysate solutions. Insulin therapy is the foundation of manage-
ment of diabetes in peritoneal dialysis patients since most oral diabetes drugs are 
contraindicated or not recommended in this population. Insulin doses should be 
adjusted according to fasting blood glucose and A1c [glycosylated hemoglobin] 
levels. However, in diabetic patients with ESKD, elevated blood urea nitrogen may 
falsely cause the formation of carbamylated hemoglobin, which is indistinguishable 
from A1c. In peritoneal dialysis patients, the dialysate solution has significant 
amounts of glucose which may increase insulin requirements. Most commonly, oral 
anti-hyperglycemic agents are discontinued at the initiation of dialysis to avoid 
complications. Sodium-glucose cotransporter inhibitors require glomerular filtra-
tion of glucose to mediate their pharmacodynamic effects and are not effective, and 
their use is contraindicated in patients on peritoneal dialysis [78, 79]. 
Thiazolidinediones are associated with fluid retention and thus should be also 
avoided in peritoneal dialysis patients [55, 57]. Metformin is excreted completely 
unchanged in the urine and is, therefore, contraindicated in the peritoneal dialysis 
patients due to the risk of lactic acidosis [38]. Sulfonylureas or insulin secreta-
gogues pose a risk in peritoneal dialysis patients because of active metabolites, but 
if the oral hypoglycemic agent is used, glipizide, sitagliptin, and saxagliptin are 
preferred, given their shorter half-life and lack of active metabolites. Despite their 
lack of active metabolites, all agents should be started at low doses and slowly up- 
titrated, watching for signs of hypoglycemia [80].

 Conclusion

Drug dosing in patients on peritoneal dialysis can be challenging as there are mul-
tiple patient and therapeutic factors contributing to dosing adjustment and recom-
mendations. The prevalence of CKD is rising rapidly which inevitably increases 
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dialysis used for management in ESKD. Many patients require dosing adjustment to 
ensure and maintain optimal therapeutic effect while reducing the risk of toxicities. 
Despite the plethora of publications and resources guiding clinician dosing, slight 
variations exist, emphasizing the need for strong clinical judgment and application 
in the correct clinical context. In general, recommendation for drug dosing in peri-
toneal dialysis patients is to initiate at a low dose, monitoring for adverse drug reac-
tion and toxicity with slow up-titration. Given that HD is more commonly studied, 
a general rule to remember is that because peritoneal dialysis is not as effective at 
drug removal, lower doses are required, and post-dialysis dosing is not usually 
required. While this burden often falls on the primary care nephrologists, clinical 
pharmacy is frequently available for guidance and best consulted should questions 
or concerns arise.
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Chapter 26
Commonly Asked Questions About 
Peritoneal Dialysis

Rehab B. Albakr, Jeffrey Perl, and Joanne M. Bargman

 Should Every Patient at the Start of Peritoneal Dialysis Have 
a Preemptive “Backup” Arteriovenous Access?

The transition from peritoneal dialysis (PD) to hemodialysis (HD) is a critical and 
high-risk period for PD patients. One hypothesis is that the transition to HD almost 
inevitably means using a tunneled catheter and may contribute to increased mortal-
ity [1]. More optimal transition might include starting with an AV access, which 
rarely occurs [2]. It is very hard to know who is going to fail PD because many 
technique failure causes are unpredictable [1]. In a retrospective cohort study 
between 2004 and 2011, Patrick G. Lan Dial (2015) and his group analyzed 4781 
incident PD patients, of whom 1699 transferred to hemodialysis [1]. They evaluated 
the predictors of transfer from PD to HD at 6–12 months after starting PD, and they 
found multiple predictable and unpredictable factors including PD-related peritoni-
tis, which was the most common cause of the transition, PD-catheter related prob-
lems, inadequate dialysis, patient preference, and inability to manage self-care [1]. 
However, they failed to identify any clinically significant factor that can be used to 
predict the transition [1]. Also, they observed that patients who started on HD with 
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a central venous catheter (CVC) at the time of modality change had higher mortal-
ity (hazard ratio 1.37, 95% confidence interval (CI) 1.11–1.68, p = 0.003) and a 
borderline significant reduction in the incidence of transplantation (subhazard ratio 
0.76, 95% CI 0.58–1.00, p = 0.05) [1]. The increase in mortality and reduction in 
the incidence of transplantation attributed to an increase in the incidence of the 
infection related to the CVC and hospitalization [1]. Given these results, we would 
think about preparing patients with preemptive AV access at the time of PD start, 
but we must take into account the potential rate of AV failure. In most recent years, 
the frequency of primary AV fistula failure has increased significantly, and the inter-
ventions needed for the secondary failure increased as well [3]. Also, we should be 
mindful of the adverse cardiac effects of the unused AV fistula, and its enduring 
cosmetic impact after kidney transplantation. Based on the available data, it is 
uncertain that there is any benefit of having preemptive AV access for every patient 
at the time of PD start. We need to improve the clinical care pathway to identify the 
patients at risk of switching from PD to HD and plan their transition by preemp-
tively creating AV access only in that at-risk cohort. It is more important to predict 
which patient is going to fail PD than to put AV access preemptively in every 
patient.

 Do I Have to Switch a Peritoneal Dialysis Patient 
to Hemodialysis After Hernia Repair?

Switching a peritoneal dialysis patient undergoing elective hernia repair to interim 
hemodialysis is not necessary most of the time [4]; Shah et al. PDI 2006 reviewed 
the feasibility of undergoing hernia repair in PD patients without switching them 
temporarily to HD [4]. This was a single-center retrospective study which included 
50 PD patients, 42 of them on continuous ambulatory peritoneal dialysis (CAPD) 
and the rest on continuous cycling peritoneal dialysis (CCPD). Moreover, 25 
patients had umbilical hernia, 18 patients inguinal hernia, 5 patients incisional her-
nia, and 2 patients epigastric hernia without the need for interim hemodialysis [4]. 
They were on their regular PD prescription until the morning of the hernia repair, 
drained their effluent before surgery, then remained off dialysis for 48 hours postop-
eratively, and were closely monitored clinically and with blood work [4]. The PD 
was gradually restarted with a low fill volume 1–1.5 liters and upgraded the amount 
slowly as needed up till 4 weeks postoperatively, where they resumed their original 
prescription [4]. The average total follow-up was 33 months, and no hyperkalemia 
or PD-leakage and no early hernia recurrence were noted [4]. However, 13 patients 
had a recurrence of the same hernia after 19 months; 4 patients had hernias at differ-
ent sites after an average of 55 months [4]. This rate of recurrence may seem high, 
but this was before mesh was used as a standard for hernia repair to limit the hernia 
recurrence [5, 6]. Several factors are important in deciding which PD patient will 
need HD bridging after the hernia repair, such as the location of the mesh, whether 

R. B. Albakr et al.



377

it is intraperitoneal or totally extraperitoneal, and the presence of residual kidney 
function. If the location of the mesh is intraperitoneal, it is better to avoid using the 
PD for several weeks to allow the healing and mesothelial covering of the mesh to 
prevent the risk of leak and peritonitis infecting the mesh. Also, holding PD without 
the need to bridge with HD can be achieved easily if the patient has adequate resid-
ual kidney function (perhaps 5 ml/min or more).

 Is Peritoneal Dialysis Possible in Patients with Liver Disease 
and Ascites?

Peritoneal dialysis (PD) is an attractive option in patients with chronic liver disease 
complicated by ascites accompanied by chronic kidney failure. PD has several 
advantages in this patient population compared to in-center hemodialysis, including 
reduced cost; better quality of life; less need for regular ascites drainage by paracen-
tesis; a more hemodynamically tolerable modality of dialysis; no need for antico-
agulation, as these patients are already at high risk of bleeding; and PD keeping 
hepatitis B and hepatitis C patients out of the hemodialysis unit. Many cirrhotic 
patients who suffer from malnutrition will benefit from the caloric load absorbed 
from the PD. However, there are concerns raised regarding the use of PD in these 
patients. One concern is PD catheter healing in the setting of the tense ascites. Other 
issues include the volume of PD fluid and its contribution to increasing the intra- 
abdominal pressure and, consequently, the possibility of hernia or leak of dialysate. 
Moreover, the risk of PD-related peritonitis and worsening of malnutrition with 
protein loss during PD are concerning.

Given these concerns, few small single-center studies evaluated the outcomes of 
PD in cirrhotic patients with chronic kidney failure. De Vecchi et al. AJKD 2002, a 
single-center retrospective study, has assessed the outcomes of 21 cirrhotic patients 
treated with PD in comparison to 41 PD patients in the control arm [7]. Both groups 
were similar at the start of PD, and the survival rate was not different between cir-
rhotic and control groups [7]. Seven cirrhotic patients died an average of 
10 ± 7 months after the beginning of PD [7]. Causes of death were terminal liver 
failure (n = 5), hepatocellular carcinoma (n = 1), and peritonitis (n = 1) [7]. Ten 
control patients died an average of 44 ± 21 months—causes of death were mainly 
cardiovascular complications (n = 6) [7]. Also, both peritonitis rate and technique 
survival were similar in both groups [7]. Gram-positive organisms caused the major-
ity of peritonitis in cirrhotic patients in contrast to the expected organisms in spon-
taneous bacterial peritonitis, which might be explained by the regular washout of 
the abdominal cavity with PD flush [7]. Moreover, the PD-related complications 
were similar in both groups, except more hypotension was noted in cirrhotic patients 
in comparison to the control group, which can be explained by the vasodilatation 
seen in advanced liver disease [7]. A more recent retrospective study of patients at a 
single center in Korea included 33 patients who initiated PD with liver disease 
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between 2007 and 2014 and matched 33 individuals as control [8]. Both groups 
were similar in the rate of early technical complications, peritonitis rates, and there 
was no difference in break-in time; 61% started PD within 48 hours of PD catheter 
insertion [8]. Also, most cirrhotic patients have worsened malnutrition due to the 
significant daily loss of protein especially at the beginning of PD, which decreases 
with time, as shown previously in other studies [7, 9]. Based on the current data, PD 
is possible in cirrhotic liver patients. With taking specific measures like an early 
referral to a nephrologist, consideration of advanced laparoscopic paramedian PD 
catheter insertion with a purse-string suture at the deep cuff, and continuous drain-
age of ascites post implantation to avoid buildup and leak, and, finally, consider 
continuous ambulatory peritoneal dialysis (CAPD) over automated peritoneal dialy-
sis (APD) to have control over the drained volume to obviate full-volume drains if 
it isn’t well-tolerated.

 Can We Continue Peritoneal Dialysis After Cardiac Surgery?

Cardiovascular diseases are a common cause of death in patients with end-stage 
kidney disease (ESKD) [10, 11]. It includes coronary artery disease, valvular heart 
disease, and arrhythmias. For these reasons, patients with ESKD may require car-
diac surgeries such as coronary artery bypass grafting (CABG) and cardiac valve 
replacement surgeries. There is a misperception, especially among intensivists, that 
PD is not sufficient in post-cardiac surgery patients on mechanical ventilation and 
might worsen their respiratory status. Management of PD patients post-cardiac sur-
gery remains a source of conflict among the nephrologists, intensivists, and cardiac 
surgeons. We, as nephrologists, have been pressured from the intensivists and car-
diac surgeons to switch these patients to hemodialysis unnecessarily postopera-
tively. Continuing PD post-cardiac surgery has several advantages: it is widely 
available, has fewer resources needed, and minimizes the risk of vascular access- 
related bacteremia, which is essential, especially in patients with recent valve 
replacement. The ultrafiltration achieved by using high-concentration PD solution 
of 4.25% is the same as that produced by 24 hours of continuous kidney replace-
ment therapy (CKRT). Kumar et al. studied the outcomes of PD versus HD after 
cardiac surgery [12]. They looked at the 30 days of operative mortality as the pri-
mary outcome of the study, which was the same in HD and PD patients at 11% and 
10%, respectively—no difference in the 2-year survival between the two groups 
[12]. The approximate length of stay in the cardiac surgical unit was significantly 
shorter in PD patients (2 days vs. 4 days, p = 0.05), although the total length of the 
hospital stay did not differ [12]. PD is associated with shorter intubation time 
(p = 0.06) and less postoperative infections (p = 0.08) [12]. Two PD patients required 
a temporary conversion to hemodialysis, one of whom had a dialysis leak [12], but 
the site of the leakage and whether it was related to the surgical procedure were not 
mentioned. We can conclude that PD is effective as HD after cardiac surgery and 
hemodynamically tolerable in patients who are hemodynamically unstable in the 
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intensive care unit (ICU). We can do continuous cycling PD (CCPD) for 24 hours in 
the ICU if necessary.

 Can Peritoneal Dialysis Patients Swim?

Swimming with a PD catheter is thought to increase the risk of infections [13]. The 
evidence to confirm or reject that is insufficient. There is one survey study con-
ducted across 39 Australian PD units [13]. Almost all PD units reported that patients 
on PD do swim despite only 77% of PD units advocating swimming [13]. Swimming 
in seawater (85%) or in a private swimming pool (90%) were recommended [13]. 
There were seven reported exit site infections and two episodes of peritonitis associ-
ated with swimming with a PD catheter [13]. Based on the available data, we can 
conclude that, overall, PD patients are not recommended to swim in public pools as 
the contaminated water may lead to exit site infection. But swimming in clean ocean 
water or a clean chlorinated private swimming pool has been recommended. The 
PD catheter and exit site should be covered with either a waterproof dressing or a 
colostomy bag before swimming. As soon as the patient finishes swimming, they 
should take the bandage off, clean the exit site with soap and water, dry it thor-
oughly, apply antibiotics to the exit site, and cover with fresh gauze.

 Can We Do Peritoneal Dialysis in Patients with a G-Tube?

Enteral feeding is recommended for patients who cannot maintain adequate oral 
nutrition [14]. Gastrostomy feeding is the preferred method of enteral nutrition. A 
gastrostomy tube has different ways to be inserted: percutaneously, surgically, or 
radiologically as indicated in each patient [15]. Percutaneous endoscopic gastros-
tomy (PEG) is a procedure of choice in patients who need long-term tube feeding 
[16]. PEG tube insertion in PD patients has some challenges, but it is not necessarily 
contraindicated. Problems relate to the poor healing of the PEG tube site, leak of 
gastric contents in the peritoneum, and the risk of enteric organisms or fungal peri-
tonitis after PEG tube insertion. The evidence of PEG tube insertion in PD patients 
is based on case series, and most of the data are limited to pediatric studies. Fein 
et al.’s single-center retrospective study assessed the outcomes of PEG feeding in 
ESKD on PD. Of the ten PD patients, nine failed to eat because of neurological 
causes—two patients had functioning PEG tubes before starting PD and had no 
consequences [17]. Only two of eight patients already on PD continued with their 
regular PD prescription without any interruption at the time of PEG placement; both 
patients immediately developed peritonitis [17]. Of the six patients who were 
switched and maintained on HD, two developed peritonitis within 1 week of starting 
PEG feeding [17]. The other four had no consequences from PEG feeding while 
being kept on HD, but one developed peritonitis when PD resumed. Of the five 
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patients who developed peritonitis, three had fungal peritonitis [17]. In another case 
report by Dahlan et al., a 79-year-old female on PD who underwent PEG tube inser-
tion and switched to interim HD developed a leak around the PEG tube site 1 week 
later, and enteric and fungal peritonitis complicated by shock and died subsequently 
on the tenth day post-PEG insertion [18]. Based on the current studies, we can con-
clude that if the patients already have a well-healed PEG, then they can be consid-
ered for PD. There is measurable, but acceptable, risk for complications. However, 
in patients who are already on PD, there is very high risk of complications, and we 
don’t recommend it. To decrease the risk of complications, we recommend surgical 
insertion of PEG tube over percutaneous insertion if no contraindications, prophy-
lactic antibiotic and antifungal at the time of PEG tube insertion, delay the use of the 
PEG tube until healing is achieved, approximately 6–8 weeks. Using prophylactic 
antimicrobials before PEG tube insertion and extending the duration of interim HD 
do not eliminate the risk of peritonitis but might reduce the risk [17]. Also, another 
consideration is the type of tube feeding. Avoiding placement of the feeding tube 
into the abdominal cavity might overcome the risk of complications. There is one 
case report in Japan about using percutaneous transesophageal gastro-tubing 
(PTEG) for feeding in PD patients, where the PTEG was inserted successfully with-
out interruption of PD, and the feeding started within 24 hours of PTEG insertion 
[19]. Since then, the reported patient continued both PD and PTEG feeding without 
complications [19].

 Is There a BMI Cutoff for a Patient Who Wishes to Do 
Peritoneal Dialysis?

The traditional measure of obesity has been by measuring the body mass index 
(BMI). However, given the age-related changes in the body composition, the 
increase in fat, and the decrease in muscle mass, BMI may not reflect the propor-
tional changes in body fat or muscle mass [20]. Also, BMI does not give an accurate 
estimate of the body fat distribution, which is more important when we consider 
PD [20].

Obesity has a significant impact on the general population; it is considered as one 
of the risk factors for morbidity and death [21–23]. However, this association varies 
according to the presence or absence of other medical comorbidities. For example, 
in patients receiving hemodialysis, higher BMI has been associated with reduced 
mortality risk [24]. In patients receiving peritoneal dialysis, there have always been 
concerns about the outcomes, including survival and the risk of PD catheter leak/
hernia, residual kidney function decline, and peritonitis and exit site infection. For 
these reasons, obesity has been viewed as one of the contraindications for PD [25].

Most peritoneal dialysis patients will gain weight in the first year after starting 
peritoneal dialysis, as was reported by Diaz-Buxo et al.; the average weight gain 
was 5–7 kilograms (Kg) [26]. This weight gain was attributed to the resolution of 
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the uremic anorexia and the caloric load (400–800 kcal from the peritoneal dialysis 
solution) [27]. Several studies have assessed the body composition changes after 
starting peritoneal dialysis and have shown that there is a highest increase in the 
total body fat with a significant increase in visceral fat in the first 6 months of the 
start of PD [28–30]. Kim et al. has studied 148 incident PD patients who experi-
enced weight gain of more or less 3% of total body weight and concluded that there 
is a correlation between the amount of the weight gain and the rate of decline in 
residual kidney function (RKF), approximately fourfold higher reduction of RKF 
with >3% of weight gain [31]. The currently available data about the impact of 
weight gain on the PD patient’s survival has been inconsistent, and we don’t know 
if increase weight gain affects the survival of PD patients. In 2016, Obi et al. studied 
15,573 incident PD patients in a cohort study, and they looked at the impact of obe-
sity on dialysis modality longevity, RKF, survival, and peritonitis [32]. It was noted 
there was a U-shaped correlation between body mass index (BMI) and mortality, 
with the highest survival rate associated with a BMI range of 30 to <35 kg/m2 [32]. 
Also, compared with hemodialysis, PD patients had a lower risk of mortality in the 
BMI of less than 25 kg/m2 and between 25 and 35 kg/m2 and had the same survival 
rate as matched hemodialysis with BMI ≥ 35 kg/m2 [32]. More frequent peritonitis- 
related hospitalization (p = 0.05) was seen in obese PD patients in comparison to 
lean PD patients [32].

Another concern regarding peritoneal dialysis is that obesity may increase the 
risk of PD-related peritonitis [33]. A cohort study was conducted on PD adult 
patients in the province of Manitoba during the period 1997–2007 [33]. They stud-
ied whether there was any correlation between higher BMI and PD-related infec-
tions [33]. After adjusting for all possible confounders, there was no relationship 
between BMI and peritonitis [33]. However, there was an increased risk for 
coagulase- negative staphylococci (CNS) among PD patients with high BMI [33]. 
To reduce the risk of peritonitis in obese PD patients, two-piece extended peritoneal 
dialysis catheters with remote exit site locations have been compared to the conven-
tional abdominal catheters in obese PD patients [34]. No difference in rates of exit 
site infection and peritonitis risk was found [34]. Extended catheters may be associ-
ated with a higher rate of infection-associated catheter loss particularly if peritonitis 
is due to gram-positive organisms [34]. Placement of the PD catheter in obese 
patients might be challenging, and few considerations need to be taken into account: 
we need to properly estimate the length of the catheter; select the catheter exit site 
ahead of time; have the patient sitting when the exit site is marked to allow better 
visualization of the abdomen, including fat rolls; and choose distant exit site or 
presternal catheter as needed.

We can conclude that body mass index is associated with leaks and hernias, but 
there is insufficient evidence that higher body mass index is associated with an 
increased risk of peritonitis or overall mortality. Higher body mass index may be 
associated with reduced technique survival. Some strategies that can be done to 
reduce the risk of hernia in obese patients are pre-dialysis assessment of the ingui-
nal, abdominal, and ventral hernias and repair at the time of insertion, purse-string 
suture at the deep cuff, paramedian incision into the abdominal cavity, low-volume 

26 Commonly Asked Questions About Peritoneal Dialysis



382

dialysis at the time of PD initiation, overnight cycler, and keeping day dry if there is 
sufficient residual kidney solute clearance.

Obese patients are disadvantaged in achieving dialysis adequacy due to inappro-
priate assessment of dialysis adequacy based on Kt/V of urea. Kt/V which measures 
how many volumes of distribution of urea are removed by peritoneal dialysis per 
week has been used in dialysis patients to assess the adequacy of dialysis. Urea is 
distributed in the fat-free mass and given the high fat mass in obese patients; using 
their total weight to calculate V will overestimate the true volume of distribution of 
urea. It is possible to determine the Kt/V using the ideal body weight by substituting 
the ideal for the actual weight into the Watson formula for volume; however, it is 
unclear if this is the correct strategy. The Watson formula overestimates V in obese 
patients, potentially leading to a falsely low Kt/V.  KDOQI guidelines suggest 
adjusting clearance to the ideal rather than the actual body weight but acknowledge 
the uncertainly of determining V in those who are overweight. Unfortunately, there 
are no randomized trials to guide clinical practice in this area. In the absence of 
evidence, clinicians should use their clinical judgment in combination with labora-
tory values to decide if a patient is receiving adequate dialysis and not rely on 
Kt/V urea.
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Chapter 27
Building an Effective Peritoneal  
Dialysis Program

Anjay Rastogi, Christina Lopez, and Ramy Hanna

 Introduction

The care of end-stage kidney disease (ESKD) patients is extremely complex and 
costly [1]. The interruption of the patient’s psychosocial well-being, ability to 
work, and overall health have driven the need for extensive supportive infrastruc-
ture [2] that serves patients receiving in-center hemodialysis (ICHD) [3]. As 
Medicare expenses have spiraled upward, an ongoing call for improved efficiency 
of healthcare delivery to ESKD patients has been placed [4]. The recent “Advancing 
American Kidney Health” initiative codifies this expert consensus into law by call-
ing for a vast increase in the number of patients receiving dialysis care at 
home [5, 6].

The need for all major healthcare systems, academic centers, and private practice 
groups to develop a strong cadre of PD patients is thus clear. In the complex world 
of ESKD, there is much that needs to be controlled and done. Hence, the concept of 
the team that is essential to an integrated dialysis program is presented.

Additionally, there are many challenges to maintaining a high-quality, patient- 
oriented, efficient and effective PD program. These challenges are heavily offset by 
improvements in patient psychosocial well-being [7], ability to work [8], mainte-
nance of residual kidney function (RKF) [9], and increasing compliance with 
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federal and state initiatives. The medical director with the core team of a successful 
PD program is literally part of the solution to our nation’s healthcare crisis.

So how do we define a successful PD program? What metrics do we look at? 
Recruitment is obviously important, but a truly successful program is a lot more 
than that. Some of the key metrics for a successful program should include PD 
retention, quality of life on PD, and transplantation. Infection rates and decreased 
hospital admissions are critical factors as well [10]. How do we achieve these? 
Successful PD programs are also not built overnight; it takes a lot of hard work and 
dedication with consistent support from the key stakeholders. We will be discussing 
a few key factors that, in our experience, lead to a PD program of excellence.

 Recruitment

 Patient Selection

Patient recruitment is an essential part of building a successful PD program. Patient 
selection is important, as PD is a process that has to be undertaken by a trained 
patient or a patient with a support network. As the race to attract more patients to PD 
begins, creative solutions will have to be found for patients who would have a more 
difficult time learning to manage the operation of PD themselves. The best PD can-
didates are able to handle the activities of daily living (ADLs), easily trainable, and 
capable of managing the physical operation of PD. Continuous ambulatory perito-
neal dialysis (CAPD) requires the ability to manipulate the PD fluid containing 
bags, and a knowledge of how to operate the cycler is important for those patients 
using continuous cyclic peritoneal dialysis (CCPD).

A strong support network can allow for patients who may not be able to perform 
PD on their own. Elderly patients who would benefit from avoiding ICHD for qual-
ity of life and avoidance of infection can have PD done by a skilled family member 
or caregiver. This makes PD a valid option in certain geriatric populations. Home 
visitation programs have also met with success in nations like Canada and 
France [11].

Getting patient selection right is critical. Incorrect patient selection will lead to 
patient dropout. The patient selection has to be a team approach where the referring 
nephrologist, PD champion, and PD team assess the patient independently and 
share notes. Any concerns should be addressed as a team. At the end, if it is deemed 
that the patient will not be a good candidate, it should not be taken as a failure but a 
success. A patient who is currently not a suitable candidate should be followed for 
suitability in the future. It is important to keep these patients engaged and reach out 
to them on a regular basis. In some of the more successful programs, there are few 
barriers that cannot be overcome by the team. Thinking outside the box might be 
needed in selected cases to maximize success and to overcome challenges to PD at 
home. This includes consulting and sharing with other similar programs.
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 Education

 Modality Education for ESKD Patients

It is very important that the modality education be done properly. After the referring 
nephrologist has done his/her part, the PD champion and PD team should do their 
own modality education. This modality education has to be very personalized. The 
cookie cutter approach that is often used by LDOs and MDOs needs to be modified 
and personalized to the particular patient significantly. The modality education will 
also lay the groundwork for future outcomes including retention. Modality educa-
tion should also be used for understanding the patient’s unique situation and address-
ing their concerns, anxieties, and fears. These sessions should be used for assessing 
if these patients are appropriate for the PD modality [12]. The modality educator has 
a key role and should be directly appointed and supervised by the PD champion. 
After the modality education, the notes should be shared with the core PD team.

 Modality Education for CKD Patients

Patients with advanced CKD (Kidney Disease Improving Global Outcomes- 
KDIGO) stages IV and V also make attractive patients for PD recruitment. This will 
lead to smoother transition to PD when it is needed and more utilization of incre-
mental PD which can lead to a smoother landing and better adjustment to a major 
lifestyle change [13–16]. To do this effectively, classes must be widely available to 
explain what dialysis is all about, the differences between HD and PD, and current 
options. The equivalence of outcomes clinically and the psychosocial benefits of PD 
and all home dialysis should be explicitly outlined to the patient and their family. 
The availability of instructional videos, outlines, and translations of these materials 
in the patient and their family members’ language is a must. Again, the nephrologist 
must provide initial education that is then supported by the nurse educators, dialysis 
educator, and/or vascular access placement coordinator who is perfectly in line with 
the materials and follow-up education given to the patient. Consistency is key.

 Family Education

Family education starts with the modality and education for the patient and should 
continue throughout. The involved family members and caregivers should also be a 
part of this ongoing education. Reviewing unanticipated outcomes and complica-
tions is necessary to continue perfecting the ability of the PD program to prevent 
adverse outcomes. Materials and resources should be made readily available.

27 Building an Effective Peritoneal Dialysis Program
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 Ongoing Patient and Family Education

This is critical. The education should be ongoing and not stop at the modality start. 
Every opportunity should be used to educate and train the patient. They should always 
be reminded about issues that can lead to technique failure. If there is a bad outcome 
like infection, there should be focused retraining. A visit to the home at the end of train-
ing, or even before the start of training, is important in order to see the patient in context 
of their environment. A revisit to the home might be needed. Continual assessment of 
the patient status is very important as is providing the necessary support. If it is deemed 
by the core team that the patient might need respite therapy, it should be addressed.

 Staff Education

Along with patient education, staff education and enrichment are essential as well. 
The PD champion should make sure that this is not overlooked and a plan is put in 
place that is regularly attempted. Teaching materials should be provided. Attendance 
at conferences should be encouraged. Subscriptions to online tools, journals, and 
courses should be made available as well. Policies and protocols should be put in 
place and updated regularly by the staff along with the PD champion. The staff 
should also participate on the quality improvement projects. Interactions with other 
programs of excellence should be highly encouraged so there is mutual growth.

 PD Access Placement

PD catheter issues are a very common cause of dropout and delayed starts. A strong 
PD access placement and follow-up team is essential for a successful PD program. 
Besides the well-trained surgeon and interventionalists, the team should include a 
well-trained access coordinator. Pre- and post-procedure recommendations and 
follow-up should be standardized [17]. It is very important that the access team 
works closely with the PD team. The PD champion has a very important role in 
building this relationship.

 The Team!

To have a successful PD program, you need a team in the true sense of the word, and 
the team needs a PD champion first and foremost. The PD champion is often the 
medical director or their designee who champions the growth of the PD program, its 
effectiveness, and the retention and well-being of the PD patients.

It is very important that the right person from the practice or faculty be appointed 
as the PD champion. This person needs to be given all the support to build a team 
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and program that is exceptional. Besides the nephrologist, the integral team (also 
described as the core team) includes the nurse, medical social worker, and renal 
dietitian among others. The administrative assistants and technicians are additional 
members that are important. The program managers also play a vital role. Every 
member of the core team has a vital role and needs to contribute and should be held 
accountable.

Besides the core team, there are extended teams. These include but are not lim-
ited to the outpatient clinics, the access placement team, and the hospital. The teams 
should also include the transplant program and infectious disease specialist who is 
aware of the local resistance patterns. The key roles of these various teams are the 
following:

Outpatient clinics Initiating modality education at the right time and by the right 
person. Eventually, the PD team will be doing the modality education, but the clinic 
should facilitate this and make all the referrals in a timely basis. Open and real-time 
communication with the other teams is critical. Coordination of care is vital and 
should be the responsibility of the appropriately selected person. Educational mate-
rials and resources should be readily available to the patients and their family mem-
bers. Also, speaking to a PD patient who is as closely matched to the patient being 
educated should be attempted. This will allay a lot of anxiety. In our program, they 
are called ambassadors.

Access placement team A properly placed access is vital for successful PD out-
comes. It is the responsibility of the PD champion to develop a successful access 
placement team that includes surgeons, interventional radiologists, and interven-
tional nephrologists. The access needs to be placed in a timely fashion with appro-
priate follow-up. The PD champion needs to make sure that the access placement 
team has been provided all resources needed to learn about the techniques and 
improving outcomes. It is very vital that the communication between the access 
placement team and the PD team is in real time. We have found it very useful and 
productive when there are regular face-to-face meetings between the PD and access 
placement teams. The access team should visit the PD clinic as well. It is also very 
important to give feedback in real time to the access placement team on how the 
access is working – good or bad. If there are any complications, they should be 
addressed in a timely way with clear guidance being provided to the PD team and 
the patient. An ongoing quality improvement project should be looking at the out-
comes of PD catheter placement and appropriate actions taken if there are concerns. 
Feedback should be provided by the PD champion to the access team and interven-
tions outlined and followed up on as needed.

Hospital team/PD hospital liaison The hospital has a critical role in PD growth 
and retention. Quite often, the staff in a hospital setting is not well-trained and 
equipped to deal with PD patients. One of the reasons could be the fact that they 
don’t see too many PD patients, or that not enough resources are provided to train 
them. This often leads to delays in timely action and inevitable errors. Infection is 
an important issue that the emergency department and hospital should address 
immediately, with appropriate attention to latest intraperitoneal antibiotic guide-
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lines [18]. PD prescriptions also need to be appropriately adjusted on admission and 
regularly monitored. The urge to convert PD patients to HD should be prevented 
where possible, well thought out, and discussed with the patient’s dialysis unit’s PD 
champion.

The hospitals also have an important role in identifying appropriate patients for 
PD. This includes both prevalent and incident patients. For prevalent patients, an 
open discussion about the potential benefits should be done and, if deemed appropri-
ate, the process to convert them to PD started. For incident patients, urgent PD starts, 
if appropriate, should be considered. Proper discharge is also the responsibility of 
the hospital. This includes the right dialysis units and access placements. If the PD 
catheter cannot be placed inpatient for whatever reasons, the patient should at the 
minimum be evaluated and cleared for outpatient PD catheter placement with an 
outpatient date for access placement. The inpatient case management team needs to 
communicate and work with the PD team to make sure everything flows seamlessly.

Quality control team This is another team which most often is a part of the core 
team. The job of this team is to follow up outcomes and implement quality improve-
ment projects. The outcomes should be assessed and discussed on a regular basis 
with the PD team and appropriate interventions made. It is a good idea to have 
standard operating procedures and protocols. These procedures and protocols 
should be reviewed and updated on a regular basis. They should be signed and dated 
by the entire team. To promote active learning, each team member should be asked 
to present a specific protocol to the rest of the team. These presentations should 
involve active engagement. The person presenting should do research prior to the 
presentation for any updates. They should work closely with the PD champion on 
this. Notes should be taken during the meeting and updates done as needed to the 
protocols after and reviewed. Every dropout from technique failure should be ana-
lyzed, and lessons should be learnt if it was potentially preventable.

Special focus should be placed on PD catheter issues and infection control. The 
team should be well-versed with the protocols and approach.

Morale building People work for job satisfaction rather than salary. This is also 
true of a PD program. It is the job of the PD champion to make sure the morale of 
the staff stays high. A PD champion has to be a true leader and inspire the entire 
team. Also, making sure the team gets proper treatment from the organization is also 
the responsibility of the PD champion. It is also important to keep the staff turnover 
as low as possible. And if a staff member does decide to leave, the reason should be 
investigated and looked into if it could have been avoided. Morale and team build-
ing activities should be highly encouraged. Bonding between team members will 
lead to a stronger foundation for a program. Team members should be as passionate 
about PD as the PD champion. They should be in it for the right reasons and they 
should always be reminded of that. Staff selection is as important if not even more 
than patient selection. The PD champion should focus on the personal and profes-
sional growth of the staff and advancement in their career. This will foster trust and 
loyalty to the system.
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 Interactions of the PD Program with the Health Ecosystem

It is the role of the PD champion to serve as an ambassador to their healthcare 
system and local healthcare providers and hospitals. Educating surgeons, ID phy-
sicians, primary care physicians, nurses, hospital staff, patient family members, 
and patients among others is an all-important role that the successful PD cham-
pion must take on. This is how patients are recruited and how teams are formed. 
Cooperation among nephrologists, surgeons, ID physicians, interventional radi-
ologists, and primary care doctors is key. This will remain an extra role that is 
specially needed until PD displaces sufficient share of the ESKD population that 
the medical community will be as familiar with the PD guidelines as we currently 
are with HD guidelines.

 Support from Organizations

For any PD program to be successful, it will need support from the organization. It 
is quite important that the staffing and space allocation is adequate and we stay one 
step ahead of the growth. In our experience, there have been times where the growth 
has outpaced the staff and space, and that has not been good for the program. 
Planning is key, and regular meetings between the PD leadership and organizations 
should take place so there are no surprises. There should be a commonality in vision 
and goals.

 Integrated Dialysis Program

There are more and more standalone home programs appearing in the USA. However, 
the old conventional dialysis units usually consist of ICHD, HHD, and PD programs 
under one roof. Our program has the pediatric unit as well. Some programs have 
nocturnal units also. In a successful PD program, there will be true integration of all 
the existing programs that will work together as a team with a common goal of 
increasing home dialysis growth and transplantation. The walls have to be literally 
brought down. The cooperation between the programs occurs at multiple levels. We 
definitely want to convert the eligible ICHD patients to home dialysis. The staff in 
ICHD should know how to speak to the patients about the benefits of home dialysis. 
They should also reach out to the home dialysis staff and connect them with the 
interested patients. ICHD is also the place to go for respite therapy. They need to 
make sure the patient goes back to home therapy as soon as possible and feasible. 
They also need to provide the best dialysis care they can during the respite therapy, 
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including paying extra attention to the PD catheter and residual kidney function. 
Volume management will also help ensure patients do not end up with repeated 
admissions by managing dextrose and icodextrin dwells appropriately [19].

Despite best efforts, there will be patients who will fail PD. For these patients, 
there should be a planned exit preferably to HHD. For this, planning is needed, 
including placement of a more permanent HD access and patient education.

The PD team needs to work closely with the ICHD team and provide all the 
education, resources, and training as possible. Regular meetings between the teams 
are highly recommended. Also assisting each other as needed is very important. The 
program managers and PD champion need to participate in these meetings as well.

 Transplantation

One of the shortcomings often cited for even highly successful PD programs is not 
enough emphasis on transplantation. Transplantation still is the modality of choice 
for majority of patients and should not only be highly encouraged but also facili-
tated. It should be an active discussion during monthly visits. Active coordination 
with the transplant program should be happening on an ongoing basis. Transplant 
education and resources should be provided. Patients and their families should also 
be educated on living kidney donation. There have been many advances in recent 
times including paired exchange donation. One of the metrics for a successful PD 
program is their transplantation rates.

 Conclusion

In summary, the secret sauce for a successful PD program is a team approach with 
strong leadership. All the key stakeholders need to play their part. A truly integrated 
and comprehensive approach needs to be undertaken. Constant improvement with a 
dedicated quality team is essential.
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Chapter 28
The Peritoneal Dialysis Outcomes 
and Practice Patterns Study

Belinda Stallard, David W. Johnson, Jeffrey Perl, and Simon J. Davies

 Introduction

Kidney failure is a leading contributor to the global public health burden with over 
2.6 million people requiring kidney replacement therapy (KRT) or kidney trans-
plantation [1]. Peritoneal dialysis (PD) is a form of KRT that is currently utilized 
by approximately 11% of maintenance dialysis patients worldwide [2] with an 
average of 20.8 people per million population (pmp) initiating PD each year treated 
by approximately 1.3 PD centers pmp [3]. PD is a cost-effective treatment [4, 5] 
which is associated with an initial survival advantage [6, 7] and offers patients a 
flexible, home-based therapy with increased treatment autonomy [8, 9]. Since the 
mid-1990s, there have been progressive improvements in patient survival on PD, 
which have outstripped those observed on HD [10, 11]. Over the same period, there 
have been concomitant improvements in PD technique survival, with progressively 
fewer patients transferring to hemodialysis [10]. However, technique survival var-
ies widely both within and between countries, with 3-year rates ranging from 29% 

B. Stallard 
Department of Nephrology, Princess Alexandra Hospital, Brisbane, QLD, Australia 

D. W. Johnson 
Department of Nephrology, Princess Alexandra Hospital, Brisbane, QLD, Australia 

Australasian Kidney Trials Network, Centre for Kidney Disease Research, University of 
Queensland, Brisbane, QLD, Australia 

Translational Research Institute, Brisbane, QLD, Australia 

J. Perl 
Division of Nephrology, Department of Medicine St. Michael’s Hospital and Keenan 
Research Center in the LI Ka Shing Knowledge Institute, St. Michael’s Hospital,  
University of Toronto, Toronto, ON, Canada  

S. J. Davies (*) 
Faculty of Medicine and Health Sciences, Keele University, Staffordshire, UK
e-mail: jeff.perl@utoronto.ca

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70897-9_28&domain=pdf
https://doi.org/10.1007/978-3-030-70897-9_28#DOI
mailto:jeff.perl@utoronto.ca


396

in Malaysia to 91% in China [2, 12]. This variation is not fully explained by case-
mix, suggesting that other factors, such as center practices, may play a role [13–
15]. Technique failure has a major disruptive impact on the lives of patients and 
their caregivers, results in appreciable morbidity and mortality, and has been identi-
fied by clinicians and patients as a top research priority [16–18]. Technique failure 
also incurs considerable cost to healthcare systems, as evidenced by a Canadian 
study which showed that PD technique failure within the first 3 years resulted in a 
similar cost burden to patients treated with HD alone, thereby obviating the overall 
financial benefits that PD provides compared with HD [19]. As technique failure 
still remains one of the major factors limiting both the utility and utilization of PD 
as a therapy around the world [2, 12, 20–22], it is imperative that the factors under-
pinning technique failure are comprehensively identified and, where possible, 
mitigated.

This chapter will examine the importance of the problem of PD technique failure 
and provide an overview of the current status and early findings of the Peritoneal 
Dialysis Outcomes and Practice Patterns Study (PDOPPS), the prime objective of 
which is to identify modifiable practices associated with superior PD technique 
survival.

 The Problem of Technique Failure

One of the key difficulties with technique failure is that there is significant variation 
in how it is defined in the published literature [23]. In particular, there is marked 
variation regarding when PD is considered to start and when it is considered to end. 
Although not often defined at all, some groups define PD to have started with the 
first exchange (e.g., the Registre de Dialyse Péritonéale de Langue Française), 
while others define it as the end of PD training (Brazilian PD study, BrazPD) [23]. 
A number of groups, such as USRDS, do not count PD at all unless patients were on 
that modality at 90 days following dialysis initiation, despite the fact that the first 
90 days are a high-risk period for technique failure [24, 25]. Most studies also do 
not define how long a patient has to be off PD to qualify as a technique failure [23]. 
A recent Australia and New Zealand Dialysis and Transplant (ANZDATA) registry 
study explored a range of definitions used to describe PD technique failure and 
ultimately recommended that PD technique failure be standardly defined as a com-
posite end point of transfer to hemodialysis for at least 30 days or death (either on 
PD or within 30 days of ceasing PD) [26]. They also recommended a secondary 
definition using a time window of 180 days, which provides additional information 
on the likelihood of return to PD [26]. Additional time windows, e.g., 60 days, may 
be reported. Having a standardized definition of technique failure is critical to 
benchmarking between centers and countries and to properly elucidating patient- 
level and center-level characteristics associated with technique failure.

The most commonly recognized patient-related risk factors for technique failure 
include younger age, higher body mass index, Indigenous race, lower socioeconomic 
status, and comorbidities (such as diabetes) [15, 27–33]. However, recent studies 
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have demonstrated that center-level characteristics may play an even more signifi-
cant role in PD technique failure variability [34]. Schaubel et al. collated data from 
the Canadian Organ Replacement Register and observed that a dialysis unit’s expe-
rience in treating PD patients had a significant impact on PD outcomes [35]. Overall, 
as the cumulative number of patients treated with PD increased and as the percent-
age of patients initiated on PD increased, mortality and technique failure rates both 
decreased [35]. Other registry-based studies completed in France, Netherlands, 
Brazil, Canada, and the United States have similarly shown a correlation between 
smaller PD center size and higher technique failure rates [35–39]. These findings 
were further distinguished in a systematic review by Pieper et al. which concluded 
that larger center volume was associated with an improved technique survival [40]. 
In an ANZDATA registry study of 9362 patients from 51 centers in Australia, Htay 
et al. observed sevenfold variation in technique failure across centers which was 
predominantly accounted for by modifiable, center-level factors (such as PD unit 
size and proportion of patients treated with PD) rather than patient characteristics 
[34]. Indeed, center variation in PD technique failure was reduced by 28% after 
adjusting for patient-specific factors and by a further 53% after adjusting for center-
specific factors [34]. Similar findings were observed for rates [27] and outcomes 
[41] of peritonitis, which is the major cause of PD technique failure after death. 
These findings suggest the possibility that PD technique failure is strongly influ-
enced by modifiable center characteristics relating to their practice and/or 
organization.

Another piece of evidence suggesting that PD technique failure is driven by 
modifiable center characteristics is the evidence that implementation of national 
quality initiatives has been associated with substantial improvements in technique 
survival rates. The best example of this is the Australian and New Zealand peritoni-
tis continuous quality improvement (CQI) initiative, which involved generating bet-
ter evidence to inform peritonitis guidelines, facilitating better translation of 
evidence and guidelines into clinical practice, and establishing CQI processes at 
local, state, and national levels through improved outcomes monitoring with quar-
terly audit and feedback, identification of barriers and enablers through implemen-
tation research, improved education targeting early career nephrologists, 
development of standardized peritonitis pathways, and incentivizing performance 
improvement [42]. These initiatives were quickly followed by a one-third reduction 
in peritonitis rates, a one-half reduction in between-center peritonitis rate variation, 
and a significant improvement in PD technique survival [42].

Due to the cumulative evidence that center-level characteristics are a significant 
driver for PD technique failure, a better understanding of the modifiable causes of 
PD technique failure is required. A limitation of the aforementioned studies is that 
they largely relied on information collected by registries, which lacked sufficient 
granularity of data (particularly in relation to center organization and practices) to 
comprehensively address this issue. With this in mind, PDOPPS was established as 
a global collaboration between the Arbor Research Collaborative for Health and the 
International Society for Peritoneal Dialysis (ISPD) to understand variation in PD 
practices and outcomes, identify optimal practices, and ultimately improve out-
comes for patients treated with chronic PD [23].
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 PDOPPS: Design and Rationale

 Rationale

Based on the findings of the aforementioned studies, the basic tenet of PDOPPS is 
that variable (and often poor) PD technique survival rates are driven by variable 
(and often poor) PD center practices, such that identifying those modifiable prac-
tices associated with superior PD outcomes (including PD peritonitis-free survival 
and technique survival) will help to better inform clinical practice and ultimately 
patient outcomes.

PDOPPS builds on the successful methodology established by Dialysis Outcomes 
and Practice Patterns Study (DOPPS), which was originally formed in 1996 to study 
in-center HD patients and practices [43]. The primary objective of DOPPS was to 
improve HD patients’ morbidity and mortality outcomes, inform policy changes, as 
well as influence patients’ health-related quality of life [43]. DOPPS has helped 
shape HD practices on a global scale and still remains a leading resource for the 
nephrology community worldwide with comprehensive data that have influenced 
clinical practice guidelines for HD [43–49]. DOPPS initially started with 308 HD 
units from 7 different countries [44] at initiation and then expanded to 21 countries, 
580 facilities, and over 30,000 census patients by 2015 [50]. This large prospective 
cohort study has led to important practice policy changes such as the fistula first 
policy and strategies for improved management of anemia [51–53], mineral and 
bone disorders [54, 55], and quality of life among HD patients [56–58]. The program 
has now been expanded to include patients with chronic kidney disease (CKDopps) 
[59] and patients receiving peritoneal dialysis (PDOPPS) [23]. All three of these 
major projects share the common goal of identifying measurable differences in facil-
ity practices that will help inform strategies to improve patient outcomes.

 Design

The PDOPPS is an international prospective cohort study of PD patients over the 
age of 18, which began recruitment in 2013. The primary outcome is all-cause PD 
technique failure, and the secondary outcomes include all-cause mortality, hospital-
ization rates, PD-related complications, patient-reported outcomes, and cause- 
specific technique failure [23]. The overall objective is to identify differences in 
clinical practice between centers to improve PD outcomes as well as to generate 
scientific hypotheses for the variations found in the study [23].

During the initial phase (Phase 1) that extended from 2013 to 2016, PDOPPS 
randomly selected at least 20 different PD centers with at least 20 prevalent PD 
patients from each of the 7 different countries (Australia, New Zealand, Canada, 
Japan, Thailand, the United Kingdom, the United States) (Fig. 28.1). At study initia-
tion, all centers completed a census of their PD patients from which 20–30 prevalent 
patients were randomly selected independent of the dialysis unit’s size. A maximum 
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of 25 incident patients (defined as patients initiating PD within 30  days of the 
PDOPPS census date and receiving at least one PD treatment at home or a nursing 
home) were also included. Patients continued to be followed up until kidney trans-
plantation, transfer to a different dialysis unit, permanent hemodialysis transfer 
(>4 months), kidney function recovery, death, or PDOPPS ends. If patients left the 
study, they were replaced by randomly chosen patients (on an annual basis) who had 
entered the dialysis center since the last sampling period [23]. Within each country, 
national funding was utilized for data collection [23, 60]. All of the original seven 
countries, except for Australia and New Zealand, and two new countries (South 
Korea and Colombia) have participated in extended follow-up during phase 2 
(2017–2020), during which the cohort has been enriched with incident patients 
(Fig. 28.1).

 Study Data and Collection Instruments

The data collected by PDOPPS using patient and facility questionnaires have been 
developed by six workgroups in the areas of infection prevention and management, 
patient support, PD catheter access and function, PD training and education, dialy-
sis prescription and fluid management, and clinical application of PD therapy 
(Fig. 28.2). These workgroups consist of key international content experts who were 
carefully selected by the ISPD and Arbor Research Collaborative for Health to 
ensure diverse representation of disciplines, gender, ethnicity, and geographic 
regions.

2013 2014 2015 2016 2017 2018 2019 2020

Phase 1 Phase 2

Longitudinal Data Collection

Primary Research and Analysis

US

Canada

Japan

Australia

UK

Thailand

S. Korea/Columbia (RTS)

Fig. 28.1 Country participation and timelines for PDOPPS
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Data collected by PDOPPS are depicted in Fig. 28.3. Demographic data, medical 
comorbidities and history, PD treatment, PD-related infections, and hospitalizations 
were collected at study enrolment. PD-related events or treatment changes were 
collected during follow-up by an interval summary questionnaire which was com-
pleted for each patient every 4 months. Furthermore, a standardized questionnaire 
was completed by patients, which focused on their quality of life and treatment 
satisfaction and was updated annually. From a center-level perspective, data collec-
tion forms were completed by the nurse unit manager and medical director to cap-
ture specific unit practices and clinical outcomes. All data were collected using 
standardized data collection procedures and tools, entered into an online data entry 
system (PDOPPSLink), and electronically submitted to the data management center 
at Arbor Research Collaborative for Health [23].

 Analysis

Analytic methods used in PDOPPS have been described in detail previously [23]. 
Associations between practices and outcomes will be analyzed at both patient and 
center levels. In order to address possible bias introduced by unmeasured patient- 
level confounders, an instrumental variable analysis will also be applied, as has been 
done in other published DOPPS research [46]. Facility-based instrument variable 

ISPD
PDOPPS Steering Committee

ISPD PDOPPS
Subcommittee

Arbor Research Study
Coordinating Center

Consumer Advisory
Council Country InvestigatorsPDOPPS Workgroups

Australia

New Zealand

Canada

Colombia

Japan

Korea

Thailand

United Kingdom

United States

Infection Prevention &
Management

Patient Support

PD Catheter Access & Function

Patient Training & Education

Dialysis Prescription & Fluid
Management

Clinical Application of PD Therapy

Fig. 28.2 PDOPPS organizational structure
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analysis relies on the fact that patients are assigned to the facility’s treatment prefer-
ences in a “quasi-random” fashion, which is independent of unmeasured patient-
level confounders and therefore allows more valid estimates of treatment effects.

 Ancillary Studies

PDOPPS provides an important opportunity for investigator-initiated ancillary stud-
ies to be conducted. Groups are able submit proposals for analysis of existing 
PDOPPS data or new data collection in collaboration with PDOPPS. These propos-
als are reviewed and approved by the PDOPPS Steering Committee. To date, four 
ancillary studies have been approved:

 (a) The “Empowering Patients on Choices for Renal Replacement Therapy Study” 
(EPOCH-RRT), which aims to compare the effectiveness of hemodialysis and 
PD with respect to patient-centered outcomes and to develop a decision aid to 
assist patients with dialysis modality selection

 (b) “Biological Determinants of Peritoneal Dialysis Outcomes” (BIO-PD), which 
aims to identify and validate genetic variants that explain the interindividual 
variability in peritoneal membrane function in patients undergoing PD

 (c) “Optimizing Early Dialysis Catheter Function” (UKCath Study), which aims to 
establish the determinants of early PD access function, in particular “medical” 

Unit Practice
Survey

Facility Level Medical
Director
Survey

Policy Driven Surveys

Medical
Questionnaire

Cumulative
Patient Census

Termination
Form

Interval
Summary

Patient Level
(clinical data)

Patient
Questionnaire

(patient-reported)

Fig. 28.3 Data collected by PDOPPS
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versus “surgical” insertion methods and their associated treatment pathways, 
with the intention of improving PD access outcomes

 (d) “Optimizing Prevention of PD-Associated Peritonitis in the US” (OPPUS), 
which aims to identify patient and PD facility characteristics that are associated 
with PD peritonitis risk in PD patients and to foster the development and imple-
mentation of a standardized peritonitis definition and evidence-based best prac-
tice guidelines into dialysis provider organization clinical care pathways and 
national quality improvement initiatives with the aim of better preventing 
peritonitis

 Current Status of PDOPPS

The initial countries participating in PDOPPS included Australia, New Zealand, 
Japan, the United Kingdom, Thailand, Canada, and the United States. During phase 
1, 7629 patients were recruited from 215 dialysis units across the 7 countries. The 
study has evolved over time, and now a total of 11,688 patients have been consented 
for the study. The number of patients enrolled in PDOPPS from each country and 
the overall facility enrolment summary are summarized in Table 28.1. Additional 
countries joining PDOPPS in phase 2 include South Korea and Columbia.

Having multiple countries participate in PDOPPS provides a diversity of patients, 
PD practices, and cultures that can be evaluated throughout the study. In particular, 
PDOPPS contains a mix of high-income countries (Australia, New Zealand, Canada, 
Japan, South Korea, the United Kingdom, the United States) and low- and middle- 
income countries (Colombia, Thailand) from the major regions of the world (North 
America, South America, Europe, Asia, and Oceania). It also contains a mix of 
countries with different PD policies including PD-first (Thailand), PD-favored 
(Canada, the United States), home-based dialysis-first (Australia, New Zealand), 
and hemodialysis-favored (Japan) approaches [61, 62]. This greatly enhances the 

Table 28.1 PDOPPS center and patient enrolments (as of 31 October 2018)

Country Centers enrolled
Patient enrolment status
Census patients Consented

Australia 19 2097 520
New Zealand 2 341 73
United States 100 8787 3981
Canada 20 3286 925
Japan 32 1664 923
Thailand 22 4644 820
United Kingdom 20 2266 387
Colombia 56 4059 4059
PDOPPS total 271 27,144 11,688

South Korea has not commenced enrolment yet
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generalizability of PDOPPS’ findings and facilitates comprehensive evaluation of 
the impact of different practices and policies on PD outcomes. It also allows the 
examination of unique country practices, such as hybrid dialysis (a combination of 
PD and HD), which is utilized in approximately one-fifth of patients on PD in Japan 
but almost not at all in other countries [23, 63]. Moreover, the impact of any policy 
changes, for example, arising out of the OPPUS project, will be comprehensively 
evaluated via the PDOPPS platform.

 Early Findings from PDOPPS

The findings collated in phase 1 of PDOPPS have thus far resulted in 19 abstracts 
presented at multiple international conferences and symposia, 15 published studies, 
and manuscripts in preparation [23, 60, 64, 65]. Some early findings from PDOPPS 
have been detailed below according to clinical workgroup.

 Infection Prevention and Management

The infection prevention and management workgroup recently examined variations 
in prevention and treatment of PD-related infections in 170 centers caring for more 
than 11,000 patients in 7 countries [64]. The practices of each PDOPPS country 
were further compared against practices recommended by the ISPD guidelines, par-
ticularly with respect to monitoring the incidence of peritonitis and using prophy-
lactic antimicrobials in the prevention of PD-related infections and empirical 
treatment of suspected peritonitis. Units consistently recorded and tracked peritoni-
tis episodes in only five countries (Australia, New Zealand, Canada, the United 
Kingdom, and the United States), while Australia and New Zealand were the only 
countries in which 100% of PD units recorded and tracked exit site infections. 
Substantial practice variation was also observed in the use of daily topical antimi-
crobial prophylaxis (mupirocin or aminoglycoside) by PD units across Australia 
and New Zealand (ANZ, 94% of units), the United States (88%), Canada (80%), the 
United Kingdom (71%), Thailand (27%), and Japan (4%). This variation is difficult 
to understand given the strength of the practice recommendation by the ISPD guide-
lines (level 1B). Another key finding established was the suboptimal co-prescription 
of antifungal prophylaxis when PD patients received antibiotic courses to prevent 
fungal peritonitis, despite this being a level 1B ISPD guideline recommendation. No 
antifungal prophylaxis was prescribed at all in appreciable proportions of PD cen-
ters in ANZ (11%), Canada (45%), the United States (46%), Thailand (77%), the 
United Kingdom (88%), and Japan (93%). There was also variable administration 
of prophylactic antibiotics prior to PD catheter insertion despite this having a level 
1A ISPD guideline recommendation. The lowest uptake of this guideline was in the 
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United States (63%), and highest adherence was observed in the United Kingdom 
and Canada (100%). Considerable differences in facility adherence were also 
observed in the administration of prophylactic antibiotics prior to other invasive 
procedures, although these variable uptakes may have been explained by the limited 
quality and strength of the evidence in this area (levels 2C and 2D). Overall, this 
study highlighted the significant variations in PD peritonitis prevention and treat-
ment practices among the participating countries, which often deviated from ISPD 
guideline recommendations.

The group has gone on to examine the association between selected facility prac-
tices and peritonitis rates. While the overall peritonitis rate averaged across the 
seven PDOPPS countries was 0.28 episodes per patient-year, country-specific rates 
ranged from 0.24 episodes per patient-year in the United States to 0.40 episodes per 
patient-year in the United Kingdom. Preliminary findings suggest that peritonitis 
risk is generally not associated with facility size, is lower with APD use, and is 
higher with failure to use preoperative prophylactic antibiotics prior to PD catheter 
insertion and possibly failure to use either topical exit site mupirocin or aminogly-
coside ointment. These early observations suggest that poor adherence to specific 
clinical practice guideline recommendations was associated with a higher peritoni-
tis risk.

 Patient Support

The PDOPPS patient support workgroup has developed research questions that 
highlight patient-reported issues. A key focus of the group was functional impair-
ment among PD patients, aiming to identify if there was variation between countries 
and if this is associated with permanent transfer to hemodialysis or higher mortality 
rates. Tennankore et  al. assessed patient’s functional status via two self-reported 
questionnaires which were combined to create an overall score [65]. The study 
observed that functional impairment was highly prevalent among patients on PD, 
with significant differences between the participating PDOPPS countries. Patients 
in Thailand were shown to have the highest functional impairment, and Japan had 
the lowest. The study also established that impaired functional status was strongly 
associated with higher mortality rates; however, functionally impaired patients did 
not have an increased risk of permanent transfer to HD [65].

In a separate investigation, the workgroup has identified that patients reported a 
generally favorable perception of PD, with the most commonly reported advantages 
being home-based treatment and the lack of vascular cannulation, while the most 
commonly reported disadvantages were a feeling of abdominal fullness and PD 
fluid storage space requirements. Those patients seeing PD as more disadvanta-
geous were more likely to be depressed, have a lower quality of life, and experience 
a transition to hemodialysis.
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 PD Training and Education

Significant variability has been found between countries in the delivery of training 
to PD patients. Striking differences were seen in the duration of PD training ses-
sions with the majority of patients from Japan (88%) being trained for less than 
2 hours and for 2–3 days (39%). In contrast, in Australia, 64% of patients received 
training sessions lasting up to 6 hours and typically over a 4–5-day period (69%). 
Interestingly, Japan also appeared to differ in the timing of training with 62% of 
patients having their training prior to PD catheter insertion, while most other coun-
tries confined training to after PD catheter insertion, typically following a period of 
2–3  weeks. Canada (84%) and Japan (100%) predominantly trained patients in 
facilities, while Australia (57%) and the United Kingdom (50%) trained patients 
using a combination of home and facility. Future studies will evaluate the relation-
ship between PD training practices and outcomes.

 Dialysis Prescription and Fluid Management

Early findings from this workgroup have similarly shown that both PD prescriptions 
and the types of PD utilized were highly variable between the different PDOPPS 
countries. Most countries had a predominance of automated peritoneal dialysis 
(APD) use over continuous ambulatory peritoneal dialysis (CAPD) with utilization 
rates in the United States and Canada being 81% and 71%, respectively. However, 
in Thailand, the majority of PD patients were treated with CAPD (96%). Among the 
patients receiving APD, there were a broad number of exchanges that were pre-
scribed to patients such that almost half of the PD patients in the United States and 
the United Kingdom were prescribed five or more exchanges overnight compared 
with 39% of patients receiving less than three exchanges in Japan. Similar degrees 
of national variation in practices were observed in the total dialysis volume pre-
scribed, use of biocompatible solutions (including icodextrin), and the average con-
centrations of glucose employed.

 Conclusion

PDOPPS is the largest and most comprehensive PD study to date. This multina-
tional study has collected data and produced research, which will be extremely valu-
able to the PD community and help to provide strong evidence for improvements in 
PD practices. The formation of PDOPPS is unique in that it collaborates with mul-
tiple countries to create a diverse body of data for clinical research. Phase 1 has 
already documented wide variations in clinical practice that cannot be accounted for 
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by patient factors as well as variation in important outcomes such as infection. The 
next step (Phase 2) will establish how these variations in practice associate with the 
primary outcome, technique failure. Future directions for PDOPPS remain vast, and 
the potential for further research opportunities, protocol establishment, and improve-
ment of national and international guidelines are ongoing, providing an invaluable 
resource for clinicians, patients, and their caregivers.
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Chapter 29
Peritoneal Dialysis in Developing Countries

Brett Paul Cullis

 Introduction

Kidney disease is a major health burden with an estimated 1.1 million deaths world-
wide and, according to the Global Burden of Disease Study, the 12th most common 
cause of death [1]. The risk is significantly increased in low- (LIC) and low middle- 
income countries (LMIC) where there is a combination of communicable and non- 
communicable diseases resulting in both acute on chronic kidney disease. 
Communicable diseases such as malaria and HIV remain significant causes of mor-
tality in their own right but are also the main causes of acute and chronic kidney 
disease in many tropical countries. In addition to this, throughout Asia, South 
America and Africa, there is a growing epidemic of diabetes and obesity, and, as a 
result, the incidence of kidney disease is rising exponentially. Unfortunately, not 
only is the incidence of CKD increasing in the L/LMICs, but due to the high cost of 
dialysis provision and limited resources, there is a lack of provision of kidney 
replacement therapy (KRT) for a large proportion of the population in these coun-
tries. The Global Kidney Health Atlas commissioned by the International Society of 
Nephrology (ISN) sought to examine the current provision of KRT around the 
world, and although there are missing data from many countries, it has allowed a 
much better understanding of how dialysis is provided [2]. One of the key findings 
is the heterogeneity of funding models in LMICs with only 17% of countries pro-
viding KRT free of charge and 53% using a mixed model of public and out-of- 
pocket payment. It is estimated that globally more than half of the people who 
require KRT will not have access to it and will die from kidney failure [3]. The 
disparity in the provision of KRT is very much dependant on the country’s eco-
nomic status, and it has been shown that L and LMICs only account for 
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approximately 7.2% of the global KRT population, despite making up almost 50% 
of the world’s population [3]. Despite this, there is expected to be a doubling in the 
number of patients receiving KRT by 2030, and as a result, there needs to be a coor-
dinated plan how to implement this in the most cost-effective manner. What makes 
this task more complex is the heterogeneity of funding models in different coun-
tries. For example, many low-income countries, which do not have the healthcare 
funding to support a CKD KRT programme, still have haemodialysis facilities 
(mostly public-private partnerships) which provide dialysis to a very small propor-
tion of the country and at great cost. This is often developed more for political rea-
sons than as part of a coordinated plan for dialysis provision, and these services are 
also often only supplied to the wealthy or politically connected. Much of this growth 
is driven by private haemodialysis providers, and hence there is a negative incentive 
for patients to do PD. In South Africa, for example, there has been a massive upsurge 
in the number of private dialysis providers, and despite being a country best suited 
to PD for many reasons, Katz et al. showed that between 2002 and 2008, the number 
of private paying patients on PD remained static at around 1400, whereas haemodi-
alysis patient numbers doubled from 2040 to 4180 [4]. This increase may be largely 
due to financial incentives for clinicians to choose HD over PD; however, insuffi-
cient postgraduate training in PD management, lack of skilled PD nurses, patient 
socioeconomic factors as well as perception of suboptimal dialysis and high perito-
nitis rates are other important factors.

Although transplantation is the optimal form of therapy for eligible patients, it is 
only a dream for many countries due to the lack of surgeons, physicians and other 
specialist services, and one has to be realistic that most countries will rely solely on 
dialysis of some description, as very few patients will ever be transplanted. Despite 
South Africa falling into the high middle-income bracket, the recent South African 
Renal Registry report shows that there is a prevalence of 8832 patients on dialysis, 
and yet there were only 261 transplants in 2016 [5]. It becomes very clear that most 
patients will never be transplanted in their lifetime, and thus it is imperative when 
considering dialysis options in these countries that one considers how best to posi-
tion the different types of dialysis in order to produce the best length and quality of 
life. What is also clear is that in most L/LMICs, there is a scarcity of skilled nephrol-
ogists, vascular access surgeons and surgical facilities resulting in an almost univer-
sal use of dialysis catheters for haemodialysis with few if any patients having a 
fistula or graft. The result is that central venous stenoses and lack of vascular access 
options occur frequently. It is for these reasons that considering a PD first policy in 
these countries makes sense as PD will often become a necessity rather than a 
choice due to lack of haemodialysis access options. As has clearly been shown, “PD 
first” (with residual kidney function) rather than “PD last” is likely to have the best 
outcomes both clinically and financially. There are many other potential advantages 
to PD in these countries which are detailed below; however, significant obstacles 
also need to be overcome to deliver an effective programme.

It is important to realise that guidelines and best practice recommendations are 
often written in high-income countries where these options are easily available. 
However, in most developing countries, medical care is limited to some degree, and 
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often “best practice” is not feasible. In many cases, makeshift devices and locally 
mixed solutions save lives despite not being the optimal treatment options, and it is 
important that these are discussed. The International Society for Peritoneal Dialysis 
(ISPD) guidelines on PD for AKI have acknowledged this, and in the guidelines, 
there are two types of recommendation: “optimal” which all units should strive 
towards and “minimum standards” which are felt to save lives with a risk-benefit 
ratio which would still favour that they should be attempted in situations where the 
alternative option is death due to acute kidney injury [6].

 Advantages and Disadvantages of Peritoneal Dialysis

In developing countries, the most obvious obstacle to the provision of dialysis is 
resources, both financial and human. One therefore needs an option that is more 
cost-effective and requires less nursing and medical staff. It is apparent in many 
developed countries that chronic peritoneal dialysis is more cost-effective than hae-
modialysis [7, 8], and although this is true in many developing countries, studies 
have shown this to vary significantly [8]. One of the confounders is that peritoneal 
dialysis fluids and connection devices are produced primarily in high-income coun-
tries, with little local production. Therefore, these consumables are purchased with 
foreign currency and then shipped to the countries concerned. Air transport of PD 
solutions is prohibitively expensive due to volumes and weight of the fluid required. 
In addition, there are often many official and “unofficial” surcharges at ports of 
entry into various countries. As the fluid travels by sea, landlocked countries then 
see increasing cost every time a border is crossed. There are some countries where 
solutions are produced locally, and this reduces the cost of transport, but often the 
fluids are made under licence of larger international companies, and as a result, up 
to 90% of the raw materials still have to be imported, and purchase costs are often 
similar to those fluids from high-income countries.

When assessing the cost of a dialysis modality, one needs to look at the whole 
picture as the cost of solutions forms only one constituent. In South Africa, for 
example, PD and HD consumable costs are almost equivalent. Where the difference 
occurs is that PD does not require water (often a very scarce resource in developing 
countries), electricity or maintenance of water treatment plants. Data from the 
United States (US) shows that erythropoietin-stimulating agents (ESA) and intrave-
nous iron requirements in PD are approximately half that of haemodialysis, and as 
this often accounts for about one third of dialysis costs, it significantly impacts on 
overall costs [9]. Finally, if one looks at nursing salaries, these are also significantly 
reduced. We have demonstrated that in a low-resource environment, we are able to 
employ 1 peritoneal dialysis nurse to 4.4 haemodialysis nurses for the same number 
of patients and still achieve excellent results [10].

These cost comparisons would suggest that PD makes financial sense. However, 
the economic impact to the patient of PD vs HD in LMICs is substantial and should 
also be considered when choosing a modality. A number of studies have shown that 
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patients on PD are more likely to be employed compared with HD patients [11–13]. 
In L/LMICs, there is often only one person supporting a large extended family with 
a single salary. Therefore, if a breadwinner develops kidney failure and requires 
dialysis, this can have a devastating effect on the entire family. A modality that 
allows continued employment is preferable and is most likely going to be PD. Another 
economic impact of modality is transportation. Developing countries in general have 
few haemodialysis facilities, and these are centred on the larger cities. The result is 
that those who need to do haemodialysis often have to travel significant distances to 
dialysis two to three times per week. The cost of this travel often exceeds any social 
grant funding the patient may receive and therefore results in further hardship. The 
long travel times also prevent many of these patients being able to continue in 
employment with the additional impact this has. PD, on the other hand, is able to 
offer patients the ability to stay near their home and potentially work during the day.

There are also the health issues that favour PD over HD. In many units, HD is 
only offered twice a week, and this often results in inadequate dialysis and associ-
ated issues with fluid balance, ESA resistance and sepsis. Due to the reasons men-
tioned above, PD, however, can be delivered at an adequate dose at the patient’s 
home, thus potentially offering superior clearances compared to HD.

Concerns have been raised that despite the theoretical advantages above, it is not 
possible to do PD in countries where patients live in poor social conditions without 
running water and electricity and where literacy and education levels are low. These 
concerns are often unwarranted, and this has been demonstrated in a number of 
studies. Katz followed up 88 patients in South Africa where only 63% lived in a 
brick house, the rest in informal housing or shacks with no running water in the 
house. Despite this, the peritonitis rate was only 1:27 patient-months, and when 
assessing risk factors for peritonitis, neither housing nor education level was a pre-
dictor [14]. In Colombia, it was also shown that the type of housing had no influence 
on peritonitis rates [15]. There are studies from Taiwan and Brazil however which 
have shown education level to be a risk factor for peritonitis, and this needs to be 
addressed especially when selecting training materials and educational approach to 
training patients [16, 17]. It is known that those without formal education also often 
lack health literacy, and empowering these patients to manage their care at home 
may be difficult [18]. As with all studies looking at educational deprivation on 
health outcomes, it must be borne in mind that this may be a symptom of health risk 
due to overall social deprivation.

Another major obstacle to the delivery of quality PD in developing countries is 
the lack of trained nephrologists and specialist PD nurses, with the majority being 
based in major centres, resulting in poor management of those patients in rural 
areas. Whereas in Europe and the United States, nephrologist density ranges from 
10 to 31 per million population (PMP), in Africa and South East Asia, that number 
falls to 1 PMP.  If one looks at LICs, that number falls to 0.3 PMP. A review of 
healthcare personnel in developing countries highlighted that at one point, there 
were more Ethiopian doctors in the United States than there were in Ethiopia. This 
continuous migration to high-income countries continues unabated. In 2000, it was 
estimated that more than 25% of doctors in the United States, the United Kingdom 
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and New Zealand were of foreign origin [19]. It is therefore understandable that for 
PD to flourish in the developing countries, it is necessary to either train non- 
nephrologists in PD management. This has been shown to be feasible with the train-
ing of PD specialist nurses to manage all aspects of PD with referral of patients with 
complex medical issues to doctors. We have presented data on the effectiveness of 
this approach with a PD nurse specialist trained over a 6-month period who man-
aged patients in clinic alone. There was, however, the option of referral to a nephrol-
ogist if there were complications, a luxury not necessarily available in many 
countries. The number of PD patients in the unit increased from 10 to 95 over a 
4-year period with a PD penetration of 50%, and a peritonitis rate was 1:25 patient- 
months [20]. The PD nurse specialist managed approximately 750 visits per year 
and using a set of protocols is able to manage most eventualities. We feel that this 
approach may be superior to training medical officers in PD management as in 
many L/LMICs, non-specialist doctors very seldom remain in a centre for a long 
period of time, whereas nurse specialists and non-physician clinicians are often 
more likely to remain in one place.

In summary, PD in developing countries has the potential to offer superior dialy-
sis adequacy with permanent access and less need for specialist nursing and at a 
lower overall cost. Importantly, patients have the potential to continue to work, 
spend less time traveling and may overall feel better. There does need to be an 
understanding that there are significant obstacles that often need to be overcome, 
and units should consider the best option for them from the models mentioned below.

 Peritoneal Dialysis Models in Developing Countries

As previously alluded to, there is marked heterogeneity in the way in which dialy-
sis is offered in developing countries. This is often as a result of piecemeal plan-
ning and crisis resolution rather than as a strategic approach taking into account 
the needs of the entire renal community. Many reviews have looked at the costs of 
dialysis provision, and in LMICs, this ranges between $4000 and $42000 per annum 
[21]. It has been suggested that dialysis for CKD should only become an option for 
a country with a GDP of > $15000, yet despite this, a country such as Malawi with 
a GDP of $339 and a per capita health expenditure per annum of $93 has two hae-
modialysis units offering dialysis [22]. This model of care unfortunately only 
offers care to a very small proportion of the population and is located only in the 
two major centres, requiring patients to relocate if they live in the rural areas. The 
cost of dialysis (or proportion thereof) is borne by the patient or family in many 
LMICs as the government healthcare service does not cover these expenses. In 
Cameroon, for example, these expenses are estimated to be 30% of the total dialy-
sis costs [23]. One commentator has described dialysis in Africa as “an expensive 
funeral” as many families use all of their savings to keep a patient alive on dialysis 
for few months only for them to succumb due to insufficient funds to continue 
dialysis.
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Developing countries therefore need to decide on the most appropriate model of 
care depending on resources, population density, available infrastructure (water, 
electricity, etc.) and experience. These models include offering PD for AKI alone 
and/or for CKD: PD first, PD only or PD + HD.

 PD for AKI (See Also Chap. 20)

There is a stark difference in the demographics of the patients developing AKI in 
developing vs developed countries. In developed countries, AKI predominantly 
affects the elderly and is found mostly in the intensive care units in patients with 
multiple-organ failure and often multiple comorbidities. A large multicentre epide-
miologic study in developed countries found the median age of patients with AKI to 
be 67, and in another study, more than 65% of the patients had greater than two 
associated comorbidities [24, 25]. This is in contrast to what is encountered in 
developing countries where there is a bimodal distribution of disease, with the high-
est peak in young patients, who seldom have comorbidities. As a result, if they can 
be supported through the AKI with dialysis, they are likely to return to long produc-
tive lives. A study from Uganda found that 83% of patients with AKI were under the 
age of 50, and 53% of all patients were either students or employed [26]. It cannot 
be underestimated the economic contribution that saving these patients brings to a 
community [26, 27].

If one looks at the costs of PD derived from studies in India and Africa, it is cal-
culated that the cost per life saved is between $350 and $650 [27–30]. This com-
pares very closely with that estimated for the cost per life saved of supplying 
mosquito nets in Africa [31]. It therefore becomes clear that PD even in low-income 
countries is economically viable.

The Saving Young Lives (SYL) programme is a partnership among four major 
nephrology societies: International Society of Nephrology (ISN), International 
Society for Peritoneal Dialysis (ISPD), International Pediatric Nephrology 
Association (IPNA) and EuroPD. It was developed to promote and assist the devel-
opment of acute PD programmes in L/LMICs. Initially through a partnership with 
the Sustainable Kidney Care Foundation (SKCF), they were able to supply a start-
 up of fluids and catheters for 2 years to each site; however after 5 years, SKCF 
funding was not renewed, and SYL now focuses on education and training of physi-
cians and nurses as well as assistance with the logistical obstacles of setting up an 
acute PD programme. To date, these Saving Young Lives sites have treated over 300 
patients (predominantly children) in low-income countries with a survival of 
approximately 70% [32, 33].

Why acute PD not acute HD? There are a number of benefits of PD over HD in 
AKI in low-resource environments. Cost is only one of the factors but is significant. 
As mentioned above, the cost of PD is estimated to be half that of HD and often less. 
As mentioned above, acute PD is estimated to cost between $350 and $650 per life 
saved, whereas HD costs may be as high as those in the Democratic Republic of 

B. P. Cullis



417

Congo where it will cost the patient $200 per session [28]. More importantly, it is 
the lack of electricity, water, reverse osmosis water treatment and nursing expertise 
in the majority of these countries that makes PD more attractive. HD may be avail-
able in the major centres; however with travel times by ambulance calculated in 
days, these patients will often succumb before they reach the dialysis centre. A 
treatment such as acute PD that requires very little infrastructure and nurse training 
can be offered in the most remote centres and therefore makes sense. Other advan-
tages include the fact that PD is a gentle therapy and in critically ill patients may be 
preferable to intermittent HD (IHD), as continuous extracorporeal therapies are sel-
dom available or are prohibitively expensive. It is our preference to use acute PD for 
critically ill patients in the ICU who are unstable in preference to IHD.

There have been concerns raised about whether acute PD is a safe alternative to 
HD as it is thought to be inefficient and therefore not able to clear toxins in hyper-
catabolic patients. Certainly, the survival seen in the acute PD programmes around 
the world does not bear this out, and two well-conducted randomised controlled 
trials have shown that acute PD has similar and in one case superior survival to HD 
and CRRT [34, 35]. The ISPD guidelines for PD in AKI were published in 2015 and 
recommended two different target doses of PD. One Kt/V target was felt to be the 
“optimal” as it was based on the only randomised trial at the time comparing sur-
vival between PD and HD. The second was “minimum standard” which was based 
on clearances extrapolated from a number of larger CRRT and HD trails using stan-
dardised Kt/V [6]. The problem with the higher dose is that it requires 36–44 litres 
of fluid per day which is not feasible in most low-income countries [36]. A subse-
quent study performed in Thailand compared these two Kt/V targets and showed no 
difference in survival, thus affirming that lower volumes of fluid (+/− 24 l per day 
for an adult) are sufficient and certainly far more cost-effective [37].

The Saving Young Lives programme has encountered a number of obstacles to 
developing PD programmes, with supply of PD fluids and catheters being the most 
difficult. This is often the result of inefficiencies in the state hospitals in ordering 
and ensuring a continuous stock level. This results in programmes starting and then 
faltering after a few months. This has been overcome in a number of ingenious 
ways, using makeshift devices that would not usually be considered as appropriate 
but have been lifesaving.

 PD Fluids

PD fluids produced commercially adhere to strict microbiological standards and 
have the advantage of a closed system with less chance of contamination. These 
fluids are recommended as first line by the ISPD guidelines and SYL. When these 
fluids are not available, the guidelines give a guide to mixing solutions locally in 
order to create a suitable solution. This is most easily achieved using modified 
Ringer’s lactate or Hartmann’s solution and adding 50% dextrose water. This way 
with either 30 ml, 50 ml or 90 ml of 50% dextrose added to each litre, one can make 
similar osmolality solutions to commercially produced ones (1.45%, 2.4%, 4.45% 
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vs 1.5% 2.5% and 4.25%) [6]. Concerns have been raised that preparing solutions 
locally would result in inappropriately high incidence of peritonitis. A recent publi-
cation from one of the SYL sites in Mbingo, Cameroon, looked at the peritonitis 
rates in two cohorts of patients. The first were those treated with commercial solu-
tions (provided by SYL), and the second cohort were those treated with locally 
produced solutions which had to be prepared once the donated solutions had run 
out. There was no difference in the number of episodes of peritonitis (16%) in each 
group, although there was a non-significantly shorter time to peritonitis with the 
locally produced fluid (59 vs 84 days) [38, 39]. It should be noted however that 
these locally produced solutions are produced in 1-litre bags, and yet for adults, one 
uses 2 litre exchanges, and as a result, the exchanges need to be modified to account 
for this. Also there is no closed system, and one needs to create an inflow and out-
flow route using a three-way tap.

 PD Catheters and Access

For acute peritoneal dialysis to be successful, the access device needs to allow rapid 
inflow and outflow of fluid in order to achieve sufficient clearance. Larger-bore flex-
ible catheters such as the standard Tenckhoff catheter are recommended as the opti-
mal device in the ISPD guidelines. The problem with these catheters is that they are 
more expensive and require more training to insert than rigid catheters. Rigid cath-
eters consist of a solid plastic outer catheter loaded onto a sharp tip trocar. These 
catheters are used predominantly throughout South East Asia and to good effect. 
They are easier to train clinicians to insert and are less expensive to procure; how-
ever, they have a much higher incidence of peritonitis and bowel and vessel perfora-
tion. The other disadvantage of these catheters is that they have smaller side holes 
and central lumen and as a result are much more prone to obstruction. In cases 
where neither of these is available, then improvised catheters have been used, and 
these include intercostal chest drains, nasogastric tubes with side holes cut in and 
adult haemodialysis catheters in paediatric patents. Figure 29.1 shows an intercostal 
drain inserted under local anaesthesia into the peritoneum in a rural hospital to treat 
a patient with a potassium of 8.2 mmol/l. The patient was dialysed using modified 
Ringer’s lactate and recovered function within 5 days.

If Tenckhoff catheters are the recommended option for acute PD, then there 
needs to be provision for training of clinicians, few of whom are nephrologists. 
Many of the doctors in the rural areas are generalists however and therefore often 
perform caesarean sections and tubal ligations as well as insertion of suprapubic 
catheters, in which case learning to use the peel-away sheath introducer technique 
to insert a catheter is often very simple. Commercially produced models for training 
are prohibitively expensive, and therefore a cheaper portable model needed to be 
created. Figure 29.2 shows a model using a piece of pork belly suspended over a 
packing crate. This model costs less than $10 and is suitable for training up to 12 
people. It has been used extensively by SYL in our training courses, which have 
thus far trained over 220 doctors, many of whom train on the model and return to 
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Fig. 29.1 An intercostal 
drain inserted under local 
anaesthesia into the 
peritoneum in a rural 
hospital to treat a patient 
with a potassium of 
8.2 mmol/l

Fig. 29.2 A model using a 
piece of pork belly 
suspended over a packing 
crate
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their country to do it alone. These cases though highlight the point that what may be 
thought to be suboptimal, training a doctor on a pork model for them to attempt it 
when they get home, can certainly be lifesaving especially when the alternative is 
death due to AKI.

 PD in Chronic Kidney Disease

PD for AKI has the potential to offer lifesaving treatment at a relatively low cost and 
should be considered by L/LMICs as a standard of care. PD for CKD however is not 
appropriate in many countries as it diverts much needed resources to a handful of 
patients, most of whom will not be transplanted and therefore dialysed for life. This 
funding could be used for other purposes, such as universal HIV treatment, or vac-
cinations, which would benefit a larger proportion of the population.

In countries with the financial means to provide chronic PD, then this can be suc-
cessfully achieved albeit with some inventive solutions in difficult situations.

Often in HMIC/LMICs, there is a rationing of dialysis, usually due to the limited 
number of dialysis stations, nursing staff, etc. In South Africa, as an example, many 
patients are eligible for, but never receive, dialysis as they have to wait for a dialysis 
space to be freed up as all units function to capacity. PD is ideal in this situation as 
it does not rely on physical spaces (only resources). As a result, one can increase the 
number of patients treated. In our unit with the introduction of a nurse-led PD ser-
vice, the number of patients treated doubled within the first year from 45 to 90, with 
the only additional cost (other than consumables) being 2 nursing staff. After 
4 years, the PD number increased to 95 with a PD penetrance of 50%. We have now 
adopted a PD-first policy that has helped ease the pressure on HD resources. 
However, these patients may eventually need HD and therefore will need to be 
accommodated there. The PD-first approach has been very successfully imple-
mented in countries such as Hong Kong, Thailand and Mexico, with good outcomes. 
The results from Thailand show that their outcomes have also improved signifi-
cantly as the years progressed, and the clinicians became more skilled at treating PD 
patients. A paper from Cape Town has shown that adopting a PD-first/PD-only 
approach due to lack of HD resources can be very effective with good outcomes [40].

When resources are limited, it is sometimes necessary to adopt other practices in 
order to treat the maximum number of patients. In India, for example, patients are 
encouraged to use 3 × 2.5 l fluid exchanges per day rather than 4 × 2 l. As 2-litre and 
2.5-litre bags are cost-equivalent, this saves significantly on cost with similar fluid 
volumes [41].

Patient factors need to be taken into account when setting up a chronic PD unit 
in a developing country. Often clinicians in high-income countries take for granted 
simple luxuries which are not available in rural areas such as running water, lighting 
at night to see for a connection, warming bags using a heater, etc. Below are a num-
ber of barriers to PD and how they can be overcome.
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 Clean Surfaces

Many patients live in informal housing with large numbers of occupants in the 
household. It is therefore unlikely that they will have a clean room with a sterile 
surface on which to perform an exchange. This can be overcome by providing a 
plastic or stainless steel tea tray which can be kept out of the way but easily wiped 
clean and used for an exchange. A nail on the wall works well as a drip stand.

 Water for Washing

Nearly 30% of the world’s population have no access to uncontaminated running 
water. Of those that do, this is usually in the form of a communal tap outside, and 
therefore washing hands for a peritoneal dialysis exchange can be fraught with dif-
ficulty. Our solution has been to supply three stainless steel bowls for washing, 
moving to the next bowl with each handwash manoeuvre. Another option is to keep 
water in a plastic container which has a tap attached at the bottom. This is suitable 
for those with uncontaminated water, whereas those getting their water from a local 
river are taught how to decontaminate the water with household bleach or water 
purification tablets. Although not an alternative to handwashing, alcohol spray is 
helpful for reducing the risk of peritonitis.

 Geography

As has been mentioned above, most dialysis units are located in the major centres, 
and for patients living in distant places, there are a number of issues. Firstly, the 
time to diagnosis of peritonitis is increased as it may take a patient 2 days to reach 
the centre before they can be treated. It is also a problem for them to return for intra-
peritoneal antibiotic doses, and as such, these patients often need to be admitted for 
the period of their treatment. However, if they show signs of improvement, many are 
sent home with bags injected with vancomycin which will remain stable for 
2–3 weeks.

Living in rural areas makes delivery of fluids very difficult. Often patients have 
no vehicular access to their houses, and therefore fluids need to be delivered to a 
local clinic, school or shop and then collected by the patient and carried to the house.

The longer-term solution to the problems of rural patients though is the develop-
ment of a “wagon wheel” approach where the central hospital is the centre for PD 
access training and complications, but smaller remote clinic or hospital staff are 
trained to manage PD patients using protocols. These centres can then administer 
initial antibiotics for peritonitis, manage fluid balance issues and organise ordering 
of stock. This has been shown to be effective in Colombia and China and in our unit. 
We initially trained our referring hospital to perform PD for AKI, which allowed 
them to understand the principles of PD following which they sent nurses on 
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secondment to train in chronic PD at our hospital. They now have a functioning 
nurse-led unit with a clinic and manage eight to ten chronic patients successfully.

The advent of telemedicine and smartphones will revolutionise this issue in the 
coming years as the ability to send a photo of an exit site, X-ray or PD fluid bag will 
allow remote patient management to improve dramatically. There are already 
options for remote patient monitoring in automated PD machines, but the availabil-
ity of this technology in developing countries might be limited in the short term but 
may become available in the coming years as costs come down.

 Lack of Electricity

In many countries, the ambient temperature is such that warming of bags is not 
necessary; however, a few practical tricks which patients have developed are to 
wrap a dialysate bag with a hot water bottle in a blanket. If a hot water bottle is not 
available, then a plastic cold drink bottle with hot water will suffice. Patients may 
also sleep with the bag in their bed to warm it for the morning exchange.

A lack of refrigeration facilities is a problem when prescribing ESAs. Solutions 
to this are to use longer acting agents and administer them when the patient attends 
clinic once per month. Alternatively, most rural clinics have facilities for refrigera-
tion of vaccines, and this can often be utilised for patients’ ESA storage.

Finally, many patients are rapid transporters and may need exchanges more 
suited to automated PD. In the absence of electricity, this is not an option, and thus 
other options need to be explored to prevent the need for HD. Icodextrin is very 
helpful in this scenario. We ask patients to leave the icodextrin in to dwell for 
16  hours and then perform manual exchanges 2 hourly in the evening. Another 
option is the use of icodextrin twice per day in addition to one glucose-containing 
bag. This often allows adequate ultrafiltration, but may not achieve adequate clear-
ances. As with all these situations, it may be suboptimal but may be the best option 
available especially if the patient lives in a remote area.

 Conclusion

Peritoneal dialysis is ideally suited for the developing world due to its simplicity, 
cost and ability to penetrate into the remote areas so often inhabited in these coun-
tries. Acute PD should be universally offered throughout L/LMICs where it saves 
lives with minimal investment and staffing.

For a PD programme to be sustainable in those countries with a lack of nephrolo-
gists, specialist PD nurses should be trained and empowered to function indepen-
dently, managing patients with guidelines and protocols with the option of referral 
to the major centre if complications arise. This way PD can be offered to patients 
near their homes, allowing them to be able to continue to be employed, care for their 
families and live a fulfilling life.
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Chapter 30
Advances in Peritoneal Dialysis

Sana F. Khan, Tushar A. Chopra, and Mitchell H. Rosner

 Introduction

The first patient treated with peritoneal dialysis (PD) was reported by Ganter in 
1923 [1]. Since then, PD has undergone numerous modifications including the 
development of continuous ambulatory PD by Moncrief and Popovich in 1976, 
which made PD widely acceptable and effective in treating patients with end-stage 
kidney disease [2]. Since then, incremental advances in technology such as the 
development of plastic containment bags, introduction of novel PD catheters, and 
development of continuous cycling PD (CCPD) have led to a wider acceptance of 
this kidney replacement modality. However, PD is far from an ideal therapy and 
continues to be hampered by infectious complications, failure of the peritoneal 
membrane, and metabolic complications. This chapter focuses on recent advances 
in PD technology that aim to address some of these issues and ultimately improve 
outcomes for patients.

 Advances in Peritoneal Dialysis Solutions

 Biocompatible Solutions

As detailed in  Chap. 4, standard peritoneal dialysis (PD) solutions are composed of 
sterile water, electrolytes, a buffer (either lactate, bicarbonate, or a combination of 
these), and an osmotic agent. Glucose has been used as an osmotic agent in standard 
PD solutions for more than five decades. Over time, data demonstrating the local 
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peritoneal and systemic effects of glucose-containing peritoneal dialysis fluid has 
generated concerns regarding metabolic effects of long-term use of these solutions. 
While glucose is essential for ultrafiltration, its high concentrations are cytotoxic to 
peritoneal mesothelial cells, resulting in mesothelial cell injury and decreased den-
sity and viability of cells [3–5]. Additionally, glucose-based PD solutions contain 
significant amounts of glucose-derived metabolites, called glucose degradation 
products (GDPs). These are a consequence of heat sterilization of PD solutions and 
are also generated over time during storage and exposure to sunlight [6–8]. The 
generation of GDPs can be decreased by reducing the pH of the PD solution. Both 
glucose and GDPs have been shown to glycate local proteins to create advanced 
glycation end products (AGEs). The detrimental effects of AGEs include peritoneal 
inflammation, fibrosis, neovascularization, increased peritoneal permeability, calci-
fication, and diabetiform neoangiogenesis [5, 9–12]. The metabolic consequences 
of glucose-based solutions include weight gain, lipid abnormalities, insulin resis-
tance, and worsened glycemic control in diabetic patients (see Chaps. 15 and 16 ) 
[13–16].

Standard PD solutions use lactate as a buffer, with the final pH of the solution 
ranging from 5.0 to 5.5 [17, 18]. The acidic pH of conventional solutions, as well as 
the lactate buffer, is thought to be detrimental to the peritoneal membrane and local 
immune function. Impaired bactericidal activity of macrophages has been demon-
strated in solutions with acidic pH. Additionally, similar findings have been observed 
in lactate-based solutions [19, 20].

These factors have led to the development of biocompatible solutions to amelio-
rate the complications associated with conventional glucose-based solutions. The 
dialysate is divided into at least two sub-compartments. One compartment contains 
glucose and electrolytes and has a very low pH, hence slowing the formation of 
GDPs. The other compartment contains bicarbonate or a bicarbonate-lactate mix-
ture. Prior to dialysis exchange, a connection separating the two compartments is 
broken, with the final pH of the fluid being close to physiologic levels. The resultant 
solution is a normal pH, low GDP, bicarbonate containing mixture. Clinically mean-
ingful endpoints for the testing of these novel PD solutions included survival, effect 
on peritoneal membrane transport, residual kidney function, and frequency of peri-
tonitis. Two observational studies reported superior patient survival among patients 
using biocompatible dialysate compared to standard solutions; however, the younger 
age of the group receiving biocompatible dialysate accounted for the mortality dif-
ference [21, 22]. Prior to 2012, several small trials demonstrated inconsistent and 
conflicting results. Several studies [23–26] demonstrated improved preservation of 
residual kidney function, whereas others did not [27–30]. Similarly, the use of the 
neutral pH has been associated with lower peritonitis rates in some studies [24, 31, 
32], while others are unable to demonstrate a reduction in peritonitis [27, 33]. The 
effect of biocompatible solutions on peritoneal membrane function was observed to 
be contrary to expectation, with studies showing diminished ultrafiltration and an 
increase in peritoneal transport status [23, 27].

The most recent multinational randomized controlled trials are the balANZ and 
Trio trials. balANZ investigated the effects of biocompatible PD solutions on 
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dialysis outcomes [34], peritoneal membrane function [35], and peritonitis rates 
[36], whereas Trio focused on the effect on residual kidney function [37]. balANZ 
did not demonstrate any difference in technique or patient survival between the two 
groups [35]. While balANZ did not demonstrate a difference in residual kidney 
function in the two groups, Trio showed slower rates of decline of residual kidney 
function [34, 37]. balANZ was also noted to demonstrate a longer time to anuria and 
first peritonitis episode in the biocompatible group [34]. balANZ reported lower 
peritonitis rates and decreased ultrafiltration, whereas the opposite results were evi-
dent in Trio, with increased peritonitis rates and similar ultrafiltration rates in the 
two groups [36, 37]. Several factors have been noted to account for the heterogene-
ity in findings, including relatively small sample size, different compositions of 
biocompatible solutions used, and differing prevalent rates of peritonitis. Centers 
with low peritonitis rates would not be able to demonstrate significant decreases in 
infectious rates compared to centers with higher rates. Additionally, the effect on 
preservation of residual kidney function would be more prominent in studies with a 
higher residual kidney function at study initiation [38]. Furthermore, diminished 
ultrafiltration with biocompatible solutions may be linked to the increased urine 
output noted in some studies. Given the controversies in this area, a recent meta-
analysis of 42 studies compared the effects of biocompatible PD solutions versus 
conventional PD solutions. This analysis noted better preservation of residual kid-
ney function, urine output, and higher peritoneal solute transport rate in patients 
who dialyzed with biocompatible PD solutions. Most of the studies included had a 
follow-up duration of less than 2 years [39]. The use of biocompatible fluids has 
been associated with a more rapid peritoneal solute transfer rate, accompanied by a 
decrease in ultrafiltration. It is hypothesized that the reduction in ultrafiltration 
resulted in a subsequent increase in extracellular fluid volume, which caused an 
increase in urine output and measured residual kidney function, rather than due to 
an effect of the low GDP content of biocompatible solutions [40, 41]. In a more 
recent study investigating long-term changes in peritoneal solute transport, increas-
ing solute transfer rates plateaued after 2 years in patients using biocompatible solu-
tions [42]. Thus far, limited data exists supporting the use of neutral pH biocompatible 
solutions. The largest study conducted was unable to enroll its total intended 
patients, whereas others have relatively small sample sizes and short follow-up 
duration [34, 39]. Since the solutions still contain glucose as the main osmotic 
agent, it is postulated that reduction in GDP content and increased pH may not alle-
viate the adverse local and systemic metabolic effects compared to conventional 
solutions.

 Glucose-Sparing Solutions

Given the concerns for peritoneal membrane toxicity of glucose and its metabolites, 
several studies have aimed to identify an alternative effective osmotic agent. 
Glycerol, when used as a sole osmotic agent, resulted in increased peritoneal 
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permeability, decreased duration of ultrafiltration, quick absorption, and elevated 
triglycerides [43–45]. Colloidal albumin was shown to be an effective agent for 
ultrafiltration but caused pain on infusion and was cost-prohibitive for use [46–48]. 
Larger molecular weight compounds such as hydroxyethyl starch and dextran sul-
fate have been investigated and were complicated by the liver, spleen, and lung 
accumulation and lower ultrafiltration rates, respectively [49, 50].

Icodextrin and amino acid solutions are non-glucose osmotic agents that have 
been used in clinical practice since the 1990s. The colloid polymer icodextrin is not 
metabolized locally and has been shown to maintain a prolonged oncotic gradient, 
resulting in slow and sustained ultrafiltration [51–54]. It is currently used for a long 
day dwell in patients undergoing automated peritoneal dialysis, or a long overnight 
dwell in patients undergoing ambulatory peritoneal dialysis. Studies have shown the 
ultrafiltration profile of icodextrin to yield greater fluid removal compared to 4.25% 
dextrose (3.86% glucose) [52, 54, 55]. The use of icodextrin has been shown to 
result in better fluid balance in patients with poor ultrafiltration rates despite the use 
of high dextrose-containing solutions [56, 57]. Data from an analysis of anuric 
patients has shown icodextrin to be associated with fewer functional changes to the 
peritoneal membrane, resulting in anuric patients being able to be maintained on 
peritoneal dialysis due to improved fluid balance [58]. Another trial assessing the 
efficacy of icodextrin in patients with volume overload showed greater ultrafiltra-
tion in the icodextrin group compared to the control group utilizing high dextrose- 
containing solutions [59]. Additionally, icodextrin use has also been associated with 
preservation of residual kidney function [59–62]. Though the data is of suboptimal 
quality given small sample size in studies, icodextrin use has also been associated 
with avoidance of weight gain, improved glycemic control, decreased insulin resis-
tance, improved blood pressure and volume status, decreased left ventricular hyper-
trophy, and a more favorable lipid profile [63–71]. Lastly, some small studies have 
demonstrated that icodextrin use has been associated with decreased technique fail-
ure and improved patient survival [72–74]. Overall, data is limited given small sam-
ple sizes and duration of follow-up. Additionally, long-term implications on 
peritoneal function have yet to be clarified. Lastly, though certain centers have used 
icodextrin solutions twice daily in unique situations [75–78], it is currently approved 
for just one exchange per day, and does not completely eliminate the need for stan-
dard glucose-based solutions in the majority of patients.

Amino acid-based dialysate is approved for one exchange per day. Composition 
of amino acid solutions is noted to be 1.1% essential and nonessential amino acids 
and has the same osmolarity as 1.5% dextrose (1.36% glucose) solution. Clinical 
trials have involved small sample sizes and limited duration of follow-up. In a study 
investigating the effects of amino acid-based solutions for treatment of malnour-
ished patients, one to two glucose-based exchanges were substituted with amino 
acid solutions, with the aim to have total protein intake 1–1.3 g/kg/day. The mal-
nourished group was shown to have improved nitrogen balance, net protein anabo-
lism, and total protein levels. There was no difference in nutritional status in the 
group of patients who were not malnourished [79]. Similar clinical outcomes were 
noted in subsequent studies, with improved nutritional status in malnourished 
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patients. No difference in patient survival was observed, and there were concerns 
about adverse effects including nausea and vomiting, elevated urea levels, meta-
bolic acidosis, and increased levels of inflammatory markers [80, 81]. To offset 
concerns for acidosis, there is some data to suggest that patients are less likely to 
develop acidosis when amino acid solutions do not contain lysine, arginine, and 
methionine [82]. Given concerns that loss of nutrients into the dialysate contributes 
to malnutrition in PD patients, a small study showed that daily losses of amino acids 
and protein into dialysate are offset by amino acids absorbed from one exchange of 
1.1% amino acid solution [83]. Certain studies have also suggested the use of amino 
acid-based solutions to be associated with lower ultrafiltration and concerns for 
decrease in dialysis adequacy [84, 85]. Though the use of amino acid-based solu-
tions has shown to be favorable in improving nutritional status of malnourished 
patients, a clear advantage over glucose-based solutions is yet to be established, 
especially given the higher cost associated with amino acid solutions. Furthermore, 
much of the malnutrition in dialysis patients is the result of inflammation, and so it 
may not be surprising that the use of intraperitoneal amino acids does not signifi-
cantly improve nutritional status.

The largest multicenter randomized controlled trial investigating the effects of a 
low-glucose PD regimen in diabetic patients utilized a combination of PD solutions. 
The study involved both ambulatory PD and automated PD patients. The control 
group utilized conventional glucose solutions for all exchanges. The two different 
intervention arms involved a combination of biocompatible low GDP solution, ico-
dextrin (1 long dwell), and amino acid-based solution (1 dwell), IMPENDIA arm, 
and conventional glucose solution, icodextrin (1 long dwell), and amino acid-based 
solution (1 dwell), EDEN arm. Given the similar glucose concentration of low GDP 
biocompatible solutions and standard solutions, both treatment arms were similar in 
glucose exposure. The results revealed that substitution of two exchanges with 
glucose- free solutions (icodextrin and amino acid solutions) resulted in reductions 
in HbA1c and improved triglycerides in the intervention arms. Given these findings, 
there may be potential cardiovascular benefit in diabetic patients; however, concern 
for volume overload in the intervention arms warrants attention prior to widespread 
adoption [86].

 Low-Sodium Solutions

The sodium concentration of conventional dialysis solutions is between 130 and 
135 mEq/L. As a result, sodium removal via peritoneal dialysis occurs mostly via 
convective clearance across the peritoneal membrane. Several studies investigating 
the effect of diffusive clearance of sodium (hence improved volume control) were 
investigated in the 1990s. These studies evaluated the effects of sodium concentra-
tions ranging between 90 and 126 mEq/L. Overall, it was shown that low-sodium 
solutions were effective at removing peritoneal sodium, increasing ultrafiltration, 
and improving volume control. The glucose concentration of solutions was increased 
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to maintain osmolality and ultrafiltration, hence increasing glucose exposure to the 
peritoneal membrane [87–89].

More recently, a prospective non-randomized trial compared outcomes of a low- 
sodium PD solution with increased glucose (compensated) with low-sodium solu-
tion with unchanged glucose concentration (uncompensated). The low-sodium 
solutions were administered in one exchange per day. Although both solutions 
resulted in increased sodium removal, ultrafiltration was maintained in the compen-
sated group only. Additional effects of compensated glucose low-sodium dialysate 
were noted to be reduced blood pressure, reduced thirst, and improved fluid status 
which was measured via bioimpedance [90]. A randomized controlled trial of 108 
patients used low-sodium dialysate (125  mEq/L uncompensated) compared with 
standard dialysate used in all ambulatory PD exchanges. Results showed a marked 
increase in sodium removal and improved blood pressure control. Continued use of 
the uncompensated solution was associated with decreased ultrafiltration and con-
cerns for hyponatremia [91]. Although this was a randomized controlled trial, there 
is still data lacking on the use of low-sodium dialysate in automated PD patients, as 
well as the effects in anuric patients.

 “Bimodal” Solutions

There is some data regarding the effects of using combinations of crystalloid and 
colloid solutions. Theoretically, the advantages include glucose sparing and 
enhanced ultrafiltration. An early study using bimodal solutions compared the 
ultrafiltration profiles of 1.36% glucose, 3.86% glucose, 7.5% icodextrin, and the 
combination fluid (1.36% glucose/7.5% icodextrin). The ultrafiltration volume was 
greater than that achieved by icodextrin use alone and was similar to that obtained 
with 3.86% glucose [92]. An extension of the pilot study reported the use of com-
bination dialysate resulting in increased long dwell ultrafiltration as well as total 
drain volume compared to icodextrin alone [93]. A different combination solution 
(2.61% glucose/6.8% icodextrin) was used for a 15-hour dwell in patients with fast 
peritoneal transport rate. Of note, this bimodal solution was also a low-sodium 
dialysate (121  mEq/L). Compared to 7.5% icodextrin, the combination solution 
yielded increased ultrafiltration and peritoneal sodium removal [94]. An extension 
of the prior study investigated the effects of the same low-sodium bimodal solution 
over a 4-month follow-up period and showed change from baseline (use of icodex-
trin alone) in net ultrafiltration and sodium removal [95]. Bimodal ultrafiltration 
appears to be a potential approach in PD patients with anuria and ultrafiltration 
failure. The results of the current studies need to be assessed in a randomized con-
trolled trial, so the potential local and systemic advantages of bimodal solutions can 
be evaluated.

Thus far, glucose remains the main osmotic agent in PD solutions, with icodex-
trin being used in a once-daily long dwell. There continues to be the search for ideal 
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alternative PD solutions. The use of hyperbranched polyglycerol, a water-soluble 
polyether polymer, has been investigated in animal models and has shown to have 
improved ultrafiltration profile, with decreased peritoneal injury compared to stan-
dard solutions [96]. Effects of hyperbranched polyglycerol have been followed for 
a duration of 3 months only [97]. Further studies are needed to investigate long-term 
biocompatibility, metabolism, and local and systemic effects of the novel agent.

 Bimodal Dialysis and Hybrid Peritoneal Dialysis

Since the early 2000s, there have been reports on the use of combined modalities in 
PD patients. Hemodialysis (HD) was added onto the PD modality after patients 
were noted to be doing poorly on PD. Indications included inadequate solute clear-
ance, uremic symptoms, neuropathy, and ultrafiltration complications. The pre-
scription used was one to two sessions of HD and 5–6 days of PD per week. The 
patients’ clinical condition and quality of life showed improvement, and most 
patients had good tolerance of the combination therapy [98–101]. A retrospective 
analysis of combination therapy suggested improved survival of patients on PD if 
hybrid HD therapy was started early [102]. Evaluation of outcomes 12–18 months 
after initiation of combination therapy revealed improved hemoglobin levels and 
cardiac function, likely attributed to improved volume control [103]. Another analy-
sis of cardiovascular outcomes revealed decreased acute cardiovascular events and 
improved systolic function in patients with low ejection fraction [104].

There are several reports of bimodal therapy prescribed to incident end-stage 
kidney disease patients as well. The first study investigating this modality reported 
the use of two PD exchanges per day in addition to two, 3-hour HD sessions (with-
out ultrafiltration). There was noted to be adequate solute removal, hemodynamic 
control, and treatment flexibility in dealing with complications with PD or HD 
access. There was no change in residual kidney function from baseline and improve-
ment in left ventricular hypertrophy [105]. Another study enrolled patients on com-
bination therapy at dialysis initiation and compared them with patients on PD and 
HD separately. Patients were followed for 30 months, and the combination therapy 
group was noted to have preservation of residual kidney function and serum albu-
min levels compared to the other two groups [106].

Current data on combination therapy suggests several combinations of the num-
ber of PD and HD days are possible. PD can be done daily or only on non-HD days. 
The dialysis regimen is flexible and easily adapted to patients’ lifestyle. Dialysis 
dose prescribed and goal solute clearance appear to need standardization. It is too 
simplistic to simply add urea kinetics between the two modalities. Furthermore, the 
presence of two different dialysis accesses may be hard to accept and theoretically 
increases the risk of infection.

Larger randomized controlled trials are needed, specially investigating outcomes 
in patients initiated on combination therapy at dialysis initiation. However, hybrid 
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therapies offer a balance of PD and HD to meet specific patient needs and can be 
tailored over time in a patient-focused manner.

 Remote Patient Monitoring for Peritoneal Dialysis Patients

Remote patient monitoring (RPM) in peritoneal dialysis patients is relatively new 
and underutilized. It involves digital technologies that collect health data from indi-
viduals and transmits the data electronically to healthcare providers in a different 
location. Communication that can be established remotely includes patient- 
physician communication, physical exam, biometric monitoring, laboratory, and 
treatment data monitoring and educational services. PD-specific data that can be 
analyzed includes types of solutions utilized, therapy duration, ultrafiltration vol-
umes, drain volumes, and alarm types [107, 108]. Systems currently available for 
RPM include a tablet-based computer system for real-time communication and 
patient data transmission, videoconferencing equipment installed in patients’ homes 
and connected to similar units in a medical center, as well as a PD cycler-embedded 
program that allows for transmission of completed treatment data [109–111].

Outcome data on RPM in PD patients is currently limited. A short-term study 
involving data transmission via videoconferencing equipment involved patients 
with alternate months of teleconsultations and hospital visits. Most teleconsulta-
tions involved modification of treatment and took significantly less time than hospi-
tal visits. The hospitalization rate in the intervention group was lower than that in 
the control group [110]. Another study utilized alerts generated upon patient com-
pletion of treatment and symptom-based questionnaires, with follow-up telephone 
calls or clinic visits. The alerts and interventions allowed for patient self- management 
and avoidance of hospital admissions [112]. More recently, data sharing via auto-
mated peritoneal dialysis was noted to result in more frequent prescription monitor-
ing and fewer clinic visits in incident dialysis patients compared to the control 
group [111].

RPM has the ability to provide remote support for patients and address several 
barriers and concerns that result in PD underutilization [113]. Additionally, a simu-
lated study estimated significantly reduced healthcare resource utilization and asso-
ciated costs as a result of early interventions enabled by RPM [114].

 Assisted Peritoneal Dialysis

There appear to be several advantages of PD compared to HD in elderly patients, 
including maintenance of independence in their home environment, fewer hospital 
or clinic visits, no need for vascular access, improved hemodynamic tolerance, less 
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disease burden, and improved preservation of residual kidney function [115]. 
Barriers to PD for older patients include poor vision, frailty, cognitive dysfunction, 
physical dependence, and bias from providers against PD [116]. Different models 
of delivering assisted PD have been developed and implemented to overcome these 
barriers and to provide elderly and disabled patients the option of choosing PD as a 
dialysis modality. The French model supports assisted PD, with community nurse-
driven phone calls and instructions to start the procedure, followed by nurse visits. 
Initially, the program was limited to ambulatory PD but now includes automated 
PD [117]. Patients on automated PD receive two nurse visits to help with connec-
tion, disconnection, and management of PD fluid bags [118]. Besides community 
nurses, there are also models in which family members and healthcare assistants 
are responsible for patient care [119]. Several assisted PD programs have noted 
comparable patient survival and technique survival compared to autonomous PD 
patients [120–122]. Assisted PD patients were also found to have similar rates of 
all-cause hospitalization compared to in-center HD patients [123]. Peritonitis rates 
have been noted to be within the limits of guideline recommendations, with some 
reports of lower peritonitis rates in assisted PD patients compared to autonomous 
patients [118, 124]. Regarding quality of life, a recent study noted no differences in 
quality of life between older patients on assisted PD and patients on HD, but treat-
ment satisfaction was noted to be higher in patients on assisted PD [125]. Thus, 
assisted PD is a valid alternative option for older patients who wish to dialyze at 
home and maintain their independence and avoid complications associated with 
in-center HD.

 Future Directions

Newer technologies that will allow PD cyclers to make their own solutions on 
demand will be a breakthrough in decreasing GDPs and allowing for custom glu-
cose formulations that may minimize peritoneal membrane glucose exposure but 
also maintain ultrafiltration rates. In addition, on-demand fluid production will also 
decrease storage space requirements for patients which are not insignificant. Finally, 
devices such as miniature, wearable cyclers may also improve the ability of patients 
to meet adequacy and fluid removal goals while maintaining independence in their 
daily activities.

 Conclusion

In many respects, PD is performed in a very similar manner as it was done 30 years 
ago or longer. Advances in PD solutions have included icodextrin and low GDP 
solutions as well as the availability of solutions with amino acids. However, 
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outcomes with PD remain suboptimal, and further advances are needed to improve 
vexing issues such as high peritonitis rates, ultrafiltration failure, metabolic com-
plications, and fibrosis of the peritoneal membrane. It is hoped that further 
advances in PD technology will lead to demonstrable improvements in its use and 
outcomes.
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Chapter 31
Nutritional Management of Adult 
Peritoneal Dialysis Patients

Maria Chan

To sustain life, people with end-stage kidney disease (ESKD) require dialysis to 
correct metabolic abnormalities and complications associated with the failed kid-
ney function of excretion, homeostatic and hormonal regulation. Complications 
include consequences of a build-up of uraemic toxins, acid-base, electrolyte and 
fluid imbalances, as well as an increased cardiovascular risk. Peritoneal dialysis 
(PD) has been shown to be a cost-effective treatment modality to improve clinical 
outcomes and quality of life of people with ESKD and a ‘PD first’ policy has even 
been adopted in many countries. However, dialysis only partially replaces kidney 
function and itself introduces many side effects such as high nutrient losses into 
dialysis fluid and unintentional gain of calories from the dextrose-containing dialy-
sate. Furthermore, protein energy wasting (PEW) is common in the PD population 
and is associated with increased prevalence of peritonitis, hospitalisation, mortality 
and morbidity. Therefore, nutritional management is a vital part of multidisci-
plinary PD management. In this chapter, the rationale and current recommenda-
tions of PD nutritional management, such as energy and nutrient requirements, will 
be discussed, as well as foods and food components. Practical aspects of manage-
ment will be reviewed with examples of effective interventions and care delivery 
as cited in the literature.
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 Altered Metabolism and Nutrition Abnormalities

Nutrient Losses During Peritoneal Dialysis

There are a number of PD-specific effects on nutrition and metabolism that influ-
ence nutrition status.

High protein loss into the peritoneal fluid is a major side effect of PD. The average 
daily protein loss in CAPD is approximately 6–8 g with high individual variability [1]. 
This amount is similar to the amount of protein found in a large egg or matchbox-sized 
portion of cooked lean beef (~30 g). APD is associated with slightly higher average 
protein loss than CAPD, approximately 10 g/day. Free amino acid loss is small in CAPD 
and is approximately 1.2 ± 0.7 g in APD. Metabolic balance studies indicate at least 
~1.1 g/kg IBW/day and adequate energy to achieve nitrogen balance [2]. Other factors 
affecting protein loss are tonicity of the dialysate, duration of the dwell and high perito-
neal transport status. Consequently, hyperlipidaemia associated with weight gain and 
pre-existing cardiovascular comorbidity [3] and hypoalbuminemia are common and are 
associated with mortality. In addition, there are significant losses of water-soluble vita-
mins and minerals, such as vitamins B and C and folate. Fat-soluble vitamin loss appears 
low, except vitamin D, which is protein-bound and lost in the PD effluent [4, 5].

 Caloric Gain from Dextrose in Dialysate

Dextrose absorption from dialysate varies between 10 and 180 g/day [6]. Higher 
absorption is related to higher strength of the dialysis fluid, larger volume, longer 
dwell time and higher transport rate (high transporters). Approximately 60–76% 
and 40–50% dextrose is absorbed in CAPD and APD, respectively, due to longer or 
shorter dwell time. Dextrose provides ~3.4 kcal/g; caloric gain can be calculated by:

 

Number of exchanges volume L strength gof dextrose L´ ( )´ ( )
´

/

.3 4 kkcal per gof dextrose absorption rate( )´ [ ]% . 7
 

For example, a CAPD patient on four exchanges of 2-l bags with 2.5% dextrose 
is estimated to gain ~476 kcal/day, similar to that obtained from ~27 teaspoons of 
sugar. A 2-litrebag of 4.25% dextrose-containing dialysate provides ~200 kcal or 
energy from ~12 teaspoons of sugar.

Typically, approximately 300–500 kcal/day is gained from dextrose-containing 
dialysate [8]. While caloric gain helps spare protein to maintain nitrogen balance, 
patients who have undesirable weight gain and hyperlipidaemia will have increased 
cardiovascular risk [3, 9].

The absorption rate of icodextrin is much lower than that of dextrose, at approxi-
mately 25% [6]. A typical 2-litrebag of 7.5% icodextrin in an 8-hour dwell provides 
~150 kcal. In a randomised, controlled trial (RCT), patients using icodextrin were 
less likely to gain body weight and fat mass compared with standard dextrose- 
containing dialysate [10].
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 Gastrointestinal Disorders

Prevalence of gastrointestinal (GI) symptoms is high in PD patients [11], e.g. nau-
sea, vomiting, bloating, early satiety, anorexia, constipation, diarrhoea or heartburn, 
leading to reduced intake [12, 13]. The filling of dialysate may lead to abdominal 
distension, a sense of fullness by interfering with gastric emptying and intestinal 
motility; the dextrose itself may inhibit food intake and cause a disturbed hunger 
profile [14]. The dialysate dwell may delay gastric emptying if not drained, espe-
cially in subjects of smaller body size [15]. In one study, when patients were asked 
to consume meals with or without the filling of dialysate, no significant difference 
in energy and nutrients was observed [16]. In another study, glucose from dialysate 
did not suppress appetite, did provide a significant level of caloric intake and did not 
exert negative effects on obesity or patient survival [17].

These studies showed a large individual variation in the presence of GI 
symptoms, which may not be caused solely by the mechanical presence of dial-
ysate; the variation may be due to uraemia, other hormonal factors or regulatory 
peptides [18].

 Peritoneal Solute Transport Rate

A high peritoneal solute transport rate has been linked with factors such as hypo-
albuminemia, malnutrition, inflammation and atherosclerosis syndrome, known to 
be associated with increased risk of death [19]. However, the evidence is inconsis-
tent, and morbidity is more likely to be related to fluid reabsorption and volume 
overload rather than nutritional factors or PEW [20].

 Residual Kidney Function

Decline in residual kidney function (RKF) is associated with the severity of 
PEW, suboptimal energy and nutrient intake [21]. Therefore, every effort should be 
made to preserve RKF.

 Peritonitis

Peritonitis is a common complication in PD, with protein loss approximately twice 
the usual level. Losses remain high for 3–13 weeks, even after returning to baseline 
and symptoms subsiding [1]. In short and uncomplicated peritonitis, intake of at 
least 1 g/kg IBW/day protein and 25 kcal/kg IBW/day could maintain neutral or 
positive balance [22]. However, the presence of acute symptoms, such as abdominal 
pain, reduced appetite, nausea and vomiting, can reduce intake further. In addition 
to malnutrition [23], peritonitis is associated with chronic inflammation [24] and 
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mortality [25]. Significant predictors of peritonitis include poor nutrition as assessed 
by subjective global assessment (SGA), nutrition risk index (NRI), low serum albu-
min and low energy intake [26].

Therefore, nutrition intervention is needed to prevent and manage peritonitis.

 Protein Energy Wasting

Protein energy wasting is reported in 28–54% of PD patients in an international 
study [27]; it is associated with morbidity, mortality, peritonitis rate and poor qual-
ity of life in incident and prevalent PD patients [23, 28–30]. Sarcopenia or frailty is 
common in PD, closely related to PEW and associated with high morbidity [31].

In addition to PD-related factors, other factors contributing to PEW may include 
old age [32], medications or psychosocial issues such as loneliness, depression, 
poor literacy and numeracy to follow dietary recommendations [33].

 Goals for Nutritional Management

To achieve desirable clinical and patient-centred outcomes, the goals of nutritional 
interventions are to attain optimal nutritional, correct abnormalities and reduce risk 
factors associated with chronic uraemia and PD procedures as summarised in 
Table 31.1.

 Nutritional Requirements for Patients Undergoing 
Peritoneal Dialysis

Dietary requirements of PD patients have been systematically reviewed to provide 
guiding principles for best practice. The most commonly cited guidelines are from 
the Kidney Disease Outcomes Quality Initiative (KDOQI)™ [34], the International 
Society of Renal Nutrition and Metabolism [35], the British Dietetic Association [36] 
and evidence-based practice group guidelines from Europe [37], America [38] and 
Australia and New Zealand [39]. Table 31.2 summarises the current recommenda-
tions. This information is then translated into food-based recommendations for indi-
viduals according to age, gender and physical activity levels. Dietary requirements 

Table 31.1 Goals of 
nutritional management of 
peritoneal dialysis

To maintain optimal nutritional status
To alleviate uremic symptoms and symptoms related to PD
To correct electrolyte, metabolic and fluid imbalances
To prevent complications, e.g. peritonitis
To reduce cardiovascular risk
To improve quality of life and patient- centred outcomes
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may vary between regions due to ethnicity, body size/composition, food habits, life-
style, etc. The new KDOQI and Academy of Nutrition and Dietetics Clinical Practice 
Guideline for Nutrition in Chronic Kidney Disease will be released in 2020, and 
there will be updated recommendations for energy, protein and various nutrients [40].

 Energy

Resting energy expenditure of PD patients is similar to that of haemodialysis 
patients, non-dialysis-dependent patients or the general population [41]. Therefore, 
all guidelines include recommendations that for stable patients in the absence of 
concurrent illnesses or inflammation, total energy requirements are ~35  kcal/kg 

Table 31.2 Recommended energy, protein and mineral intakes for peritoneal dialysis patients

Energy and 
nutrients Recommendation

Energy Including calories from dialysate:
~30 kcal/kg IBW/d for ≥60 year
~35 kcal/kg IBW/d for ≤60 year
Or
Oral dietary prescription (average):
~25 kcal/kg IBW/d for ≥60 year
~30 kcal/kg IBW/d for ≤60 year
Or
  To attain/maintain IBW.
  Adequate to maintain nitrogen balance.
  Depending on physical activity level and baseline nutritional status.

Protein 1.0–1.3 g/kg IBW/d
Peritonitis ~1.5 g/kg IBW/d

Sodium 80–100 mmol/d, no added salt diet
Potassium Restriction is not usually required

  A higher intake is required if hypokalaemia is present.
  40–70 mmol/d if restriction is required

Phosphorous 800–1000 mg/d ± phosphate binders with foods and snacks if restriction is 
required

Fluids Previous day’s output +500 mL/d if restriction is required and depending on 
balance

Vitamins and 
minerals

Encourage an adequate diet to meet requirements.
Water-soluble vitamins (Vit B and C) supplementation near the RDI levels, 
depending on intake.
Individualised supplementation of folate, vitamin B12 and iron for anaemia 
management.
Individualised supplementation of Vit D and calcium for bone management.
Routine soluble vitamin supplementation (except Vit D) is not recommended.

Abbreviations: IBW ideal body weight, RDI recommended daily intake, Vit vitamin
Please also refer to the new KDOQI and Academy of Nutrition and Dietetics Clinical Practice 
Guideline for Nutrition in Chronic Kidney Disease to be released in 2020 [40]. There are a few 
small variations from current recommendations
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IBW/day for ≤60 year old or ~ 30 kcal/kg IBW/day for >60 year old, as recom-
mended by the World Health Organization (WHO) [42]. In adequately dialysed 
patients, the oral energy prescription would be 300–500 kcal/day less than the total 
energy requirements, accounting for dextrose absorption. All levels are to be 
adjusted according to the individual dialysis prescription, initial nutrition state, 
body weight and physical activity level to attain a healthy body weight.

 Protein

The recommended daily intake (RDI) of protein for healthy adults [42] and non- 
dialysed CKD patients [34] is approximately 0.8  g/kg IBW/day with adequate 
energy intake. In view of the high protein loss associated with PD, evidence-based 
guidelines recommend PD patients to have a high protein intake of 1.0–1.3 g/kg 
IBW/day. During acute illnesses, including peritonitis, an even higher protein intake 
of ~1.5 g/kg IBW/day is recommended [39, 43].

In some Asian countries, studies have shown a ‘lower’ protein intake could attain 
optimal nutrition status and survival [44, 45]. With careful monitoring, a lower pro-
tein intake ~0.66 g/kg/day (total weekly Kt/v of 1.25, residual kidney Kt/v ~ 0.09) 
using two exchanges per day could maintain neutral nitrogen balance and reasonable 
nutritional status in patients with limited economic capacity [46]. The researchers 
relate the lower protein requirement to small body size and lower membrane transport.

 Sodium and Fluids

In patients with diminishing RKF, sodium and fluid restrictions are required for bet-
ter blood pressure control [47]. A ‘no added salt’ diet (80–100 mmol/day sodium) 
and fluid allowance ‘previous day’s urine output + ~500mL’ are recommended [39]. 
Anecdotally, in non-adherent patients, hypertonic dialysate is required to remove 
excess sodium and fluids, and this excess caloric intake may lead to an undesirable 
gain of body fat.

 Potassium

Due to the continuous nature of PD, dietary restriction of potassium is uncommon, 
and PD patients can have a relatively liberal intake. However, 22–60% of PD 
patients develop hypokalaemia, which is associated with poor dietary protein or 
food intake and poor nutritional status rather than dialysis factors, such as RKF or 
glucose load [48, 49]. Furthermore, hypokalaemic PD patients have a higher preva-
lence of peritonitis, due to a pathogenic mechanism linking malnutrition and hypo-
kalaemia [50], and higher mortality [48].
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 Phosphorous

Hyperphosphataemia is common in PD and predicts cardiovascular and all-cause 
mortality. A PD diet is high in protein, which is also naturally high in phosphorous. 
The current recommendation is for an optimal serum phosphate level that can be 
achieved by individualised dialysis prescription, dietary modifications of 
800–1000  mg/day [39] and phosphate binders. Not all phosphorous is absorbed 
from foods in the same way; phytate-bound phosphorous in plant foods has a low 
absorption rate (20–40%), as compared with phosphorous from animal (40–60%) or 
food additives (~90%) [51]. Education is key to management of serum phos-
phate levels.

 Vitamins and Minerals

Peritoneal dialysis removes water-soluble vitamins and protein-bound, fat-soluble 
vitamin D. Compounded by reduced dietary intake, altered metabolism and avail-
ability, micronutrient deficiency is common in PD patients. Due to large individual 
variation in dietary intake, baseline nutritional status, inconsistent data from preva-
lence and efficacy studies, it is very challenging to make generalised recommenda-
tions for vitamin and mineral supplementation [5].

 Food-Based and Dietary Pattern Recommendations

In addition to the prescription of energy and nutrient levels as discussed above, 
optimal intake of all other essential vitamins and minerals must be considered, as 
well as food components, e.g. dietary fibre, pre- and probiotics, antioxidants and 
flavonoids. ‘Food synergy’ is an important concept that encompasses the coordi-
nated effects of all biological constituents of food and nutrients on health [52]. 
Furthermore, dietary patterns synergise the additive effects of foods and food con-
stituents on health; significant effects have been observed in the Dietary Approaches 
to Stop Hypertension (DASH) diet [53] and the Mediterranean diet [54], which both 
emphasise plant-based eating of fruit, vegetables, legumes, nuts, plus quality lean 
animal protein, oily fish and low-fat dairy. There is limited data in PD (and haemo-
dialysis) patients; recommendations are therefore deduced from that of the general 
[55] and non-dialysis-dependent CKD populations [56, 57].

In clinical practice, nutritional prescription is translated into food-based knowl-
edge about quantity and quality that individuals need to consume from the basic 
core food groups. Table 31.3 summarises recommended food choices for people on 
PD, based on a combination of healthy eating guidelines, DASH- and Mediterranean- 
style eating and PD dietary recommendations.
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 Effective Nutritional Management

Nutrition interventions are known to improve nutritional status and reduce compli-
cations as reported in intervention studies as well as quality improvement initiatives 
from day-to-day clinical practice.

 Protein Energy Wasting: Nutritional Status

Nutritional support can be delivered with a combination of dietary counselling, food 
and food fortifications, use of oral nutrition supplements (ONSs), enteral feeding 
and use of intraperitoneal amino acid dialysate. The effectiveness of nutritional sup-
port depends on the cause and severity of the problem, presence of inflammation 
and other comorbidities, individual adherence, aging [32] and psychosocial situa-
tion [58]. Common outcome measures are weight, body composition, biochemical 
parameters (albumin, C-reactive protein) and presence of malnutrition, measured 
using SGA.

While nutrition counselling alone may be challenging to improve outcomes [59], 
it has been shown to improve nutrition status [60]; the effect is more significant with 
food fortification using egg albumin powder [61] or whey protein [62]. The use of 
an ONS, in liquid formula or protein bar, improves body weight and nutritional 
status [63]. Although the effectiveness of ONSs has been questioned [64], it is 
important to consider a holistic approach to nutritional support rather than to admin-
ister a standard dose of supplement without considering the baseline intake and total 
nutrition requirements of an individual. A similar explanation is given to inconsis-
tent data on the use of intraperitoneal amino acid-containing dialysate, which typi-
cally provides 1.1% (~22 g) amino acids in a 2-litre dialysate bag [65]. The effect 
was promising when combined with sufficient oral nutrition intake [65] as com-
pared with no or limited effect if an amino acid dialysate was given alone [66]. 
Furthermore, there are two types of malnutrition: type I is predominantly caused by 
poor protein and energy intake, while type II characterizes malnutrition secondary 
to inflammation and is also associated with atherosclerosis, which is known as MIA 
syndrome [67]. Type I and type II can co-exist. In type II malnutrition, treating the 
underlining cause of inflammation and atherosclerosis is important, although not 
always feasible. This may explain the limiting effect of ONS and/or intraperitoneal 
amino acids alone in some malnourished PD patients.

 Sodium and Fluids

Strict sodium/salt and fluid restrictions result in better management of volume control, 
leading to healthier blood pressure levels [47, 68], reduction in antihypertensive 
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medication use and more precise cardiovascular protection as measured by left ven-
tricular mass index (LVMI) and left atrial index (LAI) [69].

 Minerals

Structured dietetic intervention in a multidisciplinary clinic decreased the propor-
tion of PD patients with abnormal serum potassium (hyper- and hypokalaemia) 
from 28.6% to 13.1% [70]. The reduction of hypokalaemia episodes also led to 
reduced potassium supplementation. Counselling on diet and phosphate binder 
adherence [71] was associated with lower serum phosphate levels in a 12-month 
RCT on providing practical tips for food preparation, which resulted in lower serum 
phosphate and reduced phosphate binder use [72].

 Cardiovascular Health

Inclusion of 14 g of soy protein for 8 weeks in a RCT reduced coagulation factor IX 
activity, a risk factor for thrombosis [73]. In a small RCT, adopting cooking meth-
ods to reduce advanced glycation end products (AGEs), such as boiling, steaming 
instead of frying and grilling on high heat, altered the gut microbiome, which is 
related to reduced CV risk [74].

 Gut Health

A higher fibre intake from either food or fibre supplement can address constipation 
issues and minimise laxative use with no adverse effect on potassium, phosphate or 
fluid balance [75].

 Summary

There is a lack of high-grade evidence in all aspects of nutrition intervention in 
PD. Inconsistency in findings is largely due to study designs, small sample sizes, 
varied baseline dietary intake and nutritional status. In addition, it is challenging 
to implement or study PD diets as it involves multiple nutrient modifications and 
many confounding factors. Before higher grades of evidence are available, priority 
should be given to implement best practice for dietary prescription and food 
choice, as well as searching for the best care delivery methods to improve 
outcomes.
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Chapter 32
The Role of Peritoneal Dialysis 
in Pandemics and Natural Disasters

Bourne Auguste

 Introduction

The frequency of natural disasters around the globe has steadily increased over the 
last several decades. This surge in disasters is attributable to rapidly growing popula-
tions in high-risk areas along with climate change that has increased the vulnerability 
of coastal regions due to rising sea levels [1]. The infrastructural damage and disrup-
tion to social systems during disasters have significant implications for the sustained 
delivery of care. Vulnerable populations, especially those on dialysis, can be signifi-
cantly affected by these catastrophic events, and their life-sustaining treatment may 
be delayed for a variety of reasons. Infrastructural damage related to earthquakes, 
hurricanes, flooding, and other natural disasters can disrupt water and electrical sup-
ply that are essential components in providing hemodialysis [HD] for patients.

The Renal Disaster Relief Task Force [RDRTF] of the International Society of 
Nephrology was developed in 1988 after the Armenian earthquake [2]. This earth-
quake resulted in more than 35,000 deaths with over 350 people requiring acute 
dialysis for acute kidney injury related to crush injuries [3, 4]. RDRTF continues to 
play an important role around the globe in providing recommendations for kidney 
replacement therapy [KRT] in disaster zones. However, many of the recommenda-
tions have favored using HD in these situations, especially in the management of 
crush injuries. Unfortunately, the global prevalence of HD coupled with an under-
utilization of acute peritoneal dialysis [PD] has led to missed opportunities for prac-
titioners in capitalizing on the benefits of PD in austere environments.

Similarly, pandemics, which are large-scale outbreaks of infectious disease 
occurring across many countries, can lead to social and economic disruptions, 
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negatively impacting dialysis care [5]. These disruptions may arise due to contain-
ment and mitigation strategies against disease spread. The impact of these disrup-
tions can be devastating by increasing morbidity and mortality for dialysis patients. 
There is now mounting evidence that the frequency of pandemics has increased over 
the last century that has been primarily driven by higher population densities and 
globalization [5, 6]. Additionally, the increasing threat of polymicrobial antibiotic 
resistance is another imminent risk factor for future pandemics [5].

In this chapter, experiences from various PD programs around the globe in the 
face of natural disasters will be highlighted. Additionally, the benefits and draw-
backs of PD during the COVID-19 pandemic, at the time of this writing, and future 
pandemics will be discussed. These experiences and lessons learned may better 
inform renal programs about strategies to maintain and increase PD adoption in 
times of crisis.

 Earthquakes

Earthquakes can lead to extensive infrastructural damage and crush injuries within 
the population. Chronic HD patients are commonly displaced following an earth-
quake and transferred to other centers to provide them with this life-sustaining ther-
apy [7–9]. An estimated 90% of earthquakes and most destructive ones occur in the 
basin of the Pacific Ocean in an area called the “Ring of Fire” [10, 11]. Countries 
within that region (Fig. 32.1) have historically had devastating destruction to their 

Fig. 32.1 Ring of fire in the basin of the Pacific Ocean showing high-risk regions for earthquakes 
and volcanic eruptions (Source: Gringer (https://en.wikipedia.org/wiki/Ring_of_Fire), “Pacific 
Ring of Fire”, marked as public domain, more details on Wikimedia Commons: https://commons.
wikimedia.org/wiki:Template:PD- self)
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infrastructure over several decades related to earthquakes, volcanic eruptions, and 
tsunamis.

In January of 1995, an earthquake damaged the Japanese city of Kobe killing 
over 5000 people [12]. The earthquake caused significant damage, disrupting water 
supply, electricity, gas, and telephone services. There was also damage to highways 
and roads leading to transportation paralysis within the city [12, 13]. Collectively, 
these factors affected many HD and medical facilities, and as a result, HD could not 
be offered to patients in Kobe [12]. HD patients were treated with potassium 
exchange resins until an available treatment facility had been identified. 
Approximately 1668 HD patients had to be transferred to neighboring facilities in 
Osaka and Hyogo, which were not affected by the earthquake. The majority of 
patients received HD within 3 days of the disaster at neighboring centers, with some 
not receiving treatment for up to 7 days [12, 13]. Although no HD patients died due 
to delay in access to treatment, widespread disruptions in HD occurred across Japan 
in an effort to urgently accommodate displaced individuals [12].

In contrast, no PD patients were transferred to other dialysis centers for care as 
the resources required to support these patients immediately following the disaster 
was significantly fewer than that needed for HD patients. For example, many of the 
PD patients who were on automated therapy with a cycler prior to the earthquake 
were subsequently transitioned to manual exchanges, which did not require electric-
ity, in its aftermath [13]. Although some patients had their homes destroyed by the 
disaster, they were still able to perform manual PD at other locations and evacuation 
sites [13]. This demonstrates that PD places minimal demands on the healthcare 
system, particularly in times of disaster.

Another earthquake struck off the Japanese coast of Tohoku in March of 2011. 
This was the largest earthquake in the recorded history of Japan, registering 9.1 on 
the Richter scale, resulting in large tsunamis and 15,899 confirmed deaths [14, 15]. 
Tsunamis resulted in widespread infrastructural damage, including the Fukushima 
Daiichi nuclear power plant and causing a nuclear reactor explosion with the release 
of radioactive materials [16–18]. Mandatory evacuation orders were put in place 
that extended up to a 20-km radius from the nuclear power plant. Consequently, 161 
centers had to transfer chronic dialysis patients to other facilities to accommodate 
treatment for the 10, 906 displaced patients [9, 16–19].

On the other hand, the experiences of PD patients in the three affected prefec-
tures in Japan (Iwate, Miyagi, and Fukushima) were quite different from that of the 
HD patients. Although some PD patients lost their homes and supplies in the tsu-
nami, many were still able to perform manual exchange PD in evacuation centers 
[19]. Patients who performed cycler-based therapy before the disaster were subse-
quently reverted back to automated PD once the power supply had been restored [19].

The Japanese experiences highlight that the delivery of PD is not as heavily reli-
ant on social infrastructure such as transportation to and from a dialysis center, reli-
able water supply, and electricity as compared to HD. Furthermore, patients can 
perform PD independently or with very little support from others. Lastly, PD can be 
performed at home or in evacuation sites without the need for transfer of patients to 
other dialysis centers to receive treatment. The displacement of dialysis patients 
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following earthquakes may last several weeks or in some cases may be permanent 
[7, 19]. Therefore, future disaster preparedness strategies should aim to increase 
more widespread adoption of PD and consider it as an initial modality for replace-
ment therapy for ESRD patients in high-risk regions.

 Tropical Cyclones and Flooding

Asian countries along the Pacific Ocean are commonly battered by typhoons, but 
there is limited literature examining their impact on the care provided to dialysis 
patients. However, the experiences of US centers in caring for dialysis patients dur-
ing hurricanes have been more readily reported in the literature [7]. Over the last 
two decades, numerous hurricanes (Katrina, Sandy, Rita, and Wilma) have resulted 
in widespread infrastructural damage, leading to a significant impact on patient 
care. According to the 2016 US census, nearly 60 million Americans lived along the 
Atlantic and Gulf Coast regions, placing them in the destructive path of hurri-
canes [20].

Hurricane Katrina resulted in extensive destruction along the US Gulf Coast and 
severely damaged the city of New Orleans. The flooding associated with Katrina 
after the levees were breached caused many dialysis centers to close temporarily 
and in some cases permanently [21, 22]. A total of 5849 patients were affected by 
Hurricane Katrina in 2005 with 92 dialysis centers being closed for at least 1 week 
[21]. Although many patients made evacuation plans prior to the storm, several 
arrived in neighboring communities and centers that lacked preparation to accom-
modate this influx of HD patients [21, 22]. In the aftermath of Katrina, many US 
renal programs in collaboration with the Kidney Community Emergency Response 
Coalition have improved their disaster preparedness strategies at the local and state 
levels [23]. However, disaster preparedness among patients is quite variable and 
tends to be poorer among prevalent HD patients. Observational data from six 
regional dialysis centers in North Carolina demonstrated a lack of disaster prepared-
ness irrespective of sociodemographic characteristics [24]. Data from that study 
also revealed that PD patients were better prepared for disasters as compared to 
hemodialysis patients [24].

The reported experiences of a small PD program in New Orleans leading up to 
Hurricane Katrina and its immediate aftermath revealed that many patients evacu-
ated before the storm arrived. Among the patients who did not evacuate, two patients 
required hospitalization for volume overload and peritonitis, respectively [25]. 
Despite the ability to perform manual exchanges in the absence of a power supply, 
extensive flooding did not allow for safe PD without the risk of contamination. 
Many of the evacuated PD patients arranged for at least a 1-week supply of solu-
tions [25]. Additionally, some patients contacted suppliers directly after the storm to 
arrange delivery at their new locations. Patients communicated with the PD nurse 
after the hurricane and were able to have many of their questions around prescrip-
tions and other concerns addressed directly.
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The aforementioned experiences underscore that performing PD in certain disas-
ter scenarios may have some limitations, particularly in the face of extensive flood-
ing. Although a published experience highlighted the benefits of PD after flooding 
in the Indian district of Leh in 2010 [26]; PD was done in patients with access to 
supplies and without an imminent risk of contamination during therapy. Therefore, 
in situations where advanced disaster preparedness and early evacuation can be 
undertaken, patients should take heed to avoid delay in treatment in the aftermath of 
a disaster. Furthermore, advanced disaster preparedness strategies should include 
having at least a 1-week supply of solutions and arranging for advanced delivery of 
additional supplies to the planned evacuated location.

 COVID-19 and Future Pandemics

In December 2019, an outbreak with the novel SARS-CoV-2 virus (COVID-19) 
began in Wuhan, China. On January 30, 2020, it was then declared a public 
health emergency of international concern and then later called a pandemic on 
March 11, 2020, by the World Health Organization [27, 28]. As of the end of 
April 2020, more than 3.08 million cases of COVID-19 have been reported in 
210 countries around the globe, resulting in more than 215,000 deaths thus far. 
The symptoms of COVID-19 can be non-specific, but the most common presen-
tations are fever along with respiratory tract symptoms. However, emerging data 
around the globe indicates that patients who are asymptomatic may also shed the 
virus without being aware. This carries significant risk for vulnerable and immu-
nocompromised patients, particularly those on chronic in-center HD who con-
gregate in close proximity multiple times per week [29–31]. Therefore, as the 
risk of future pandemics increases, viable alternative strategies need to be 
considered.

Early data has suggested that acute kidney injury occurs in 5–15% of patients 
infected with COVID-19 [32, 33]. This has increased the burden on resources to 
provide kidney replacement therapy in the form of hemodialysis for patients both in 
the inpatient and outpatient setting. Some dialysis centers have decreased the inter-
mittent HD hours from 4 to 3 hours per session and have also considered reducing 
sessions per week in an effort to mitigate the risk of disease spread, conserve per-
sonal protective equipment, and avoid burnout among healthcare providers [34, 35]. 
Patients with COVID-19 can also have severe acute respiratory distress syndrome 
(ARDS) that requires lung-protective ventilation strategies with prone patient posi-
tioning [36]. Unfortunately, due to the nature of this disease, both acute and main-
tenance PD have some major drawbacks in this population. There is a high chance 
of peri-catheter dialysate fluid leak along with limitations of small fill volumes due 
to the impaired respiratory reserve capacity.

The primary advantage of PD in this situation is that it can free up resources by 
being used in non-COVID-19 patients who have had acute kidney injury or progres-
sion of their kidney disease that need dialysis. Patients can be managed with PD, 
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which can free up HD resources and staff who are required for the more critically ill 
patients. Additionally, PD can be used as a means to limit disease spread during a 
pandemic by eliminating the close proximity of patients within a confined area that 
occurs within an HD unit. Similarly, infected PD patients can still be supported with 
PD both at home and if hospitalized provided that protective measures can be insti-
tuted. This is supported by a reported experience in Hong Kong during the SARS-
coronavirus global outbreak in 2003 where PD was safely performed for patients 
who tested positive for the virus with appropriate infection control measures put in 
place [37].

PD can be performed independently at home or with very little support, and this 
would minimize the exposure to nursing staff along with other patients in a dialysis 
program. A “PD-first approach” for chronic kidney disease patients during pandem-
ics would also reduce the demand for HD resources in terms of nursing staff, par-
ticularly if there are staffing shortages due to infection. Additionally, infected 
dialysis patients who do not require hospitalization can maintain self-isolation prac-
tices and continue to receive treatment regularly without putting other individuals at 
risk by travelling to and from dialysis units several times per week.

 Conclusions

As the global population grows, the risk of natural disasters and future pandemics 
will continue to rise. Therefore, renal programs in high-risk regions should con-
sider adopting a “PD-first policy” where feasible in the face of disasters and pan-
demics. PD is a viable modality to support patients with end-stage kidney disease 
[ESKD] in austere environments. Natural disasters along with pandemics place 
tremendous strain on dialysis supplies and human resources; PD can serve as an 
outlet to reduce this burden. Firstly, PD can be performed in the absence of an 
electrical power and water supply. Secondly, many patients can perform PD in their 
own home and do not need to rely on transportation services which may be dis-
rupted during a disaster. Thirdly, PD is technically simpler to perform compared to 
HD, and patients can do it independently or with very little assistance at home. 
Patients can also perform PD at evacuation sites without needing to be transferred 
to another dialysis center, ultimately easing the strain on surrounding facilitates 
providing respite care. Lastly, in terms of future pandemics, the independent nature 
of PD is a significant advantage in reducing the risk of disease spread through iso-
lation practices.

In adopting robust disaster preparedness plans, renal programs should move 
away from an HD-centric approach in planning for future austere environments. 
Programs should continue to promote PD in eligible patients not only to provide 
patients with more choice but to prepare in the event of future disasters.
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