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Preface

It is my pleasure and honor to present to you the second edition of the
Management of Chronic Kidney Disease: A Clinician’s Guide, the first edi-
tion of which was published in 2014. This book is intended to help family
physicians, internal medicine and nephrology residents, and specialists from
primary to tertiary care for the management of chronic kidney disease, which
globally has a prevalence of approximately 10% and will rank fifth among the
causes of mortality on the global burden of disease list by 2040.

Considering that the number of CKD patients seen from early to late
stages is almost 100 times the number of dialysis and kidney transplant
patients, this book addresses the management of a much wider CKD patient
population. As noted in the preface to the first edition, this book filled an
important gap by providing a comprehensive, guideline-based, practice-
oriented management plan for physicians who consistently care for adult
CKD patients. Since the book is written with a multidisciplinary approach, it
will serve as an essential source for physicians in many disciplines like cardi-
ologists and endocrinologists who frequently encounter CKD patients in their
daily practice.

The second edition of the book is not a simple update of the first edition.
The book, which had 37 chapters in the first edition, has reached 39 chapters
with 2 new chapters in this edition. Of the 78 authors featured in this edition,
39 are entirely new. The 12 chapters in this issue were written by entirely new
authors. Therefore, it would not be wrong to say that the book is quite new
and up to date.

The second edition also covers the diagnosis of CKD, risk factors, the
relationship between CKD and cardiovascular diseases, complications of
CKD, and the management of CKD patients in special circumstances from a
practical perspective. Disease management programs and preparing a CKD
patient for dialysis and kidney transplant form the final part of the book. This
book also covers important but often neglected topics such as sleep disorders,
whether a CKD patient should be vegetarian or vegan, pain management,
depression and suicide risk, disease education, and quality of life in CKD
patients. The book covers the management of chronic kidney disease from the
first to the last step in a structured perspective.

The editor of this book is aware that times are changing so fast, the digital
transformation is now almost complete, and artificial intelligence has entered
our lives, including academic writing. In this regard, there may be some who
think that this book is outdated on the day of its publication. Yes, books
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Preface

cannot change information as fast as digital platforms, but the information
that enters the books is permanent information filtered from the retort. Unlike
small pebbles dragged by a fast-flowing stream, books are the big rocks left
behind, can be considered non-dynamic, but the knowledge that is permanent
and should stay is always in the books. In this context, I am confident that this
book contains basic information that will assist you in the treatment of many
patients in your daily practice.

The preparations for the second edition of the book began during the days
when the world was battling with the Covid-19 pandemic. The book has
reached you after a very long and difficult preparation process. A significant
number of authors from the first edition have shown their dedication to con-
tributing to the second edition of the book during the fight against the epi-
demic. The authors who did not agree to contribute to the second edition were
replaced with new ones with great devotion. This book would not have been
possible if the authors of this book had not devoted their most precious time
to this book in their busy work schedule. Therefore, I would like to express
my sincere thanks to all of them.

I would like to acknowledge my late Professor Sali Caglar and Professor
John Walls, who were my mentors in Nephrology, and Professor Garabed
Eknoyan who is not only a great teacher but also inspired me to become a
“different Professor.” I should also thank all of my friends and patients, spe-
cifically the ones in Ankara, Hacettepe University, Tiirkiye, and the ones liv-
ing in different parts of the world, who always make me feel content and
strong. Last but not least and most importantly, my deepest gratitude extends
to my family, wife, and daughters, whose support cannot be expressed in
words.

The main purpose of this book is to reduce the burden of chronic kidney
disease on patients, stop or slow the progression of kidney disease, and pro-
vide a better quality of life as well as a longer life. As the editor of this book,
I feel indebted to my patients for achieving these goals. The editor and authors
will feel that their efforts for the book are rewarded if readers apply these
principles to their clinical practice. After that, it is up to you, the readers...

Ankara, Turkey Mustafa Arict
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What Is Chronic Kidney Disease?

Aditi Sen and Rajeev Raghavan

Before You Start: Facts You Need to Know

e Chronic kidney disease (CKD) is defined as
having abnormalities of kidney structure or
function for at least 3 months for implications
to the health of the individual.

¢ CKDis classified based on the cause (C), GFR
category (G; G1 to G5), and albuminuria (A;
Al to A3).

e CKD is a treatable, major public health prob-
lem worldwide.

e CKD may be diagnosed from abnormalities in
the urinalysis, estimated GFR (eGFR) calcu-
lated from serum creatinine and/or cystatin C,
kidney ultrasound, or kidney histology.

e There is a strong graded and consistent rela-
tionship between the severity of the two hall-
marks of CKD: reduced eGFR and increased
albuminuria.

e CKD is more common in the elderly, males,
and individuals with a family history of CKD.

e Genetic testing is non-invasive emerging
modality that can diagnose or predict develop-
ment of kidney disease.

* Diabetic kidney disease (DKD) is the leading
cause of CKD.

A. Sen
Department of Medicine, Baylor College of
Medicine, Houston, TX, USA

R. Raghavan (P<)
Department of Medicine, HCA Houston Healthcare,
Houston, TX, USA

1.1 Introduction

Diseases of the kidney have afflicted humans
from time immemorial. Medical interest in the
detection and treatment of kidney disease can be
traced to antiquity, but all past efforts have been
fragmentary and based on its symptomatic mani-
festations as a change in urine color (hematuria)
and flow (obstruction) or pain due to stones or
obstruction. It is only in the past three decades
that the actual burden of kidney disease has been
documented and identified as a global public
health problem [1-5].

The traditional lineage of detecting and defin-
ing kidney disease is traced to Richard Bright
(1789-1858), who in 1827 described the autopsy
findings of the kidneys in 24 albuminuric, dropsi-
cal patients who had died of kidney failure [1].
Bright considered his disease an inflammatory
lesion (nephritis) that was rare as reflected in his
statement that “Inflammation of one or both kid-
neys, as a primary idiopathic disease, is less fre-
quently met than most other forms of phlegmasia.”
In his textbook on the practice of medicine pub-
lished in 1839, he devotes most of the discussion
of nephritis to calculous or obstructive diseases
rather than the rare disease he had identified. In
the century that followed, the acute and chronic
forms of Bright’s disease were defined, their
diagnosis from urinalysis was refined, and their
microscopic renal lesions were described, but its
therapy remained symptomatic and the outcome

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 1
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fatal much as it had been in 1827 when Bright
described his eponymous disease [2]. It was the
conceptual and technical advances in medicine
during and after the Second World War that was
to change it all, most notably the introduction of
the artificial kidney that transformed the fatal dis-
ease of Bright into a treatable one, a milestone
achievement that catapulted the growth of
nephrology in the closing decades of the past
century [1].

Ironically, it was the treatment of Bright’s
end-stage kidney disease (ESKD) with dialysis
that focused attention on the broader and more
significant issue of chronic kidney disease
(CKD). Dialysis started as an exploratory effort
to sustain the life of patients with acute kidney
injury (AKI) during the Second World War. It
evolved in the 1970s into a lifesaving therapy for
patients whose CKD had progressed to kidney
failure necessitating renal replacement therapy
(RRT) with dialysis. As administrative data from
national dialysis registries accrued in the 1980s,
it became evident that the care of patients with
ESKD should have been started well before they
presented for dialysis having sustained already
the ravaging consequences of progressive loss of
kidney function. It was this concern that at the
turn of the century prompted the first efforts at
the definition, classification, and evaluation of
CKD [1, 2].

1.2  Definition of CKD

In 2002, the Kidney Disease Outcomes Quality
Initiative (KDOQI) developed guidelines for a
working definition of CKD, independent of the
cause of the disease, based on the presence of
either kidney damage (proteinuria, abnormal kid-
ney biopsy, or imaging studies) or a glomerular
filtration rate (GFR) of less than 60 ml/
min/1.73 m? for more than 3 months [3]. The
guidelines also proposed a classification of CKD
based on severity determined by the level of kid-
ney function calculated from the serum creati-
nine and expressed as the estimated GFR (eGFR).
It proposed the classification of CKD into 5
stages: stages 1 and 2 as a covert disease requir-

ing the presence of kidney damage (proteinuria,
abnormal urinalysis, biopsy, or imaging studies)
and stages 3, 4, and 5 as overt diseases (i.e., when
the eGFR was less than 60 ml/min/1.73 m?) with
eGFR of 30-59, 29-15, and <15 ml/min/1.73 m?,
respectively.

This numerical staging or grading system for
CKD was created on arbitrarily chosen bands of
eGFR values, not based on biologic variations of
GFR (Fig. 1.1). For example, arbitrarily asserting
that an eGFR <60 ml/min per 1.7 m? represents
disease. The conceptual model of CKD used in
proposing this classification is shown in Fig. 1.2.
The five stages of CKD classification do not
appear in this cartoon. Rather, stages 1 and 2 are
grouped together and implicitly represented in
the ellipse-labeled “injury” and flagged for albu-
minuria, and stages 3 and 4 in the ellipse-labeled
“decreased GFR” and flagged <60 ml/
min/1.73 m? These guidelines were a major step
forward in the evolution of our understanding of
kidney disease by providing a uniform definition
whereby kidney disease could be discussed
across different studies, regions, and countries.

In 2007, stage 3 CKD was sub-divided into
3A and 3B for an eGFR of 45-59 and 30—44 ml/
min/1.73 m?, creating four equally divided quar-
tiles of 15 ml/min below 60 ml/min [7]. This
change also allowed clinicians to account for an
age-related reduction in GFR or eGFR, as these
were typically confined to CKD stage 3A. In
2014, the addition of albuminuria to the staging
added granularity because this laboratory assess-
ment is strongly tied to the progression of the dis-
ease [8]. Conversely, the response to therapy of
CKD can be assessed from the reduction of albu-
minuria in response to therapeutic interventions.
The random urine albumin to creatinine ratio
(UACR) has become a standard tool to quantify
and describe albuminuria, being much easier to
obtain than a 24-hour wurine collection.
Albuminuria is defined as Al (<30 mg/g), A2
(31-300 mg/g), and A3 (>300 mg/g). Table 1.1
identifies how the clinician may utilize both albu-
minuria and GFR to identify, detect, and prog-
nosticate kidney disease among patients.

The four-variable MDRD formula was pub-
lished in 1999 using a U.S. population of patients
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Prognosis of CKD by GFR
and Albuminuria Categories:
KDIGO 2012

Persistent albuminuria categories
Description and range

g G1 Normal or high =290
™

N o

-0 G2 Mildly decreased 60-89
~ C

£

g T° Mil

=g G3a ildly to moderately 45-59
Ecw decreased

@ S

Q -g G3b Moderately to 30-44
S g— severely decreased

1)

Qa0

§ 2 G4 Severely decreased 15-29
r

(5} G5 Kidney failure <15

A1 A2 A3
Normal to Moderately Severely
mildly increased increased increased
<30 mg/g 30-300 mg/g >300 mg/g
<3 mg/mmol 3-30 mg/mmol >30 mg/mmol

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk;

Orange: high risk; Red, very high risk.

Fig. 1.1 Staging and prognosis of chronic kidney disease (CKD) by glomerular filtration rate and albuminuria
(Reproduced with permission from Kidney Disease: Improving Global Outcomes (KDIGO) [6])

with known CKD. The CKD-EPI formula was
published ten years later, touting better accuracy
particularly at a higher GFR. The CKD-EPI was
modeled using a larger, more heterogenous
patient population [4]. All eGFR formulae are
computed using a freely filtered endogenous
marker, such as the serum creatinine (eGFRcr),
cystatin C (eGFRcys), or both (eGFRcr-cys). The
serum Cystatin C may be more reliable as it is
produced by all nucleated cells, unlike the serum
creatinine, which varies with muscle mass.
However, Cystatin C is a less widely available
laboratory test. Estimating equations that utilize
both markers may have better accuracy in esti-
mating the GFR [5]. The other three variables
used to estimate the GFR for these MDRD and
CKD-EPI formulae include age, gender, and the
patient’s self-reported race [4]. It is important to
note that the GFR declines by 1 ml/min/m? begin-
ning in the third decade of life, hence, by age 70,
an individual may have lost over 40% kidney
function, often corresponding to CKD Stage 3A.

Patient self-reported race was tabulated and
used in deriving the MDRD and CKD-EPI esti-
mating equations. This was inherently problem-
atic because race is a social construct, without a
coherent definition. Incorporating race into an
equation falsely implies differences in biology
among individuals, propagating racism in medi-
cine. In 2020, the National Kidney Foundation
(NKF) and the American Society of Nephrology
(ASN) created a joint task force to re-calibrate
these estimating equations. In 2021, the joint task
force reconfigured the MDRD and CKD-EPI
estimating equations, using original patient data,
to remove the race modifier [9]. It is expected that
laboratories will implement race-free equations
when reporting eGFR to patients and clinicians.

A uniform definition of CKD allows society
guidelines to recommend initiation or cessation
of therapeutics, frequency of screening (e.g.,
hemoglobin for anemia), and prognosis (e.g.,
transplant referral). However, the clinician must
individualize decisions, particularly with vul-
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CKD Complications

Kidney —
. Failure

Co-morbidity
complications

Fig. 1.2 A conceptual model of the course, complica-
tions, and outcomes of chronic kidney disease. The
ellipses represent the progressive stages and consequences
of progressive chronic kidney disease (CKD). The first
two ellipses are antecedent stages representing cohorts at
increased risk of developing CKD. The next two ellipses
are flagged for the two hallmarks used in the definition
and staging of CKD: albuminuria (stages 1 and 2) and a
glomerular filtration rate of <60 ml/min/1.73 m? (stages 3
and 4). The gradually increasing thickness of the arrows
connecting the ellipses reflects the increasing risk of pro-
gressing from one stage to the next stage of CKD as the
disease progresses. The dotted arrows connecting the
ellipses indicate the potential for improvement from one

stage to its preceding stage due to treatment or variable
natural history of the primary kidney disease. The rectan-
gle at the top indicates the complications of CKD (ane-
mia, mineral and bone disorders, hypertension,
hyperparathyroidism). The rectangle at the bottom indi-
cates the risk multiplier effect of CKD of coexistent
comorbidities, principally that of cardiovascular disease.
The gradually increasing thickness of the arrows connect-
ing the ellipses to the upper and lower rectangle represents
the increased risk of the complications as the CKD pro-
gresses from one stage to the next (Reproduced with per-
mission from Kidney Disease: Improving Global
Outcomes (KDIGO) [6])

Table 1.1 Use of the glomerular filtration rate (GFR) and albuminuria in chronic kidney disease (CKD)

Utility GFR Albuminuria
Significance Index of kidney function Marker of kidney damage®
Normal: 100-125 ml/min/1.73 m? in young adult ~ Normal: <30 mg/day in young adults
Measurements Calculation: estimate GFR (eGFR) using gender,  Calculation: spot urine albumin to
age, serum creatinine (¢GFRCr), and/or cystatin C  creatinine ratio (UACR)" or 24 h urine
(eGFR cr-cys or eGFRcys) albumin
Calculation: measure GFR (mGFR, mClcr) using
serum creatinine, timed urine creatinine, and
timed urine volume
Definition of CKD eGFR <60 ml/min/1.73 m? UACR >30 mg/g or timed albuminuria

Risk predictors of
disease progression
year

Decline in slope of eGFR >30% or mean
reduction in eGFR slope >0.5 ml/min/1.73 m? per

>30 mg/day, for >3 months
Persistent albuminuria >300 mg/g

2 Other markers of kidney damage include hematuria, pyuria, electrolyte derangements, imaging abnormalities, or

pathological abnormalities

" The UACR utilizes urine albumin in milligrams and urine creatinine in grams

nerable or atypical populations such as pedi-
atrics, transgender patients, and the very
elderly.

Methodological issues associated with the ini-
tial definition of CKD have been addressed and
to some extent resolved. Serum creatinine mea-
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surements have now been standardized, the equa-
tion to calculate eGFR refined, and nearly all
clinical laboratories now reporting eGFR in their
laboratory results. The standardization and
reporting of urinary albumin measurements are
under active investigation but remain to be
refined.

In defining CKD as kidney damage for at least
3 months, the guidelines also set the stage for the
identification of another form of kidney disease,
the potentially reversible forms of acute kidney
disease (AKD) of less than 3 months duration,
specifically that of acute kidney injury (AKI) of
less than 7 days duration. A discussion of AKI or
AKD is beyond the scope of this chapter, but
familiarity is essential for the care of CKD
patients. Patients with pre-existing CKD are most
susceptible to AKD, and nearly 1 in 3 patients
who develop AKD will not regain kidney func-
tion, resulting in increased morbidity, mortality,
and accelerated progression to ESKD [10].

Non-modifiable

Male
Socioeconomic

Anemia
Metabolic acidosis

The Kidney Disease Improving Global
Outcomes (KDIGO) guidelines documented the
increased number of systemic complications (ane-
mia, hypertension, mineral and bone disorders),
morbidity, and mortality associated with declining
eGFR and described the greater risk of death of
CKD patients from cardiovascular disease than
from their progression to kidney failure and ESKD
[9-12]. During the decade that followed the issue
of these guidelines, epidemiologic data has vali-
dated, refined, and provided convincing evidence
that CKD is common, harmful, treatable, and a
major public health problem worldwide [9-11].

CKD is prevalent in 10% of the general popu-
lation and increases in high-risk populations (dia-
betic, hypertensive, obese, elderly), some ethnic
groups (Latin Americans, African Americans,
Pima Indians), and those with predisposing
genetic composition. Some of the heterogeneous
risk factors that contribute to the progression of
CKD are potential therapeutic targets (Fig. 1.3).

Biomarkers

CKD complications

Y

Diet (salty, high protein)
Smoking, Obesity
Sleep, Exercise

Drugs/Agents/Toxins

Drugs:

Nephrotoxic drug (eg. NSAID..)

Renally cleared drugs

Uremia related altered pharmacokinetics
Agents: Contrast

Toxin: (endogenous/exogenous)

1

CKD progression

CKD progression: UMOD, REN
RAAS: AGT, RENBP

Systemic/Metabolic diseases

DM, Hypertension, Connective
tissue disease, Autoimmune
diseases, Systemic sepsis, Gout

Low GFR
Glomerulonephropathy
Tubulointerstitial nephritis
Obstructive uropathy

Fibrosis: TGFB1
Inflammation: TNF-a IL-4,6,10
Metabolism: GSTP1, GSTO1

Myoglobin/Hemoglobin
\Herbs: e.g. Aristolochic acid

J

Fig. 1.3 Risk factors associated with progression of
CKD. Non-modifiable risk factors for CKD progression
include male, socioeconomic status, and genetics.
Modifiable risk factors include lifestyle, metabolic dis-
ease, and exposure to potentially nephrotoxic drugs/

agents/toxins. In addition to the cystatin C or serum cre-
atinine, biomarkers such as NGAL or KIM-1 may allow
for earlier detection of kidney injury. Reproduced with
permission from [13]
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Modifiable risk factors linked to CKD progres-
sion include unhealthy diet, sleep deprivation,
and use of tobacco. Genetic testing is non-
invasive (e.g., saliva) and the cost for a ‘kidney
panel’ is affordable enough for this to be a first-
line option in cases without an identifiable
cause [14].

The interaction of chronic diseases such as
hypertension, diabetes, obesity, and/or atrial
fibrillation can be viewed as an overlap phenom-
enon whereby the presence of CKD emerges as a
risk multiplier of the morbidity and mortality of
the other major chronic diseases [10, 13, 15]. The
risk of each disease increases in the areas of their
overlap with CKD, and the magnitude of this det-
rimental effect is related to the severity of CKD
[10]. Thus, detection and treatment of both CKD
and comorbid conditions are essential to reduc-
ing the global burden of disease.

1.3  Staging of CKD

One of the major milestones in Nephrology was
the creation of a uniform language to define and
classify CKD in 2002. At the time, a major limit-
ing factor was the quality and quantity of evi-
dence then available. Nonetheless, the
classification schema allowed for improved orga-
nization of subsequent research and the ability
for scientific publications and clinicians to com-
municate clearly with one another. Apart from
information on the epidemiology and outcomes
of CKD, the new evidence revealed a strong,
graded, and consistent relationship between the
severity of the two hallmarks of CKD: reduced
eGFR and increased albuminuria [8]. As a result
KDIGO released a new guideline for the staging
of CKD that integrates albuminuria as a determi-
nant of the severity of the disease. The guideline
refines the definition of CKD as abnormalities of
kidney structure or function, present for >3
months, with implications for the health of the
individual, and classifies CKD based on the cause
(C), GFR (G), and albuminuria (A) category
(CGA) [6]. The classification of CKD by the
level of eGFR and albuminuria (the GA of C GA)
and their impact on prognosis is shown in

Fig. 1.1. That the cause (C) is based on the pres-
ence and absence of systemic diseases and the
location of the disease within the kidney (glom-
erulus, tubule, vasculature, cystic, or genetic).
The importance of considering the cause (the
C of CGA) of CKD, now part of the 2012 defini-
tion, is highlighted in the conceptual model of
CKD shown in Fig. 1.2. The dotted arrows in the
figure reflect the potential for reversibility at each
stage of CKD. This improvement may be part of
the natural course of some diseases but is also
and to a greater extent the result of detection and
proper treatment of individual cases. Thus, a
patient with malignant hypertension and CKD
who presents with AKI requiring dialysis can
recover sufficient kidney function after control of
the blood pressure to cease requiring mainte-
nance dialysis and revert to an earlier stage of
CKD [10]. Similarly, a patient with congestive
cardiomyopathy, who requires dialysis at presen-
tation, can recover sufficient kidney function fol-
lowing treatment of the heart failure to perfuse
the kidneys well enough to revert to an earlier
stage of CKD. The same argument can be made
for all CKD patients whose kidney function is
aggravated by poor management of the comorbid
conditions with which it overlaps. By the same
token, improvement of kidney function with
regression to an earlier stage can be achieved by
the proper therapy (e.g., steroids, immunosup-
pression) of the cause of the kidney disease in
selected cases (e.g., lupus nephritis, IgA nephrop-
athy) or the reduction of the magnitude of their
albuminuria with angiotensin-converting enzyme
inhibitors (ACEIs), angiotensin receptor blockers
(ARBs), SGLT?2 inhibitors, and antihypertensive
agents. Whereas albuminuria is used in the grad-
ing of CKD, the evaluation of the individual
patient with CKD should include all abnormali-
ties detected on urinalysis that are usually equally
important in diagnosis and affect CKD outcomes,
especially that of hematuria. In those whose CKD
continues to progress, their outcomes can be
improved by preventing the complications of
continued loss of kidney function (anemia, min-
eral, and bone disorders) to forestall the other-
wise serious systemic ravages of CKD. This
underscores the vital importance of detecting
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kidney disease in its earliest stages before the
onset of serious and irreversible complications.

1.4 Epidemiology of CKD

Recognition of the global burden of CKD was
prompted by the epidemiologic studies launched
after the creation of a uniform definition of CKD
in 2002. Factors that aided in wider recognition
of CKD include: (1) the ease of diagnosing CKD
from spot albuminuria and/or the eGFR from a
single serum creatinine measurement; (2) sub-
stantial epidemiologic data indicating that overt
kidney disease (stages 3B-5) is the tip of an ice-
berg of covert disease (stages 1, 2, and 3A); (3)
recognition of the near exponential increase in
the prevalence of two major causes of kidney dis-
ease, diabetes mellitus and obesity (Fig. 1.3); (4)
identification of attempts to control the cost and
improve the outcomes of renal replacement ther-
apy by the early detection of overt CKD for the
amelioration of its course and prevention or treat-
ment of its complications; (5) accruing compel-
ling evidence of the major role of CKD in
increasing the risk of cardiovascular disease as
well as that of other chronic diseases that have
prompted active interest in the detection of CKD
by non-nephrologists; and (6) the verification of
effective measures to prevent the progression of
CKD, reduce its complications, and ameliorate
its outcomes. While these factors render control
of CKD an achievable goal of healthcare plan-
ning in the developed world, the problems they
delineate in the developing world are challenging
and remain to be adequately addressed.

Chronic kidney disease is an important con-
tributor to the morbidity and mortality from non-
communicable diseases. Cause of CKD depends
on the environment with diabetes and hyperten-
sion being the most common causes, while dis-
eases like HIV and heavy metal toxicity also
contribute to pathology. In some instances, the
cause remains unknown. The Global Burden of
Disease, Injuries and Risk Factors Study with its
broad collection of data sources can deliver
global estimates of the disease [16]. In 2017, the
prevalence of CKD was estimated at 9.1% in the

world population: stages 1 and 2 accounted for
5%; stage 3 for 3.9%; stage 4 for 0.16%; stage 5
for 0.07%; dialysis for 0.041% and kidney trans-
plantation for 0.011%. The global standardized
mortality rate was 1.39 times higher amongst
males than amongst females per 100,000 popula-
tion [17]. Kidney disease was listed as the 12th
leading cause of death in 2017 [17].

These statistics highlight the importance of
access to renal replacement therapy, both to initi-
ate and maintain access to dialysis. In certain
low-income parts of the world, despite initiation
of kidney replacement therapy, most patients are
forced to withdraw due to the inability to pay for
ongoing dialysis.

Public health policies have a major role to
play in educating health personnel on the
early Kidney disease detection, implementa-
tion of kidney protective treatments and
appropriate treatment of risk factors like
hypertension and diabetes. One approach could
be screening for chronic kidney disease in
patients, especially the elderly and those with
risk factors. Studies have suggested that such
screening protocols can be a cost-effective
approach in reducing mortality and progression
to ESKD [18].

The number of people needing kidney replace-
ment therapy worldwide is 2.5 million; and this is
estimated to grow to 5.4 million by 2030 [19].
Unfortunately, there is a shortage of renal replace-
ment therapy in many countries and an estimated
2.3-7.1 million adults died prematurely from
lack of access to this treatment [20].

Data from the National Health and
Nutrition Examination Survey (NHANES)
indicate that the prevalence of CKD is rising,
particularly in stage 3, probably due to the
increased prevalence of obesity and diabetes
(Fig. 1.3). Between one-quarter to one-third of
diabetics will develop diabetic kidney disease,
which is the leading cause of CKD [6]. It is esti-
mated that the number of people worldwide diag-
nosed with diabetes will rise from 171 million in
2000 to 366 million in 2030, resulting in addi-
tional millions of new cases of CKD. A change to
a “Western” diet and the rising rates of obesity
along with genetic predisposition are all consid-
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ered as potential etiologies that account for the
rising incidence of these chronic diseases [21].
Another contributing factor to the rise in CKD is
the increase in cases of AKI. In the past two
decades, there has been an increase in the inci-
dence of AKI severe enough to require dialysis.
Two suspected reasons are (1) procedures or
novel therapies using nephrotoxic agents and (2)
survival from severe sepsis, a major risk factor
for AKI and AKD. Furthermore, all patients with
an AKI hospitalization (regardless of whether
there is underlying CKD) have a risk of either
ESKD (5%) or death (25%) in the year following
their hospitalization [7].

The onset and progression of CKD depend
on the occurrence of both modifiable (obesity,
smoking, poorly controlled hypertension or
diabetes, diet) and non-modifiable (age, gen-
der, race, genetics) risk factors. Old age is a
well-established risk factor for CKD, but there
has been ongoing debate as to whether the age-
related GFR decline is “normal” or pathological.
The age-related decline in GFR, which affects up
to 40% of people aged over 65 years, could lead
to overestimating the actual burden of CKD
because many of these elderly people have
impaired but stable kidney function [8]. However,
the treating physician must be aware that such
patients are at increased risk of drug toxicity and
worsening comorbid chronic diseases (Fig. 1.2).
Thus, with increasing age, especially in patients
above 75 years, the likelihood of death outweighs
the risk of developing ESKD even when the
eGFR is severely reduced (below 29 ml/
min/1.73 m?) [11].

Gender represents one non-modifiable risk
factor for CKD. The data comparing the preva-
lence of CKD in men and women is a topic of
controversy. Feminine hormones have been pro-
posed to favorably alter the onset, course, and
progression of chronic kidney disease, through
alterations in the renin—angiotensin system,
reduction in mesangial collagen synthesis, modi-
fication of collagen degradation, and upregula-
tion of nitric oxide synthesis [22]. The USRDS
database indicates that women have a 22% lower
risk of being diagnosed with CKD (p < 0.001)
and a lower incident rate of ESKD, but the defi-

nite worldwide effect of gender in CKD remains
to be determined [8].

Ancestry and genetics represent other non-
modifiable risk factors. CKD has a higher inci-
dence among African Americans and Latin
Americans in the USA than among their
Caucasian counterparts. Even after adjusting for
known genetic causes of CKD (such as polycys-
tic disease or Alport Syndrome), family members
of dialysis patients tend to have a higher preva-
lence of CKD [23].

1.5 Etiology of CKD

In the USA and worldwide, most CKD cases
are secondary to diabetes mellitus, influenced
by the increasing rates of obesity across all
developing countries. Apart from its association
with diabetes and hypertension, obesity per se is
linked to earlier onset and faster progression of
CKD in general [17]. The importance of weight
control in all CKD obese patients cannot be
overemphasized.

Disparities in the prevalence of CKD are
affected by geographic and economic factors
(Table 1.2). In developing countries, chronic glo-
merulonephritis (GN) and interstitial nephritis
are a more frequent cause of CKD, in many cases
reflecting kidney disease secondary to environ-
mental exposure or a bacterial, viral, and para-
sitic infection [21]. The incriminated infectious
agents include tuberculosis (200 million affected
worldwide), streptococcal infections, hepatitis C
virus (170 million), human immunodeficiency
virus (40 million), and schistosomiasis (200 mil-
lion), depending on the region. IgA nephropathy
is common in Southeast Asia and the Pacific
region accounting for up to 35—45% of glomeru-
lonephritides [21]. Focal segmental glomerulo-
sclerosis (FSGS) is another common cause of
CKD in developing countries such as India, pos-
sibly because of the low nephron mass associated
with low birth weight. Finally, the magnitude of
environmental pollution’s contribution on CKD
remains debatable: an association has been docu-
mented only for occupational exposure to lead,
cadmium, and mercury.
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Table 1.2 Prevalence of CKD and deaths associated with CKD from different parts of the world in 2017

Number and prevalence of CKD (95% CI)

Global estimates 697,509,472 [9.2%]

Europe
United Kingdom 5,636,676 [8.5%]
(5,233,735-6,135,943)
Germany 9,046,875 [10.9%]
(8,323,728-9,881,743)
Spain 4,233,637 [9.08%]
(3,900,640-4,624,353)
Russia 26,981,655 [18.67%]
(24,997,909-29,311,266)
Ttaly 6,163,048 [10.18%]
(5,684,428-6,714,537)
Australia 2,919,853 [11.67% of entire population]
(2,708,028-3,164,634)
America
Canada 3,467,822 [9.35%]
(3,213,111-3,766,495)
USA 38,816,706 [11.9%]
(36,156,443-41,956,816)
Mexico 14,556,534 [11.6%]
(13,572,422-15,614,239)
Asia
India 115,069,914 [8.6%]
(106,818,767—-124,130,281)
Japan 21,411,356 [16%]
(19,946,798-23,210,020)
China 132,324,202 [9.5%]

(121,756,611-143,737,211)
South America

Brazil 16,777,334 [8.07%)]
(15,579,858-18,107,349)

Africa

Nigeria 12,681,837 [6.6%]

(11,675,878-13,853,971)

Prevalence of death attributed to CKD
1,230,168 [2.1%]

6766 [1.26%]
(6628-6903)
26,754 [2.8%]
(24,215-29,510)
10,605 [2.49%]
(9890-11,361)
11,361 [0.62%]
(11,135-11,621)
14,292 [2.21%]
(13,318-15,333)
5228 [3.24%]
(4833-5656)

6087 [2.1%]
(5681-6544)
84,944 [3.02%]
(83,154-86,756)
65,033 [10.7%]
(63,122-66,615)

223,821[2.2%]
(207,938-235,529)
35,709 [ 2.6%]
(33,921-38,263)
175,891 [1.7%]
(160,601-183,366)

35,350 [2.8%]
(34,607-36,148)

13,740 [0.6%]
(10,420-18,751)

The definition of CKD includes persons with estimated glomerular filtration rate (éGFR <60 ml/min/1.73 m?) or
albuminuria. The prevalence rate of CKD is quite similar across all countries with the global average percentage of

9.2% [24]

1.6  Progression of CKD

The treatment of specific causes of CKD will be
detailed in later chapters of this textbook.
However, regardless of the cause, kidney fibro-
sis including nephrosclerosis and tubulointer-
stitial fibrosis constitutes the final pathway of
cellular injury. Myofibroblasts are the main cell
type that produce the extracellular matrix. A
novel concept called partial epithelial-
mesenchymal transition (EMT) involves tubular
epithelial cells developing mesenchymal charac-

teristics despite retaining their attachment to
basement membrane has been proposed to play a
pathogenic role in CKD.

After an acute kidney injury, there is enhanced
expression of mesenchymal markers (e-cadherin,
a smooth muscle actin) and upregulation of pro-
fibrotic factors (TGF-B, connective tissue growth
factor). These factors lead to cell cycle arrest and
this in turn upregulates pro-fibrotic factors, lead-
ing to a vicious cycle culminating in fibrosis pro-
gression [25, 26]. Fatty acid oxidation, which is
the main source of energy of proximal convo-
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luted tubule (PCT) is halted by these inflamma-
tory factors resulting in lipid accumulation in the
PCT cells which is a characteristic feature of
EMT. This enhances inflammation, activates
innate immunity to cause apoptosis, cytokines,
and chemokines [26].

Epigenetic modifications like DNA methyla-
tion and histone modification also participate in
the regulation of partial EMT. Agents inhibiting
these could be a novel therapeutic solution to
retard the progression of CKD.

1.7  Genetics of CKD

The precise molecular and cellular mechanisms
underlying CKD pathogenesis are poorly under-
stood. It is estimated that 20% of individuals
with CKD in the US harbor potential identifi-
able and causal mutations in a single gene
[27]. Studies suggest that disease-causing
genetic variations are identifiable in 10%
adults and 20% children with CKD [28].
Identification of these causes may provide per-
sonalized treatments, enable counseling of an
at-risk population, guide family planning,
and/or identify patients who need treatment
for systemic diseases. For screening, broad gene
panels may provide comprehensive analysis.
Understanding the testing patterns will enable
better understanding of the scope of various
detection panels.

One next generation sequencing broad-based
panel includes over 300 known mutations for
cystic, tubulointerstitial, glomerular, tubular, and
structural disorders of the kidney. The panel is
ordered per discretion of the nephrologist and
can be done utilizing saliva or blood. A study of
over one thousand patients utilizing this test
found a positive disease-causing variant in 21.1%
[29]. The most common genetic abnormalities
identified include: PKD1, APOL1, and COLA4/5.
Apart from diagnostic significance, there are
prognostic and therapeutic benefits as well. For
example, the finding of a PKDI mutation may
prompt the clinician to start an ADH-antagonist
earlier in the course of disease or could influence
family planning. In another example, the finding

of a COLA4/5 mutation in a patient with histo-
logic evidence of FSGS could re-classify the
cause and avoid unnecessary immunosuppres-
sion. FSGS is also associated with genetic vari-
ants such as INF2, CD2AP, PAX2, and WT1.
And discovery of the HNFB1 gene has been
linked to hypomagnesemia, gout, and progressive
renal disease in patients previously deemed
“idiopathic CKD.” As a result, recent guidelines
recommended a classification system that
included the incorporation of genetic confirma-
tion. Genetic testing also has the potential to
reduce the need for kidney biopsy in diagnosis,
thus avoiding potential complications and costs.
In patients of West African origin, an APOL1 G1
allele is strongly associated with development of
non-diabetic kidney disease [29].

One limitation today is that a negative genetic
test may miss currently unknown variants.
Nevertheless, it is certainly the way forward for
detection of genetic diseases and could result in a
more personalized treatment for patients with
kidney disease.

1.8  Detection

CKD is potentially a progressive disease with the
distinct likelihood of ongoing loss of kidney
function even after the initial injury is no longer
present. Patients with CKD are often asymp-
tomatic until they reach the more advanced
stages. Hence, it is intuitive that earlier detec-
tion will facilitate timely treatment, disease
awareness, and promote the necessary lifestyle
and medication changes to retard the progres-
sion of CKD and prevent its complications.
Diagnostic tests employed to detect latent CKD
are the dipstick urinalysis for albuminuria, serum
creatinine (to calculate eGFR), the kidney ultra-
sound, and the blood pressure. Although rela-
tively cheap, these have not proven cost-effective
when applied to the screening of the general pop-
ulation. Targeting specific susceptible subpopula-
tions, for example, patients with diabetes,
hypertension, obesity, or cardiovascular disease,
is a more economical approach to screening to
detect CKD. Recommendations regarding which
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“high-risk” group should be screened vary
between national and international organizations
(Table 1.3). Attempts at diligent detection and
early identification are just a beginning; unfortu-
nately, there is frequently failure to achieve thera-
peutic targets, due to the lack of awareness of
available clinical practice guidelines or their inef-
fective implementation. Planned programs at

detection must incorporate the next important
step of proper follow-up and therapy.

Although the worldwide epidemic of obesity
and diabetes extend to children, screening for
kidney disease in this population is also contro-
versial. The most used and cost-effective screen-
ing tool in children is urinalysis for blood and
albumin. Two challenges facing mass screening
campaigns are (1) determining the right popula-

Table 1.3 Select international guidelines in screening specific adult populations for CKD

Organization Population
American Diabetes Association Adults with diabetes
(ADA)?

https://diabetesjournals.org/care/
article/28/7/1813/27976/
Screening-for-Kidney-Disease-in-
Adults-With

Japanese Society of Nephrology*
https://jsn.or.jp/en/guideline/pdf/
guideline2009.pdf

National Institute for Health and
Clinical Excellence (NICE)*
https://www.nice.org.uk/guidance/
ng203

Adults with diabetes

Adults with diabetes, hypertension,
cardiovascular disease, structural renal
tract disease, renal calculi, prostatic
hypertrophy, multisystem diseases with

Screening test

Initial assessment measures
albumin excretion on at least 1
occasion over a 6-month period.
Further testing involves
assessment of serum albumin
creatinine ratio and eGFR
evaluation

Serum creatinine (with eGFR)
and urinary albumin—creatinine
ratio (UACR) in a spot urine
sample

Offer CKD testing with urinary
albumin—creatinine ratio
(UACR) and/or serum creatinine
based eGFR measurement

potential kidney involvement (e.g., lupus),
family history of hereditary kidney disease

or stage 5 CKD

Adults prescribed nephrotoxic drugs or
receiving long-term systemic nonsteroidal

Measurement of eGFR
creatinine

anti-inflammatory drug (NSAID) treatment

Obese individuals
Kidney Disease: Improving Global ~ Adults with CKD
Outcomes (KDIGO)*
https://kdigo.org/wp-content/
uploads/2017/02/
KDIGO_2012_CKD_GL.pdf
United States Preventative Task
Force (USPTF)*
https://www.
uspreventiveservicestaskforce.org/
uspstf/document/
RecommendationStatementFinal/
chronic-kidney-disease-ckd-
screening
National Kidney Foundation (NKF)*
https://www.kidney.org/
kidneydisease/
siemens_hcp_quickreference

Asymptomatic adults

Adults at “increased risk” of CKD

No specific screening
recommended

Assessment of GFR through
CKD-EPI serum creatinine and
cystatin C measurement

No specific screening
recommended

Recommends use of spot urine
for albumin- creatinine ratio
(UACR) and use of serum
creatinine to estimate GFR

 Last reviewed on July 24, 2022. The Canadian Society of Nephrology follows KDIGO guidelines for assessment and
treatment of chronic kidney disease and associated complications like hypertension, anemia, metabolic bone disease etc
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Table 1.4 Goals of a school screening program to detect
CKD

1. Program should be based on relatively simple
tests that have been documented to provide
reproducible results

2. Tests should have a high level of sensitivity (to
avoid missing cases of CKD) and preferably
associated with high specificity (to reduce number
of false positives)

3. Infrastructure of screening program should be set
up in such a way to identify abnormal results and
schedule confirmatory tests in a short period of
time

4. Close communication with the parents of children
with abnormal results should be maintained
throughout all stages of the screening program

5. Appropriate consultation with a pediatric
nephrologist should be expedited for all children
who have persistently abnormal results

6. Cost-effectiveness of the program should be
confirmed periodically to maintain enthusiasm for
the program

tion (such as children’s age or country of origin)
to screen and (2) assuring the accuracy of random
urinalysis. Detection of proteinuria is most accu-
rate with the first morning void; hence, all per-
sons who screen positive on a random sample
should have a confirmatory urinalysis done on a
first-void morning specimen shortly thereafter.
The goals of implementing a school screening
program for children are listed in Table 1.4 [30].
Mass urinary screening programs were initially
implemented in France and have been routine
practice in Asian countries such as Japan, Taiwan,
and Korea for decades. Perhaps due to the high
prevalence of IgA nephropathy, childhood
screenings in Japan have been reported as “‘suc-
cessful” [30]. In 2002, 246,000 elementary and
115,000 junior high school Japanese children
were screened. Proteinuria was detected in 0.11%
and confirmed on repeat urinalysis in 0.05% of
the elementary school children; the results of
junior high school screens were 0.6 and 0.32%,
respectively. The number of Japanese adoles-
cents who develop ESKD has decreased between
1984 and 2002 suggesting that screening children
has the potential to reduce the incidence of
ESKD. However, there seems to be a movement
away from mass screening in North America and

Europe due to issues of its cost-effectiveness. In
the USA, the American Academy of Pediatrics
(AAP) does not recommend urinalyses during
childhood to screen for kidney disease.

Given this data, all children with risk factors
for CKD, including those who are obese, are
hypertensive, or have relocated from areas of the
world with a high endemic burden of CKD,
should have a screening urinalysis and if abnor-
mal should be followed by a repeat first morning
urinalysis.

Before You Finish: Practice Pearls for the

Clinician

e CKD is a major public health problem that is
common, harmful, and treatable.

e Detection of CKD is best accomplished with
serial measurements of blood pressure, serum
creatinine, and urinalysis in select populations
at a higher risk of disease

e CKD staging combines albuminuria (A) and
cause (C), with GFR (G), to improve
prognostication

e The two principal hallmarks of CKD that
affect its outcomes are levels of reduced eGFR
and increased albuminuria.

e Because of the epidemic of obesity and diabe-
tes, the incidence of CKD is increasing, par-
ticularly for persons with overt stage 3 disease
(eGFR 30-59 ml/min/1.73 m?).

e The eGFR declines as age increases resulting
in an eGFR of 45-59 ml/min/1.73 m? or CKD
Stage 3A for many individuals over age 70
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Clinical Assessment of a Patient
with Chronic Kidney Disease

Sinem Girgin and Mustafa Arici

Before You Start: Facts You Need to Know

e A focused history and physical examination
are essential in the assessment of patients with
chronic kidney disease (CKD).

* A CKD patient’s history should differentiate
CKD from acute kidney disease, define dura-
tion and chronicity, find a causative or con-
tributory disease, and assess complications
and comorbidities.

» Physical examination should cover all systems
but has a special emphasis on blood pressure
and orthostatic changes, volume assessment,
and cardiovascular examination.

e Serum creatinine and estimation of glomeru-
lar filtration rate (GFR) with a serum creati-
nine based equation should be done as a part
of initial assessment in all CKD patients.

* A complete urinalysis and measurement of
albumin/creatinine ratio in the urine should be
carried out in all CKD patients.
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2.1 History and Physical
Examination of a Chronic

Kidney Disease Patient

Chronic kidney disease (CKD) is usually a silent
condition. Signs and symptoms, if present, are
generally nonspecific (Box 2.1) and unlike sev-
eral other chronic diseases (such as congestive
heart failure, chronic obstructive lung disease),
they did not reveal a clue for diagnosis or severity
of the condition. Typical symptoms and signs of
uremia (Box 2.2) appear almost never in early
stages (Stage 1 to 3A/B, even Stage 4) and
develop too late only in some patients in the
course of CKD. Still, all newly diagnosed CKD
patients, patients with an acute worsening in their
kidney function, and CKD patients on regular
follow-up should have a focused history and
physical examination. This will be the key to per-
ceive real “implications of health” associated
with decreased kidney function in CKD.

Box 2.1 Symptoms and Signs of Early Stages

of CKD

*  Weakness

* Decreased appetite

* Nausea

e Changes in urination (nocturia, poly-
uria, frequency)

e Blood in urine or dark-colored urine
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* Foamy or bubbly urine
e Loin pain

* Edema

* Elevated blood pressure
e Pale skin

Box 2.2 Symptoms and Signs of Late

(Uremic) Stages of CKD

e General (lassitude, fatigue, elevated
blood pressure, signs of volume over-
load, decreased mental acuity, intracta-
ble hiccups, uremic fetor)

e Skin (sallow appearance, uremic frost,
pruritic excoriations)

e Pulmonary (dyspnea, pleural effusion,
pulmonary edema, uremic lung)

e Cardiovascular (pericardial friction
rub, congestive heart failure)

e GQGastrointestinal  (anorexia, nausea,
vomiting, weight loss, stomatitis,
unpleasant taste in the mouth)

e Neuromuscular (muscular twitches,
peripheral sensory and motor neuropa-
thies, muscle cramps, restless legs, sleep
disorders,  hyperreflexia,  seizures,
encephalopathy, coma)

¢ Endocrine-metabolic (decreased libido,
amenorrhea, impotence)

* Hematologic (anemia,
diathesis)

bleeding

In a newly diagnosed CKD patient, the history
should be focused to differentiate an acute kidney
injuryldisease from CKD and get clues for dura-
tion and chronicity of kidney dysfunction. Any
previous kidney function tests, urine findings,
and imaging studies should be obtained and
reviewed. If CKD diagnosis is confirmed, history
should be focused to find an underlying cause.
Patients should be questioned for any sign or
symptom of an underlying (causative or contribu-
tory) disease(s) for CKD. All medications
(including current and prior medications, over-

the-counter, and non-prescription medications)
should be carefully reviewed and documented.
Any previous surgical intervention, especially
genitourinary interventions, should be reviewed.
A detailed family history should be obtained to
exclude presence of a familial, hereditary kidney
disorder (Box 2.3).

Box 2.3 Clues to the Underlying (Causative
or Contributory) Disease in a CKD Patient
Previous lab tests, imaging, or biopsy find-
ings (provide definite evidence for CKD if
they show previously decreased GFR
andlor presence of kidney damage, pres-
ence of bilateral small kidneys)

System review:

e Cardiovascular (history of myocardial
infarction, coronary intervention, and
heart failure provide evidence for car-
diorenal connection and impaired renal
perfusion)

* Immunologic/infectious (provide evi-
dence for autoimmune or infectious
causes of CKD)

e Gastrointestinal (history of hepatitis,
cirrhosis)

e Genitourinary (frequent urinary tract
infection, recurrent kidney stones, and
urinary symptoms related to bladder
neck obstruction provide evidence for
pyelonephritis, obstruction, and stones)

Past medical history (history of diabetes
or long- standing hypertension, glomerulo-
nephritis in early childhood, kidney com-
plications during pregnancy, any previous
acute kidney injury episode, any previous
urologic intervention)

Family history (anyone with CKD diag-
nosis among first-degree relatives)

Medication history (frequent use of
NSAIDs or pain killers, long- term expo-
sure to nephrotoxic antibiotics, frequent
exposure to radiocontrast agents, chemo-
therapeutic use, etc.)
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Source: Reprinted from KDOQI clinical
practice guidelines for chronic kidney dis-
ease: evaluation, classification, and stratifi-
cation [1], Copyright 2002, with permission
from Elsevier. Available from: http://www.
kidney.org/professionals/KDOQI/guide-
lines_ckd/toc.htm

In each visit, the stage of CKD and presence
of any comorbidity and complications related to
loss of kidney function and cardiovascular status
should be evaluated. All body systems should be
thoroughly reviewed as CKD may have various
manifestations in any of them. Patients should be
specifically questioned for dermatological, pul-
monary, cardiovascular, cerebrovascular, periph-
eral vascular, gastrointestinal, genitourinary,
musculoskeletal, and neurological symptoms.
Potential risk factors for sudden deterioration
and progression of CKD, along with a careful
review of medications, should be sought in each
visit.

Physical examination of a CKD patient
includes a few specific points beyond general
rules. Patient’s general health, nutritional status,
appetite, and weight changes should be deter-
mined in each visit. Blood pressure and pulse
should be assessed both in upright and supine
positions for determining orthostatic changes.
Hypertensive or diabetic changes in the eye
should be examined by fundoscopy. Patients
should be examined for signs of hypovolemia or
volume overload. Skin should be evaluated for
finding an underlying disease and signs of CKD
(anemia, pruritus, sallow appearance). A careful
evaluation of the cardiovascular system is impor-
tant. The abdomen should be palpated for large
kidneys and bladder distention. Abdominal bruits
should be noted for potential renovascular dis-
ease. Costovertebral tenderness may be a sign of
infection and/or stone disease in kidneys. In men,
rectal examination is required for determining
prostatic enlargement. Neurological evaluation
should be focused on signs of neuropathy and
muscular problems. Examination for any sign of
a systemic disease causing or contributing to

CKD should be carefully sought. Findings con-
sistent with uremia should be determined and fol-
lowed in each visit (Box 2.4).

Box 2.4 What the Guidelines Say You Should

Do: History and Physical Examination

e Review past history and any previous
measurement for GFR or markers of
kidney damage to determine the dura-
tion of kidney disease.

* Evaluate the clinical context, including
personal and family history, social and
environmental factors, medications,
physical examination, laboratory mea-
sures, imaging, and pathologic diagno-
sis to determine the causes of kidney
disease.

Source: Data from KDIGO 2012 clinical
practice guideline for the evaluation and
management of chronic kidney disease [2]

2.2  Estimating or Measuring
Glomerular Filtration Rate

in CKD

Glomerular filtration rate (GFR) is usually
accepted as the best index of kidney function.
Persistently decreased GFR (<60 ml/min/1.73 m?)
is a hallmark for CKD, even in the absence of any
marker for kidney damage. GFR usually corre-
lates well with the prognosis and complications
of CKD like anemia, mineral-bone disorders, and
cardiovascular disease. GFR should be deter-
mined for confirming diagnosis, staging the dis-
ease, estimating the prognosis and making
decisions about treatment in all CKD patients.
GFR level may also be used to decide appropriate
timing to start renal replacement therapies. GFR
should be regularly monitored in CKD patients
according to the stage and severity of CKD. There
is, however, no consensus on the monitoring fre-
quency of GFR in various stages (Table 2.1).
GEFR is traditionally measured as renal clear-
ance of an “ideal” filtration marker, such as inulin
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Table 2.1 How often should GFR be monitored in CKD?

Stage Testing frequency (once in every)®
Stage 1 and 2 6—12 months
Stage 3A 4—6 months
Stage 3B 3—4 months
Stage 4 2-3 months
Stage 5 1 month
Source: Adapted by permission from Macmillan

Publishers Ltd: Kidney Disease: Improving Global
Outcomes (KDIGO) CKD Work Group [2] and National
Institute for Health and Clinical Excellence (NICE) [3].
Available from: http://www.kdigo.org/clinical_practice_
guidelines/CKD.php and https://www.nice.org.uk/guid-
ance/ng203

2 Testing frequency may change according to progression
rate and albuminuria level in each stage. All CKD patients
should have GFR measurements during any intercurrent
illness, any operation, any hospitalization, and any radio-
contrast administration

from plasma. This measured GFR is considered
the gold standard but is not practical for daily
clinical use due to complexity of the measure-
ment procedure. Estimating GFR based on a fil-
tration marker (usually serum creatinine) is now
widely accepted as an initial test. Several GFR
prediction equations that use serum creatinine or
some other filtration markers along with certain
patient characteristics (like age, gender, and race)
are giving precise estimates of GFR in various
clinical settings [4].

1. Serum creatinine, Creatinine clearance, and
GFR estimating equations: These are the most
common methods used for assessing kidney
function in clinical practice.

(a) Serum creatinine measurement is a very
convenient, cheap, and readily available
technique. It is, therefore, the most com-
monly used parameter to evaluate kidney
function in routine clinical practice.
Serum creatinine (SCr) levels are largely
determined by the balance between its
generation and excretion by the kidneys.
Creatinine generation is affected by mus-
cle mass and dietary meat intake. Age,
gender, and racial differences in creati-
nine generation depend to changes in
dietary intake and muscle mass. Reduced
protein intake, malnutrition, and muscle

(b)

wasting may reduce creatinine generation
in a CKD patient. These factors may blunt
the rise of serum creatinine in spite of a
decrease in GFR levels, especially in late
stages of CKD.

Creatinine is freely filtered through the
glomerulus and is also secreted by the
proximal tubules (5-10% of the excreted
creatinine). Tubular secretion and
increased extrarenal elimination of creati-
nine increases with decreasing kidney
function. Both factors lead to underesti-
mation of kidney function by using only
serum creatinine levels. In early stages of
CKD, serum creatinine usually stays in
normal limits despite large reductions
(~30-40%) in real GFR due to increased
tubular secretion and extrarenal elimina-
tion of creatinine [5].

Serum creatinine is commonly mea-
sured by alkaline picrate (Jaffé method),
enzymatic, or high-performance liquid
chromatography (HPLC) methods. These
different methods of measuring serum
creatinine are recently standardized to the
isotope dilution mass spectrometry
(IDMS). Standardized measurements
usually yield 5% lower values for serum
creatinine concentrations. The alkaline
picrate method is subject to interference
by various serum constituents and drugs.
The differences in assays and inter- and
intra-laboratory variability may also
affect the accuracy of serum creatinine
measurements [6].

All these factors (differences in creati-
nine generation, tubular secretion, extra-
renal elimination, and variations in assay
methods) may affect diagnostic sensitiv-
ity and correct interpretation of serum
creatinine. Serum creatinine alone is not
anymore accepted as an adequate marker
of kidney function.

Creatinine clearance (Ccre) measure-
ment is a frequently used clinical method
for measuring GFR. Its calculation
depends on 24-h urine collection. This
is a cumbersome procedure, especially
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in elderly. An incomplete or prolonged
collection of urine alters the accuracy of
the results. If creatinine generation is
stable and there is no extrarenal elimi-

nation of creatinine, a complete collec-
tion may be determined by calculating
total excretion of creatinine in the urine
as follows:

Urine creatinine x urine volume =20 —25mg / kg / day for men,10—15mg/ kg / day for women

Calculation of creatinine clearance
assumes that all of the filtered creatinine
(equal to the product of the GFR and the
serum creatinine concentration (SCr)) is
equal to all of the excreted creatinine

(equal to product of the urine creatinine
concentration (UCr) and the urine flow
rate) and ignores the tubular secretion of
creatinine. In this condition, the formula
is as follows:

Cere = [UCr X V] / SCr,whereUcr (Urine creatinine) ismg/ml,V

(urine volume)is mland SCr(Serum creatinine)is mg / dLIf the finding is divided to1440

(24 hx 60 min) ,creatinine clearance is expressed asml/ min.

(©)

Creatinine clearance formula overesti-

mates true GFR by approximately
10-20% because of disregarding tubular
secretion. As already mentioned, tubular
secretion of creatinine increases with
decreasing kidney function causing
higher overestimations in late stages of
CKD.
The reciprocal serum creatinine concen-
tration (1/SCr) curve is used to follow
changes in the kidney function of patients
with CKD. It assumes that GFR is
inversely proportional to the serum creati-
nine. If creatinine generation, extrarenal
elimination, and tubular secretion remain
stable, a plot of 1/SCr against time will be
linear with a constant decrease in
GFR. Due to several caveats, this method
is not popular anymore for following pro-
gression among CKD patients.

(d)

(e)

GFR estimating equations based on
serum creatinine were developed in order
to eliminate several limitations of serum
creatinine use. These equations were
derived from different studies and popu-
lations and usually combine serum creati-
nine levels with other determinants of
GFR like age, gender, and race and body
size. The most common equations used
are the Cockcroft-Gault, the Modification
of Diet in Renal Disease (MDRD) Study,
and the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI)
equations.

The Cockroft- Gault equation is the old-
est (developed in 1973) but simplest
equation for everyday clinical use. It has
been derived using data from 249 men
with a creatinine clearance ranging from
approximately 30 to 130 ml/min [7].

Cere(ml/min) ={[ (140 age)xbody weight |/(72x Scr)}x(0.85if female),

whereageis expressed in years, weight in kilograms, and serum

creatinine (Scr ) in milligrams per deciliter.
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This equation was derived when
standardized creatinine assays were not
in use. In labs where standardized cre-
atinine assays were used, this equation
will cause an overestimation (10-40%)
of actual GFR. This equation has not
been adjusted for body surface area. It
is less accurate in obese patients (over-
estimate), in patients with normal or
mildly decreased GFR (underesti-

mates), and in the elderly (underesti-
mates) [0, 8].

(f) The MDRD Study equation was devel-

oped in 1999 by using data from 1628
CKD patients (primarily white subjects,
with nondiabetic kidney disease) with a
GFR range between 5 and 90 ml/
min/1.73 m?. The equation was re-derived
in 2006 for use with the standardized
serum creatinine assays [9, 10].

GFR (mL /min/1.73m’ ) =186.3xScr™"* xage™ " x(0.742if female) x

(1.210if African American ), where Scr is expressed in mg / dL and

ageis expressed in years.

GFR (mL /min/1.73 m2) =175x Ser™"™* xage™*® x(0.742if female ) x

(1.210if African American ), wherea standardized Scr(mg /dL)
measurement is done.

€3]

MDRD equation is the most widely
used formula in recent years. Many labo-
ratories automatically report MDRD
equation GFR estimate along with serum
creatinine measurements. This equation
is more accurate in estimating GFR than
24-h urine creatinine clearance and
Cockroft-Gault formula. It is also more
accurate in patients with lower GFR lev-
els (<60 ml/min/1.73 m?). Its accuracy
differs in various ethnic groups. It is less
accurate in obese patients and in patients
with normal or mildly decreased GFR.
The CKD-EPI equation has been derived
in 2009 from a large study population

Female <0.7mg/dl
>0.7mg/dl
Male <0.9mg/dl
>0.97mg/dl

GFR =144x(Scr/0.7
GFR =144 x(Scr/0.7)

GFR = 141><(Scr / 0.9)
GFR = 141><(Scr/0.9

that included patients with or without
kidney disease with a wide range of
GFR. When compared with MDRD,
CKD-EPI was more accurate in people
especially with higher GFR levels (>60
ml/min/1.73 m?) [11].

GFR (ml/min/1.73 m?) = 141 x
min(SCr/k, 1)a x max(SCr/x, 1)-1.209 x
0.993Age x (1.018 if female) x (1.159 if
African American), where SCr is serum
creatinine (in mg/dl), x is 0.7 for females
and 0.9 for males, o is —0.329 for females
and —0.411 for males, min indicates the
minimum of SCr/k or 1, and max indi-
cates the maximum of SCr/x or 1

)—0.329
-1.209

Age

%(0.993)™ x1.157[if black]

—0.411

)—1.209
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The CKD-EPI equation has been
found to result in lower prevalence esti-
mate of CKD across a broad range of
populations and categorized mortality
and ESRD risk better than MDRD. Given
the data on the improved performance,
especially in general population at higher
levels of GFR, “KDIGO 2012 clinical
practice guideline for the evaluation and
management of chronic kidney disease”
recommends to use CKD-EPI equation
for GFR estimation.

Race-free CKD-EPI equation with the
realization that race is only a social termi-
nology and not a biological construct.
Health professionals began to demand the
removal of variables by race from clinical
algorithms. With this perception, the race
variable was removed and the CKD EPI
2021 creatinine equation was revealed
[12, 13].

There is information that Black indi-
viduals are classified in a lower category
and non-Black individuals in a higher cat-
egory in CKD staging using the race-
independent CKD EPI 2021 equation.
Although the use of the CKD EPI 2021
equation increases the prevalence of CKD
in Black individuals, it is thought that its
suitability for medical treatments and
contrast-based procedures will need to be
evaluated. It may increase nephrology
and vascular access referrals, and trans-
plantation and donor eligibility assess-
ments may be affected [14].

The performance of race-free equation
was found to be poor in white subjects
with a significant underestimation of
CKD, especially in European popula-
tions. A viewpoint by European Renal
Association has not proposed to adopt
this new race-free CKD-EPI equation
before its better performance in European
populations is shown [15]. A new
European Kidney Function Consortium
equation (EKFC) has been developed
mostly from European cohorts with a full
age spectrum, i.e., applicable from chil-

()

dren >2 years to the elderly population
[16].

The Berlin Initiative Study (BIS) equation
was developed to make an accurate esti-
mation of GFR in elderly population.
Two new equations were created, one
based on creatinine (BIS1) and one based
on creatinine and cystatin ¢ (BIS 2). GFR
is estimated more accurate with BIS
equations in elderly patients (>70 years)
especially when eGFR is greater than 30
mL/min per 1.73 m? [17].

All GFR equations have some impre-
cision and do not provide an accurate esti-
mate of GFR due to several limitations.
Some of the limitations are related to the
serum creatinine itself (Box 2.5) and
some are linked to the populations and
studies that the equations have been
derived. All GFR equations should be
used in stable settings where serum cre-
atinine has no rapid alterations (i.e., not
used in acute kidney injury/disease). They
are not recommended for use in patients
under the age of 18, in patients with
extremes in body size or muscle mass, in
patients with severe alterations in dietary
intake (vegetarians, using creatine sup-
plements), in very elderly (>85 years), or
in pregnant patients. It should be noted
that GFR equations have a large standard
deviation. They are very useful in large
group/ population estimates, but may lead
to misinterpretations in some individual
assessments. Where wide variations in an
individual’s estimated GFR exists, or
where a more accurate assessment of
GEFR is required, good clinical judgment
and measurement of GFR (see below) is
recommended.

In elderly population, MDRD equa-
tion predicts higher eGFR than CKD
stage compared to CKD EPI and
Cockroft-Gault equations. MDRD equa-
tion overestimates GFR in the elderly
population due to decreased muscle mass.
One reason is that the MDRD study pop-
ulation is younger and excludes people
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over 70 years of age. However, the CKD
EPI collaboration study included older
adults as well. GFR estimation with cys-
tatin c (see below) is more reliable in the
elderly population where muscle mass
reduction is common. Cystatin c-related
equations are more advantageous in esti-
mating moderate GFR reductions in this
age group, and the only disadvantage is
the cost of the measurement.

Box 2.5 Sources of Error by Using Serum

Creatinine in GFR Estimation

* Non-steady state (e.g., acute kidney
injury)

* Variable creatinine generation (e.g.,
race, extremes of muscle mass, extremes
of body size, high protein diet, creati-
nine supplements, muscle wasting)

e Variable tubular secretion (e.g., decrease
by trimethoprim, cimetidine,
fenofibrate)

e Variable extrarenal elimination (e.g.,
decrease by inhibition of gut creatini-
nase by antibiotics, increase by large
volume losses)

» Higher GFR (e.g., higher measurement
errors in patients with higher GFR)

* Interference with assay (e.g., spectral
interferences from bilirubin and some
drugs or chemical interferences from
glucose, ketones, bilirubin, and some
drugs)

Source: Adapted by permission from
Macmillan Publishers Ltd: Kidney Disease:
Improving Global Outcomes (KDIGO)
CKD Work Group [2]. Copyright 2013.
Available from: http://www.nature.com/
kisup/index.html

. Blood urea and Urea clearance: Urea is the

most well-known nitrogenous waste and it
was used as one of the first indicators to mea-
sure GFR. It is also measured as an indicator
of uremic burden and uremic symptoms in

late stages of CKD. Although blood urea
nitrogen (BUN) has an inverse relationship
with GFR, it is not an ideal filtration marker.
Urea production is variable and is largely
dependent on protein intake. BUN concentra-
tion increases as its production increases with
high protein intake, tissue breakdown, trauma,
hemorrhage, or glucocorticoid use. In con-
trast, BUN concentration decreases when its
production decreases with low protein intake
or in liver disease.

Urea is freely filtered from the glomerulus,
but 40-50% is reabsorbed in the tubules. Urea
reabsorption increases substantially in states
of decreased renal perfusion (volume deple-
tion, congestive heart failure, diuretic use). In
all these conditions, BUN levels will increase
out of proportion to a decrease in GFR and
will result in an increased ratio of BUN to
SCre. Increased BUN-to-SCre ratio is sugges-
tive of a prerenal state and may indicate an
acute deterioration in a CKD patient.

Urea clearance is not a reliable indicator of
GFR also due to variable tubular reabsorption
rates of urea. GFR may be underestimated
almost as half as the real level by urea clear-
ance. The only clinical setting where urea
clearance use has been advocated is the late
stages of CKD for deciding appropriate timing
of dialysis [18]. As urea clearance underesti-
mates and creatinine clearance overestimates
GFR, it is recommended that the average of
these two clearances (GFR = (creatinine clear-
ance + urea clearance)/2) is preferred for esti-
mating GFR in advanced CKD. The use of this
formula is also compromised by problems
related to proper urine collection.

. Serum cystatin C and GFR equations:

Limitations inherent to the use of serum creati-
nine are the major drive for seeking alternative
filtration markers in the serum. Among them,
cystatin C is considered to be a potential alter-
native to serum creatinine for estimating
GFR. Cystatin C is a low molecular weight
(13-kDa) cysteine protease inhibitor that is pro-
duced by all nucleated cells. It is freely filtered
by the renal glomerulus. It is reabsorbed and
completely catabolized by tubular cells. In con-
trast to creatinine, cystatin C does not undergo
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any tubular secretion. The generation of cys-
tatin C was believed to be less variable and
affected less by age and sex. Later epidemio-
logical studies, however, have suggested that
cystatin C generation rate and serum levels
have been influenced by age, sex, cell turnover
rate, steroid use, body mass index, inflamma-
tion, and diabetes. Studies have also shown that
there is an extrarenal elimination of cystatin C
at low levels of GFR. Serum cystatin C mea-
surements are not standardized yet and still
evolving. Studies have shown that cystatin C
measurements also have higher intraindividual
variation than serum creatinine.

Several studies have shown that cystatin C
concentrations may correlate more closely
with GFR than serum creatinine. Similarly,
GFR estimates based on cystatin C may be
more powerful predictors of clinical outcomes
than creatinine-based eGFR. These findings
have been the strongest for mortality and CVD
events, and the prognostic advantage of cys-
tatin C is most apparent among individuals
with GFR >45 ml/min/1.73 m?. Recently, a
single equation combining both serum creati-
nine and cystatin C has been found to be more
accurate in determining GFR [19]. The role of
cystatin C measurements or use of cystatin
C-based equations in CKD care has yet to be
determined. “KDIGO 2012 clinical practice
guideline for the evaluation and management
of chronic kidney disease” has recommended
to measure cystatin C to confirm CKD in adults
if eGFR based on serum creatinine was
between 45 and 59 ml/min/1.73 m? without any
markers of kidney damage. KDIGO recom-
mends to use either cystatin C-based eGFR
equation or cystatin C and creatinine-based
eGFR equations in confirming the presence of
CKD. The use of cystatin C equations has also
several limitations (Boxes 2.6 and 2.7). A new
race free creatinine and cystatin C based eGFR
equation without race has also been defined. It
more accurately estimated measured GFR than
equations with either the creatinine or cystatin
alone. The use of creatinine and cystatin C
based eGFR equation led to smaller differences
from measured GFR between race groups [12].

Box 2.6 Sources of Error by Using Serum

Cystatin in GFR Estimation

* Non-steady state (e.g., acute kidney
injury)

e Variable cystatin generation (e.g., race,
thyroid function disorders, corticoste-
roid use, diabetes, obesity)

e Variable extrarenal elimination (e.g.,
increase by severe decrease in GFR)

» Higher GFR (e.g., higher measurement
errors in patients with higher GFR)

e Interference with assay (e.g., hetero-
philic antibodies)

Source: Adapted by permission from
Macmillan Publishers Ltd: Kidney Disease:
Improving Global Outcomes (KDIGO)
CKD Work Group [2]. Copyright 2013.
Available from: http://www.nature.com/
kisup/index.html

Box 2.7 What the Guidelines Say You Should

Do: Glomerular Filtration Rate

* Use serum creatinine and a GFR esti-
mating equation for initial assessment.

* Use a GFR estimating equation to derive
GFR from serum creatinine (eGFR-
creat) rather than relying on the serum
creatinine concentration alone.

e Understand clinical settings in which
eGFRcreat is less accurate.

e Clinical laboratories should report
eGFRcreat in adults using the 2009
CKD-EPI creatinine equation.

e Clinical laboratories that measure cys-
tatin C should report eGFRcys and
eGFRcreat-cys in adults using the 2012
CKD-EPI cystatin C and 2012 CKD-
EPI creatinine-cystatin C equations.

Source: Data from KDIGO 2012 clinical
practice guideline for the evaluation and
management of chronic kidney disease [2]
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CKD-EPI Cystatin C equation:

GFR (ml /min/1.73 m2) =133x min(SCySC / 0.8,1) —0.499 x max (SCysC / 0.8,1)—1.328>< 0.996Age

[><O.932if female]

where SCysC is serum cystatin C (in mg/l), min
indicates the minimum of SCysC/0.8 or 1, and
max indicates the maximum of SCysC/0.8 or 1.

CKD-EPI Creatinine-Cystatin C equation:

GFR (ml/min/1.73m’ ) = 135 xmin (SCr / k1) o x max (SCr / x,1) — 0.601x min (SCysC / 0.8,1)
—0.375x max (SCysC/0.8,1)—0.711x 0.995Age[x0.969if female|

[>< 1 .08ifblack]

where SCr is serum creatinine (in mg/dl), SCysC
is serum cystatin C (in mg/l), « is 0.7 for females
and 0.9 for males, o is —0.248 for females and
—0.207 for males, min(SCr/k, 1) indicates the
minimum of SCr/x or 1,and max(SCr/k, 1) indi-
cates the maximum of SCr/x or 1; min(SCysC/0.8,
1) indicates the minimum of SCysC/0.8 or 1 and
max(SCysC/0.8, 1) indicates the maximum of
SCysC/0.8 or 1.

All these equations may be reached in various
websites as electronic calculators, such as http://
touchcalc.com/bis2.html or http://www.hdcn.
com/calcf/gfr2.htm or https://www.kidney.org/
professionals/kdoqi/gfr_calculator

4. Measuring GFR with exogenous markers: In
clinical settings where GFR estimates from
serum creatinine or creatinine-based GFR
estimating equations cannot be performed
(such as pregnancy, acute kidney disease, etc.)
or when there is a need for a more precise
determination (such as for living donor assess-
ment) of GFR, clearance measurements
should be performed with several filtration
markers (inulin, iothalamate, iohexol, DTPA,
or EDTA) [20]. Measuring GFR with the use
of these markers is complex, expensive, and
difficult to do in clinical practice. The mea-

surement of GFR with these markers has also
some limitations and rarely used in clinical
practice for CKD care except research set-
tings. In a CKD patient, a measured GFR may
only be required if the patient is chronically ill
with severe reduction in muscle mass, if there
will be a prolonged exposure to nephrotoxic
drugs, or if there is a discrepancy between
severely reduced eGFR and symptoms of ure-
mia before deciding to start renal replacement
therapy.

There is also a new method for calculating
GFR by transcutaneous measurement of a
new exogenous renal marker, FITC-sinistrin
(fluorescein  isothiocyanate). GFR s
calculated by measuring FITC-sinistrine
tested in rodents, and its elimination from the
skin with a miniaturized instrument. The
advantage of this method over conventional
plasma clearance measurements is that it does
not require repetitive measurements with
blood samples and allows repetitive GFR
measurements in a short time period [21, 22].
There are also studies for real-time monitor-
ing of GFR via transdermal measurement of
fluorescent tracers [23].

. Novel biomarkers: There is still ongoing

research for finding one or more potential,
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alternative markers for estimating GFR. In
this sense, several low molecular weight mol-
ecules such as beta-trace protein (BTP),
beta(2)-microglobulin (B2M), and symmetric
dimethyl arginine have been investigated.
BTP and B2M have been found to be more
accurate than serum creatinine in some stud-
ies. Proenkephalin A 119-159 (PENK) is a
newly identified marker of renal function. It is
a good biomarker in showing kidney function
because it does not bind to proteins in plasma
and can be filtered from the glomerulus.
Plasma PENK concentration has been shown
to correlate with GFR in many patient popula-
tions (critical illness, sepsis, heart failure,
CKD patients, kidney transplant recipients
and donors) [24]. It is yet to be determined
whether one or several of them have a role in
CKD patients alone or in combination with
creatinine or cystatin C.

2.3  Urinalysis and Albuminuria
in CKD

Urinalysis and assessment of albuminuria are
very informative, noninvasive tests for both
screening and diagnosing CKD. Albuminuria is
also an important measure for defining severity
of kidney dysfunction, estimating prognosis of
CKD-related outcomes, and associated cardio-
vascular risk. The presence of albuminuria and its
severity also guides treatment alternatives in
CKD.

1. Urinalysis: A complete urinalysis should be
carried out in the first examination of all CKD
patients. Along with a targeted history and
physical examination, urinalysis provides
important information for differential diagno-
sis of acute and chronic kidney disease.
Urinalysis may also provide clues for under-
lying etiologies of chronic kidney disease.
There is, however, no evidence-based infor-
mation whether urinalysis is required in each
follow-up visit of a CKD patient.

A detailed discussion of the diagnostic
uses of urinalysis or specific tests of urine

(metabolic diseases, urine electrolytes, etc.) is
beyond the scope of this chapter and may be
found in other sources. Here, only essential
features of urinalysis for the care of CKD
patients will be covered.

An accurate urine analysis should start
with a proper collection of a urine sample.
First-void (early) morning urine is usually
preferred as formed elements will more likely
be seen in concentrated urine with a low
pH. The sample should be analyzed within
2—4 h from collection.

A complete urinalysis consists of three
components, as physical (gross) examination,
chemical (dipstick) analysis, and microscopic
evaluation of the urinary sediment. In routine
clinical practice, most of the physical and
chemical parameters are examined by a dip-
stick. A dipstick provides a semiquantitative
examination of several urinary characteristics
by a series of tests embedded on a reagent
strip. Among physical parameters, color (usu-
ally normal in CKD), turbidity (usually nor-
mal in CKD), and specific gravity (usually a
fixed, isosthenuric urine is produced in CKD,
i.e., specific gravity is 1010) are assessed. In
chemical analysis, urine dipstick assesses pH
(low or normal in CKD), glucose (usually
normal in CKD), ketones (usually normal in
CKD), bilirubin and urobilinogen (usually
normal in CKD), nitrite and leukocyte ester-
ase (usually normal in CKD), blood, and pro-
tein. The dipstick test for blood detects
peroxidase activity of erythrocytes. The dip-
stick test is commonly considered to be
sensitive for detection of microscopic hema-
turia. False-negative results are unusual, i.e., a
negative dipstick for blood excludes hematu-
ria. However, myoglobin and hemoglobin
also will catalyze this reaction, so a positive
test result may indicate hematuria, myoglo-
binuria (from rhabdomyolysis), or hemoglo-
binuria (from intravascular hemolysis). When
it is positive, visualization of intact erythro-
cytes on microscopic examination of the uri-
nary sediment should be done for confirmation
of hematuria. Hematuria may be observed in
patients with CKD due to various underlying
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causes. The dipstick test for protein is most
sensitive to albumin and may not detect low
concentrations of globulins, tubular proteins,
and Bence Jones proteins. The dipstick mea-
surement of urine protein allows only an
approximate quantification of urine albumin,
expressed on a scale from negative trace to
1(+) to 4(+). Dipstick tests for trace amounts
of protein yield positive results at concentra-
tions of 5-10 mg/dl—Ilower than the threshold
for clinically significant proteinuria. Dipstick
protein may miss moderately increased albu-
minuria levels in the range of 30-300 mg/day
(formerly called microalbuminuria) in most
cases. A result of 1+ corresponds to approxi-
mately 30 mg of protein per dl and is consid-
ered positive; 2+ corresponds to 100 mg/dl,
3+ to 300 mg/dl, and 4+ to 1000 mg/dl. In
addition, dipstick protein measurement is
dependent on the concentration of the urine
specimen, where concentrated urine may give
false-positive and dilute urine may give false-
negative results. Thus, it is important to quan-
tify the amount of proteinuria detected on
urine dipstick analysis with other methods.
Protein can be quantified in random samples,
in timed or untimed overnight samples, or in
24-h collections. Although 24-h urine protein
amount represents the gold standard method,
problems related with 24-h collection (over or
under collection) are a major source of error.
It is also a cumbersome procedure for many
patients. Still, adequately collected 24-h urine
protein concentrations are accepted as the
most accurate way to monitor proteinuria
under active treatment (such as active immu-
nosuppressive use). A complete collection
may be determined by the amount of expected
24-h urine creatinine excretion (see above).
Protein-creatinine ratio (PCR) in a random
urine sample is accepted as an alternative to
24-h urine collection. PCR may correct prob-
lems arising from variability of urine volume
and concentration. It is easy to obtain and
showed a strong correlation with 24-h urine
collection. However, when urine protein lev-
els are greater than 1 g/, spot protein-

creatinine correlation with 24-h urine may not
be accurate. Thus, spot protein-creatinine
level may act as a simple screening for pro-
teinuria, i.e., if it is negative, there is no need
for a 24-h urine collection.

In cases where presence of non-albumin
proteins (such as gamma globulins, Bence
Jones proteins) is suspected, other precipita-
tion methods like sulfosalicylic acid test
should be used. Trichloroacetic acid can be
used in place of sulfosalicylic acid to increase
the sensitivity to gamma globulins.

Microscopic examination of urine sedi-
ment should be done in all patients with CKD
and in patients with high risk for CKD. In the
urine sediment, cellular elements (red blood
cells, white blood cells), casts, and crystals
should be thoroughly examined. Some find-
ings in the urine sediment may help to diag-
nose some underlying causes of CKD. There
is, however, no characteristic finding in the
urinary sediment of a CKD patient, except
broad casts which are typically associated
with advanced stages of CKD.

Urine flow cytometry is an alternative to
automated microscopic methods. It has more
advanced cell counting and accuracy. It pro-
vides rapid detection of urine microorganisms
and allows more accurate results by evaluat-
ing the dilution parameters. Early detection of
urothelial cancer is one of its advantages.
Rapid detection of urinary tract pathogens is
also possible with the matrix-assisted laser
desorption ionization-time-of-flight mass
spectrometry (MALDI-TOF MS) method
[25].

2. Albuminuria: Albumin is the predominant

protein in major proteinuric diseases causing
CKD. Albumin measurement in urine has
greater sensitivity and improved precision for
the detection of low levels of proteinuria com-
pared to protein measurements. It is therefore
accepted as a more sensitive method for
screening/diagnosing not only diabetic but
also nondiabetic CKD. Most of the recent
studies also showed strong evidence linking
increased albuminuria and outcomes of CKD.
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Urinary concentrations of albumin <150
mg/1 are below the detection limit of the “dip-
stick” tests used in routine urinalysis. Albumin
in the urine may be detected by radioimmuno-
assay, immunoturbidimetric technique, and
nephelometry, ELISA, or HPLC. Reagent
strip methods were also developed for urine
albumin screening but have increased false-
positive or false-negative ratios.

Twenty-four-hour urine collection is also
the gold standard for the detection of high
albuminuria (formerly, microalbuminuria).
Albuminuria screening however may be done
with spot early morning urine collections,
timed urine collections, or as a ratio of albu-
min to creatinine in the urine (ACR). The
ACR is the preferred method as it does not
require timed collections, it correlates with
the 24-h urine values over a large range of
proteinuria, it is cheap to perform, and repeat
values can be easily obtained to be certain that
high albuminuria, if present, is persistent. A
value of 30-300 mg/g of creatinine (or, using
standard (SI) units, 3.4-34 mg/mmol of cre-
atinine) suggests that albumin excretion is
between 30 and 300 mg/day and therefore that
high albuminuria is probably present. A false
reading for ACR may occur after vigorous
exercise, in the presence of fever, urinary
infection, congestive heart failure, acute
severe elevations of blood pressure or blood
sugar, or menstruation. There are some other
sources of error in the assessment of ACR
(Box 2.8) [26].

Box 2.8 Sources of Error When Using ACR for

Albuminuria

e Transient, false elevations in albumin-
uria (e.g., menstrual blood contamina-
tion, wurinary tract infection, fever,
exercise, orthostatic, severe uncon-
trolled hyperglycemia, or hypertension)

e Variability due to sample storage (e.g.,
degradation  of  albumin  before
analysis)

e Variability in creatinine excretion (e.g.,
lower in children, women, or elderly,
higher in black, lower due to decreased
muscle mass, variability due to non-
steady state)

* Interference with assay (e.g., samples
with very high albumin levels may
falsely be reported as low or normal due
to antigen excess effect in some assays)

Source: Adapted by permission from
Macmillan Publishers Ltd: Kidney Disease:
Improving Global Outcomes (KDIGO)
CKD Work Group [2]. Copyright 2013.
Available from: http://www.nature.com/
kisup/index.html

Most national and international guidelines
(including KDIGO 2012 clinical practice guide-
line for the evaluation and management of chronic
kidney disease) recommend ACR measurement

with an early morning urine sample over other
is recom-

methods. Albuminuria assessment

mended to be done at least annually in CKD
patients. The frequency of assessment of albumin-

uria may depend on clinical situation, i.e., rate of

progression or monitoring the effect of anti-albu-

minuric treatment (Boxes 2.9 and 2.10).

Box 2.9. What the Guidelines Say You Should

Do: Albuminuria

e Use the following measurements for ini-
tial testing of proteinuria (in descending
order of preference, in all cases an early
morning urine sample is preferred):

— Urine albumin-to-creatinine ratio
(ACR)

— Urine protein-to-creatinine ratio
(PCR)

— Reagent strip urinalysis for total pro-
tein with automated reading

— Reagent strip urinalysis for total pro-
tein with manual reading
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Confirm reagent strip-positive albumin-
uria and proteinuria by quantitative lab-
oratory measurement and express as a
ratio to creatinine wherever possible

Confirm ACR >30 mg/g (>3 mg/mmol)
on a random untimed urine with a sub-
sequent early morning urine sample

Measure albumin excretion rate or total
protein excretion rate in a timed urine
sample for a more accurate estimate

Source: Data from KDIGO 2012 clinical

practice guideline for the evaluation and
management of chronic kidney disease [2]

Box 2.10 Relevant Guidelines

1.

. The

KDIGO Guideline: Kidney Disease:
Improving Global Outcomes (KDIGO)
CKD Work Group. KDIGO 2012 clini-
cal practice guideline for the evaluation
and management of chronic kidney dis-
ease. Kidney Int Suppl. 2013; 3: 1-150.
http://kdigo.org/guidelines/ckd-
evaluation-and-management

. CARI Guideline: Diagnosis, classifica-

tion and staging of chronic kidney dis-
July  2012.  https://www.
cariguidelines.org/guidelines/chronic-
kidney-disease/early-chronic-kidney-
disease/diagnosis-classification-and-
staging-of-chronic-kidney-disease
Renal Association Guideline.
Detection, monitoring and care of
patients with CKD. Final Version (28
February 2011). http://www.renal.org/
Clinical/GuidelinesSection/Detection-
Monitoring-and-Care-of-Patients-with-
CKD.aspx

€ase.

. Japanese Society of Nephrology Guide-

line. Evidence-based Practice Guideline
for the Treatment of CKD. Clin Exp
Nephrol. 2009;13:533—-66. http://www.
jsn.or.jp/en/guideline/pdf/guide-
1line2009.pdf

5. National Institute for Health and Clini-
cal Excellence (NICE) Guideline.
Chronic kidney disease: assessment and
management [internet]. Published: 25
August 2021 Last updated: 24 Novem-
ber 2021. https://www.nice.org.uk/
guidance/ng203

6. Canadian Society of Nephrology Guide-
line: Guidelines for the management of
chronic  kidney disease. @CMAI.
2008;179(11):1154-62. http://www.
cmaj.ca/content/suppl/2008/11/17/179.
11.1154.DC1

7. NKF KDOQI Guideline: KDOQI Clini-
cal practice guidelines for chronic kid-
ney disease: evaluation, classification,
and stratification. Am J Kid Dis.
2002;39(2 Suppl 1):S11-266. http://
www.kidney.org/professionals/
KDOQI/guidelines_ckd/toc.htm

2.4  OtherLab Tests in CKD

CKD patients may need further tests as a part of
their general assessment or for finding any other
marker of kidney damage like renal tubular disor-
ders or for assessment of the complications of
CKD (such as anemia, mineral-bone disorders,
malnutrition, neuropathy, cardiovascular tests).
These tests will not be covered in detail here. It
is, however, important to note that some tests
need a cautious interpretation especially in
patients who are in the late stages (Stages 4 or 5)
of CKD. Among those tests, there are serum
ALT, AST, amylase, lipase concentrations, tropo-
nins, and BNP/NT-proBNP levels which may
have diagnostic and/or therapeutic importance.
With a decrease in GFR, there is a trend of false
alterations in these tests: Liver transaminases
tend to decrease to very low levels, pancreatic
amylase and lipase, troponins, and BNP/
NT-proBNP levels tend to increase above cutoff
concentrations. All these alterations should be
interpreted carefully, and “real” implications of
test results should be assessed within the clinical
context of the patient.
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Before You Finish: Practice Pearls for the
Clinician

In each visit, a CKD patient should be assessed
for general well-being, for progression and
any factor for acute deterioration of CKD, for
presence of any complications or comorbidity,
and for cardiovascular health.

Patients who are in late stages of the disease
should be assessed for the presence of any ure-
mic symptom, and the need for renal replace-
ment therapy should be evaluated.

Blood pressure, orthostatic changes, volume,
and cardiac status should be checked in all
visits.

CKD patients should have an assessment of
eGFR and albuminuria as a part of their initial
assessment. eGFR and albuminuria should be
rechecked at least annually in all CKD
patients.

eGFR should be calculated by 2009 CKD-EPI
equation derived from serum creatinine.
Patients who are in the late stages, who have a
higher risk for progression, who have any
intercurrent illness/medication use/operation,
and who have changes in treatment may have
frequent eGFR assessments.

Keep in mind the limitations of eGFR or ACR
measurements mostly caused by creatinine
measurements.

The use of direct methods to measure GFR
should be considered in clinical situations in
which estimation equations are known to be
suboptimal.

Albuminuria should be assessed by albumin-
creatinine ratio measured from an early morn-
ing urine sample. Patients who have severely
increased albuminuria or patients who are
under antiproteinuric treatment may have fre-
quent albuminuria assessments.
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Before You Start: Facts You Need to Know

e Imaging examinations where glomerular fil-
tration of the agent is an integrated part of the
examination cannot be performed in patients
with reduced renal function (GFR <30 ml/
min/1.73 m?).

e Appropriate precautions to avoid adverse
reactions to contrast agents should be taken;
all departments should have guidelines for the
handling of patients at risk.

3.1 Diagnostic Imaging in CKD

The patients with chronically reduced kidney
function can undergo exactly the same imaging
examinations as patients with normal kidney
function with one important exception, namely
when glomerular function is part of the examina-
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tion as it is in renography, intravenous urography,
CT-urography, and magnetic resonance imaging
urography where excretion of the contrast agent
is an integrated part of the examination.

In most cases the process towards end-stage
kidney failure is long. Diabetic nephropathy rarely
occurs before the patient has had diabetes mellitus
for 10 years. Multiple cysts can be seen in patients
with adult dominant polycystic kidney from the
early 20’s, whereas end-stage kidney failure first
occurs in the 50’s. Thus the major work for radiol-
ogy/nuclear medicine in patients with chronic kid-
ney failure is not imaging of the kidneys themselves,
but the complications to uremia, e.g., vascular
problems (arteriography, venography), cardiac
incompensation (chest X-ray), infections, cerebral
diseases. In any case the patient should always be
referred to the most optimal imaging to verify or
rule out a suspected lesion. When there is reduced
glomerular filtration rate or it is absent, other ways
to visualize the lumen of the upper urinary tract
than the usual imaging method, e.g., CT-urography
cannot be performed. One has to inject the contrast
medium directly into the ureter/pelvis and/or blad-
der using a catheter. When the contrast medium has
been injected, CT or plain films should be done.
Alternatively MR-hydrography using the water in
the urinary tract should be performed. There may
be instances where MR and CT are equal with
regard to diagnostic workup; in those cases MR
should be chosen for patients with chronic kidney
disease so radiation is avoided.
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3.2 Radiological Investigations

3.2.1 Conventional Radiography

A plain film of the urinary tract gives information
about the calcifications within and outside uri-
nary tract as well as various medical devices, e.g.,
nephrostomy tube, double J-stent, and artificial
sphincter (Fig. 3.1). A chest X-ray is used like in
any other patients to evaluate heart size, pulmo-
nary congestion, pneumonic infiltrations, pneu-
mothorax, location of catheters, and fluid in the
pleural space (Fig. 3.2). It is frequently used in
patients with severely reduced kidney function or
on dialysis as they easier develop chest problems
(e.g., pulmonary stasis, inflammations) than
patients with normal renal function.

Fig. 3.1 A plain film of the urinary tract showing a left-
sided double J-stent

Fig. 3.2 Chest X-ray. Right-sided pneumonia in a CKD
patient

Intravenous urography or pyelography has no
longer a role in patients with reduced renal func-
tion or on dialysis as the kidneys cannot filter
enough contrast agents per time unit to enhance
the lumen of the urinary tract for imaging.
Visualization of the urinary tract (lumen) is pos-
sible using conventional imaging methods like
direct pyelography where the contrast medium is
injected through a catheter inserted percutane-
ously (nephrostomy) or via catheter placed in the
ureter during cystoscopy. These examinations are
called antegrade pyelography and retrograde
pyelography, respectively (Fig. 3.3). They are
rarely used today as most information can be
obtained by magnetic resonance imaging and
CT-scanning. However, direct pyelography does
not include intravascular injection and the patient
has no risk of contrast nephropathy.

3.2.2 Ultrasound

Ultrasonography is frequently used in patients
with reduced kidney function. It can give infor-
mation about the size of the kidney and presence
of hydronephrosis (Fig. 3.4). However, the
absence of hydronephrosis does not exclude
obstruction. Doppler can provide information
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Fig. 3.3 Normal antegrade pyelography. Note the neph-
rostomy tube

about the vascularization of the kidney. Resistive
index (RI) determined by Doppler in CKD
patients is considered as a marker of kidney func-
tion, histological damage, and kidney prognosis.
RI > 0.65-0.70 is associated with severe intersti-
tial fibrosis and arteriosclerosis and kidney func-
tion decline, acute tubular necrosis, and more.

3.2.3 (CTImaging

CT imaging can be performed with or without
administration of intravenous iodine-based con-
trast media. Unenhanced CT imaging can be per-
formed in CKD patients without the need of
special precautionary measures. For many years
(>70 years) it has been believed that contrast-
enhanced studies may result in contrast
medium-induced nephropathy (see later). Due

Fig. 3.4 Contrast-enhanced CT showing a large renal
cell carcinoma on the left kidney (arrow). There is central
necrosis in the tumor

to the fear of contrast nephropathy the role of
enhanced CT imaging in CKD patients has
been limited.

Unenhanced CT may show obstruction,
tumors, cysts or calculi. Both level and degree of
urinary tract obstruction can in some cases be
clearly visualized, but if the kidney function has
been low for longer time periods (months/years),
the pelvic cavity may not enlarge in response to
urinary tract obstruction. Therefore, a normal
sized pelvic cavity does not exclude obstruction
in patients with poor kidney function. Some renal
tumors can be detected with unenhanced CT,
however, the detection of small renal cell carci-
nomas requires contrast media administration
(Fig. 3.5a, b). The presence of a normal con-
toured kidney does not exclude malignancy in the
kidney parenchyma. It may be very difficult to
detect small tumors in the upper urinary tract
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Fig. 3.5 Unenhanced CT showing left-sided hydronephrosis (a). The cause was a 6 mm calculus (arrow) in the left

proximal ureter (b)

After
administration, there is enhancement of the renal paren-
chyma as well as contrast in th urinary tract

Fig. 3.6 CT-urography. intravenous —contrast

without the use of contrast medium; this applies
also to patients with acquired cystic disease. The
presence of fat within renal lesions is suggestive
of angiomyolipoma, but again small amounts of
fat may be found in renal cell carcinomas.
Unenhanced CT is the best imaging method for
detection of urinary tract calculi (Fig. 3.6).
Contrast-enhanced ~CT  performed  as
CT-urography is the method of choice to detect
renal as well as urothelial carcinomas outside the
bladder (Fig. 3.7). The strength of CT-urography

Fig. 3.7 Post-transplant complication. A large lympho-
cele is present in the pelvis. The bladder (arrow) is com-
pressed and displaced by the lymphocele

is the excellent enhancement of renal paren-
chyma combined with contrast filling of the col-
lecting system and ureters. The major drawback
in CKD patients is that the method requires glo-
merular filtration of the contrast medium. Thus, it
is not possible to perform CT-urography when
GFR is reduced.

Other indications for contrast-enhanced CT in
CKD patients are by large related to vascular dis-
eases. CT-angiography performed in modern
multislice CT scanners is suitable for detection of
renal artery stenosis, as well as peripheral and
coronary artery disease (see later).

In kidney transplant patients, CT may be used in
problem solving of post-transplant complications
(fluid collections or hematomas) (Fig. 3.8a, b).
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Fig. 3.8 Ultrasound showing a normal kidney (a), and a kidney with hydronephrosis (b)

The key point in each CKD patient is whether
or not the diagnostic question can be answered
with unenhanced or enhanced CT. If unenhanced
CT fails in answering the question, and enhanced
CT is ruled out because of the fear of contrast
medium-induced nephropathy, other imaging
studies (MRI or ultrasound) should be performed.
However, this does not apply to all parts of the
body, e.g., the mediastinum and the lungs in
workup a lung cancer.

One should remember that in the anuric
patients (no urine excretion at all), iodine-based
CM can be administered without any problems.

3.24 MRImaging

MRI can be used to image the urinary tract in
CKD patients. Similar to CT, MRI can be used to
evaluate structural abnormalities such as tumors,
cysts, and obstruction. However, compared with
CT, MRI is relatively insensitive for detecting
urinary tract calculi, so an unenhanced CT may
be complementary to the MRI. Other disadvan-
tages of MRI include long imaging times, sus-
ceptibility for motion artifacts, and lower spatial
resolution than CT and radiography. A consider-
able advantage of MRI is that no ionizing radia-
tion is used and its soft tissue visualization.
Typical MRI techniques used for imaging the
urinary tract are MR-hydrography and excretory
MR- urography. For the rest of the body the same

examinations for patients with normal kidney
function are done in patients with CKD; the only
issue is whether it should be enhanced or not as
gadolinium-based contrast media may only be
used with caution in patients with a glomerular
filtration rate below 30 ml/min/1.73 m?. The tech-
nical foundation of MRI is complicated and in
depth description of MR-hydrography and excre-
tory MR-urography falls beyond the scope of this
chapter. The basic principle of the imaging meth-
ods is presented.

In MR-hydrography the so-called T2-weighted
imaging sequences (that renders water/urine
bright) are used to produce MR urograms. The
method was the earliest means of urinary tract
MRI. MR-hydrography does not rely on excre-
tion of contrast media, and is therefore useful for
visualizing the collecting system of an obstructed,
poorly excreting kidney. MR-hydrography can be
performed in CKD patients to evaluate if any
obstruction is present, but it is dependent on
whether the kidney can generate a pressure that
enlarges the pelvic cavity. If one is suspicious of
an obstructed normal sized pelvic cavity, the only
way to solve the issue is to catheterize the pelvic
cavity and see whether the kidney function
improves. In patients with normal renal function
renography often can answer the question.

Excretory MR-urography is similar to
CT-urography. A contrast medium is injected
intravenously and subsequently images are
acquired in the renal excretory phase. In excre-
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Fig. 3.9 Excretory MR-urography. There is contrast-
enhancement in the renal parenchyma as well as contrast
material in the ureters and bladder. Note the tumor in the
bladder (arrow)

tory MR-urography gadolinium-based MRI-
contrast agents are used, as opposed to
iodine-based contrast media in CT-urography.
However, the pharmacokinetic profiles of the
contrast agents are similar, with the agents being
eliminated by renal filtration. TI-weigheted
images are used to produce bright MR urograms
(Fig. 3.9). The reason for this is that the paramag-
netic effects of gadolinium shorten T1-relaxation
times in adjacent tissue. A common problem in
excretory MR-urography is that gadolinium
becomes concentrated in the urine. This leads to
inhomogeneity in the magnetic field and signal
loss on the MR urogram. In order to reduce this
problem a lower dose of gadolinium contrast
agent should be used for excretory MR-urography
as compared to other contrasted-enhanced MRI
procedures (typical 0.05 mmol/kg body weight in
MR-urography vs. standard MRI dose of 0.1
mmol/kg).

Furthermore, the image quality of excretory
MR-urography can be improved by administra-
tion of a small dose of diuretics (5-10 mg furose-
mide in adults), except in anuric patients. The
diuretic administration improves image quality
as urine flow is enhanced and the contrast mate-
rial is diluted and more uniformly distributed

throughout the urinary tract. The role of excre-
tory MR-urography in CKD patients is limited,
as the kidney (s) cannot filtrate enough contrast
medium per min in order to obtain an adequate
visualization of renal pelvis, ureter, and bladder
administration.

3.2.5 Angiography

In patients with renovascular hypertension, it is
relevant to perform angiography to rule out renal
artery stenosis. Angiography can be performed as
conventional X-ray based angiography with
direct arterial puncture or as CT- and
MR-angiography (CTA, MRA).

Today, most diagnostic studies of the renal
arteries are performed as CTA or MRA
(Fig. 3.10). The sensitivity and specificity of both
CTA and MRA for detection of renal artery ste-
nosis are close to that of conventional X-ray angi-
ography (the gold standard method). Both CTA
and MRA utilize contrast media injection and
fast images techniques ensuring acquisition dur-
ing the arterial transit phase, i.e., the arterial first-
pass phase that follows intravenous injection of
contrast media. However, recent technical
improvements in MRA have caused that the use
of contrast media is not necessary in all patients
for showing the vasculature.

Conventional X-ray angiography, typically
performed via the femoral artery, is rarely applied
for diagnostic studies after the introduction of
CTA and MRA. However, conventional angiog-

Fig.3.10 Renal CT-angiography. Normal
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raphy combined with interventional procedures
(percutaneous transluminal angioplasty—PTA)
is applicable for the treatment of renal artery ste-
nosis. Doppler ultrasound suffers from high
interobserver variation, but in highly experienced
hands it may be useful.

CTA or MRA of the iliac arteries may be rel-
evant in pre-transplant CKD patients to rule out
significant stenosis of the vessels that are going
to be connected to the transplant kidney, in
patients with symptoms and sign of vascular
disease.

3.3  Nuclear Scanning

Nuclear medicine also has an important role in
patients with reduced renal function. Primarily it
is used for determination of the glomerular filtra-
tion rate. Although it can be calculated from scin-
tigraphic data, the method using blood sampling
at various times after the injection is used in most
cases. For the examination both >'Cr-EDTA and
2mTc-DTPA can be used as they are exclusively
excreted through glomerular filtration. They pro-
vide better determination of the kidney function
than estimated glomerular filtration rate based on
serum creatinine measurements and are easier to
perform than the optimal, but cumbersome
inulin-clearance.

The scintigraphic examinations include
renography and renal scintigraphy. For renog-
raphy *"Tc-DTPA and *"Tc-MAG; can be
used. Renography provides information about
the perfusion, excretion, and split function.
However, excretion data cannot be obtained in
patients with severely reduced kidney function;
furosemide (diuresis renography) has no effect.
DPTA is purely excreted by glomerular filtra-
tion, whereas MAG; is also secreted via the
tubular cells; the more the poorer the kidney
function is. *"Tc DMSA is taken up by the
tubular cells. It provides information about the
size and contours of the kidney(s). Split func-
tion can also be determined. It has a long image
window.

Nuclear imaging includes injection of iso-
topes. Thus, the whole body is subject to radia-
tion and not only the part of the body that is
subject to imaging as it is regarding radiography
including CT-scanning. With reduced kidney
function isotope retention and exposure lasts lon-
ger than in patients with normal renal function.

3.4 Contrast Medium-Induced

Nephropathy in CKD

Contrast medium-induced nephropathy is defined
as a condition in which a decrease in kidney func-
tion occurs within 3 days of the intravascular
administration of contrast media. It is a diagnosis
of exclusion. Other causes of a sudden decrease
in kidney function, in particular prerenal and
postrenal causes should be excluded. An increase
in serum creatinine levels from pre-injection
measurement of 0.3 mg/dl (26 pmol/l), 0.5 mg/dl
(44 pmol/l), 1.0 mg/ml (88 pmol/l), 25%, 50%,
or 100% has been used to define contrast
nephropathy. However, fluctuations in levels of
serum creatinine are naturally occurring, more in
in-patients than out-patients, and more in acute
than in elective examinations. Several research-
ers have challenged the existence of contrast
medium-induced nephropathy after demonstrat-
ing comparable fluctuations in patients exposed
and not exposed to a contrast medium. If contrast-
induced nephropathy does indeed exist, it is
believed that it is caused by combination of direct
iodine toxicity (chemotoxicity) on the tubular
cells and an increased vascular resistance due to
a change in the balance between vasoconstrictors
and vasodilators in the kidney vessels.

Traditionally, contrast-induced nephropathy
was considered more likely to occur in case of
pre-existing renal insufficiency. Therefore, one
should still consider alternatives to iodine-based
imaging in patients with reduced renal function.
If it is decided that enhanced radiography includ-
ing CT is the way to go, one should use the small-
est amount of a non-ionic agent necessary for a
diagnostic result.
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3.5 Nephrogenic Systemic

Fibrosis

Nephrogenic systemic fibrosis is a serious
adverse event to some gadolinium-based contrast
media. Fibrosis may develop in most parts of the
body. It may be a little plaque to be almost gener-
alized. The lower extremities are almost always
involved whereas the head is spared. The first
signs may come within the first 24 h after injec-
tion, and most symptoms develop within the first
3 months. However, a few cases have appeared
years after the last Gd exposure. The patient typi-
cally develops pain, pruritus, swelling, and ery-
thema in the lower extremities, and later
hardening of the skin and subcutaneous tissues
with an almost woody texture and brown color.
The diagnosis requires documentation of previ-
ous Gd exposure, typical skin changes as
observed by clinical examination, and character-
istical histological findings in deep skin biopsies.
Demonstration of gadolinium in the skin may be
indicative of nephrogenic systemic fibrosis, but
in itself it is not evidence for the presence of
nephrogenic systemic fibrosis. Whether hemodi-
alysis of dialysis patients immediately after Gd
exposure reduces the risk of nephrogenic sys-
temic fibrosis is unknown, but it has been esti-
mated that it requires about 12 h of effective
hemodialysis to eliminate the Gd-containing con-
trast medium from the body of a dialysis patient.
With peritoneal dialysis, it takes weeks to remove
the agent.

For more than 30 years, it has been known that
the heavy metals including Gadolinium (Gd)
belonging to the lanthanide group in the periodic
table could cause changes in the skin, and that
they are extremely toxic. Lanthanides are not
naturally occurring in the human body. Around
0.1 mmol/kg of gadolinium chloride is enough to
kill a human being. Also approximately 30 years
ago, other researchers found that one gadolinium
was excellent for magnetic resonance imaging
due to its high relaxativity compared to other ions
under similar conditions. In order to detoxify Gd,
it was necessary to chelate gadolinium which
also increased the relativity significantly. Two
principally different chelates were used: (1) the
linear chelate DTPA known for years from

nuclear medicine where it was used together with
PmTe and (2) the cyclic chelate DOTA which
cages around the ion. Both chelates became
available in an ionic and non-ionic version. In
order to lower the osmolality which had been
shown to be a major step forward in patient safety
and comfort regarding iodine-based contrast
media, two amid groups replaced two carboxyl
groups in the linear chelates. Amid groups hold
the gadolinium less strongly that carboxyl groups
do and they introduce weak binding points for the
gadolinium on plain chelate. Thus, they increase
the risk of transmetallation with one of free ions
in the blood, e.g., Zn**. When liberated from the
chelate in the body, gadolinium binds to phos-
phate and calcium. Unbound gadolinium is not
circulating in the plasma. Instead, it may precipi-
tate in several tissue, including skin, liver, lymph
nodes, and bone. The longer the less stabile
gadolinium-based contrast media are in the
blood, the more gadolinium can be liberated from
the chelate through transmetallation. More than
98% of injected extracellular agent is renally
cleared within 24 h in patients with normal kid-
ney function, whereas it may take weeks for
patients with severely reduced kidney function.
Very quickly after the link between exposure
to less stable gadolinium-based contrast agents
(agents based on non-ionic linear chelates) and
the development of nephrogenic systemic fibrosis
was discovered, it became clear that two factors
were in play in patients who got the disease/
adverse event: (1) non-ionic linear chelates had
been used in the vast majority of NSF patients and
(2) their kidney function was severely impaired
(GFR <30 ml/min/1.73 m? in large majority of
cases). However, not all patients with poor kidney
function developed nephrogenic systemic fibrosis
after exposure to a non-ionic linear chelate agent.
Furthermore, some patients developed NSF after
low-dose exposure (0.1 mmol/kg = standard dose
for magnetic resonance imaging), whereas other
patients tolerated much higher and repeated doses
without developing NSF. Some other still
unknown factors besides type of Gd-agent and
kidney function thus seem to influence the risk of
NSEF. The good thing is that the adverse event has
been almost erased after the less stable agents
have been abandoned and replaced by the more
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stable agents (the cyclic ones). Today the authori-
ties have contraindicated the use of the least stable
agents in patients with reduced kidney function or
on dialysis. The long-term consequences of using
the less stable agents in patients with normal or
moderately reduced kidney function are still
unknown. There are patients with reduced kidney
function who develops nephrogenic systemic
fibrosis years after last exposure to a gadolinium-
based contrast agent. Long-term consequences
may also be other adverse reactions than nephro-
genic systemic fibrosis.

The fear of nephrogenic systemic fibrosis
should not lead to inadequate imaging in patients
with symptoms of a serious disease. One should
never deny a patient a clinically well-indicated
enhanced magnetic resonance imaging exami-
nation with the smallest amount of contrast
medium necessary for a diagnostic result.
Sadly, many radiologists still deny giving patients
with eGFR below 30 or even 60 ml/min/1.73 m?
gadolinium-based contrast medium despite clini-
cal symptoms and signs of disease and no diag-
nostic solution based on the unenhanced scan.

Before You Finish: Practice Pearls for the
Clinician

e In patients with chronic kidney disease neph-
rogenic systemic fibrosis is a serious adverse
reaction to Gd-containing contrast agents.

e Nephrogenic systemic fibrosis is only seen
after some gadolinium-based agents. These
agents are no longer approved for clinical use.

* One should not deny a patient with obvious
symptoms and signs of a serious disease an
enhanced examination if the unenhanced
study was inadequate from diagnostic point of
view. This applies to all parts of the body.

What Guidelines Say to Do

KDIGO Level 1 recommendations exist on
contrast nephropathy. However, these do
not differ significantly from the ESUR
guidelines. No KDIGO recommendations
exist on prevention of nephrogenic sys-
temic fibrosis.

Key points of current ESUR guidelines

on contrast nephropathy:

Identify the patient at risk of contrast
nephropathy at time of the referral.

The risk of contrast nephropathy is
lower with intravenous than intra-
arterial iodinated contrast media.

eGFR of 30 ml/min/1.73 m? is consid-
ered contrast nephropathy risk threshold
for intravenous contrast medium and 45
ml/min/1.73 m? for intra-arterial injec-
tion; we have only limited knowledge
regarding low kidney function as many
patients with eGFR below 30 are not
offered an examination where contrast
agents are used.

Hydration with either saline or sodium
bicarbonate reduces contrast nephropa-
thy incidence and should be used in
patients at risk.

Patients with eGFR >30 ml/min/1.73 m?
receiving contrast medium intravenously
can continue metformin normally.

Key points of current ESUR guidelines

on nephrogenic systemic fibrosis:

Patients with GFR below 30 ml/
min/1.73 m? have increased risk of
developing NSF
Low stability gadolinium contrast media
show the strongest association with
NSF; they are no longer used in EU
Following the guidelines regarding
gadolinium-based contrast agents mini-
mizes the risk of NSF
— Use only intermediate or low risk
agents
These agents should be used with
CAUTION in patients with CKD
4 and 5 (GFR <30 ml/min)
There should be at least 7 days
between two injections
Pregnant women: can be used to
give essential diagnostic
information
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Lactating women: the patient
should discuss with the doctor
whether the breast milk should be
discarded in the 24 h after contrast
medium.

Relevant Guidelines (AMA Reference
Format)

European Society of Urogenital Radiology
(ESUR) guidelines

Stacul F, van der Molen AJ, Reimer P,
et al. on behalf of the Contrast Media
Safety Committee of the European Society
of Urogenital Radiology. Contrast induced
nephropathy: updated ESUR Contrast
Media Safety Committee guidelines. Eur
Radiol. 2011;21:2527-41.

Thomsen HS, Morcos SK, Almén T,
et al. Nephrogenic Systemic Fibrosis and
Gadolinium based Contrast Media:
Updated ESUR Contrast Medium Safety
Committee  Guidelines. Eur Radiol.
2013;23:307-18.

WWW.eSsur.org

KDIGO guidelines

Fliser D, Laville M, Covic A, et al. A
European Renal Best Practice (ERBP)
position statement on the Kidney Disease
Improving Global Outcomes (KDIGO)
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Before You Start: Facts You Need to Know

e Diabetic kidney disease is the most common
cause of kidney failure and the number of peo-
ple affected continues to grow.

e Albuminuria is frequently the first clinical
manifestation of DKD.

* DKD screening includes annual urine albumin
to creatinine ratio and measurement of esti-
mated glomerular filtration rate (eGFR).

* Hyperglycemia triggers glomerular hyperfil-
tration, SGLT-2 receptor overexpression, and
endothelial dysfunction.

e Mesangial expansion, glomerular basement
membrane thickening, and glomerular sclero-
sis are frequent pathological findings of dia-
betic nephropathy.
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4.1 Epidemiology
The 2022 Centers for Disease Control and
Prevention (CDC) National Diabetes Statistics
Report estimates that 130 million Americans live
with diabetes or prediabetes. The percentage of
diagnosed diabetes was highest among adults of
Hispanic origin (11.8%), non-Hispanic Black
(12.1%), non-Hispanic Asian (9.5%), and
American Indian/Alaska Native (14.5%) com-
pared to non-Hispanic White people (7.4%) in
2018-2019. More than a third of individuals with
kidney disease have diabetes [1]. Diabetes is the
most common cause of kidney failure and is
higher among minoritized populations [2]. Adults
with a family income below the federal poverty
level have the highest diabetes prevalence for
both men (13.7%) and women (14.4%) [3].
There are significant racial disparities in the
prevalence and complications of diabetes and
chronic kidney disease (CKD) driven by the
impact of social determinants of health (SDOH)
[4]. Although the prevalence of CKD among
Hispanic populations is similar to non-Hispanic,
the prevalence of kidney failure is 50% higher in
the Hispanic population and 300% higher in
African Americans [5].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 41

M. Arici (ed.), Management of Chronic Kidney Disease,
https://doi.org/10.1007/978-3-031-42045-0_4

4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-42045-0_4&domain=pdf
mailto:sylvia.rosas@joslin.harvard.edu
mailto:samer_nasser@atriushealth.org
https://doi.org/10.1007/978-3-031-42045-0_4

42

S.E.Rosas and S. Nasser

4.2 Diagnosis

Diabetic nephropathy or diabetic kidney disease
(DKD) is a pathologic diagnosis confirmed
through kidney biopsy. Because of its high preva-
lence in patients with diabetes type 1 (T1D) and
type 2 (T2D), diagnosis of DKD is usually made
clinically in the setting of albuminuria and dimin-
ished GFR in the presence or absence of other
diabetic microvascular complications such dia-
betic retinopathy. Patients with diabetes and
reduced eGFR or albuminuria should undergo
evaluation for other non-diabetes causes of
chronic kidney disease. Diabetic kidney disease
occurs in around 30% of patients with T1D and
T2D. Although development and progression of
diabetic kidney disease has been mostly studied
in TID, the progression is similar in T2D. The
prevalence of DKD can be overestimated because
individuals with diabetes and CKD rarely get
biopsies and are assigned the diagnosis in regis-
tries. Moreover, 25% of T2D patients with
decreased GFR and minimal or absent protein-
uria have confirmed diabetic nephropathy find-
ings on kidney biopsy, hypothetically as a result
of treatment with renin angiotensin aldosterone
system (RAAS) blockade [6]. The ADA guide-
lines recommend screening for CKD at least
annually with both urinary albumin (e.g., spot
urinary albumin-to-creatinine ratio) and eGFR in
individuals with T1D with duration of >5 years
and in individuals with T2D regardless of treat-
ment. DKD diagnosis is made if urine albumin
excretion is >30 mg/day or a spot random urine
albumin to creatinine ratio of >30 mg/g or if
there is a GFR persistently <60 mL/min/1.73 m2.
with or without albuminuria [7].

Subsequent follow-up of kidney function with
albuminuria and eGFR is based on the stage of
CKD. Referral to a nephrologist is recommended
when the diagnosis is uncertain, albuminuria is
severe, kidney function decline is progressive, or
patients are approaching renal replacement
therapy.

Some clinical clues can help in the diagnosis
of DKD in T1D but not for T2D. First, if albu-
minuria develops within 5 years since or 25 years
after the diabetes diagnosis, other etiologies for

the albuminuria should be entertained. Also 95%
of T1D patients with diabetic nephropathy have
retinopathy. The absence of retinopathy in T1D
should trigger suspicion for another cause of
CKD or albuminuria [8]. Since it is always diffi-
cult to determine the time of development of
T2D, it is more difficult to determine if the kid-
ney disease manifestations are related to diabetic
nephropathy or not; moreover, retinopathy is not
as frequently seen in patients with diabetic
nephropathy in T2D patients.

Reports of non DKD on biopsies in patients
with CKD and T2D have varied between 33 and
72% [9]. The high incidence of non-diabetic
kidney disease (NDKD) alone or in combina-
tion with DKD on biopsies is related to selec-
tion bias of patients with atypical presentation.
The spectrum of kidney diseases ranged from
acute tubular necrosis, FSGS (secondary more
than primary), hypertensive nephrosclerosis,
IgA nephropathy, membranous nephropathy,
pauci-immune crescentic GN, acute interstitial
nephritis, amyloidosis, myeloma cast nephropa-
thy, post-infectious GN, and atheroembolic
disease.

There are no specific criteria for kidney biop-
sies in patients with DKD but indications may
include sudden worsening in GFR, absence of
retinopathy in T1D, sudden change in protein-
uria, unusual time of onset of proteinuria,
nephrotic syndrome, hematuria, active urinary
sediment, and/or positive serologies on work-up
of CKD. While some findings on NDKD would
not result in changing management, other etiolo-
gies on NDKD may alter the management
improving kidney function [10].

4.3 Pathophysiology

Hyperglycemia is the initial trigger of diabetic
changes in the kidney. At the nephron level,
hyperglycemia causes hyperfiltration where there
is increased renal plasma flow and increased glo-
merular filtration. Hyperfiltration is seen in dif-
ferent prevalences among type 1 and type 2
diabetes mellitus patients. It is hypothesized that
hyperfiltration precedes albuminuria and kidney
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function decline. The increased filtered glucose
through the filtration barrier induces increased
reabsorption of glucose through proximal tubules
requiring increased energy consumption to
upregulate transporters. This increase in oxygen
demand leads to relative ischemia and increase in
stress markers such as neutrophil gelatinase-
associated lipocalin (NGAL) and kidney injury
molecule-1 (KIM1) [11].

Most of the glucose and sodium are reab-
sorbed at the proximal tubule through sodium-
glucose co-transporter 2 (SGLT-2). Due to
increased filtered glucose, SGLT-2 is over-
expressed and sodium is massively co-transported
into the proximal tubule leading to reduced
sodium chloride reaching the macula densa and
hence deactivating the tubuloglomerular feed-
back. The resultant dilation of the afferent arteri-
ole and renin induced vasoconstriction of the
efferent arteriole leads to increased single neph-
ron GFR and hyperfiltration and glomerular
hypertension and activation of the RAAS system
[12]. The molecular mechanisms of action of
SGLT2 inhibitors (SGLT2i) are not completely
elucidated. However, investigators have recently
proposed the suppression of mTORC1-signaling
which integrates cellular energy state signals
mostly in distal nephron segments thus reversing
the diabetes induced metabolic changes as an
important treatment benefit [13].

The glomerular hypertension induces tumor
growth factor-beta (TGF-beta) release causing
elongation of proximal tubule, which is respon-
sible for the nephromegaly seen in early diabetic
nephropathy. Glomerular pressure decreases
after hypertrophy but the hyperfiltration persists.
Hyperfiltration is correlated to the degree of
hyperglycemia as HbA1C control was shown to
decrease the filtration rate modestly [14]. Obesity,
a frequent comorbidity, on the other hand,
increases the filtration rate independent of the
diabetes control. Another effect of hyperglyce-
mia is upregulation of mineralocorticoid receptor
(MR) which is also induced by obesity, salt
intake, and insulin resistance. The activation of
MR by aldosterone results in the activation of
profibrotic cascade of events [15].

Chronic hyperglycemia leads to endothelial
dysfunction in various organs and is the under-
lying pathogenic mechanism of diabetes in sev-
eral of the microvascular and macrovascular
complications of DM. Hyperglycemia damages
the endothelial glycocalyx thus increasing per-
meability, which in turn leads to albuminuria.
As an established correlate and risk factor of
cardiovascular disease, albuminuria is a mani-
festation of endothelial dysfunction in the vas-
cular system [16]. Glomerular basement
membrane thickening is an early histologic
finding of DKD caused by remodeling of extra-
cellular matrix through injured endothelial cells
and podocytes and mesangial cell expansion.
While GBM thickening and mesangial cell
expansion are seen in DKD, their role in the
disease is notdemonstrated [17]. Hyperglycemia
also affects the structure of podocytes and
induces their apoptosis and detachment from
the GBM. Progressive podocyte loss manifests
as severe albuminuria leading to glomerulo-
sclerosis [18].

Renal Pathology Society classified DKD pro-
viding insight into progression and prognosis of
the disease. Histopathological spectrum of DKD
ranges from glomerular basement membrane
thickening (Class I) to mesangial expansion
whether diffuse (Class 1II) or nodular
(Kimmelstein Wilson nodules) (Class III), to
glomerulosclerosis and arteriolar hyalinosis
(Class IV) which carries the worst prognosis
and higher risk of progression to end-stage kid-
ney disease (ESKD) (Fig. 4.1). Those findings
are frequently seen in patients with T1D and
T2D [19]. However, T2D patients with CKD
have pathologic evidence of other diseases and
this can be attributed to the longevity of these
patients and other disease comorbidities. The
pathology can be attributed to primary GN’s,
age related kidney function decline, previous
episodes of AKI [9]. In addition, patients with
non-albuminuric kidney disease in T2D patients
with CKD had a more heterogeneous pattern on
pathology compared to T2D patients with albu-
minuria who mostly had typical diabetic glo-
merulopathy [20].
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Fig. 4.1 (a) Class I “mild or non-specific changes by
light microscopy with glomerular basement membrane
thickening.” Note the absence of unequivocal mesangial
expansion. (b) Ultrastructural examination is the defini-
tive technique for measuring GBM thickness. In general,
measurements exceeding 395 nm in females and 430 nm
in males, establishes thickening in adults. Note the pre-
served foot processes (transmission electron microscopy,
original magnification = 15Kx). (¢) Class Ila with “mild
mesangial expansion.” It is defined as an increase in
mesangial matrix that exceeds the width of two mesangial
cell nuclei in at least two glomerular lobules, but not
exceeding the mean area of a capillary lumen. (PAS, origi-
nal magnification = 40x). (d) Class IIb: “severe mesangial
expansion.” Defined as an increase in mesangial matrix

4.4 Disease Progression

DKD progression to ESKD has remained at 0.25%
per year over the past two decades despite medical
interventions [21].The earliest clinical manifesta-
tion of DKD is albuminuria. Around half of
patients with mild albuminuria progress to having
severe albuminuria, which poses a 10-fold risk of
progression to ESKD compared to patients without
any albuminuria. The risk factors for worsening
albuminuria include high A1C and elevated blood
pressure but not a low GFR.

The incidence of albuminuria in T1D and T2D
are similar at 30% but it is usually associated
with  hypertension in DM2  patients.
Hyperglycemia is the driver for albuminuria in
both populations. Other risk factors for DKD
include morbid obesity, low birth weight, and

that exceeds the mean area of a capillary lumen in more
than 25% of the total mesangium observed in the biopsy.
(PAS, original magnification = 40x). (e) Class III: “nodu-
lar sclerosis.” Defined as the presence of at least one
Kimmelstiel-Wilson nodule (7’0 clock), with less than
50% of the glomeruli showing global sclerosis. The adja-
cent nodule (5’0 clock) shows a commonly associated
finding, mesangiolysis. This lesion, reflecting microvas-
cular injury, may contribute to the formation of K-W nod-
ules (PAS, original magnification = 40x). (f) Class IV:
“advanced diabetic glomerulosclerosis.” Defined as the
presence of greater than 50% global glomerulosclerosis
that is attributable to diabetic nephropathy. Hyalinosis
may be more prominent when the sclerosis is secondary to
diabetic nephropathy. (PAS, original magnification = 40x)

genetic susceptibility, which explains why not all
patients with DM develop DKD [22].

Untreated DKD progression in patients with
T1D manifests with proteinuria 11-23 years after
diagnosis of T1D, while serum creatinine eleva-
tion and ESRD 13-25 and 18-30 years, respec-
tively, after diagnosis. After the development of
sensitive methods to detect albuminuria, protein
was detected in the urine 5-10 years after the
diagnosis of T1D [23] (Fig. 4.2).

The timeline of development of diabetic
nephropathy in type 2 diabetics is similar but
since it is difficult to assess the timing of the
diagnosis of type 2 diabetes, some patients may
develop proteinuria even before the diagnosis of
T2D. Another difference is the incidence of car-
diovascular disease and death, which can occur at
any point since the diagnosis of type 2 DM while
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Fig. 4.2 Cellular, pathologic, and clinical progression of
diabetic kidney disease: from the onset of diabetes melli-
tus type 2, cellular and pathologic changes commence
prior to any clinical findings such as albuminuria and
reduced GFR. The cellular changes due to hyperglycemia
will cascade from nephromegaly to eventual nephron loss

macrovascular complications in type 1DM do not
occur until the development of severe kidney dis-
ease. However, this trend in T2D patients with
DKD has changed in more recent clinical trials
due to the advancements in treatment and preven-
tion of cardiovascular disease.

Proteinuria is the greatest predictor of kidney
function decline in DKD. After kidney function
starts to decline, patients with diabetic nephropa-
thy continue to progress to ESKD at a rate of
7-12 ml/min year. However, treatment with
RAAS inhibitors delays the progression by 3-6
ml/min/year [24].

4.5 Prevention and Treatment

The only proven primary prevention interven-
tions for DKD are glycemic and blood pressure
control. While we will be highlighting novel ther-
apies for patients with diabetes and CKD, the
management of these complex patients requires a
multidisciplinary team to provide education and
support in order to achieve lifestyle goals in diet,
physical activity, smoking cessation, and weight
management.

over time. On the pathological level, concomitantly what
starts as GBM thickening will eventually result in
advanced diabetic nephrosclerosis. Clinically, the initial
manifestation of hyperfiltration on the same timeline will
end up as severe albuminuria, reduction in GFR, and
eventual ESKD

4.5.1 Glycemia

Glucose control reduces the risk or slows the pro-
gression of chronic kidney disease for both T1D
and T2D [25-30]. While the target for most
adults is HbAlc <7% in order to avoid microvas-
cular complications, this requires modification as
the risk of hypoglycemia increases as kidney
function declines. There is a delay between inten-
sive glucose control and improvement in kidney
outcomes. The benefits of glycemic control are
greater with preserved kidney function and with
well-controlled blood pressure [31].

4.5.2 Sodium-Glucose
Co-transporter 2 Inhibitor
(SGLT2i)

SGLT2i lower plasma glucose concentration by
inhibiting Na+-glucose-coupled transport in the
proximal tubule. In addition to kidney function
dependent decrease in glycemia, there are mod-
est decreases in weight and blood pressure [32].
All kidney outcome SGLT2i clinical trials
[CREDENCE, DAPA-CKD, and EMPA-Kidney]
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have shown that SGLT-2i offer kidney and car-
diovascular organ protection [33-35]. In the
DAPA-CKD trial that included individuals with
and without T2D, a primary outcome event (sus-
tained decline in the estimated GFR of at least
50%, ESKD or death from renal or cardiovascu-
lar causes) occurred in 9.2% of participants in
the dapagliflozin group compared to 14.5% in
the placebo group (hazard ratio, 0.61; 95% con-
fidence interval [CI], 0.51-0.72; P <0.001; num-
ber needed to treat to prevent one primary
outcome event, 19 [95% CI, 15-27]). The hazard
ratio for the composite of a sustained decline in
the estimated GFR of at least 50%, ESKD, or
death from renal causes was 0.56 (95% CI, 0.45—
0.68; P < 0.001). The relative risk reduction for
the primary composite outcome with dapa-
gliflozin was consistent in participants with T2D
(hazard ratio [HR] 0-64, 95% CI 0.52-0.79)
[36]. In the EMPA-KIDNEY trial, the hazard
ratio for the comparison of empagliflozin with
placebo with respect to progression of kidney
disease was 0.71 (95% CI, 0.62-0.81). Given
similar results in the kidney endpoint trials, the
organ protective effects are considered a class
effect. It is important to note that most patients
were also on RAS blockade in these trials.
Current guidelines recommend a SGLT2i with
proven kidney or cardiovascular benefit for
patients with T2D, CKD, and eGFR >20 mL/
min/1.73 m? independent of HbA lc values. Once
initiated, the SGLT2i can be continued at lower
levels of eGFR [37].

The benefits of SGLT2i are seen across all
GFR categories [38] but absolute benefit is more
pronounced in the lower GFR categories [39]. A
drop in eGFR is frequently seen in patients initi-
ating therapy but a drop >30% is rare [40]. The
long-term eGFR trajectories as well as overall
and kidney safety profiles during canagliflozin
treatment were similar regardless of the initial
eGFR drop. SGLT2i reduce the incidence of
acute kidney injury [38]. The benefits of SGLT2i
are seen across all levels of albuminuria, but
absolute benefits are greatest among those with
severe albuminuria [38, 41].

SGLT2i reduce the risk of serious hyperkale-
mia (hazard ratio, 0.84 [95% CI, 0.76-0.93]) in

people with type 2 diabetes and CKD without
increasing the risk of hypokalemia [42].

In Europe, SLGT2i is approved for individu-
als with Type 1 diabetes and BMI more than 27
kg/m? when insulin monotherapy does not pro-
vide adequate glycemic control [43]. A modest
improvement in HbAlc was found [44]. In a ret-
rospective study of two European centers, there
was a decrease in urinary albumin-to-creatinine
ratio (UACR) in those with levels >15 mg/g by
16.6 mg/g [45]. No severe hypoglycemia was
detected but 3.5% of individuals developed
DKA. Genital infection was reported in 22% of
individuals.

Given the risk of euglycemic DKA, several algo-
rithms have been studied including the STICH
protocol [46] and the STOP-DKA protocol [47].

4.5.3 Glucagon-Like Peptide 1
Receptor Agonists (GLP1RA)

Glucagon-like peptide 1 receptor agonists
(GLP1RA) decrease HbAlc by stimulating
glucose-dependent insulin secretion and by
reducing glucagon secretion, gastric emptying,
and appetite. GLPIRA have been approved for
the treatment of T2D. In the Liraglutide Effect
and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results (LEADER)
trial, there was a lower rate of nephropathy events
(defined as the new onset of macroalbuminuria or
a doubling of the serum creatinine level and an
eGFR of <45 ml/min/1.73 m?, the need for con-
tinuous renal replacement therapy, or death from
renal disease) in the liraglutide group compared
to placebo (1.5 vs. 1.9 events per 100 patient-
years of observation; hazard ratio, 0.78; 95% CI,
0.67-0.92; P =0.003) [48]. New-onset persistent
severe albuminuria occurred in fewer patients in
the liraglutide group than in the placebo group
(161 patients [3.4%] vs. 215 [4.6%]; hazard ratio,
0.74; 95% CI, 0.60-0.91; P = 0.004) but there
was no difference in the incidence of kidney fail-
ure [49].

GLPI1RA reduced the composite kidney out-
come (defined as development of severe albumin-
uria, worsening kidney function [doubling of



4 Diabetic Kidney Disease: Increasing Hope with Transformative Therapies 47

serum creatinine or 40% or greater decline in
eGFR], ESKD and kidney-related death) by 17%
(HR 0.83, 95% CI 0.78-0.89) [50]. GLP1RA
reduced the relative risk of the composite kidney
outcome significantly by 18% (HR, 0.82; 95%
CI, 0.75-0.89; P < 0.001) mainly secondary to
decrease in severe albuminuria.

The FLOW study [ClinicalTrials.gov Identifier:
NCTO03819153] will determine if semaglutide
decreases time to first occurrence of a composite
primary outcome event defined as persistent
eGFR decline of greater than or equal to 50%
from trial start, reaching ESKD, death from kid-
ney disease or death from cardiovascular
disease.

4.5.4 Blood Pressure Control

Strict blood pressure control decreases the pro-
gression of CKD. In addition, achieving a SBP
less than 130 mmHg delays the onset of albumin-
uria and improves retinopathy.

Uncontrolled blood pressure has been associ-
ated with increased mortality in individuals with
diabetes, even among the prehypertensive
patients. Observational studies showed an asso-
ciation between elevated blood pressure and
development of albuminuria and kidney func-
tion decline. The United Kingdom Prospective
Diabetes Study showed that a 10 mmHg
decrease in the SBP was associated with a 12%
decrease in the risk of diabetic complications.
The risk decreases when the SBP is less than
120 mmHg. However, the study did not show
benefit on kidney outcomes such as a decrease
in proteinuria and a decrease in kidney function
decline [27]. The Irbesartan Diabetic nephropa-
thy trial (IDNT) on the contrary revealed that a
BP of <120/85 was associated with a higher CV
event rate. Kidney benefit also reached a plateau
when the blood pressure was less than 130
mmHg [51].

Appropriate Blood Pressure Control in
Diabetes (ABCD) trial compared intensive vs.
moderate control of blood pressure in individuals
with diabetes over 5 years and there was a
decrease in the development of proteinuria in the

intensive group but no benefit on creatinine clear-
ance, which was the primary outcome of the
study [52]. The Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial was designed
to compare intensive blood pressure lowering
(<120 mmHg) vs. moderate lowering (<140);
there was no benefit of lowering the blood pres-
sure from <120 mmHg compared to 140 mmHg
in terms of cardiovascular outcomes. While there
was a reduction in albuminuria, there was no
decrease in the incidence of ESKD in the inten-
sive vs. moderate lowering of BP. Based on these
studies there is a benefit of lowering the blood
pressure to prevent complications of diabetes
including kidney events, but it seems that the
benefit plateaus below a systolic blood pressure
<130 mmHg [53]. The SPRINT trial recently
showed intensive blood pressure lowering <120
mmHg lowers risk of all cause mortality when
compared to standard lowering of <140 mmHg.
The SPRINT trial, however, excluded patients
with diabetes [54]. In the glycemic arm of the
ACCORD-BP trial, intensive BP control resulted
in decrease in mortality but this arm also excluded
patient with CKD. For similar BP reductions, the
risk of kidney injury and incident CKD in indi-
viduals living with diabetes in the ACCORD-BP
was higher than in patients without diabetes in
the SPRINT trial. While this may mean that
intensive blood pressure lowering worsens DKD,
KDIGO’s 2021 stance was to target SBP less
than 120 mmHg if tolerated in patients with CKD
with or without diabetes, extrapolating the evi-
dence of the improved cardiovascular outcomes
from the SPRINT trial, despite the absence of the
diabetic CKD subgroup from the study [55].

4.5.5 RAS Blockade

RAS blockade with angiotensin converting
enzyme inhibition, angiotensin receptor blockade,
and mineralocorticoid inhibition have been effica-
cious in delaying progression of kidney disease in
animal models with diabetic nephropathy. Clinical
trials have evaluated whether RAS blockers are
beneficial to prevent albuminuria onset, overt pro-
teinuria development and progression of kidney
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disease in TIDM and T2DM patients. ACE-I and
ARB remain the standard of care since all novel
therapy trials were performed on patients who
were on these medications. The goal is to titrate to
the maximum tolerated dose of the medication to
achieve BP and albuminuria goals.

RAS blockade has been studied on T1D and
T2D without albuminuria for the prevention of
incident albuminuria. More than one study has
failed to show benefit of RAS blockade in T1D to
prevent development of albuminuria. In the HOPE
trial, ramipril did not meet this endpoint in indi-
viduals with T2D. In individuals with T2D and
hypertension, The Bergamo Nephrologic Diabetes
Complication Trial (BENEDICT) showed benefit
in preventing albuminuria in the ACE-I group
[56]. Observations from the Randomised
Olmesartan and Diabetes Microalbuminuria pre-
vention (ROADMAP) trial showed that olmesar-
tan decreased onset of albuminuria when
compared to placebo, in addition to lowering BP
but increased cardiovascular death [57].

In individuals with T2D and mild albuminuria
without any RAS blockade also benefit from initia-
tion of RAS blockers to prevent development of
severe albuminuria when they were started on irbe-
sartan compared to those individuals started on pla-
cebo. There was also a dose dependent benefit in a
subgroup analysis (150 mg vs. 300 mg) [58].

As for the prevention of progression, of kid-
ney disease, RAS blockade with captopril 25 mg
3 times a day in T1D with diabetic nephropathy
with a creatinine less than 2.5, reduced risk of
doubling of the serum creatinine [59].

In patients with T2D, two major studies
examined the effect of ARBs on progression of
diabetic nephropathy. IDNT investigated the
effect of Irbesartan vs. amlodipine vs. the pla-
cebo arm. Over the course of 2.6 years, irrespec-
tive of blood pressure control, irbesartan
reduced the composite outcome of progression
of kidney disease (doubling of serum creati-
nine), ESKD, or death as compared to amlodip-
ine or placebo alone [60]. The RENAAL
followed up T2DM with overt proteinuria for
around 3.4 years showing the losartan was supe-
rior to placebo to reduce risk for the same com-
posite outcome as IDNT [61]. Despite the
proven RASi benefit the use of RASi declines

with worsening GFR and is lowest in the USA
compared to other countries [62].

Dual therapy with ACE-I and ARB was hypoth-
esized to have incremental kidney protection ben-
efit. However, randomized controlled trials
ONTARGET and VA NEPHRON-D that studied
combination ACE-I and ARB, vs. ARB alone vs.
placebo showed a higher rate of the kidney com-
posite endpoint such as doubling of serum creati-
nine, death, dialysis therapy as well as higher risk
of hyperkalemia. Aliskiren Trial in Type 2 Diabetes
Using Cardiorenal Endpoints (ALTITUDE) stud-
ied the combination of Aliskerin with ACE-I or
ARB was prematurely terminated because of
higher proportion of hyperkalemia, and hypoten-
sion in the aliskiren group [63].

An initial higher reduction in albuminuria
with RAS therapy is independently associated
with less eGFR slope decline. Therefore, it is rec-
ommended that therapy should be targeted to
reduce albuminuria in patients with DKD [64].

4.5.6 Nonsteroidal
Mineralocorticoid Receptor
Antagonist (nsMRA)

Finerenone, a nonsteroidal, selective mineralo-
corticoid receptor antagonist has increased affin-
ity for the MR. It is also associated with lower risk
of hyperkalemia compared to steroidal MRA
[65]. In the FIDELIO-DKD trial, individuals with
T2D, albuminuria and GFR 25-75 ml/min/1.73 m?
had a primary outcome event [kidney failure, a
sustained decrease of at least 40% in the eGFR
from baseline, or death from renal causes] in
17.8% in the finerenone group compared to 21.1%
in the placebo group (hazard ratio, 0.82; 95% con-
fidence interval [CI], 0.73 to 0.93; P = 0.001)
[66]. Severe hyperkalemia (>6 meq/It) was seen
in 4.5% of the individuals randomized to finere-
none compared to 1.4% of those on placebo.

A potential benefit of finerenone in the delay
of progression of nonproliferative diabetic reti-
nopathy, independent of baseline HbA 1c has also
been reported [67].

The cardiorenal benefits of finerenone are inde-
pendent of SGLT?2 inhibitor use. However, patients
using this combination are less likely to have
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hyperkalemia [68]. The cardiorenal benefits of
finerenone are independent of GLP1RA use [69].

In a randomized open-label crossover trial in
patients with urinary albumin excretion >100
mg/24 h, eGFR 30-90 ml/min/1.73 m? combining
dapagliflozin with eplerenone resulted in an addi-
tive UACR-lowering effect of —53% (95% ClI,
—61.7 to —42.4) [70]. Two thirds of the individu-
als in this trial had T2D. The COmbinatioN effect
of FInerenone anD EmpaglifloziN in participants
with chronic kidney disease and type 2 diabetes
using a UACR Endpoint study (CONFIDENCE)
trial will determine if the combination of nsMRA
and SGLT2i reduce albuminuria better than each
independently [71] (Table 4.1).

4.5.7 Weight Management

An increase in waist circumference increases the
risk of albuminuria in patients with T2D [72].
Weight management is recommended in manage-
ment of T2D and possibly diabetic nephropathy.
Weight loss is achieved through intense lifestyle
changes, medical therapy, and bariatric surgical
intervention.

The Look AHEAD randomized control trial
studied the impact of intensive lifestyle modifica-
tion vs. diabetes support and education. Intensive
life style modification resulted in an 8.6% more
weight reduction and there was a 30% risk reduc-
tion in development of high risk CKD [73].

GLPIRA and SGLT-2 inhibitors have been
shown to achieve weight reduction [74].
Liraglutide at higher doses helped decrease
weight by 6% vs. 2% and reduced proteinuria by
18% vs. 6% for placebo. Other studies showed
the effect of liraglutide on weight loss and
improvement in the GFR. Tirzepatide is a GIP
(glucose-dependent insulinotropic polypeptide)
and GLP-1 (glucagon-like peptide-1) receptor
agonist has superior weight loss and glycemic
control compared to other GLP1RA [75].

Bariatric surgery especially with Roux En Y
gastric bypass (RYGB) procedures have resulted
in the resolution of albuminuria, CKD stage
improvement and persistence of the improve-
ments over a 10-year period. When the surgery

Table 4.1 Evidence based intervention for diabetic kid-
ney disease by risk factor management

Patient with

diabetic kidney

disease Intervention ~ Evidence

GFR <60 ml/ BP control ACCORD-BP

min SBP<130 Irbesartan IRMA-2,

Albumin/ mmHg olmesartan

creatinine >30  Delayed onset ROADMAP

mg/g proteinuria captopril trial,

BP >130/80 Delayed IDNT, RENAAL

progression

BMI> 30 Weight loss Look AHEAD
Study Group

Diabetes Glycemic ACCORD

management control ADVANCE-ON
GLP-1 agonists
(LEADER)

Albuminuria, SGLT-2 CREDENCE,

CKD and on inhibitors DAPA-CKD,

RASi* EMPA-KIDNEY

ACR >30 mg/dL MRA FIGARO, FIDELIO

GFR>25 finerenone

K<438

Maximum

tolerated dose

RAS-I

* Ranges were different per study

types were compared RYGB had the highest
reduction in proteinuria over time probably due
to the success of these surgeries over time [76].

4.5.8 Protein Restriction

Dietary modifications are an important part of
diabetic management in patients with diabetic
nephropathy. The American Dietary Association
recommends a low protein diet in the treatment
of advanced CKD and diabetic nephropathy
inT1D and T2D. The reason behind the low pro-
tein diet stems from the hypothesis that high pro-
tein diet induces glucagon production, which in
term dilates afferent arterioles and increases
intraglomerular pressure leading to proteinuria.
High protein load can also activate RAAS. A
metanalysis of 11 RCT however concluded that a
low protein diet did not improve the albuminuria
or GFR in diabetic nephropathy patients whether
in T1D or T2D. KDOQI guideline opines insuf-
ficient evidence to recommend one protein type
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over the other to prevent progression of DKD
[77]. Low protein diet does not need to be a rec-
ommendation for patients with diabetic nephrop-
athy to prevent DKD progression or to decrease
proteinuria.

Before You Finish: Practice Pearls for the

Clinician

e Screening and early treatment of DKD can pre-
vent disease progression leading to kidney
failure.

e Guideline guided therapy includes glucose
control, blood pressure control, and reduction
of albuminuria.

* Selection of therapy should be patient centric
based on glucose control, weight reduction
goals, and cardiovascular-kidney benefits

* Avoid treatment inertia and treatment usually
includes a combination of RAS blockade with
ARB or Ace-inhibitors, SGLT2i, ns-MRA,
and GLP1RA for most patients with Type 2
diabetes.

Refer to nephrology for evaluation of albumin-

uria, rapid course of eGFR loss, or when the

diagnosis is not certain such as does with hema-
turia or lack of diabetic retinopathy.

4.6 Conclusion

Diabetic kidney disease is prevalent among indi-
viduals living with T1D and T2D presenting with
albuminuria and/or GFR decline and can result in
ESKD. Screening with albumin to creatinine
ratio and eGFR is recommended. Albuminuria is
a predictor of progression of kidney disease,
CVD, and mortality. Optimal glycemic control,
blood pressure control, lipid profile, and weight
can help decrease risk of progression. RAS
blockade is the initial therapy for BP and albu-
minuria control. SGLT2 inhibitors and mineralo-
corticoid antagonist add benefit in reducing
albuminuria and delaying progression of diabetic
kidney disease as well as cardiovascular benefit.
Benefits from GLP1RA for kidney function pro-
tection are still unknown but the cardiovascular
benefit has been established and therefore still
important for patients with DKD.

What the Guidelines Say You Should Do
KDIGO 2022 Clinical Practice Guideline
for Diabetes Management in Chronic
Kidney Disease and ADA American
Diabetes Association (ADA) “Standards of
Care in Diabetes (2023)

e Comprehensive strategy requires a mul-
tidisciplinary team with a foundation on
lifestyle modification and
self-management

e Optimize glucose and blood pressure
control to reduce the risk or slow the
progression of chronic kidney disease

e In people with CKD with severe albu-
minuria (>300 mg/g urinary albumin), a
reduction of 30% or greater in mg/g uri-
nary albumin is recommended to slow
chronic kidney disease progression

* ACE-I/ARB should be initiated in
patients with diabetes, hypertension,
and albuminuria and titrated to the max-
imum tolerated dose

* In addition to glycemic control medica-
tions, SGLT2i, GLP1-RA, and nsMRA
have cardiorenal protective effects and
need to layered as needed per patient

characteristics.
e Modest drop in eGFR (<30%) after
SGLT2i administration should not

prompt discontinuation of therapy.

e Glycemic targets are individualized
based on patient characteristics (such as
life expectancy, severity of CKD, and
episodes of hypoglycemia)
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Before You Start: Factors You Need to Know

* Among patients with CKD, hypertension is
highly prevalent, remains often inadequately
controlled and is associated with increased
risk of adverse cardiovascular outcomes and
faster progression of kidney injury to ESKD.

e The interrelation between hypertension and
CKD is bidirectional, such that hypertension
may be either a cause or the consequence of
CKD.

* The pathogenesis of hypertension in CKD is
complex and includes multiple mechanisms,
such as sodium retention and extracellular
volume expansion, sympathetic overdrive,
overactivation of the renin-angiotensin-
aldosterone axis, endothelial dysfunction, and
oxidative stress.

e The achievement of adequate BP control is an
established and guideline-directed therapeutic
strategy to slow the progression of kidney
damage and improve cardiovascular outcomes
in the CKD population.
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Hypertension is a major public health problem
affecting approximately one third of the adult
population in the USA [1]. Hypertension is by far
the most common comorbidity in patients with
chronic kidney disease (CKD). For example,
85.7% and 98.9% of patients enrolled in the
Chronic Renal Insufficiency Cohort (CRIC)
study had office blood pressure (BP) levels at
baseline >140/90 mmHg and >130/80 mmHg,
respectively [2]. Despite the fact that high BP in
patients with CKD is commonly treated with the
administration of multiple antihypertensive med-
ications, BP is often inadequately controlled [2].
Sustained uncontrolled hypertension remains a
leading cause of end-stage kidney disease
(ESKD) worldwide. Uncontrolled BP is also
associated with increased risk for adverse cardio-
vascular events and all-cause mortality [1]. There
is therefore a critical unmet need to improve the
management of hypertension in the CKD popula-
tion with the aim to slow the progression of kid-
ney injury, prevent the development of ESKD,
and reduce the risk of cardiovascular morbidity
and mortality.

Hypertension and CKD are two closely inter-
linked pathophysiological conditions, such that
hypertension may be either a cause or a conse-
quence of CKD [3, 4]. The mechanisms through
which hypertension leads to progressive loss of
kidney function have been described mainly in
preclinical studies. Normally, the glomerular
capillary loops are protected from elevated sys-
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temic arterial pressures with a process called
“auto-regulation.” However, in hypertension, the
chronically elevated systemic arterial pressures
induce remodeling of the afferent arteriole, and
these alterations impair its ability to constrict and
dilate. The impaired auto-regulatory process
results in the transmission of elevated systemic
arterial pressures to the level of glomerular
microcirculation, leading to intra-glomerular
hypertension, nephrosclerosis, and progressive
decline in kidney function [3, 4]. Conversely,
CKD may also be a cause of new-onset hyperten-
sion or a cause of worsening of pre-existing
hypertension. This occurs through several puta-
tive mechanisms that often act in a synergistic
manner to disrupt normal BP regulation, such as
sodium retention, increased activity of the renin-
angiotensin-system (RAS), sympathetic over-
drive, impaired nitric oxide synthesis, endothelial
dysfunction, and oxidative stress [3, 4].

There is an established belief that severity of
hypertension travels hand-in-hand with the stag-
ing of CKD. However, accumulated evidence
suggests that albuminuria—not the levels of
estimated-glomerular-filtration-rate (eGFR)—is
a stronger determinant of hypertension in
CKD. A 2005 study that incorporated office,
home, and 24-h ambulatory BP measurements in
232 veterans with CKD showed that among 17
risk factors tested in multivariate models, the spot
urinary albumin-to-creatinine ratio (UACR) was
the strongest determinant of systolic BP [5]. The
strength of the association between albuminuria
and systolic hypertension was irrespective of the
technique of BP measurement. Most importantly,
this strong interrelation was clearly independent
from the levels of eGFR [5]. Further analyses
showed that regardless of CKD stage, even small
increments in the levels of albuminuria exert a
dramatic impact on the mean levels of 24-h
ambulatory BP and are more closely associated
with disrupted circadian variation of arterial pres-
sure [6]. The strong association of albuminuria
with the severity of hypertension is difficult to be
mechanistically explained. Albuminuria may
simply be a marker of worse kidney damage and
endothelial dysfunction, but it could act as a
mediator as well.

In this chapter, we provide an overview of the
2021 Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines for the assess-
ment and management of hypertension in patients
with CKD not yet on dialysis. We explore the sci-
entific basis of these recommendations, discuss-
ing evidence from observational studies and
major randomized controlled trials.

5.1 BP Measurement

Box 5.1 What the Guidelines Say You Should
Do: KDIGO 2021 Recommendations for the
Techniques of BP Measurement [7]

* We recommend standardized office BP
measurement in preference to routine
office BP measurement for the manage-
ment of high BP in adults. (1B)

* We suggest that out-of-office BP mea-
surements with ambulatory BP monitor-
ing or home BP monitoring be used to
complement standardized office BP
readings for the management of high
BP. (2B)

Office-Based BP
Measurements

5.1.1

The diagnosis and optimal management of hyper-
tension necessitate an accurate assessment of
patient’s true BP as well as evaluation of
hypertension-related ~ target-organ  damage.
Office-based BP recordings taken either with the
use of the auscultatory or the oscillometric
method have some inherent limitations, including
the “white-coat” effect, a transient elevation in
BP seen in a proportion of patients when a medi-
cal personnel is present in the room [8].
Standardization of the technique of BP measure-
ment is an essential first step to minimize the
error and imprecision introduced by routine
office-based BP recordings. At least two BP
recordings should be obtained after 5 min of
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quiet rest with a validated oscillometric device
that is calibrated on a regular basis. A cuff with
appropriate size should be placed on the arm at
the level of the atrium. Patients should be also
instructed to avoid caffeine consumption and
smoking 30 min before BP assessment [1]. It has
to be noted that all guideline-directed treatment
recommendations, such as those provided by
KDIGO, are based on evidence from clinical tri-
als that used serial BP recordings obtained in the
office  environment under  standardized
conditions.

The Systolic Blood Pressure Intervention
Trial (SPRINT) was a landmark trial that demon-
strated an impressive 25% reduction in the risk of
cardiovascular morbidity and mortality when
systolic BP was targeted to levels <120 mmHg as
compared with a conservative systolic BP target
of <140 mmHg [9]. However, over the course of
SPRINT, office BP was measured with a research-
grade technique that prespecified a 5-min seated
rest period followed by three oscillometric mea-
surements taken without the presence of an
observer in the room [9]. In a diagnostic-test
study, 275 patients with CKD had their office BP
assessed with the research-grade methodology
used in SPRINT [10]. On the same day, a single
office BP measurement was obtained without
specification of a seated rest and with the pres-
ence of an observer in the room. Research-grade
systolic BP underestimated routine systolic BP
by 12.7 mmHg with wide 95% limits of agree-
ment (—46.1 to 20.7 mmHg). Research-grade
systolic BP also underestimated daytime ambula-
tory systolic BP by 7.9 mmHg, once again with
wide 95% agreement limits (=33.2 to 17.4
mmHg) [10]. Whereas systolic BP recorded with
all  three techniques was related to
echocardiographically-documented left ventricu-
lar hypertrophy, the strength of the association
was greater for research-grade office and daytime
ambulatory systolic BP as compared with routine
office systolic BP [10]. Taken together, these
observations indicate that the implementation of
SPRINT results into daily clinical practice will
require serial office BP measurements with the
research-grade technique that was used in this
trial. Intensive BP-lowering with the guidance of

routine BP recordings in the office environment
may be harmful.

5.1.2 Out-of-Office BP Monitoring

Patients with CKD often exhibit abnormal 24-h
BP profiles, such as increased short-term BP
variability, lack of a normal nocturnal decline in
BP or a reverse-dipping BP pattern [11].
Therefore, defining the hypertension control sta-
tus based solely on office BP recordings is chal-
lenging. An earlier meta-analysis of six studies
showed that 30% of patients who had CKD and
were thought to be hypertensive, in fact had nor-
motension outside of the office [12]. Most alarm-
ing, 40.4% of patients who had CKD and were
considered to have normotension (or adequately
controlled hypertension), in fact had hyperten-
sion at home [12]. In an attempt to minimize the
misclassification of BP control status, the 2021
KDIGO guidelines recommend the use of home
or ambulatory BP monitoring in conjunction with
standardized office BP measurements for the
management of hypertension in CKD [7].

Home BP measurements represent a practical
approach to monitor the BP-lowering response to
antihypertensive therapy over a long-term period
in daily clinical practice [13]. Patients should be
advised on an optimal monitoring schedule and
should be educated to measure their BP in a stan-
dardized manner with the use of validated auto-
matic home BP devices [14]. Diagnostic-test
studies have suggested that among patients with
CKD, home BP monitoring is superior to routine
office BP recordings in diagnosing uncontrolled
hypertension [15]. Prospective observational
studies have shown that home BP is a stronger
predictor of the risk for progression of CKD,
adverse cardiovascular events, and all-cause mor-
tality [16, 17]. In addition, randomized controlled
trials have provided evidence that as compared
with office-based management of hypertension,
the use of home BP monitoring in decision-
making has the potential to improve therapeutic
inertia and lead to a small, but clinically mean-
ingful improvement in BP control [18]. These
benefits may be enhanced when home BP-guided
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antihypertensive therapy is accompanied by
plans to monitor and treat high BP, such as with
the use of telemonitoring [18].

Ambulatory BP monitoring is held to be the
“gold standard” technique to diagnose hyperten-
sion both in the general population and in patients
with CKD [19]. During ambulatory BP monitor-
ing, an appropriate-sized cuff is fitted to the non-
dominant arm for 24 h, whereas BP measurements
are scheduled every 15-20 min during the
daytime period and every 30—60 min during the
nighttime period [19]. As compared with office-
based BP measurements, BPs obtained from
ambulatory BP monitoring exhibit a much closer
association with indices of hypertension-related
target-organ damage [20]. Ambulatory BP
recordings are also of much greater value in
prognosticating the risk for adverse cardiovascu-
lar and kidney failure outcomes [16, 21]. In con-
trast to the technique of home BP monitoring
that typically assesses BP during periods of rest-
ing, ambulatory BP monitoring enables the eval-
uation of BP during periods of activity. Another
unique advantage of ambulatory BP monitoring
is that this technique can record BP during the
period of sleep, enabling the diagnosis of noctur-
nal hypertension and identification of non-dip-
per/reverse-dipper BP patterns [19]. Lastly,
when office-based BPs are assessed together
with ambulatory BP monitoring, patients on
antihypertensive treatment can be classified as
having controlled hypertension (i.e., normal
office and ambulatory BP), white-coat uncon-
trolled hypertension (i.e., high office but normal
ambulatory BP), masked uncontrolled hyperten-
sion (normal office but high ambulatory BP),
and sustained uncontrolled hypertension (high
office and ambulatory BP) [19].

The prevalence of BP phenotypes in the CKD
population varies considerably according to the
definition and methodology of out-of-office BP
monitoring. In a prospective observational study
that included 333 veterans with stage 2-4 CKD
and normal office BP (<140/90 mmHg), the prev-

alence of masked uncontrolled hypertension was
26.7% by daytime ambulatory BP >135/85
mmHg, 32.8% by 24-h ambulatory BP >130/80
mmHg, but the burden of masked uncontrolled
hypertension was as high as 56.1% when hyper-
tension was defined as either daytime BP >135/85
mmHg or nighttime BP >120/70 mmHg [22].
When the technique of home BP monitoring was
applied to determine the BP control status, the
prevalence of masked uncontrolled hypertension
was shown to be 50.8% [22]. The near twofold
higher prevalence of masked uncontrolled hyper-
tension when either daytime or nighttime BPs
were considered in the definition should not
come as a surprise. Circadian BP patterns and
rhythms are commonly disrupted in patients with
CKD [23]. Isolated nocturnal hypertension was
the exclusive BP abnormality in nearly 50% of
the patients enrolled in this cohort.

The reproducibility of masked uncontrolled
hypertension diagnosis also varies, depending on
the technique of BP measurement. When the
assessment of BP was repeated 4 weeks apart in
the aforementioned observational study, the
agreement in the diagnosis of masked uncon-
trolled hypertension was 75-78% (k-coefficient:
0.44-0.51) with the use of ambulatory BP moni-
toring [22]. In contrast, the phenotype of masked
uncontrolled hypertension was less reproducible
with the application of home BP monitoring (rate
of agreement: 63%; k-coefficient: 0.25) [22]. The
prevalence of masked uncontrolled hypertension
increased progressively with increasing levels of
office systolic BP: 2%, 17%, 34%, and 66% in
the subgroups of patients with office systolic BP
of 90-110 mmHg, 110-119 mmHg, 120-129
mmHg, and 130-139 mmHg, respectively.
Accordingly, the suspicision of masked uncon-
trolled hypertension should be raised in CKD
patients who have office BP within the prehyper-
tensive range. Surprisingly, home BP was not
superior to office BP in the detection of masked
uncontrolled hypertension. One plausible expla-
nation could be the fact that self-monitoring of
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home BP is often performed without standardiza-
tion of the technique (i.e., 5 min of seated rest
before BP measurement). Therefore, ambulatory
BP monitoring is necessary for the confirmation
of the diagnosis of masked uncontrolled hyper-
tension in the CKD population [22].

Identification of abnormal ambulatory BP
profiles and classification of the severity of
hypertension enable the better stratification of
cardiorenal risk. The most robust data are derived
from a large analysis of 1502 patients participat-
ing in the CRIC study [24]. As exposures, this
study evaluated ambulatory BP phenotypes,
mean levels of office and ambulatory BP as well
as the diurnal variation in BP [24]. As outcomes,
the analysis included a cardiovascular endpoint
(defined as the composite of myocardial infarc-
tion, cerebrovascular event, heart failure, and
peripheral arterial disease), a kidney endpoint
(defined as the composite of ESKD or an at least
50% decline in eGFR), and all-cause mortality
[24]. Over a mean follow-up of 6.72 years, as
compared with the referent category of controlled
hypertension, masked uncontrolled hypertension
was independently associated with a higher risk
of the cardiovascular and kidney outcome, but
not with excess all-cause death risk. Increasing
mean levels of 24-h systolic BP were associated
with higher risk of cardiovascular outcome, kid-
ney outcome and all-cause mortality, risk associ-
ations that persisted independently from the
levels of office BP. As compared with the referent
group of dippers, patients with a reverse-dipper
pattern in diurnal BP variation exhibited a signifi-
cantly higher risk of the kidney outcome [24]. It
has to be noted, however, that the observational
nature of these data precludes the opportunity to
derive a direct cause-and-effect risk association
between ambulatory BP phenotypes and clinical
outcomes. Long-term clinical trials are warranted
to fully elucidate whether targeting ambulatory
versus office BP is a more effective therapeutic
strategy to improve “hard” clinical outcomes in
the CKD population.

59

5.2 BP Management in Patients
with CKD, With or Without
Diabetes, Not Receiving
Dialysis

5.2.1 BPTargets

Box 5.2 What the Guidelines Say You Should
Do: KDIGO 2021 Recommendations on the
Optimal Levels at Which BP Should Be
Targeted [7]

e We suggest that adults with high BP
and CKD be treated with a target sys-
tolic BP of <120 mmHg, when toler-
ated, using standardized office BP
measurement. (2B)

The optimal BP target for patients with hyperten-
sion and CKD is an issue that is surrounded by
substantial controversy [11]. The 2012 KDIGO
guidelines recommended disparate BP targets,
depending on the degree of albuminuria: a con-
servative BP goal of <140/90 mmHg when the
levels of UACR are <30 mg/day and a tighter BP
goal of <130/80 mmHg when the levels of UACR
are >30 mg/day [25]. These recommendations
were based largely on evidence from three major
randomized controlled trials that were conducted
specifically in patients with CKD and compared
an intensive versus a standard BP target.

The Modification of Diet in Renal Disease
(MDRD) trial followed a 2 x 2 factorial design
and randomized 840 non-diabetic patients with
CKD (GFR: 13-55 ml/min/1.73 m?) to a usual-
protein diet or a low-protein diet and to a usual or
a lower BP goal (mean BP of either <107 or <92
mmHg) [26]. Over a mean follow-up of 2.2 years,
there was no difference in the rate of kidney func-
tion decline between the standard- and intensive
BP groups [26]. In the African American Study
of Kidney Disease and Hypertension (AASK)



60

P.l. Georgianos and R. Agarwal

[27], 1094 African Americans with hypertensive
CKD (GFR: 20-65 ml/min/1.73 m?) were ran-
domized to a standard or an intensive BP target
(mean BP of either 102—107 or <92 mmHg) and
to initiate an antihypertensive regimen including
metoprolol (50-200 mg/day), ramipril (2.5-10
mg/day), or amlodipine (5—-10 mg/day)ina?2x 3
factorial design. The results of AASK were in
accordance with MDRD; the mean GFR slope
from baseline through 4 years of follow-up in the
intensive BP arm was not different from the rate
of GFR decline in the standard BP arm. Intensive
BP-lowering did not improve the composite out-
come of sustained >50 reduction in GFR from
baseline, ESKD or death [risk reduction: 2%;
95% confidence interval (CI): —22% to 21%]
[27]. In the Ramipril Efficacy in Nephropathy 2
(REIN-2) trial [28], 338 non-diabetic patients
with proteinuric CKD already receiving back-
ground therapy with ramipril were randomly
assigned to either conventional (diastolic BP <90
mmHg) or intensified (BP <130/80 mmHg)
control of hypertension. REIN-2 trial was prema-
turely terminated for reasons of futility. Over a
median follow-up of 19 months, the proportion
of patients who progressed to ESKD was identi-
cal in the conventional and intensified BP groups
[hazard ratio (HR): 1.0; 95% CI: 0.61-1.64] [28].

Taken together, till the completion of their
randomized phase, these three trials failed to
prove that intensive BP-lowering is an effective
strategy to retard the progression of kidney injury
or prevent the development of ESKD. However,
lower-quality evidence from subgroup analyses
of these trials suggested a potential kidney pro-
tective effect of intensified BP control in patients
with greater proteinuria at baseline. A benefit of a
lower versus a standard BP target on GFR slope
was observed over the course of the MDRD trial;
this benefit was greatest in the subgroup of
patients with proteinuria >3 g/day, moderate in
the subgroup of patients with proteinuria 1-3 g/
day, but totally missing in those with proteinuria
<1 g/day at baseline [26]. After completing the
randomized phase, patients enrolled in AASK
were invited to participate in a post-trial observa-
tional study with an extended follow-up ranging
from 8.8 to 12.2 years. In the overall analysis of

both trial and cohort phases, there was no signifi-
cant difference between the intensive BP and
standard BP arms in the composite outcome of
doubling of serum creatinine, ESKD or death
from any cause (HR: 0.91; 95% CI: 0.77-1.08)
[29]. However, severity of proteinuria at baseline
appeared to be a treatment effect modifier, with a
potential benefit of intensive BP-lowering in the
subgroup of patients with a urinary protein-to-
creatinine ratio of >0.22 (HR: 0.73; 95% CI:
0.58-0.93) [29]. Similarly, after the termination
of the main phase of MDRD, patients were
inserted in a post-trial observational phase with a
long-term follow-up of 10.7 years after the initial
randomization [30]. In the overall analysis that
included both randomized and post-trial observa-
tional data, initial assignment to an intensive BP
target was associated with a long-term reduction
of 32% in the risk of kidney failure (HR: 0.68;
95% CI: 0.57-0.82) as well as with a reduction
by 23% in the composite outcome of kidney fail-
ure or all-cause mortality (HR: 0.77; 95% CI:
0.65-0.91) [30]. However, given the post-hoc
nature of these data, no causal relation between
intensive BP-lowering and long-term improve-
ment in kidney outcomes can be demonstrated.
SPRINT was a landmark trial that randomized
9361 non-diabetic patients with office systolic
BP >130 mmHg and an increased cardiovascular
risk to a systolic BP target of <120 mmHg (inten-
sive arm) or to a target of <140 mmHg (standard
arm). SPRINT was terminated early after a
median follow-up of 3.26 years for reasons of
efficacy. In a prespecified subgroup analysis that
included 2646 SPRINT participants with CKD at
baseline, treatment effects of intensive
BP-lowering remained unmodified by the CKD
status (P value for interactions >0.30) [31]. As
compared with standard systolic BP target of
<140 mmHg, targeting a systolic BP <120 mmHg
improved by 19% the primary composite cardio-
vascular outcome of myocardial infarction, other
acute coronary syndromes, stroke, heart failure,
and death from cardiovascular causes (HR: 0.81;
95% CI: 0.63-1.05). Intensive BP-lowering also
provoked a 28% reduction in the all-cause death
risk (HR: 0.72; 95% CI: 0.53-0.99) [31].
Intensive BP control in SPRINT saved lives and
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protected the heart, but was not effective in slow-
ing the progression of CKD. However, the kidney
failure events were few. The prespecified com-
posite outcome of sustained >50 decrease in
eGFR from baseline or ESKD occurred in only
15 patients in the intensive arm versus 16 patients
in the standard arm (HR: 0.90; 95% CI: 0.44—
1.83). With respect to safety, intensive
BP-lowering was associated with a higher inci-
dence of acute kidney injury (HR: 1.41; 95% CI:
1.10-1.95), but the majority of these events were
hemodynamically-mediated reversible reduc-
tions in eGFR rather than true injury to the kid-
ney [31].

Based largely on the impressive cardioprotec-
tive benefit of intensive BP-lowering that was
demonstrated in SPRINT [31], the 2017 American
Heart  Association/American  College  of
Cardiology (AHA/ACC) guidelines reappraised
the definition of hypertension and recommended
a tighter BP target of <130/80 mmHg for the
majority of patients at high cardiovascular risk,
including those with CKD [1]. However, the
results of SPRINT may not be directly generaliz-
able to the whole spectrum of the CKD popula-
tion, mainly because patients with specific
characteristics (i.e., diabetes mellitus, advanced
stage 4+ CKD or proteinuria >1 g/day) were not
eligible in this landmark trial. The benefit/risk
ratio of intensive BP control in these subgroups
of CKD patients remains an area of uncertainty.

Another issue is the algebraic manipulation of
the intensive systolic BP target that was imple-
mented in SPRINT. For example, the 2017 AHA/
ACC guidelines adjusted their recommendation
to a 10-mmHg higher systolic BP target aiming
to counteract the mean difference between stan-
dardized (research-grade) BP recordings that
were used in SPRINT and routine measurements
often taken in daily clinical practice [1]. However,
diagnostic-test studies showed that the 95% lim-
its of agreement between research-grade and rou-
tine office systolic BP measurements are wide,
ranging from 46.1 mmHg lower up to 20.7 mmHg
higher [10]. Accordingly, algebraic adjustment of
any degree is insufficient to counteract the large
BP variability from patient to patient. The 2021
KDIGO guidelines take a more straightforward

position on this crucial issue, recommending that
systolic BP should be targeted to levels <120
mmHg (as in the intensive arm of SPRINT),
given that intensification of antihypertensive
therapy will be guided by standardized office BP
measurements [7]. Therefore, the best approach
to improve care for patients with hypertension
and CKD is at least to measure BP in the clinic
following the standardized methodology that is
recommended by guidelines.

5.2.2 Treatment
with Antihypertensive Drugs,
Including RAS-Inhibitors

Box 5.3 What the Guidelines Say You Should
Do: KDIGO 2021 Recommendations on
Pharmacotherapy of Hypertension in
Patients with CKD [7]

e We recommend starting an angiotensin-
converting-enzyme-inhibitor (ACEI) or
an angiotensin-receptor-blocker (ARB)
for people with high BP, CKD, and
severely increased albuminuria (G1-—
G4, A3) without diabetes. (1B)

*  We suggest starting an ACEI or an ARB
for people with high BP, CKD, and
moderately increased albuminuria (G1-
G4, A2) without diabetes. (2C)

e We recommend starting an ACEI or an
ARB for people with high BP, CKD,
and moderately-to-severely increased
albuminuria (G1-G4, A2, and A3) with
diabetes. (1B)

* We recommend avoiding any combina-
tion of ACEI, ARB, and direct renin
inhibitor therapy in patients with CKD,
with or without diabetes. (1B)

In 2001, two landmark clinical trials, the
Reduction of Endpoints in NIDDM with the
Angiotensin II Antagonist Losartan (RENAAL)
and Irbesartan Diabetic Nephropathy Trial
(IDNT) demonstrated the superiority of RAS-
blockade over placebo or active-treatment with
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other classes of antihypertensive medications in
patients with type 2 diabetes and overt nephropa-
thy [32, 33]. In RENAAL, the ARB losartan low-
ered by 16% (95% CI: 2-28%) the risk of
doubling of serum creatinine, ESKD or death
from any cause as compared with placebo. In
IDNT [32], the ARB irbesartan improved the pri-
mary composite kidney outcome by 19% relative
to placebo [relative risk (RR): 0.81; 95% CI:
0.67-0.99] and by 24% as compared with amlo-
dipine (RR: 0.76; 95% CI: 0.63-0.92) [33]. These
kidney protective effects were accompanied by a
parallel reduction in the risk of hospitalization
for decompensated heart failure. Evidence to
support the efficacy of RAS-blockade in non-
diabetic patients with proteinuric CKD was pro-
vided by the AASK trial [27]. As compared with
metoprolol and amlodipine groups, ramipril
improved the composite outcome of sustained
>50 decrease in GFR from baseline, ESKD or
all-cause death by 22% (95% CI: 1-38%) and
38% (95% CI: 14-56%), respectively [27].
Subsequently, large-scale outcome trials were
designed to test the hypothesis whether dual
RAS-blockade is more effective than monother-
apy in retarding the progression of diabetic kid-
ney disease. In the Aliskiren Trial in Type 2
Diabetes  Using  Cardiorenal  Endpoints
(ALTITUDE) trial [34], 8561 patients with type 2
diabetes and CKD, cardiovascular disease or
both, who were receiving background therapy
with an ACEI or an ARB, were randomized to
add-on treatment with the direct renin inhibitor
aliskiren or matching placebo. This trial was pre-
maturely terminated due to safety reasons. Over a
median follow-up of 32.9 months, the incidence
of hyperkalemia was significantly higher in the
aliskiren group than in the placebo group (11.2%
vs. 7.2%, P < 0.001). Similarly, the proportion of
patients with reported hypotension was signifi-
cantly higher with dual RAS-blockade than with
monotherapy (12.1% vs. 8.3%, P < 0.001) [34].
In the Veterans Affairs Nephropathy in Diabetes
(VA NEPHRON-D) trial [35], patients with type
2 diabetes and albuminuric CKD already treated
with losartan at a dose of 100 mg/day were ran-
domized to add-on therapy with lisinopril (10—40
mg/day) or placebo. Once again, this trial was

terminated early, because combination therapy
was associated with increased risk of serious
adverse events. When VA Nephron-D was closed,
there was a trend for a slower progression of kid-
ney injury to ESKD with dual RAS-blockade as
compared with monotherapy (HR: 0.66; 95% CI:
0.41-1.07) [35]. However, this potential signal of
renoprotection was counteracted by excess risk
of hyperkalemia (HR: 1.70; 95% CI: 1.3-2.2)
and acute kidney injury (HR: 2.8; 95% CI: 1.8—
4.3) [35]. After the premature termination of VA
Nephron-D trial due to safety reasons, all interna-
tional guidelines have consistently recommended
that combination therapy with an ACEI and an
ARRB is contraindicated in the whole spectrum of
patients with hypertension [1, 7].

As an alternative approach to enhance the
cardiorenal protection afforded by monotherapy
with an ACEI or an ARB, short-term clinical tri-
als tested the safety and efficacy of add-on treat-
ment with a steroidal
mineralocorticoid-receptor-antagonist (MRA),
such as spironolactone and eplerenone [36]. An
updated 2020 Cochrane meta-analysis of 44
studies involving a total of 5745 patients showed
that as compared with placebo or standard care,
add-on MRA therapy may be associated with
favorable effects on urinary albumin excretion
[standardized mean difference (SMD): —0.51;
95% CI: —0.82 to —0.20, n = 14 studies], eGFR
slope [weighted mean difference (WMD): —3.0
ml/min/1.73 m?%* 95% CI: =5.51 to —0.49, n =
13 studies] and office systolic BP (WMD: —4.98
mmHg; 95% CI: —8.22 to —1.75, n = 14 studies)
[37]. However, these potential benefits on sur-
rogate endpoints of cardiorenal disease were
accompanied by excess risk of adverse effects.
As compared with placebo or standard care, the
addition of spironolactone or eplerenone to an
ACEI/ARB increased the risk of hyperkalemia
(RR: 2.17; 95% CI: 1.47-3.22, n = 17 studies),
acute kidney injury (RR: 2.04; 95% CI: 1.05—
3.97, n = 5 studies), and gynecomastia (RR:
5.14; 95% CI: 1.14-23.23, n = 4 studies) [37].
Most importantly, none of the studies that were
included in this meta-analysis was adequately
powered to detect treatment effects of add-on
MRA therapy on patient-level clinical out-
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comes, such as progression to kidney failure,
adverse cardiovascular events and all-cause
mortality [37].

Despite the fact that RAS-inhibitors are rec-
ommended by guidelines as a first-line antihyper-
tensive therapy in patients with high BP, CKD,
and moderately-to-severely increased albumin-
uria, pharmacoepidemiologic studies have shown
that these agents are often underutilized in daily
clinical practice [38-40]. Hyperkalemia is an
important factor that limits the optimal RAS-
blockade, particularly in patients with moderate-
to-advanced CKD. The use of newer therapies
that bind potassium in the gut can mitigate the
risk of hyperkalemia, possibly enabling the more
persistent use of ACEIs/ARBs at optimal doses in
this high-risk patient population. Preliminary evi-
dence to support the efficacy of this therapeutic
strategy was provided by the Patiromer versus
placebo to enable spironolactone use in patients
with resistant hypertension and chronic kidney
disease (AMBER) trial [41]. In this phase 2b
trial, 295 patients with stage 3b/4 CKD (eGFR:
25 to <45.0 ml/min/1.73 m?) and uncontrolled
resistant hypertension were randomized to
double-blind therapy with the potassium binder
patiromer (8.4 g/day) or placebo, in addition to
open-label spironolactone (at a starting dose of
25 mg/day) and their baseline antihypertensive
medications. Over 12 weeks of follow-up, as
compared with placebo, patiromer enabled more
patients to tolerate and remain on spironolactone
with less severe hyperkalemia (between-group
difference: 19.5%; 95% CI. 10.0-29.0%) [41].
Just five patients needed to be treated with pati-
romer to enable the administration of spironolac-
tone in 1 more patient. Add-on therapy with
spironolactone was accompanied by a clinically
meaningful reduction of 11-12 mmHg in unat-
tended automated office systolic BP over the
course of the AMBER trial [41]. Whether this
therapeutic strategy offers a downstream benefit
on end-organ protection that is translated into a
long-term improvement in cardiorenal outcomes
is an important research question that will remain
unexplored in the foreseeable future. The
Patiromer for the Management of Hyperkalemia
in Subjects Receiving RAASi Medications for

the Treatment of Heart Failure (DIAMOND) was
a phase 3 trial that was originally designed to
investigate the impact of patiromer-enabled opti-
mization of RAS-inhibitor therapy on the com-
posite outcome of cardiovascular death or
cardiovascular-related hospitalization in patients
with heart failure with reduced ejection fraction
[42]. Unfortunately, DIAMOND failed to pro-
vide a clear answer, because the trial was prema-
turely terminated due to a lower than expected
recruitment rate during the COVID-19
pandemic.

Whereas the efficacy of currently established
steroidal MRAs in patients with CKD remains
unknown, a novel non-steroidal MRA named
finerenone has recently received regulatory
approval with the indication of cardiorenal pro-
tection in patients with CKD associated with type
2 diabetes [36]. Unlike spironolactone and
eplerenone, this novel agent offers potent and
selective inhibition of the mineralocorticoid
receptor with a more favorable side-effect profile
[36]. The safety and efficacy of finerenone was
demonstrated in two complementary phase 3
clinical trials, the Finerenone in Reducing Kidney
Failure and Disease Progression in Diabetic
Kidney Disease (FIDELIO-DKD) and Finerenone
in Reducing Cardiovascular Mortality and
Morbidity in Diabetic Kidney Disease (FIGARO-
DKD) [43, 44]. In a prespecified, individual
patient-level combined analysis of these two tri-
als, the treatment effects of finerenone (10-20
mg/day) relative to placebo were explored in a
total of 13,026 patients with type 2 diabetes and a
broad spectrum of CKD [45]. All these patients
were receiving optimized background therapy
with maximum tolerated doses of an ACEI or an
ARB prior to randomization. Over a median fol-
low-up of 3.0 years, as compared with placebo,
finerenone improved by 14% the composite out-
come of cardiovascular death, non-fatal myocar-
dial infarction, non-fatal stroke, or heart failure
hospitalization (HR: 0.86; 95% CI: 0.78-0.95)
[45]. The cardioprotective benefit of finerenone
was primarily driven by a 22% reduction in the
risk of heart failure hospitalization (HR: 0.78;
95% CI. 0.66-0.92). Furthermore, finerenone
provoked a placebo-subtracted reduction of 23%
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in the composite outcome of kidney failure, sus-
tained >57% decrease in eGFR from baseline or
death from renal causes (HR: 0.77; 95% CI:
0.67-0.88) [45]. As expected, the incidence of
hyperkalemia was higher with finerenone than
with placebo. However, hyperkalemia-related
adverse events with clinical impact occurred
rarely; hyperkalemia leading to permanent dis-
continuation of the trial regimen was observed in
only 1.7% of patients in the finerenone group vs.
0.6% in the placebo group [45]. It has to be noted
that 40% of patients enrolled in the FIDELIO-
DKD and FIGARO-DKD trials had an eGFR >60
ml/min/1.73 m? and were identified for inclusion
because urine analysis indicated the presence of
albuminuria. Therefore, screening for albumin-
uria to identify at-risk patients with type 2 diabe-
tes who are candidates for finerenone treatment
facilitates the long-term improvement in both
cardiovascular and kidney failure outcomes.
Lastly, sodium-glucose co-transporter 2
(SGLT-2) inhibitors are guideline-directed anti-
diabetic therapies proven to be effective in
improving cardiorenal outcomes in CKD
patients with or without type 2 diabetes [46—48].
The main mechanism of their hypoglycemic
action is the blockade of reabsorption of sodium
and glucose in the proximal tubule. The result-
ing natriuresis and osmotic diuresis have been
suggested to contribute to a clinically meaning-
ful BP-lowering effect, although other mecha-
nisms may be also involved [49]. In a
meta-analysis of seven randomized controlled
trials involving a total of 2381 patients with type
2 diabetes and preserved kidney function,
SGLT-2 inhibitor therapy was associated with a
placebo-subtracted reduction of 3.62 mmHg
(95% CI: —4.29 to —2.94) in 24-h ambulatory
systolic BP and with a reduction of 1.70 mmHg
(95% CI: =2.13 to —1.26) in 24-h ambulatory
diastolic BP [50]. A similar in magnitude
BP-lowering effect was seen with the SGLT-2
inhibitor canagliflozin over the course of the
Canagliflozin and Renal Events in Diabetes
with  Established  Nephropathy  Clinical
Evaluation (CREDENCE) trial [51]. This trial
included 4401 patients with type 2 diabetes and
albuminuric CKD, of whom 3361 (76.4%) had

baseline office systolic BP >130 mmHg, and
1371 (31.2%) had resistant hypertension.
Between baseline and week 3 of follow-up,
canagliflozin lowered office systolic BP by 3.50
mmHg (95% CI: —4.27 to —2.72) [51]. This
BP-lowering effect was sustained till the com-
pletion of the trial and was similar across BP
and BP-lowering therapy subgroups. In addi-
tion, canagliflozin reduced by 32% the necessity
for intensification of background antihyperten-
sive therapy over the course of the CREDENCE
trial (HR: 0.68; 95% CIL: 0.61-0.75) [51].
Therefore, SGLT-2 inhibitors may be useful as
an adjunct BP-lowering therapy in addition to
their kidney and cardiovascular protective ben-
efits in CKD patients with or without type 2
diabetes.

Before You Finish: Practice Pearls for the

Busy Clinician

e BP measurements in the office should be
obtained in a standardized fashion, as recom-
mended by guidelines, as an essential first step
for accurate diagnosis and optimal manage-
ment of hypertension.

e Out-of-office BP monitoring in conjunction
with standardized office BP recordings facili-
tates the identification of white-coat and
masked hypertension and enables the better
stratification of cardiorenal risk.

e Current evidence suggests that among patients
with CKD, targeting office systolic BP to lev-
els <120 mmHg as compared with a conserva-
tive systolic BP target of <140 reduces the risk
of adverse cardiovascular events and all-cause
mortality, given that intensive BP-lowering is
guided by standardized office BP
measurements.

e Among diabetic or non-diabetic patients with
high BP, CKD and moderately-to-severely
increased albuminuria, ACEIs and ARBs are
first-line antihypertensive therapies, based on
solid clinical-trial evidence demonstrating
their effectiveness in retarding the progression
of CKD and in improving cardiovascular
morbidity.

* Dual RAS-blockade has been associated with
excess risk of hyperkalemia, hypotension, and



5 Hypertension and Chronic Kidney Disease

65

acute kidney injury; therefore, the combina-
tion of an ACEI with an ARB is
contraindicated.

e Screening for albuminuria is a simple and
cost-effective diagnostic test to identify at-risk
patients with type 2 diabetes who are eligible
for treatment with the non-steroidal MRA
finerenone. This therapeutic approach facili-
tates the long-term reduction in both cardio-
vascular and kidney disease burden in this
high-risk patient population.

e SGLT-2 inhibitors are guideline-directed anti-
diabetic therapies with proven benefits on car-
diorenal outcomes in CKD patients with or
without type 2 diabetes. Their natriuretic
action is also accompanied by a clinically
meaningful reduction of 3—-5 mmHg in sys-
tolic BP, indicating that SGLT-2 inhibitors
may be also useful as an adjunct antihyperten-
sive therapy in addition to their kidney and
cardiovascular protective effects.
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Dyslipidaemia in Kidney Disease

Charles J. Ferro

Before You Start: Facts You Need to Know

e Chronic kidney disease (CKD) is strongly
associated with increased cardiovascular risk
and is associated with substantial health and
€conomic costs.

e Declining glomerular filtration rate has been
established as a risk factor for cardiovascular
events.

e Impaired kidney function results in profound
dysregulation of several lipid metabolism
pathways and is associated with a more ath-
erogenic profile with low levels of high-
density lipoprotein cholesterol,
hypertriglyceridaemia, and highly oxidised
and carbamylated low-density lipoprotein
cholesterol.

e Dyslipidemia treatment is highly effective in
preventing cardiovascular events in the gen-
eral population with increased cardiovascular
risk. As CKD patients have a very high risk for
cardiovascular events, dyslipidemia treatment
in CKD patients is also justified.

There is a graded inverse relationship between
glomerular filtration rate and cardiovascular dis-
ease that is not explained by age, sex, and other
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traditional cardiovascular risk factors. This rela-
tionship is present even with minor levels of renal
dysfunction and is highest in patients with end-
stage kidney disease (ESKD) requiring dialysis
therapy [1].

Patients with kidney disease are an extremely
heterogenous population with multiple aetiolo-
gies, levels of kidney function and proteinuria,
comorbidities, especially concomitant diabetes
mellitus, renal replacement therapies and treat-
ments all of which can have a significant impact
on both the levels and properties of circulating
lipids [1]. Lipid metabolism is a complex process
involving multiple organs, tissues, and cells
(Fig. 6.1). All these processes can be affected by
kidney dysfunction. Generally, abnormal kidney
function alters circulating lipids towards a more
atherogenic profile. Patients with chronic kidney
disease (CKD) stage 3 or worse typically have
hypertriglyceridaemia, low high-density lipopro-
tein (HDL)-cholesterol, and variable concentra-
tions of low-density lipoprotein (LDL) cholesterol
and total cholesterol. Plasma levels of
lipoprotein(a) (Lp(a) (Fig. 6.2) increase early in
CKD owing to decreased clearance and can be
raised 4-fold in patients on dialysis [1, 2].

Separate to changes in glomerular filtration
rate (GFR), increasing levels of albuminuria are
associated with a dyslipidaemia that is exempli-
fied in patients with nephrotic syndrome.
Characteristically, these patients have markedly
raised total cholesterol and LDL-cholesterol,
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Fig. 6.1 Lipoprotein metabolism in chronic kidney dis-
ease. In the exogenous pathway, chylomicrons, rich in
triglycerides transport ingested lipids absorbed from the
bowel. Chylomicrons are catabolized by lipoprotein
lipase, generating free fatty acids that are taken up by
liver, muscle, and adipose tissue. Chylomicrons quickly
reduce in size becoming chylomicron remnants that are
taken up by the liver via the LDL Low density lipoprotein
(LDL)-receptor. In the endogenous pathway, the liver pro-
duces very low-density lipoprotein (VLDL) particles that
transport triglycerides to peripheral tissues. Triglycerides
are hydrolysed by lipoprotein lipase, the VLDL particles
decrease in size to become intermediate density lipopro-
tein particles and finally LDL particles, which retain con-
siderable amounts of cholesterol. The LDL particles
transport cholesterol to the liver and peripheral tissues and

hypertriglyceridaemia, and  low-to-normal
HDL-cholesterol [1]. Many kidney disease
patients, including kidney transplant recipients
and patients with autoimmune or inflammatory
conditions require treatment with immunosup-
pressant medication. Corticosteroids dose-

precursors

Exogenous Pathway

Chylomicron w
remnants

Chylomicrons

Reverse
Cholesterol
Transport

are cleared by the LDL receptor (LDLR), as well as other
specific receptors and scavenger receptors such as scaven-
ger receptor B1 (SR-B1). In the process of reverse choles-
terol transport, high density lipoprotein (HDL) particles
transport cholesterol from peripheral cells to the liver.
With worsening kidney function, a gradual qualitative and
quantitative shift occurs towards a more atherogenic urae-
mic lipid profile, characterized by high triglycerides, low
HDL cholesterol and variable levels of oxidised LDL (ox-
LDL) and carbamylated LDL (c-LDL) cholesterol. The
lipid profile is also further modified by comorbidities
including diabetes mellitus and nephrotic syndrome.
ABCAI ATP- binding cassette transporter Al, ABCGI
ATP- binding cassette transporter G1, ApoAl apolipopro-
tein Al, CETP cholesteryl ester transfer protein, LCAT
lecithin—cholesterol acyltransferase, Lp(a) lipoprotein (a)

dependently increase circulating levels of
LDL-cholesterol and triglycerides, as well as
inducing insulin resistance. Calcineurin inhibi-
tors and mammalian target of rapamycin
(mTOR) inhibitors increase circulating LDL-
cholesterol [1].
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Lipoprotein(a)

Apo(a) apolipoprotein

Low density lipoprotein cholesterol

Apo-B apolipoprotein

Fig. 6.2 Illustration of the similarities and differences
between low density lipoprotein-cholesterol —and
Lipoprotein(a).  Lipoprotein(a) and low density
lipoprotein-cholesterol both have a lipid core and an

6.1 Lipids and Cardiovascular

Disease

In people without kidney disease, there is a clear
linear relationship between plasma LDL-
cholesterol and the risk of myocardial infarction
and ischaemic stroke. For every 1 mmol/L
increase in LDL-cholesterol, the risk of isch-
aemic heart disease increases by 40% [1].
However, in patients with ESKD on dialysis,
LDL-cholesterol has a negative association with
all-cause and cardiovascular mortality at below
average levels and a flat or weakly positive asso-
ciation at higher levels [1]. A potential explana-
tion for this observed inverse relationship is the
development of a unique cardiovascular pheno-
type in patients with CKD, and especially in
those with ESKD, with proportionally less deaths
due to atheromatous vasculo-occlusive processes
but more deaths attributed to heart failure and
sudden cardiac death [3]. The triad of a specific
pattern of myocardial fibrosis, increased left ven-
tricular mass and either diastolic or systolic left
ventricular  dysfunction known as CKD-
associated or uraemic cardiomyopathy is the
pathophysiological basis for this cardiovascular
phenotype [4]. This unique phenotype is sup-
ported by a secondary analysis of the Study of
Heart and Renal Protection (SHARP) that
included 9270 patients with moderate to advanced
kidney disease, including 3015 patients on dialy-

Apo-B apolipoprotein. Lipoprotein(a) also has an Apo(a)
apolioprotein of varying sizes. The variability of the
Apo(a) apolipoprotein makes direct measurement and
quantification of lipoprotein(a) difficult

sis [5]. A linear relationship was found between
LDL-cholesterol levels and the risk of major ath-
eromatous vasculo-occlusive (Hazard Ratio 1.14
95% confidence intervals (95%CI) 1.06—1.22/0.6
mmol/L increase in LDL-cholesterol) events [1].
However, there was an inverse association of
LDL-cholesterol with non-atheromatous events,
such as arrythmias and heart failure (HR 0.90
95%CI 0.83-0.97 per 0.6 mmol/L increase in
LDL-cholesterol). Thus, studies that do not dis-
tinguish between the different aetiologies of car-
diovascular disease in patients with CKD can be
misleading.

Increased HDL-cholesterol concentrations in
the general population are associated with
decreased cardiovascular risk. However, RCTs
have not shown a decrease in cardiovascular
events by increasing HDL-cholesterol. Low con-
centrations of HDL-cholesterol are common in
patients with CKD and ESKD but they do not
appear to be associated with an increase in car-
diovascular events after adjustment for traditional
cardiovascular risk factors [1].

Higher levels of circulating triglycerides are
associated with increased cardiovascular risk in
the general population, although the association
is far weaker than that observed with LDL-
cholesterol. Hypertriglyceridaemia is common
in patients with CKD and ESKD, especially in
those with diabetes and on those on peritoneal
dialysis [1].



72

C.J. Ferro

Lipoprotein(a) is a unique, highly atherogenic
lipoprotein with a central LDL-like core contain-
ing a single molecule of apolipoprotein-B (ApoB)
linked by a disulphide bridge to apolipoprotein-A
[2]. Higher Lp(a) concentration is a significant
independent risk factor for major atherosclerotic
events and aortic calcification. In general, circu-
lating Lp(a) concentrations increase with decreas-
ing kidney function and are highest in dialysis
patients. Given the structural similarity between
Lp(a) and LDL-cholesterol most quantification
of LDL-cholesterol either by formula or direct
assay is the sum of both LDL-cholesterol and
Lp(a) [2]. This might be very important in situa-
tions of low LDL-cholesterol and raised Lp(a)
concentrations such as in dialysis patients.

6.2 Lipid-Lowering Therapy

6.2.1 Low Density Lipoprotein-
Lowering Therapy

6.2.1.1 Statins
The beneficial effects of lowering circulating
LDL-cholesterol concentrations with 3-hydroxy-
3-methylglutaryl-coenyme A reductase inhibi-
tors, commonly known as statins, has been well
established in patients with normal kidney func-
tion. Statins conclusively lower cardiovascular
risk in patients at increased cardiovascular risk as
primary prevention, and in patients after an ath-
erosclerotic cardiovascular event as secondary
prevention. In these studies, a 1 mmol/L reduc-
tion in LDL-cholesterol is associated with a
22-23% reduction of major vascular events [1].
Several post-hoc analyses of large statin trials
have shown a reduction in cardiovascular events
in patients with CKD (eGFR<60 ml/min/1.73 m?)
[6]. However, two large RCTs in patients on dial-
ysis, the Die Deutsche Diabetes Dialyse Studie
(4D) [7] and A Study to Evaluate the Use of
Rosuvastatin -~ in  Subjects on  Regular
Haemodialysis: An Assessment of Survival and
Cardiovascular Events (AURORA) [8] showed no
benefit of statin therapy in patients with
ESKD. The double-blind RCT SHARP tested the
actions of LDL-cholesterol lowering with simvas-
tatin plus ezetimibe for primary prevention of ath-

erosclerotic events in 9270 patients with CKD [5].
At the start of the trial, 6270 of these patients has
a serum creatinine level higher than 150 pmol/L
for men or higher than 130 pmol/L for women.
The remaining 3023 patients were already on
dialysis treatment. Overall, there was a significant
reduction (HR 0.83 95%CI 0.74-0.94) in major
atherosclerotic events, defined as coronary death,
myocardial infarction, non-haemorrhagic stroke,
or any revascularisation. However, consistent
with 4D and AURORA, LDL-cholesterol lower-
ing was not associated with a reduction in athero-
sclerotic events in patients already on dialysis
(HR 0.90, 95% CI 0.75-1.08).

Meta-analyses of LDL-lowering trials in
patients with CKD/ESKD find a benefit of ther-
apy in reducing major atherosclerotic events in
patients with CKD with a trend towards smaller
relative risk reductions as eGFR declines even
after adjustment for smaller LDL-cholesterol
lowering in patients with more severe CKD [9].
There is also little evidence that statin-based ther-
apies prevent major atherosclerotic cardiovascu-
lar events in patients already on dialysis [9].

In the Assessment of Lescol in Renal
Transplantation (ALERT) study, 2102 kidney
transplant recipients on ciclosporin-based immu-
nosuppression who had already had a myocardial
infarction were randomised to either 40 mg fluvas-
tatin or placebo and followed up for a mean of 5.1
years. Intervention with fluvastatin did not reduce
the primary end-point defined as a reduction of car-
diac death, non-fatal myocardial infarction or coro-
nary intervention [10]. However, statin treatment
was associated with a reduction in non-fatal myo-
cardial infarction and cardiac deaths. In a complex
extension study, all of the ALERT participants
were offered open-label, longer-term high dose (80
mg) fluvastatin and followed for a total of 6.7 years
[11]. This extension study confirmed that those ini-
tially randomised to receive fluvastatin had a sus-
tained reduction in risk of suffering a non-fatal
myocardial infarction or cardiac death.

6.2.1.2 Ezetimibe

Ezetimibe inhibits intestinal absorption of dietary
and biliary cholesterol without affecting the
absorption of fat-soluble nutrients. Ezetimibe is
the most used non-statin agent, lowers LDL-
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cholesterol by 13-20% and has a low incidence
of side-effects [1]. It was used together with a
statin in the SHARP trial [5].

6.2.1.3 Bile Acid Sequestrants

Bile acid sequestrants (anion exchange resins)
bind gut bile acids reducing enterohepatic circu-
lation and lead indirectly to lowering intestinal
cholesterol absorption and reducing circulating
LDL-cholesterol concentrations by 13-20% [1].
Although these medications are generally safe
because they are not absorbed, they are associ-
ated with gastro-intestinal side-effects including
constipation. They have not been well studied in
RCTs in the general population. They also
increase circulating triglycerides which may
limit their utility in patients with hypertriglyceri-
daemia, including patients with CKD/ESKD, and

PCSK9 and
LDL-R degradation

o

very little evidence exists to support their use in
these populations.

6.2.1.4 Proprotein Convertase

Subtilisin/Kexin Type 9

Inhibitors
Proprotein Convertase Subtilisin/Kexin Type 9
(PCSKD) is a secreted serine protease that binds
to the extracellular domain of the LDL-receptor
located on hepatocytes and promotes its lyso-
somal degradation preventing its recirculation to
the cell surface and increasing circulating LDL-
cholesterol [2]. Monoclonal antibodies against
PCSKO9 prevent LDL-receptor catabolism lower-
ing circulating LDL-cholesterol concentrations.
Treatment with statins increases PCSK9 and the
increase is proportional to LDL-cholesterol
reduction (Fig. 6.3) [2].

LDL-cholesterol and
LDL-R recycling

Co
Plasma OLR ,‘ PCSK9 LDL-cholesterol © o
N, WO T4
1 1 w 1
. \\é’ 4
Liver Cell " 4 Vs
Endosome , LDL-R
recycling
N~ N
(o]

Lysosome

LDL-cholesterol
Incorporated into cell

LDL-R bound to PCSK9 is
broken down in the lysosome

Fig. 6.3 Role of proprotein convertase subtilisin/kexin
type 9 (PCSK9) in low density lipoprotein cholesterol
metabolism. LDL-cholesterol binds to LDL-receptors on
the surface of cells to form a complex that is taken up by
the cell. With falling pH, the LDL-receptor dissociates
from the complex. The LDL is incorporated into the cell
and the LDL-receptor recycles to the cell surface. PCSK9
is an extracellular protein that binds directly to the LDL-

receptor and results in internalization and degradation of
the receptor. Therapeutic agents targeting PCSK9 prevent
degradation of the LDL-receptor resulting in more LDL-
cholesterol being removed from the circulation and
decreased LDL-cholesterol levels. LDL, low-density lipo-
protein; PCSK9, proprotein convertase subtilisin/kexin
type 9; VLDL, very low-density lipoprotein
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Several strategies have been developed to
lower PCSK9 concentrations. Monoclonal anti-
bodies that act as PCSK9-inhibitors being the
most studied so far, with two of them, alirocumab
and evolocumab licensed for clinical use [1, 2].
Several RCTs have confirmed that these agents
lower LDL-cholesterol levels by 36-65%, Lp(a)
levels by approximately 25%, and lower the risk
of major cardiovascular events in patients with
familial hypercholesterolaemia, patients already
optimised on statin therapy who have recently
experienced an acute coronary syndrome, and
patients with known atherosclerotic vascular dis-
ease [2]. From sub-analyses of these studies the
safety profiles and LDL-cholesterol reducing
properties of these antibodies do not appear to be
affected by kidney function, although very few
patients with CKD stages 3b or 4 were included
in these trials [2]. To date, the efficacy and safety
of these monoclonal antibodies in dialysis
patients is scarce and have only been evaluated in
case series. Therefore, although theoretically
these agents may be of future use in lowering car-
diovascular risk in patients with advanced CKD
and those on dialysis, further information is
needed before widespread adoption.

6.2.2 Triglyceride-Lowering
Therapy

6.2.2.1 Fibrates

Fibrate monotherapy has been shown in RCTs to
lower the risk of major cardiovascular events in
the general population, although the benefit may
be restricted to individuals with very high triglyc-
eride and very low HDL-cholesterol circulating
concentrations [1]. However, fibrates (although
possibly not gemfibrozil) may increase serum
creatinine concentrations especially in patients
with an eGFR less than 30 ml/min/1.73 m? At
present, there is very little evidence to recom-
mend the use of fibrates in patients with CKD
unless triglyceride concentrations are very high
(>11.3 mmol/L; >1000 mg/dL). If used this
should be done with caution after adjusting the
dose for kidney function [1].

6.2.2.2 Omega-3 Fatty Acids
Pharmacological doses of omega-3 fatty acids
(2-4 g/day) lower circulating triglyceride con-
centrations in a dose-dependent manner by
mechanisms that remain unclear [1]. They have
little effect on LDL-cholesterol and HDL-
cholesterol in the general population nor in
patients with CKD/ESKD. There is currently
very little evidence to support their use in patients
with CKD/ESKD to reduce cardiovascular risk
[12].

6.2.3 Lipoprotein(a)

6.2.3.1 Inhibitors of Lipoprotein(a)
Synthesis

Circulating concentrations of Lp(a) are resistant
to life-style interventions and accumulating evi-
dence indicates they are increased by statin treat-
ment. Nicotinic acid and PCSKO9 inhibitors lower
Lp(a) concentrations [2]. A hepatocyte-directed
antisense oligonucleotide targeting Lp(a) mRNA
has been recently tested in phase 1 and 2 RCTs.
However, patients with a GFR less than 60 ml/
min/1.73 m? were excluded and patients with
“significant kidney disease” will be excluded
from a planned hard-endpoint RCT [2].

6.3 Management of Lipids
in Patients with CKD
and ESKD

6.3.1 Guidelines

Several guidelines have been produced over the
last few years addressing the management of
lipids in patients with CKD/ESKD [12-15].
Some of the more influential ones are listed in
Box 6.2. In particular, the 2013 KDIGO Clinical
Practice Guideline for Lipid Management is
widely used at present, despite having caused
extensive discussion and controversy when
launched [13]. It should, however, be remem-
bered that guidelines tend to be simplifications,
which makes them easier to remember and
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implement but can result in the misclassification
of individual patients. Summary recommenda-
tions can be interpreted as being very rigid and
should not be taken as a strict set of instructions.
Guideline documents should be read as they
will set any summary recommendations into
context, often allowing for personalised treat-
ment, especially when the supporting evidence
is considered weak.

6.3.2 Assessment of Lipid Status at
Baseline

The KDIGO Guideline recommends assessment
of a lipid profile consisting of total cholesterol,
LDL-cholesterol, HDL-cholesterol, and triglyc-
erides. It does not recommend measurement of
Lp(a), ApoB (the major apolipoprotein embed-
ded in LDL- and VLDL-cholesterol), or other
lipid markers that might have risk prediction util-
ity in the general population but their usefulness
in patients with CKD/ESKD remains to be estab-
lished [13]. The American Heart Association
2018 Guideline suggests considering measuring
Lp(a) concentrations if there is a strong family
history of cardiovascular disease not explained
by major risk factors and measuring Apo-B in
hypertriglyceridaemia [14].

6.3.3 Assessment of Lipid Status
After Starting Treatment

The KDIGO Guideline does not recommend fol-
low-up measurement of lipid levels after starting
treatment, although the evidence level for this is
recommendation is “not graded.” This “fire and
forget” recommendation is based on the lack of
data on treatment escalation to achieve specific
LDL-cholesterol targets, and substantial variabil-
ity in LDL-cholesterol measurements over time.
In contrast, the other major guidelines do rec-
ommend achieving both a target percentage low-
ering of LDL-cholesterol as well as achieving
LDL-cholesterol concentrations below a certain
level. These are summarised in Table 6.1. These
recommendations are based on strong evidence

of a linear relationship between the reduction of
LDL-cholesterol concentrations and the observed
reduction in cardiovascular risk.

6.3.4 Lipid-Lowering Treatment

All guidelines recommend life-style modification
to lower LDL-cholesterol and triglycerides, as
well as cardiovascular risk in general, and this is
something that is often neglected in clinical
practice.

The KDIGO Guideline recommends that
patients older than 50 years with CKD stage 3-5
but not yet on dialysis should be treated with a
statin or statin plus ezetimibe combination. This
recommendation is based on the robust trial evi-
dence already discussed and is consistent with
other guidelines that do not recommend the use
of risk assessment tools in this population given
they already are at high cardiovascular risk. In
patients aged 18-49 with CKD stages 3—5 not on
dialysis, the KDIGO Guideline recommends
treatment if they have known coronary artery dis-
ease, diabetes mellitus, previous ischaemic stroke
or an estimated 10-year risk of coronary death or
non-fatal myocardial infarction greater than 10%.
The evidence for this recommendation is consid-
ered weak but is consistent with other guidelines
(Table 6.1). The KDIGO guideline also recom-
mends treatment for patients with CKD stages
1-2 more than 50 years old with significant albu-
minuria (>30 mg/g).

The KDIGO guideline and ESC 2019
Guideline recommend starting kidney transplant
recipients with a statin (Table 6.1) [13]. The 2019
ESC Guidelines on lipid management are more
nuanced advising that the benefits of statin treat-
ment in kidney transplant recipients are uncertain
but advising that these patients should be treated
as if they were at high or very high risk of athero-
sclerotic cardiovascular disease with statins
being considered as first line agents with the
potential to use ezetimibe if statin intolerant or
treatment targets not achieved [15]. The calcineu-
rin inhibitor ciclosporin is metabolised by the
CYP3A4 pathway and increases statin levels
increasing the risk of myopathy. Fluvastatin,
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Table 6.1 Summary of major guideline recommendations for starting lipid lowering therapy and targets

CKD stages
1-2

CKD stages
3-5 not on
dialysis

CKD stage
5 (on
dialysis)

Transplant

KDIGO
Adults aged >50

years recommend

treatment with a
statin

Adults aged >50

years recommend

treatment with a
statin or statin
ezetimibe
combination
Adults aged
1849 years
suggest statin
treatment if
either:
Known
coronary
disease
Diabetes
mellitus
Prior ischaemic
stroke
Estimated
10-year
incidence of

coronary death

or non-fatal
myocardial
infarction
>10%
If already on a
statin or statin
ezetimibe
combination
suggest agents
continued
Do not initiate
statin or statin/
ezetimibe
combination
Recommend
treatment with a
statin

2018 AHA guideline
No specific
recommendation

Adults 40-75 with
LDL-cholesterol 1.7-4.9
mmol/L and a 10-year
ASCVD risk of >7.5% a
moderate intensity statin
+ ezetimibe might be
useful

In patients with known
ASCVD lower LDL-
cholesterol by >50% but
if LDL-cholesterol remain
above 1.8 mmol/L on
maximally tolerated statin
consider adding in
ezetimibe. If despite this
LDL-cholesterol remains
above 1.8 mmol/L
consider using a
PCSKO-inhibitor if cost:
benefit ratio is favourable

If already on a statin, it
would be reasonable to
continue

If not already on a statin,
do not start

No recommendation

2019 ESC guideline
No specific recommendation

The use of statin or statin/
ezetimibe combination is
recommended

For individuals at moderate risk,
an LDL-cholesterol goal of <2.6
mmol/L should be considered
For patients at high risk, an
LDL-cholesterol reduction of
>50% from baseline and an
LDL-cholesterol goal of <1.8
mmol/L are recommended

In very-high-risk patients, an
LDL-cholesterol reduction of
>50% from baseline and an
LDL-cholesterol goal of <1.4
mmol/L are recommended

If already on a statin or statin/
ezetimibe combination
continuation of these drugs
should be considered,
particularly in patients with
ASCVD

In patients on dialysis who are
free of ASCVD starting a statin
is not recommended

Statins should be considered
first line agents. Initiation
should be low dose with careful
up titration. Ezetimibe can be
considered for patients who are
statin-intolerant or have
significant dyslipidaemia
despite maximally tolerated
statin treatment

Treat as if at high or very high
risk

2021 ESC guideline
Treat as high risk if
ACR> 300 mg/
mmol

The use of statin or
statin/ezetimibe
combination is
recommended
LDL-cholesterol <
2.6 mmol/L (>50%
reduction in
LDL-cholesterol
(<1.8 mmol/L in
highrisk patients;
<1.4 mmol/L in very
high-risk patients)

If already on
hypolipidaemic
therapy this may be
maintained

If not already on
hypolipidaemic
therapy do not start

No recommendation

2021 ESC Guideline: High Risk = Moderate CKD (eGFR 30-44 ml/min/1.73 m? and ACR <30 mg/mmol or eGFR
45-59 ml/min/1.73 m? and ACR 30-300 mg/mmol or eGFR >60 mL/min/1.73 m? and ACR >300); Very high risk =
Severe CKD (eGFR<30 ml/min/1.73 m? or eGFR 30-44 ml/min/1.73 m? and ACR >30 mg/mmol)

2019 ESC Guideline: High risk = eGFR 30-59 ml/min/1.73 m?; Very High risk = eGFR <30 ml/min/1.73 m?
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Table 6.2 High-, moderate-, and low-intensity statin treatment with specific examples®
Low intensity Moderate intensity High intensity
LDL-cholesterol reductions  <30% 30-49% >50%
Statins Simvastatin 10 mg Simvastatin 20-40 mg Atorvastatin 40—-80 mg
Pravastatin 10-20 mg  Pravastatin 40 mg Rosuvastatin 2040 mg
Fluvastatin 2040 mg  Fluvastatin 40 mg twice daily

Atorvastatin 10-20 mg
Rosuvastatin 5-10 mg

2 For atorvastatin, rosuvastatin, and simvastatin estimated from the VOYAGER database. For fluvastatin and pravastatin
estimated from US Food and Drug Administration-approved product labelling

pravastatin, and rosuvastatin are metabolised
through different CYP enzymes and have less
potential for interaction. Tacrolimus, another cal-
cineurin inhibitor, is also metabolised by
CYP3A4 but appears to have less potential for
harmful interaction with statins. Other drugs that
interact with the CYP3A4 pathway should be
avoided in patients on calcineurin inhibitors and
statins if at all possible.

The KDIGO, AHA, and ESC Guidelines do
not recommend starting a statin or combination
therapy with statin and ezetimibe in patients
already receiving dialysis therapy. However,
they do suggest that patients that are already
receiving a statin at the time of starting dialysis
therapy should not have this discontinued. This
recommendation is based on the SHARP trial in
which 2141 patients with CKD started dialysis
during the study period but were analysed in the
non-dialysis group in which overall benefit was
observed. Although these two explanations
seem to be rather incongruous it reflects the very
limited RCT evidence in this population. One
possible explanation as to why patients on dial-
ysis might only benefit from statin-based ther-
apy if started before dialysis initiation might
relate to the duration of treatment. All RCTs of
statin treatment in dialysis patients have an
approximately  5-year follow-up  period.
However, the exposure to risk is much longer.
As such the Canadian Cardiovascular Society
Guidelines for the Management of Dyslipidaemia
suggest initiating treatment in patients on dialy-
sis if they are likely to remain on dialysis for
many years or likely to go on and receive a kid-
ney transplant [16].

The KDIGO guideline advocates a rather cau-
tious approach to statin dosing recommending

reduction of the dose used if eGFR is <60 ml/
min/1.73 m?, based on the reduced renal excre-
tion of some statins, high polypharmacy rates in
patients with CKD and the doses of statins used
in trials recruiting patients with CKD. This rec-
ommendation essentially means that high inten-
sity statins (Table 6.2) should be avoided and is
inconsistent with other guidelines that recom-
mend large reductions in LDL-cholesterol of
more than 50% in certain situations. Moderate
intensity statin therapy is known to produce a
mean reduction in LDL-cholesterol of about 30%
(Table 6.2). Therefore, a significant proportion of
patients will not experience a reduction in LDL-
cholesterol of this magnitude, never mind the
50% reduction recommended in other guidelines.
This is especially relevant in certain situations,
including after an acute coronary syndrome. The
TNT trial showed that after an acute coronary
syndrome, patients with an eGFR 45-59 ml/
min/1.73 m? gained substantial benefit from high
dose atorvastatin treatment [17].

Before You Finish: Practice Pearls for the

Clinician

e Patients with CKD are at high risk of cardio-
vascular disease with a high prevalence of
both traditional and non-traditional cardiovas-
cular risk factors.

* One of the traditional risk factors, dyslipid-
emia, is potentially modifiable. Abnormalities
of lipid metabolism are evident even in the
early stages of CKD and worsen with declin-
ing renal function.

* Statin and statin/ezetimibe combination treat-
ment reduces the risk of atherosclerotic events
in patients with CKD. The benefit lessens with
declining kidney function and appears to be
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lost in patients with ESKD on dialysis
treatment.

Several guidelines make important recom-
mendations for treating dyslipidaemia in
patients with CKD/ESKD and these are
changing with the emergence of new
evidence.

Multiple novel lipid-lowering treatments are
emerging, with PCSK9-inhibitors now being
recommended for use by some guidelines
when statin or statin/ezetimibe treatment are
either not tolerated or unable to reach treat-
ment goals.

Box 6.1 Conversion Factors

Conventional Conversion

Variable SI units units factor
Creatinine ~ pmol/L. mg/dL 88.4

Cholesterol mmol/L mg/dL 0.0259
Triglycerides mmol/L mg/dL 0.0113

Notes:

Conventional unit multiplied by conver-
sion factor equals ST unit

Cholesterol includes total cholesterol,
LDL-cholesterol, and HDL-cholesterol

Box 6.2 Relevant Guidelines
1. KDIGO Guideline
Kidney Disease: Improving Global
Outcomes (KDIGO) Lipid Work Group.
KDIGO clinical practice guideline for
lipid management in chronic kidney
disease. Kidney Int Suppl.
2013;3:259-305.
2. ACC/AHA Joint Guidelines
2018 AHA/ACC/AACVPR/AAPA/
ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA  Guideline on the
Management of Blood Cholesterol.
Circulation 2019;139:e1082-e1143.
3. ESC Guidelines
2019 ESC/EAS Guidelines for the
management of dyslipidaemias;: lipid

modification to reduce cardiovascular

risk. Eur Heart J 2020;41:111-188.
2021 ESC Guidelines on cardiovas-

cular disease prevention in clinical

practice. Eur Heart J
2021;42:3227-3337.
4. Canadian Guideline
2016  Canadian  Cardiovascular

Society Guidelines for the Management
of Dyslipidemia for the Prevention of
Cardiovascular Disease in the Adult.
Can J Cardiol. 2016;32:1263-82.
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Before You Start: Facts You Need to Know

e Urate is a by-product of purine metabolism and
serum levels are increased in mammalian spe-
cies, with proposed benefit as an anti-oxidant.

¢ Elevated serum urate concentrations (defined
as >6.0 mg/dL [0.39 mmol/L]) are found in
diabetes mellitus, hypertension, obesity, car-
diovascular disease, and kidney disease.

e Urate-lowering treatment with xanthine oxi-
dase inhibitors allopurinol and febuxostat
have also been studied as potential protective
effect in kidney disease.
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e Several randomized control trials with small
sample size, short duration of follow-up and
inferior methodology, in populations with
both normal and reduced kidney function
found mixed results for and against urate-
lowering therapy in preventing progressive
decline in kidney function.

e Three large, well-designed randomized
placebo-controlled trials with longer follow-
up have provided moderate certainty evidence
against the use of urate-lowering therapy to
delay progression of kidney disease.

S. Badve (IX)

Australasian Kidney Trials Network, Centre for
Health Services Research, University of Queensland,
Brisbane, QLD, Australia

Department of Nephrology, St George Hospital,
Sydney, NSW, Australia

The George Institute for Global Health, UNSW
Medicine & Health, Sydney, NSW, Australia
e-mail: sbadve @georgeinstitute.org.au

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 81

M. Arici (ed.), Management of Chronic Kidney Disease,
https://doi.org/10.1007/978-3-031-42045-0_7

7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-42045-0_7&domain=pdf
mailto:Julia.Jefferis@health.qld.gov.au
mailto:David.Johnson2@health.qld.gov.au
mailto:sbadve@georgeinstitute.org.au
https://doi.org/10.1007/978-3-031-42045-0_7

82

J. M. Jefferis et al.

e Patients with kidney disease are at greatly
increased risk of cardiovascular disease, how-
ever, there is no clear evidence that urate-
lowering therapy in chronic kidney disease
improves cardiovascular outcomes.

7.1 Introduction

Urate is a by-product of human metabolic pro-
cesses that has pathological roles in several dis-
ease processes including gout, tumour lysis
syndrome, and uric acid urolithiasis. Multiple
studies have linked elevated serum urate concen-
trations with chronic kidney disease (CKD), and
urate-lowering therapy has been under investiga-
tion for some time as a possible intervention in
CKD. This chapter will discuss normal urate
metabolism, pathophysiological role of urate in
humans, consider evidence from population level
studies and randomized control trials (RCT) and
management of hyperuricaemia in patients with
CKD.

7.1.1 Normal Urate Metabolism

Liver, muscle and endothelial tissues catabolise
purines, adenine and guanine to generate the end
product of urate (CsH,N,0O;). Catabolism involves
complex enzymatic pathways with hydroxylation
of hypoxanthine to xanthine and xanthine to urate
by the enzyme, xanthine oxidase (XO), repre-
senting key steps in generating urate, as shown in
Fig. 7.1 [1]. Urate is poorly water soluble, and
conversion by uricase to allantoin enables easy
excretion in the urine in non-mammalian species.
Humans have lost the uricase enzyme during evo-
lution, resulting in higher serum uric acid levels,
although the evolutionary advantage of elevated
urate is unclear. Proposed benefits of the loss of
uricase activity include neutralising free radicals
and protection from hypotension through its anti-
natriuretic effect [2, 3]. In humans, excretion of
urate is dependent on excretion by the gastroin-

Purine metabolism

Hypoxanthine

Xanthine Oxidase

Xanthine
l Xanthine Oxidase

Uric acid (urinary excretion)

Uricase in non-primate species
(absent in humans)

Allantoin (urinary excretion)

Fig. 7.1 Enzymatic pathways of uric acid metabolism:
Purine metabolism with the enzyme xanthine oxidase
generates uric acid, which is predominantly excreted in
urine. Humans are deficient in uricase and are unable to
generate water soluble allantoin, predisposing to hyper-
uricaemia [1]

testinal tract (30%) and kidney filtration (60—
70%) [4]. Furthermore, purine intake is increased
in Western diets and is proposed to contribute to
elevated levels of serum urate levels in popula-
tions consuming more westernized diets [3]. At
the level of the nephron, urate filters freely
through the glomerulus to be reabsorbed by urate
anion transporter 1 (URAT1) and the organic
anion transporter (OAT) in the proximal tubule,
with proximal tubular excretion also playing a
role in urate balance [5]. Multiple transporters
can use urate as a substrate, with URAT1 being
the predominant apical transporter, and glucose
transporter-like protein 9 (GLUT9) being the pre-
dominant basal transporter. Humans with the loss
of function mutations in GLUT9 are hypouricae-
mic [6]. Urate levels are markedly elevated in
kidney disease as a result of reduced clearance by
the kidney due to lower levels of filtration and
secretion.
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7.1.2 Pathophysiology of Urate

There are many postulated mechanisms by which
urate causes CKD including endothelial dysfunc-
tion, activation of the renin angiotensin system,
activation of the inflammasome, oxidative stress,
and crystal deposition and calculi formation as
shown in Fig. 7.2 [7-10]. Preclinical studies show
that uric acid may play a pathogenic role in kid-
ney disease and cardiovascular disease. Rats fed
with the uricase inhibitor, oxonic acid, became
hyperuricaemic and their kidney exhibited arteri-
ole thickening, renal cortical vasoconstriction,
and glomerular hypertension. Treatment with
allopurinol ameliorated these changes [8]. Other

preclinical studies showed that experimentally-
induced hyperuricaemia led to the development of
hypertension with the loss of endothelial nitric
oxide, rise in renin secretion from the juxtaglo-
merular apparatus and increased tubulointerstitial
fibrosis. Treatment with allopurinol mitigated
these effects [9]. Urate has been shown to upregu-
late inflammatory markers including IL-1f
through the NALP3 inflammasome in vitro and
increase NF-KB signalling and increase in the lev-
els of IL-1B, IL-18, MCP-1 [11-13]. Human
studies show that uric acid stones are associated
with an increased risk of CKD [14]. These studies
suggest that urate may be a therapeutic target for
slowing the progression of CKD.

[ Elevated serum urate ]

|

Inflammation - IL1p,
TNF-a, MCP-1

]\

[Crys‘lal deposition

C

J [ Renin Angiotensin acli\ration]

-
-

[ Oxidative stress

[ Calculi formation

[ Hypertension

!
J [°“°D

Nead

Fig.7.2 Proposed mechanisms of hyperuricaemia in car-
diovascular and chronic kidney disease: Elevated levels of
serum urate have multiple postulated deleterious effects in
the kidney, causing endothelial dysfunction, activation of
the renin angiotensin system and ensuing glomerular
hypertension, inflammation mediated by interleukin 1B

(IL1p), tumour necrosis factor alpha, (TNF-a) and mono-
cyte chemoattractant protein 1 (MCP-1), oxidative stress,
crystal deposition and formation of uric acid stones [2,
7-10]. This damage to the kidney can drive hypertension
and cardiovascular disease, which further promotes kid-
ney dysfunction
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7.2 Population Level Evidence
Linking Serum Urate Levels

to Disease in Humans

Population level studies have found relationships
between elevated serum urate concentrations,
considered when serum urate >6.0 g/dL
[0.36 mmol/L] and a host of metabolic diseases
including diabetes mellitus, hypertension, obe-
sity, cardiovascular disease, and kidney disease
[15, 16]. In a meta-analysis of 18 prospective
cohort studies with 55,607 patients, elevated
serum urate was associated with an increased risk
(relative risk 1.41, 95% CI 1.23-1.58) of hyper-
tension, with 1 g/dL increase in serum urate asso-
ciated with a relative risk of 1.13 (95% CI
1.06-1.58) which was more pronounced in
younger patients and females [17]. Another meta-
analysis of 32,016 patients identified a relation-
ship between hyperuricaemia and diabetes
mellitus with a relative risk of 1.56 (95% CI
1.39-1.76) for those in the highest quartile of
serum urate levels [18]. Meta-analysis of 13 stud-
ies with 190,718 patients found hyperuricaemia
was an independent predictor of new diagnosis of
CKD in men and women with an odds ratio of
2.35 (95% CI 1.59-3.46) for those in the highest
quartile of serum urate [19]. Several studies have
found that elevations in serum urate precede
diagnosis of CKD, such that early intervention to
lower urate has been proposed to modulate dis-
ease progression. Secondary analysis of the retro-
spective “Coronary Artery Calcification in Type 1
Diabetes” study found that, in patients with type
1 diabetes for an average duration of 23 years fol-
lowed over a 6-year period, each 1 mg/dL rise in
serum urate level was associated with an 80%
increased risk of micro- or macroalbuminuria
[20]. Another study which followed patients with
type 1 diabetes over a median of 18 years found
that elevated serum urate preceded development
of albuminuria [21]. High-normal urate levels
have also been associated with reduced estimated
glomerular filtration rate (eGFR) prior to devel-
opment of proteinuria in those with type 1 diabe-
tes mellitus [22]. Multiple prospective studies
have independently associated hyperuricaemia
with disease progression in IgA nephropathy

[23-25]. Taken together, these studies were
hypothesis-generating and provided equipoise to
evaluate the effect of urate-lowering treatment on
slowing the progression of kidney disease.

7.3  Urate-Lowering Therapy

to Modify CKD

Multiple, single centre randomized trials have
investigated the effects of urate-lowering therapy
on kidney function in a range of patient groups
including healthy populations and patient groups
with gout, type 1 diabetes mellitus or immuno-
globulin A (IgA) nephropathy summarized in
Table 7.1. In one study, 72 healthy hyperuricae-
mic patients with elevated serum urate levels and
preserved kidney function (eGFR 84.3-92.8 mL/
min per 1.73 m?) with minimal proteinuria (urine
protein:creatinine ratio [PCR] 0.11-0.12 mg/
mmol) were randomized to either 300 mg allopu-
rinol daily or no study medication for 16 weeks.
Compared with hyperuricaemic controls who
maintained stable eGFR, allopurinol resulted in
lower serum urate, improved eGFR, improved
diastolic blood pressure, and reduced endothelial
dysfunction, but no change in proteinuria. These
patients had minimal medical comorbidities, nor-
mal blood pressure, and a low risk of progressive
kidney disease [26]. These patient characteris-
tics, together with the short follow-up duration
and open labelled design, limited the strength of
conclusions that could be drawn. Another ran-
domized study in 59 patients with gout, 98%
male, compared colchicine 0.5 mg twice daily
only, or with 200 mg of allopurinol for 2 years,
found that eGFR was maintained in the allopuri-
nol group, but declined in the colchicine group.
These patients had preserved kidney function
with initial eGFR was >90 mL/min per 1.73 m?
and minimal proteinuria, and as such did not
progress to CKD (eGFR <60 mL/min per
1.73 m?) [27]. A RCT with 54 hyperuricaemic
patients with CKD comparing 100-300 mg daily
allopurinol in addition to standard care found that
improvement in urate levels was associated with
preserved kidney function at 12 months, with no
effect on serum creatinine or blood pressures
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between the two groups [28]. Another random-
ized study in 113 CKD patients with eGFR
<60 mL/min per 1.73 m? compared 100 mg daily
allopurinol with no study medication. Allopurinol
therapy stabilized kidney function, whereas stan-
dard care alone resulted in a decline in eGFR,
independent of blood pressure, diabetes status,
and use of RAS blockade. Cardiovascular out-
comes, combined outcome of ischemic heart dis-
ease, congestive cardiac failure, cerebrovascular
disease, and peripheral arterial disease, were
reduced in those treated with allopurinol therapy.
There was no difference in blood pressure after
treatment between the two groups [29]. An
Iranian study compared allopurinol (100 mg
daily) with placebo in 40 patients at high risk of
progressive CKD with type 2 diabetes, 24-h urine
protein >500 mg and evidence of diabetic reti-
nopathy on RAS blockade. After 4 months, treat-
ment with allopurinol significantly reduced
proteinuria compared with the placebo group but
did not significantly alter kidney function or
blood pressure [30]. On the other hand, a ran-
domized controlled trial of 100-300 mg daily
allopurinol versus no treatment over 5 years in 40
hyperuricaemic patients with IgA nephropathy
not on RAS blockade did not observe improve-
ments in either eGFR or proteinuria, although
those treated with allopurinol required reduced
dosage of anti-hypertensive medications [25]. A
systematic review and meta-analysis of these tri-
als published in 2014 was unable to determine a
clear relationship between improvement in serum
urate levels and clinically relevant outcomes
including progression of CKD, hypertension, and
cardiovascular outcomes [31]. Overall, these ear-
lier studies across a heterogenous spectrum of
kidney disease identified that allopurinol treat-
ment significantly lowered serum urate but could
neither support nor refute a role for this agent in
preventing CKD progression due to study impre-
cision, inconsistency and high or unclear risks of
bias. Limitations of these randomized studies
included small sample size, short follow-up peri-
ods, lack of blinding, and patient populations at
low risk of progressive kidney disease.

Several subsequent RCTs have also investi-
gated the role of febuxostat, a xanthine oxidase

inhibitor, in CKD progression. One RCT involv-
ing 80 patients with type 2 diabetes mellitus and
an eGFR between 30 and 60 mL/min per 1.73 m?
compared 80 mg daily febuxostat with placebo
and found febuxostat lowered serum urate but did
not significantly alter urinary biomarkers of kid-
ney fibrosis, eGFR or blood pressure [32]. A sin-
gle centre open label trial comparing 40 mg daily
febuxostat with placebo in people with stage 3 or
4 diabetic kidney disease and well controlled dia-
betes (HbAlc <8%) showed no difference in
eGFR or proteinuria at 6 months of therapy,
though notably the febuxostat group had a higher
baseline HbA 1c, and this paradoxically increased
at the end of the study period [33]. A small trial
involving 66 patients with CKD found that eGFR
was sustained after 12 months of 20 mg titrated
up to 80 mg daily febuxostat therapy [34].
Together, these trials found that use of febuxostat
in patients with CKD lowered serum urate levels
with no significant clinical impact on CKD.
Publication of three large, multi-centre RCTs
has greatly helped to clarify the role of urate-
lowering therapy in patients with CKD, summa-
rized in Table 7.2. The first of these was the
FEbuxostat versus placebo rAndomized con-
trolled trial regarding reduced renal function in
patients with hyperuricaemia complicated by
chronic kidney disease stage 3 (FEATHER) [35].
This was a multi-centre, double-blind RCT of
febuxostat (10 mg daily increasing at monthly
intervals up to 40 mg daily) versus placebo in 443
adults with stage 3 CKD treated in 55 Japanese
centres over 108 weeks. Inclusion criteria were
patients aged over 20 years with hyperuricaemia
(serum urate concentration > 7.0-10.0 mg/dL),
stage 3 CKD, and no history of gout. Patients
with poorly controlled diabetes mellitus (HbAlc
>8.4%) or hypertension (systolic blood pres-
sure > 160 mmHg, diastolic blood pres-
sure > 100 mmHg), elevated alanine or aspartate
aminotransferase enzyme levels, >50% variation
in creatinine 12 weeks preceding the study and
kidney failure or kidney transplant were excluded.
Baseline characteristics of the placebo group
were aged 65.4 year, 77% male, 30.6% with dia-
betes mellitus, 73.4% on ACE inhibitor or angio-
tensin receptor blocker [ARB], mean serum urate
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Table 7.2 Summary of multi-centre randomized controlled trials investigating the effect of urate-lowering therapy on

kidney function

Badve et al. 2020

Kimura et al. 2018 (FEATHER Doria et al. 2020 (PERL investigators) (CKD-FIX
Study investigators) [35] [36] investigators) [37]
Number of 467 530 369
patients
Location Japan The United States, Canada and Australia and New
Denmark Zealand
Population Stage 3 CKD and asymptomatic Type 1 diabetes mellitus an eGFR Stage 3 or 4 CKD
hyperuricaemia in Japan value between 40 and 99 mL/min per  without gout,
1.73 m?, with either albuminuria ACR > 265 mg/g or
(urinary albumin excretion rate, 20 to 3 mL/min per 1.73 m?
3333 pg per min) or a decline in the
GFR of >3 mL per min per 1.73 m?
per year in the previous 3 to 5 years,
and a serum urate level of at least
4.5 mg/dL
History of Excluded Excluded Excluded
gout
Baseline Placebo: 7.8 + 0.9 6.1 1.5 82+1.8
serum urate ~ Febuxostat: 7.8 + 0.9
(mg/dL)
Baseline Placebo: 44.9 £ 9.7 74.7 £ 19.1 31.7+12.0
eGFR mL/ Febuxostat: 45.2 9.5
min per
1.73 m?
Baseline Placebo: 120.5 (17.2-517.0) 41.6 (8.5-207.5) 716.9 (244.3-1857)
albuminuria ~ Febuxostat: 124.0 (19.1-525.0)
pg/min
Control Placebo Placebo Placebo
Intervention ~ Febuxostat 10 mg uptitrated to Allopurinol 100-300 mg daily Allopurinol 100-
40 mg daily 300 mg daily
Follow up 27 36 26
duration
(months)
Kidney No difference in mean eGFR slope No difference for primary outcome of No difference between
outcomes between the febuxostat mean iohexol-based GFR adjusted for groups in primary
(0.23 £ 5.26 mL/min/1.73 m? per ~ baseline values (mean between-group outcome of slope of
year) and placebo difference 0.001 mL/min per 1.73m?  eGFR decline
(—0.47 £ 4.48 mL/min/1.73 m? per 95% CI -1.9-1.9) (P=0.85)
year) groups (difference, 0.70;
95% CI, —0.21 to 1.62; P =0.1)
Limitations Stable kidney function in both Higher baseline eGFR and lower Did not meet target

groups, low risk of progression

serum urate levels

recruitment

Data are expressed as mean + SD or median with 95% confidence interval, or median and interquartile range for non-

normally distributed data

7.8 mg/dL, eGFR of 44.9 mL/min per 1.73 m?
with median urinary albumin-to-creatinine ratio
[UACR] 120.5 mg/g. The febuxostat treatment
group were similar with mean age 65.3 years,
77.6% male, 29.2% with diabetes mellitus,
82.6% on ACE or ARB, serum urate 7.8 mg/dL,
eGFR 45.2 mL/min per 1.73 m? and median
UACR 124 mg/g. Patients were followed for

108 weeks. Mean serum urate level in the febux-
ostat group decreased significantly by 12 weeks
to 4.2 mg/dL and remained at that level thereaf-
ter. Compared with placebo, febuxostat did not
significantly affect the primary outcome of mean
difference in slope of eGFR (0.70 mL/min per
1.73 m?/year, 95% CI -0.21-1.62), estimated
according to the Japanese Society of Nephrology
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Chronic Kidney Disease Initiative (JSN-CKDI
eGFR) equation. Subgroup analysis identified
that those without proteinuria and those with
serum creatinine concentrations below the
median population value had significantly lower
slopes of eGFR decline, although in the absence
of a convincing explanation for physiological dif-
ferences for response to urate-lowering therapy,
subgroup analysis should not be overinterpreted.
A key limitation of FEATHER was the stability
of kidney function in this Japanese population
over 2 years, with a decline in eGFR of only
0.47 £ 4.48 mL/min per 1.73 m? in the placebo
group, indicating inclusion of a cohort at low risk
of CKD progression [35].

The Preventing Early Renal Loss in diabetes
(PERL) trial [36], included 530 patients with type
1 diabetes for more than 8 years, aged 18-70 years
with an eGFR value between 40 and 99 mL/min
per 1.73 m?, with either albuminuria (urinary
albumin excretion rate, 20 to 3333 pg/min) or a
decline in the GFR of >3 mL per min per 1.73 m?
per year in the previous 3-5 years, and a serum
urate level of at least 4.5 mg/dL. Exclusion crite-
ria included a history of gout, recurrent kidneys
stones, prior treatment with urate-lowering ther-
apy, kidney transplantation, use of medications
which interact with allopurinol, HLA-B*5801
positivity, non-diabetic kidney disease or poorly
controlled hypertension. Patients were randomly
assigned to either allopurinol (100-300 mg daily)
or placebo for 3 years. This trial included a run-in
phase with optimization of blood pressure target-
ing <140/90 mmHg and implementation and opti-
mization of renin angiotensin system (RAS)
blockade. Baseline characteristics were similar
between the two groups with mean age 51.1 years,
66.2% male, a mean creatinine-based eGFR of
74.7 mL/min per 1.73 m? UACR 41.6 pg/min,
mean HbAlc of 8.2%, mean blood pressure of
126/71 mmHg, 90% use of RAS blockade and a
mean duration of diabetes of 34.6 years. Compared
with placebo, allopurinol significantly reduced
serum urate from 6.1 mg/dL to 3.9 mg/dL but did
not significantly affect the primary outcome of
mean iohexol-based GFR adjusted for baseline
values (mean between-group difference 0.001 mL/
min per 1.73 m% 95% CI -1.9-1.9). PERL was

powered to detect a 1 mL/min per 1.73 m? per
year decline in eGFR. No differences were
observed in pre-specified subgroup analyses for
age, race, serum urate, HbAlc, and proteinuria.
Serious adverse events were similar between the
placebo and allopurinol groups, with 33% of
patients reporting adverse events with 1.4% skin
and subcutaneous disorders.

The Controlled trial of slowing of Kidney
Disease progression From the Inhibition of
Xanthine oxidase (CKD-FIX) investigated the
effect of allopurinol (100-300 mg daily) versus
placebo in 369 adult patients with stage 3 or 4
CKD with no history of gout who were at risk of
CKD progression (urinary albumin:creatinine
ratio [UACR] >265 mg/g or eGFR decrease
>3 mL/min per 1.73 m? in the preceding
12 months) [37]. Exclusion criteria included a
history of gout, allopurinol hypersensitivity, clin-
ical indication for allopurinol, and unresolved
acute kidney injury in preceding 3 months. The
baseline population had an eGFR of 31.7 mL mL/
min per 1.73 m?, serum urate of 8.2 mg/dL,
UACR of 716.9 mg/g, mean age of 62.4 years,
blood pressure 139.3/76.1 mmHg, 45% diabetic
kidney disease, 58% diabetics with 76% on ACE
inhibitor or ARB therapy. Allopurinol was up
titrated in increments of 100 mg daily each month
to a maximum daily dose of 300 mg, independent
of serum urate levels. Despite a sustained mean
reduction in serum urate levels of 35% over the
2-year study period, allopurinol did not signifi-
cantly affect the primary outcome of change in
eGFR slope (mean difference — 0.10 mL/
min/1.73 m?, 95% CI -1.18-0.97, p = 0.85). No
subgroups were identified in which allopurinol
had a beneficial effect on the primary outcome,
and the effect of allopurinol did not differ
between tertiles of serum urate concentration.
The secondary outcome of 40% decrease in
eGFR, kidney failure or death occurred in 35% of
the allopurinol treated group and 28% of the pla-
cebo group, which was not statistically different.
There was no difference in UACR, systolic blood
pressure, diastolic blood pressure or health
related quality of life. Serious adverse events
Occured in 45% of patients, with no difference
between the groups, including rash. Only 17% of
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person-years of treatment time was lost during
the study. Although the trial did not meet its orig-
inal recruitment target of 620 patients, a posthoc
futility analysis demonstrated that, had the target
been met, the conditional power to detect the pre-
specified clinically meaningful difference of
0.6 mL/min/1.73 m* would have only been 1 in
1000.

A systematic review and meta-analysis of 28
RCTs (including FEATHER, PERL, and CKD-
FIX) involving 266 kidney failure events in 3087
patients found that urate-lowering therapy did not
reduce the incidence of kidney failure (RR 0.97,
95% CI 0.61-1.54) [38]. However, urate-lowering
therapy did attenuate the slope of eGFR decline
compared with control by 1.18 mL/min per 1.73 m?
(95% CI 0.44-1.91), which was primarily driven
by trials with short follow-up and low quality [38].

In summary, when one considers the evidence
collectively and particularly focuses on the three
large, well-designed RCTs (FEATHER, PERL,
and CKD-FIX), there is moderate certainty evi-
dence that urate-lowering therapy does not prevent
progression of CKD to kidney failure [35-37]. In
all three trials, treatment with urate-lowering ther-
apy resulted in large and sustained reductions in
serum urate levels, suggesting that lowering urate
across a spectrum of baseline serum urate levels
does not impact decline in kidney function. These
studies included patients with a wide range of kid-
ney function, with baseline eGFR between 15 and
99.9 mL/min per 1.73 m?, and a wide range of pro-
teinuria, with no benefit of urate-lowering therapy
on kidney function across this spectrum of kidney
disease. The risk of progression of CKD was high-
est in CKD-FIX, followed by PERL, with moder-
ate risk of progression in FEATHER, suggesting
that urate-lowering therapy was ineffective in
patients with moderate to very high risk of disease
progression. The proportion of patients with dia-
betes varied across the studies: the PERL popula-
tion included only high risk type 1 diabetics, the
CKD-FIX population included 58% with diabetes,
and the FEATHER population included 30% with
diabetes. Urate-lowering therapy had no effect on
kidney function in patients with diabetic kidney
disease. All three trials excluded patients with pre-
existing history of gout, such that these results

cannot be extrapolated to those with CKD and
gout. A lower incidence of gout was seen with use
of Febuxostat 0.9% compared to placebo 5.9% in
FEATHER (P = 0.007), but this trend was not seen
in PERL or CKD-FIX, which had low incidences
of gout in both placebo and control groups. The
finding that febuxostat treatment reduced gout was
only seen in FEATHER, is limited by the small
number of events as this study was under powered
for this outcome. Importantly, combined analysis
of CKD-FIX and PERL suggested higher mortal-
ity associated with allopurinol (4.7%) compared to
placebo (2.2%), with a relative risk of 2.07 (95%
CI 0.98-4.34, P = 0.06) although numbers in this
exploratory analysis are small and should be inter-
preted with caution [39]. Urate-lowering therapy
is therefore not recommended to treat elevated
serum urate levels in asymptomatic patients with
CKD. These studies have changed clinical practice
and have been incorporated into the Caring for
Australians and new zealandeRs with kldney dis-
ease (CARI) living guidelines (Box 7.1) [40].

Box 7.1 Relevant Clinical Guidelines

1. Caring for Australians and New
Zealanders with Kidney Impairment
(CARI) Guidelines. Urate-lowering
therapy for people with chronic kidney
disease. Available at: https://app.magi-
capp.org/#/guideline/LqR80n

2. 2020 American College of
Rheumatology  Guideline for the
Management of Gout. Available at:
https://pubmed.ncbi.nlm.nih.
gov/32391934/

Targeting serum urate levels with the xanthine
oxidase inhibitors, febuxostat, and allopurinol,
has proved ineffective in CKD, although lowering
urate through other mechanisms may be benefi-
cial in CKD. A posthoc analysis of the
“Canagliflozin Cardiovascular Assessment Study
Program” (CANVAS) noted a 6.7% reduction in
serum urate and lower incidence of gout in the
canagliflozin treatment group, with evidence from


https://app.magicapp.org/#/guideline/LqR80n
https://app.magicapp.org/#/guideline/LqR80n
https://pubmed.ncbi.nlm.nih.gov/32391934/
https://pubmed.ncbi.nlm.nih.gov/32391934/
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in vitro studies showing sodium-glucose con-
transporter-2 (SGLT2) inhibitors altered glucose
handling in the nephron with increased glucose
increasing urate transport [41, 42]. The clinical
significance of urate-lowering therapy on CKD in
the era of SGTL2 therapy warrants further inves-
tigation. Verinurad, a novel GLUT! inhibitor,
which mediates urate reabsorption in the nephron,
is being investigated in conjunction with febuxo-
stat for effects on kidney function. A pilot ran-
domized control trial in 60 patient with type 2
diabetes, eGFR >30 mL/min per 1.73 m?, hyper-
uricaemia (urate >6.0 mg/dL) and albuminuria
(UACR 50-3500 mg/g) compared 80 mg febuxo-
stat and 9 mg verinurad with placebo, and found
that after 12 weeks there was improvement in
albuminuria, with no effect on kidney function
[43]. A small-randomized crossover trial in adults
with asymptomatic hyperuricaemia and eGFR
>45 mL/min per 1.73 m? compared 80 mg febux-
ostat, 9 mg verinurad and placebo to 80 mg febux-
ostat, 9 mg verinurad, and 10 mg dapagliflozin for
1 week, and found that dapaglifiozin lowered
urate levels with a tolerable safety profile [44].
Currently, a randomized placebo-controlled Study
of verinurAd and alloPurinol in Patients with
cHronic kldney disease and hyperuRicaEmia
(SAPPHIRED) has recruited 860 patients with
eGFR >25 mL/min per 1.73 m?, hyperuricaemia
(urate >6.0 mg/dL) and albuminuria (UACR
30-5000 mg/g), comparing dosing regimens of
verinurad and allopurinol with allopurinol and
placebo with the primary end point of change in
albuminuria at 6 months [45]. Furthermore, large-
scale trials are required to understand the role of
these novel urate-lowering agents in CKD.

Key Practice recommendations

1. Recommendation against use of urate-
lowering therapy in people with chronic
kidney disease (not receiving dialysis)
and asymptomatic hyperuricaemia
(strong recommendation).

2. Patient with chronic kidney disease and
gout should receive appropriate urate-
lowering therapy.

7.4 Cardiovascular Risk, CKD,

and Urate-Lowering Therapy

CKD is associated with both elevated serum urate
concentrations and a greatly increased risk of
cardiovascular disease [46]. In a meta-analysis of
11,050 patients with CKD, those with the higher
serum urate were increased risk of cardiovascular
mortality with a hazard ratio of 1.47 (95% CI
1.11-1.96) [47]. There is some evidence that
higher serum urate levels may independently
contribute to heightened cardiovascular risk as a
result of endothelial dysfunction, renin angioten-
sin activation, inflammation, and oxidative stress
[16]. Although there are no large-scale random-
ized trials specifically investigating the effect of
urate-lowering therapy on cardiovascular out-
comes in CKD populations, a systematic review
and meta-analysis of 15 RCTs involving 5327
patients and 506 major adverse cardiovascular
events (MACE) reported that urate-lowering
therapy did not reduce the risk of MACE com-
pared with no treatment or placebo (RR 0.93,
95% CI1 0.74-1.18, I* = 33%) [38].

Studies of urate-lowering therapy in high car-
diovascular risk groups have also generally not
shown a reduction in cardiovascular events. In
the “Cardiovascular Safety of Febuxostat and
Allopurinol in the patients with gout and
Cardiovascular co-morbidities” (CARES) trial,
6190 patients with gout and cardiovascular dis-
ease, of whom 46% had stage 3 CKD, were ran-
domly allocated to febuxostat (40-80 mg daily)
or allopurinol (300-600 mg daily if eGFR
>60 mL/min/1.73 m?; 200—400 mg daily if eGFR
30-60 mL/min/1.73 m?) for a median period of
32 months [48]. This study demonstrated that
febuxostat was non-inferior to allopurinol for the
primary composite end point of cardiovascular
death, non-fatal myocardial infarction, non-fatal
stroke or unstable angina with urgent revascular-
ization (hazard ratio [HR] 1.03, upper 95% limit
1.23 with pre-specified non-inferiority margin of
1.3, p = 0.002) but did increase the risks of the
secondary end points of cardiovascular mortality
(HR 1.34,95% CI 1.03—1.73). Subgroup analysis
noted an interaction between non-steroidal anti-
inflammatory drug (NSAID) use and absence of
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aspirin with increased cardiovascular mortality.
Further analysis in the stage 3 CKD population
showed that 93 patients treated with febuxostat
and 78 treated with allopurinol experienced car-
diovascular mortality, although this may have
represented higher pre-existing cardiovascular
comorbidity [49].

The  “Febuxostat for Cerebral and
Cardiorenovascular events prevention study”
(FREED) trial was a large multi-centre RCT of
1084 people in Japan, comparing the effects of
febuxostat versus allopurinol on the combined
primary end point of fatal, non-fatal cerebral,
cardiovascular and kidney events. The popula-
tion was aged over 65 years with elevated serum
urate and at least one other risk factor for cardio-
vascular disease; 37% had diabetes mellitus and
66% of the population had underlying kidney
disease, with a mean eGFR of 55 mL/min per
1.73 m? After 3 years of treatment, the com-
bined primary end point was lower in the febux-
ostat treated group with a hazard ratio of 0.75
(95% CI 0.59-0.95). The secondary end points
of death due to cerebral, cardiovascular or kid-
ney disease, non-fatal coronary artery disease,
heart failure requiring hospitalizations, athero-
sclerotic disease requiring treatment and atrial
fibrillation were no different between groups.
“Kidney impairment,” defined as development
of microalbuminuria, mild proteinuria, progres-
sion to overt albuminuria (>300 mg/g) or wors-
ening of over albuminuria, doubling of serum
creatinine or progression to kidney failure, was
significantly less in the febuxostat lowering
group with a hazard ratio of 0.75 (95% CI 0.56—
0.99). The FREED study was unable to inform
on the effect of febuxostat on progression of
CKD, as measured by eGFR. In this population,
66% of which had underlying CKD, there was
no difference in cardiovascular mortality
between allopurinol and febuxostat [50].

The “long term cardiovascular safety of
febuxostat compared with allopurinol in patients
with gout” (FAST) trial investigated the use of
allopurinol vs. febuxostat on cardiovascular out-
comes in patients with gout and at least one car-
diovascular risk factor. Median age in the study
was 71 years, with a predominantly male (85.3%)

population, of whom only 16.1% had kidney
disease, 22.5% had diabetes mellitus and 40.2%
received RAS blockade. The study reported no
difference in the primary outcome of hospitaliza-
tion for non-fatal myocardial infarction or bio-
marker positive acute coronary syndrome,
non-fatal stroke (in hospital or occurring during
hospitalization), or death due to a cardiovascular
event. In the intention to treat analysis, all-cause
death was non-inferior in the febuxostat group
compared with the allopurinol group [51]. In
contrast to the CARES study, FAST did not find
an increased hazard of cardiovascular mortality
with febuxostat, which may have been explained
by the fact that CARES specifically included
patients with pre-existing cardiovascular morbid-
ity and differences in methodology including ini-
tial run-in phase with allopurinol. The low level
of kidney disease, and relatively low uptake of
RAS blockade limited its generalisability to the
CKD population.

In summary, there are no adequately powered,
randomized placebo-controlled trials assessing
cardiovascular outcomes in specifically targeting
patients with CKD treated with urate-lowering
therapy. Combined analysis of CKD-FIX and
PERL suggests Allopurinol therapy may be asso-
ciated with increased mortality. Extrapolation
from FREED, CARES and FAST does not reveal
any difference in major adverse cardiovascular
events between allopurinol and febuxostat in
populations of patients at heightened cardiovas-
cular risk that included reasonable numbers of
patients with CKD. Based on the secondary find-
ings of the CARES study, febuxostat should be
avoided in patients with pre-existing cardiovas-
cular disease and CKD because it may be associ-
ated with increased cardiovascular mortality.

7.5 Urate-Lowering Therapy

in Gout and CKD

Gout is highly prevalent in patients with CKD
and treatment with urate-lowering therapies has
been shown to reduce the incidence of gout in
CKD. In the FEATHER trial, febuxostat signifi-
cantly reduced the incidence of gouty arthritis
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compared with placebo over 108 weeks (0.9%
vs. 5.9%, respectively, p = 0.007). Whilst urate-
lowering therapy is not indicated in patients
with CKD and asymptomatic hyperuricaemia,
the American College of Rheumatology 2020
guidelines recommend initiating urate-lowering
therapy after the first flare of gouty arthritis in
patients with CKD, due to high risk for recur-
rence and development of tophi [52]. Urate-
lowering therapy is also recommended for
patients with urolithiasis to reduce stone events.
The Hande guidelines from 1984 recommended
lower starting doses of allopurinol in patients
with reduced kidney function to reduce the risk
of toxicity syndromes [53]. This has led to sub-
optimal control of hyperuricaemia in patients
with CKD. Further studies have shown that
starting allopurinol at a low dose (50-100 mg
daily) with subsequent up titration by 50-100 mg
each month to achieve serum urate targets,
resulted in better control of serum urate, without
a significant increase in adverse effects [54, 55].
CKD-FIX demonstrated that patients with stage
3 and 4 CKD could tolerate up to 300 mg allo-
purinol daily with reduction in serum urate and
tolerable safety profile [37]. Strict adherence to
the Hande guidelines results in suboptimal con-
trol of hyperuricemia, with data supporting use
of higher dosing to achieve effective urate levels
safely. For allopurinol, the risk of adverse reac-
tions is reduced by initiating therapy at a low
dose (100 mg daily or less) and up-titrating the
dose by 100 mg daily every 4 weeks or more to
achieve a target serum urate level of 0.36 mmol/L
or less (or 0.30 mmol/L or less if tophi are pres-
ent) [56]. HLA-B*5801 screening should be
considered in Asian (particularly Han Chinese)
patients prior to initiating allopurinol therapy as
the allele is a genetic marker for patients at
greatly increased risk of severe hypersensitivity
syndromes. Alternatively, febuxostat can be ini-
tiated at a dose of 40 mg daily or less and upti-
trated as necessary up to 80 mg daily. Febuxostat
should be avoided in patients who have a history
of cardiovascular disease or who develop car-
diovascular disease. As there is an increased risk
of precipitating gout following initiation of
urate-lowering therapy, consideration should be

given to co-prescribing anti-inflammatory pro-
phylaxis (colchicine or prednisolone) in the
early period following initiation of urate-lower-
ing therapy.

The angiotensin receptor blocker, losartan,
has a unique ability to induce uricosuria by
blockade of URAT1 in hypertensive patients and
can be a useful adjunct to urate-lowering therapy,
although has not been formally tested in clinical
trials as a urate-lowering therapy [57].

7.6  Conclusions

Elevated urate levels are associated with CKD
onset and progression in multiple observational
cohort studies. However, moderate certainty evi-
dence from well-designed randomized control
trials has found that urate-lowering therapy does
not prevent CKD progression. Therefore, asymp-
tomatic hyperuricaemia does not require urate-
lowering  treatment in  people  with
CKD. Currently, there is insufficient evidence to
inform whether urate-lowering therapy affects
cardiovascular risk in people CKD, although
febuxostat should be avoided in those with pre-
existing cardiovascular disease. Patients with
urate crystal disease, including nephropathy and
gout, should receive urate-lowering treatment.
Generally, allopurinol is well tolerated in CKD
groups if dosing is started low and gradually up
titrated.

Before You Finish: Practice Points for the

Busy Clinician

e Elevated urate is associated with gout and
urate nephropathy, and the use of urate-
lowering therapy such as allopurinol is appro-
priate for these indications.

e Urate-lowering therapy should be started after
the first episode of gout in patients with CKD
due to high risk of recurrence.

e Observational studies associated elevated
urate levels with risk of chronic kidney dis-
ease, hypertension, and cardiovascular
disease.

e Three RCTs CKD-FIX, PERL, and FEATHER
found that urate-lowering therapy with allopu-
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rinol or febuxostat does not delay progression
of kidney disease.

There is no evidence to support urate-lowering
therapy improves cardiovascular outcomes in
patients with kidney disease, and febuxostat
should be avoided in those with pre-existing
cardiovascular disease.
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Before You Start: Facts You Need to Know

e The incidence of AKI has grown rapidly in
recent years.

e CKD and proteinuria are common risk factors
for developing AKI.

e Patients with a rapid course to ESKD often
have non-linear decline in kidney function
marked by AKI.

» Diagnostic tests such as fractional excretion of
sodium (FeNa) may be less reliable in patients
with CKD.

* After an episode of moderate to severe AKI or
those where recovery to baseline has not
occurred, patients should be evaluated within
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3 months to resolution and for new onset or
worsening of pre-existing CKD.

e Ideally, long-term goals of care (including
whether to initiate dialysis) should be dis-
cussed before hospitalization, particularly
among frail and elderly patients with CKD.

8.1 Introduction: The Growing
Impact of AKI
8.1.1 Occurrence and Definition

The Centers for Disease Control and Prevention
estimate that kidney disease is the eighth leading
cause of death in the United States (US) and con-
sumes 23% of total Medicare expenditures. It is
projected that by the year 2030, 16.7% of adults
in the US over the age of 30 will have CKD [1].
AKI, particularly when severe, has been recog-
nized as an increasingly common risk factor for
CKD progression [2]. AKI is characterized by an
abrupt decline in glomerular filtration rate (GFR).
The Kidney Disease Improving Global Outcome
(KDIGO) Clinical Practice Guideline for Acute
Kidney Injury suggests that a minimal threshold
for defining AKI should include an increase in
serum creatinine of at least 0.3 mg/dL
(26.5 pmol/L) within 48 h or 1.5 times the base-
line value within 7 days, or urine volume less
than 0.5 mL/kg/h for at least 6 h (Table 8.1), with
increasing severity denoted by incrementally
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Table 8.1 Staging of AKI. Kidney disease improving
global outcomes [3]

Stage Serum creatinine Urine output

1 1.5-1.9 times baseline 0.5 mL/kg/h
OR for 6-12 h
> 0.3 mg/dL (> 26.5 pmol/L)
increase

2 2.0-2.9 times baseline ‘0.5 mL/kg/h

for >12h

3 3.0 times baseline 0.3 mL/kg/h
OR for >24 h
Increase in serum creatinine to ~ OR
>4.0 mg/dL (> 353.6 pmol/L) Anuria for
OR >12h
Initiation of renal replacement
therapy

OR, in patients 18 years,
decrease in eGFR to 35 mL/
min per 1.73 m?

Reprinted from Kidney International Supplements;
Volume 2, Issue 1; Kidney Disease: Improving Global
Outcomes (KDIGO) Acute Kidney Injury Work Group;
KDIGO Clinical Practice Guideline for Acute Kidney
Injury; 2012; pages 1-138; with permission from Elsevier

a Mortality risk vs non-AKI b

Study
or subcategory

RR (random)
95% CI

Moartality injury vs non-AKI [+

larger increases in serum creatinine values or the
persistence or worsening of oliguria [3]. This
change in paradigm has been largely driven by
observations showing that even in the absence of
overt kidney failure, smaller changes in serum
creatinine independently associate with poor
clinical outcomes (Fig. 8.1) [4]. Within hospital-
ized populations, incidence rates for AKI vary by
setting, ranging up to 18% in hospitalized patients
and up to 57% in ICU patients [5, 6]. Population-
based studies within industrialized countries esti-
mate incidence rates for AKI of between 2147
and 5000 cases/million population/year [7].
While AKI can be associated with exacerba-
tions of intrinsic kidney disease or systemic dis-
eases that target the kidney (e.g., lupus), the
majority of AKI in developing countries occurs
as a consequence of an acute illness or proce-
dures that either compromise perfusion (e.g.,
volume-depleting illnesses, acute blood loss,

Mortality failure vs non-AKI

AR (random)
95% Cl

RA (random)
95% CI

01 General ICU (Cr and UO criteria)
Abosaif .
Ahlstrom ]
Cruz .
Hoste ]
02 General ICU (without UO criteria)*
Lopes (HIV)

Lopes (sepsis)

Ostermann

03 Cardiosurgery
Kuitunen
Lin -

04 Other ICU
Coca ]
Lopes (bmt) -
Lopes (burns) L]

05 Not confined to ICU
Uchino

0.01 0.1 1 100 0.01 0.1

Fig. 8.1 Increased mortality risk associated with AKI
extends to milder injury. Systematic review showing con-
sistent increases in mortality risk associated with incre-
mentally larger acute changes in serum creatinine in
different acute care settings illustrated by Forrest plot. (a)
Risk category denoted by a 50% increase in baseline
serum creatinine/25% decrease in baseline GFR/urine
output <0.5 mg/kg/h x 6 h (Relative Risk = 2.4), (b) Injury
denoted by a doubling in baseline serum creatinine/50%
decrease in GFR/urine output <0.5 mL/kg/h x 12 h

(Relative Risk = 4.15), and (c¢) Failure denoted by a tri-
pling of baseline serum creatinine/GFR decrease of
>75%/acute increase in serum creatinine to >4 mg/dL
with and acute rise of 0.5 mg/dL/urine output <0.3 mL/
kg/h x 24 h/anuriax12 h (Relative Risk = 6.37). (Reprinted
from Kidney International; volume 73, issue 5; Ricci Z,
Cruz D, Ronco C; The RIFLE criteria and mortality in
acute kidney injury: a systematic review; March 2008;
pages 538-546, with permission from Elsevier)
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Table 8.2 Urinalysis findings in AKI

Normal or hyaline Pre-renal azotemia

casts Post-renal/obstruction
Dysmorphic RBC’s/  Glomerulonephritis
RBC casts Malignant hypertension

Thrombotic microangiopathy

Vasculitis
WBC’s/WBC casts  Glomerulonephritis

Acute interstitial nephritis

(AIN)

Pyelonephritis
“Muddy-brown Acute tubular necrosis (ATN)
casts” or pigmented  Myoglobinuria
casts Hemoglobinuria
Eosinophiluria AIN

Atheroembolic disease
Crystals Uric acid

Calcium oxalate (can be seen in
ethylene glycol ingestion)
Calcium phosphate

Triple phosphate

Cystine

Crystal caused by drugs or
toxins (indinavir, acyclovir,
amoxicillin)

major vascular surgery) and/or stimulate a pro-
found inflammatory response (e.g., sepsis)
(Table 8.2). Medications directly toxic to the kid-
ney (e.g., non-steroidal anti-inflammatory drugs,
aminoglycosides, iodinated contrast) may also
contribute to up to 1/5 of cases [8]. Recent
advances in cancer chemotherapies, including
immune checkpoint inhibitors and tyrosine
kinase inhibitors, have been also associated with
AKI. In developing countries, where disease sur-
veillance is not widely implemented, a higher
prevalence of diarrheal and infectious-related
causes of AKI exist, particularly among
children.

8.1.2 Prognosis
AKI is strongly associated with devastating

short-term complications with mortality rates
up to 56.8% among critically ill patients with

severe AKI [5, 8, 9]. Of greater concern are sig-
nals arising from both administrative and labo-
ratory databases that the incidence of AKI is
expanding rapidly (Fig. 8.2) [7]. Similar growth
in nondialysis-requiring AKI, which constitute
most cases, has also been observed. There are
numerous possible reasons for these increases,
including increasing prevalence of comorbidi-
ties including CKD, parallel rises in known pre-
cipitants including sepsis, increasing use of
medications or invasive procedures that place
patients at increased risk for developing AKI,
and aging populations throughout the world
[10]. The latter was illustrated in a study show-
ing that the observed increases in population-
based incidences of AKI among a rural United
States community from 2006 to 2014 were no
longer present after adjusting for age and sex,
suggesting that observed increases may be
largely related to an increasingly elder popula-
tion [11].

Recent attention focused on the long-term
impact of this disease indicates that AKI strongly
associates with CKD progression, particularly in
severe cases or when superimposed on underly-
ing CKD, as well as with cardiovascular compli-
cations such as heart failure. When taken together
with ongoing increases in disease incidence,
important implications emerge including a grow-
ing population of AKI survivors at risk for the
development or acceleration of CKD and its
complications.

In this chapter, we will examine the bidirec-
tional nature of the interaction between AKI and
CKD. Specifically, we will detail how the grow-
ing population of patients with CKD may be
especially vulnerable to developing AKI and its
complications. In addition, we will discuss litera-
ture suggesting that AKI is an important contrib-
utor to both the development and progression of
CKD. Lastly, we will review recent practice
guidelines to the diagnostic approach and man-
agement of this disease.
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Fig. 8.2 The population incidence of dialysis and non-
dialysis requiring AKI in the USA is increasing. (a)
Community-based incidence rates (per 100,000 person-
years) of non-dialysis requiring AKI per year. (b)
Community-based incidence rates (per 100,000 person-
years) of dialysis requiring AKI per year. (Reprinted from
Kidney International; volume 72, issue 2; Hsu CY,
McCulloch CE, Fan D, Ordonez JD, Chertow GM;
Community-based incidence of acute renal failure; July
2007; pages 208-212, with permission from Elsevier)

8.2  CKD as a Risk Factor for AKI

Administrative data have identified CKD as arisk
factor for AKI. However, as many early studies
used diagnostic coding to identify AKI, concerns
over potential biases in detection (e.g., AKI is
more likely to be recognized in patients with
underlying CKD) prompted additional studies
using serum creatinine to define AKIL A
population-based study in Northern California
observed an adjusted odds of developing dialysis-
requiring AKI of up to 20- to 30- fold higher in
those with advanced Stage I1I and Stage IV CKD
compared to non-CKD patients (Fig. 8.3) [12].

Subsequent studies have demonstrated a graded
relationship between the severity of CKD and the
risk for AKI, indicating that the increase in
observed risk begins at even earlier stages of
CKD [13]. Despite the consistency of this data,
some concern exists over whether biases in ascer-
tainment may be partially responsible for these
observations. Among these include the notion
that patients with CKD are more likely to have
serum creatinine checked, which increases the
likelihood of detecting AKI. In studies that use
serum creatinine to define AKI, the same abso-
lute increase in serum creatinine in a patient with
CKD represents a smaller overall change in kid-
ney function compared to a patient without CKD,
making it easier for patients with CKD to meet
diagnostic criteria.

Other markers of kidney disease, such as pro-
teinuria, have also been shown to associate with
an increased risk for AKI independent of
eGFR. Inthe Atherosclerosis Riskin Communities
(ARIC) cohort, which prospectively followed
11,200 patients, a stepwise increase in risk for
AKI was observed with increasing degrees of
albuminuria. After adjusting for age, gender,
race, cardiovascular risk factors, and categories
of eGFR, the ORs for AKI were 1.9 (95% CI,
1.4-2.6),2.2 (95% CI, 1.6-3.0), and 4.8 (95% CI,
3.2-7.2) for urine albumin-to-creatinine ratio
groups of 11 to 29 mg/g, 30 to 299 mg/g,
and > 300 mg/g, respectively [13]. Another
population-based cohort of nearly one million
patients in Canada also confirmed an indepen-
dent association between proteinuria and the risk
for hospitalization with AKI, death, and the com-
posite endpoint of doubling of serum creatinine
or ESKD. Across all stages of CKD, increasing
levels of proteinuria measured by urine dipstick
carried an increased adjusted risk for hospitalized
AKI. Even among those with preserved eGFR,
mild to heavy proteinuria carried a graded 2.5
(95% CI, 2.3-2.7) to 4.4 (95% CI, 3.7-5.2) fold-
risk of hospitalization for AKI (Fig. 8.4) [14].
More recently, one study examined the associa-
tion between proteinuria and post-operative AKI
among patients undergoing non-cardiac surgery.
After adjustment for kidney function, comorbid
conditions, medication use, and intraoperative
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Fig. 8.3 Multivariable association of baseline estimated
GFR and dialysis-requiring ARF stratified by the presence
or absence of diabetes mellitus (DM). Each model
adjusted for age, sex, race/ethnicity, diagnosed hyperten-
sion, and documented proteinuria. (Reprinted from

Kidney International; volume 72, issue 2; Hsu CY,
McCulloch CE, Fan D, Ordonez JD, Chertow GM;
Community-based incidence of acute renal failure; July
2007; pages 208-212, with permission from Elsevier)
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Fig. 8.4 Estimated glomerular filtration rate and protein-
uria independently associate with acute kidney injury.
Adjusted for means (and frequencies) of covariates for:
age, sex, aboriginal status, low income, social assistance,
comorbidities (HIV/AIDS, history of cancer, cerebrovas-
cular disease, congestive heart failure, chronic pulmonary
disease, dementia, diabetes mellitus, hypertension, meta-
static solid tumor, mild liver disease, moderate or severe
liver disease, myocardial infarction, paralysis, peptic ulcer

hemodynamics, they observed ORs for AKI of
1.14 (95% CI, 0.75-1.73), 1.24 (95% CI, 0.79—
1.95), 2.75 (95% CI, 1.74-4.35), and 3.95 (95%
CI, 1.62-9.62) for trace, 1+, 2+ and 3+ protein-
uria, respectively [15]. A similar trend was

disease, peripheral vascular disease, rheumatic disease).
In this analysis, dipstick urinalysis was used to classify
participants with respect to proteinuria: normal (urine dip-
stick negative), mild (urine dipstick trace or 14), or heavy
(urine dipstick >2+). The tests for linear trend across
eGFR categories and across proteinuria categories were
all significant at the p < 0-0001 level. (Data from Lancet
2010 Dec 18;376(9758):2096-103)

observed in a study of United States Veterans
undergoing elective inpatient surgery [16].
Chronic kidney disease often co-exists with
other comorbid diseases that themselves increase
the risk for AKI in this population. Patients with
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congestive heart failure, for example, are at risk
for AKI that occurs during acute decompensa-
tions of the disease itself (i.e., acute cardiorenal
syndrome) or exacerbated by its therapy (i.e.,
diuretics or RAAS inhibitor medications that are
used in guideline-directed medical therapy).
Cardiovascular disease, including coronary artery
disease (CAD), is another common comorbidity
that tracks with CKD and is associated with
AKI. Patients with CAD are at particular risk of
AKI due to contrast exposure (e.g., heart cathe-
terization procedures) and, less commonly, due
to atheroembolic disease.

In summary, these studies reinforce the link
between both underlying structural or functional
impairment of the kidney and the risk for AKI, as
well as the susceptibilities conferred by common
comorbid conditions and their therapies. Whether
reducing proteinuria modifies the risk for AKI
remains an important question that remains to be
tested. While the intuitive notion that lower func-
tional reserve in any organ might lower the
threshold for injury, the presence of CKD and/or
proteinuria can help clinicians identify patients at
highest risk for developing AKI. Therefore, we
recommend measuring proteinuria and serum
creatinine prior to procedures or drug exposures
carrying intrinsic risk for AKI (e.g., iodinated
contrast procedures) to aid in risk stratification.

8.3  AKlas aRisk Factor for CKD

Early studies more than a half-century ago sug-
gested that patients with normal kidney function
before a severe AKI event were often able to
return to active lives independent of dialysis.
However, small but detailed physiologic studies
revealed “subclinical” decreases in clearance, as
well as an inability to concentrate and dilute
urine when measured directly, refuting the
notion of AKI being a self-limited event. The
potential outcomes of AKI are illustrated in
Fig. 8.5. For some patients, there appears to be a
complete or near-complete recovery. In others,
an incomplete recovery of AKI may occur result-
ing in the development of incident CKD. Lastly,
among those with previous CKD, AKI may serve

to accelerate the progressive loss of kidney func-
tion over time, although the mechanisms that
lead to decline and potential interventions to
attenuate disease progression have not been fully
established.

Animal studies have demonstrated that
beyond the initial tubular injury and nephron
loss, ischemic insults to the kidney also result in
endothelial damage to the microvasculature,
which have less regenerative capacity than
tubules. The loss of vascularity may lead to
chronic regional ischemia that promotes down-
stream hypoxic signaling, inflammation, and
fibrosis (Fig. 8.6) [17]. Even after apparent
recovery, affected animals can develop protein-
uria and are less able to excrete sodium in the
urine leading to salt-sensitive hypertension,
which may contribute to further loss of kidney
function. Furthermore, nephron loss in other
experimental models of CKD has also been
observed to lead to compensatory adaptations
including hyperfiltration in the “remnant kid-
ney” that result in glomerular hypertension and
cellular proliferation. Whether the latter also
occurs following AKI is not clear.

Prospective studies of children who recover
from AKI associated with the hemolytic uremic
syndrome (HUS) found that survivors were
more likely to develop microalbuminuria and
lower eGFR values using cystatin C levels rela-
tive to a group of control patients during 5 years
of follow-up [18]. The extension of these find-
ings to adults has been noted in multiple obser-
vational studies [2]. One such study used
administrative data for 233,803 hospitalized
Medicare beneficiaries and found that among
those with a discharge diagnosis of AKI, there
was a 7% chance of initiating treatment for
ESKD within 2 years of follow-up, with a nearly
two-fold increase in adjusted risk compared
with CKD patients hospitalized without
AKI. The likelihood of a patient with CKD
experiencing AKI to need treatment for ESKD
was 14%, with an over four-fold adjusted risk
compared to CKD patients without an AKI diag-
nosis. The latter is particularly compelling given
literature identifying CKD as the predominant
risk factor for AKI [19].
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Fig. 8.5 Potential
kidney outcomes
following AKI
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Fig. 8.6 Potential mechanisms of how AKI can lead to
irreversible loss of kidney function. Tubule cross-section.
(a) Cross section of normal renal tubule with intact epithe-
lial cells, renal interstitium, and peri-tubular blood ves-
sels. (b) Cross section of renal tubule with acute tubular
necrosis (ATN) with epithelial cell necrosis, intra-tubular
cast formation, endothelial injury of peri-tubular blood
vessels, and migration of monocytes and macrophages
into renal interstitium. (¢) Cross section of renal tubule
after normal repair and regeneration showing restoration
of normal renal architecture. (d) Cross section of renal
tubule after severe episode of AKI, resulting in maladap-

tive repair. Epithelial cells have evidence of cell cycle
arrest and epigenetic changes that favor a fibrosis pheno-
type. Renal interstitium shows evidence of fibrosis. Post-
injury vascular supply is less dense than baseline. The
combination of decreased blood supply and fibrosis leads
to zones of hypoxia wherein the combination of decreased
vascular supply and fibrosis can initiate a vicious cycle
leading to ongoing fibrosis. (Reprinted from Kidney
International; volume 82, issue 5; Lakhmir CS, Kimmel
PL; Acute kidney injury and chronic kidney disease: an
integrated clinical syndrome; September 2012; pages
516-524, with permission from Elsevier)
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Subsequent studies anchored by baseline kid-
ney function have found similar results. In a
population-based study in Northern California in
patients whose eGFR before hospitalization was
>45 mL/min/1.73m?, patients experiencing
dialysis-requiring AKI were 28 times more likely
to develop advanced CKD compared to other
hospitalized patients without AKI after adjust-
ment and matching for potential confounders
(Fig. 8.7) [20]. The risk for incident CKD appears
to be increased 1.9-fold even among patients with
reversible AKI in whom eGFR returns to within
10% of their pre-hospitalization baseline [21].
Enough data has accumulated to perform mean-
ingful meta-analyses which estimate pooled
adjusted hazard ratios for CKD, ESKD, and mor-
tality following AKI of 8.8 (95% CI, 3.1-25.5),
3.1 (95% CI, 1.9-5.0), and 2.0 (95% CI, 1.3-3.1),
respectively, compared to hospitalized patients
without AKI [2]. More recently, the largest multi-
center prospective cohort study examined long-
term outcomes including kidney disease
progression following an episode of AKI among

patients who survived at least 3 months after a
hospitalization. Among 769 adults with AKI and
769 adults without AKI who were matched on
center, baseline CKD status and eGFR, age,
comorbidities (diabetes mellitus and cardiovas-
cular disease), and treatment in the ICU, AKI was
associated with an increased risk of both incident
CKD and progressive CKD (adjusted hazard
ratio for incident CKD 3.98, 95% CI 2.51-6.31;
aHR for CKD progression 2.37, 95% CI 1.28-
4.39) [22].

Building upon this literature, recent efforts
have focused on identifying patients at highest
risk for developing CKD following AKI. Several
studies have demonstrated a graded relation-
ship between AKI severity (as measured by
change in serum creatinine) and the risk for
incident and progressive CKD [23]. Another
potential harbinger of poor outcomes includes
the duration of injury. Studies in surgical
patients found that higher long-term mortality
rates among those with injury that persists for
multiple days, even among those with mild
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Fig. 8.7 Severe AKI increases the risk of developing
advanced kidney disease. Kaplan-Meier Curves showing
the long-term risk of KDOQI Stage 4 or worse kidney dis-
ease among patients with well-preserved kidney function
who did (dashed line) or did not (solid line) suffer and
recovered at least partially from dialysis-requiring AKI.

(Reprinted from Kidney International; volume 76, issue 8;
Lo LJ, Go AS, Chertow GM, et al.; Dialysis-required
acute renal failure increases the risk of progressive chronic
kidney disease; October 2009; pages 893-899, with per-
mission from Elsevier)
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injury, and were more prognostic than injury
severity alone [24]. More recent studies in hos-
pitalized and cardiac surgery patients have
shown similar findings. A large retrospective
study of hospitalized patients showed a dose-
dependent association between duration of AKI
with incident CKD at 1 year [25], while a study
of patients undergoing elective cardiac surgery
found that duration of AKI lasting >3 days had
an adjusted odds ratio of 13.5 (95% CI 4.2—
43.7) for incident CKD at 1 year [26]. Non-
recovery from AKI may also be predictive of
CKD progression. In a multivariable model
predicting risk of progression to advanced CKD
among survivors of AKI, serum creatinine at
hospital discharge and AKI severity were major
drivers of risk (C statistic for full model 0.81,
95% CI 0.75-0.86) [27]. Other risk factors for
long-term loss of kidney function following
AKI include advancing age, African American
race, baseline kidney function, comorbidity
burden including the presence of diabetes,
HTN, or CHF, and serum albumin levels during
hospitalization [28]. Proteinuria following AKI
has also been shown to be a predictor of long-
term kidney disease. In a study of patients with
AKI sustained during a hospitalization, higher
levels of albuminuria measured at 3 months
after hospital discharge were associated with
increased risk of progressive chronic kidney
disease, defined as a halving of estimated GFR
or end-stage kidney disease [29].

Lastly, the majority of studies have character-
ized the impact of a discrete episode of AKI on
disease progression. However, recent attempts
have also begun to examine the impact of subse-
quent AKI events on long-term loss of kidney
function. Thakar et al. [30] followed a high-risk
cohort of 3679 diabetic patients, 62% with
baseline proteinuria, within an integrated health
care system for the development of stage IV
CKD over a mean of 5 years. Despite overall
preserved baseline kidney function (mean eGFR
81 +/— 26 mL/min/1.73 m?), 14% of the popula-
tion experienced an AKI event, with nearly one-
third of this group experiencing multiple events.
Patients experiencing an AKI event were twice
as likely to reach stage IV CKD as those who did

not (24.6% vs. 12.9%, p < 0.01). Multivariate
Cox regression analysis identified the presence
of any AKI to be associated with an adjusted
Hazard Ratio of 3.5 (95% CI, 2.7-4.6) with each
subsequent episode of AKI further doubling that
risk (HR 2.02;95% CI, 1.78-2.30). Retrospective
studies have identified factors that may increase
an individual’s risk for recurrent AKI, including
demographics (older age, black race, Hispanic
ethnicity), comorbid conditions (congestive
heart failure, diabetes, liver disease, and cancer),
acute events (decompensated liver disease, acute
coronary syndrome, volume-depleting events),
and more severe illness at index hospitalization
[31, 32]. Renal functional reserve (RFR), which
refers to the kidney’s ability to increase its filtra-
tion rate in response to a stimulus, is a topic of
ongoing investigation and a factor that appears
to be associated with risk of AKI. RFR is mea-
sured as the difference between baseline GFR
and GFR measured after a protein load.
Assessment of RFR may more accurately cap-
ture the degree of structural injury following
AKI in patients with normal GFR (i.e., subclini-
cal injury). Diminished RFR has also been
observed in patients with CKD. Recent studies
have demonstrated that lower RFR are associ-
ated with risk of AKI, as was shown in a study of
patients undergoing cardiac surgery who had
RFR measured pre-operatively; in that study,
pre-operative RFR predicted post-operative AKI
with an area under the receiver operator curve of
0.83 (95% CI, 0.70-0.96), and patients with a
RFR < 15 mL/min/1.73m? were 11.8 times more
likely to experience AKI [33]. RFR measure-
ment is not used in routine clinical practice at
present, and remains an area of active
investigation.

With biological and epidemiologic evidence
supporting an independent association between
AKI and incident CKD, research efforts over the
past decade have explored potential mechanisms
by which AKI may lead to new or progressive
CKD. Preclinical studies have implicated mal-
adaptive repair processes after AKI which may
promote interstitial fibrosis through a number of
mechanisms. Tubular injury can result in intersti-
tial fibrosis through secretion of profibrotic fac-
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tors and tubular mitochondrial dysfunction [34].
AKI can also cause a reduction in capillary den-
sity in affected tissue (microvascular rarefaction)
which may promote interstitial fibrosis through
renal hypoxia [35]. Identification of these bio-
chemical pathways of progression holds promise
for possible targets of therapy, however this work
remains nascent [36]. Regardless, it is clear that
AKI is an important marker for long-term loss of
kidney function, particularly among those with
pre-existing CKD. Therefore, we recommend
that an episode of AKI be documented in the
medical history portion of the electronic medical
record, and that the routine evaluation of all
patients with CKD include inquiring about past
history of AKI.

8.4  Prevention and Management
of AKl in CKD
8.4.1 Before and Early During

Hospitalization: Recognizing
High-Risk Patients
and Situations

As the interaction between AKI and CKD
becomes clearer, improved understanding of
how to optimally care for this growing popula-
tion will be needed. An important first step is
for clinicians to recognize the patients and
situations that combine to increase the risk for
developing AKI in patients with CKD. In addi-
tion to patients with CKD, other patients at
risk of developing AKI include patients with
diabetes, hypertension, heart failure, and
African American race. Among the fastest
growing populations experiencing AKI include
the elderly, who like those with CKD are also
less likely to recover and more likely to prog-
ress to ESKD following AKI. Age-related
changes in both structure and function of the
kidneys in this population and a higher comor-
bidity burden combine to reduce the threshold
for injury in response to abrupt changes in
renal perfusion. Additionally, these patients
are at increased risk for inappropriate drug

dosing and polypharmacy that increase the
risk of drug interactions and/or
nephrotoxicity.

Certain medication classes of proven bene-
fit in the chronic setting can also lower the
threshold for AKI during acute illness. For
example, the normal response to decreases in
kidney perfusion include increases in post-
glomerular (i.e., efferent arteriolar) vascular
tone, which helps to maintain glomerular per-
fusion pressure and adequate filtration.
However, the increased use of medications in
the CKD population, including angiotensin
converting enzyme inhibitors (ACE-I) and
angiotensin receptor blockers (ARBs), blunts
the compensatory response that maintains glo-
merular perfusion pressure. When coupled
with diuretics or antihypertensive agents that
decrease effective circulating volume or
reduce perfusion pressure, the threshold for
kidney injury can be lowered. This risk is par-
ticularly relevant in patients with heart failure,
for whom increasingly potent blockade of the
renin-angiotensin system coupled with aggres-
sive diuresis as part of evolving guideline-
directed medical therapy may lower the
threshould for AKI. Careful stepwise initation
and titration of these medications may be
warranted in patients with underlying
CKD. Furthermore, temporary suspension of
these medications during AKI or when the risk
for AKI is high (such as during acute illness)
may be prudent. In these so-called sick-day
protocols patients are instructed to withhold
ACE-I, ARBs, and diuretics during volume-
depleting illnesses such as diarrhea or vomit-
ing. The evidence to support the widespread
adoption of such protocols has been mixed. A
pooled analysis of three randomized clinical
trials that examined similar protocols in which
specific medications are temporarily withheld
during illness or a radiologic or surgical pro-
cedure found a nearly 50% increased risk of
AKI among those who continued the meds
compared with those who held them as part of
the sick-day protocol, however the observed
effect was not statistically significant (RR
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1.48, 95% CI 0.84-2.60) [37]. The effective-
ness of sick-day protocols in reducing AKI
may also be limited by insufficient under-
standing by patients. Illustrating this point, a
small study of 20 volunteers with stage 3-5
CKD assessed the usability of the sick-day
protocol used by the National Health System
in Scotland. The volunteers were educated
about the protocol and provided mock medi-
cation bottles, and were then asked which (if
any) medications should be held in four differ-
ent clinical scenarios. Of the 20 study partici-
pants, only one individual was able to identify
the correct medications to hold in each of the
four scenarios [38]. An ongoing clinical trial
examining this topic is being completed at the
time of this writing and may provide better
guidance. We do recommend that patients
with CKD be cautioned to avoid NSAIDs in
combination with the aforementioned antihy-
pertensives and/or diuretics as the latter com-
promise prostaglandin-mediated dilation of
the afferent arterioles during decreased perfu-
sion, which may make patients with CKD
more vulnearable. Healthcare providers
should have a low threshold for suspending
these medications when the risk for AKI is
more dynamic such as during hospitalization
or before anticipated procedures known to
increase risk for AKI including major surgery
or contrast exposure. Communication with
procedural teams should be pursued to ensure
that risk is minimized (i.e., minimizing con-
trast loads) and that adequate prophylaxis is
given (see Chap. 3 for contrast-induced
nephropathy).

Finally, facilitating communication with
patients or their surrogates regarding the long-
term goals of care before hospitalization is a
much-needed area for improvement, particu-
larly among frail and elderly patients with
CKD. Studies have demonstrated that among
patients with diminished functional status, such
as nursing home residents, nearly two-thirds of
patients die within a year of initiating chronic
dialysis and premorbid functional status is
maintained only in 13% of patients [39].

Therefore, attempts to ascertain patient goals of
care in the context of chronic disease and func-
tional status should occur prior to hospitaliza-
tion. This will enable patients and physicians
with an established relationship to develop a
plan of action should hospitalization with AKI
occur (e.g., advance directive) and help patients
better balance the risk of potential AKI with the
benefit of procedures that carry an intrinsic risk
for AKI (e.g., major vascular surgery). The pos-
sibility of a more conservative approach to care
should be presented as a viable option early in
the course of conversation and the joint input of
both the patient’s primary provider and nephrol-
ogist should be sought.

8.4.2 Determining the Time Course
and Diagnosis of AKI

A simplified algorithm of the evaluation and
treatment of AKI is depicted in Fig. 8.8. In eval-
uating a patient with suspected AKI, effort
should be made to determine whether the pat-
tern of kidney injury is acute, acute on chronic,
or chronic. This discrimination is important, as
some forms of AKI are reversible if the inciting
event is removed. Clinicians should elicit a his-
tory of CKD including obtaining pre-hospital-
ization serum creatinine values, if available.
Baseline serum creatinine obtained during
chronic steady state can provide insight into the
acuity of change in kidney function, more accu-
rately gauge the severity of AKI, and provide
prognostic information. Any abrupt rise from
the baseline creatinine in patients with CKD
should promptevaluation for AKI. Radiographic
evidence of small, scarred kidneys would sug-
gest underlying CKD. However, in some cases
of CKD the kidney size may be normal or
increased such as in diabetic nephropathy, HIV-
associated nephropathy, polycystic kidney dis-
ease, or infiltrative diseases such as amyloidosis.
Additional findings that may suggest underlying

CKD include anemia, hyperphosphatemia,
hypocalcemia,  hyperparathyroidism,  and
neuropathy.
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8.4.3 History, Physical Exam,
and the Differential Diagnosis
of AKI

Once a diagnosis of AKI has been made, steps
should be taken to determine the -etiology.
Classically, underlying causes are grouped into
pre-renal, intrinsic, or post-renal categories
(Table 8.2). However, many cases of AKI are
multifactorial and multiple contributors should
be considered.

Pre-renal AKI most often results from
impaired perfusion to the kidney and is the most
common cause of community-acquired AKI.
Early in the course of injury, net filtration is
diminished. However, compensatory hemody-
namic and hormonal adaptations occur within the
kidney that increase the efficiency of filtration
and promote sodium and water retention that
maintain blood volume and minimize the devel-
opment of tissue injury if adequate perfusion can
be restored quickly. Therefore, the diagnosis of
pre-renal AKI is made after a successful interven-
tion is applied (e.g., creatinine decreases with [V
fluid resuscitation). However, deciding which
intervention to apply can be challenging as pre-
renal physiology can be seen in both states of
absolute volume depletion (e.g., diarrhea, vomit-
ing, overdiuresis, dehydration, bleeding) and dis-
eases with decreased effective circulating volume
(e.g., nephrotic syndrome, liver disease, conges-
tive heart failure) which often present with signs
of fluid accumulation (i.e., edema). In patients
with underlying CKD, diminished renal reserve
and blunted ability to adapt to decreased perfu-
sion may lower the threshold for progression to
true parenchymal injury, underscoring the impor-
tance of a timely diagnosis.

A rapid historical assessment for volume-
depleting illness including bleeding, vomiting,
diarrhea, febrile illness, infection, or prolonged
heat exposure should be elicited. Information on
comorbid disease states including poorly con-
trolled diabetes (osmotic diuresis), or those asso-
ciated with effective arterial volume depletion
including congestive heart failure or cirrhosis
should also be sought. Additionally, contributing
medications should be identified, paying particu-

lar attention to recent changes or addition of anti-
hypertensives, diuretics, cathartics, NSAIDs/
COX-2 inhibitors, and ACE/ARB use. Physical
exam should prioritize determining volume sta-
tus. In patients with absolute depletion of circu-
lating volume, patients may have orthostatic
hypotension, flat neck veins, decreased skin tur-
gor, hypotension or tachycardia. In contrast,
patients with decreased effective circulating vol-
ume such as patients with cirrhosis or CHF may
have evidence of volume overload including jug-
ular venous distension, S3 gallop, edema, or
ascites.

Several laboratory tools have traditionally
been used to reflect appropriate tubular response
to diminished perfusion, supporting the diagno-
sis of pre-renal azotemia rather than intrinsic
causes of AKI during oliguric kidney injury.
Among these include a BUN/Cr ratio of >20:1, a
fractional excretion of sodium (FeNa) of less
than 1%, or a fractional excretion of urea
(FeUrea) of less than 35% in patients exposed to
diuretics. However, the predictive value of these
tools in the patient with underlying CKD may be
diminished. For example, a lower filtered of
sodium and impaired tubular function may result
in a higher FeNa at baseline. Therefore, the pre-
dictive value of FeNa levels >1% for indicating
the presence of tubular dysfunction may be less
reliable, although a low FeNa of <1% in the oli-
guric CKD patient still suggests pre-renal azote-
mia. These caveats place a greater emphasis on
history and physical exam findings and other
supplemental laboratory data to establish the
diagnosis and nature of pre-renal AKI listed in
Text Box 8.1.

A diagnosis of intrinsic renal injury is made
when tissue damage to one or more portions of the
kidney (glomerulus, vasculature, tubules, or inter-
stitium) has occurred. While a discussion of the
vast etiologies of intrinsic AKI is beyond the scope
of this chapter, ATN is considered to be among the
most common injuries in hospitalized patients.
Kidney perfusion is estimated to account for 25%
of cardiac output with portions of the tubular epi-
thelium being particularly vulnerable to decreases
in perfusion due to high metabolic activity and
relative low tissue oxygen content. For this reason,
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Box 8.1 AKI: Pre-Renal, Intrinsic, and
Post-Renal Causes

Infective endocarditis
IgA nephropathy/Henoch-Schonlein
Pre-Renal Causes

Intravascular Volume Depletion
Hemorrhage
Renal losses—aggressive diuresis,
osmotic diuresis (hyperglycemia)
Increased insensible  losses—
sweating, burns
Gl losses
“Third-spacing”—pancreatitis,
rhabdomyolysis
Hypercalcemia (also causes renal
vasoconstriction)
Decreased Perfusion
Congestive heart failure
Sepsis
Liver failure
Systemic vasodilation/anaphylaxis
Drugs
Antihypertensives
Diuretics
Anesthetics
Vasopressors
Ergotamine
ACE-I or ARB’s—in renal artery
stenosis or other causes of
hypoperfusion
NSAID’s—during
hypoperfusion
Vascular
Renal Artery Stenosis
Intrinsic
Acute Tubular Necrosis
Acute Interstitial Nephritis
Medications
Infections
Small-vessel disease
Thrombotic microangiopathy, vas-
culitis, atheroemboli
Glomerular disease
Lupus
Anti-GBM disease
Membranoproliferative glomerulo-
nephritis (GN)
Post-infectious GN

kidney

purpura
Tubular obstruction
Cast  nephropathy
myeloma)
Stones or crystals
Post-Renal
Bladder outlet obstruction
Calculi
Tumors
Retroperitoneal fibrosis

(multiple

many consider ATN and pre-renal azotemia to rep-
resent different points on the same spectrum of
response to acute ischemia within the kidneys.
However, in addition to diminished perfusion,
direct tubular injury can result from inflammation
from sepsis or nephrotoxic medications including
iodinated contrast, NSAIDs, aminoglycosides,
and amphotericin (Table 8.3). Novel anticancer
therapies developed over the past two decades,
including molecularly targeted agents (small mol-
ecule tyrosine kinase inhibitors and monoclonal
antibodies) and immune checkpoint inhibitors
(ICIs), have also been associated with kidney com-
plications including electrolyte abnormalities and
AKI. The incidence of AKI associated with these
therapies ranges from 2 to 7% depending on the
agent [40—43]. Direct nephrotoxicity from these
agents can occur by a number of mechanisms.
Intraglomerular ~ thrombotic  microangiopathy
(TMA) is a rare but serious complication that is
seen with agents targeting vascular endothelial
growth factor (e.g., bevacizumab and lenvatinib).
Patients with AKI caused by TMA typically pres-
ent with proteinuria and hypertension. Drug with-
drawal or dose reduction is often adequate therapy,
though some patients may require eculizumab,
plasmapheresis, or rituximab to restore renal func-
tion [44, 45]. Biopsy series suggest acute tubuloin-
terstitial nephritis (ATIN) is a common form of
kidney injury in patients treated with an ICI [41].
Risk factors for ATIN include eGFR <60 and con-
current proton-pump inhibitor use [46]. Various
case series and case reports suggest that treatment
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Table 8.3 Drugs associated with AKI

ATN Antibiotics/antivirals
Aminoglycosides

Amphotericin B

Acyclovir (can also cause crystal formation)
Indinavir (can also cause crystal formation),
tenofovir, cidofovir, adefovir
Foscarnet

Pentamidine

Anti-Inflammatory agents

NSAIDs (including COX-2 inhibitors)
Immunosuppressive agents
Cyclosporine

Tacrolimus

Chemotherapeutic agents

Ifosfamide

Cisplatin

Organic solvents

Ethylene glycol (can also cause crystal
formation)

Toluene

Radiocontrast agents

Other

Herbal remedies, acetaminophen
Antibiotics

Penicillins

Cephalosporins

Sulfamethoxazole

Ciprofloxacin

NSAIDs/COX-2 inhibitors
Chemotherapeutic agents (cause acute
tubulointerstitial nephritis)

Tyrosine kinase inhibitors

Immune checkpoint inhibitors

Loop and thiazide diuretics
Allopurinol

Omeprazole

Phenytoin

AIN

with glucocorticoids and drug discontinuation are
effective in achieving at least partial kidney recov-
ery, with a recurrence rate after therapy reinitiation
of 16% [46, 47]. Glomerular diseases (most com-
monly minimal change disease, focal-segmental
glomerulonephritis, and membranous nephropa-
thy) have also been associated with these novel
agents and typically present with nephrotic syn-
drome. Glucocorticoids and drug discontinuation
generally lead to at least partial recovery in most
patients [48-51].

Certain diseases can also contribute directly to
tubular injury. For example, in some patients with

multiple myeloma, monoclonal urinary immuno-
globulin light chains (Bence Jones proteins) that
are freely filtered can precipitate in the tubular
lumen causing intraluminal cast formation and
incite a strong inflammatory reaction that injures
tubular epithelia. Clinically, this can mimic ATN,
especially since conditions that result in volume
depletion can predispose to cast formation.
Urinalysis typically shows bland urine sediment
and standard urine dipsticks, which typically
detect albumin and not light chains. Features that
may increase suspicion of myeloma cast nephrop-
athy include ATN without a clear precipitant or
out of proportion to the presumed insult in a mid-
dle-aged or elderly patient. Accompanying hyper-
calcemia or anemia, back pain, and/or a history of
unexplained CKD should raise suspicion. In these
patients, further testing including serum/urine
protein electrophoresis, immunofixation, and free
light chain assays should be considered.
Rhabdomyolysis and gross hemolysis can also
cause direct tubular injury due to the release of
contents of damaged muscle or red blood cells
into the circulation, resulting from trauma, over-
exertion, autoimmune disease, or associated with
medications (e.g., statins). Heme-pigments
including myoglobin or hemoglobin are filtered
by the glomerulus and degraded with the subse-
quent release of heme pigment that can cause
direct tubular injury, tubular obstruction, and
vasoconstriction. Concurrent volume depletion is
an important risk factor in both cases with clinical
and laboratory manifestations including decreased
urine output, dark urine, elevated creatinine
kinase levels (rhadomyolysis), elevated LDH, low
haptoglobin levels (hemolysis), and a urine dip-
stick that is positive for blood but without obvious
red blood cells on microscopy.

Acute interstitial nephritis (AIN) is another
subclass of intrinsic kidney injury. AIN is an
inflammatory reaction that involves the intersti-
tium of the kidney, the tissue that resides between
the tubules. The inflammatory infiltrates generally
consist of lymphocytes and monocytes, but plasma
cells, eosinophils, and neutrophils may also be
present. There is also interstitial edema in sites of
inflammatory infiltrate. Medications account for
the vast majority of cases of AIN (Table 8.3), with
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NSAIDs, penicillin antibiotics, and proton-pump
inhibitors being common offenders. Rarely, AIN
can be seen as a consequence of infection or sys-
temic disease such as sarcoidosis or Sjogren’s syn-
drome. Physical and laboratory findings consistent
with AIN include rash, fever, leukouria, and/or the
presence of eosinophils in the blood or urine,
though estimates of their relative and combined
diagnostic performance are highly variable. The
main treatment of AIN is removal of the offending
medication, though steroids may have a limited
role when initiated early.

Though less common, processes that cause
rapid and severe injury to the glomerulus can
result progressive loss of kidney function over
days to weeks and constitute a nephrologic
emergency. Acute glomerulonephritis (GN) can
be caused by numerous etiologies including
autoimmune diseases and infections (Table 8.2).
History should focus on symptoms of vasculitis
including arthritis, rash, hemoptysis, serositis
or risk factors for blood-borne viral infections
like hepatitis B, C, and human immunodefi-
ciency virus, or endocarditis. Exam findings of
uveitis, arthritis, rash, or embolic phenomenon
should increase suspicion for potential for glo-
merulonephritis. On urinalysis, hematuria and/
or proteinuria should prompt examination of
the urine sediment for dysmorphic red blood
cells or red cell casts (Table 8.4), which suggest
glomerulonephritis. If proteinuria is detected, a
urine spot protein-to-creatinine ratio (PCR) or
24-h excretion should be directly quantified. In

Table 8.4 Drugs with potentially toxic accumulation in
AKI or CKD

Clinical manifestations of

Drug accumulation

Allopurinol Leukopenia, increased risk for
immune-mediated hypersensitivity
reaction

Codeine Respiratory depression, CNS

Morphine depression

Propoxyphene  Dysrhythmia

Midazolam Drowsiness, sedation, apnea

Meperidine Tremor, agitation, anxiety,
myoclonus, seizure

Enoxaparin Increased risk of bleeding

Succinylcholine Hyperkalemia

general, proteinuria >3.5 g/24 h is considered
“nephrotic.” If a diagnosis of acute GN is being
considered, early nephrology consultation
should be considered to guide further serologic
testing and to facilitate timely tissue diagnosis
and treatment.

The constellation of thrombocytopenia, ane-
mia, and kidney dysfunction, with or without
fever and central nervous system (CNS) manifes-
tations, should prompt consideration of throm-
botic microangiopathy (TMA). TMA is
characterized by microangiopathic hemolytic
anemia and thrombocytopenia, with other end-
organ manifestations such as kidney dysfunction
and CNS symptoms being variable depending on
the degree of platelet thrombosis in the microcir-
culation. Thrombocytopenia occurs from platelet
aggregation in microcirculation. Hemolytic ane-
mia occurs from mechanical stress and fragmen-
tation of RBC’s during transit through narrowed
vessels. In addition to thrombocytopenia and
anemia, other lab findings include elevated bili-
rubin, elevated LDH, reticulocytosis, and low
haptoglobin. Schistocytes are seen on peripheral
smear. Hemolytic uremic syndrome (HUS) pre-
dominantly affects children and is characterized
by AKI, often associated with diarrheal illness
and usually with minimal or no CNS symptoms.
Thrombotic thrombocytopenic purpura (TTP)
does occur in adults and generally has CNS
involvement with variable kidney involvement.
Scleroderma and malignant hypertension can
also present with TMA.

Lastly, post-renal AKI refers to obstruction
to urine flow within the collecting system (kid-
ney, ureters, bladder, or urethra). Obstruction to
urine flow can occur via intraluminal (stones,
crystals, urethral stricture) or extraluminal
(prostate, retroperitoneal fibrosis) causes.
Common causes of post-renal AKI in patients
with CKD are prostatic obstruction and defects
of bladder emptying such as in neurogenic
bladder in patients with long-standing diabetes.
Additionally, the use of narcotics or anti-hista-
mines (which impair bladder emptying), can be
particularly problematic in the elderly. In addi-
tion to inquiring about symptoms of urinary
difficulty (type and duration) and history of uri-
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nary tract infections or nephrolithiasis, provid-
ers should also consider recent exposure to
medications that can cause urine crystal forma-
tion (intravenous acyclovir or indinavir). In
patients with a known history of malignancy, a
history of prior radiation to the abdomen or pel-
vis might suggest the possibility of retroperito-
neal fibrosis. It is important to note that the
absence of oliguria does NOT rule out signifi-
cant obstruction. Furthermore, bilateral
obstruction is not necessary to have significant
worsening of kidney function in patients with
CKD, as unilateral obstruction can cause sig-
nificant decline in kidney function when there
is underlying parenchymal disease in the con-
tralateral kidney. In addition to physical exam
findings of a distended or palpable bladder,
non-invasive renal imaging including ultra-
sound or non-contrasted CT may reveal a
dilated collecting system (i.e., hydronephrosis).
Imaging should be obtained whenever there is
suspicion of obstruction or if AKI is worsening
without an obvious cause. However, imaging
may not show evidence of obstruction early in
the course of obstruction in patients with con-
comitant volume depletion or retroperitoneal
fibrosis. A simple measure that can be con-
ducted at the bedside is a bladder scan or post-
void urine residual. Urine volume greater than
400 mL on a routine bladder scan or a post-void
residual volume of greater than 100 mL should
prompt work-up and management for outflow
obstruction. Prompt relief of outflow obstruc-
tion can result in rapid improvement in kidney
function if addressed early.

8.4.4 General Management
Principles

An abbreviated summary of AKI treatment
guidelines is provided in Text Box 10.2. An
exhaustive discussion of specific management
strategies across the broad spectrum of AKI is
beyond the scope of this chapter. However, once
the diagnosis of AKI is made, the search for the
underlying cause(s) should be accompanied by a
simultaneous assessment for evolving complica-

tions. Among these include electrolyte abnor-
malities (e.g., hyperkalemia, hyperphosphatemia,
hypocalcemia), acidosis, volume overload, and
signs or symptoms of uremia, such as decline in
mental status or pericarditis. We recommend
early consultation with a nephrologist in patients
with evidence of evolving complications of AKI
or progressively worsening AKI, as dialytic ther-
apy may be required. Concomitantly, interven-
tions to address potentially reversible causes
should be applied. In the absence of obvious vol-
ume overload, a trial of volume expansion is
often reasonable. While both crystalloid and col-
loid solutions can be used, isotonic crystalloids
are recommended except in cases of hemor-
rhagic shock [3]. Balanced crystalloid solutions
(e.g., lactated ringers) may be superior to non-
balanced crystalloids (e.g., normal saline), as
data from recent randomized clinical trials of
patients in emergency department and ICU set-
tings have observed improved outcomes (includ-
ing lower mortality, less renal replacement
therapy and persistent kidney dysfunction, and
hospital-free days) with use of balanced crystal-
loids compared with normal saline [52]. Starch-
based solutions should be avoided given evolving
evidence that they may be associated with the
development of AKI. There is no established
role for the use of diuretics in prevention of
AKI. However, if volume overload is thought to
be contributing to or complicating the AKI (e.g.,
congestive heart failure), loop diuretics can be
used and are preferred over monotherapy with
thiazide diuretics, as the latter are less effica-
cious in patients with diminished GFR. KDIGO
proposes a stage-based approach to the manage-
ment of AKI, shown in Fig. 8.9. However, we
would add that consideration for dose adjust-
ment of drugs and assessment of the need for
renal replacement therapy (RRT) should occur at
all stages of AKI and be individualized to each
patient. Furthermore, as the optimal care of
patients following AKI has not been established,
we feel that greater attention for follow-up of
patients with AKI shortly after discharge should
focus on patients with persistent injury or among
those with moderate to severe injury (KDIGO
Stages II and III).
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Box 8.2 Abbreviated Summary of Guidelines

for Treatment of AKI [3]

What the Guidelines Say You Should Do

in AKI

* The cause of AKI should be determined
whenever possible, paying special atten-
tion to reversible causes

 Patients should be risk stratified for AKI
according to their susceptibilities and
exposures

e Test patients at increased risk for AKI
with measurements of SCr and urine
output to detect AKI, with frequency
and duration of monitoring based on
patient risk and clinical course

e In the absence of hemorrhagic shock,
use isotonic crystalloids rather than col-
loids as initial management for expan-
sion of intravascular volume

* Avoid restriction of protein intake with
the aim of preventing or delaying initia-
tion of RRT

e Diuretics should not be used to prevent
AKI

e Diuretics should not be used to treat
AKI, except in the management of vol-
ume overload

e Low-dose dopamine should not be used
to prevent or treat AKI

AKI| STAGE

High Risk 1

| Discontinue all nephrotoxic ¢

2

| Ensure volume status and pe

| Consider functional hemodyn:
Monitor Serum creatinine ant

| Avoid hyparglyé:emla

| Consider alternatives to radlam =

3

Non-invasive diagnostic workup |

Consider invasive dia

Check for changes in drug dosing |

Consider Renal F

Consider ICU admission

“ollv
I

| Avoid subclavian catheters if possible |

i’ vj Kidney Disease: Improving Global Outcomes

Fig. 8.9 Stage-based management of AKI. Shading of
boxes indicates priority of action—solid shading indicates
actions that are equally appropriate at all stages whereas
graded shading indicates increasing priority as intensity
increases. AKI acute kidney injury, /CU intensive-care

unit. (Reprinted from Kidney International Supplements;
Volume 2, Issue 1; Kidney Disease: Improving Global
Outcomes (KDIGO) Acute Kidney Injury Work Group;
KDIGO Clinical Practice Guideline for Acute Kidney
Injury; 2012; pages 1-138; with permission from Elsevier)
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It is important to note that the estimation eGFR
assumes a “‘steady state” of glomerular filtration.
However, elevation of creatinine lags behind the
initial decrease in GFR and the calculated eGFR
is not necessarily an accurate reflection of true
GFR in patients with AKI and dynamic changes
in kidney function. The trend in creatinine should
be considered when interpreting GFR, and if the
creatinine trend is increasing, there should be an
understanding that the actual GFR is less than the
calculated GFR. This is important to keep in mind
with medication dosing, particularly with poten-
tially nephrotoxic medications such as vancomy-
cin and aminoglycosides. We would recommend
conservative dosing of potentially nephrotoxic
medications, cautious use of scheduled dosing in
drugs with a narrow therapeutic window, and
more frequent evaluation of measurable drug lev-
els to guide additional dosing. Some common
medications that accumulate with compromised
kidney function are listed in Table 8.4.

8.4.5 Renal Replacement Therapy
(RRT)

Patients whose injury appears progressive or
not readily reversible may require dialysis.
The decision to initiate RRT is generally based
on averting or treating complications of AKI
including azotemia, hyperkalemia, metabolic
acidosis, and volume overload. Despite its
critical role in managing severe AKI, RRT is
not devoid of risk. The process of dialysis
itself carries the risk of hypotension and
arrhythmia. The anticoagulation process for
RRT with heparinization carries bleeding risk,
and anticoagulation with regional citrate intro-
duces risk of significant electrolyte abnormal-
ities. Temporary vascular access via catheter
for RRT carries risk of bleeding, infection,
pneumothorax (with internal jugular cathe-
ters), and risk of subsequent central venous
stenosis. There is also a concern that the
effects of RRT may delay recovery of renal
function and contribute to the progression of
CKD, though this has yet to be proven. Given
these considerations, the optimal timing to ini-

tiate dialysis has been unclear. Over the past
decade this topic has been studied in multiple
randomized clinical trials comparing early
versus delayed dialysis initation strategies.
The earliest of these included two RCTs
(AKIKI and ELAIN), which compared overall
survival in critically ill patients with severe
AKI who were randomized to early versus
delayed dialysis initiation strategies. The two
studies had conflicting findings, with AKIKI
observing no survival benefit at 60 days with
the early initiation strategy, while ELAIN
observed a reduced mortality at 90 days with
early initiation [53, 54]. Notably, nearly half
of patients in the delayed arm of the AKIKI
trial did not start RRT, and there were twice
the rate of catheter-associated bloodstream
infections in the early arm.

Given the discrepant findings of AKIKI and
ELAIN, the IDEAL-ICU study similarly com-
pared early and delayed initiation of RRT in
patients septic shock and severe AKI. IDEAL-
ICU was stopped early for futility after showing
no significant difference in 90-day mortality.
Most recently, STARRT-AKI, a large multina-
tional trial randomized over 3000 patients with
severe AKI (defined as KDIGO stage 2 or 3 AKI)
to an accelerated (within 12 h of meeting eligibil-
ity criteria) or standard strategy (dialysis for spe-
cific indication or if AKI duration exceeding
72 h). Consistent with the findings of AKIKI and
IDEAL-ICU, STARRT-AKI found no significant
difference in 90 day mortality observed with
early initiation [55]. With the benefit of early ini-
tiation of dialysis not having been consistently
demonstrated, we generally favor a delayed
approach in initiating RRT for AKI that is guided
by specific clinical indications.

8.4.6 Special Considerations
for the Hospitalized Patient
with AKI or CKD

There are some special considerations that should
be given to patients with CKD who experience
AKI. It is preferable to avoid nephrotoxic expo-
sures including IV contrast dye (e.g., CT with
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iodinated  contrast) in  patients  with
CKD. Additionally, in patients with significantly
impaired kidney function (GFR < 30 mL/
min/1.73 m?), MRI with gadolinium contrast
should be avoided when possible due to the rare
but serious potential consequence of nephrogenic
systemic fibrosis (NSF). Newer gadolinium
agents may have a better safety profile, though it
is unclear if the lower incidence of NSF observed
since these agents have come into use is due to
lower risk of the agents itself or the more judi-
cious use of the agents in individuals with kidney
disease [56]. Standard electrolyte repletion pro-
tocols should be avoided in patients with CKD
and with AKI in CKD, as the “standard reple-
tion” protocols for potassium, magnesium and
phosphorus can result in overcorrection in
patients with impaired excretion. In patients with
advanced CKD who may need permanent vascu-
lar access for dialysis in the near future, an
assessment of the patient’s dominant arm should
be ascertained, and the non-dominant arm should
be avoided for blood pressure measurement,
blood draws, and peripherally inserted central
venous catheters. Additionally, subclavian cen-
tral catheters should be avoided due to the risk for
subsequent central venous stenosis, which can
hinder successful creation of arterioveneous fis-
tula or graft placement on the ipsilateral side.
Lastly, transfusion of blood products, while often
necessary, should be carefully considered in
patients who may be eligible for renal transplan-
tation in the future, as exposure to and develop-
ment of preformed antibodies targeting human
leukocyte antigen may hinder future organ
matching.

8.4.7 Following AKI: At the Time
of Discharge and Beyond

As data accumulate indicating that AKI is an
important risk factor for both subsequent AKI
and accelerated progression of CKD, determin-
ing how to best care for these patients will
depend on identifying potential care processes
that can reduce the risk for further injury. Per the
KDIGO Clinical Practice Guidelines for Acute

Kidney Injury, “patients should be evaluated 3
months after AKI for resolution, new onset or
worsening of pre-existing CKD” [3]. However,
studies have indicated that patients with persis-
tent kidney dysfunction following an AKI event
are infrequently seen by nephrologists in the
year following AKI and may even be unaware of
having had AKI. A recent study finding that
among survivors of stage 2-3 AKI, a majority
were unaware of that diagnosis at hospital dis-
charge [57]. Whether this results in lack of
receipt of established standards of care such as
timely vascular access for dialysis or transplant
referral or risk factor management is unknown.
We recommend that patients who survive an epi-
sode of AKI, particularly if severe, be followed
regularly to assess for early evidence of CKD
(i.e., development of hypertension, proteinuria,
or reduced GFR). Post-AKI proteinuria in par-
ticular has been shown to be a valuable predictor
of CKD progression among patients who survive
AKI, with a prospective study of AKI survivors
found that the risk of kidney disease progression
increased by over 50% for every doubling of
post-AKI urine albumin-creatinine ratio (HR
1.53 for each doubling, 95% CI 1.45-1.62) [58].
Follow-up care after AKI also provides the
opportunity for a careful appraisal of a patient’s
medications to ensure appropriate dosing, assess
nephrotoxin exposures, and consider resuming
nephro- and cardioprotective medications such
as ACE-I and ARB. The importance of medica-
tion reconciliation after an episode of AKI was
illustrated in a recent study that found an
increased risk of hypoglycemia after hospital
discharge in diabetic patients with AKI com-
pared with matched diabetic patients who did
not have AKI (HR 1.27, 95% CI 1.22-1.33); the
risk was even higher among patients with non-
recovery of kidney function after AKI (HR 1.48,
95% CI 1.36-1.60) [59]. Finally, survivors of
AKI appear to be at increased risk of cardiovas-
cular disease. In a systematic review and meta-
analysis of cohort studies of adults with and
without AKI, individuals with AKI had an 86%
and 38% increased risk of cardiovascular mortal-
ity and major cardiovascular events, respectively
(RR 1.86;95% CI, 1.72-2.01 and RR 1.38; 95%
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CI, 1.23-1.55) [60]. A subsequent prospective
cohort study that examined outcomes among
survivors of AKI compared with matched
patients without AKI found that AKI was associ-
ated with increased risk of heart failure events,
which was attenuated after adjusting for residual
kidney function and proteinuria at 3 months fol-
lowing hospital discharge [22]. As cardioprotec-
tive medications are often suspended around the
time of AKI, and with CKD a potent cardiovas-
cular risk factor, it is important that careful reini-
tiation of these medications be considered after
AKI has resolved.

8.4.8 Novel Biomarkers
in the Diagnosis of AKI

The current gold standard for diagnosis of AKI
relies on changes in serum creatinine, which pro-
vides a retrospective surrogate measure of GFR,
but provides little to no additional phenotyping.
Creatinine alone does not distinguish between
pre-renal azotemia and true parenchymal dam-
age, nor does it characterize the critical aspects of
injury—type of injury, onset, or etiology. These
limitations prompted the American Society of
Nephrology (ASN) to deem the discovery and
standardization of AKI biomarkers with early
diagnostic and prognostic potential a top-priority
research area [61]. In the time since, several urine
and serum candidate biomarkers have shown
promise in specified patient populations with
defined use cases. The rationale for their use
derives from preclinical identification of candi-
date markers serving a functional (i.e., enzymatic
or inflammatory) and/or structural role within
renal tubular epithelia, or as low molecular
weight proteins normally filtered through by the
glomerulus and/or metabolized by healthy tubu-
lar epithelia. The native functions of these mark-
ers indicate their various locations (i.e.,
intracellular or on the plasma membrane). In
commonly used animal models of AKI including
ischemia-reperfusion or nephrotoxic injury,
active release or shedding of these markers in
either free or membrane bound form (exosomes)
into the urine following tubular damage has

prompted testing in analogous settings of human
injury such as cardiopulmonary bypass. Serum/
plasma markers, particularly low molecular
weight proteins normally filtered by the kidney
have also been studied. Early applications of
novel biomarkers have included clinical trials,
where they have been used in enrollment criteria
to enrich study populations, as well as AKI phe-
notyping studies, though validation of their
strength as indicators of specific injury types
remains ongoing. Recently, the acute dialysis
quality initiative (ADQI) suggesed a potential
role of novel biomarkers in combination with
serum creatinine to differentiate types of AKI by
distinguishing functional changes (elevation in
serum creatinine) from evidence of structural
damage (biomarker elevation) [62]. These AKI
categories provide substages of KDIGO stages of
AKI, including stage 1S (“subclinical” AKI: cre-
atinine negative, biomarker positive), stage 1A:
(“pre-renal azotemia”: creatinine positive, bio-
marker negative), and stage 1B (“intrinsic AKI”:
creatinine positive, biomarker positive). The
strength of this recommendation was condional,
indicating that further research is needed to
improve confidence.

8.5 Conclusion

In summary, the incidence of AKI is increasing
and associated with increased morbidity and
mortality. AKI is now recognized as a risk factor
for progressive CKD. Additionally, patients
with CKD are at increased risk for development
of AKI due to structural and functional abnor-
malities, comorbidities, need for invasive proce-
dures, and multiple medications. Patients with
rapid progression to ESKD often have courses
marked by decline in kidney function due to one
or more episodes of AKI. It is important to iden-
tify and counsel patients at risk for AKI and to
employ risk reduction measures prior to the
development of AKI. A rapid assessment for
reversible causes of AKI should occur, espe-
cially in patients with CKD, and treatment
aimed at rapid optimization of volume and
hemodynamic status should be pursued. Early
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consultation with a nephrologist is indicated if
the cause is not immediately clear, evidence of
progressive AKI or the complications emerge,
or if a tissue diagnosis is required. Finally,
patient who experience AKI should be followed
for the resolution of AKI and to evaluate for
development or progression of CKD.

Before You Finish: Practice Pearls for the
Clinician

Check eGFR and proteinuria before exposures
to nephrotoxins and high-risk procedures to
better identify patients at risk for AKI in
whom risk reduction strategies may be

helpful.

Discuss long-term goals of care (including
whether to initiate  dialysis)  before
hospitalization.

Obtain pre-hospitalization “baseline” serum
creatinine to better define kidney function.

As the rise in creatinine tends to lag behind the
inciting injury, focus your search for the
underlying cause in the hours to days before
creatinine starts to rise.

The trend in eGFR during evolving or recov-
ering AKI will be more useful for guiding
drug dosing than a single eGFR value.

A high FeNa may not exclude pre-renal azote-
mia in the patient with CKD and AKI.
Starch-based crystalloid solutions, phosphate-
containing cathartics, and meperedine should
be avoided in patients with CKD or AKI.
Avoid subclavian lines to preserve future dial-
ysis access in hospitalized patients with CKD
or severe AKI.

As patients with CKD who experience AKI
may be at high risk for progression to ESKD,
prior episodes of AKI in the patient’s medical
history should be documented.
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Before You Start: Facts You Need to Know

* Patients with chronic kidney disease are often
recommended to undergo a comprehensive
assessment of their diet and lifestyle as part of
their overall management strategy.

e Diet and lifestyle modifications are consid-
ered to be the cornerstone for the prevention
and management of diabetes and
hypertension.

e Most patients believe that changes in their diet
and lifestyle are among the most important
interventions for the management of their kid-
ney disease.

* Most nephrologists are not trained in diet and
lifestyle management and are unfamiliar with
techniques to institute sustained and effective
changes and the potential for adverse
outcomes.

9.1 Diet and Lifestyle
in the Management

of Chronic Kidney Disease

All the major forms of chronic kidney disease
(CKD) contain elements of diet and lifestyle in
their pathogenesis and progression. Many of
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these actions are indirect, determined by the
effects of diet and lifestyle on the common patho-
genic mediators of CKD, including hyperglyce-
mia, hypertension, hyperfiltration, oxidative
stress, hyperphosphatemia, systemic inflamma-
tion, and activation of the renin angiotensin aldo-
sterone system (RAAS), as well as modulation of
the microbiome and the immune system. In addi-
tion, exposure to environmental toxins may also
play a direct role in damaging the kidneys and
accelerating the chronic progression of kidney
disease in some patients. Equally, it is now widely
recognized that most patients with CKD can ben-
efit from changes in their diet and lifestyle, and
current CKD management protocols are based on
a foundation of dietary and lifestyle modifica-
tions. For the most part, these interventions are
directed towards reducing the risk of comorbidi-
ties and complications of CKD, including bone
demineralization, hyperkalemia, salt and water
overload, cardiovascular disease, vascular calcifi-
cation, and anemia. However, there is now evi-
dence that diet and lifestyle can also significantly
influence the progression of CKD and the decline
of kidney function towards slowing the march
towards end-stage kidney disease (ESKD). In the
first instance, all patients with early CKD should
be recommended to follow standard dietary rec-
ommendations for the general population.
Collectively this means that most individuals
with early CKD will be asked to moderate their
energy, fat, and carbohydrate intake and an
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increase in their intake of fruit and vegetables.
However, some patients with CKD will require
additional dietary changes or more aggressive
dietary restrictions to support failing kidney
function and prolong their time before kidney
failure. This chapter will review the dietary and
lifestyle management of non-dialysis patients
with established CKD, including its implementa-
tion, potential benefits, safety, and challenges for
adherence. The specific dietary management of
patients on dialysis and those with kidney stone
disease is beyond the scope of this chapter.

9.2 Should Patients with CKD
Restrict Their Intake

of Protein?

Protein restriction is often the first thing that
comes to mind, when considering implementing
a dietary change in their non-dialysis patients
with CKD. Most people with moderate to severe
kidney impairment will already have spontane-
ously reduced their protein intake (to around
1.0-1.2 g/kg/day), due to the action of CKD on
central appetite control centers. However, even
this lower amount may still be more dietary pro-
tein than is probably optimal. It remains widely
recommended in global guidelines that daily pro-
tein intake should be further restricted to <0.8 g/
kg (i.e., a low protein diet) in most patients with
an eGFR<60 mL/min/1.73 m?, with the exception
of patients with heavy proteinuria (>1 g/day) in
whom protein losses must be compensated to
avoid protein malnutrition [1]. A dietary protein
intake of intake <0.8 g/kg is roughly half the
amount of protein contained in a standard
Western diet. Although this has become known as
a “low protein diet,” in fact, the globally recom-
mended daily intake (RDI) of protein for the gen-
eral population also targets this level of dietary
intake, meaning that, in reality the nutritional
goal is achieve a healthy protein intake, rather
than continue a potentially unhealthy protein
intake associated with over-nutrition that has
become new baseline in most societies.

Dietary protein has a range of actions on
healthy kidney function. In particular, a high pro-

tein intake induces pre-glomerular (afferent)
arteriolar vasodilatation and hyperfiltration, pos-
sibly by activating tubulo-glomerular feedback as
a result of increased proximal tubular sodium
reabsorption. By restricting protein intake, it is
hoped to increase afferent arteriolar tone and pro-
tect the remnant glomeruli from unnecessary
hemodynamic stresses. Other benefits of a low
protein diet may include modification of intesti-
nal microbiota and a reduction in phosphate lev-
els. Fifty years ago, when there was little or no
effective RAAS blockade available and other
antihypertensive therapies were suboptimal,
dietary protein restriction was perceived as the
best way to safety target kidney hemodynamics
and their role in progressive glomerular damage,
particularly in disease states where hyperfiltra-
tion was a pathogenetic important (e.g., diabetes,
focal segmental glomerulosclerosis).

The renoprotective effects of aggressive pro-
tein restriction are clearly observed in experien-
tial models of kidney disease [2]. However, its
benefits in real-world patients with CKD remain
controversial. A recent meta-analysis of ten clini-
cal trials concluded that dietary protein restric-
tion is not beneficial in slowing progressive
kidney disease or reducing mortality when com-
pared to standard dietary protein intake [3].
However, most of these studies were small and
short term. The best-known clinical trial to test
the utility of protein restriction was the
Modification of Diet in Renal Disease (MDRD)
study, that followed 585 non-diabetic participants
with an eGFR<55 mL/min/1.73 m? (average
39 mL/min/1.73 m?). Participants were randomly
assigned to a “normal diet” (targeting 1.3 g/kg/
day but achieving 1.1 g/kg/day) or a low protein
diet (0.58 g/kg/day but achieving 0.77 g/kg/day).
Similar to the hemodynamic response with an
SGLT?2 inhibitor or RAAS inhibitor, there was an
initial greater fall in eGFR in those receiving
with a low protein diet, followed by a slower rate
of decline in eGFR (2.8 vs. 3.9 mL/min/1.73 m?,
i.e., a slowing of 28%). Although ESKD was
similar in both arms of the trial, a 6-year follow-
up of participants also suggested that this slowing
translated into lower rates of ESKD and mortality
in those receiving a low protein diet [4]. Although
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small, this delay could be advantageous in pro-
viding additional time for comprehensive prepa-
ration for ESKD management, and which is
strongly associated with improved outcomes
when commencing dialysis.

Hyperfiltration and increased intra-glomerular
pressure is also an important mediator of pro-
gressive nephron loss in diabetes. In so far as
reducing protein intake may also reduce intra-
glomerular pressures, there may be particular
benefits of reducing protein intake in people with
diabetes. However, the utility of protein restric-
tion in patients with diabetes and CKD also
remains problematic [5]. Early studies in patients
with type | diabetes and CKD have suggested a
modest but significant effect of protein restriction
on slowing of the rate of decline in kidney func-
tion [6], as well a reduction in all-cause mortality
[7]. In contrast, studies in people with type 2 dia-
betes have not shown the same benefits.
Moreover, whether these data are equally appli-
cable to modern patients with CKD that are
already optimally treated with RAASi and
SGLT2 inhibitor is unclear, as the proposed
mechanisms of action may be similar to those
induced following initiation of a low protein diet.

It has also been argued that conventional pro-
tein restriction does not go far enough, and that
very low protein diets (<0.3 g/kg/day) may be
required to slow kidney function decline in
patients with CKD. Consistent with this hypothe-
sis, a recent meta-analysis of ten trials suggested
that a very low protein diet (targeting 0.3-0.4 g/
kg/day) likely reduces the number of participants
reaching ESKD when compared to a low protein
diet (targeting ~0.6 g/kg/day) or unrestricted pro-
tein intake [3]. However, the challenges of achiev-
ing and maintaining a very low protein diet are
real. Keto supplements and essential amino acids
may need to supplemented, to maintain adequate
nutrition. Moreover, in the long-term follow-up of
the MDRD study, mortality increased in partici-
pants randomized to a very low-protein diet
(0.28 g/kg/day + supplements) when compared to
a low-protein diet (0.58 g/kg/day) [8].

Overall, the long-term adherence to a low-
protein diet can be difficult outside of an inten-
sive trial setting, especially if fat content is also

restricted (see below), meaning that such low-
protein diets must therefore be high in carbohy-
drate (which has its own challenges especially in
patients with diabetes). Alternatively, all dietary
elements must be reduced to achieve these tar-
gets, which increases the risk of malnutrition,
especially in catabolic patients with uremia.
Ultimately, the intensive and restrictive nature of
protein restriction means that, although recom-
mended, it is seldom rigorously implemented
outside of specialist centers.

9.3  Should Patients with CKD
Become Vegetarian or

Vegan?

There is a widely held belief that eating vegetable
‘protein’ may be better for patients with CKD
than a regular intake animal ‘protein’. Of course,
vegetarianism or stricter veganism have a number
of potential advantages, including dietary
changes in the amount and composition of fat,
fiber, minerals and vitamins which impact on
health and well-being, and likely convey the ben-
efits of vegetable protein. Recommended diets,
such as the Mediterranean diet and the DASH
diet, have a regular intake of vegetables as a key
component, while minimizing intake on meat,
butter, and cheese.

A vegetarian-based diet is safe for CKD
patients and may be a practical way to achieve
dietary protein restriction goals by avoiding dairy
and meat (i.e., animal protein). In addition, some
small studies have supported the hypothesis that
a vegetarian diet may also slow the decline in
kidney function in some individuals and therein
delay the initiation of kidney replacement ther-
apy in patients with advanced CKD. For exam-
ple, one crossover study suggested that the
addition of vegetable protein was not associated
with eGFR decline, while animal protein intake
was associated with progressive decline in kid-
ney function [9]. Benefits on blood pressure,
phosphate, and lipid control have also been
reported. However, at the same time fruits and
vegetables can be high in potassium, meaning
every diet must be carefully individualized and
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some patients at risk of hyperkalemia will need to
be directed away from these foods.

One critical component of a healthy diet is the
regular intake of dietary fiber. Increasing the
intake of vegetables while total protein intake
declines is one way to ensure adequate fiber intake
of at least 30 g/day, which is the same as for the
general population. Most people will get half of
this amount from their diet. Observational studies
in patients with CKD have suggested a positive
association between fiber intake and survival in
patients with CKD. Some small studies have also
reported improvements in kidney function [10].

924 Should Patients with CKD
Restrict Their Intake
of Calcium and Phosphorus?
Disturbances of mineral metabolism are

common-place in patients with CKD, including
increased renal phosphorus retention and hyper-
phosphatemia, especially in advanced CKD as
the GFR falls below 30 mL/min/1.73 m?. That it
seldom occurs before this, is due to the activation
of compensatory pathways that promote phos-
phate loss, including secondary hyperparathy-
roidism and activation of fibroblast growth factor
23 (FGF23). Restriction of dietary phosphate in
proportion to the reduction in eGFR in patients
with CKD can prevent the development of exces-
sive parathyroid hormone (PTH) Ilevels.
Phosphate restriction (to less than 0.8-1.0 g/day)
is often recommended to patients with CKD
when serum phosphate or PTH levels are found
to be elevated (i.e., in individuals with hyper-
phosphatemia or hyperparathyroidism) [1].
Again, this target corresponds to the recom-
mended dietary intake for phosphate for healthy
adults, so should not be considered a ‘low phos-
phate diet’. However, the amount of phosphate
regularly taken each day by most Americans is
almost twice the recommended dietary intake.
The rationale for treating/preventing hyperphos-
phatemia or hyperparathyroidism related to its
deleterious effects on vascular calcification/stiff-
ness, calciphylaxis, and cardiovascular risk.

Phosphate restriction is usually achieved by
restriction of dairy products and animal protein
intake (Box 9.1), which may already be being
undertaken for their respective benefits. However,
it is possible to restrict protein without fully
restricting phosphorus, so careful selection of
protein sources must also be undertaken.
Processed foods may also contain higher amounts
of processed phosphate with much higher bio-
availability compared with organic phosphate

Box 9.1 Foods Naturally High in Phosphate

(Which Should Be Avoided or Eaten in Small

Amounts in Patients with CKD When Serum

Phosphate or PTH Levels Are Elevated)

¢ Drinks: beer, milk, cocoa, cola

* Dairy products: cheese, custard, yogurt,
ice cream

* High-protein foods: meat, liver, shell-
fish, legumes (beans and peas), nuts and
seeds, whole-grain products

from unprocessed sources.

To reduce the calcium-phosphate product,
alongside dietary phosphate restriction, some
kidney dieticians also recommend limiting total
calcium intake to <1 g/day, consistent with
healthy intake guidelines. Certainly, limiting
intake to below the usual 2 g/day may reduce the
risk a positive calcium balance and ectopic calci-
fication. The major calcium source in most diets
is dairy products, which are also restricted when
attempting to reduce potassium intake, address-
ing both targets simultaneously.

Should Patients with CKD
Restrict Their Intake
of Potassium?

9.5

Hyperkalemia is a common finding in patients
with CKD, especially in those with diabetes and
those using beta blockers, RAAS blockers, min-
eralocorticoid receptor antagonists (MRA), alone
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or in combination. Excessive levels of potassium
may contribute to bradycardia, severe muscle
weakness, paralysis or even sudden death in
some patients. In patients with CKD, hyperkale-
mia is a common reason for hospitalization and
(emergency) initiation of dialysis that may be
associated with poor outcomes when compared
to a timely staged introduction of kidney replace-
ment therapy. The advent of effective oral potas-
sium binders can substantially reduce the risk of
hyperkalemia in some settings. However, these
do not eliminate the need for dietary potassium
restriction.

Most patients with advanced CKD (eGFR
<30 mL/min/1.73 m?) and those with CKD at
risk of hyperkalemia (e.g., those on high potas-
sium levels, on RAAS blockers or MRA) are
often recommended to reduce their dietary
intake of foods that are rich in potassium (Box
9.2) and aim to eat between 2 and 4 g of potas-
sium per day as a means to reduce the risk of
dangerous hyperkalemia. This is usually
achieved by choosing lower-potassium fruit and
vegetables and their juices (Box 9.3) and limit-
ing the intake of milk, legumes, nuts, tomatoes,
and stone fruit. Many products now provide
potassium content as part of their nutritional
information, allowing patients to choose the
lower-potassium alternatives.

At the same time, diets naturally rich in potas-
sium (e.g., the Mediterranean diet) may be asso-
ciated with improved outcomes, including lower
blood pressure, and slower decline in eGFR. For
example, in the MDRD cohort higher potassium
consumption was associated with improved sur-
vival. In addition, some studies suggest that
patients with a potassium in mild to moderate
hyperkalemia (5-5.5 mol/L) may have a lower
risk of dying than those with low or even low-
normal potassium levels (<4 mmol/L) [11], partly
due to actions on cardiac arrhythmogenicity.
Outside of the setting of individuals at risk for
hyperkalemia, most patients with CKD should

not restrict their potassium intake, although
potassium levels should be carefully monitored,
especially when starting new agents or during
intercurrent illness when potassium levels can
risk due to an acute fall in eGFR.

Box 9.2 Foods Naturally High in Potassium
(Which Should Be Avoided or Eaten in Small
Amounts in Patients with CKD at Risk of
Hyperkalemia?)

e QGrains
— Whole-grain breads, wheat bran, gra-
nola, and granola bars
e Dairy products
— Milk and milk products
e Drinks
— Sports drinks, energy drinks, vegeta-
ble juices, soy milk
¢ Snack foods/sweets
— Peanut butter, nuts or seeds, choco-
late, dried fruit
e Fruits
— Stone fruit (e.g., apricots, avocado,
dates, prunes, mango, papaya, cher-
ries), bananas, kiwifruit, coconut,
melon, nectarines, oranges, pears,
pomegranate
e Vegetables
— Tomatoes and tomato products, raw
brassica (e.g., broccoli, Brussels
sprouts, cabbage greens), carrots,
olives, legumes (e.g., pinto beans,
kidney beans, black beans, baked
beans, peas) potatoes, pumpkins,
parsnips
e Seafood
— Shellfish, lobster, whitefish, salmon
e Beef
— Ground beef, sirloin steak (and most
other beef products)
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Box 9.3 Foods Naturally Low in Potassium

(Which Should Be Preferred in Patients with

CKD at Risk of Hyperkalemia?)

* Foods prepared with white flour (e.g.,
pasta, bread)

e White rice

* Fruits: apples, watermelon, berries (e.g.,
blackberries, blueberries, cranberries,
raspberries, strawberries)

* Vegetables: cauliflower, asparagus, zuc-
chini, spinach, corn, onions

e Meat: chicken, turkey, tuna, eggs

e Dairy products: Cheddar, Swiss or cot-
tage cheese

Should Obese Patients
with CKD Lose Weight?

9.6

The majority of adults are now overweight or
obese. This is also the case in most patients with
CKD. The accumulation of fat, and subsequently
deposition of ectopic fat in the development of dia-
betes, hypertension, and atherosclerotic vascular
disease, the major causes of CKD. But even out-
side these obvious settings, more and more of our
patients with glomerular diseases and other kidney
pathology are overweight or obese. This may be
considered part of a global trend for all adults to
progressively gain weight over their lifetime,
amplified by the reduced physical activity associ-
ated with chronic illness. Put together, obesity is
now an everyday companion for the nephrologist.
But should we be doing something about it?
Certainly, obesity in patients with CKD is asso-
ciated with the increased incidence and severity of
CVD, hypertension, dyslipidemia, diabetes, and
reduced survival. Obesity itself may be associated
with focal and segmental glomerulosclerosis, pos-
sibly due to changes in intraglomerular hemody-
namics induced by obesity. In observational studies,
weight gain is independently associated with inci-
dent CKD, even after adjusting for blood pressure
and incident diabetes [12]. In addition, excess body
fat is associated with faster rate of decline in kidney
function and increased incidence of end-stage kid-
ney disease (ESKD) in patients with CKD [13].

In clinical trials, weight loss clearly results in
reduction in blood pressure, especially in patients
already taking antihypertensive drug treatment
like many of those with CKD. Moreover, amongst
overweight patients with chronic kidney disease,
weight loss interventions may be associated with
a decrease in albuminuria. For example, in a
cohort of Dutch patients from the Prevention of
Renal and Vascular Endstage Disease
(PREVEND) study, weight loss was associated
with a reduction in urinary albumin excretion
[14]. Significant weight loss associated with bar-
iatric surgery and its effects of kidney function
[15] further exemplifies the potential of benefits
of weight loss that are seldom realized by diet
alone, but never achieved without it. Moreover,
the broad effects of obesity on cardiovascular
health, sleep, cancer, mood, wound healing, self-
image and a myriad of other areas means that
most obese patients with CKD should be encour-
aged to lose weight, chiefly through dieting.

Fundamentally, weight loss diets aim to pro-
vide less food energy (measured as calories or
kilojoules) than is required for metabolism and
daily energy expenditure (known as a negative
energy balance). The daily energy requirement
can be roughly calculated (Box 9.3). To lose
weight, the energy intake must be less than that
of the daily energy requirement. Most weight
loss diets start at an energy deficit of about
500 kcal/day. For example, if you calculate your
patient’s energy requirement as 8000 kJ a day, to
slowly lose weight, they can target 7500 kJ/day.
This will generally achieve a weight loss rate of
approximately 1 1b (~0.5 kg) per week.

Reducing the amount of energy obtained from
the diet can be achieved in any number of differ-
ent ways. There is no ‘one size fits all’ approach,
which means a comprehensive diet and lifestyle
assessment by a trained dietician is an important
first step. Sometimes only minor changes are
required to reduce the energy content of a diet.
For example, the energy in a can of Coke is
around 500 kJ. So to lose weight, subtrating all
the additional calories contained in soft drink and
other calorie rich foods by omitting them from
your diet, may be enough for may patients with
CKD to acheive a negative calorie balance and
lose weight.
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The most common way to reduce energy
intake is to go on a diet. This means regulating
some or all of food intake according to a formula,
recipe book or strategy. Whether the composition
of a diet affects how well it produces weight loss
remains highly contentious. Rigorous head-to-
head studies of different diets have failed to show
any superiority of one over another. On average
they all achieve about the same amount of weight
loss of 2—4 kg. It may be that what they are eating
is probably not as important as the fact that they
are adhering to some sort of plan for what they
eat. It is likely that the mere process of embracing
any dietary restrictions, thinking about and coor-
dinating the foods they eat, makes them tend to
eat less (energy) and eat better.

Diets that promote weight loss can be broadly
divided into four categories, which chiefly restrict
one element (for the sake of simplicity and
compliance):

Low- fat diets—(e.g., STEP, Pritikin and
Ornish diets) reduce energy from fat, without
reducing meals. Reducing the fat in the diet can
also improve lipid levels (see below). However,
reducing fat often means increasing the content
of carbohydrate and/or protein in the diet which
may have drawbacks in insulin-resistant patients
with CKD.

Low- carbohydrate diets (e.g., Atkins diet)}—
are popular for the management of type 2 diabe-
tes, because of their beneficial effects on glucose
control as well as caloric intake. There are a
range of other diets that share roughly the same
principles with respect to carbohydrate but vary
in regard to other nutrients (e.g., fat or protein).
For example, the Atkins diet does not restrict the
(animal) fat you eat, while the CSIRO Total
Wellbeing Diet and the ‘Zone diet’ reduce both
fat and carbohydrate in your diet, so the relative
proportion of energy from protein goes up. While
this can have the added effect of suppressing hun-
ger and promoting your sense of fullness earlier
in the meal, it may also have adverse effects in
the kidney and is therefore not generally recom-
mended to patients with CKD.

Low- energy/calorie diets (e.g., DASH diet
and Weight Watchers)—specifically target the
problem of too much energy in the diet, by focus-

ing on reducing the intake of processed ‘energy-
dense’ foods exchanging them for low-calorie
substitutes without focusing on diet composition.
This strategy is generally preferred in obese
patients with CKD and can be readily achieved
by calorie counting, meal substitutes or following
recipe plans.

Low- GI diets—(e.g., New Glucose
Revolution, South Beach diet) have also become
popular as a means to both slow the delivery of
carbohydrate for meals and induce weight loss.
High-GI (>70) foods such as white bread,
potatoes or corn flakes break down their sugars
quickly during digestion requiring insulin to
surge in response to the extra demand. Over and
above the extra energy they contain, a diet rich in
high-GI foods is strongly associated with weight
gain. By contrast, low-GI (<55) foods deliver
their sugar load more slowly, so the demands on
the pancreas are not so steep and fat accumula-
tion is reduced. It is thought that low-GI diets
may assist weight control by improving satiety
and hunger between meals as slow sugars con-
tinue to be absorbed well after a meal.

Should All Patients with CKD
Be on a Low-Fat Diet?

9.7

There is strong evidence that the presence and
severity of dyslipidemia is associated with the
risk of progressive kidney function decline in
both diabetic and non-diabetic kidney diseases.
Whether dyslipidemia is simply a marker of kid-
ney dysfunction or a mediator of progressive
damage remains to be firmly established.
Certainly, a kidney phenotype is not seen in
familial hypercholesterolemia or familial mixed
dyslipidemia that would suggest its primary role
in kidney injury. However, treatment with statins
may reduce urinary albumin excretion and has
been shown to modestly slow the rate of decline
of GFR [16]. In each case, these kidney benefits
were not correlated with improvements in lipid
levels leading to the argument that any kidney
actions are pleiotropic effects of statins rather
than the result of lipid lowering. Yet, because of
the high cardiovascular risk and clear benefits of
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lipid lowering on cardiovascular outcomes in
patients with CKD (not on dialysis), most patients
will be recommended to reduce their lipid levels.
This usually takes the form of statin therapy in
combination with reduction in dietary fat intake,
whether or not patients are overweight.

There is some observational data to suggest
dietary fat is associated with progressive kidney dis-
ease. For example, in one study the nutritional pat-
tern of patients with diabetes progressing from
normo-albuminuria from micro-albuminuria was
characterized by greater intake of saturated fat and a
reduced intake of polyunsaturated and monounsatu-
rated fat [17]. These lipid differences are also char-
acteristic of diets associated with hypertension,
weight gain and insulin resistance, all of which may
contribute to progressive kidney disease.

Limited intake of intake of saturated fat (to
<10% of total energy) and total fat (to <30% of
daily energy intake is recommended for all
healthy adults, and is also recommended for all
patients with CKD. The broader utility of this
strategy is exemplified by the Mediterranean diet
and the DASH diet) that are associated with a
lower risk for CKD progression and all-cause
mortality among people with CKD [18].

Should Patients with CKD
Restrict Their Intake of Salt?

9.8

Urinary sodium retention is a major contributor
to hypertension and volume overload in patients
with chronic kidney disease. Consequently, limit-
ing the dietary intake of sodium appears a logical
and appealing intervention for the prevention and
management of hypertension in patients with
CKD. Most guidelines suggest patients with
CKD should target an intake of <60 mmol/day,
equivalent to about one-third of the salt con-
sumed by the general public. However, this target
remains controversial. The dietary intake of
sodium represents only a small fraction of the fil-
tered sodium load (<1%), so its effects on kidney
load are minimal. Any reduction in sodium intake
is also associated with activation of sodium reten-
tion pathways including the RAAS and sympa-
thetic nervous system, which may be

counterproductive in the setting of CKD. The
anticipated reduction in blood pressure from
sodium restriction (1-3 mmHg in a trial setting)
is also much lower and more variable than that
achieved by antihypertensive therapy, and if
blood pressure control is desired, it may be more
effectively achieved by medications. Finally, the
long-term benefits of sodium restriction in
patients with CKD remain unclear. One study in
patients with type 1 diabetes and macroalbumin-
uria suggested that a low sodium intake was
associated with an increased risk of progression
to ESKD [19]. By contrast, short-term studies
have suggested additive benefits on both blood
pressure and albuminuria when sodium restric-
tion is added to patients with CKD already on
RAAS blockers [20]. This may be because the
RAAS is the chief counter-regulatory response to
sodium restriction, and blocking it prevents
escape. Consequently, it is reasonable to consider
that RAAS blockade should be given to any
patients adhering to a low-salt diet and a low-salt
diet be considered for any patient on RAAS
blockade, because of this synergism. As the
majority of patients with CKD struggle to control
their blood pressure and prevent volume over-
load, in practice this means a low-sodium diet is
appropriate for most patients with CKD.

The major sources of dietary sodium are pro-
cessed foods and condiments, rather than salt that
is added onto meals by patients. Switching to
low-salt version of products and using fresh
ingredients where possible are the simplest ways
to reduce sodium intake for most patients with
CKD.

9.9  Should Patients with CKD
Be Undertaking Regular

Physical Activity?

Inactive people have an increased risk of devel-
oping kidney disease compared with very active
people. Most patients with CKD are sedentary,
undertaking little physical activity on a regular
basis [21]. Although physical activity can
improve blood pressure, lipid, glucose, and
weight control and alleviate their mood status, it
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is seldom stressed as an intervention in patients
with CKD. This is mostly because of reduced
exercise tolerance and comorbidity, such as
hypoglycemia, anemia, postural dizziness, foot
disease, and cardiovascular disease. Indeed so
many patients with CKD have established CVD
or risk factors for it that vigorous activity is usu-
ally contraindicated. However, this does not
mean that moderate activity is inappropriate or
unhelpful. Indeed, even in patients with estab-
lished CVD, a program of regular moderate
physical activity is associated with improved
clinical outcomes.

There is a robust association between kidney
function decline in patients with established
CKD and physical activity [18]. Only limited
research has been undertaken on the effects of
exercise in the management of patients with
CKD. Some trials have reported improvement in
albuminuria following initiation of exercise pro-
grams [22], implying kidney benefits, although
this could reflect better hemodynamic control.
However, taken together, physical activity and
exercise interventions have not been associated
with slower kidney function decline in patients
with established CKD [23].

9.10 Should Patients with CKD
Give Up Drinking Alcohol?

Many patients believe that excessive alcohol
intake is a common cause of chronic kidney dis-
ease (because of its obvious polyuric effects).
Indeed, many patients believe that moderating or
giving up their drinking is the most important
way to protect their kidney function. Certainly, a
high intake of alcohol (>5 units per day in men)
is associated with an increased risk of cardiovas-
cular disease, hypertension, cancer, and other
health problems including chronic kidney dis-
ease. Whether this association is confounded by
the adverse lifestyle of heavy drinkers remains to
be fully established. Overall, a J-shaped associa-
tion between alcohol intake and adverse health
outcomes (such that abstainers have an increased
risk of some health problems compared to those
who regularly drink 1-3 units every day) appears

to exist in patients with CKD [18]. This means
that abstinence need not be recommended to
most patients with CKD. Where patients can
maintain control of their drinking, a healthy habit
should not be discouraged. However, binge
drinking may be potentially more dangerous in
patients with CKD [24] and abstinence may be
appropriate in heavy drinkers with CKD.

9.11 All Smokers with CKD Should
Be Encouraged to Stop

Smoking

There is clear evidence that smoking is a risk fac-
tor for progressive kidney disease. Inhaled toxins
and generated reactive oxygen species pass to the
kidney as well as to other parts of the body where
they are both directly injurious and amplify injuri-
ous processes including inflammation and fibrosis
in the kidney. Smoking also results in neurohor-
monal surges that may be particularly injuries to
stiff vascular architecture that characterizes
patients with CKD. There is some data to suggest
that smoking cessation reduces the rate of loss of
kidney function amongst patients with progres-
sive kidney disease [18]. At the same time, some
studies have reported acute increases in urinary
albumin excretion 6 months after quitting [25].
This may be similar to the increase in diabetes and
weight gain also observed with smoking cessa-
tion, which abates and ultimately leads to reduc-
tion in the long term. The long-term effects of
smoking cessation on kidney function remain to
be established but appear to be positive [26]. By
contrast, smoking cessation should be reiterated
for cardio-protection and cancer risk as these
remain the major causes of death in patients with
CKD [1].

9.12 Does Diet and Lifestyle
Really Matter in Patients
with CKD?

More evidence is needed regarding the best
approach to diet and lifestyle in non-dialysis
patients with established CKD. This cannot be
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simply extrapolated from patients without CKD,
as the complex effects of comorbid illness, poly-
pharmacy, and the uremic milieu itself each pres-
ent their own challenges. Overall there is limited
data that initiating comprehensive changes in diet
and lifestyle is able to protect kidney function
(Box 9.4). At the same time, dietary change
exposes patients to significant culinary restric-
tions. Many of these patients can anticipate very
poor clinical outcomes, so quality of life is also
often an important consideration. A ‘healthy’ diet
can be safely recommended in most patients with
CKD as a baseline, consistent with general popu-
lation recommendations, with additional restric-
tions only added on an as required basis, as
appropriate in patients with or high risk of spe-
cific complications, such as hypertension, vol-
umeoverload,hyperkalemia,hyperparathyroidism
(Boxes 9.5 and 9.6).

Box 9.4 Estimating Energy Intake in Adults
Women:

[655.1 + (956 x weight in
kg) + (1.85 x height in cm) — (4.68 x age in
years)] x 4.2 x activity factor

Men:

[664.7 + (13.75 x weight in
kg) + (5 x height in cm) — (6.76 X age in
years)] x 4.2 x activity factor

The activity factor in each equation
(which adjusts for how active you are) is:

e For those who do little or no exercise
each day, multiply by 1.2

e For those who do light exercise on
1-3 days a week, multiply by 1.375

e For those who do moderate exercise on
3-5 days a week, multiply by 1.55

e For those who do hard exercise on
6-7 days a week, multiply by 1.725

* For those who do daily exercise, a phys-
ical job or hard training, multiply by 1.9

Box 9.5 What the KDIGO Guidelines Say You
Should Do [1]

We recommend that individuals with CKD
receive expert dietary advice and informa-
tion in the context of an education program,
tailored to severity of CKD and the need to
intervene on salt, phosphate, potassium,
and protein intake where indicated

Restriction of Dietary Salt Intake in
Patients with CKD

We recommend lowering salt intake to
<90 mmol (<2 g) per day of sodium (cor-
responding to 5 g of sodium chloride) in
adults, unless contraindicated

Restriction of Dietary Protein Intake in
Patients with CKD

We suggest lowering protein intake to
0.8 g/kg/day in adults with diabetes or
without diabetes and GFR <30 mL/
min/1.73 m? with appropriate education.
We suggest avoiding high protein intake
(41.3 g/kg/day) in adults with CKD at risk
of progression

Lifestyle in Patients with CKD

We recommend that people with CKD
be encouraged to undertake physical activ-
ity compatible with cardiovascular health
and tolerance (aiming for at least 30 min 5
times per week), achieve a healthy weight
(BMI 20-25, according to country-specific
demographics) and stop smoking

Box 9.6 Relevant Guidelines
1. KDOQI Guideline 2020

Ikizler TA, Burrowes JD, Byham-Gray
LD, et al.; KDOQI Nutrition in CKD
Guideline Work Group. KDOQI clinical
practice guideline for nutrition in CKD:
2020 update. Am J Kidney Dis. 2020;76(3)
(suppl 1):S1-S107. http://www.kdigo.org/
clinical_practice_guidelines/pdf/CKD/
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2. National Institute for Diabetes,
Digestive and Kidney Diseases

Nutrition for Advanced Chronic Kidney
Disease in Adults. https://www.niddk.nih.
gov/health-information/kidney-disease/
chronic-kidney-disease-ckd/eating-nutrition/
nutrition-advanced-chronic-kidney-disease-
adults

3. National Institute for Health and
Clinical Excellence (NICE) Guideline
[NG203] 2021

Chronic kidney disease: assessment and
management. https://www.nice.org.uk/
guidance/ng203/chapter/
Recommendations

4. SIN-ANDID-ANED: Italian Society
of Nephrology-Association of Dieticians-
Italian Association of Hemodialysis,
Dialysis and Transplantation 2018

Nutritional treatment of advanced CKD:
twenty consensus statements https://link.
springer.com/article/10.1007/
s40620-018-0497-z

5. Renal Association (UK)

Wright, M.; Southcott, E.; MacLaughlin,
H.; Wineberg, S. Clinical practice guide-
line on undernutrition in chronic kidney
disease. BMC Nephrol. 2019, 20, 370.
https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC6796390/

6. Andalusian Group for Nutrition
Reflection and Investigation (GARIN)

Group

Alhambra-Expésito, M.-R.; Molina-
Puerta, M.-J.; Olveira, G.; Arraiza-
Irigoyen, C.; Fernandez-Soto, M.;

Garcia-Almeida, J.-M.; Garcia-Luna, P.-P.;
Goémez-Pérez, A.-M.; Irles-Rocamora,
J.-A.; Molina-Soria, J.-B.; et al
Recomendaciones del grupo GARIN para
el tratamiento dietético de los pacientes
con enfermedad renal crénica. Nutr. Hosp.
2019, 36, 183-217. https://www.nutri-
cionhospitalaria.org/articles/01823/show

7. German Society for Nutritional
Medicine

Druml, W.; Contzen, B.; Joannidis, M.;
Kierdorf, H.; Kuhlmann, M.K.; das DGEM
Steering Committee. Sl-Leitlinie der

Deutschen Gesellschaft fiir
Erndhrungsmedizin (DGEM) in
Zusammenarbeit mit der AKE, der
GESKES und der DGfN. Aktuelle

Ernahrungsmed. 2015, 40, 21-37. https://
www.thieme-connect.de/products/ejour-
nals/abstract/10.1055/s-0034-1387537

Before You Finish: Practice Pearls for the
Clinician

All patients with CKD should be encouraged
to adopt a healthy diet, consistent with nutri-
tional guidelines for all adults.

There is limited evidence that additional
dietary restrictions or lifestyle modifica-
tions significantly improves kidney out-
comes in patients with chronic kidney
disease.

A more liberal approach to diet and lifestyle
should be considered in patients with advanced
CKD in keeping with their poor prognosis and
comorbidity and the overall goal of
palliation.

Targeted interventions can be highly appropri-
ate for some patients, such as those with bone-

mineral  disorder,  poorly  controlled
hypertension or hyperkalemia.
In severely obese patients, significant

weight loss may improve cardiovascular
health, mood, healing, sleep and a myriad
of other outcomes and should be
encouraged.

Nephrologists should engage in their patients’
diet plans to ensure that their safety is not
compromised and its potential for success is
reinforced.
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Chronic Kidney Disease:
Renin-Angiotensin-Aldosterone
System Blockade Beyond

Blood Pressure

Merlin C. Thomas

Before You Start: Facts You Need to Know

e Activation of the renin—angiotensin—aldoste-
rone system (RAAS) contributes to the pro-
gressive decline in kidney function of patients
with chronic kidney disease.

* RAAS inhibitors are a first-line therapy for
most patients with CKD, for the control of
blood pressure, reduction in cardiovascular
and heart failure risks.

* Blockade of the RAAS is also the most widely
used strategy to prevent progression of chronic
kidney disease, both in the presence and
absence of diabetes.

* Blockade of the RAAS has pleiotropic effects
in the kidney beyond blood pressure lowering,
consistent with the role of the RAAS in kid-
ney pathophysiology.

e Clinical trials have demonstrated slowing in
kidney function decline in patients with
chronic kidney disease following treatment
with RAAS inhibitors, beyond that seen with
other antihypertensive classes despite compa-
rable efficacy with respect to blood pressure
lowering.
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10.1 The Renin-Angiotensin-
Aldosterone System (RAAS)
The renin—angiotensin—aldosterone system

(RAAS) is a fundamental regulator of kidney
homeostasis, mediated through its myriad
effects on kidney structure/function, sodium
and water handling, glomerular filtration pres-
sure, blood flow, cellular growth, and differen-
tiation. The RAAS has important systemic
(endocrine) actions, local (paracrine) actions,
and cellular (autocrine) functions. Indeed, there
is also evidence of an intracrine function with an
active RAAS within kidney cells. Increased
activation of the RAAS is a common element in
all forms of kidney disease. It serves to adap-
tively maintain kidney function in the acute set-
ting, but in the chronic setting RAAS activation
drives maladaptive change, progressive nephron
loss, and fibrogenesis, as well as the develop-
ment of common complications associated with
CKD including volume overload, hypertension,
endothelial dysfunction, electrolyte distur-
bances, adverse cardiac remodeling, and accel-
erated atherosclerosis.

The RAAS is a complex multi-enzymatic
hormonal cascade (Fig. 10.1). RAAS activity
is regulated on many levels, with both positive
and negative feedback pathways that ensure
optimal responsiveness to both physiological
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Fig. 10.1 The renin—angiotensin system

and pathogenic stimuli. At its most simplistic,
angiotensinogen, the major peptide substrate,
is processed in a two-step proteolytic reaction
involving renin and angiotensin-converting
enzyme (ACE), resulting in the generation of
angiotensin (Ang) II, the major effector mole-
cule of the RAAS. Other enzymes can also
generate Ang II via different enzymatic pro-
cessing of angiotensinogen (so-called non-
ACE pathways) which are more or less
important in different tissues and in different
states. Ang II has potent vasoconstrictor actions
on the renal efferent arterioles that increase
kidney vascular resistance and elevate intra-
glomerular hydraulic pressures. In addition,
Ang IT has many non-hemodynamic actions on
the kidney function and structure (Box 10.1).
Ang II also triggers the release of aldosterone
from the adrenal cortex and mediates vasocon-
striction via activation of type 1 angiotensin
(AT)) receptors.

Ang 1II is degraded predominantly by
angiotensin-converting enzyme 2 (ACE2) and
prolyl-endopeptidase to generate smaller pep-
tides including Ang 1-7 which have vascular and
kidney actions antagonistic to those of Ang

II. The coordinated actions of these opposing
pathways provide exquisite control of Ang II lev-
els and its downstream metabolites, allowing for
the dynamic responsiveness required to ensure a
rapid return to homeostasis.

Box 10.1 Some of the Non-Haemodynamic

Actions of Angiotensin Il in the Kidney

* Increased sodium/water reabsorption.

e Tubular hypertrophy and atrophy.

» Epithelial to mesenchymal transition.

e Myofibroblast accumulation.

* Mesangial contraction.

e Foot process effacement
entiation).

» Fibrogenesis.

* Renal tubular acidosis.

* Potassium secretion.

° NADPH-dependent generation of reac-
tive oxygen species.

e Mitochondrial dysfunction.

e Proinflammatory signaling and inflam-
matory cell recruitment.

¢ Inhibition of renin release (short feed-
back loop).

(dediffer-

The systemic RAAS is regulated by angioten-
sinogen secreted by the liver, renin released from
the kidneys, and ACE activity in the lungs.
However, except for renin that is kidney specific,
each tissue and many cells contain other func-
tional elements of the RAAS to a greater or
lesser extent. In particular, the levels of Ang II
and other angiotensin peptides are higher in the
kidney than in any other tissue in the body,
reflecting the key role of the intrarenal RAAS in
dynamically maintaining healthy kidney func-
tion. For example, the concentration of Ang II in
the kidney interstitial fluid has been reported to
be over a 1000-fold higher than in the systemic
circulation [1]. In patients with chronic kidney
disease (CKD), the activity of the intrarenal
RAAS is often inappropriately elevated for the
elevated volume status of most patients, which
under normal circumstances should see suppres-
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sion of the RAAS and augment natriuresis. It is
thought that this compensation is an adaptation
in attempt to maintain kidney function in times
of acute stress. However, in the long term,
chronic activation of the RAAS is ultimately
maladaptive. Some patients (especially those
with diabetes) may manifest no apparent increase
or even suppression of the systemic RAAS, pos-
sibly because of excessive local activation of the
RAAS in the kidney. Indeed, the action of RAAS
blockers even in low renin hypertension suggest
that kidney (tissue) RAAS may be as or more
important than the systemic RAAS. Indeed, an
infusion of angiotensin II, even in sub-pressor
doses, still results in tubular hypertrophy, apop-
tosis, and progressive glomerulosclerosis.

10.2 How Do You Block the RAAS?

The discovery agents to inhibit signaling through
the RAAS blockade was one of the most impor-
tant medical breakthroughs of the twentieth cen-
tury, particularly for the management of
CKD. Although B-blockers have actions to inhibit
kidney renin release, the development of agents
that inhibit ACE to reduce the synthesis of Ang II
(known as ACE inhibitors) and agents that antag-
onize the actions of Ang II at type 1 angiotensin
(AT)) receptors (known as angiotensin II receptor
blockers or ARBs; Fig. 10.2) enabled significant
inhibition of the pathogenic effects of the RAAS
for the first time.

Although very different in their target activi-
ties, both ACE and ARBs block the actions of
Ang II and also increase production of Ang 1-7,
by reducing its degradation or increasing circu-
lating levels of Ang II, respectively. In addition,
both strategies also produce a reactive rise in the
production of renin and aldosterone to partly
overcome their actions. As a result, both ACE
inhibitors and ARBs produce broadly similar
effects on blood pressure [2], although individual
responses may vary. Similarly, the antiprotein-
uric and cardiac responses appear to be broadly
equivalent [3, 4]. For example, in the head-to-
head Diabetics Exposed to Telmisartan and
Enalapril (DETAIL) study, the ACE inhibitor,

Fig. 10.2 Localization of AT, -receptor expression in the
kidney with dense staining in the juxtaglomerular appara-
tus, glomerular capillaries and along the efferent glomeru-
lar arteriole

enalapril and the ARB, telmisartan had similar
renoprotective actions in patients with type 2 dia-
betes and early kidney disease [5]. Although
some meta-analyses have suggested that while
ACE inhibitors have kidney advantages over
ARBs in trials, more recent studies suggest very
similar effects on kidney failure, heart failure car-
diovascular outcomes, and CV death in patients
with CKD [6].

Oral antagonists of the mineralocorticoid
receptor (MRA) that competitively antagonize its
activation by the adrenal steroidal hormone,
aldosterone, have been available since spirono-
lactone was originally developed in the 1950s
using structural elements of the sex hormone,
progesterone. MRA are able to induce renal
natriuresis and therein lower systemic blood
pressure levels. However, the antihypertensive
effects of steroidal MRAs are generally modest
compared to ACE inhibitors or ARBs and are
more in line with other diuretic agents. Dosing
with spironolactone is also often limited by side
effects (e.g., hyperkalaemia, acute kidney injury),
partial agonism at the MR, and lack of selectivity
leading to off-target activity at other steroid hor-
mone receptors. More recently, nonsteroidal
MRAs with far greater affinity, selectivity, and
potency have been developed, including finere-
none and esaxerenone. Not only does there
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appear to be a lower risk of limiting hyperkalae-
mia with these nonsteroidal agents, but recent
clinical trials have demonstrated important
effects on kidney and cardiac outcomes in
patients with CKD (see below).

10.3 Whatls the Evidence That
RAAS Blockade Protects
the Kidneys in CKD?

Many studies have been undertaken to explore
the effects of RAAS blockade in patients with
progressive CKD. The first was undertaken by
the Collaborative study group in early 1990s in
participants with type 1 diabetes with severely
elevated urinary albumin excretion (>500 mg per
day). Over a median follow-up of 3 years, and
despite aiming for the same BP targets, partici-
pants randomized to receive captopril were sig-
nificantly less likely to experience doubling of
their serum creatinine (25/207) when compared
to placebo (43/202; P = 0.007) and the overall
rate of decline in kidney function was 35% slower
in participants receiving captopril (P = 0.03) [7].
Similar findings were reported in patients with
type 2 diabetes and proteinuria (>1 g/day) in the
RENAAL and IDNT trials [8, 9]. Similar studies
in nondiabetic CKD in patients with proteinuria
have also reported similar benefits [10]. For
example, the HKVIN study in patients with IgA
nephropathy reported a 33% reduction in protein-
uria, as well as a modest slowing in kidney func-
tion decline [11]. Current kidney guidelines
strongly recommend the use of RAAS blocker in
all forms of proteinuric kidney disease, to slow
progression to end-stage kidney disease (ESKD)
(Boxes 10.2, 10.3, and 10.4) and as well as antag-
onize the effects of RAAS on hypertension, heart
failure, and CVD outcomes. Importantly, these
renoprotective benefits in the response to RAAS
blockade in proteinuric patients appears to be
independent on systemic blood pressure levels
such that observed renoprotective efficacy is sim-
ilar in hypertensive and normotensive patients.
By contrast, the potential utility of RAAS
blockade in non-proteinuric kidney disease,
beyond blood pressure lowering, remains contro-
versial. In patients with diabetes, there is evi-

dence that RAAS blockade reduce the risk of
progression from microalbuminuria to macroal-
buminuria by at least one third and increased
likelihood of regression from microalbuminuria
to normoalbuminuria by two- to threefold when
compared to standard (non-RAAS) antihyperten-
sive therapy [12]. However, in the Benazapril
trial and REIN trials, although benefits were seen
in nondiabetic patients with proteinuria, little or
no benefit was observed in individuals with (non-
nephrotic range) protein excretion 500-1000 mg/
day. Although there remain useful antihyperten-
sive, cardiovascular, and heart failure benefits in
this setting that mean that most patients with non-
proteinuric CKD will still be using RAAS inhibi-
tors, it may not be sufficient to protect their
kidneys.

Nonsteroidal MRAs have also recently remon-
strated useful renoprotective effect in patients
with diabetes and elevated albuminuria, over and
above standard of care with an ARB or ACE
inhibitor. For example, in the FIDELIO-DKD
trial the use of finerenone was associated with an
18% lower incidence of primary composite out-
come (kidney failure, sustained decrease of 40%
decline in eGFR, or death from kidney causes).
In the FIGARO-DKD trial, despite cardiovascu-
lar/heart failure benefits being observed, the
effect on the same kidney outcome was not sig-
nificantly different between finerenone and pla-
cebo (HR 0.87, 95% CI 0.76 to 1.01). Taken
together the effect appears to be consistent,
though potentially more modest than observed
with SGLT?2 inhibitors in the same setting. In
addition, serious hyperkalaemia remains a con-
cern with these nonsteroidal MRA, outside of the
carefully considered inclusion criteria and moni-
toring in a trial setting.

10.4 Does RAAS Blockade Only
Protect the Kidneys by
Improving Blood Pressure
Control?

Most people (>90%) with CKD have hyperten-
sion requiring antihypertensive therapy. Blood
pressure control is important to slow progression
of kidney damage in CKD (see Chap. 5).
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It is well established that the activation of the
RAAS promotes the development and mainte-
nance of hypertension in CKD. This is partly
mediated by the direct vasoconstrictor actions of
Ang II on smooth muscle to increase peripheral
vascular resistance. However, salt and water
retention, tubular hypertrophy, augmented activa-
tion of the sympathetic nervous system, and sen-
sitivity to the effects of noradrenaline in the
kidney also play a role [13]. In addition, T-cell
activation also appears to be an important driver
of angiotensin-dependent hypertension, as the
induction of hypertension in mice is prevented by
removing the AT, receptor from T cells.

The key role played by the RAAS in the devel-
opment of hypertension in CKD has meant that
blockade of the RAAS has become the most
widely used antihypertensive strategy in patients
with progressive kidney disease (see Chap. 5).
But while the RAAS plays a key role in the
pathogenesis of hypertension, it is also recog-
nized that inappropriate or persistent activation
can lead to kidney damage over and above its
effects on blood pressure. Moreover, it is often
suggested that RAAS blockade offers unique
renoprotective benefits in patients with CKD,
beyond blood pressure lowering.

There is no doubt that drugs that block the
RAAS are effective antihypertensive agents.
However, in addition, RAAS blockers may also
have actions on different aspects of blood pres-
sure control compared to other agents, even for
the same achieved reduction in mean or systolic
blood pressure levels. For example, some
researchers have argued that the antiproteinuric
benefits of RAAS blockade observed in the
micro-HOPE study may simply have reflected
the better 24-h and/or night-time control of blood
pressure achieved with ramipril rather than any
pleiotropic effects arising from RAAS blockade
[14]. Another key difference between blood pres-
sure lowering strategies may be their effects on
blood pressure variability, beyond simply lower-
ing of mean blood pressure levels. For example,
it is known that visit-to-visit variability in blood
pressure is independently associated with the risk
of progressive kidney disease, over and above
mean blood pressure control. Indeed, in the
DCCT study, visit-to-visit variability in blood

pressure explained as much of the variability in
incident nephropathy as differences in mean
blood pressure [15]. Notably, some antihyperten-
sive combinations, including some that contain
RAAS blockers, result in the lower blood pres-
sure variability than other combinations. These
findings may partly explain why additional reno-
protective advantages of RAAS blockade have
been largely reported in the studies of hyperten-
sive patients, where RAAS blockade is one of
usually three or four different antihypertensive
agents. Indeed, it may be that the better, more
sustained and less variable effects of RAAS
blockade on blood pressure may partly or largely
explain the so-called independent benefits with
respect to kidney disease.

Another consideration are the effects of RAAS
blockade in normotensive individuals with
CKD. Although it is rare for patients with CKD
to have perfectly “normal” blood pressure levels,
studies in normotensive salt replete individuals
show only limited utility. For example, the ACE
inhibitor ramipril (10 mg/day) did not reduce the
incidence of new onset microalbuminuria in nor-
motensive patients with type 2 diabetes from the
micro-HOPE study [16]. Similarly, in type 2 dia-
betic patients enrolled in the DIRECT study, the
ARB, candesartan (16 mg/day), failed to reduce
the development of microalbuminuria, despite
lower blood pressure levels in the candesartan-
treated group [17].

Although there is a strong physiological ratio-
nale for early blockade of the RAAS in patients
at risk of kidney disease, the utility of RAAS
blockade for primary prevention beyond blood
pressure lowering continues to be debated.
Certainly, lowering blood pressure is effective in
preventing diabetic kidney disease (see Chap. 6)
and many trials have demonstrated kidney bene-
fits using RAAS blockers in hypertensive patients
while at the same time lowering blood pressure
levels.

A number of trials have attempted to specifi-
cally explore the unique renoprotective utility of
RAAS blockade beyond blood pressure lowering
in patients with diabetes. However, with few
exceptions these studies have largely failed to
demonstrate a clear and independent efficacy for
the primary prevention of microalbuminuria. Put
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together with observational findings in a meta-
analysis, Casas et al. controversially concluded
that ACE or ARBs provided no renoprotective
effect beyond BP control [18]. This study has
been widely criticized because of “methodologi-
cal flaws” and, in particular, the inclusion of
posthoc kidney data from the ALLHAT study,
which because of its size, dominated the outcome
analysis. This study included a large proportion
of black patients in whom RAAS blockade is
often considered to be less effective, and patients
in the RAAS treatment arm were limited in their
access to diuretics.

Although some subsequent clinical studies
have observed some renoprotective effects from
RAAS blockade, many of these studies deliber-
ately included hypertensive patients and/or
achieved greater blood pressure lowering with
the RAAS blocker. Consequently, whether RAAS
blockade truly offers additional benefits for pri-
mary prevention over and above blood pressure
control remains contentious. At best, any “inde-
pendent effects” on primary prevention achieved
by RAAS blockers beyond blood pressure lower-
ing are modest, and certainly not the panacea
envisaged by many practitioners.

10.5 Does RAAS Blockade Only
Protect the Kidneys by
Reducing Proteinuria?

In controlled trials in patients with CKD, ACE
inhibitors and ARBs reduce urinary protein
excretion by approximately 35-40%, which is
greater than other antihypertensive agents, even
when the effect of blood pressure reduction on
urinary protein excretion has been taken into
account. This effect is partly mediated through
effects on kidney hemodynamics. Indeed, the
reduction in albuminuria with RAAS blockade
correlates with the change in intra-glomerular
pressure in animal models. Other actions may
include antagonizing the direct effects of Ang II
on glomerular perm-selectivity, podocyte struc-
ture and function tubular protein handling and the

contraction of mesangial cells to decrease the
glomerular capillary ultrafiltration coefficient.
Proteinuria is not only a marker of kidney injury
but may also a mediator of progressive kidney
damage as reabsorption of filtered proteins can
injure the tubulo-interstitium of the kidney by
activating intracellular events leading to the
release of vasoactive, pro-fibrotic, and proinflam-
matory mediators. Posthoc analyses from the
RENAAL and IDNT trials showed that the ARB-
induced reduction in albuminuria explained most
of the long-term kidney and cardio-protective
effects of ARBs in patients with type 2 diabetes
and advanced nephropathy [19].

10.6 Does RAAS Blockade Have
Independent Hemodynamic
Effects on the Kidney to Slow
Progressive Functional
Decline?

Among the earliest changes in the injured kidney
is an increase in efferent arteriolar tone leading to
an increase in intra-capillary pressure and a loss
of auto-regulation. Activation of the RAAS
increases the filtration fraction as Ang II con-
stricts the post-glomerular (efferent) arterioles to
a greater extent than at the afferent arteriole
resulting in an increase intra-glomerular pressure
(Fig. 10.3). By contrast, blockade of the RAAS
with ACE inhibitors or AT,-receptor blockers
alleviates hydrostatic “stress” on the glomerulus
by causing preferential vasodilatation of the same
(post-glomerular) efferent arterioles. This effect
on glomerular hemodynamics is most often used
to explain why RAAS blockade appears to be
more efficacious in preventing proteinuria and
kidney injury when compared to similar blood
pressure reduction using other agents. Moreover,
the finding that the slight drop in GFR observed
in some patients following the commencement of
RAAS blockade (see below) is also associated
with a slower decline in kidney function suggests
that a reduction in intra-glomerular pressure
plays a key role in both phenomena.
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Fig. 10.3 The actions
of angiotensin II and
RAAS blockade on
intra-glomerular
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10.7 Does RAAS Blockade Have
Direct Effects on Pathogenic
Pathways to Slow
Progressive Functional
Decline?

Ang II is also an important stimulus for inflam-
mation, oxidative stress, and fibrogenesis in the
kidney (Box 10.1). Each of these represents
important pathogenic pathways involved in the
development and progression of CKD. For exam-
ple, the formation of reactive oxygen species
(ROS) as a result of oxidative stress is recognized
as a key component in the progression of chronic
kidney disease. ROS are directly cytotoxic and
upregulate inflammation and fibrosis. The expres-
sion and activity of NADPH oxidase represents
the major source of ROS in the kidney and
NADPH oxidase is directly stimulated by Ang II
via activation of the AT, receptor. This pro-
oxidant action may independently contribute to
the kidney consequences of activation of the AT
receptor and therein the benefits arising from its
blockade in the setting of kidney disease. Ang 11
is also able to modulate immune responses rele-
vant to scarring, inflammation, and hypertension

in progressive kidney disease. Indeed, immuno-
suppression during Ang II-induced hypertension
can reduce albuminuria, inflammatory cell infil-
tration, and structural damage in the kidney, sug-
gesting that changes in immune functioning play
a vital role in determining the actions of RAAS
activation.

10.8 Does RAAS Blockade Protect
the Kidneys by Improving
Adherence?

The other key advantage of conventional RAAS
blockade is its tolerability and compliance over
other antihypertensive classes [20]. In particular,
ARBs are generally the best tolerated of all anti-
hypertensive agents. Discontinuation rates are
modestly higher for ACE inhibitors and a dry
cough from may be troublesome for some indi-
viduals. However, adherence with ACE inhibitors
is more favorable than calcium channel blockers,
beta-blockers, and diuretics. RAAS blockers are
generally long acting, taken once a day and can
be easily combined with other agents in fixed
dose formulations with other antihypertensive
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agents, with which there is considerable synergy.
Taken together, these effects mean that patients
prescribed RAAS blockers are generally more
likely to be taking them [20]. This does not
explain benefits in clinical trials where adherence
is strictly enforced. But in the real world it ulti-
mately translates into better blood pressure con-
trol on an intention to treat basis and potentially
better kidney outcomes as well.

We suggest a nonsteroidal mineralocor-
ticoid receptor antagonist with proven kid-
ney or cardiovascular benefit for patients
with T2D, an eGFR >25 mL/min/1.73 m?,
normal serum potassium concentration,
and albuminuria despite maximum toler-
ated dose of RAS inhibitor.

Nonsteroidal MRAs are most appropri-

Box 10.2 KDIGO 2021 Clinical Practice
Guideline for the Management of Blood
Pressure in Chronic Kidney Disease [21]

We recommend starting renin—angiotensin
system inhibitors (RASi) (angiotensin-
converting enzyme inhibitor [ACEi] or
angiotensin II receptor blocker [ARB]) for
people with high BP, CKD, and moderate
to severely increased albuminuria (G1-G4,
A3) with or without diabetes.

It may be reasonable to treat people with
high BP, CKD, and no albuminuria, with or
without diabetes, with RASi (ACEi or
ARB).

RASIi (ACEi or ARB) should be admin-
istered using the highest approved dose that
is tolerated to achieve the benefits described
because the proven benefits were achieved
in trials using these doses.

Box 10.3 KDIGO Guidelines for the
Management of Diabetic Kidney Disease
2022 [22]
We recommend that treatment with an
angiotensin-converting enzyme inhibitor
(ACEi) or an angiotensin II receptor
blocker (ARB) be initiated in patients with
diabetes, hypertension, and albuminuria,
and that these medications be titrated to
the highest approved dose that is
tolerated.

For patients with diabetes, albuminuria,
and normal blood pressure, treatment with
an ACEi or ARB may be considered.

ate for patients with T2D who are at high
risks of CKD progression and cardiovascu-
lar events, as demonstrated by persistent
albuminuria despite other standard of care
therapies.

Box 10.4 KDIGO 2012 Clinical Practice
Guideline for CKD Evaluation and
Management [23]

We suggest that an ARB or ACEI be used
in diabetic adults with CKD and urine albu-
min excretion 30-300 mg/24 h (or
equivalent).

We recommend that an ARB or ACEI be
used in both diabetic and nondiabetic adults
with CKD and urine albumin excretion
>300 mg/24 h (or equivalent).

10.9 Is the Effect of RAAS
Blockade on the Kidneys
Sustained?

Although RAAS inhibition can be effective in
patients with CKD, most of the apparent benefit
in outcomes between patients on RAAS block-
ers and those receiving standard therapy occurs
early, within the first 18 months. After this time,
the (time-to-event) lines appear to run in paral-
lel. Moreover, if or when RAAS blocking agents
are discontinued, albuminuria often rebounds to
former levels. These observations call into ques-
tion the potential durability of the treatment
effect on the RAAS and/or the underlying dis-
ease processes. This may be because the RAAS
relies on feedback regulation to achieve and sus-
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tain the delicate balance required for vascular
function and this feedback regulation is intrinsi-
cally antagonistic to the therapeutic goal of
blocking the RAAS (Fig. 10.3). The blockade
achieved by ACE inhibitors and ARBs may only
be partial and short lived, even when used in
combination [24]. In fact, in a third to a half of
all patients treated with ACE inhibitors, there is
a paradoxical overshoot in aldosterone concen-
trations after years of treatment (known as aldo-
sterone escape). This escape phenomenon also
occurs with ARBs possibly due to the activation
of the AT, receptor [24]. Indeed, equal rates of
elevated aldosterone levels are observed among
subjects on ACE inhibitors, ARBs, or a combi-
nation of both [24], which may explain the lack
of additive effect observed in some clinical
studies.

10.10 What Is the Best Dose to Use
to Protect the Kidneys
in CKD?

When initiating RAAS inhibitors, therapy should
always be initiated at a low dose to reduce the risk
of side effects (see below). However, the best
effects of ACE inhibitors and ARBs on albumin-
uria (as a surrogate for kidney protection) appear
to be achieved with maximum approved dose,
even without additional blood pressure lowering
efficacy. Most CKD guidelines recommend that
RAAS inhibitors should be titrated up to the to the
highest approved dose that is tolerated by the
patient.

There also is evidence that “mega-doses” of
ACE inhibitors or ARBs can exceed the effec-
tiveness of conventional doses in experimental
models of chronic kidney disease. Some clini-
cal observations have suggested that supra-
maximal doses can be exceeded if proteinuria
remains substantial. However, this paradigm
remains to be formally tested clinical trials.
Moreover, there are also regulatory limits that
appropriate restrict dosing of RAAS inhibitors
that can be used in the clinical setting, which
need to be followed for safe practice.

10.11 What Are the Potential
Drawbacks of RAAS
Blockade?

Although RAAS blockers have many potential
benefits, treatment with ACE inhibitors and
ARBs may also result in adverse effects, which
are more common in patients with CKD (Box
10.5). Apart from cough caused by ACE inhibi-
tors, the most common side effects leading to
dose modification or discontinuation of therapy
are early decrease in eGFR, hypotension, and
hyperkalemia.

Having prioritized the protection of kidney
function in patients with CKD, many clinicians
are justifiably cautious about risking any further
reduction in eGFR particularly associated with
titration. This means that many patients are
treated with submaximal doses, potentially to the
detriment of optimal kidney protection. Indeed, a
fall in eGFR is a common dose-related functional
effect. An acute fall in estimated eGFR of more
than 15% occurs in approximately 10% of
patients following initiation of RAAS blockade.
However, it is a functional effect related to reduce
efferent arterial tone following blockade of the
RAAS, and is reversible upon discontinuation of
therapy, unlike the eGFR decline associated with
progressive kidney disease. Indeed, the fall in
eGFR upon initiation of RAAS inhibitors may
correlated to the antiproteinuric effects of these
agents and an acute fall in eGFR that stabilizes
within the first 2 months actually predicts a
slower decrease in long-term kidney function.

The absolute change in eGFR upon initiation
of RAAS inhibitors is correlated with volume
status, dose at initiation, and (intra-glomerular)
pressure dependence of kidney function in any
one individual. This risk of declining kidney
function should be reduced by optimizing the
volume status prior to initiation (e.g., reducing
diuretics, controlling hyperglycemia or heart fail-
ure), starting with a low dose and undertaking
slow dose titration.

In all patients starting RAAS blockers, kidney
function should be checked within 2—4 weeks of
initiation and subsequently following any
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increase in dose. If eGFR decreases by more than
30% over baseline, the dose of ACE inhibitor or
ARB should be reduced, and the eGFR reas-
sessed frequently until kidney function has stabi-
lized. In many cases, the ACE inhibitor or ARB
can be managed without discontinuation.

It is well known that RAAS blockade may
precipitate acute kidney failure in patients with
bilateral critical kidney renovascular disease, as
eGFR is maintained in this state by heightened
activity of the intrarenal RAAS. However, such
events are uncommon and reversible (if detected
early). Most patients with established renovascu-
lar disease do not experience acute kidney failure
when treated with a RAAS blocker. Even among
patients with known kidney renovascular disease,
the use of RAAS blockade is actually associated
with an improved kidney and cardiovascular
outcomes.

Box 10.5 Side Effects Arising from Blockade
of the RAAS
Related to RAAS Blocking Activities

* Hypotension.
* Acute decline in GFR/kidney failure.
* Hypokalemia.
 Fetal toxicity.

Unrelated to RAAS Blocking Activity

e Cough (10-20% of those taking ACE
inhibitors, minimal with ARBs).

* Rash/urticaria/itch  (especially  with
captopril).

* Angioedema.

* Neutropenia/agranulocytosis.

e Dysgeusia (abnormal taste sensation;
especially with captopril).

Hyperkalemia may also be induced follow-
ing initiation or up-titration of RAAS inhibitors
in patients with CKD, due to inhibition of aldo-
sterone production and kaliuresis. It may be
modestly more common with ACE inhibitors
than with ARBs. Increases in serum potassium

with RAAS inhibitors are more common in
CKD patients with a low eGFR or with diabetes,
interstitial nephritis, heart failure and acidosis
as well as those taking NSAIDs, beta-blockers,
potassium-sparing diuretics or potassium sup-
plements. Hyperkalemia is also more common
following the use of combination RAAS block-
ade, such as an ACE inhibitor/ARBs with an
MRA.

In all patients starting RAAS blockers, potas-
sium levels should first be documented. Caution
should be taken when initiating RAS blockers
individuals with K > 5 mEq and efforts to reduce
K are usually appropriate before starting.
Potassium levels should be checked within
2-4 weeks of initiation and subsequently follow-
ing any increase in dose. If serum potassium lev-
elsrise to 5.5 (nominally hyperkalemia) is usually
be managed by initiating a “low-potassium diet”
(see Chap. 9), potassium binders (e.g., sodium
zirconium cyclosilicate, patiromer), loop diuret-
ics, and/or alkali replacement (if metabolic aci-
dosis, serum  bicarbonate  concentration
<21 mEq/L) as appropriate. However, decreasing
the dose or stopping RAAS inhibitor may be nec-
essary in some unresponsive cases.

ACE inhibitors or ARB can also sometimes
cause symptomatic hypotension upon initiation
of up-titration. Monitoring of blood pressure as
well as electrolytes and kidney function is there-
fore warranted. As the utility of RAAS blockade
is questionable in non-proteinuria non-
hypertensive individuals, the risk of hypotension
sometimes outweigh the benefit in starting RAAS
inhibition in these individuals.

10.12 Is There Any Advantage
for Combined RAAS
Blockade?

10.12.1 Combined ACE Inhibition
and Angiotensin Receptor
Blockade

One potential strategy to achieve better inhibition
of RAAS has been to combine ACE inhibition
with angiotensin receptor blockade in the so-
called dual therapy. A number of studies have



10 Preventing Progression of Chronic Kidney Disease: Renin—-Angiotensin—-Aldosterone System...

145

reported additive antiproteinuric effects of com-
bination therapy, although this may partly reflect
the suboptimal doses used of either or both com-
ponents when used on their own. For example,
the ONTARGET trial, which used high doses of
one or both ramipril and/or telmisartan, did dem-
onstrate that albuminuria fell more from baseline
with dual therapy when compared with mono-
therapy with either agent alone. Whether this was
due to blood pressure lowering or better RAAS
blockade is uncertain. However, combination
therapy was associated with an increased risk of
hyperkalemia and kidney failure, and is generally
not recommended in patients with CKD.

10.12.2 Mineralocorticoid Receptor
Blockade

The addition of a MRA to an ACE inhibitor or
ARB has also been studied as a potential means
to achieve better RAAS blockade. Many studies
have suggested additive antiproteinuric effects.
Recent studies with the nonsteroidal MRA,
finerenone have also demonstrated benefits for
slowing kidney function decline in diabetic
patients with CKD when used on top of conven-
tional RAAS blockade. It is unclear whether the
benefits of combination therapy are specifically
enhanced in patients with aldosterone escape, or
simply because of better blood pressure control
with enhanced natriuresis. However, hyperkale-
mia is a significant risk with this strategy in
patients with CKD.

10.13 Shouldn’t Everyone
with CKD Receive a RAAS
Inhibitor If Tolerated?

Although it is widely publicized that RAAS
blockade has unique renoprotective benefits for
patients with CKD, in modern clinical practice
such arguments are largely moot. Given the bet-
ter tolerability, efficacy and side-effect profile of
RAAS blockers over other antihypertensive
agents [20], as well as added beneficial effects on
retinal and cardiovascular disease [25], heart fail-
ure, and other end-organ damage [26], most

patients with or at risk of CKD currently receive
RAAS blockers as first-line antihypertensive
agents. Indeed, most patients will initially or ulti-
mately need combination antihypertensive ther-
apy to control their blood pressure, in which case
RAAS blockade will almost always be utilized in
routine clinical practice. In recent guidelines
(Box 10.2) RAAS inhibitors are recommended as
part of multifactorial first-line therapy in all
patients with CKD, with subsequent goal directed
therapy added onto the baseline formed by RAAS
blockade.

Patients with CKD without hypertension or
proteinuria generally have a low risk of adverse
kidney outcomes. Even if there was renoprotec-
tive effect in these patients the number need to
treat would be large to afford sufficient benefit
while at the same time exposing patients to
unnecessary treatment.

Finally, it is important to note that despite its
benefits, RAAS blockade even in optimal combi-
nation with other interventions is not enough to
prevent progressive kidney disease. At its best it
achieves a modest and temporary slowing of kid-
ney decline in some patients. Therefore, while it
is important to use RAAS blockade in our
patients, it is also important to acknowledge that
more must be done to preserve kidney function
and health in our patients with CKD (Box 10.4).

10.14 Should | Keep Using a RAAS
Inhibitor in Advanced CKD If
Tolerated?

The utility of continuing RAAS inhibition into
advanced CKD is controversial. Some clinicians
prefer to discontinue RAAS inhibition to raise
the eGFR and reduce the risk of hyperkalemia
and hypotension. Others prefer to continue these
agents to draw out the time until kidney replace-
ment therapy is required. Although observational
data supports the continued use of RAAS inhibi-
tors in this setting [27], such studies are often
confounded by indication, as healthier and more
stable patients are more likely to continue RAAS
blockade. Even with adjustment using propensity
scores, the potential for bias remains. Certainly,
reducing dosing or discontinuing RAAS inhibi-
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tion in patients with advanced CKD in the setting
of either hypotension or hyperkalemia is appro-
priate, and close monitoring ensured in those
individuals continuing therapy. Temporary dis-
continuation of RAAS blockade on “sick days”
associated with dehydration, poor oral intake,
significant illness or before major procedures is
also appropriate.

Box 10.6 Relevant Guidelines

1. KDIGO 2021 Clinical Practice Guideline
for the Management of Blood Pressure in
Chronic Kidney Disease [21]

Kidney Disease: Improving Global
Outcomes (KDIGO) CKD Work Group.

https://kdigo.org/guidelines/
blood-pressure-in-ckd/

2. KDIGO Guidelines for the manage-
ment of diabetic kidney disease 2022 [22]

Kidney Disease: Improving Global
Outcomes (KDIGO) CKD Work Group.

https://kdigo.org/guidelines/
diabetes-ckd/

3. KDIGO 2012 Clinical Practice
Guideline for CKD Evaluation and
Management [23]

Kidney Disease: Improving Global
Outcomes (KDIGO) CKD Work Group.
KDIGO 2012 clinical practice guideline
for the evaluation and management of
chronic kidney disease. Kidney Int.
2013;3(Suppl): 1-150.

https://kdigo.org/guidelines/
ckd-evaluation-and-management/

4. The National Kidney Foundation

High Blood Pressure and Chronic
Kidney Disease.

https://www.kidney.org/sites/default/
files/docs/hbpandckd.pdf

5. Joint National Commission on
Prevention, Detection, Assessment and

C.; Handler, J.; Lackland, D.T.; LeFevre,
M.L.; MacKenzie, T.D.; Ogedegbe, O.;
et al. 2014 Evidence-Based Guideline for
the Management of High Blood Pressure in
Adults: Report From the Panel Members
Appointed to the Eighth Joint National
Committee (JNC 8). JAMA 2014, 311,
507-520.
https://jamanetwork.com/journals/jama/
fullarticle/1791497
6. National Institute for Health and
Clinical Excellence (NICE) Guideline
Chronic Kidney Disease: Assessment
and Management. 2021 Royal College of
Physicians.
https://www.nice.org.uk/guidance/
ng203/resources/chronic-kidney-disease-
assessment-and-management-pdf-661437
7. American College of Cardiology
ACC/AHA/AAPA/ABC/ACPM/AGS/
APhA/ASH/ASPC/NMA/PCNA Guideline
for the Prevention, Detection, Evaluation,
and Management of High Blood Pressure
in Adults: A Report of the American
College of Cardiology/American Heart
Association Task Force on Clinical Practice
Guidelines. J. Am. Coll. Cardiol. 2018, 71,
el27-e248.
https://www.sciencedirect.com/science/
article/pii/S07351097174151917via%3Di
hub

Before You Finish: Practice Pearls for the
Clinician

Blockade of the RAAS is an effective strategy
to reduce blood pressure in patients with
CKD, but no more so than other antihyperten-

sive strategies.

Treatment of Hypertension (JNC-VIII) ¢ RAAS blockers have a more favorable side-

James, PA.; Oparil, S.; Carter, B.L.; effect profile than other antihypertensive
agents, meaning that patients are generally
more likely to be taking them.

Cushman, W.C.; Dennison-Himmelfarb,
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There are clear benefits for optimal RAAS
inhibition in patients with CKD and elevated
urinary albumin excretion for slowing kidney
function decline.

Most patients can tolerate some RAAS inhibi-
tion with the assistance of their physician and
their care team.
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11

and the Cardiovascular

Connection

Nuri Baris Hasbal and Ozkan Gungor

Before You Start: The Facts You Need

to Know

e The heart and kidneys are linked via hemody-
namic, neurohormonal, and cell signaling
systems.

e Chronic kidney disease bone and mineral dis-
order results in acceleration in calcification of
atherosclerosis, particularly in the vascular
media.

e Heart failure is the most common symptom-
atic manifestation of cardiovascular disease
requiring hospitalization in patients with
chronic kidney disease.

* Myocardial disease, electrolyte imbalance,
and acid-base disturbances can lead to arrhyth-
mias in patients with renal failure.

11.1  Introduction

The complex relationship between the kidney
and the heart has been known and studied from
the beginning of the nineteenth century. At first, it
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caught attention with structural changes of the
heart in patients with advanced chronic kidney
disease (CKD); then observational, clinical, and
pathophysiological evidence revealed that these
two organ systems are inextricably linked via
vascular, neurological, hormonal, and cellular
signaling systems. The kidneys are the most vas-
cular organs in the body receiving a quarter of
cardiac output at rest. Thus, it is no surprise as we
explore the extent of the cardiovascular system
that kidney disease is strongly associated with
cardiovascular disease and, in fact, may reflect
the state of vascular health or disease at any time.
Additionally, when either organ has acute or
chronic injury, there appears to be a sequential
acute or chronic effect on the other organ in either
an adaptive or maladaptive response, which we
now recognize as a “cardiorenal syndrome” [1].
This chapter will review the connections between
the heart and the kidneys from epidemiological,
biological, and clinical perspectives with the aim
of gaining greater appreciation for this important
interface in both acute and chronic care.

11.2 Why Does Chronic Kidney
Disease Convey Increased
Cardiovascular Risk?

Data from the US Renal Data System (USRDS)

2022 revealed that the prevalence of any CVD was
higher in individuals with CKD than in patients
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without CKD [2]. Prevalence of common cardio-
vascular diseases in older adults with CKD at 2020
were shown at Fig. 11.1 [2]. The Chronic Kidney
Disease Prognosis Consortium (CKD-PC) was
established in 2009 by Kidney Disease Improving
Global Outcomes (KDIGO) organization to under-
stand the risks of declining renal filtration function
represented by the estimated glomerular filtration
rate (eGFR) and the presence of albumin in the
urine indexed to the filtered creatinine concentra-
tion (urine albumin/creatinine ratio [ACR]). In a
series of manuscripts, this group demonstrated a
milestone data that changed all guidelines, in a
very large, pooled database (1,555,332 in 45
cohorts) that the severity of chronic kidney disease
(CKD) was related to the risks of all-cause mortal-
ity, cardiovascular death, acute kidney injury, pro-
gressive CKD, and end-stage kidney disease
(ESKD) as shown in Fig. 11.2 [3]. These relation-
ships can also be shown in a colored “heat map” of
risk as demonstrated in Fig. 11.3. It is important to
understand that when both reduced eGFR and ele-
vated ACR overlap, there appears to be magnified
risks for all outcomes. The addition of eGFR and
ACR significantly predicted the cardiovascular
outcomes rather than traditional risk factors in
general populations. But ACR may be a more
appropriate marker than eGFR, and more evident
for heart failure and cardiovascular outcome than

=== No CKD
== CKD

CAD

AMI AF

for stroke and coronary artery disease coronary
disease [4]. The commonly-measured clinical
characteristics including eGFR and ACR, can pre-
dict the timing and occurrence of clinical out-
comes in patients with severely decreased GFR
[5]. Furthermore Matsushita et al. developed three
Add-ons [eGFR only, eGFR +ACR, and eGFR +
dipstick proteinuria] for systemic coronary risk
estimation 2 (SCORE2) and systemic coronary
risk estimation 2 in older persons (SCORE2-OP)
and validated in 3,054,840 participants from 34
datasets to predict CVD risk more accurately [6].
They found that Add-ons with CKD measures
improved CVD risk prediction beyond SCORE2
and SCORE2-OP. Importantly, the overlap
between the two markers is less common than one
alone in these large populations. However, when
both reduced eGFR and albuminuria are present in
the same patient, the predicted and observed rates
of cardiovascular events are markedly increased
over a relatively short (<5 years) duration. Thus, it
is critical that, in every patient, both the eGFR be
calculated from the age, gender, race, and serum
creatinine using standardized equations and the
urine ACR be checked using the first morning-
voided specimen. Structural kidney disease
detected by imaging studies including polycystic
kidney disease are also characterized as CKD in
the absence of eGFR and ACR abnormalities.
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Fig. 11.2 Risks of fatal and nonfatal kidney outcomes
from the Chronic Kidney Disease Prognosis Consortium
(CKD-PC). (Adapted by permission from Macmillan
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Publishers Ltd: Levey et al. [3] Available from: http://
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Fig. 11.3 Adjusted risk of outcomes according to eGFR and urine ACR. (Adapted with permission from Macmillan
Publishers Ltd: Levey et al. [3] Available from: http://www.nature.com/ki/journal/v80/n1/full/ki2010483a.html)
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11.3 Does Kidney Disease
Promote Coronary
Atherosclerosis
Calcification?

Data from many studies suggests that the CKD
milieu promotes the early initiation and acceler-
ated course of coronary atherosclerosis. Because
CKD is strongly associated with traditional coro-
nary risk factors including hypertension, diabe-
tes, dyslipidemia, and smoking, the combination
of these factors may be reflected by CKD, and
thus its relationship is amplified by positive con-
founding. However, when adjusting for these fac-
tors, CKD has been consistently associated with
nonfatal myocardial infarction and cardiovascu-
lar death [7]. Although there are some conflicting
results in the literature, some authors and older
guidelines consider CKD as a CVD risk equiva-
lent [8]. A prominent feature of coronary athero-
sclerosis in patients with CKD and ESKD is
accelerated calcification which occurs in all cases
of atherosclerosis. However, the progression of
atherosclerosis involves a multitude of local and
systemic factors which stimulate vascular smooth
muscle cells to undergo osteoblastic transforma-
tion into osteocyte-like cells which deposit cal-
cium hydroxyapatite crystals into both the
subendothelial and medial compartments of
blood vessels. Many factors have been implicated
in CKD to accelerate this process including low-
density lipoprotein cholesterol (LDL-C), non-
high-density lipoprotein cholesterol, vascular
calcification factor, osteoprotegerin, and most
notably phosphorus [9]. As eGFR falls, there is
retention of phosphate, which can stimulate the
Pit-1 receptor on vascular smooth muscle cells
thereby facilitating the osteoblastic transforma-
tion. Of note, neither the local calcium concen-
tration nor the blood levels of calcium have been
independently associated with atherosclerotic
calcification in the coronary arteries. As CKD
progresses, coronary artery disease is commonly
identified on a variety of clinical studies,
frequently as longer lesions and in more proxi-
mal vessels [10]. Fortunately, more extensive cal-
cification, while it is related to the burden of
coronary disease, is also associated with more

stable lesions; thus, CKD patients often have
stable but extensive CAD leading to episodes of
both silent and symptomatic coronary ischemia.

It has been suggested that there are both tradi-
tional and nontraditional risk factors that may
contribute to more accelerated atherosclerosis in
persons with CKD. The traditional risk factors
that are highly prevalent in patients with CKD
include metabolic syndrome, older age, dyslipid-
emia, hypertension, diabetes mellitus, smoking,
and family history of premature coronary disease
(first-degree relative female before age 55 and
male before age 45 years). Nontraditional risk
factors in CKD have been variously mentioned in
the literature and include blood markers of min-
eral and bone disorder (hyperphosphatemia, ele-
vated calcium-phosphorus product, osteopontin,
hyperparathyroidism), C-reactive protein, uremia,
asymmetric dimethylarginine and reduced nitric
oxide availability, anemia, increased unbound
iron (catalytic or poorly liganded iron), homocys-
teine, fibrinogen, and increased coagulation pro-
teins. It should also be kept in mind that there are
some contradictory evidences about nontradi-
tional risk factors in CKD in the literature.

11.4 Why Does the Heart Fail
as a Pump in Kidney
Patients?

Increased afterload, increased preload, and some
intrinsic factors not associated with afterload or
preload may result in CKD-associated cardiac
changes as also known as CKD-associated car-
diomyopathy [7]. These pathophysiological
alterations may induce increased left ventricular
(LV) mass and left ventricular hypertrophy
(LVH), diastolic and systolic LV dysfunction,
profound myocardial fibrosis on histology and/or
imaging studies. Although these features are pre-
dominantly stated in advanced stages of CKD,
some functional and anatomic changes begin to
be seen in very early stages of CKD. Salt and
water retention result in chronic volume over-
load. Nephrotic syndrome and loss of oncotic
forces results in worsened fluid retention and
edema. Uremia and retention of many other ure-
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Fig. 11.4 Pathophysiology of cardiorenal syndrome type 1. ADHF acutely decompensated heart failure. AKI acute
kidney injury. (Reproduced with permission from Ronco et al. [13]. Copyright 2012, with permission from Elsevier)

mic toxins results in impaired myocyte function
in both systole and diastole. The production of
fibroblast growth factor-23 from bone in response
to CKD phosphate retention has off-target effects
on the left ventricular myocardium resulting in
increased left ventricular mass and cardiac fibro-
sis. The resultant myocardial tissue has a reduced
capillary density compared to that of persons
with normal kidney function. Considerable evi-
dence is accumulating that CKD-associated car-
diomyopathy is manifest by impaired systole and
diastole with biomarker and imaging evidences
of cardiac fibrosis. T1 and T2 mapping on cardiac
magnetic resonance imaging (MRI) has been
used to understand the extent of the cardiac
involvement in patients with CKD. While T1
mapping diagnoses the myocardial fibrosis, T2
mapping gives extra information about myocar-
dial oedema. Although more extensive studies are
awaited, T1 and T2 mappings thought to be asso-

ciated with BNP, myocardial injury and worse
clinical status [11]. The observation that galectin-
3 levels correlate with type III amino-terminal
propeptide of procollagen, matrix metallopro-
teinase-2, and tissue inhibitor of metalloprotein-
ase-1 suggests that myocardial macrophage
infiltration enhances turnover of extracellular
matrix proteins in patients with CKD [12]. Thus,
patients with CKD are at very high risk for the
development of heart failure associated with
markedly impaired cardiorespiratory function
and the cardinal features of fatigue, effort intoler-
ance, edema, and clinical findings including pul-
monary congestion and elevation of B-type
natriuretic peptides. When acutely decompen-
sated heart failure is present, then a vicious cycle
of worsened renal filtration function, venous and
renal congestion, and further retention of salt and
water can occur. This is commonly termed as car-
diorenal syndrome type 1 (Fig. 11.4) [3].
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11.5 Should | Hear a Murmur?

Accelerated aortic valvular and mitral annular
calcification and fibrosis is common in patients
with CKD and nearly universally present in
patients with ESKD. The murmur of aortic valve
sclerosis is found in most patients, while the
mitral annular disease is usually silent and
detected only by echocardiography or other
forms of imaging. The aortic valve sclerosis and
calcification can progress to symptomatic aortic
stenosis, while the mitral annular disease can
result in very mild functional stenoses or regurgi-
tation by Doppler but rarely requires surgical
attention. Both valvular lesions can be the sub-
strate for acute infective endocarditis in ESKD
patients with temporary dialysis catheters. In a
recent meta-analysis including 18 studies and
45,799 patients revealed a high prevalence
(%2.7-3.1) of infective endocarditis and a high
mortality rate (in-hospital and long-term death-
rates; 29.5% and 45.6%, respectively) [13]. Most
patients with CKD should undergo echocardiog-
raphy at some point in their care to evaluate not
only for the extent of valve disease but also to
assess left ventricular systolic and diastolic
function.

11.6 Why Are There More
Arrhythmias?

Patients with CKD have the myocardial and
hemodynamic determinants of all forms of
arrhythmias. In the United States Renal Data
System database, arrhythmia/cardiac arrest
accounted for 33.1% of deaths; 40.0% of deaths
which were cardiovascular in nature [2]. Atrial
fibrillation occurs at an elevated rate in patients
with CKD and is associated with an increased
risk of cardioembolic stroke compared to those
with normal renal function. Because of acceler-
ated myocardial fibrosis and the presence of mac-
rovascular and microvascular disease, reentrant
ventricular arrhythmias occur at increased rates
and are believed to be the inciting event in sudden
death. Increased premature atrial and ventricular
beats when seen on monitoring can be harbingers

of atrial fibrillation and ventricular tachycardia,
respectively. Electrolyte shifts and imbalance
that occur in CKD and is accentuated with forms
of dialysis are also believed to play a role in ven-
tricular arrhythmias and sudden death, most
likely due to ventricular fibrillation. The roles of
anticoagulation for stroke prevention in atrial
fibrillation, atrial and ventricular antiarrhythmic
medications, and the use of implantable cardio
defibrillators are still all controversial. Thus,
therapy must be individualized, and very frequent
monitoring is required.

11.7 Summary

The connection between kidney and heart disease
can be viewed in four domains: coronary athero-
sclerosis, myocardial disease, valvular abnormal-
ities, and arrhythmias. Chronic kidney disease
plays a role in the pathogenesis, presentation,
outcomes, and management of each manifesta-
tion of CVD. Future research is needed to better
understand the unique mechanisms at work in
patients with CKD that promotes and worsens
CVD outcomes. Practical strategies are needed to
guide clinicians in the most appropriate manage-
ment of this high-risk population.

Before You Finish: Practice Pearls for the

Clinician

e Osteoblastic transformation of vascular
smooth muscle cells is responsible for the
calcification of atherosclerosis and the vascu-
lar media in patients with kidney disease.

¢ Both myocyte hypertrophy and increases in
the interstitial matrix account for the pheno-
typic changes seen in the myocardium.

e Valvular thickening and calcification result in
murmurs and risk for endocarditis, particu-
larly in dialysis patients.

e Increased premature atrial contractions and
premature ventricular beats can be harbingers
for atrial fibrillation and  ventricular
tachycardia.

e Sudden death is the greatest cardiovascular
concern among end-stage renal disease
patients.
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Before You Start: Facts You Need to Know

* Cardiovascular disease is a leading cause of
morbidity and mortality in patients with
chronic kidney disease as determined by
reduced estimated glomerular filtration rate
and/or albuminuria.

e Patients with chronic kidney disease are
known to have increased risk of coronary
artery disease, heart failure, arrhythmia, val-
vulopathies, and sudden cardiac death.

* Atherosclerosis is both accelerated in devel-
opment and in calcification in patients with
chronic kidney disease.

e Heart failure is the most common symptom-
atic manifestation of cardiovascular disease
requiring hospitalization in patients with
chronic kidney disease.

e Blood B-type natriuretic peptide, N-terminal
pro B-type natriuretic peptide, galectin-3, and
soluble ST-2 are approved tests as these aid in
the diagnosis, prognosis, and management of
heart failure; however, caution should be exer-
cised in the interpretation of these markers in
the setting of chronic kidney disease.

A. V. Kara (<)
Department of Nephrology, Erzincan Binali Yildirim
University, Erzincan, Turkey

O. Gungor
Department of Nephrology, Kahramanmaras Sutcu
Imam University, Kahramanmaras, Turkey

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023

M. Arici (ed.), Management of Chronic Kidney Disease,
https://doi.org/10.1007/978-3-031-42045-0_12

e Aortic valve sclerosis and mitral annular cal-
cification are common valve pathologies asso-
ciated with chronic kidney disease.

e All forms of arrhythmias are more common in
chronic kidney disease, especially sudden
death which is markedly increased in risk in
dialysis patients.

12.1 Why Screening
for Cardiovascular Disease Is
Important in Chronic Kidney

Disease

Screening is a strategy which help us to identify
people who have risk factors (primary preven-
tion) or occult pathologies (secondary preven-
tion) so that early intervention and treatment can
be offered, the natural history of a disease pro-
cess can be altered, and disease outcomes can be
improved. Cardiovascular disease (CVD) is lead-
ing cause of morbidity and mortality in the world
and accounts one third of all deaths. CVD is also
a leading cause of morbidity and mortality in
chronic kidney disease (CKD) patients. Patients
with CKD are known to have increased risk of
coronary artery disease (CAD), heart failure,
arrhythmia, valvulopathies, and sudden cardiac
death [1]. According to The United States Renal
Data System (USRDS) 2022 annual report, CVD
of any type was present in 75.8% of patients
receiving hemodialysis, 65.4% of patients
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receiving peritoneal dialysis, and 52% of patients
with a kidney transplant. Again, according to the
same report, CVD was found to be responsible
for more than half of the deaths in both hemodi-
alysis and peritoneal dialysis patients [2]. In end
stage renal disease (ESRD) population, mortality
due to CVD is 20-30 times higher than general
population. This increased risk is not limited to
ESRD population, but it is seen in all stages of
CKD. In a population based study including
1,120,295 adults, it is shown that cardiovascular
events increased inversely with estimated glo-
merular filtration rate (¢GFR) [3]. In a meta-anal-
ysis reviewing 39 studies involving 1,371,990
non-dialysis dependent CKD patients, it was
shown that non-dialysis dependent CKD was
associated with increased risk of cardiovascular
death [4]. In the light of above information,
screening and early diagnosing of CVD is very
important in CKD population.

12.2 What Are the Approaches
to Screen for Coronary
Artery Disease?

Chronic kidney disease itself is an independent
risk factor for the development of CAD and CAD
is the leading cause of morbidity and mortality in
this patient group. All adult patients including
those with CKD should undergo an assessment
for CAD risk using a standard risk assessment
such as that proposed by the Framingham investi-
gators [5]. Variables in the Framingham risk cal-
culation include age, total or low-density
lipoprotein cholesterol, high-density lipoprotein
cholesterol, smoking, and systolic blood pressure
[6]. A 20% 10-year risk (2% annual risk) of non-
fatal myocardial infarction or cardiovascular
death is considered high risk and is a call for full
prevention measures in the general population.
Most patients with CKD (67%) will be in
Framingham moderate- or high-risk groups; how-
ever, as shown in Fig. 12.1, patients with Stages
3-5 CKD in these groups will have a 10-20%
annual risk of cardiovascular events (tenfold that
of subjects in Framingham) [5]. Therefore; tradi-
tional prognostic tools such as the Framingham
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Fig. 12.1 Event-free survival from major cardiac events
according to the Framingham risk score applied to a popu-
lation of patients with chronic kidney disease

score have limited prognostic power as traditional
risk factors fail to fully explain the increased risk
in CKD patients [7]. Also, classical signs and
symptoms of CAD may not be observed in CKD
and especially in ESRD patients and it is more
difficult to correctly diagnose the acute coronary
syndrome in these patient groups than normal
population. There are several reasons that can
explain this situation such as lower sensitivity to
chest pain (angina), specific electrocardiogram
(ECG) changes are seen in a relatively small pro-
portion of patients with angina, CAD symptoms
may be incorrectly attributed to other CKD com-
plications and serum biomarkers related to CAD
might be chronically elevated in the absence of
acute coronary syndrome (ACS). Serum biomark-
ers especially troponin assays (both high-sensitiv-
ity troponin I and troponin T) may be used for risk
stratification and may be helpful for detecting
asymptomatic CAD. Although elevated values
are less definitive, dynamic change in troponin
levels may be useful for myocardial infarction
(MI) diagnosis and a normal troponin assay may
be sufficient to rule out infarction. But we need
more data to interpret troponin levels for manage-
ment decisions [8].

We can use exercise stress testing for exercise
prescription and prognosis in high-risk individu-
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als. Exercise ECG has limited role due to high
rates of abnormal baseline ECG, left ventricular
hypertrophy, and conduction abnormalities. The
other factor limiting the role of exercise ECG is
the reduced exercise capacity commonly seen in
CKD and especially ESRD patients [9].
Therefore, exercise stress testing combined with
either echocardiographic imaging or nuclear
scintigraphy is reasonable.

For those who cannot exercise, both dobuta-
mine and dipyridamole/adenosine/regadenoson
can be used as pharmacological means of achiev-
ing myocardial perfusion imaging. Large areas of
ischemia (>10% of the left ventricular myocar-
dium) usually call for invasive assessment of
coronary lesions and consideration for revascu-
larization. In the setting of diabetes and multives-
sel disease, coronary artery bypass surgery is the
preferred method of revascularization [10].
Coronary computed tomography angiography in
patients with CKD is not advised given the very
high rates of coronary calcification which causes
“bloom” artifact which works to make lesion
severity difficult to assess [11]. However, if vas-
cular calcification is detected incidentally on
computed tomography or roentgenography, it is
indicative of advanced atherosclerosis, and atten-
tion should be paid to both atherosclerosis risk
factors and the elements of CKD mineral and
bone disorder (phosphate retention, hyperpara-
thyroidism, and relative  hypocalcemia)
(Fig. 12.2) [12, 13].
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12.3 Should Patients with Chronic
Kidney Disease Undergo
Routine Echocardiography?

According to 2022 cardiology guidelines; heart
failure (HF) is defined as a complex clinical syn-
drome with symptoms and signs due to any struc-
tural and/or functional disorder [14]. In CKD
patients, it is difficult to distinguish classic HF
symptoms and signs such as fatigue, edema,
effort intolerance from symptoms related to vol-
ume overload [15]. We also know the very high
incidence of left ventricular hypertrophy, risk for
Stage A and Stage B heart failure in CKD patients
and the associations between CKD and valvular
heart disease. Therefore; all patients with CKD
should be considered for echocardiography at the
time CKD is diagnosed by the presence of
reduced estimated glomerular filtration rate
(eGFR) <60 mL/min/1.73 m? or evidence of kid-
ney damage manifest by an increased urine albu-
min: creatinine ratio or imaging evidence of
kidney disease such as polycystic kidneys by
ultrasound [16]. Importantly, cardiovascular dis-
ease including coronary disease and heart failure
occurs at much earlier ages than in the general
population [17]. The presence of combined heart
and kidney failure is considered as “cardiorenal
syndrome” and should be considered in the con-
text of the more antecedent abnormality with
respect to both diagnosis and management [18].
Five subtypes of cardiorenal syndromes are dis-
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played in (Box 12.1). The current Kidney Disease
Outcomes Quality Initiative (KDOQI) guidelines
recommend echocardiograms for all CKD 5D
patients 1-3 months after renal replacement ther-
apy initiation and at 3-year intervals thereafter
[19]. Serial echocardiographic examination at
closer intervals such as 12 months may provide
additional benefits in terms of prognosis. (Boxes
12.2 and 12.3). Echocardiography with complete
Doppler assessment reliably estimated left ven-
tricular ejection fraction (normal 55-75%), left
ventricular hypertrophy (left ventricular mass
index >115 and >95 g/m?), and assesses both the
morphology and flow characteristics of all four
cardiac valves. According to recent studies; left
ventricular hypertrophy and diastolic dysfunction
are the most common structural and functional
defects in hemodialysis patients, respectively
[20]. Findings suggesting reduced ejection frac-
tion, diastolic dysfunction, or regional wall
motion abnormalities may prompt an evaluation
for chronic cardiac ischemia as discussed above
[21]. Echocardiographic evaluation of left ven-
tricular diastolic dysfunction (LVDD) can be
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complicated. Especially six parameters are basi-
cally used for diagnosis and grading of
LVDD. These are E wave, E/A ratio, septal or
lateral ¢, average E/e, left atrial volume index,
and peak tricuspid regurgitation velocity [22]. E
and A represent velocities of the rapid early and
late transmitral diastolic flow, while € is a mea-
surement of mitral annulus recoil velocity.
Diastolic dysfunction is ideally graded according
to the European Association of Cardiovascular
Imaging/American Society of Echocardiography
criteria as normal, Grade I (impaired relaxation
and decreased suction of the LV), Grade II
(pseudonormalization, increased stiffness of the
LV, and possible elevated filling pressure), and
Grade III (most severe form) with restrictive fill-
ing with elevated filling pressure and noncompli-
ant LV [23]. Chronic kidney disease is associated
with a form of uremic or CKD cardiomyopathy
as shown in Fig. 12.3. The cardiomyopathy asso-
ciated with CKD is characterized by the presence
of left ventricular hypertrophy, evidence of dia-
stolic dysfunction, and, in more severe cases,
superimposed systolic dysfunction with reduced
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ejection fraction. The structural remodeling of
the heart due to diffuse interstitial fibrosis and
cardiac hypertrophy can cause electromechanical
dysfunction and an increased risk of sudden car-
diac death [24]. Cardiac magnetic resonance
imaging (MRI) is the gold standard for LV mass
quantification, chamber size and volume. But the
use of contrast enhanced MRI in advanced CKD
patients is limited due to the potential increased
risk of gadolinium retention and nephrogenic
systemic fibrosis. This risk can be decreased with
the use of macrocyclic MRI contrast agents or
using non-contrast tissue characterization tech-
niques [25].

Box 12.1 Five Cardiorenal Syndromes and
Their Common Clinical Scenarios

Cardiorenal Syndrome (CRS) General
Definition

A pathophysiological disorder of the heart
and kidneys whereby acute or chronic dys-
function in one organ may induce acute or
chronic dysfunction in the other organ.

CRS Type I (Acute Cardiorenal Syndrome).

Abrupt worsening of cardiac function
(e.g., acutely decompensated congestive
heart failure) leading to acute kidney injury.

CRS Type II (Chronic Cardiorenal
Syndrome).

Chronic abnormalities in cardiac func-
tion (e.g., chronic congestive heart failure)
causing progressive and permanent chronic
kidney disease.

CRS Type III (Acute Renocardiac
Syndrome).

Abrupt worsening of kidney function
(e.g., acute kidney injury) causing acute
cardiac disorder (acute heart failure).

CRS Type 1V (Chronic Renocardiac
Syndrome).

Chronic kidney disease (e.g., diabetic
nephropathy) contributing to decreased
cardiac function and cardiac hypertrophy
and fibrosis and/or increased risk of adverse
cardiovascular events.

CRS Type V (Secondary Cardiorenal
Syndrome).

Systemic conditions (e.g., sepsis) caus-
ing both acute cardiac and renal injury and
dysfunction.

Box 12.2 What the Guidelines Say You

Should Do

e Patients with chest pain should receive a
complete history and physical examina-
tion to assess the probability of coronary
disease before additional testing.

e A resting ECG is recommended in
patients without an obvious, noncardiac
cause of chest pain.

e Assessment of resting left ventricular
function and evaluation for abnormalities
of myocardium, heart valves, or pericar-
dium are recommended with the use of
Doppler echocardiography in patients
with known or suspected coronary dis-
ease and a prior MI, pathological Q
waves, symptoms, or signs suggestive of
heart failure, complex ventricular arrhyth-
mias, or an undiagnosed heart murmur.

» Standard exercise stress testing is rec-
ommended for risk assessment in
patients with stable coronary disease
who have an interpretable ECG and no
disabling comorbidity. Pharmacological
stress with nuclear myocardial perfu-
sion imaging or echocardiography is an
alternative in those who are incapable of
exercising to an accepted workload.

e Echocardiograms should be performed
in all patients at the initiation of dialy-
sis, once patients have achieved dry
weight (ideally within 1-3 months of
dialysis initiation), and at 3-yearly inter-
vals thereafter.

e In asymptomatic patients with stable
coronary artery disease and chronic kid-
ney disease, routine angiography and
revascularization are not recommended.
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An initial invasive strategy did not dem-
onstrate a reduced risk of clinical out-
comes or improved quality of life
measures compared with an initial con-
servative strategy in stable patients with
moderate CKD and at least moderate
ischemia.

Coronary computed tomography angi-
ography is reasonable for patients with a
low to intermediate pretest probability
of ischemic heart disease who have a
disabling comorbidity.

Source: Data from Refs. [1, 26-28].

Box 12.3 Relevant Guidelines

1. American Heart Association Guidelines:

(a) 2012 ACCF/AHA/ACP/AATS/
PCNA/SCAI/STS guideline for the
diagnosis and management of
patients with stable ischemic heart
disease: executive summary. A
report of the American College of
Cardiology Foundation/American
Heart Association Task Force on
Practice  Guidelines, and the
American College of Physicians,
American Association for Thoracic
Surgery, Preventive Cardiovascular
Nurses Association, Society for
Cardiovascular Angiography and
Interventions, and Society of
Thoracic Surgeons. Circulation.
2012; 126:3097-137 [26].

(b) 2021 AHA/ACC/ASE/CHEST/
SAEM/SCCT/SCMR Guideline for
the Evaluation and Diagnosis of
Chest Pain: A Report of the
American College of Cardiology/
American Heart Association Joint
Committee on Clinical Practice
Guidelines J Am Coll Cardiol. 2021
Nov, 78 (22) e187—e285 [27].

(c) 2021 ACC/AHA/SCAI Guideline
for Coronary Artery Revas-
cularization: A Report of the
American College of Cardiology/
American Heart Association Joint
Committee on Clinical Practice
Guidelines Circulation. 2022;145:
el8—el14 [28].

2. National Kidney

Guidelines:

(a) National Kidney Foundation. K/
DOQI clinical practice guidelines
for cardiovascular disease in dialy-
sis patients. Am J Kidney Dis.
2005;45 Suppl 3:S1-154 [1] [18].

Foundation

Calcific aortic stenosis

Fig. 12.4 Calcific aortic stenosis

A finding of significant valvular or pericardial
disease warrants clinical correlation and follow-
up. Most patients with moderate or more aortic
stenosis/regurgitation or mitral regurgitation will
require annual echocardiography and cardiology
consultation for surveillance. In general, severe
symptomatic aortic stenosis (Fig. 12.4) and/or
regurgitation is an indication for valve replace-
ment [12].

Pericardial disease may develop in kidney
failure as pericarditis, pericardial effusion, or
chronic constrictive pericarditis. BUN elevations
over 60 mg/dL may lead to inflammation in the
pericardial membranes causing uremic pericardi-
tis. Fluid overload can also lead to pericardial
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inflammation without uremia. Typical symptoms
include fever and pleuritic chest pain that is
relieved by sitting up or bending forward. Platelet
function impairment may cause a hemorrhagic
pericardial effusion and possibly tamponade
depending on the rate of fluid accumulation.
Typical diffuse ST elevations observed with acute
pericarditis are generally not shown when uremia
is the cause [29]. Echocardiography can exclude
silent effusions and useful in determining associ-
ated myocarditis and altered ventricular function.
Early echocardiography at the time of initiation
of dialysis can also be beneficial for pericardial
disease.

12.4 What Blood Biomarkers Are
Useful in Heart Failure?

The role of biomarkers has consistently increased
in the current medical practice due to their contri-
bution to diagnosis, prognosis, and treatment. An
ideal biomarker should be easily available and
interpretable, cheap, rapid, accurate and specific
for a particular situation [30]. There are many
potential biomarkers for heart failure. The natri-
uretic peptides are the most extensively studied
and used biomarkers for heart failure.

Both blood B-type natriuretic peptide (BNP)
and N-terminal pro B-type natriuretic peptide
(NT-proBNP) have been approved, recom-
mended by guidelines, and are commercially
available for several years. When measured in
blood, they are indicated as diagnostic aids for
the evaluation of patients with acute shortness of
breath, prognostic indicators for death and heart
failure hospitalization, and aids in the manage-
ment of patients particularly with respect to the
titration of chronic medications. In general, when
BNP >200 pg/mL and NT-proBNP>2000 pg/mL,
there is increased myocardial production even in
the presence of reduced clearance by the kidneys.
The higher the levels, the greater the positive pre-
dictive value for heart failure and the worse the
prognosis for hospitalization or death. Chronic
use of angiotensin-converting enzyme inhibitors,
angiotensin receptor antagonists, aldosterone
receptor blockers, and beta-adrenergic receptor

antagonists and use of biventricular pacing have
been shown to reduce BNP/NT-proBNP over
time. In approximately 25% of patients with pre-
served kidney function, natriuretic peptides can
be  normalized (BNP <100  pg/mL,
NT-proBNP<150 pg/mL) with therapy for heart
failure. In the setting of CKD, it is rare for natri-
uretic peptides to normalize; however, relatively
lower levels (~50% reduction from prior levels)
are associated with a favorable prognosis.
Conversely, a doubling of levels over a time
frame of 6 weeks or more portends a high rate of
future hospitalization and death, both from pump
failure and arrhythmias.

Mid-regional proatrial natriuretic peptide
(MR-proANP) is a new marker and it can be use-
ful for diagnosis and prognosis of heart failure in
CKD patients. Cut-off values for the diagnosis of
heart failure increased with the decreased glo-
merular filtration rate. However, there is no large-
scale study in CKD patients to identify the
threshold more precisely [31].

Galectin-3 is a paracrine substance produced
by macrophages that are participating in myocar-
dial fibrosis. Increased levels of galectin-3
(>25.9 ng/mL) are strongly prognostic for short-
term death and hospitalization in patients with
either diastolic or systolic dysfunction. There
have been very limited number of studies evalu-
ating the clinical value of galectin-3 in patients
with CKD; however, many subjects in the heart
failure studies where it was measured met the cri-
teria for CKD according to eGFR <60 mL/min
[32]. A recent study which included asymptom-
atic hemodialysis patients showed that galectin-3
was associated with cardiovascular mortality
[33]. Another study which also includes hemodi-
alysis patients also showed the association
between galectin-3 and cardiac mortality [34]. A
suggested algorithm for the management of heart
failure using galectin-3 is shown in Fig. 12.5.

Soluble ST2 (sST2) and interleukin-33 com-
pete for the transmembrane protein ligand (ST2L)
and induce production of T helper type 2 cyto-
kines. In heart failure, serum ST2 is elevated and
indicates increased abnormal immune cell signal-
ing related to myocardial dysfunction. ST2 aids
in prognostication in patients with acute and
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Fig. 12.5 Suggested algorithm for the management of heart failure patients using galectin-3 levels measured in blood

chronic heart failure, particularly when at very
high levels (sST2 > 36.3 ng/mL). However, an
elevated concentration of serum sST2 is found in
CKD patients and correlates with progression of
CKD [35]. Serum sST2 may be also associated
with secondary hyperparathyroidism. The sST2
may have an important role in the development of
CKD or as a marker of disease severity, particu-
larly in those with incipient heart failure. Future
research in this area is warranted.

Growth differentiation factor-15 (gdf-15) is a
member of transforming growth factor 3 super-
fadf-15 secreted by myocardial cells due to isch-
emia, inflammation, and oxidative stress and it
helps myocardial repair. Serum gdf-15 gradually
increases with the decrease of glomerular filtra-
tion rate. Its cut-off level in CKD patients was
found as 1646 ng/L. It can help the diagnosis of
diastolic dysfunction and heart failure in CKD
patients. It was also shown that higher serum lev-
els of gdf-15 were associated with cardiovascular
events in CKD patients [31]. Combined use with
other markers may increase its prognostic role.
However, more extensive studies are needed to
confirm its usefulness. High-sensitivity troponin
T (hs-TnT) may also be used as a predictive fac-
tor for heart failure in CKD patients. In a recent

study including old patients, most of whom had
renal dysfunction, patients with hs-TnT < 5 ng/L
had lower heart failure risk [36]. There is also
need for further studies for the use of this bio-
marker. Heart-type fatty acid-binding protein
(H-FABP) is another promising marker with very
limited number of studies in CKD patients.
Higher serum level of H-FABP is associated with
adverse cardiovascular events in heart failure
patients [37].

12.5 Should Patients with Renal
Dysfunction Have
Arrhythmia Surveillance?

Maintenance of normal sinus rhythm can become
progressively more difficult in patients with CKD
who develop left ventricular hypertrophy, left
atrial dilatation, right ventricular strain and
hypertrophy, and right atrial dilatation. With acti-
vation of factors that promote cardiac fibrosis, the
conduction system of the heart can show signs of
failure at all levels. Thus, at the minimum in an
asymptomatic patient with CKD, a 12-lead elec-
trocardiogram should be obtained on an annual
basis and with any change in cardiac symptoms.
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Failure of conduction at the level of the sinus
node can lead to sick sinus syndrome (episodes
of sinus pauses and tachycardia), atrioventricular
node block (Mobitz Type II second degree and
complete heart block (Fig. 12.6), and bundle
branch blocks. These lesions in symptomatic
patients are indications for permanent pacemaker
implantation.

Right atrial dilatation can create a macro
reentrant circuit which facilitates atrial flutter.
This rhythm is recognized by sawtooth atrial
depolarization waves and ventricular conduc-

KMc

tion typically in a 2:1 or 3:1 ratio (Fig. 12.7).
Atrial flutter is easily managed by radio-fre-
quency ablation and deserves electrophysiology
referral. Left atrial dilatation and left ventricular
hypertrophy as well as advanced age and hyper-
tension are strong determinants for the develop-
ment of atrial fibrillation (AF). Atrial fibrillation
is the most common dysrhythmia among gen-
eral and CKD populations. The prevalence of
AF is approximately 15-20% in CKD patients
not on dialysis and 15-40% in patients on dialy-
sis [38]. Because the disorganized rhythm leads
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Fig. 12.7 Atrial flutter
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to stasis of blood in the left atrial appendage,
thrombi can form and be ejected into the left cir-
culation resulting in stroke and systemic cardio-
embolism (Fig. 12.8). Thus, AF presents
multiple management dilemmas including
rhythm versus rate control, anticoagulation, and
heart failure prevention. Any patient who pres-
ents with palpitations, tachycardia, or stroke
symptoms should be assessed for AF with inpa-

tient monitoring, 24- or 48-h outpatient Holter
monitoring, or patient-triggered event monitor-
ing. For difficult cases, an implantable loop
recorder can be placed subcutaneously in the
infraclavicular region and give information
about cardiac rhythm for several years using
noninvasive computer interrogation. In the set-
ting of cryptogenic stroke, use of intensive
rhythm monitoring has shown that approxi-
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Fig. 12.9 Implantable cardio-defibrillator and demonstration of its two major forms of therapy: (1) anti-tachycardia
pacing termination of ventricular tachycardia and (2) defibrillation for ventricular fibrillation

mately one third of cases can have the stroke be
attributable to paroxysmal AF that was previ-
ously unrecognized.

Approximately 35-45% of CKD patients have
also ventricular arrhythmias in the form of ven-
tricular extrasystole, non-sustained and sustained
ventricular tachycardia, and ventricular fibrilla-
tion. Ventricular arrhythmias may manifest as
palpitation, syncope, and chest pain. If not recog-
nized, sudden cardiac death may occur as first
manifestation. ECG and 24 h ECG monitoring
are important for diagnosis and risk assessment.
Echocardiography and cardiac MRI can also help
for detection of structural heart disease which is
one of the underlying causes of arrhythmias [39].

Sudden cardiac death is typical sudden natural
death, thought to be of cardiac origin, occurring
within 1 h of onset of symptoms in witnessed
cases, and within 24 hour of last being seen alive
without witnessing [40]. Sudden cardiac death is

the leading cause of death in CKD and ESRD.
The details surrounding these cases are often dif-
ficult to pull together since many occur in the
home and out of hospital. Presumably heart
block, electromechanical dissociation, pump fail-
ure, or ventricular fibrillation is the terminal sce-
nario. The implantable cardioverter-defibrillator
has no role for primary prevention but patients
with left ventricular ejection fractions <35%,
those with a history of a prior resuscitated cardiac
arrest, and spontaneous sustained ventricular
tachycardia on monitoring should all be consid-
ered for implantable cardioverter-defibrillators.
These devices reduce cardiac mortality in the
general population but have not definitively been
shown to prolong survival in patients with CKD
or ESRD. The two major therapies delivered by
implantable  cardio-defibrillators are anti-
tachycardia pacing and defibrillation as shown in
Fig. 12.9. Because of increased myocardial
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interstitial matrix in CKD and left ventricular
hypertrophy, CKD and ESRD patients can be
expected to have higher defibrillation thresholds
and should undergo more frequent monitoring by
the electrophysiologist using noninvasive pro-
grammed stimulation [41].

12.6 Summary

High rates of serious cardiovascular disease in
patients with CKD and ESRD call for a more
attentive approach to both routine and responsive
testing in patients at risk or with potential cardiac
symptoms [42]. The nephrologist needs a basic
understanding of electrocardiographic interpreta-
tion both on routine single-lead monitoring and
with 12-lead electrocardiography. Use of stress
imaging, echocardiography, and continuous
forms of rhythm monitoring provide an approach
for the diagnosis and management of cardiovas-
cular disease. Early detection and prompt man-
agement offer the hope for prevention of
myocardial infarction, heart failure, valvular-
induced structural damage and fatal arrhythmias.

Before You Finish: Practice Pearls for the

Clinician

e Assess atherosclerosis risk factors on all
patients and work to manage them to optimal
levels.

e Serum biomarkers especially troponin assays
may be used for risk stratification and may be
helpful  for  detecting  asymptomatic
CAD. Although elevated values are less defin-
itive, dynamic change in troponin levels may
be useful for myocardial infarction (MI) diag-
nosis and a normal troponin assay may be suf-
ficient to rule out infarction.

e Exercise stress testing combined with either
echocardiographic imaging or nuclear scintig-
raphy is reasonable due to limitation of exer-
cise stress testing in CKD patients.

e Diagnose significant cardiac ischemia with
stress imaging. Large amounts of ischemia
(>10% of the left ventricle) deserve coronary
angiography and consideration of
revascularization.

e Obtain routine 12-lead electrocardiography
and have a low threshold to obtain more
advanced forms of monitoring in patients with
palpitations, near syncope, syncope, and
stroke.

e Consider echocardiography for all patients
with CKD and ESRD for assessment of myo-
cardial function and valvular disease.
Echocardiography is recommended for all
CKD 5D patients 1-3 months after renal
replacement therapy initiation and at 3-year
intervals thereafter. We also recommended
serial echocardiographic examination at closer
intervals such as 12 months may increase
prognostic value. All patients with consider-
able abnormalities need cardiology consulta-
tion and surveillance.

e In acute or chronic dyspnea, or when heart
failure is suspected, elevated levels of BNP,
NT-proBNP are recommended to support the
diagnosis of heart failure and can portend
decompensation and death. New markers such
as galectin-3, ST2, MR-proANP, gdf-15 may
also be used for these purposes if there is
access to them.

e Patients with left ventricular ejection fractions
<35%, a history of a prior resuscitated cardiac
arrest, and spontaneous sustained ventricular
tachycardia on monitoring should all be consid-
ered for implantable cardioverter-defibrillators.
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Before You Start: Facts You Need to Know

e Chronic kidney disease (CKD) is a major risk
factor for cardiovascular mortality and patients
should be assessed regularly for signs and
symptoms of coronary heart disease.

o Atherosclerosis, heart failure, valvular heart dis-
ease, and arrhythmias are the most common
causes of morbidity and mortality in CKD
patients and may exacerbate kidney dysfunction.

e Treating risk factors for atherosclerosis pro-
vides an amplified benefit for CKD patients.

* Management of heart failure is chellenging in
the context of CKD.

e CKD predisposes patients to various arrhyth-
mias, especially atrial fibrillation.

e Valvular heart disease commonly accompa-
nies ESRD due to accelerated rate of
calcification.

13.1 Coronary Atherosclerosis

Atherosclerosis begins with fatty streaks in
young adult life. The lipoproteins then accumu-
late in the subendothelial space, inducing inflam-
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mation by cytokines and oxidative stress.
Attracted macrophages to the site promote foam
cell formation by lipid phagocytosis. Vascular
smooth muscle cells migrate and interact with
plaque as well as the vascular environment, tak-
ing on properties similar to osteoblasts. These
cells respond to a variety of lipid, inflammatory,
and mineral stimuli to deposit calcium hydroxy-
apatite crystals in the plaque and vascular envi-
ronment. A fibrous plaque is gradually formed by
smooth muscle migration and proliferation. This
process takes many years and is usually asymp-
tomatic [1]. When the lesion fills more than 60%
of the arterial lumen, chronic stable heart disease
develops [2].

During the COVID-19 pandemic, as in the
normal patient population, the risk of atheroscle-
rosis and acute myocardial infarction increased
in patients with CKD, and therefore more sudden
cardiac deaths had been seen [3].

13.1.1 Dyslipidemia Management:
Should Patients with Kidney
Disease Receive Statins?

Chronic kidney disease is a major risk factor for
cardiovascular mortality. It is recommended that
CKD should be treated as a coronary heart dis-
ease equivalent. Dyslipidemia, vascular stiffness,
and elevated inflammatory markers are common
findings in CKD patients and are associated with
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a more rapid decline in kidney function, espe-
cially if proteinuria is present. Although dyslipid-
emia is common in people with CKD, it is not
absolute. The main determinants of dyslipidemia
in CKD are glomerular filtration rate (GFR),
presence of diabetes mellitus, severity of protein-
uria, use of immunosuppressive agents, modality
of renal replacement therapy (RRT: treatment
with HD, peritoneal dialysis or transplantation),
comorbidity, and nutritional status [4]. Statins are
among the most potent cholesterol-lowering
agents. They inhibit HMG-CoA reductase
(3-hydroxy-3-methyl-glutaryl-coenzyme A
reductase), a rate-limiting enzyme involved in
cholesterol formation and have been studied in
both pre-dialysis and dialysis patients.

The best data supporting the use of statins for
primary prevention of cardiovascular events in
patients with non-dialysis CKD, come from the
Heart and Renal Protection Study (SHARP)
study and meta-analyses of statin studies involv-
ing subgroups of patients with CKD. These data
demonstrate a reduction in cardiovascular risk
with statin therapy in patients with CKD non-
dialysis [5]. The 2013 Kidney Disease: Improving
Global Outcomes (KDIGO) guidelines agree
with the AHA/ACC (American Heart Association/
American College of Cardiology) guidelines in
many areas. LDL (low density lipoprotein) val-
ues and titrating treatment to certain levels are no
longer indicated. In fact, association between
LDL and coronary heart disease gets weaker with
the glomerular filtration rate (¢eGFR) potentially
misleading clinicians since this population is still
at very high risk. But if a triglyceride level is
>1000 mg/dL or an LDL level is >190 mg/dL, the
lipid profile should be evaluated in all CKD
patients to evaluate those who would benefit from
investigating secondary causes. Statins or a
statin/ezetimibe combination is the best pharma-
cological approach. Cardiovascular risk in CKD
patients is age-related, with a cardiovascular
death rate >10 per 1000 patient years in individu-
als over 50 years of age. Therefore, statins are
indicated in all CKD patients >50 years of age
who are not on dialysis treatment. Because of
higher toxicity rates, lower doses should be initi-
ated when the eGFR is <60 mL/min/1.73 m?2

However, since higher doses reduce cardiovascu-
lar events more than lower doses, the dose can be
increased if patients tolerate it well. Statin ther-
apy is indicated in patients with CKD who are
not dialysis treatment when they have coronary
heart disease, a history of ischemic stroke, diabe-
tes, and an estimated 10-year risk >10% between
the age of 18 and 49 years. These patients may
also be considered for treatment according to
ACC/AHA guidelines. In this age group, treat-
ment should be individualized according to the
presence of high-risk factors.

There is no direct evidence that statin therapy
is beneficial in dialysis patients. It was shown
that atorvastatin in the 4D (The Deutsche
Diabetes Dialysis Study) study and rosuvastatin
in the AURORA study had no effect on cardio-
vascular mortality and total mortality in the dial-
ysis patient group [6, 7].

Kidney transplant recipients have a signifi-
cantly higher risk of cardiovascular events. Data
from the placebo arm of the ALERT study show
that the rate of cardiovascular death or non-fatal
MI was approximately 21.5 per 1000 patient
years. The ALERT study examined the effect of
statin therapy on reducing cardiovascular risk for
5-6 years in 2102 patients aged 30-75 years with
kidney transplants. Fluvastatin treatment given at
a dose of 40—80 mg/day resulted in a nonsignifi-
cant 17% reduction in coronary death or non-
fatal MI compared to placebo. (RR 0.83; 95% CI
0.64-1.06) [8]. The age at initiation of statin
therapy in kidney transplant recipients is uncer-
tain: the risk of coronary events is age-related,
and ALERT did not enroll participants younger
than 30 years. Even in the presence of optimal
graft function, cardiovascular risk is expected to
increase over time.

The risk of statin toxicity in CKD patients is
similar to general population. Routine liver func-
tion monitoring is not recommended because
hepatic failure due to statins is rare. Control of
basal transaminase levels before initial treatment
and control liver function test evaluation in the
situation of hepatotoxicity is sufficient. Statins
should be prescribed in patients with chronic
liver disease and elevated aminotransferase levels
with no progressive liver failure. Statin-related
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Table 13.1 Statin therapy with dose, pharmacology data for CKD patients and recent studies

Medication/Dose/Pharmacology

Simvastatin

Cardiovascular protection dose: 20 mg p.o. once daily
Maximum dose: 40 mg p.o. given at hour of sleep
Metabolism: liver, CYP450

Excretion: bile primarily, urine <2%

Atorvastatin

Cardiovascular protection dose: 10 mg p.o. once daily
Metabolism: liver, CYP450

Excretion: bile primarily, urine <2%

Fluvastatin

Cardiovascular event protection: 40 mg p.o. twice
daily

Extended release: 80 mg p.o. once daily
Excretion: feces 90%, urine 5%

Pravastatin

Cardiovascular event protection start: 40 mg p.o. once
daily, may adjust dose every 4 weeks

Maximum dose: 80 mg p.o. once daily

Excretion: feces 70%, urine 20%

Rosuvastatin

Cardiovascular event protection: 20 mg p.o. once
daily

Metabolism: ~10% by hepatic CYP2C9

Data for CKD patients

Consider starting dose at 5 mg in the evening in patients
with CKD

In SHAREP, lipid lowering with simvastatin + ezetimibe was
beneficial in patients with CKD

No specific dose adjustments for patients with CKD
Atorvastatin 10 mg in patients with CKD revealed a
significantly lower risk of the primary end point (non-fatal
MI or cardiac death) when compared with placebo

With the TNT and GREACE studies, atorvastatin showed
improvement in kidney function in patients with CKD

In CARDS study, atorvastatin 10 mg daily is safe and
effective in reducing the risk of first cardiovascular disease
events, including stroke, in patients with type 2 diabetes
whose LDL cholesterol is in the normal range [9]

No specific dose adjustments for patients with CKD

In a meta-analysis, fluvastatin use was associated with a
reduction in major adverse cardiac events among kidney
transplant patients [10]

Start at 10 mg p.o. once daily in patients with CKD
Treatment with a low dose of pravastatin reduces the risk of
coronary heart disease in MEGA study [11]

Mild or moderate (CrCl >30 mL/min/1.73m?): No dosage
adjustment necessary.

Severe (CrCl <30 mL/min/1.73m?) and not on hemodialysis:
Decrease starting dose to 5 mg PO gDay; not to exceed

Maximum dose: 40 mg
Excretion: feces 90%, urine 10%

10 mg/day
In JUPITER study results showed that rosuvastatin was

associated with a significant reduction in first major
cardiovascular events [12]

ACS acute coronary syndrome, CKD chronic kidney disease, CYP 450 cytochrome p 450, MI myocardial infarction, P.o.
per oral. The table was inspired from Mohammad Nasser, Peter A. McCullough and recreated with recent studies.
Copyright © Springer - Verlag Berlin Heidelberg 2014. With permission from Springer

myopathies are frequently observed in clinical
practice. Pravastatin, fluvastatin, and rosuvastatin
have a lower risk of myopathy and can be used
safely in patients with chronic kidney disease.
Atorvastatin and fluvastatin do not require dose
adjustment in CKD. Other statins are more
dependent on the CYP3A4 enzyme; therefore,
they have the potential to accumulate in slow
metabolisers or with CYP3A4 inhibitor adminis-
tration (Table 13.1). Once the myopathy has
resolved, the same treatment can be restarted
with lower doses. If myotoxicity still exists,
switch to safer statins is recommended. Reducing
the dose every other day may also be a possible
approach. Coenzyme Q10 and vitamin D have

not been shown to be effective in preventing
statin-induced myopathy therefore they are not
recommended in current guidelines. New guide-
lines recommend the evaluation of newly diag-
nosed diabetes mellitus patients on statin therapy.
New diabetic patients should be advised to fol-
low a healthy diet and participate in an exercise
program.

Hypertriglyceridemia is a prominent abnor-
mality that often accompanies renal impairment.
Diminished elimination of lipids and impaired
lipoprotein lipase activity are the primary causes
of hypertriglyceridemia. The
pharmacological management of hypertriglyceri-
demia in CKD patients is similar to the general

non-
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population. Therapeutic lifestyle changes should
include diet change, weight loss in case of over-
weight, increased physical activity, and reduced
alcohol intake. Dietary changes may include a
low-fat diet, reduction of monosaccharides and
disaccharides, reduction of carbohydrates, and
use of fish oils. Fibrates, which have an increased
potential for side effects, especially when pre-
scribed together with statins, are not recom-
mended for treatment (KDIGO 2013). Despite
non-pharmacological interventions CKD patients
with serum total triglycerides >10 mmol/L
(886 mg/dL) may need specific triglyceride ther-
apy to prevent pancreatitis and to reduce cardio-
vascular risk. For these patients, fibrates are the
most effective treatment for lowering serum tri-
glyceride levels [13].

Niacin therapy is also effective in reducing
serum triglyceride levels, and niacin therapy
additionally increases serum high density lipo-
protein C (HDL-C) levels. However, in a study
conducted in CKD patients, the addition of niacin
to the statin did not reduce cardiovascular events
[14]. Niacin also has side effects such as flushing
and gastrointestinal intolerance. And it is no lon-
ger available in many countries.

The  Veterans  Affairs High-Density
Lipoprotein Intervention Trial (VA-HIT) evalu-
ated the effect of gemfibrozil in patients with
CHD and HDL-C < 40 mg/dL (1.03 mmol/L). In
this cohort of 2531 patient, there were 1044 men
with impaired creatinine clearance, including
638 and 406 patients with creatinine clearance of
60-75 and 30-59.9 mL/min, respectively [15].
Among these patients with impaired creatinine
clearance, gemfibrozil reduced the risk of coro-
nary death and the primary endpoint of non-fatal
myocardial infarction (18.2% vs. 24.3%), odds
ratio [HR] 0.73, 95% CI 0.56-0.96). However,
treatment with gemfibrozil had no effect on total
mortality (HR 1.03) and a significant decrease in
kidney function was observed. In the study, 5.9%
and 2.8% of patients treated with gemfibrozil
and placebo, respectively, experienced a sus-
tained increase in creatinine values that remained
0.5 mg/dL higher than baseline for the remainder
of follow-up (p = 0.02).

Box 13.1 What the Guidelines Say You
Should Do

e Statin therapy is recommended for all
CKD patients which have an eGFR level
above 60 mL/min and over 50 years old or
eGFR level below 60 mL/min or eGFR
above 60 mL/min but with concomitant
risk factors such as diabetes mellitus,
hypertension, smoking, low HDL choles-
terol, and high lipoprotein a level. Targeting
LDL levels is not recommended.

e Lifestyle changes such as reducing salt
intake, maintaining a healthy weight,
and being on an exercise program
should be offered to all patients.

e Statins are not indicated in patients on
dialysis due to the lack of high level of
scientific evidence.

e Lifestyle changes, such as reducing
monosaccharide  and  disaccharide
intake, reducing total dietary carbohy-
drate intake, and replacing long-chain
triglycerides and fish oils, are indicated
in dialysis patients with CKD or hyper-
triglyceridemia >500 mg/dL.

* Fibrates should be offered to patients
with triglyceride >500 mg/dL and
patients with triglyceride >200 mg/dL
and non-HDL levels >130 mg/dL who
cannot tolerate statins.

* Antiplatelet agents should be recom-
mended in patients with CKD unless

contraindicated.
¢ In the case of heart failure, acute clinical
decompensation and additional or

increase in therapy should require close
eGFR and potassium monitoring [16].

13.1.2 Antiplatelet Therapy: Which
Agents for What Syndromes?

Platelets play an important role in the pathogen-
esis of acute coronary artery syndrome and ath-
erosclerosis. Endothelial damage induces platelet
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activation, aggregation, and adhesion to the sub-
endothelium. Antagonizing the early phases of
activation is the main mechanism of action of
many antiplatelet agents such as aspirin and thi-
enopyridines. Aspirin is the most commonly used
agent, inhibits thromboxane A2 with irreversible
COX-1 acetylation, resulting in weakening of
platelet activation. Long-term aspirin therapy
reduces the risk of subsequent myocardial infarc-
tion (MI), stroke, and vascular death in patients
without CKD but with a wide range of pre-
existing cardiovascular disease manifestations.

There is less data on the efficacy and safety of
antiplatelet therapy in CKD patients. The best
data came from a meta-analysis of 27,139 CKD
patients who participated in 50 randomized trials
evaluating the efficacy of antiplatelet agents
(mostly aspirin) for the prevention of cardiovas-
cular disease [17]. Antiplatelet therapy signifi-
cantly reduced the incidence of fatal or non-fatal
myocardial infarction compared to placebo or no
treatment (6.7% vs. 7.0%, or 3 myocardial infarc-
tions per 1000 treated patients were prevented).
However, antiplatelet therapy also significantly
increased the rate of major bleeding (2.9% vs.
4.4%, or 15 additional major bleeding events per
1000 treated patients). Antiplatelets had no effect
on stroke or mortality. Results were similar in
patients of all CKD stages [18]. This recommen-
dation is largely consistent with the KDIGO CKD
(12) management guidelines. In addition to car-
diovascular disease, aspirin therapy can reduce
the risk of cancer incidence. This should be taken
into account when deciding whether to use aspirin
in patients with chronic kidney disease.

Thienopyridines also improve cardiovascular
outcomes when used as monotherapy. They act
by inhibiting platelet aggregation caused by ade-
nosine diphosphate (ADP). These drugs are pre-
ferred in patients with severe vascular disease,
previous MI or stroke, as well as when allergy to
aspirin is present. Dual antiplatelet therapy does
not provide additional benefit in patients with
stable atherosclerotic disease, but increases the
augmented risk of bleeding compared to mono-
therapy. Adding a thienopyridine to aspirin
should be reserved for certain conditions, such as
acute ischemia or stent implantation [19].

13.1.3 Angina Relief

Commonly used antianginal drugs include
nitrates, beta-blockers, calcium channel blockers,
and ranolazine. These agents exhibit different
properties and actions.

13.1.3.1 Nitrates

The antianginal efficacy associated with nitrates
is a result of venodilation, reduced cardiac pre-
load, and oxygen demand, as well as improved
collateral coronary flow in a more relaxed myo-
cardium. Sublingual forms have the fastest onset
of action; however, their effects only Ilast
30-60 min. They are useful in the acute period. In
contrast, isosorbide S-mononitrate is a long-
acting agent with effects lasting up to 12 h. It is
an active metabolite of the dinitrate form. This
medication should be used once a day, allowing
for a 12-h drug-free period that helps avoiding
tolerance. Side effects of nitrates include flush-
ing, headache, and hypotension. No dose adjust-
ment is required in patients with CKD [2].

13.1.3.2 Beta-Blockers

Beta receptor activation triggers a reaction that
increases inotrophy and chronotrophy. Beta
adrenergic receptor blockers are the competitive
antagonists of noradrenaline and adrenaline.
Beta-blockers (f-blockers) diminish exercise
endurance due to antagonizing the sympathetic
nervous system. In healthy individuals, f-blockers
reduce exercise endurance by antagonizing the
sympathetic nervous system. This is not the case
in patients with coronary artery disease.
B-blockers cause an increase in exercise capacity
in patients with angina. The relief of angina by
beta-blockade is due to increased diastolic dura-
tion and reduced oxygen demand. Unlike patients
who have not had a prior MI, -blockers reduce
mortality when used after an acute event, which
is why the ACC/AHA committee recommended
B-blockers as first-line therapy for chronic stable
angina. Reducing heart rate to 50-60 beats/min
and exercise tolerance determine effectiveness.
Adverse effects include bronchoconstriction,
weight gain, insulin resistance (except carvedilol),
bradycardia, hypotension, sexual dysfunction,
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Table 13.2 B-blocker therapies for CKD patients in acute coronary seyndrome

Medication/Dose/Pharmacology
Metoprolol
Acute MI: Metoprolol tartrate: 2.5-5 mg rapid IV every

2-5 min, up to 15 mg over 10-15 min, then 15 min after last IV
and receiving 15 mg IV or 50 mg p.o. every 6 h for 48 h, then

50-100 mg p.o. twice daily

Angina: Metoprolol tartrate: initially 50 mg p.o. twice daily

Data for CKD patients

No specific dose adjustments for patients with
CKD

Recommend close monitoring for adverse effects
Metoprolol increases uric acid and risk of gout in
African Americans with chronic kidney disease
attributed to hypertension [20]

then titrated to 200 mg p.o. twice daily, metoprolol succinate:

100 mg p.o. once daily, no more than 400 mg per day
Dialysable: Yes

Metabolism: hepatic CYP2D6

Metabolites: inactive

Excretion: urine 95%

Esmolol

Immediate control

For intraoperative treatment give an 80 mg (approximately

No specific dose adjustments for patients with
CKD

1 mg/kg) bolus dose over 30 s followed by a 150 pg/kg per min

infusion, if needed

For postoperative treatment, give loading dosage infusion of
500 pg/kg per min over 1 min followed by a 4 min infusion of
50 pg/kg per min. If no effect within 5 min, repeat loading dose

and follow with infusion increased to 100 pg/kg per min
Maximum infusion rate: 300 pg/kg per min

Metabolism: extensively metabolized by esterase in cytosol of

red blood cells

Metabolites: major acid metabolite (ASL8123), methanol
(inactive)

Excretion: urine <1-2%

Carvedilol

Hypertension and post-MI protection: 6.25-25 mg p.o. twice

daily start at 6.25 mg p.o. twice daily, then increase every

3-14 days to 12.5 mg p.o. twice daily, then 25 mg p.o. twice

daily
Elimination: mainly biliary
Excretion: primarily via feces

No specific dose adjustments for patients with
CKD

In a small study of patients on dialysis with dilated
cardiomyopathies, carvedilol improved left
ventricular function and decreased hospitalization,
cardiovascular deaths, and total mortality

Studies with carvedilol demonstrate attenuated
increases in albuminuria as well as reduction in
cardiovascular events in CKD patients with
hypertension [21]

ACS acute coronary syndrome, CKD chronic kidney disease, CYP 450 cytochrome p 450, MI myocardial infarction, P.o.
per oral. The table was inspired from Mohammad Nasser, Peter A. McCullough and recreated with recent studies.
Copyright © Springer — Verlag Berlin Heidelberg 2014. With permission from Springer

and fatigue. These agents have no effect on kid-
ney function. Hydrophilic p-blockers (e.g., aten-
olol, nadolol, and sotalol) are not well metabolized
by the liver and are usually excreted unchanged
in the urine. Hydrophobic agents (eg propranolol,
metoprolol) are well tolerated in case of kidney
disease.

There are two main types of beta (§) recep-
tors; these are Bl and B2 adrenergic receptors.
Most of the B-blockers used in clinical therapy
show equally high affinity for f1 and 2 recep-

tors and block both to the same degree, which
are called “non-selective P-blockers.” On the
other hand, especially bisoprolol, atenolol, ace-
butolol, betaxolol, metoprolol, celiprolol, and
esmolol show higher affinity for 1 receptors
than P2. B-blockers that act selectively on 1
receptors are called “cardioselective beta-block-
ers” and they can be used in the treatment of
chronic kidney disease. B-adrenergic receptor
blockers for ACS in patients with CKD are
given in Table 13.2.
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13.1.3.3 Calcium Channel Blockers
Calcium channel blockers (CCBs) work by
antagonizing calcium channels in vascular
smooth muscle cells and myocytes, thereby
reducing cytoplasmic calcium influx. The net
effect is vasodilation, improved coronary blood
flow, and reduced contractility. When combined
with B-blockers, CCBs are more effective than
either drug in the treatment of angina. There are
two main classes in this drug group: Non-
dihydropyridines (diltiazem, verapamil) and
dihydropyridines. CCBs have varying individual
pharmacological and therapeutic properties, but
as a group, they are effective antihypertensive
agents in patients with kidney disease. Their
effect on the kidneys may go beyond lowering
blood pressure alone.

Existing studies suggest that CCB do not worsen
the progression of kidney disease, but may benefit
when systemic BP is firmly returned to normal.
Non-dihydropyridine calcium channel blockers
(NDHP), diltiazem, and verapamil slow down the
progression of type 2 diabetic kidney disease with
overt proteinuria to an extent almost similar to that
observed with ACE-I. Dihydropyridine calcium
channel blockers (DHP) have a variable effect on
proteinuria. CCBs may have an advantage in com-
bination with ACE-I and/or ARB [22]. Several
studies have shown that short-acting nifedipine can
exacerbate ischemia and worsen heart failure, mak-
ing its use a major concern [23]. Longer-acting
dihydropyridines appear to be safer and better tol-
erated. Amlodipine reduced cardiovascular events
in clinical studies. It is eliminated by the liver and
used safely in CKD patients. In contrast, non-
dihydropyridines have greater potential in reducing
contractility with less profound vasodilatory
effects. Verapamil has more cardiodepressive
effects and therefore more side effects than diltia-
zem. In view of the negative ionotropic effects of
NDHP, caution should be exercised in patients with
atrioventricular node disease and heart failure.

13.1.3.4 Ranolazine

Ranolazine works by inhibiting late inward
sodium channels, thereby reducing calcium con-
centration and diastolic tension. Because this
sodium channel is often not inactivated in some

major myocardial disease states, such as isch-
emia and hypertrophy, excess influx of sodium
ions leads to activation of the sodium/calcium
exchanger, raising the calcium concentration
[24]. Given the normal rapid inactivation of the
late inward sodium channel in normal myocytes,
the drug does not exert a significant effect on nor-
mal myocardium at normal doses. This poten-
tially increases its therapeutic window. The
starting dose of ranolazine is 500 mg twice daily.
In patients who remain symptomatic, 1000 mg
twice daily can be used. Long-term treatment
with ranolazine is not thought to cause progres-
sive renal dysfunction. It is recommended to
reduce the dose to 500 mg twice daily in patients
with chronic renal failure [25].

13.1.4 Management of Acute
Coronary Syndrome

Patients with end-stage renal disease and CKD
may have silent ischemia more frequently.
Suspicion of acute coronary syndrome (ACS)
should be high when ECG changes and abnormal
cardiac enzyme levels are present. Standard ACS
pharmacotherapy provides an enhanced benefit
in kidney patients. Treatment includes dual anti-
platelet therapy, statins, B-blockers, ACEIs, low-
molecular-weight heparin, and glycoprotein IIb/
ITa antagonists [26]. Dose adjustments are rec-
ommended for these agents (Tables 13.4, 13.5,
and 13.6).

ACEIs provide a survival advantage after an
acute event and should be continued thereafter.
While several studies have demonstrated the
superiority of early intravenous f-blocker use in
acute MI, other studies have not been consistent
with such benefit. In the “Global Use of
Streptokinase and Tissue Plasminogen Activator
for Occluded Coronary Arteries” (GUSTO) and
“Clopidogrel and Metoprolol in Myocardial
Infarction” (COMMIT) trials, early beta-
blockade resulted in an increased risk of cardio-
genic shock and even death [34, 35]. Therefore,
caution should be exercised when initiating
B-blockers early in acute ST elevation MI dur-
ing hemodynamic instability. Higher loading
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Table 13.3 Antiplatelet therapies for CKD patients in acute coronary syndrome

Data for CKD patients

Meta-analysis involving patients on dialysis demonstrated a
benefit of aspirin therapy on cardiovascular outcomes
Low-dose aspirin was associated with an increased risk of
cardiovascular events in patients with chronic kidney disease
and low bodyweight. Prescribing low-dose aspirin for the
prevention of cardiovascular events in patients with chronic
kidney disease, particularly patients with low bodyweight
(<60 kg) needs to be individualized [37]

Medication/Dose/Pharmacology

Aspirin

Acute MI: 160-325 mg p.o. as soon as possible
MI prophylaxis: 81-162 mg p.o. once daily

PCI: 325 mg p.o. 2 h pre-surgery, then 160-325 mg
p-0. maintenance

UA: 75-162 mg by mouth once daily

Renal clearance: 80-100% 24-72 h

Excretion: principally in urine (80-100%). Sweat,
saliva, and feces

Clopidogrel

UA/NSTEMI: 300-600 mg initial loading dose,
followed by 75 mg p.o. once daily with aspirin
STEMI: 75 mg p.o. once daily with aspirin
75-162 mg per day

Recent MI: 75 mg p.o. once daily

Metabolism: CYP3A4, CYP2C19 (predominantly)
and others to generate active metabolite; also by
esterase to an inactive metabolite

Excretion: urine and feces

No specific dose for patients with CKD

CYP2C19 genotypes and clinical risk factors can be integrated
by ABCD-GENE score to estimate the efficacy of clopidogrel-
aspirin therapy [38]

Prasugrel

ACS: Loading dose- 60 mg p.o. once

Maintenance dose: 10 mg p.o. once daily with
aspirin 81-325 my per day; bleeding risk may
increase if weight < 60 kg, consider 5 mg p.o. once
daily (efficacy/safety not established)

Metabolism: liver; CYP450, CYP2B6, CYP2C9/
CYP2C19 (minor). CYP3A4 substrate; CYP2B6
(weak) inhibitor

Excretion: urine (68%) and feces (27%)

Ticagrelor

ACS with PCI and stent:

Starting dose: 180 mg p.o. once

Maintenance dose: 90 mg p.o. twice daily

To be given for 1 year with aspirin as an alternative
option for dual antiplatelet therapy

Metabolism: hepatic CYP450

Excretion: bile primarily, urine <1%

No specific dose for patients with CKD

In one study results show that among patients with ACS,
reduction of eGFR is associated with increased risk for
ischemic and bleeding events but has no significant impact on
the relative efficacy and safety of ticagrelor versus

prasugrel [39]

No specific dose for patients with CKD

CAD coronary artery disease, CKD chronic kidney disease, CrCl creatinine clearance, MI myocardial infarction, PCI
percutaneous coronary intervention, STEMI ST elevation myocardial infarction, p.o. per oral, UA unstable angina,
NSTEMI non-ST elevation myocardial infarction. The table was inspired from Mohammad Nasser, Peter A. McCullough
and recreated with recent studies. Copyright © Springer - Verlag Berlin Heidelberg 2014. With permission from Springer

doses of clopidogrel produce a reduction in
death, MI, and stroke compared to lower doses.
The duration of dual antiplatelet therapy should
be adjusted for each patient. Although it seems
reasonable to continue aspirin plus clopidogrel
for more than 1 year in patients with severe vas-
cular disease, further studies are needed in this
regard [36]. Antiplatelet therapies for CKD
patients in acute coronary syndrome are given in
Table 13.3. Acute and chronic treatments for
ACS in patients with CKD are given in
Table 13.4.

13.1.5 Revascularization Therapy

Patients with CKD and acute coronary syndrome
should be treated in the same way as patients with
acute coronary syndrome without kidney disease.
The benefit of revascularization in patients with
advanced kidney disease and coronary artery dis-
ease (CAD) is unknown. Observational studies
suggest that revascularization may provide a sur-
vival benefit compared to medical treatment
alone. There is little evidence from randomized
trials regarding the efficacy of revascularization
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Table 13.4 Acute and chronic treatments for ACS in patients with CKD

Medication/Dose/Pharmacology

Captopril, zofenopril, enalapril, ramipril, quinapril, perindopril,

lisinopril, benazepril, imidapril, trandolapril, fosinopril

Indicated for the treatment of hypertension, prevention of

Data for CKD patients

Dosing may need to be individualized for each
dialysis session to avoid intradialytic
hypotension

cardiovascular events including heart failure in those at risk,
reduction in the progression of type 1 diabetic nephropathy, and
reduction in cardiovascular events in patients post MI with left

ventricular dysfunction or heart failure
Also indicated for the treatment of heart failure

Elimination: mainly renal with an elimination half-life of 12.6 h in

healthy individuals

In patients with impaired renal function (CrCl <30 mL/min) a
longer half-life and accumulation have been observed without

clinical consequences

Losartan, irbesartan, olmesartan, candesartan, valsartan,

telmisartan

Indicated for treatment of hypertension, to reduce the progression
of type 2 diabetic nephropathy, and reduce cardiovascular events in
patients post-MI with left ventricular dysfunction or heart failure

Both ACE inhibitors and ARBs have been
shown to reduce LVH in most patients with
CKD

Levels of ARBs do not change significantly
during hemodialysis

Indicated for heart failure in those intolerant to ACE inhibitors

Losartan has 88% hepatic and 12% renal clearance
CCBs
Dihydropyridines; amlodipine, nimodipine, nitrendipine,

felodipine, nicardipine, nifedipine; non-dihyrdropyridines:

diltiazem, verapamil

In UA/NSTEMLI, if B-blockers are contraindicated, a non-
dihydropyridine CCB should be chosen in the absence of clinically
significant left ventricular dysfunction or other contraindications

Diltiazem undergoes primary liver metabolism

Nitroglycerin

Angina: 0.5-2 in. applied in morning and 6 h later to truncal skin
Heart failure: 1.5 in., increase by 0.5-1 in. up to 4 in., every 4 h

No specific dose adjustments for patients with
CKD

Management of chronic CAD in dialysis
patients should follow that of the general
population and use of CCBs

The hemodynamic and electrophysiological
effects of CCBs differ markedly from each
other. Therefore, each agent should be carefully
selected

No specific dose for patients with CKD

Care must he used to avoid hypotension in low
volume states such as dialysis sessions

Sublingual: 0.4 mg for relief of chest pain in ACS every 5 min

Maximum: 3 doses within 15 min

Metabolism: Mainly in liver, extrahepatic sites such as vascular

wall, red blood cells

Excretion: urine

Ranolazine

500-1.000 mg p.o. twice daily

Max: 2000 mg per day

Excretion: urine 73-75%, feces 25%

No specific dose adjustments for patients with
CKD

Prolongs QTc interval

Recommend close monitoring

ACE angiotensin-converting enzyme, ACS acute coronary syndromes, ARB angiotensin receptor blocker, CAD coronary
artery disease, CCB calcium channel blocker, CKD chronic kidney disease, CrCl creatinine clearance, LVH left ven-
tricular hypertrophy, MI myocardial infarction, NSTEMI Non-ST elevation myocardial infarction: PCI percutaneous
coronary intervention, p.o. per oral, STEMI ST elevation myocardial infarction, UA unstable angina. The table was
inspired from Mohammad Nasser, Peter A. McCullough and recreated with recent studies. Copyright © Springer -

Verlag Berlin Heidelberg 2014. With permission from Springer

by coronary artery bypass grafting or percutane-
ous coronary intervention in patients with CAD
versus medical therapy alone in patients with
CKD [40]. The risk of contrast-induced nephrop-
athy is a major source of concern when percutane-
ous coronary intervention is performed in patients
with CKD. Strict rehydration protocols and tech-

niques to minimize the use of contrast are essen-
tial to reduce this risk. Finally, non-invasive or
invasive CAD screening approach should be used
in CKD patients awaiting kidney transplantation,
based on their cardiovascular risk profile.
Revascularization should be performed in candi-
dates with critical stenosis [41].
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13.1.5.1 Percutanous Coronary
Intervention
Percutanous coronary intervention (PCI) can be
selected as the revascularization method in patients
who are suitable candidates. It does not prolong life
compared to medical treatment [42]. It is indicated
for the treatment of symptomatic single or double
vessel disease. There are concerns about data on
the association between CKD and increased rates
of restenosis. Patients with chronic total occlusion
of an infarct-related artery should not undergo PCI
because of the excessive risk of reinfarction and no
clinical benefit for death or heart failure. Drug-
eluting stents are known to have lower rates of in-
stent restenosis than normal metal stents [43].
Post-PCI  pharmacotherapy should include
dual antiplatelet targeting with aspirin and a thi-
enopyridine. Prasugrel inhibits platelet aggrega-

tion to a greater extent,with a faster onset of action
than clopidogrel. Compared with clopidogrel in
patients after PCI, prasugrel is more effective in
reducing the incidence of cardiovascular death,
MI, stroke, and stent thrombosis. But prasugrel
has higher rates of life-threatening and fatal bleed-
ing in comparison with clopidogrel [44]. The risk
of bleeding was particularly higher in patients
with a history of transient ischemic attack and
stroke, and in elderly patients. Prasugrel is there-
fore contraindicated in these patients. It is recom-
mended that the treatment period should maintain
at least 1 year after intracoronary stent implanta-
tion [45]. Intravenous glycoprotein IIb/IIla inhibi-
tors for unstable angina/NSTEMI and STEMI are
given in Table 13.5. Antithrombotic agents for
unstable angina/NSTEMI and STEMI are given
in Table 13.6.

Table 13.5 Intravenous glycoprotein IIb/Ila inhibitors for unstable angina/NSTEMI and STEMI

Medication/Dose/Pharmacology

Abciximab

Adjunct to PCI: 0.25 mg/kg IV bolus over at least

1 min, 10-60 min before start of PCI, then 0.125 pg/kg
per min (not to exceed 10 pg per min) continuous I'V
infusion for 12 h

Unstable angina with PCI planned within 24 h:

0.25 mg/kg IV bolus over at least 1 min, then 0.125 pg/
kg per min (not to exceed 10 pg per min) IV infusion
for 18-24 h concluding 1 h after PCI

Metabolism: unknown, but likely by the
reticuloendothelial system

Excretion: urine

Eptifibatidc

ACS: 180 pg/kg IV bolus, then 2 pg/kg per min IV for
upto72h

PCI: 180 pg/kg 1V, then a continuous infusion at 2 pg/
kg per min with another 180 pg/kg IV bolus 10 min
after first bolus

Continue infusion for at least 12 h

Metabolism: other, minimal

Excretion: urine 50%

Tirofiban

In patients undergoing PCI, tirofiban is not
recommended as an alternative to abciximab

ACS: 0.4 pg/kg per min IV for 30 min, then 0.1 pg/kg
per min IV for 48-108 h

PCI: Continue 0.1 pg/kg per min IV through procedure
and for 12-24 h after

Excretion: urine 65% (primarily unchanged), feces
25% (primarily unchanged)

Data for CKD patients

No specific dose adjustments for patients with CKD
Because the potential risk of bleeding is increased in
patients with stage 4 CKD, the use of abciximab in CKD
patients should be considered only after careful appraisal
of the risks and benefits [27]

In patients with stage 3 to 4 CKD, the clearance of
eptifibatide is reduced by ~50%, and steady-state plasma
levels are approximately doubled. The maintenance dose of
eptifibatide should therefore be reduced from 2.0 to 1.0 pg/
kg/min in patients with creatinine clearance >30 to

<50 mL/min [28]

Creatinine clearance <30 mL/min and ACS: reduce dose to
50% of normal rate

Safety and use during hemodialysis not established
Among patients with stage 2 to 3 CKD in the platelet
receptor inhibition in ischemic syndrome Management in
Patients Limited by unstable signs and symptoms
(PRISM-PLUS), tirofiban was well tolerated and effective
in reducing ischemic ACS complications, with no evidence
of treatment-by—creatinine-clearance interaction [29]

ACS acute coronary syndromes, CKD chronic kidney disease, IV intravenous, NSTEMI non-ST elevation myocardial
infarction, PCI percutaneous coronary intervention, STEMI ST elevation myocardial infarction. The table was inspired
from Mohammad Nasser, Peter A. McCullough and recreated with recent studies. Copyright © Springer - Verlag Berlin

Heidelberg 2014. With permission from Springer



13 Management of Cardiovascular Disease in Chronic Kidney Disease 181

Table 13.6 Antithrombotic agents for unstable angina/NSTEMI and STEMI

Medication/Dose/Pharmacology

Unfractionated heparin

Recommended dosage and desired aPTT values as per
institutional protocol

PCI: 60-100 units/kg I'V given once

Target ACT 250-350 s

In patients receiving glycoprotein IIb/Illa inhibitor.
Give 50-70 units/kg IV to target ACT 200 s

STEMI, adjunct treatment, streptokinase use:

800 units/h when <80 kg body weight or 1000 units per
h when >80 kg body weight

Start: 5000 units IV, adjust dose to target aPTT 50-75 s
NSTEMI: 1215 units/kg per h IV

Start: 60—70 units/kg I'V; Max 5000 units bolus, max
rate 1000 units per h

Adjust dose to target aPTT 50-75 s

Metabolism: liver (partial)

Metabolites; none

Excretion: urine

Low-molecular-weight heparin (e.g., enoxaparin)
Unstable angina, nonQ-wave myocardial infarction:

1 mg/kg subcutaneously twice daily, CrCl <30 mL/min
STEMI, aged <75 years: 30 nig IV bolus plus 1 mg/kg
subcutaneously, then 1 mg/kg subcutaneously every
12h

PCI: additional 0.3 mg/kg IV bolus it last subcutaneous
administration given >8 h before balloon inflation
STEMI, aged >75 years: 0.75 mg/kg subcutaneously
every 12 h (no IV bolus)

Excretion: urine 40%

Fondaparinux

Unstable angina/NSTEMI

Conservative strategy: 2.5 mg subcutaneously once
daily

During PCI: add unfractionated heparin 50-60 units/kg
IV bolus for prophylaxis of catheter thrombosis
Excretion: urine (primarily unchanged)

Bivalirudin

Intended for use with aspirin 300-325 mg per day
0.75 mg/kg TV bolus initially, followed by continuous
infusion at rate of 1.75 mg/kg per h for duration of
procedure

Perform ACT 5 min after bolus dose

Administer additional 0.3 mg/kg bolus if necessary
May continue infusion following PCI beyond 4 h
(optional post-PCI, at discretion of treating healthcare
provider) initiated at rate of 0.2 mg/kg per h for up to
20 h as needed

Dialysable: with 25% reduction in levels Dialysable:
with 25% reduction in levels

Excretion: urine

Data for CKD patients

In patients with CKD. Suggested starting dose of heparin
is 50 IU/kg bolus, then 1S IU/kg per h

Monitor aPTT level and adjust accordingly as per
institutional protocol

STEMI, aged <75 years: 30 mg IV bolus plus 1 mg/kg
subcutaneously. Then 1 mg/kg subcutaneously once a day
STEMI, aged >75 years: 1 mg/kg subcutaneously once a
day

CrCl 30-50 mL/min: use with caution

CrCl <30 mL/min: not indicated

A meta-analysis showed that the safety and efficacy of
fondaparinux in renally impaired patients is limited and
does not support its use in such population [30]

CrCl 10-29 mL/min: usual bolus dose, then initial infusion
of 1 mg/kg perh IV upto4h

Hemodialysis: usual bolus dose, then initial infusion of
0.25 mg/kg perh IV upto 4 h

Bivalirudin is a direct thrombin inhibitor with specific
dosing adjustments for patients on dialysis and should be
preferentially considered

In one recent study bivalirudin is safer than and as
effective as heparin plus GPIs in CAD patients with
CKD. Impaired renal function does not affect the safety
benefits of bivalirudin. Similar efficacy profiles were
identified between the two groups after both short- and
long-term follow-up in the CAD patients with CKD [31]

(continued)
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Table 13.6 (continued)

Medication/Dose/Pharmacology

Dabigatran

Indicated for the prevention of stroke and
thromboembolism associated with nonvalvular atrial
fibrillation

Excretion: urine 7%, feces 86%

Rivaroxaban

Indicated for prevention of stroke and
thromboembolism associated with nonvalvular atrial
fibrillation

Metabolism: liver CYP450

Excretion: urine 66%, feces 28%

Half life: 5-9 h or 11-13 h in elderly

Apixaban

Indicated for prophylaxis against stroke with atrial
fibrillation and as postoperative prophylaxis of deep
vein thrombosis (DVT) and to prevent pulmonary
embolism (PE)

The recommended dose of Apixaban for most patients
is 5 mg taken orally twice daily

Approximately 25% of an orally administered apixaban
dose is recovered in urine and feces as metabolites.
Apixaban is metabolized mainly via CYP3A4

Data for CKD patients

CrCl 15-30 mL/min: 75 mg p.o. twice daily

CrCl >30 mL/min: 150 mg p.o. twice daily

CrCl <15 mL/min or hemodialysis: not indicated

For patients currently taking dabigatran, wait 12 h (CrCl
>30 mL/min) or 24 h (CrCl <30 mL/min) after the last
dose of dabigatran before initiating treatment with a
parenteral anticoagulant

If possible, discontinue dabigatran 1-2 days (CrCl

>50 mL/min) or 3-5 days (CrCl <50 mL/min) before
invasive or surgical procedures because of increased risk
of bleeding

CrCl 15-50 mL/min: 15 mg p.o.

CrCl >50 mL/min: 20 mg p.o.

CrCl <15 mL/min: not indicated

Among patients with nonvalvular atrial fibrillation and
stage 4 or 5 chronic kidney disease or undergoing
hemodialysis, rivaroxaban appears associated with
significantly less major bleeding compared to warfarin
[32]

Serum creatinine greater than or equal to 1.5 mg/dL, the
recommended dose of Apixaban is 2.5 mg twice daily
Patients with advanced CKD taking apixaban had similar
bleeding rates at 3 months compared with those taking
warfarin. However, those who continued therapy had
higher major bleeding rates with warfarin between 6 and
12 months [33]

ACT activated clotting time, aPTT activated partial thromboplastin time, CKD chronic kidney disease, CrClI creatinine
clearance, IV intravenous, NSTEMI non-ST elevation myocardial infarction, PCI percutaneous coronary intervention,
STEMI ST elevation myocardial infarction. The table was inspired from Mohammad Nasser, Peter A. McCullough and
recreated with recent studies. Copyright © Springer - Verlag Berlin Heidelberg 2014. With permission from Springer

13.1.5.2 Coronary Artery Bypass
Greft

There is increasing evidence from recent studies
that coronary artery bypass greft (CABG) has
lower long-term adverse outcomes and requires
less revascularization in HD patients [46]. CABG
appears to be superior to PCI in reducing mortal-
ity and MI rates in diabetic patients with multi-
vessel disease [47]. Itis supported as the treatment
of choice in HD patients with severe CAD. CKD
patients with a creatinine value greater than 2.5
mg/dL are at risk of needing dialysis after sur-
gery. Using data from the National Adult Cardiac
Society of Thoracic Surgeons Database (United
States), Cooper et al. showed that perioperative
mortality, ranging from 9.3% in patients with
severe CKD to 1.3% in patients with normal kid-
ney function, was inversely associated with

decreased kidney function [48]. In the same
study, the use of internal mammarian artery grafts
in patients with eGFR <30 mL/min/1.73 m? was
significantly protective compared to the use of
venous grafts. Larger studies are needed to fur-
ther elucidate the role of PCI versus CABG in the
CKD population.

13.2 Heart Failure

Heart failure (HF) is diagnosed in approximately
30% of kidney patients undergoing hemodialysis
[49]. Concomitant kidney dysfunction makes HF
management more challenging and complex. The
correlated functioning of the kidney and heart in
a patient with heart failure and chronic kidney
disease is shown in Fig. 13.1. Correction of
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Fig. 13.1 The correlated functioning of the kidney and heart in a patient with heart failure and chronic kidney disease,

RAAS renin angiotensin aldosteron system

hemodynamic abnormalities remains the main
goal of HF treatment. Reversible causes and trig-
gering factors should be identified and targeted in
treatment. The correlated functioning of the kid-
ney and heart in a patient with heart failure and
chronic kidney disease is shown in Fig. 13.1.
Chronic kidney disease is common, occurring
in 49% of patients with HF and is associated with
a high mortality and increased frequency of hos-
pitalizations [50]. New evidence of improvement
in cardiovascular death and HF hospitalizations
has emerged with angiotensin receptor neprilysin
inhibitor, ivabradine, and more recently sodium
glucose cotransporter inhibitors in heart failure
with reduced ejection fraction (HFrEF) in
patients with CKD Stage 1-3. However, these
studies excluded CKD Stage 4 and 5 patients.
There is evidence for pB-blocker therapy in CKD
Stage 1-3 and separately in hemodialysis
patients. Cardiac resynchronization therapy
reduces hospital admissions and mortality due to
HEF. It also reduces mortality in CKD Stage 1-3
patients, but has not been shown to do so in Stage
4 and 5 CKD or dialysis patients. In HFrEF
patients, internal cardioverter and defibrillator
therapy has been shown to be beneficial in CKD
3 patients, but not in dialysis patients, as it is

associated with high infection rates. Treatment
for HFpEF patients with CKD is symptomatic
because there is no treatment proven to improve
survival or hospitalizations [51]. Treatment rec-
ommendations for patients with HFrEF Stages C
and D medications may be started simultane-
ously at initial (low) doses recommended for
HFrEF [52].

13.2.1 Prognosis of HF Patients
with CKD

Clinically important adverse outcomes to be con-
sidered in patients with HF include the number
and duration of hospitalizations due to symp-
toms, mortality and poor quality of life, and func-
tional status. The prognosis of HF has improved
over time but remains poor compared to other
chronic conditions. In the recently completed
Empagliflozin Outcome Study in Patients with
Chronic Heart Failure and Low Ejection Fraction
(EMPEROR-Reduced) in New York Heart
Association (NYHA) Class II-1V, HF, and low
ejection fraction (HFrEF) patients treated with
placebo [age 66 + 11 years, EF 27 + 6%, diabetes
50%, angiotensin converting enzyme inhibitor
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Fig. 13.2 Treatment options in patients with heart failure
and chronic kidney disease. CRT cardiac resynchroniza-
tion therapy, SGLT2; sodium glucose cotransporter 2
inhibitor, MRA mineralocorticoid receptor antagonist,

(ACEi) or angiotensin receptor blocker (ARB)
70%, 73% mineralocorticoid receptor antagonist
(MRA), 95% p-blocker, 44% device therapy],
all-cause related mortality was 10.7%/year and
hospitalizations were 71%/year [53].

In a meta-analysis of patients with acute and
chronic HF, co-existing CKD was associated
with a higher risk of death. Mortality was found
2.34 times higher in patients with CKD than in
patients without CKD; The mean surveillance for
acute HF patients was 361 + 333 days and for
chronic HF patients 942 + 802 days [54].
13.2.1.1 Principles of Management
of HF Patients with CKD
The goal of treatment in HF patients is not only to
improve survival, but also to improve functional
status and quality of life. Better symptom control
and quality of life may often have a higher prior-
ity over long-term survival in multimorbid
HF-CKD patients. Recurrent hospitalizations are
undesirable as they affect patients’ life goals and
quality of life, and therefore prevention of hospi-
talizations is an important treatment outcome. A
common indication for hospitalization is dyspnea

Improve quality of life and control symptoms

Theraphy

Decongestion

Salt and Nuid restriction
IV loop diurctic

Oral metolazone

Oral loop diuretic

Oral thiazide diuretic

Close Monitoring

ACEI ACE angiotensin-converting enzyme, ARB ARB
angiotensin receptor blocker, ARNI Angiotensin receptor
neprilysin inhibitor

and edema, which usually require carefully man-
aged diuretic therapy. Treatment options in
patients with heart failure and chronic kidney dis-
ease are shown in Fig. 13.2.

13.2.1.2 Challenges
in the Management of HF
Patients with CKD

There are several challenges in the management
of HF in the presence of kidney disease, includ-
ing abnormalities of drug pharmacokinetics,
altered drug pharmacodynamics, biochemical
abnormalities of electrolytes, and infections with
device therapy. Abnormalities in drug pharmaco-
kinetics due to poor kidney function are numer-
ous. The blood concentrations of some drugs are
increased in CKD due to decreased renal elimi-
nation. In addition, CKD causes abnormalities in
glycoprotein function, which increases the bio-
availability of digoxin, and cytochrome P450
enzyme function, which decreases the clearance
of carvedilol and verapamil. Generally, available
evidence for the definitive effect of CKD on drug
pharmacokinetics is limited and dose adjust-
ments are difficult.
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Diuretic Resistance

The effects of diuretic therapy diminish with
worsening kidney function, but the term diuretic
resistance is not well defined. Thiazide diuretics
are generally ineffective in CKD Stages 4 and 5.
Loop diuretics are more effective at lower esti-
mated glomerular filtration rate (eGFR); how-
ever, higher doses are required at lower GFRs.
Loop diuretics work by acting on sodium-
potassium co-transporters on the luminal side of
tubular cells in the ascending limb of the loop of
Henle. Decreased function of organic anion
transporters inhibits the secretion of loop diuret-
ics into the tubular lumen, counteracting their
effects [55].

13.2.2 Lifestyle Changes
for Management of HF
Patients with CKD

Exercise improves quality of life in patients with
HFrEF, as demonstrated in a randomized clinical
trial (RCT) of 2332 patients who performed 36
sessions of exercise over 3 months [56]. These
patients had a mean creatinine of 1.2 mg/dL, so
they had a significant proportion of CKD. Salt
restriction is recommended, especially in patients
with fluid overload, but there is no evidence from
randomized controlled trials.

13.2.2.1 Drug Therapy for HF

with Reduced EF and CKD

ACEl or ARB

General population studies such as the SOLVD
and Survival and Ventricular Enlargement
(SAVE) have positive evidence for mortality and
hospitalizations in CKD Stage 1-3 patients in
CKD and HF. The SAVE trial randomized 2231
patients with creatinine levels up to 221 mmol/L
and showed an improvement in all-cause mortal-
ity with captopril compared to placebo [57]. The
SOLVD study randomized 2569 patients with
creatinine values up to 177 mmol/L and showed
an improvement in all-cause mortality with enal-
april compared to placebo [58]. These drugs
caused a decrease in kidney function that was not

associated ~ with an  adverse  outcome.
Hyperkalemia is a rare side effect and its inci-
dence increases with worsening kidney function.
However, these trials did not include patients
with advanced CKD.

The effects of ACEi/ARB in dialysis patients
remain controversial; one randomized trial sug-
gested that the B-blocker atenolol was better than
the ACEi lisinopril [59], while another study
[Fosinopril on Dialysis (FOSIDIAL)] showed no
difference in survival between fosinopril and
ACEI treatment and placebo during the 3-year
follow-up period [60].

SGLT2 Inhibitors

SGLT2i (sodium glucose cotransporter 2 inhibi-
tor) act by preventing glucose reabsorption in
the proximal tubule where 90% of glucose is
reabsorbed and cause osmotic diuresis by
increasing sodium excretion together. This
diuretic effect causes a decrease in extravascular
and intravascular volume, resulting in a reduc-
tion in blood pressure and body weight. Unlike
diuretics, it has no adverse effects on kidney
functions and significantly improve outcomes
related to kidney. Besides their renoprotective
effects, SGLT2 inhibitors have been shown to be
an effective treatment in HF independent of
diabetes.

Patients with HFrEF and CKD with eGFR
>20 mL/min/1.73 m? were included in the
EMPEROR-Reduced study. A total of 1799
(48%) of 3730 patients had CKD with
eGFR<60 mL/min/1.73 m2. Cardiovascular death
and hospitalizations for HF were reduced by 25%
[HR 0.75 (95% CI 0.65-0.86); P < 0.001], 50%
of whom were diabetic and 73% had ejection
fraction [EF] < 30%. eGFR decline was slower
with empagliflozin compared to placebo (—0.55
vs. —2.28 mL/min/1.73 m*/year), 1.7 mL/
min/1.73 m?*year between groups (95% CI 1
0.10-2.37; P <0.001). The primary endpoint was
reached with empagliflozin in 202/893, com-
pared with 237/906 with placebo in patients with
eGFR <60 mL/min/1.73 m? There was a 50%
(95% CI 32-77) reduction in the incidence of
renal replacement therapy or sustained loss of
eGFR [52].



186

S.Uluand E. Onan

The Dapagliflozin [DAPA-HF] study in
Patients with Heart Failure and Low Ejection
Fraction included patients with eGFR>30 mL/
min/1.73 m? and EF <40%. The primary endpoint
(worsening HF or cardiovascular death) was
reduced by 26% (95% CI 65-85) and eGFR
<60 mL/min/1.73 m? in 40.6% (1926/4744) of
patients. The reduction in the primary endpoint
was observed similarly in patients with and with-
out CKD [HR 0.72 (95% CI 0.59-0.86) and HR .
0.76 (95% CI 0.63-0.92), respectively]. Serious
renal adverse events occurred in 38 patients
(1.6%) in the dapagliflozin group and 65 patients
(2.7%) in the placebo group (P 0.009) [61].

2022 AHA/ACC/HFSA Guideline for the
Management of Heart Failure recommends for
heart failure Stages C and D patients that therapy
should include an angiotensin receptor neprily-
sin inhibitor (ARNI) in NYHA (Newyork Heart
Association)II- III; ACEI or ARB in NYHA
[I-1V, a B-blocker, a MRA, a SGLT2i and diuretic
as needed [62].

Initial Increase in Serum Creatinine

with Initiation of ACEi/ARB and SGLT2

Inhibitor Therapy

When initiating ACEi/ARB therapy, both HF and
non-HF patients may initially experience a slight
decrease in kidney function. In the Studies of
Left Ventricular Dysfunction [SOLVD], 606
patients (9.5%) experienced worsening kidney
function between baseline and 14 days after ran-
domization; There was a mean reduction in eGFR
of 29.2 = 98% in the enalapril group and
28.9 = 9.3% in the placebo group. Patients who
experienced premature worsening kidney func-
tion at 14 days had a significant improvement in
kidney function at 1 year (P < 0.0001), and the
degree of improvement was similar between
those given enalapril or placebo (16.0 + 34.1%
vs. 18.2 + 38.0% in the placebo group).);
P =0.52). However, patients with rapidly deterio-
rating kidney function with enalapril had not
increased mortality compared to patients with
placebo [HR 1.0 (95% CI 0.78-1.3); P = 1.0]
[HR 1.3 (95% CI 1.1-1.7); P = 0.012] [63].

More recently, a reanalysis of the SOLVD
study found that up to 10% reduction in eGFR
with enalapril was associated with a survival ben-
efit [HR 0.87 (95% CI 0.77-0.99)] compared
with a 0% eGFR reduction in the placebo arm as
areference.)]] A reduction in eGFR of up to 35%
was associated with a reduced risk of hospitaliza-
tion for HF [HR 0.78 (95% CI 0.61-0.98)] [61].

Early worsening of kidney function is associ-
ated with efferent arteriolar vasodilation and
reduction in filtration pressure in each nephron.
Low intraglomerular pressure prevents hyperfil-
tration in each nephron and protects the glomeru-
lus in the long term. A similar observation has
been noted in SGLT2 inhibitor trials. In a study
of 4744 HF patients randomized to dapagliflozin
or placebo, there was a higher baseline reduction
in eGFR in the dapaglifiozin group compared to
the placebo group (-3.97 = 0.15 vs.
—0.82 = 0.15 mL/min/1.73 m?) [60]. After that,
however, the annual change in mean eGFR was
smaller with dapaglifiozin than with placebo
(—1.67+0.11 and —3.59 = 0.11 mL/min/1.73 m?,
respectively), 1.92 mL/min/1.73 m*for an inter-
group difference of years (95% CI 1.61-2.24).

Early worsening of kidney function at 2 weeks
is consistent in all different SGLT2 inhibitor
groups. This is likely due to tubuloglomerular
feedback, in which increased salt and water
delivery to the periglomerular distal tubule causes
afferent arteriolar vasoconstriction and a decrease
in filtration pressure in each glomerulus. Low
intraglomerular pressure protects the glomerulus
from hyperfiltration. In the latest “KDIGO
Clinical Practice Guideline For Diabetes
Management In Chronic Kidney Disease,” atten-
tion has been drawn to the reversible decrease in
the eGFR with commencement of SGLT?2i treat-
ment and has been suggested not to discontinue
therapy [64].

B-Blockers

Subgroup analysis of general population studies
demonstrates survival benefits from the use of
B-blockers in patients with HFrEF and
CKD. Carvedilol treatment has been shown to
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improve mortality in HFrEF patients on hemodi-
alysis [65]. The American Heart Association rec-
ommends targeting blood pressure to a level
below 120/80 mmHg for those with HF plus an
LVEF below 40%. It should be emphasized to
uptitrate the dose of B-blockers over weeks to
avoid worsening of volume overload (1).

Mineralocorticoid Receptor Antagonists

Mineralocorticoid receptor antagonists (MRAs),
often called aldosterone antagonists, are an
important component of evidence-based therapy
for patients with heart failure. Renin-angiotensin-
aldosterone system activation is pathological,
especially in HFrEF patients. Treatment strate-
gies are based on normalizing and inhibiting the
end product of this system; the excessive effects
of aldosterone. Benefits of MRAs on mortality
and hospitalization in CKD Stage 1-3 patients
from general population have been shown in
studies such as Randomized Aldactone Evaluation
Study (RALES) and Eplerenone in the Mild
Patient Hospitalization and Heart Failure Survival
Study (EMPHASIS-HF). In RALES, 48% of
1658 patients had eGFR <60 mL/min/1.73 m?,
and subjects with eGFR <60 or >60 mL/
min/1.73 m? had a similar reduction in risk of
death and hospitalization for HF [66].
Hyperkalemia occurred more frequently in
patients with eGFR <60 mL/min/1.73 m? than in
patients with eGFR >60 mL/min/1.73 m? [67].
Impaired kidney function was a problem, as evi-
denced by a >30% decrease in eGFR in 14% of
EMPHASIS-HF patients [68]. In two recent
small RCTs in hemodialysis patients, there was a
higher incidence of hyperkalemia (>6.5 mmol/L)
with spironolactone, and more so with a dose of
50 mg (e.g., 8 of 32 patients) than 25 mg daily
(e.g., 4 of 26 patients) [69, 70]. In 154 hemodi-
alysis patients, the incidence of hyperkalemia
(>6.5 mmol/L) was also higher (11%) with
eplerenone compared to placebo (2%) [71].

Diuretics

Diuretic therapy is an essential element in restor-
ing volume status and symptom relief. Renal
venous congestion and consequent renal dys-
function due to increased right heart pressure is

poorly understood and difficult to manage; vol-
ume status, body weight, and creatinine require
close monitoring of diuretic doses [72].

Loop diuretics are first-line therapy and can be
given as intravenous infusions or boluses. Edema
of the gastrointestinal tract may delay oral drug
absorption. For this reason, intravenous diuretics
should be initiated, given their potency and effi-
cacy compared to oral therapy. In patients not
taking diuretics, intravenous furosemide can be
initiated at 20-40 mg. In chronic users, the start-
ing dose should be at least twice the daily dose.
Higher doses of furosemide are associated with
more significant relief of dyspnea, net fluid loss,
and weight loss than lower doses. Thiazides work
synergistically with loop diuretics and can be
added for more effective diuresis. Commonly
used thiazide diuretics are ineffective in advanced
CKD, and loop diuretics are often used with
metolazone when necessary for adequate diure-
sis. In patients with acute HF, spironolactone can
be a natriuretic and help relieve congestion with-
out significant adverse effects on serum potas-
sium levels [73]. In a study in CKD Stage 3 and 4
patients with decompensated HF with a high
urine volume of 8425 mL [interquartile range
(IQR) 6.341-10.528] for 72 h, furosemide
560 mg (IQR 300-815) and serum creatinine
were not associated with markers of tubular
injury despite a slight increase [74].

Diuretic therapy may adversely affect blood
concentrations of urea, creatinine, sodium, and
potassium in HF patients with CKD. Changes in
creatinine during diuretic therapy depend on the
degree of cardiac and renal dysfunction offset by
diuresis. Lowering renal venous pressure and
improving cardiac output with diuretics may help
maintain or improve GFR. However, excessive
intravascular depletion can cause acute kidney
injury, especially in patients with low left ven-
tricular ejection fraction (LVEF). The first mani-
festation of renal perfusion deprivation is an
increase in BUN. Diuresis should be reduced to
prevent kidney damage in stable patients with
mild congestive symptoms and elevation in
BUN. If symptoms persist and severe diuresis
needs to be continued, inotropes may be added as
adjunctive therapy.
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Angiotensin Receptor Neprilysin Inhibitor
Studies from the general population have demon-
strated benefits in mortality and hospitalization
with confirmed safety in CKD patients with an
eGFR of 30 mL/min/1.73 m?. Clinical benefits of
angiotensin receptor neprilysin inhibitor (ARNI)
was shown with first reduction in cardiovascular
death and HF hospitalization in a large RCT
involving 8842 HFrEF patients (eGFR >30 m/
min/1.73 m?) [HR 0.80 (95%)]. CI 0.73-0.87];
P < 0.001] [75]. There is evidence that ARNIs
can slow CKD progression compared to ACEIs
alone. Side effects such as hyperkalemia are less
common compared to ACEIs or ARBs. A meta-
analysis demonstrated that ARNI had a lower
incidence of severe hyperkalaemia (defined as
K > 6.0 mmol/L) and worsening kidney function
in comparison with enalapril or valsartan [RR
0.79 (95% CI 0.67-0.95)]; P < 0.010] [76].

Ivabradin

Ivabradine, an I(f) current inhibitor, improved
cardiac death and hospitalizations for HF when
used in 6658 clinically stable, on p-blockage
HFrEF patients with creatinine <220 mmol/L
[77]. This study included a significant number of
Stage 3 CKD patients who benefited with a risk
reduction ratio of 0.82 (95% CI 0.75-0.90;
P <0.0001).The safety and efficacy of ivabradine
in CKD Stage 4 and 5 patients are unknown.

Digitalis

Digitalis inhibits the Na-K-ATPase pump and
thus increases intracellular calcium and contrac-
tility. Additionally, it increases vagal tone, which
antagonizes the sympathetic pathway. Digitalis is
indicated in patients with heart failure and atrial
fibrillation. The symptomatic and functional ben-
efit seen with this drug is offset by the increase in
mortality observed in female and patients with
trough levels above 1.0 ng/mL [78]. Target serum
levels are between 0.5 and 0.8 ng/mL. It is often
combined with a B-blocker or CCB to control the
ventricular rate in atrial fibrillation. Digitalis is
excreted by the kidneys and patients with low
eGFR are at increased risk of toxicity. Electrolyte

abnormalities, particularly hypokalemia, are
common in patients taking diuretics, which may
precipitate acute digitalis toxicity. This drug is
eliminated unchanged in the urine; therefore,
loading and maintenance doses should be reduced
in CKD. The dose should be reduced by 50%
when eGFR is below 60 mL/min/1.73 m? and by
75% when eGFR is below 30 mL/min/1.73 m?
Patients should be aware of the early symptoms
of digital intoxication such as nausea, vomiting
and confusion. Both digitalis and its antidote,
digoxin-specific antibody, have long-term elimi-
nation in kidney failure. Hemodialysis has not
been shown to be effective in this setting and
recurrence of symptoms is common [79].

13.2.2.2 Ultrafiltration

Trials have shown that greater fluid can be
removed by ultrafiltration compared to diuret-
ics. Ultrafiltration or dialysis can be used as
alternative therapy in patients with progressive
deterioration of renal function but clinical trials
are not compatible. The  multicenter
“Ultrafiltration ~ Versus  Intravenous (IV)
Diuretics for Patients Hospitalized for Acute
Decompensated Heart Failure (UNLOAD)”
study showed that the use of ultrafiltration
before the development of AKI improved decon-
gestion and reduced hospitalizations without
any effect on kidney function [80]. In the more
recent “Cardiorenal Rescue Study in Acute
Decompensated Heart Failure (CARESS-HF)”
study, ultrafiltration therapy was associated with
increased creatinine and more adverse events
when started before the development of
AKI. Therefore, this method may be a reason-
able choice in patients whose symptoms persist
despite medical treatment [81].

13.3 Arrhythmias

In the atrial and ventricular myocardium, anoma-
lies in the structure or function of the heart’s con-
duction system accumulate with age, causing
atrial and ventricular tachyarrhythmias and
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Fig. 13.3 Mechanisms of arrhythmia formation in chronic kidney disease

bradyarrhythmias. In CKD patients, the fre-
quency is higher than in the normal population,
due to both the myocardiotoxic effect of uremia
and microvascular calcification. Atrial fibrillation
(AF) is by far the most common sustained
arrhythmia; increases sharply with age and
affects 1.5% of the general population aged
55-59 years and 27% aged >85 years [82].
Persistent and recurrent ventricular arrhythmias
are less common, but important as sudden death
is often due to ventricular tachyarrhythmia.
Complete atrioventricular block and other forms
of bradyarrhythmia are common and increase
sharply with age. CKD is even more common
than sustained arrhythmia and is associated with
multiple types of acquired arrhythmia, particu-
larly in AF [83]. Sudden death is also more com-
mon in CKD and is responsible for about a
quarter of deaths in dialysis patients [84].
Ventricular tachycardia (30.2%) and AF (7.4%)
are present in CKD patients, and more than 90%
of patients have ectopia [85].

Diabetes and hypertension are responsible for
the majority of arrhythmias in the general popu-

lation, especially AF. Both conditions are respon-
sible for the majority of cases of end-stage kidney
disease. In both cases, CKD and AF are often late
effects of the underlying condition, but the under-
lying condition is often not diagnosed until the
results are available. Mechanisms of arrhythmia
formation in chronic kidney disease are shown in
Fig. 13.3. In Table 13.7 antiarrhythmic agents are
shown.

All patients with atrial fibrillation are at risk
for embolic events, since kidney disease
increases the risk, which can be attributed to
higher blood stasis levels. Antithrombotic ther-
apy is an accepted treatment to reduce the risk
of embolization. Also, this patient population is
prone to bleeding complications associated
with antithrombotics. Before administering
thromboprophylaxis, patients should be care-
fully evaluated about the risks weighed against
the benefits. The CHAD-VASC scoring system
is used to classify the risk of clotting. A score
of 2 or higher is considered as “high risk”” and
such patients require antithrombotic therapy
(Box 13.2).
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Table 13.7 Antiarrhythmic agents

Medication/Dose/
Pharmacology
Flecainide

100 mg BID. Maximum of
400 mg/day

Half-life: 11-12 h
Excretion: 80-90% in
urine

Procainamide

IV: Loading dose of
15-18 mg/kg.
Maintenance dose of

1-4 mg/min

Oral: 50 mg/kg/24 h QID
Half-life: 2.5-4.7 h
Excretion: urine
Dofetilide

Oral: 500 pg BID
Half-life: 10 h
Excretion: urine

Amiodarone

Oral: 200-400 mg/day

IV: Loading dose of

150 mg, then 1 mg/min for
6 h, followed by 0.5 mg/
min infusion

Half-life: 40-55 days
Excretion: feces

Data for CKD patients
CrCl <50 mL/min:
Decrease dose by 50%
Monitor serum levels

CrCl <50 mL/min:
Administer BID
HD: Administer QD

CrCl 40-60 mL/min:
250 pg BID

CrCl 20-39 mL/min:
125 pg BID

CrCl <20 mL/min:
Contraindicated

No dosage adjustment.

Not dialyzable

The table is inspired from Mohammad Nasser, Peter
A. McCullough. and recreated with recent studies.
Copyright © Springer - Verlag Berlin Heidelberg 2014.
With permission from Springer

Box 13.2 CHAD-VASC Scoring System

Condition Score

C Congestive heart failure or left 1
ventricular dysfunction

H Hypertension 1

A, Age > 75 2

D Diabetes mellitus 1

S, Prior stroke or TIA 2

v Vascular disease (e.g., 1

peripheral artery disease,
myocardial infarction, aortic

disease)
A Age 65-74 1
SC Sex category (female gender) 1

EHRA/EACT/ESC Committee for Practice
Guidelines [86]. The table is inspired from
Mohammad Nasser, Peter A. McCullough.
Copyright © Springer - Verlag Berlin Heidelberg
2014. With permission from Springer

13.4 Valvular and Pericardial
Heart Disease

Chronic kidney disease (CKD) is an important
risk factor for heart valve disease. Mitral annular
and aortic valve calcifications are very common
in CKD patients and often lead to complications
such as valve stenosis and regurgitation as well as
conduction system abnormalities and endocardi-
tis. Valvular heart disease (VHD), particularly
mitral regurgitation and aortic stenosis, are asso-
ciated with significantly reduced survival in CKD
patients. Information regarding valvular heart
disease in the general population is not always
relevant for patients with CKD, as the pathophys-
iology may be different in patients with CKD and
there is a high prevalence of comorbid conditions
and a high risk of periprocedural complications
and mortality [87].

Administrative data from the US Renal Data
System in 2017 showed the prevalence of VHD
diagnoses in patients with CKD to be 14%, com-
pared to 7% in the Medicare survey of patients
over 65 years of age [88]. More specifically,
functional evidence of aortic stenosis (as opposed
to aortic calcification) was present in 9.5% of
patients with CKD compared to 3.5% of the gen-
eral population. The same was found for mitral
regurgitation with similar patterns in 43% vs.
24%, mitral stenosis 2% vs. 1%, and aortic regur-
gitation 19% vs. 10%. Even taking into account
age, echocardiogram year, race, gender, history
of hyperlipidemia, hypertension, congestive heart
failure, diabetes mellitus, and previous coronary
revascularization, the probability of aortic steno-
sis in patients with CKD is 1.2 to 1.3 times and
the probability of mitral regurgitation is 1.3 to 1.8
times higher [89]. The prevalence was found to
increase in parallel with progression to advanced
kidney disease.

With regard to valve replacement surgery, this
patient population is at risk for endocarditis,
which increases surgical mortality, whether a
bioprosthesis or mechanical valve is used. The
most important preventive technique is main-
taining oral health. Both tissue and mechanical
valves carry the same survival in patients under-
going surgical intervention for valvular regurgi-
tation after endocarditis. Mechanical covers are
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more resistant to calcification and last longer;
however, tissue valves are preferred in cases
where anticoagulant therapy is contraindicated
and in ESRD patients where survival is short-
ened by factors other than valvular heart
disease.

Despite modern antimicrobial and surgical
treatment, infective endocarditis is still fatal if
untreated and continues to cause substantial mor-
bidity and mortality [90]. Therefore, prevention
is a priority [91]. Prophylactic antimicrobial ther-
apy is now limited to those considered at high
risk of developing infective endocarditis. Dental
procedures are considered high risk for causing
bacteremia, especially when it comes to gingival
manipulation. Genitourinary and gastrointestinal
procedures usually do not cause significant bac-
teremia, and the AHA does not recommend the
use of prophylactic therapy in high-risk patients
undergoing such procedures [92]. However, it is
recommended that infective endocarditis prophy-
laxis be used prior to invasive airway procedures
involving incision of the respiratory mucosa.
High-risk patients are defined as those who have
one of the following:

e Prosthetic heart valve (bioprosthetic or homo-
graft valve).

* Prosthetic material used for valve repair.

* Previous history of infective endocarditis.

e Persistent cyanotic congenital heart disease.

e Congenital heart disease that has been fully/
incompletely  repaired  with  prosthetic
material.

e Heart valve leaflet pathology or insufficiency
in heart transplant recipients.

Many patients with kidney disease are at high
risk for cardiac surgery (open or limited thora-
cotomy) and may be considered for transcatheter
aortic valve replacement (TAVR). This procedure
can be performed using a femoral, aortic arch or
direct left ventricular percutaneous catheter
insertion approach and a porcine cap loaded on a
balloon expandable stent. Severe symptomatic
mitral regurgitation and asymptomatic severe
mitral regurgitation with left ventricular dilation/
low ejection fraction are indications for mitral

valve repair or replacement. Both procedures
require a thoracotomy.

Kidney failure is associated with uremic or fluid
overload pericarditis. The development of this dis-
ease is often due to inadequate or missed dialysis
session. However, dialysis is the main treatment for
these two forms of pericarditis. Dialysis can also
help reduce the size of the effusion. Uremic patients
may respond more quickly to treatment. Systemic
anticoagulation may increase the risk of develop-
ing hemorrhagic effusion, especially when uremia
is present and should be avoided if possible.
Ineffective dialysis can lead to large effusions that
can cause hemodynamic instability or diastolic
compromise. Pericardiocentesis is recommended
in these high-risk patients. Anti-inflammatory
drugs can also be used in resistant cases. Colchicine
is associated with the lowest recurrence rates.
Surgical pericardiectomy is reserved for persistent
or recurrent effusions.

Box 13.3 Relevant Guidelines
1. Kidney Disease: Improving Global

Outcomes Guidelines.

(a) Kidney Disease: Improving Global
Outcomes (KDIGO) Lipid Work
Group. KDIGO clinical practice
guideline for lipid management in
chronic kidney disease. Kidney Int
Suppl. 2013;3:259-305.

Chronic kidney disease and valvu-
lar heart disease: conclusions from
a Kidney Disease: Improving
Global Outcomes (KDIGO)
Controversies Conference. Kidney
Int. 2019 Oct;96 (4):836—849.

2. American HeartAssociation Guidelines.

(a) 2022 AHA/ACC/HFSA Guideline

for the Management of Heart
Failure: A Report of the American
College of Cardiology/American
Heart Association Joint Committee
on Clinical Practice Guidelines.
Circulation. 2022 May 3;145
(18):e876-e894.

(b)



192

S.Uluand E. Onan

(b)

(©)

(d)

(e)

2019 ACC/AHA Guideline on the
Management of Blood Cholesterol:
A Report of the American College
of Cardiology/American Heart
Association Task Force on Clinical
Practice Guidelines. Circulation.
2019 Jun 18;139 (25):¢1082-e1143.
2012 ACCF/AHA/HRS focused
update of the 2008 guidelines for
device-based therapy of cardiac
rhythm abnormalities: a report of
the American College of Cardiology
Foundation/American Heart
Association Task Force on Practice
Guidelines and the Heart Rhythm
Society. Circulation.
2012;126:1784-800.

ACCF secondary prevention and
risk reduction therapy for patients
with coronary and other atheroscle-
rotic vascular disease: 2011 update:
a guideline from the American
Heart Association and American
College of Cardiology Foundation.
Circulation. 2011;124:2458-73.
2020 ACC/AHA Guideline for the
Management of Patients With
Valvular Heart Disease: A Report
of the American College of
Cardiology/American Heart
Association Joint Committee on
Clinical ~ Practice  Guidelines.
Circulation. 2021;143:72-227.

3. European  Society of Cardiology
Guideline.
(a) 2010 EHRA/EACT/ESC Commit-

tee for Practice Guidelines.
Guidelines for the management of
atrial fibrillation: the Task Force for
the = Management of  Atrial
Fibrillation of the European Society
of Cardiology (ESC). Europace.
2010512 (10):1360-420.  doi:
https://doi.org/10.1093/europace/
euq350.

(b)

(©)

(d)

2020 ESC Guidelines for the diag-
nosis and management of atrial
fibrillation developed in collabora-
tion with the European Association
for  Cardio-Thoracic  Surgery
(EACTS): The Task Force for the
diagnosis and management of
atrial fibrillation of the European
Society of Cardiology (ESC)
Developed with the special contri-
bution of the European Heart
Rhythm Association (EHRA) of
the ESC

2009 ESC Guidelines on the pre-
vention, diagnosis, and treatment of
infective endocarditis (new version
2009): the Task Force on the
Prevention, Diagnosis, and
Treatment of Infective Endocarditis
of the European Society of
Cardiology (ESC). Endorsed by the
European Society of Clinical
Microbiology  and  Infectious
Diseases (ESCMID) and the
International Society of
Chemotherapy (ISC) for infection
and Cancer. Eur Heart J. 2009;30
(19):2369.

2015 ESC Guidelines for the
management of infective endo-
carditis: The Task Force for the
Management of Infective Endo-
carditis of the European Society
of Cardiology (ESC). Endorsed
by: European Association for
Cardio-Thoracic Surgery
(EACTS), the European Asso-
ciation of Nuclear Medicine
(EANM). Eur Heart J. 2015 Nov
21;36  (44):3075-3128.  doi:
10.1093/eurheartj/ehv319.
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Before You Finish: Practice Pearls for the
Clinician

Chronic kidney disease has been shown to be
a risk factor for cardiovascular mortality and
kidney disease patients should be assessed for
signs and symptoms of coronary heart disease.
Statins are the primary prevention of cardio-
vascular events in these patients with proven
effects.

CKD patients have silent ischemia and also
ACS more frequently, Treatment includes
dual antiplatelet therapy, statins, B-blockers,
ACEIs, low-molecular-weight heparin, and
glycoprotein IIb/Ila antagonists.

Heart failure therapy in CKD patients should
include ACEI or ARB + SGLT2i due to the
survival benefits they provide.

Fluid balance should be assessed carefully to
be protected from decompensated heart
failure.

Heart failure Stages C and D therapy should
include a ARNI in NYHA II- III; ACEI or
ARB in NYHA II-1V, a B-blocker, a MRA, a
SGLT?2i and diuretic as needed.

To recommend oral hygiene and prophylaxis
when needed is pivotal to prevent infective
endocarditis.
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Before You Start: Facts You Need to Know

e Patients with low glomerular filtration rate
(GFR) and/or albuminuria are at risk for both
ischaemic and haemorrhagic stroke subtypes.
Patients are at particularly high risk of cardio-
embolic and large artery stroke.

e Hypertension, diabetes mellitus, atrial fibrilla-
tion, and accelerated atherosclerosis are major
contributing risk factors but chronic inflam-
mation and genetic factors are also beginning
to emerge as important mechanisms.

* Due to their bleeding diathesis, patients with
CKD tend to have a higher rate of complica-
tions with acute stroke therapies including
thrombolysis and mechanical thrombectomy.

e Patients with CKD derive similar benefits
from standard stroke preventative therapies
including antiplatelet, lipid-lowering, antihy-
pertensive therapies, and anticoagulation but
their benefit is attenuated or unclear for
dialysis-dependent patients.
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14.1 Introduction

Chronic kidney disease (CKD) is predicted to be
the fifth leading cause of death worldwide by
2040 [1]. The rise in the prevalence of CKD can
be partly attributed to the rise in risk factors such
as obesity and diabetes but also as a result of our
increasingly elderly population with one third of
people over the age of 75 being affected by CKD
[2]. CKD has been established as a risk factor for
cardiovascular disease [3] and in particular cere-
brovascular disease (CVD), encompassing
stroke and its various subsets, as well as vascular
cognitive impairment and dementia [4, 5].
Compared to the general population, those with
CKD have a higher incidence of the risk factors
that we traditionally associate with stroke,
including hypertension, diabetes mellitus, and
atrial fibrillation [6]. However, there are other
non-traditional risk factors purported to be as a
result of kidney dysfunction including endothe-
lial dysfunction, chronic inflammation, uraemic
toxins, anaemia, mineral-bone abnormalities,
and dialysis related risk factors that are associ-
ated with an increased risk of CVD [5, 7]. This
chapter aims to explore the relationship between
CKD and CVD via various mechanisms and also
the complexities and barriers to the investigation
and management of CVD in this context. In
doing so we hope to provide practical guidance
on the management of these patients going
forward.
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14.2 Epidemiology

Stroke risk when assessed by kidney function, as
measured by estimated glomerular filtration rate
(eGFR), demonstrated an inverse relationship
with a stepwise increase in risk compared to the
general population [8]. Those patients with end
stage kidney disease (ESKD) receiving dialysis
were at highest risk of stroke (7.1-fold increased
risk). CKD staging no longer accounts for eGFR
alone but also acknowledges proteinuria as an
important marker of kidney dysfunction and a
risk of progression to ESKD [9]. Proteinuria has
also been established as a risk factor for stroke
with a dose-response relationship between level
of proteinuria and increasing risk of stroke [10].

When we consider the traditional stroke risk
factors; hypertension, diabetes mellitus, dyslipi-
daemia, and atrial fibrillation, and we consider
our CKD population, it is clear that there may be
a confounding relationship between certain of
these comorbidities and increased stroke risk in
CKD [11, 12]. In particular, hypertension occurs
in the majority of patients with CKD (67-92%)
and is considered a major confounder when
assessing the relationship between stroke and
CKD [4]. Atrial fibrillation (AF) is one of the
most frequently diagnosed cardiac arrhythmias
found in the general population and has been
found to have a bidirectional relationship with
CKD in a cause and effect loop and is therefore
expectedly seen with increasing frequency in
those with more advanced CKD and contributes
to the increasing risk of stroke in CKD patients
[13]. Patients with CKD who are diagnosed with
atrial fibrillation carry a poor prognosis and have
been found to be at higher risk for heart failure,
myocardial infarction, and all-cause mortality
[14], and in studies that adjusted for age, hyper-
tension, and cardiac disease demonstrated a
higher risk of stroke and death (HR 2.00, 95%CI
1.88 to 2.14 and HR 1.76, 95% CI 1.71 to 1.82,
respectively) [4].

The period surrounding initiation of renal
replacement therapy (30-day period before and
after) has been found to be a particularly high-
risk time period for the development of stroke
and transient ischaemia attack (TIA) (threefold

risk) [15]. When comparing renal replacement
therapy modalities, haemodialysis is most
strongly associated with stroke risk [7]. However,
this is likely confounded by the reasons for
choosing this treatment modality (for example,
they may have failed peritoneal dialysis as CKD
progressed with reduced wurine output).
Intermittent in-centre haemodialysis remains the
most commonly prescribed form of dialysis, with
patients normally attending three times a week
with a period of prolonged interdialytic gap
towards the close of the week- the time following
this gap has been associated with an increased
risk of stroke [16].

Stroke is an umbrella term encompassing a
multitude of intracranial pathologies of varying
aetiologies and pathophysiology. ESKD is asso-
ciated with a sevenfold increased risk of isch-
aemic stroke and a ninefold increased risk of
haemorrhagic stroke, with as high as one third of
patients presenting with intracranial haemor-
rhage (ICH) having CKD [4, 17]. CKD has been
shown to increase the risk of all stroke subtypes
[12] but delineating the varied risk by subtype in
the CKD population is an area that requires fur-
ther study.

The increased risk of stroke in this already
vulnerable population confers a higher risk of
disability or poor functional outcomes post stroke
(25% risk 95% CI 5-48% of modified rankin
score > 2 at discharge), increased morbidity and
mortality (138% risk of in-hospital mortality,
95% CI 61% to 257%) compared to the general
population post stroke and overall they suffer
from more severe strokes at time of presentation
(higher National Institutes of Health Stroke Scale
NIHSS) [18].

14.3 Pathophysiology and Risk
Factors

In order to discuss the pathophysiology of stroke
in CKD patients, one must examine a multitude
of risk factors which can be categorised as tradi-
tional, non-traditional, and dialysis related risk
factors. In patients with CKD, the presence of
these risk factors culminates in a pro-thrombotic
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milieu in accordance with Virchow’s triad of ves-
sel wall damage, stasis of blood flow and hyper-
coagulability [19]. In contrast to this
pro-thrombotic state that we associate with isch-
aemic stroke, it has also been suggested that the
clot formed in patients with CKD is atypical and
may confer an increased risk of bleeding second-
ary to platelet dysfunction in the setting of urae-
mia and anaemia of CKD, particularly in the
context of albuminuria [20].

Renal and cerebral perfusion are governed by
auto-regulatory mechanisms mediated by the sur-
rounding rich capillary networks at both sites
(glomeruli and blood brain barrier respectively)
[21]. This shared pathophysiology may account
for the susceptibility of both sites to damage via
the traditional “vascular” risk factors.

Traditional risk factors include hypertension,
atrial fibrillation, diabetes, carotid artery disease,
obesity, and dyslipidaemia. As discussed above,
these conditions often present as comorbid diag-
noses in the presence of CKD and can signifi-
cantly confound the risk of stroke in this
population.

Hypertensive vascular damage or “strain ves-
sel hypothesis” has been proposed as a mecha-
nism linking CKD and stroke, with exposure of
the juxtamedullary afferent arterioles and the
deep perforating arteries to chronic hypertension
resulting in these “strain” vessels developing
hyaline arteriolosclerosis and impaired autoregu-
lation resulting in glomerular hypertension and
sclerosis and thus a decline in renal function and
worsening systemic hypertension [22]. The deep
perforating arteries of the brain develop a similar
lipohyalinosis that also results in impaired auto-
regulation and the development of reduced cere-
bral blood flow and consequently increased
ischaemic and haemorrhagic events in the areas
supplies by these strain vessels [23]. Although
hypertension is a major confounding factor in the
relationship between CKD and stroke, the rela-
tionship is still seen in models when adjusted for
hypertension [4]. Thus, this is unlikely the sole
contributing mechanism for this relationship.

Non-traditional risk factors occur as a direct
consequence of CKD [5]. Those with CKD are
considered to be in a state of chronic inflamma-

tion contributing to endothelial damage, a hyper-
coagulable state and the generation of reactive
oxygen species. Another hypothesis for the rela-
tionship between CKD and stroke also focuses on
their shared anatomy and auto-regulatory func-
tion but identifies albuminuria as a marker for
more generalised endothelial dysfunction leading
to an increased risk of vascular events, the “Steno
Hypothesis” [24]. Uraemia/uraemic toxins are
associated with increased atherosclerosis and
dyslipidaemia [25] but also platelet dysfunction
increasing both the thrombotic and haemorrhagic
risk in CKD [20]. CKD mineral-bone disease,
and more specifically hyperphosphataemia, are
associated with arterial medial calcification and
potentiate vascular stiffness that can contribute to
LVH and increase the risk of poor cardiovascular
outcomes [26].

Haemodialysis confers its own independent
risk factors for stroke mainly due to blood pres-
sure variability, intermittent episodes of cerebral
hypoperfusion which lead to chronic white mat-
ter changes, and vascular remodelling with
increased arterial stiffness secondary to long-
term dialysis [27]. It is likely that the period fol-
lowing the long interdialytic break is the time in
which dialysis patients are most vulnerable to
cerebral events due to haemodynamic variability.
Following the prolonged interdialytic gap, dialy-
sis patients are increasingly volume overloaded
and hypertensive and more susceptible to intra-
dialytic haemodynamic instability secondary to
abnormal autonomic function [28].

14.4 Investigations

The main premise of stroke care and investiga-
tion remains based on the overarching principle
that “time is brain” [29]. To reduce the risk of
time delays in accessing necessary interventions,
the assessment and investigation of stroke is gen-
erally a strictly protocolled practice in most cen-
tres. The protocol or pathway usually includes an
initial rapid history assessment to establish risk
factors, timelines, and contraindications to
thrombolysis, a clinical exam using the interna-
tional National Institutes of Health Stroke Scale
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(NIHSS) assessment as a diagnostic and prog-
nostic tool and CT brain imaging including both
non-contrast, contrast angiography and perfusion
imaging.

The challenge that presents in the CKD cohort
is accessing timely investigation and diagnosis
due to clinical concerns regarding contrast-
induced nephropathy [30]. It is important to rec-
ognise that the theoretical risk of contrast-induced
nephropathy has not been demonstrated in a
recent meta-analysis which examined 14 studies
with 5725 patients undergoing CT angiography
and perfusion and 981 patients undergoing non-
contrast CT. The risk of acute kidney injury was
lower in patients who received a contrast load
compared with those who did not [31].
Additionally, comparing those who had prior
diagnoses of CKD with those who did not, there
was no significant difference in risk of acute kid-
ney injury.

MRI is another imaging modality of import in
stroke. MRI can be under-utilised in CKD
patients due to concerns regarding gadolinium
exposure leading to nephrogenic systemic fibro-
sis [32]. Current MRI protocols in stroke investi-
gation focus on diffusion weighted imaging or
susceptibility weighted imaging/gradient echo
and fluid-attenuated inversion recovery (FLAIR)
sequences and are in fact gadolinium free.

Based on the current evidence, one should
advocate for CKD patients to receive the stan-
dardised investigations including contrast angi-
ography and stroke-protocol MRI [33].

14.5 Acute Management

Disparities exist between the provision of stroke
management in the general population versus the
CKD patient cohort [34, 35], in particular with
regard to access to intravenous thrombolysis with
reports of significant delays in administration and
also under-utilisation of this treatment method in
the CKD cohort [30]. This deviation from the
provision of evidence-based medicine in the
CKD cohort spans across the initial stroke inter-
vention chosen, the use of antiplatelet agents, the
care of patients in a formal stroke unit and pre-

ventative interventions such as smoking cessa-
tion and statin therapy [34, 35]. The failure to
provide evidence-based care in CKD is likely
owing to the current lack of evidence in this field
and the concerns regarding CKD/dialysis patient
frailty and the increased risk of bleeding reported
in this population [36].

1. Thrombolysis:

Current best practice guidelines recom-
mend the use of intravenous thrombolysis
(IVT) in acute ischaemic stroke management.
Better functional outcomes have been reported
in patients who received IVT within 4.5 h of
stroke onset [37] but lately this timeline has
been expanded up to 9 h in specially selected
patients, normally based on the findings of CT
perfusion imaging and evidence of salvage-
able ischaemic brain tissue (Penumbra) versus
truly infarcted tissue (Core) [38]. To date,
most randomised control trials using IVT
have failed to include patients with advanced
CKD or, if included, failed to report stratified
CKD outcomes. Studies to date in this area
including a meta-analysis of seven observa-
tional studies, a post hoc analysis of the
Enhanced Control of Hypertension and
Thrombolysis Stroke Study and a U.S. based
registry study all demonstrated increased
mortality in those with CKD receiving IVT
[39—41]. However, they failed to establish this
increased mortality risk as being secondary to
intracerebral haemorrhage (ICH) but instead
found that these multi-morbid patients were at
a higher risk of hospital acquired complica-
tions such as infections and deep venous
thrombosis. Based on current evidence avail-
able, with a clearly established benefit to
receiving IVT in the general population, it is
proposed that IVT should be used in eligible
patients with CKD and in those on dialysis
once a normal activated partial thromboplas-
tic time (APTT) has been resulted [33].

2. Endovascular and Surgical Intervention.

There is a similar paucity of studies in the
area of thrombectomy or endovascular clot
retrieval in patients with CKD. In the absence
of any clear evidence against the use of this
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intervention in CKD patients, we advocate for
its use in suitable cases regardless of CKD
stage or dialysis status [33]. Dialysis patients
likely present a therapeutic challenge in terms
of endovascular access and the increased
bleeding risk but to date an analysis of 915
dialysis patients post thrombectomy showed
lower in hospital mortality and moderate-
severe disability compared with no treatment
in this cohort [42]. Intervention with throm-
bectomy in posterior circulation stroke
appears to be associated with increased ICH
risk in the presence of CKD [43], but the use
of thrombectomy in posterior circulation
stroke remains an early and evolving interven-
tion with benefits and risks still being estab-
lished [44]. Surgical intervention such as
decompressive hemi-craniectomy lacks spe-
cific evidence in those with CKD but should
be offered to those who would otherwise be
eligible for intervention.

. Stroke unit.

In acute stroke, admission to a dedicated
stroke unit has shown both a mortality and
morbidity benefit with reduced rates of post
stroke dependency in the general population,
with a number needed to benefit of 6 [45].
Patients with CKD, and in particular those on
dialysis, are often cohorted to a renal ward
regardless of reason for presentation due to
nursing familiarity with this complex patient
cohort. However, the benefit of acute stroke
care in a specialised unit is maintained from
the general population into those with estab-
lished CKD and should be encouraged [35].

. Dialysis considerations.

Management of intermittent dialysis in the
post stroke period presents a number of clini-
cal challenges managing intracranial pres-
sure, cerebral perfusion and anticoagulation
[33]. Studies have shown that during intermit-
tent haemodialysis subclinical cerebral
oedema can occur [46]. In patients who have
acquired an acute brain injury post stroke, an
increase in intracranial pressure and increas-
ing oedema may prove deleterious. Intracranial
pressure may also be affected by changing
osmolality during dialysis [47] and another

factor to consider is intradialytic blood pres-
sure and volume changes that may result in
cerebral hypoperfusion and with it extension
of the penumbra [27, 48]. The use of systemic
anticoagulation in the acute post stroke period
increases the risk of haemorrhagic transfor-
mation in the case of ischaemic stroke but also
ICH extension and potential progression to
herniation.

Current practice recommendations come
from expert opinion based reviews and aim to
avoid further intracranial insults via the above
mechanisms [49, 50]. Continuous renal
replacement therapy strategies have been
shown to reduce the risk of cerebral oedema
and hypoperfusion and thus it is recom-
mended for use in the post-stroke period par-
ticularly in the case of patients with large
infarcts, with ICH or in those who have blood
pressure dependent infarcts (secondary to
large vessel stenosis) [51]. Something that
requires consideration in the case of continu-
ous renal replacement therapy is the need for
anticoagulation within the circuit. In this
instance, regional anticoagulation with citrate
is most appropriate due to its selective block
of the haemostatic cascade within the circuit
without effecting the circulating patient’s
blood [52].

Given the risk of worsening oedema and
herniation syndromes in ICH, it is recom-
mended that dialysis should be delayed if
appropriate until the patient has stabilised
[53].

In those who are felt to be safe to proceed
to intermittent haemodialysis (a decision
made on a case-to-case basis by clinicians),
there have been suggestions of using shorter
dialysis times to limit changes in osmolality
and of utilising additional osmoles such as
mannitol or hypertonic saline. Additionally, it
has been suggested that using a cooler dialy-
sate during this acute stage would limit cere-
bral hypoperfusion by inducing
vascocontriction and therefore avoiding intra-
dialytic hypotension [54]. The recent
MYTEMP trial has reported discordant results
compared to previous studies that supported
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this hypothesis and calls into question the effi-
cacy of this therapeutic intervention [55].
However, alternate studies focusing on MRI
brain findings demonstrated a reduction in
white matter changes when dialysis was per-
formed at 0.5° below core body temperature
compared to a standard 37°, making this an
intervention that should be considered at an
individual level [54].

Peritoneal dialysis may be superior to
intermittent haemodialysis during this period
but we would still recommend avoiding large
volume, high glucose exchanges if possible to
reduce the risk of osmotic changes [56].

Importantly, when considering the post-
stroke period, one wants to optimise the
patients’ ability to engage with the multi-
disciplinary rehabilitation team and the tim-
ing and form of dialysis should take this into
consideration where possible.

14.6 Preventative Therapies
14.6.1 Lifestyle Modifications

Although specific data on stroke risk reduction in
this group is lacking, lifestyle modifications such
as salt restriction [57], weight management [58],
regular exercise [59], and smoking cessation [60]
have been shown to improve intermediate out-
comes associated with vascular risk such as blood
pressure, lipid profiles, insulin resistance, and
proteinuria, and are therefore, strongly encour-
aged in CKD.

14.6.2 Antiplatelet Therapies

Unfortunately, patients with moderate-to-severe
CKD were excluded from most clinical trials
evaluating efficacy and safety of antiplatelet
agents so there is little evidence to inform guide-
lines in this area, particularly for primary preven-
tion [61]. In a meta-analysis of three trials (HOT,
Heart and Renal Protection [HARP], Japanese
Primary Prevention of Atherosclerosis with
Aspirin for Diabetes [JPAD] trial) that studied

the effect of antiplatelet therapy for primary pre-
vention in CKD, there was no statistically signifi-
cant reduction in major cardiovascular events
including stroke (RR =0.92, 0.49-1.73, p =0.79)
or in mortality (RR = 0.74, 95% CI 0.55 to 1.00,
p =0.05) [62]. However, there was an increase in
major bleeding events (RR = 1.98, 95% CI 1.11
to 3.52, p = 0.02). The Aspirin to Target Arterial
events in Chronic Kidney Disease (ATTACK)
trial (NCT03796156) is an open-label, multi-
centre primary prevention trial of aspirin in CKD
currently underway that may help clarify the role
(or lack thereof) of aspirin in this setting. There is
somewhat better evidence to support the use of
antiplatelet therapy in secondary vascular pre-
vention in CKD. In a large Cochrane review of 50
RCTs (27,139 participants), antiplatelet agents
reduced the risk of myocardial infarction
(RR =0.87,95% CI 0.76-0.99), but not all-cause
mortality (RR = 0.93, 0.8-1.06), cardiovascular
mortality (RR = 0.89, 0.70-1.12) or specifically
stroke (RR =1.00, 0.58-1.72) [63]. However, it is
unlikely that the large benefits of aspirin as dem-
onstrated in the general population [64] would be
completely nullified in patients with CKD and
the guidelines consistently recommend its use for
secondary prevention in this setting [61, 65, 66].

14.6.3 Anticoagulation

Similar to antiplatelet therapy, anticoagulation is
highly effective in the general population [67] but
tends to be underused in the renal population
owing to bleeding or vascular calcification con-
cerns, and uncertain benefit in the dialysis popu-
lation [68]. However, there is clear, consistent
evidence of the efficacy of warfarin for the pre-
vention of stroke in patients with CKD albeit
with a more variable effect on bleeding events
[69, 70]. Novel oral anticoagulants (NOACS)
appear to even more effective in CKD, as high-
lighted by a recent, large systematic review and
meta-analysis of 11 trials (16, 787 participants)
where they were associated with a lower risk of
stroke or systemic embolism (RR = 0.79, 0.66 to
0.93), haemorrhagic stroke (RR = 0.48, 0.30 to
0.76), and all-cause death (RR = 0.88, 0.78 to
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0.99) when compared with vitamin K antagonists
[71]. There was no difference in the risk of bleed-
ing though and this meta-analysis was limited
only to patients with a creatinine clearance
>25 mL/min. Reassuringly, reversal agents such
as idarucizumab appear to be safe and effective in
CKD [72].

Anticoagulation use in dialysis patients is
more problematic. Multiple meta-analyses do not
support a protective effect for warfarin in the pre-
vention of ischaemic stroke and suggest that it is
associated with increased risk of major bleeding
[70, 73]. However, these have been based solely
on observational cohort studies as there are no
trials that have addressed this question.
Furthermore, many of the included studies do not
report time in the therapeutic range (TTR) which
may confound some of the risk estimates. In a
Danish registry study of 10,423 warfarin-treated
AF patients, a TTR < 70% was associated with a
higher risk of  stroke/thromboembolism
(HR =1.39, 1.20-1.60) and bleeding (HR = 1.22,
1.05-1.42) among patients with eGFR of
30-59 mL/min/1.73 m?, suggesting that the qual-
ity of warfarin monitoring and management may
similarly influence the efficacy and safety of war-
farin in dialysis patients [74].

Vitamin K antagonists such as warfarin have
also implicated in the progression of vascular cal-
cification in these patients due to inhibition of the
enzyme matrix gamma-carboxyglutamate Gla
protein that scavenges calcium phosphate in tis-
sues [75]. A recent multi-centre RCT investigated
the impact of vitamin K status on vascular calci-
fication in 132 patients on haemodialysis with AF
[76]. Patients were randomised to vitamin K
antagonists, rivaroxaban, or rivaroxaban plus
vitamin K2 supplementation. Changes in coro-
nary artery, thoracic aorta, and cardiac valve cal-
cium scores and pulse wave velocity, as used to
measure vascular calcification progression, were
not significantly different among the treatment
arms. There was also no difference in all-cause
death, stroke, and cardiovascular event rates
between the groups. The ongoing trial (AVKDIAL
[NCT02886962]) will compare vitamin K antag-
onists with no anticoagulation in dialysis-
dependent patients with AF may help definitively

answer the question of risk:benefit ratio of warfa-
rin in ESKD.

There is some promising observational data
on NOAC use in dialysis patients. A retrospective
cohort study based on United States Renal Data
System (USRDS) data compared warfarin versus
apixaban in 25,523 dialysis patients with AF
[77]. Although there was no overall difference in
the risks of stroke/systemic embolism between
apixaban and warfarin (HR = 0.88, 0.69-1.12;
P =0.29), apixaban was associated with a lower
risk of major bleeding (HR = 0.72, 0.59-0.87;
P < 0.001). However, standard-dose apixaban
was associated with lower risks of stroke/sys-
temic embolism and death when compared with
lower-dose apixaban and warfarin. The RENal
hemodialysis patients ALlocated apixaban versus
warfarin in Atrial Fibrillation (RENAL-AF) trial
was unfortunately terminated early due to loss of
funding, and thus, only recruited 154 patients
that were followed-up for 1 year [78]. Aprixaban
resulted in similar rates of bleeding and strokes
as warfarin among patients with ESKD on hae-
modialysis. TTR with warfarin was only approxi-
mately 44%. The Edoxaban Low-Dose for EldeR
CARE AF patients (ELDERCARE-AF) study is
another multi-centre, ongoing RCT that will
compare the safety and efficacy of once daily
edoxaban versus placebo in Japanese AF patients
>80 years of age who are considered ineligible
for standard oral anticoagulant therapy [79]. This
group will include those with advanced CKD or
who are dialysis-dependent. There is clearly a
need for further dedicated dialysis trials of DOAC
versus placebo.

Left atrial appendage occlusion devices, used
to lower the thromboembolic risk in those with
absolute or relative contraindications to long-
term oral anticoagulation, appear to be equally
effective in those with CKD with similar proce-
dural safety [80]. Those with an eGFR <30 mL/
min/1.73m? had a lower overall survival rate but
the rate of non-fatal major adverse events during
follow-up (stroke, TIA, and major bleeding) was
not higher among patients with ESKD. However,
an important limitation of this analysis was that it
was a comparison based on expected event rates
as opposed to trial-based evidence. There is also
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a temporary requirement for anticoagulation in
the periprocedural period which may not be pos-
sible in a high-risk group.

14.6.4 Dual Blockade

A secondary analysis of the COMPASS
(Cardiovascular OutcoMes for People using
Anticoagulation StrategieS) trial revealed prom-
ising results for patients with CKD [81]. The
COMPASS trial was a double-blind, double-
dummy, randomised trial using a 3-by-2 partial
factorial design conducted at 602 centres in 33
countries. In one randomised comparison, rivar-
oxaban with or without aspirin was compared
with aspirin alone in patients with a history of
stable atherosclerotic vascular disease (chronic
coronary or peripheral artery disease). The other
randomised comparison compares pantoprazole
use with placebo and is still ongoing. The study,
unlike many cardiovascular trials, was deliber-
ately enriched with CKD patients, who accounted
for 6276 patients out of 27,387 in total. The pri-
mary composite outcome of cardiovascular
death, myocardial infarction, or stroke was
reduced with rivaroxaban 2.5 mg BD plus aspirin
in those with CKD (HR: 0.75; 95% CI: 0.60 to
0.94). Stroke as an individual endpoint was par-
ticularly reduced with dual blockade therapy
(HR = 0.42, 0.25-0.70; p = 0.0007), and there
was no excess bleeding in those with CKD as
compared to those without. However, those with
an eGFR <15 mL/min/1.73 m? were excluded
from the trial and there was only approximately
150 people with an eGFR 15-29 mL/min/1.73 m?
which may limit some of the generalisability of
these results to all patients with CKD. In addi-
tion, those patients with a history of stroke in the
preceding year were excluded, and only 5.2% of
the included CKD patients had any prior history
of cerebrovascular disease. Nonetheless, based
on this trial, we would recommend considering
low-dose rivaroxaban and aspirin for the preven-
tion of stroke in those with an eGFR 30-59 mL/
min/1.73 m? and a prior history of coronary artery
or peripheral artery disease. Dual blockade may

also have a role in secondary stroke prevention
though further evidence is required. The
Treatment of Cardiovascular Disease with Low-
Dose Rivaroxaban in Advanced Chronic Kidney
Disease (TRACK) trial (NCT03969953) may
help answer this question as it will randomise
high-risk advanced CKD patients including those
with a history of coronary artery disease, periph-
eral artery disease, non-haemorrhagic non-
lacunar stroke, diabetes mellitus, or those
>65 years, to low-dose rivaroxaban or placebo.

14.6.5 Lipid-Lowering Therapy

The efficacy of statin therapy for the primary pre-
vention of stroke in CKD patients was clearly
demonstrated in the landmark Study of Heart and
Renal Protection (SHARP) trial, in which 9270
CKD patients with CKD without pre-existing
vascular disease were randomly assigned to pla-
cebo or to the combination of simvastatin 20 mg
daily plus ezetimibe 10 mg daily [82]. There was
a 25% reduction in ischaemic stroke in the treat-
ment arm. In meta-analyses of trials of statins in
patients with established cardiovascular disease,
there was about a 40% reduction in the risk of
stroke in patients with CKD as per the general
population [83, 84]. High-intensity therapy (e.g.,
atorvastatin 80 mg or rosuvastatin 20 mg once
daily) has also been shown to be safe and effec-
tive in this group [85]. According to KDIGO
guidelines [66], all CKD patients over 50 years of
age should therefore be started on statin plus/
minus ezetimibe therapy. The American College
of Cardiology (ACC) has additionally recom-
mended the addition of proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors (or
ezetimibe) to maximally tolerated statin therapy
in high-risk patients with atherosclerotic cardio-
vascular disease and CKD where less than 50%
LDL-C reduction has been achieved with statins,
including high-intensity statins [86].

There appears to be a “statin resistance” in the
dialysis population, possibly related to a height-
ened role of non-traditional risk factors (e.g., min-
eral and bone abnormalities, uraemia) [87],
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additional lipid abnormalities (e.g., lipoproteins
rendered highly atherogenic by oxidation or
carbamylation), or intracellular cholesterol synthe-
sis activated by inflammatory stress [88], and its
pro-calcifying effects [89]. Multiple randomised
trials [90, 91] including SHARP [82] did not find
any benefit for statins in this population, with the
exception of those with very high serum LDL-
cholesterol levels (such as >145 mg/dL
[3.8 mmol/L]) in a posthoc analysis of the 4D study
(Die Deutsche Diabetes Dialyse Studie) [90]. For
this reason, KDIGO guidelines, do not recommend
starting statins de novo in dialysis patients [66].

14.6.6 Antihypertensive Therapy

Unfortunately, there has never been a dedicated
blood pressure RCT in the CKD population for
the prevention of stroke and most of the existing
evidence has been derived from posthoc or sub-
group analysis. The KDIGO 2020 Clinical
Practice Guideline on the Management of Blood
Pressure in CKD recommend a blood pressure of
less than 120/80 mmHg in CKD for both primary
and secondary prevention in patients where this
level can be feasibly tolerated. This recommen-
dation has been heavily influenced by subgroup
analysis of the Systolic Blood Pressure
Intervention Trial (SPRINT) in which targeting a
systolic blood pressure (SBP) <120 mmHg com-
pared with <140 mmHg reduced rates of major
cardiovascular events and all-cause death in
patients with CKD [92]. The risk of stroke was
similar in both treatment groups (HR = 0.99,
0.57-1.70; P = 0.96) but the trial was stopped
early (median follow-up 3.3 years) so follow-up
may have been too short to see a cerebrovascular
protective effect. The generalisability of the
results may also be limited as people with diabe-
tes, proteinuria >1000 mg/g or prior stroke were
excluded. However, specific stroke benefits asso-
ciated with more intensive BP control have been
seen in other trials such as the China Stroke
Primary Prevention Trial (CSPPT) [93]. In this
posthoc analysis of 3230 hypertensive patients
with eGFR 30-60 mL/min/1.73 m? and/or pro-

teinuria, a time-averaged SBP of <135 mmHg
was associated with lower risk of total first stroke
compared to a time-averaged on-treatment SBP
of 135 to <140 mmHg, (1.7% vs. 3.3%;
HR =0.51, 0.26-0.99).

As acknowledged by another recent KDIGO
controversies conference [94], there is not much
evidence to guide BP target thresholds in a sec-
ondary prevention setting, and the previous 2012
BP guidelines did not specifically address this
group. A posthoc analysis of the Perindopril
Protection against Recurrent Stroke Study
(PROGRESS) showed that perindopril was asso-
ciated with a 35% reduction in the risk of stroke
CKD patients with a history of recently symp-
tomatic cerebrovascular [95]. Perindopril pre-
vented one stroke or other cardiovascular event
among every 11 patients with CKD treated over
5 years, although it was unclear what the achieved
blood pressure or level of urine albumin were in
either arm of the trial. The Secondary Prevention
of Small Subcortical Strokes (SPS3) study, in
which patients with a history of lacunar stroke
were randomised to a lower (<130 mmHg) versus
higher (130-149 mmHg) target SBP included
474 patients with CKD [96]. Intensive BP control
resulted in a statistically nonsignificant reduction
in the cardiovascular composite outcome in CKD
but with greater risk of kidney function decline.

The ideal BP target in dialysis patients for
stroke prevention is evenly less clear with evi-
dence of a U-shaped associations between change
in SBP, all-cause mortality and cardiovascular
mortality, whereby post-dialytic drops in SBP of
up to 30 mmHg are associated with greater sur-
vival, but larger decreases of SBP are associated
with greater mortality [97].

There is clearly a need for dedicated RCTs in
CKD and dialysis patients to better establish BP
targets for people with and without prior stroke.

14.6.7 Carotid Interventions
The North American Symptomatic Carotid

Endarterectomy Trial (NASCET) was the only
large randomised trial of carotid interventions
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that reported results according to kidney func-
tion [98]. Surgery was highly effective for
CKD patients with symptomatic high-grade
stenosis resulting in a RR reduction of 82.3%
(95% CI 54.5-93.1%) compared to 50.8%
(95% CI 12.6-72.3%) for patients without
CKD. The number needed to treat by surgery
to prevent one ipsilateral stroke within 2 years
was only four for patients with CKD. Rates of
perioperative cardiac complications (myocar-
dial infarction, congestive heart failure, and
arrhythmias) were higher in the CKD group
though perioperative death rates were similar
between groups.

However, the majority of CKD patients
included in the NASCET analysis had CKD stage
3a with a mean eGFR of 49 mL/min/1.73 m? In
an analysis of the Vascular Study Group of New
England database, 30-day mortality appears to
increase with worsening kidney function, from
0.4% in mild CKD to 0.9% in severe CKD
(defined as an eGFR <30 mL/min/1.73 m?
P = 0.01) [99]. However, in a multi-variate
regression model, CKD status did not predict
30-day stroke or death, and even in patients with
severe CKD, there was an overall 5-year survival
rate of 71%, contrasting with the bleaker out-
comes for severe CKD with PVD whose 5-year
survival rate is only 21% irrespective of interven-
tion [100]. We would therefore agree with guid-
ance from the Society for Vascular Surgery who
recommend carotid endarterectomy for symp-
tomatic CKD patients with moderate-severe ste-
nosis [101]. However, careful perioperative
assessment and management is essential given
their ~ higher  rate of  periprocedural
complications.

Unfortunately, the perioperative and long-
term outcomes after carotid endarterectomy in
dialysis patients appear to be quite poor. In a ret-
rospective analysis of 5142 dialysis patients in
the US Renal Disease System-Medicare-matched
database, there was a high rate of 30-day compli-
cations including stroke, MI, and mortality for
both asymptomatic and symptomatic patients
(2.7% vs. 52% [P = 0.001], 4.6% vs. 5.0%
[P = 00.69], and 2.6% vs. 29% [P = 0.61],

respectively) [102]. The overall 3-year survival
was also only 46% and 42% in the asymptomatic
and symptomatic cohorts respectively. We would
therefore recommend carotid intervention in only
a select group of high-risk, symptomatic dialysis
patients. There is currently insufficient evidence
to recommend stenting over carotid endarterec-
tomy in either CKD or dialysis patients. The
Carotid  Revascularization and  Medical
Management for Asymptomatic Carotid Stenosis
Trial (CREST-2; NCT02089217) is an ongoing
set of trials, one of which will randomise patients
in a 1:1 ratio to endarterectomy versus no endar-
terectomy and another will randomise patients in
a 1:1 ratio to carotid stenting with embolic pro-
tection versus no stenting. This will include
patients with an eGFR >30 mL/min/1.73 m? and
may therefore provide further information to
inform best clinical practice in this area. However,
a dedicated trial of carotid interventions in symp-
tomatic patients with high-grade stenosis who
have advanced CKD or who are dialysis-
dependent is clearly required.

14.6.8 SGLT-2 Inhibitors

Sodium-glucose  co-transporter-2  (SGLT-2)
inhibitors appear to have promising vascular ben-
efits in CKD patients with type 2 diabetes melli-
tus as demonstrated by recent large
placebo-controlled outcome trials [103-105].
However, their potential benefit for stroke pre-
vention in the general population or this specific
group is less clear. In an analysis of the CANVAS
(Canagliflozin ~ Cardiovascular ~ Assessment
Study) trial which randomly assigned randomly
assigned 10,142 participants with type 2 diabetes
mellitus and high cardiovascular risk to cana-
gliflozin or placebo, there was no significant dif-
ference in event rates between groups (HR =0.87;
95% CI, 0.69-1.09), though there may have been
too few events overall to detect a significant ben-
efit [106]. However, a meta-analysis of 32 trials
with 75,540 participants also did not find a class
or individual effect for any of the 3 SGLT-2
inhibitors therapy for stroke prevention [107].
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Before You Finish: Practice Pearls for the
Clinician

Stroke symptoms may be subtle in haemodi-
alysis patients and therefore easily missed.
Admission to the stroke unit is associated with
reduced mortality for patients with CKD
including for those who are dialysis
dependent.

In the absence of definitive trial evidence, the
decision to anticoagulate and the choice of
agent should be individualised in the haemo-
dialysis population.
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