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Introduction

Chronic kidney disease (CKD) is the ninth leading cause
of mortality in the United States (USA) [1]. CKD is
defined by changes in kidney structure or function, as
evidenced by imaging abnormalities, albuminuria
(=30 mg/g), and/or a reduced estimated glomerular filtra-
tion rate (eGFR) of less than 60 ml/minute/1.73 m? for
3 months or more [2, 3]. The Kidney Disease Improving
Global Outcomes (KDIGO) group classifies CKD by
stage according to eGFR and albuminuria (see Table 5.1)
[3]. Of note, end-stage renal disease (ESRD) is an admin-
istrative term in the United States, based on the conditions
for payment for healthcare by the Medicare ESRD
Program, specifically the level of eGFR and the occur-
rence of signs and symptoms of kidney failure necessitat-
ing initiation of treatment by replacement therapy. ESRD
includes patients treated by dialysis or transplantation,
irrespective of the level of GFR.

The progression between CKD stages is variable, how-
ever it generally takes years for one to reach stages 4 and 5.
Rapid onset and progression is possible, such as with rap-
idly progressive glomeruloneprhitis and in cases where
there is additional kidney injury, such as medication neph-
rotoxicity or sepsis. After reaching stages 5 with uremic
symptoms or in cases of severe acute kidney injury, renal
replacement therapy (RRT) is usually recommended. RRT
includes continuous and intermittent dialysis modalities
(i.e hemodialysis and peritoneal dialysis) and kidney trans-
plantation. Continuous RRT can be done via continuous
hemodialysis, hemofiltration, or hemodiafiltration; these
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interventions are done in acute situations, typically during
treatment in intensive care unit. Many patients with CKD
eventually require intermittent dialysis (often referred to as
“dialysis”), which can be performed at a qualified center or
at home (see Chap. 7 for further discussion of dialysis).

Albuminuria alone is an independent risk factor for CKD
progression and is associated with increased mortality from
cardiovascular disease [4—8]. Increasing stages of CKD carry
an incremental risk of mortality [3]. Cardiovascular disease
is the leading cause of death in CKD and remains so in
patients who receive kidney transplants [9].

Patients with CKD, particularly those who have advanced
to ESRD, utilize a disproportionate amount of healthcare
resources. According to the United States Renal Data System
(USRDS), Medicare expenditure for CKD approached $100
billion in 2015 and $34 billion of that amount was spent on
care for patients with ESRD [10, 11]. Despite this, the aware-
ness of CKD remains quite low among individuals who have
the disease and the general population [10, 12]. Nearly half
of patients with advanced stages of kidney disease are
unaware of having CKD [12]. Patients may be aware of hav-
ing diabetes or hypertension, and though they may have con-
current albuminuria and/or reduced eGFR, they often do not
make the association that they have CKD. Many patients
who present for transplantation report being unaware of hav-
ing chronic kidney disease until they were near or had
reached ESRD. Early referral from primary care providers to
nephrology helps to bridge this gap and allows for patient
education and dialysis planning. The general consensus is to
refer patients with stage 3 CKD to nephrology. Early referral
to nephrology allows for early referral to a kidney transplant
center, which helps facilitate preemptive (i.e., transplant
prior to needing dialysis) kidney transplantation.
Transplanting patients just before they require dialysis is
associated with better allograft and patient survival outcomes
[13-15]. Given the extensive workup needed for kidney
transplant (discussed later), early referral also allows patients
time to complete required studies prior to transplantation.

63

Y. Sher, J. R. Maldonado (eds.), Psychosocial Care of End-Stage Organ Disease and Transplant Patients,

https://doi.org/10.1007/978-3-319-94914-7_5

5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94914-7_5&domain=pdf
https://doi.org/10.1007/978-3-319-94914-7_5
https://doi.org/10.1007/978-3-319-94914-7_7
mailto:ataiwo@stanford.edu

64 A. Taiwo
Table 5.1 Classiﬁf:atign and Albuminuria categories (mg/g)
prognosis of chronic kidney
disease by GFR and albuminuria Al A2 A3
categories [3]
Normal to Moderately Severely
Midly increased increased
increased
< 30 mg/g 30-300 > 300 mg/g
eGFR categories (ml/min/1.73m32) mg/g
G1 Normal or high >90
G2 Mildly decreased 60-89
G3a | Mildly to moderately 45-59
decreased
G3b | Moderately to severely 30-44
decreased
G4 Severly decreased 15-29
G5 Kidney failure <15

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

high risk; red, very high risk

2012 KDIGO guidelines incorporate prognosis as predicted by accompanying albuminuria. Abbreviations:
e¢GFR estimated glomerular filtration rate. Source: Adapted from: http://kdigo.org/home/guidelines/

ckd-evaluation-management/

Epidemiology

According to the USRDS, the prevalence of CKD was 14.8%
between 2011 and 2014 [10]. This number has been relatively
stable over the past 2 decades and translates to approximately
30 million Americans with CKD. In 2015, the adjusted preva-
lence of patients on dialysis was 2128 persons per million/
year, and there were 124,114 new ESRD cases with an adjusted
incidence rate of 357 persons per million/year. Prevalent
ESRD cases continue to rise due an aging population and
increased patient survival on dialysis. In the United States, the
vast majority of patients requiring renal replacement therapies
are on hemodialysis compared to peritoneal dialysis and kid-
ney transplantation. In 2015, among prevalent ESRD patients,
63.2% were on hemodialysis, 7.0% were on peritoneal dialy-
sis, and 29.6% had received kidney transplants [10].

There are racial and ethnic differences in the prevalence
and incidence of CKD. In 2015, the adjusted incidence rate
ratio for ESRD compared to Caucasians was 3.0 for African
Americans, 1.2 for American Indians/Alaska Natives, and 1.0
for Asians [10]. All groups experienced a decline in incidence
rate over a 15-year period. The incidence rate ratio in Native
Hawaiians/Pacific Islanders was 8.4; however, due to the sig-
nificant discrepancy in this race designation in the US Census
data versus USRDS, this data is inconclusive. In African
Americans, the excess risk of ESRD is attributed to inheri-
tance of apolipoprotein L1 (APO-L1) gene variants. Carrying
two risk alleles confers a tenfold higher risk of ESRD from

hypertension and a 17-fold higher risk from focal segmental
glomerulosclerosis (FSGS) [16]. The APO-L1 risk alleles are
found predominantly in people with West African Ancestry.
Having one risk allele is reported to protect against African
Trypanosomiasis similar to protection from Malaria seen in
heterozygote carriers of the sickle cell gene [17].

Mortality among patients on dialysis decreased by 28%
between 2001 and 2015. Adjusted mortality rates were 136,
166, and 29 per 1000 patient-years in ESRD, dialysis, and
transplant patients, respectively [10]. In Medicare patients,
the mortality rate among CKD patients is more than twice
higher than that of patients without CKD at 109.8 per 1000
patient-years. CKD patients also experience higher rates of
re-hospitalization compared to patients without CKD [10].

Etiologies of CKD

Diabetes and hypertension are the two leading causes of
CKD in the United States and other developed countries
[10]. The etiology of ESRD from diabetes and hyperten-
sion is often presumptive as it is not typical to obtain biop-
sies in these patients. Nonetheless, 40% of patients with
CKD have diabetes and 32% have hypertension [10].
Advancing age is the largest predictor of low eGFR, while
hypertension is the largest predictor of albuminuria [10].
Figure 5.1 shows the etiologies of incident ESRD based on
data from USRDS [10].
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Etiologies of End-Stage Renal Disease
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Fig. 5.1 Etiologies of incident ESRD according to 2015 USRDS
data [10]

Table 5.2 Recurrence rates of kidney disease after transplant

Risk of Risk of graft loss
Disease recurrence | at 5-10 years
Primary FSGS 20-40% 20-30%
Membranoproliferative 20-60% 10-50%
glomerulonephritis (MPGN) type 1
(monoclonal and polyclonal IgG)
MPGN type II (C3 glomerulopathy | 50-90% 10-50%
and dense deposit disease)
Membranous nephropathy 10-55% 20-50%
IgA nephropathy 50-60% 2-20%
Lupus nephritis 2-40% 15%
Anti-GBM disease <5-50% 5%
Atypical hemolytic uremic 30-50% >50%
syndrome
Amyloidosis 25% Rare
Primary hyperoxaluria 100% 80%

Glomerulonephritis or glomerular disease is the third
leading cause of ESRD in the United States [10]. A study
looking at the temporal and geographic trends in 21,374
biopsy-proven cases between 1986 and 2001 found that
focal segmental glomerular sclerosis accounted for 25%;
membranous nephropathy, 13%; lupus nephritis, 12.5%;
IgA nephropathy, 10%; pauci-immune glomerulonephritis,
8%; minimal change disease, 5%; and membranoprolifera-
tive glomerulonephritis, 3% of cases of glomerular disease
[18]. Glomerulopathies recur at variable time periods post-
transplant and are an important cause of allograft loss/fail-
ure, particularly in living donor recipients [19].

It is important to know the cause of kidney disease due to
the risk of disease recurrence in the transplanted kidney (see
Table 5.2) [19-21]. This allows the transplant provider to
counsel patients about their disease-specific risks. Some kid-
ney diseases (e.g., primary FSGS and C3 glomerulopathies)
can recur aggressively early and lead to allograft loss. The
rates of disease recurrence and risk of graft loss reported in
the litterature is variable based on different study design used

and ascertainment and followup timeframes. This informa-
tion is particularly important for patients with living donors.

Complications of Advanced Kidney Disease
Anemia

In advanced stages of kidney disease, anemia is caused by
reduced erythropoietin production and shortened lifespan of
red blood cells [22, 23]. The use of erythropoietin stimulat-
ing agents has greatly reduced the need for blood transfu-
sions in the dialysis population [24]. Limiting sensitizing
events is paramount in patients who are likely to need a kid-
ney transplant. Sensitizing events (e.g., transfusions, preg-
nancies, prior transplants) increase the chance of developing
panel reactive antibodies (PRA) to the general population.
Patients with greater sensitization have smaller pools of
available donors. Patients with PRA greater than 20% are
considered sensitized, and those with PRA greater than 80%
are considered highly sensitized. Previously patients who
were considered highly sensitized had disproportionately
long waitlist times. In December 2014, the US organ alloca-
tion rules changed to allow a sliding scale of points based on
PRA. In addition, patients who are hypersensitized with
PRA of 99 and 100 gained access to regional and national
organ sharing, respectively.

Acid-base Imbalances

Patients with advanced stages of kidney disease tend to
develop a chronic metabolic acidosis. Treatment of chronic
metabolic acidosis with bicarbonate supplementation may
mitigate uremic bone disease, malnutrition, and muscle
wasting and may help slow the progression of kidney dis-
ease [3, 25-27]; however, the level at which supplementa-
tion should be initiated and whether to target a normal
serum bicarbonate level is somewhat controversial in the
nephrology community. The KDIGO group recommends
treating chronic metabolic acidosis with bicarbonate sup-
plementation to achieve serum bicarbonate levels above
22 mmol/L [3].

Electrolyte Imbalances

Hyperkalemia is the more common and feared electrolyte
abnormality in patients with CKD as it may lead to fatal car-
diac arrhythmias [28]. Chronic exposure to a high-potassium
milieu raises the threshold at which cardiac arrhythmias
occur, such that many dialysis patients adapt to serum potas-
sium of greater than 6.0 mmol/l without the clinical conse-
quences, levels that could pose a significant risk if acutely
developed. As kidney disease progresses, patients are prone
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to hyperkalemia due to oliguria, high-potassium diet, and/or
the use of medications that induce a hypoaldosterone state
(e.g., renin-angiotensin system blockers) [29].
Hyperkalemia is treated by adhering to a low-potassium
diet, the use of potassium-binding resins (e.g., Kayexalate
and Patiromer), discontinuing renin-angiotensin-aldoste-
rone-system-blocking medications, and dialysis.
Hyponatremia is another common electrolyte abnormality
in advanced CKD, and it is often caused by impaired free
water excretion as eGFR declines. Hyponatremia may be
confounded by a concurrent syndrome of inappropriate antid-
iuretic hormone secretion (SIADH) and/or hypervolemic
states. It is important to decipher the exact etiology of hypo-
natremia and chronicity to determine appropriate treatment.

Mineral Bone Disease

Mineral bone disease (MBD) occurs from derangements in
the phosphorus-calcium-parathyroid hormone axis that
occur in advanced kidney disease [30]. Manifestations of
MBD include osteitis fibrosa, osteomalacia, and adynamic
bone disease. As kidney function declines, serum phospho-
rus rises and calcium decreases (due to decreased produc-
tion of activated vitamin D by the kidney). The rise in
phosphorus is initially mitigated by an elevated fibroblast
growth factor (FGF)-23 level and then rising parathyroid
hormone (PTH), both of which are phosphatonins [31]. The
rise in PTH helps to normalize both phosphorus and cal-
cium. This process leads to a development of secondary
hyperparathyroidism. Treatment includes adhering to a low-
phosphorous diet, taking phosphate binders with meals, and
using active vitamin D analogs (e.g., calcitriol) and calcimi-
metics (e.g., Sensipar) [32, 33]. A selected number of
patients with secondary hyperparathyroidism go on to
develop tertiary hyperparathyroidism requiring parathyroid-
ectomy. Some transplant centers require patients with
uncontrolled hyperparathyroidism undergo parathyroidec-
tomy prior to kidney transplantation. However, kidney
transplantation alone may restore the calcium-phosphorous-
PTH axis and lead to resolution of secondary hyperparathy-
roidism within several months. Patients with persistent
hyperparathyroidism after kidney transplantation may then
be referred for parathyroidectomy.

Hypertension and Volume Overload

Patients with advanced CKD are less adapt to changes in
sodium and volume expansion. With development of oliguria
or anuria, management of volume overload is quite challeng-
ing and may require near daily dialysis in some patients.
Fluid restriction is paramount for reduction of intradialytic

weight gains but is challenging for many patients. In these
more challenging cases, longer (4 hours or more) and/or fre-
quent (4 days a week or more) dialysis may be needed for
volume management. To enable more aggressive ultrafiltra-
tion (fluid removal on dialysis), nocturnal dialysis or home
hemodialysis modalities can accommodate longer or more
frequent dialysis sessions in patients who can manage the
timing, training, and equipment. Other treatment options
include sodium restriction (< 2 grams per day), fluid restric-
tion, and diuretics in patients who are not auric [3, 34].

Malnutrition

Malnutrition is a common consequence of advanced CKD
[35]. Patients with CKD have diminished appetite and
anorexia which is confounded by many dietary restrictions
(e.g., sodium, potassium, phosphorus), and they lose amino
acids in dialysate fluids. Renal dieticians are available in
many kidney clinics and the US dialysis centers to help with
frequent education and recommendations about diet.

Kidney Transplant Evaluation
Indications

Kidney transplant is an elective procedure and it is not with-
out risks; nonetheless, it is the treatment of choice for stage
5 CKD/ESRD [20, 36]. Compared to dialysis, kidney trans-
plantation improves quantity and quality of life. Unlike other
solid organ transplants where the sickest patients get trans-
planted first, priority for kidney transplants is largely based
on the waiting time and sensitization status.

Patients can receive transplants from a living donor or a
deceased donor. The average waiting time for deceased
donor kidney transplantation in the United States depends on
geography, blood type, and sensitization status and ranges
from 3 to 10 years, thus transplantation from an eligible liv-
ing donor represents a much faster path [37]. Given the
impact of dialysis vintage (i.e., length of time on dialysis) on
outcomes, this is an important consideration. In December
2014, the United Network for Organ Sharing (UNOS) imple-
mented a new kidney allocation system to improve equity
and fairness for disadvantaged groups: highly sensitized
patients, ethnic minorities, blood group B patients, and
patients who experience late referral [38].

Timing of Referral

Patients with CKD are eligible for kidney transplant listing
if they are on dialysis or if their eGFR is 20 ml/min/1.73 m?
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or less [38]. At this eGFR, patients are generally
asymptomatic, and many do not develop symptoms that
would require dialysis until eGFR falls below 12—15 mL/
min/1.73m?. The optimum timing for kidney transplant in
patients who are not yet in ESRD is not defined. The goal is
to wait for as long as possible such that the timing occurs
right before uremic symptoms and complications develop.
There is no survival (patient or graft) benefit to transplanta-
tion well in advance of the need for dialysis. The new kid-
ney allocation system allows for backdating wait time to
the dialysis start date [38]. This mitigates the disadvantage
to patients who qualified for kidney transplantation but
were referred late. A patient who had been on dialysis for
5 years at the time of referral would automatically get
5 years of waiting time.

Medical Evaluation

A comprehensive medical history, physical examination,
laboratory and diagnostic studies (see Table 5.3), and psy-
chosocial assessment are crucial in evaluating patients for
kidney transplantation [39, 40]. The goal of the evaluation
process is to detect conditions or disease that would make
patients ineligible for transplantation. There are few abso-
lute contraindications to kidney transplantation and these
are represented in Table 5.4. In areas of the country where
the waiting time is long, it is reasonable to undergo a lim-
ited workup to see if patients can be listed in their current
state and defer the more extensive workup until the patient
is closer to transplantation. In areas of the country with
long waiting times, yearly updates and follow-up clinic vis-
its closer to the time of transplant is often needed to ensure
patients remain medically and psychosocially suitable for
transplantation.

Table 5.3 Comprehensive workup for kidney transplantation. Limited
life expectancy minimizes the potential benefit of transplantation

Blood type, complete blood count, comprehensive metabolic panel,
coagulation studies

Infectious serologies: HIV, RPR, hepatitis B and C, varicella, EBV,
CMYV, gold quantiferon, and endemic fungi (e.g
coccidioidomycosis, cryptococcus, and histoplasmosis) in
applicable regions

Anti-A isoagglutinin titers should be measured in blood type B
candidates who are willing to accept a kidney from an A2 or A2B
donor

Chest X-ray

Cardiac screening with EKG, stress testing (pharmacologic
echocardiography), myocardium perfusion scan or coronary
angiogram as determined based on age and comorbid conditions

Age appropriate cancer screening as recommended by the USPSTF
and cancer societies for the general population

Other testing determined based on clinical history, e.g., random
drug screen in patients with a history of substance abuse

Table 5.4 Absolute contraindications to kidney transplantation

Active ischemic heart disease or severe cardiomyopathy

Severe peripheral vascular disease involving iliofemoral vessels

Active infection

Recent history of cancer other than non-melanoma skin cancers and
carcinoma in-situ

Cirrhosis or advanced liver fibrosis (unless liver transplant
candidate)

Primary oxalosis (unless liver transplant candidate)
Active psychosis

Active substance abuse or dependence
Incorrigible noncompliance

Body mass index (BMI) > 40

Lack of adequate social/caregiver support

Factors to Consider During the Evaluation
Process

Age

There is no age limit for kidney transplantation; however, in
general, patients over the age of 65-70 should be “well other-
wise” (i.e., wow), with well-managed comorbidities. The
benefits of transplantation should outweigh the risk of sur-
gery, anesthesia, and chronic immunosuppression. With
appropriate patient selection, those over the age of 70 do well
with good long-term graft outcomes. Older patients or those
with an expected post-transplant survival of around 5 years or
more can be good candidates for deceased donor kidneys
with a kidney donor profile index (KDPI) of 85% or higher,
which can achieve satisfactory graft outcomes [41]. The
KDPI is composed of ten donor factors (age, diabetes, hyper-
tension, race/ethnicity, height, weight, creatinine, cause of
death, donation after cardiac death (DCD) status, and hepati-
tis C status) and is a marker of organ quality. A KDPI of 85%
percent has 85% higher expected risk of allograft failure com-
pared to all kidney donors from the prior year. The estimated
post-transplant survival is a score composed of four factors
(diabetes, hypertension, prior transplant, dialysis vintage).
Lower estimated post-transplant survival (EPTS) scores
translate to higher post-transplant survival. Patients with
scores of 20% or less primarily receive offers from KDPI kid-
neys of 20% or less. The KDPI and EPTS scores are used in
the organ allocation system to help improve longevity match-
ing, i.e., kidneys with the longest chance of survival go to the
patient with the longest life expectancy [38].

Considering expected post-transplant survival in the eval-
uation process helps with counseling patients regarding stay-
ing on dialysis versus moving toward transplantation.
Patients should be expected to survive longer than the half-
life of a transplanted kidney. For older patients, it is also
important to consider that the risk of death rises in the imme-
diate postoperative period and is higher than in patients who
are waitlisted for transplant. It takes about 3.5 years for the
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mortality rate to drop below that of patients who remain on
the waiting list [42]. Older patients may have acceptable
quality of life on dialysis and may not experience a survival
benefit with transplantation [43].

Cardiovascular Disease

The burden of cardiovascular disease is high in CKD
patients [44, 45]. Noninvasive cardiac testing has limited
utility in patients with CKD who have diabetes. Noninvasive
testing (e.g., stress echocardiogram) is permissible in
asymptomatic low-risk patients; however, higher-risk
patients (i.e., those with diabetic nephropathy or long-stand-
ing diabetes, over the age of 50, with risk factors for coro-
nary artery disease such as smoking, hypertension,
hyperlipidemia, family history, or heart failure with reduced
ejection fraction) should undergo coronary angiogram
[46-48].

Cerebrovascular Disease

There is an increased risk of ischemic stroke in CKD after
kidney transplantation [49]. Patients with history of isch-
emic stroke should undergo screening for carotid stenosis
and repair. Patients with risk factors for stroke (e.g., hyper-
tension, smoking, hyperlipidemia, transient ischemic
attacks) or carotid artery bruits on physical examination
should be evaluated. Patients with autosomal dominant
polycystic kidney disease who have a family history of
strokes, cerebral aneurysms, or chronic headaches should
undergo screening to assess for cerebral aneurysms, and
those who meet the size criteria should be repaired prior to
kidney transplantation [50].

Peripheral Vascular Disease

The vascular physical examination is a crucial part of the
kidney transplant evaluation. Kidney transplantation can be
technically impossible in patients with severe vascular cal-
cifications involving the iliofemoral system. Bilateral fem-
oral and pedal pulses should be palpated. Patients with
reduced or non-palpable pulses should have imaging to
assess their vasculature (e.g., Doppler studies or non-con-
trast computed tomography (CT) of the abdomen/pelvis).
Patients with severe distal stenosis are at risk for steal syn-
drome (i.e., shunting of blood flow leading to reduced dis-
tal perfusion) with a transplant and can risk limb loss, ulcer
development, and/or poor wound healing. Patients with
claudication symptoms should undergo evaluation and
repair of flow-limiting stenosis.

Malignancy

All patients should undergo age-appropriate cancer screen-
ing as recommended by the United States Preventative
Services Task Force (USPSTF) and professional cancer soci-
eties. Immunosuppression increases the risk for cancers in

Table 5.5 Cancer waiting period

Renal cell cancer

Symptomatic < 5 cm 2 years

> 5 cm or invasive 5 years

Incidental (< 5 cm) None
Wilms’ tumor 2 years
Bladder

In situ or noninvasive papillomas None

Invasive Inadequate evidence
Cervix

In situ None

Invasive 2-5 years
Uterus 2 years
Testis 2 years
Thyroid 2 years
Kaposi’s and other sarcomas 2 years
Breast 2-5 years
Colorectal 2-5 years
Prostate 2 years
Liver Contraindicated
Myeloma Contraindicated
Lymphoma 2 years
Leukemia 2 years
Melanoma 5 years

In situ 2 years
Non-melanoma skin cancer None
Lung 5 years

Adapted from Kasiske et al. [40] and Pham et al [36]

kidney transplant patients. Patients who have been treated
for certain malignancies and remain disease-free for
2-5 years (depending on the type of cancer) may proceed to
kidney transplantation (see Table 5.5) [51, 52].

Hematologic Disease

Patients with a history of recurrent miscarriage, arterial/
venous thrombosis, hemodialysis graft or fistula thrombosis,
lupus, or a prior history of unexplained kidney allograft
thrombosis should undergo a hypercoagulable workup [20,
37]. Hematology referral may be needed to assess thrombo-
sis risk prior to transplantation. In addition, patients with
monoclonal gammopathies or history of paraproteinemias
may require hematology evaluation and recommendations
regarding risk.

Obesity

Centers vary on their body mass index (BMI) cutoff point at
which patients are required to lose weight prior to transplanta-
tion. Many centers consider a BMI over 35 kg/m? as an abso-
lute contraindication to transplantation [20]. Obese patients
are at increased risk for delayed graft function (defined as the
need for dialysis in the first week of transplant), poor wound
healing, and infections. Obesity is not associated with kidney
transplant rejection, graft loss, or death.
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Gastrointestinal Disease

Having recent gastrointestinal malignancy or cirrhosis that is
not eligible for liver transplant are absolute contraindications
to kidney transplant. Patients with evidence of advanced
liver disease or cirrhosis should be referred to hepatology for
liver transplant evaluation. For advanced stages of liver dis-
ease, combined liver-kidney transplant may be an option.
Gastrointestinal ulcers should be under control as they may
worsen with induction therapy and high-dose corticoste-
roids. Perforated visicus is a rare but feared complication of
ulcers. Patients with chronic nausea and vomiting should be
evaluated as these symptoms can worsen and cause patients
to be unable to comply with transplant medications which
could lead to rejection and allograft loss. In patients with
chronic diarrhea and ESRD, hyperoxaluria (excess loss of
oxalate in the urine that leads to calcium oxalate stones and
crystal deposits) should be considered as a cause for ESRD
and ruled out. If this diagnosis is missed, it can lead to rapid
loss of a kidney transplant [20, 36]. Primary oxalosis is
treated with combined liver and kidney transplantation.

Infection

Patients undergoing kidney transplant should be free of active
infection before transplantation [20]. Patients with chronic
viral infections like human immunodeficiency virus (HIV)
may be transplanted if their disease is under good control.
Transplants in patients with HIV should be done at centers
with experience managing these patients. The new antiviral
mediations for hepatitis C treatment yield excellent sustained
viral clearance, making transplantation in this group permis-
sible. This also opens up a pool of hepatitis C donors for
hepatitis C positive recipients. Patients with latent tuberculo-
sis should receive an adequate course of treatment (e.g.,
9 months of isoniazid) before or after transplantation. For
patients who did not complete their course prior to transplant,
it is permissible to proceed and complete the course after
transplant. Patients with poor dentition should see a dentist
for deep cleaning and extractions as indicated prior to trans-
plantation. Oral surgery in the early months post-transplant
while immunosuppression is still intense is generally not
advised. Although response to vaccination is poor in ESRD
patients, live vaccines should be offered when indicated at
this time, as they are contraindicated after transplantation.

Frailty

The prevalence of frailty rises with increasing stages of CKD
[53-55]. Frailty is associated with increased length of stay,
delayed graft function, higher risk of readmission, and mor-
tality in kidney transplant patients [56-58]. Centers use vari-
ous batteries to assess for frailty (e.g., sit-stand test, walking
speed, test, grip strength, Fried criteria, short physical per-
formance battery). Frail patients can undergo pre-transplant
rehabilitation to improve outcomes post-transplant. Studies

are being done to assess the impact of rehabilitation in kid-
ney transplant recipients on their post-transplant outcomes
and survival.

Psychosocial Evaluation

Potential kidney transplant recipients must be motivated to
have a transplant. They should be able to understand the risks
and benefits of the transplantation and chronic immunosup-
pression and be able to make an informed decision. Mental
health professionals (i.e., social workers, psychiatrists, psy-
chologists) play a crucial role in the evaluation of potential
kidney transplant recipients. The goals of the psychosocial
evaluation are to determine behavioral, social, and financial
barriers to transplantation. This assessment elicits behaviors
that may be risk factors for medical nonadherence after
transplant. Social workers contact dialysis units to determine
patients’ adherence with their dialysis appointments and
treatments. Many centers insist on absolute adherence with
outpatient dialysis regimens in order to consider patients for
transplantation. Patient’s psychiatric or cognitive disease
may require neuropsychiatric assessment and a referral to
transplant psychiatry.

Patients who have low literacy concerns or difficulty
understanding their medications are referred to pre-transplant
education. Transplant centers require that one or two able
adults serve as a caregiver(s) in the post-transplant phase.
Caregivers help with medication reminders, transportation to
appointments, and supervising the patient at home. Patients
cannot name their proposed living donor (e.g., a spouse,
child, or parent) as a caregiver.

Patients with alcohol or substance abuse may be required
to undergo treatment rehabilitation and pass random alcohol
and drug screening. Patients with diabetes, peripheral vascu-
lar disease, or other risk factors for cardiovascular disease are
required to stop smoking to be eligible for transplantation.

Patients require adequate insurance for transplantation.
ESRD patients qualify for Medicare based on the disease
alone; however, coverage for prescriptions expires 3 years
after transplant if the patient does not qualify for Medicare
by age. Three years represents a crucial time in the field of
kidney transplantation as patients who lose prescription cov-
erage risk rejection and subsequent allograft loss. Many
patients with ESRD are on disability. Kidney transplantation
should improve quality of life to an extent of enabling
patients to return to the workforce, if the patient desires.
Patients who return to the workforce may gain insurance
coverage with their employer.

Surgical Evaluation

As patients get closer to the top of the list, they may be seen
by surgeons to ensure the transplant is technically feasible.
Concerning factors from the initial evaluation include known
peripheral vascular disease, symptoms of claudication,
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history of amputation, and abnormal femoral and distal
extremity pulses. These should prompt imaging of the ilio-
femoral system with a non-contrast CT scan evaluating for
vascular calcification or ultrasound imaging evaluating for
flow-limiting stenosis. Severe calcification of the iliofemoral
system could make surgery technically infeasible.

Living Donation

About one third of kidney transplants in the United States
come from living donors [59, 60]. The living donation rate
has declined in recent years. Patients who receive living
donors generally have immediate allograft function and a
longer median survival of approximately 15 years compared
to 10 years with deceased donors [59, 60]. Living donors
must have a completely separate living donor advocate.
Living donors should also undergo extensive medical, surgi-
cal, and psychosocial evaluation prior to living kidney dona-
tion [59, 60] (see Chap. 4 for more details).

Conclusions

CKD is an important cause of morbidity and the ninth
leading cause of mortality in the United States. Diabetes
and hypertension remain the most common causes of
CKD in developed countries. Complications of advanced
stages of CKD include anemia, chronic metabolic acido-
sis, electrolyte imbalances, volume overload, hyperten-
sion, and mineral bone disease. Kidney transplantation is
the treatment of choice for patients with Stage 5 CKD and
ESRD and leads to better health and cost-effective out-
comes compared to dialysis. Nonetheless, kidney trans-
plantation is an elective procedure with both short- and
long-term risks and complications. The evaluation pro-
cess requires the efforts of a multidisciplinary team to
ensure appropriate candidate selection.

References

1. Heron M. Deaths: leading causes for 2015. National vital statis-
tics reports: from the Centers for Disease Control and Prevention,
National Center for Health Statistics. Natl Vital Stat Rep.
2017;66(5):1-76.

2. National Kidney Foundation. K/DOQI clinical practice guidelines
for chronic kidney disease: evaluation, classification and stratifica-
tion. Am J Kidney Dis. 2002;39(suppl 1):S1-S266.

3. 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.

4. Gerstein HC, Mann JF, Yi Q, Zinman B, Dinneen SF, Hoogwerf
B, et al. Albuminuria and risk of cardiovascular events, death,
and heart failure in diabetic and nondiabetic individuals. JAMA.
2001;286(4):421-6.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21

22.

23.

. Hong JW, Ku CR, Noh JH, Ko KS, Rhee BD, Kim DJ. Association

between low-grade albuminuria and cardiovascular risk in Korean
adults: the 2011-2012 Korea National Health and nutrition exami-
nation survey. PLoS One. 2015;10(3):e0118866.

. Skaaby T, Husemoen LL, Ahluwalia TS, Rossing P, Jorgensen T,

Thuesen BH, et al. Cause-specific mortality according to urine
albumin creatinine ratio in the general population. PLoS One.
2014;9(3):€93212.

. Toyama T, Furuichi K, Ninomiya T, Shimizu M, Hara A, Iwata Y,

et al. The impacts of albuminuria and low eGFR on the risk of car-
diovascular death, all-cause mortality, and renal events in diabetic
patients: meta-analysis. PLoS One. 2013;8(8):e71810.

. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey

AS, de Jong PE, et al. Association of estimated glomerular filtration
rate and albuminuria with all-cause and cardiovascular mortality in
general population cohorts: a collaborative meta-analysis. Lancet
(London, England). 2010;375(9731):2073-81.

. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic

kidney disease and the risks of death, cardiovascular events, and
hospitalization. N Engl J Med. 2004;351(13):1296-305.

United States Renal Data System. 2017 USRDS annual data report:
Epidemiology of kidney disease in the United States. National
Institutes of Health, National Institute of Diabetes and Digestive
and Kidney Diseases, Bethesda, MD, 2017.

Saran R, Robinson B, Abbott KC, et al. US renal data system 2017
annual data report: epidemiology of kidney disease in the United
States. Am J Kidney Dis. 2018;71(3, suppl 1):Svii,S1-S672.
Centers for Disease Control and Prevention. Chronic kidney disease
surveillance system website. http://www.cdc.gov/ckd. Accessed 3
May 2018.

Kallab S, Bassil N, Esposito L, Cardeau-Desangles I, Rostaing L,
Kamar N. Indications for and barriers to preemptive kidney trans-
plantation: a review. Transplant Proc. 2010;42(3):782-4.
Perez-Flores I, Sanchez-Fructuoso A, Calvo N, Marques M, Anaya
S, Ridao N, et al. Preemptive kidney transplant from deceased
donors: an advantage in relation to reduced waiting list. Transplant
Proc. 2007;39(7):2123-4.

Ishani A, Ibrahim HN, Gilbertson D, Collins AJ. The impact
of residual renal function on graft and patient survival rates in
recipients of preemptive renal transplants. Am J Kidney Dis.
2003;42(6):1275-82.

Friedman DJ, Kozlitina J, Genovese G, Jog P, Pollak
MR. Population-based risk assessment of APOL1 on renal disease.
J Am Soc Nephrol. 2011;22(11):2098-105.

Genovese G, Friedman DJ, Ross MD, Lecordier L, Uzureau P,
Freedman BI, et al. Association of trypanolytic ApoL1 variants
with kidney disease in African Americans. Science (New York,
NY). 2010;329(5993):841-5.

. O’Shaughnessy MM, Hogan SL, Poulton CJ, Falk RJ, Singh HK,

Nickeleit V, et al. Temporal and demographic trends in glomeru-
lar disease epidemiology in the southeastern United States, 1986—
2015. Clin J Am Soc Nephrol. 2017;12(4):614-23.

Blosser CD, Bloom RD. Recurrent glomerular disease after kidney
transplantation. Curr Opin Nephrol Hypertens. 2017;26:501-8.
Scandling JD. Kidney transplant candidate evaluation. Semin Dial.
2005;18(6):487-94.

. Yamamoto I, Yamakawa T, Katsuma A, et al. Recurrence of native

kidney disease after kidney transplantation. Nephrology (Carlton,
Vic). 2018;23(Suppl 2):27-30.

Astor BC, Muntner P, Levin A, Eustace JA, Coresh J. Association
of kidney function with anemia: the third National Health and
Nutrition Examination Survey (1988-1994). Arch Intern Med.
2002;162(12):1401-8.

Hsu CY, McCulloch CE, Curhan GC. Epidemiology of ane-
mia associated with chronic renal insufficiency among adults
in the United States: results from the third National Health and


https://doi.org/10.1007/978-3-319-94914-7_4
http://www.cdc.gov/ckd

Chronic and End-Stage Renal Disease and Indications for Renal Transplantation 71

24.

25.

26.

217.

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Nutrition Examination Survey. Clin J Am Soc Nephrol. 2002
Feb;13(2):504-10.

Kliger AS, Foley RN, Goldfarb DS, Goldstein SL, Johansen K,
Singh A, et al. KDOQI US commentary on the 2012 KDIGO
clinical practice guideline for Anemia in CKD. Am J Kidney Dis.
2013;62(5):849-59.

Green J, Kleeman CR. Role of bone in regulation of systemic acid-
base balance. Kidney Int. 1991;39(1):9-26.

Krieger NS, Frick KK, Bushinsky DA. Mechanism of acid-induced
bone resorption. Curr Opin Nephrol Hypertens. 2004;13(4):423-36.
de Brito-Ashurst I, Varagunam M, Raftery MIJ, Yaqoob
MM. Bicarbonate supplementation slows progression of
CKD and improves nutritional status. Clin J Am Soc Nephrol.
2009;20(9):2075-84.

. Allon M. Hyperkalemia in end-stage renal disease: mechanisms

and management. Clin J Am Soc Nephrol. 1995;6(4):1134-42.
Hsu CY, Chertow GM. Elevations of serum phosphorus and potas-
sium in mild to moderate chronic renal insufficiency. Nephrol Dial
Transplant. 2002;17(8):1419-25.

Hruska KA, Teitelbaum SL. Renal osteodystrophy. N Engl J Med.
1995;333(3):166-74.

Cunningham J, Locatelli F, Rodriguez M. Secondary hyperpara-
thyroidism: pathogenesis, disease progression, and therapeutic
options. Clin J Am Soc Nephrol. 2011;6(4):913-21.

Ketteler M, Block GA, Evenepoel P, Fukagawa M, Herzog CA,
McCann L, et al. Executive summary of the 2017 KDIGO chronic
kidney disease-mineral and bone disorder (CKD-MBD) guide-
line update: what’s changed and why it matters. Kidney Int.
2017;92(1):26-36.

Isakova T, Nickolas TL, Denburg M, Yarlagadda S, Weiner DE,
Gutierrez OM, et al. KDOQI US commentary on the 2017 KDIGO
clinical practice guideline update for the diagnosis, evaluation, pre-
vention, and treatment of chronic kidney disease-mineral and bone
disorder (CKD-MBD). Am J Kidney Dis. 2017;70(6):737-51.
Shrout T, Rudy DW, Piascik MT. Hypertension update, JNC8 and
beyond. Curr Opin Pharmacol. 2017;33:41-6.

Kopple JD, Greene T, Chumlea WC, Hollinger D, Maroni BJ,
Merrill D, et al. Relationship between nutritional status and the glo-
merular filtration rate: results from the MDRD study. Kidney Int.
2000;57(4):1688-703.

Pham PT, Pham PA, Pham PC, Parikh S, Danovitch
G. Evaluation of adult kidney transplant candidates. Semin Dial.
2010;23(6):595-605.

Hart A, Smith JM, Skeans MA, Gustafson SK, Wilk AR, Robinson
A, et al. OPTN/SRTR 2016 annual data report: kidney. Am J
Transplant. 2018;18(Suppl 1):18-113.

Stewart DE, Klassen DK. Early experience with the new kid-
ney allocation system: a perspective from UNOS. Clin J] Am Soc
Nephrol. 2017;12(12):2063-5.

Knoll G, Cockfield S, Blydt-Hansen T, Baran D, Kiberd B,
Landsberg D, et al. Canadian Society of Transplantation consen-
sus guidelines on eligibility for kidney transplantation. CMAIJ.
2005;173(10):1181-4.

Kasiske BL, Cangro CB, Hariharan S, Hricik DE, Kerman RH, Roth
D, et al. The evaluation of renal transplantation candidates: clinical
practice guidelines. Am J Transplant. 2001;1(Suppl 2):3-95.

Jay CL, Washburn K, Dean PG, Helmick RA, Pugh JA, Stegall MD.
Survival benefit in older patients associated with earlier transplant
with high KDPI kidneys. Transplantation. 2017;101(4):867-72.
Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa
LY, et al. Comparison of mortality in all patients on dialysis,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

patients on dialysis awaiting transplantation, and recipients of a first
cadaveric transplant. N Engl J Med. 1999;341(23):1725-30.
Schold JD, Meier-Kriesche HU. Which renal transplant candidates
should accept marginal kidneys in exchange for a shorter waiting
time on dialysis? Clin J Am Soc Nephrol. 2006;1(3):532-8.

Hart A, Weir MR, Kasiske BL. Cardiovascular risk assessment in
kidney transplantation. Kidney Int. 2015;87(3):527-34.

Kahn MR, Fallahi A, Kim MC, Esquitin R, Robbins MJ. Coronary
artery disease in a large renal transplant population: implications
for management. Am J Transplant. 2011;11(12):2665-74.

De Lima JJ, Sabbaga E, Vieira ML, de Paula FJ, Ianhez LE, Krieger
EM, et al. Coronary angiography is the best predictor of events in
renal transplant candidates compared with noninvasive testing.
Hypertension (Dallas, Tex : 1979). 2003;42(3):263-8.

Holley JL, Fenton RA, Arthur RS. Thallium stress testing does not
predict cardiovascular risk in diabetic patients with end-stage renal
disease undergoing cadaveric renal transplantation. Am J Med.
1991;90(5):563-70.

Pilmore H. Cardiac assessment for renal transplantation. Am J
Transplant. 2006;6(4):659-65.

Masson P, Webster AC, Hong M, Turner R, Lindley RI, Craig
JC. Chronic kidney disease and the risk of stroke: a systematic review
and meta-analysis. Nephrol Dial Transplant. 2015;30(7):1162-9.
Niemczyk M, Gradzik M, Fliszkiewicz M, Kulesza A, Golebiowski
M, Paczek L. Natural history of intracranial aneurysms in autoso-
mal dominant polycystic kidney disease. Neurol Neurochir Pol.
2017;51(6):476-80.

Engels EA, Pfeiffer RM, Fraumeni JF Jr, Kasiske BL, Israni AK,
Snyder JJ, et al. Spectrum of cancer risk among US solid organ
transplant recipients. JAMA. 2011;306(17):1891-901.

Moosa MR. Racial and ethnic variations in incidence and pat-
tern of malignancies after kidney transplantation. Medicine.
2005;84(1):12-22.

Reese PP, Cappola AR, Shults J, Townsend RR, Gadegbeku CA,
Anderson C, et al. Physical performance and frailty in chronic kid-
ney disease. Am J Nephrol. 2013;38(4):307-15.

Wilhelm-Leen ER, Hall YN, KT M, Chertow GM. Frailty and
chronic kidney disease: the third National Health and Nutrition
Evaluation Survey. Am J Med. 2009;122(7):664-71.e2.

Kutner NG, Zhang R, Bowles T, Painter P. Pretransplant physical
functioning and kidney patients’ risk for posttransplantation hos-
pitalization/death: evidence from a national cohort. Clin J Am Soc
Nephrol. 2006;1(4):837-43.

McAdams-DeMarco MA, King EA, Luo X, Haugen C, DiBrito
S, Shaffer A, et al. Frailty, length of stay, and mortality in kidney
transplant recipients: a national registry and prospective cohort
study. Ann Surg. 2017;266(6):1084-90.

Garonzik-Wang JM, Govindan P, Grinnan JW, Liu M, Ali HM,
Chakraborty A, et al. Frailty and delayed graft function in kid-
ney transplant recipients. Arch Surg (Chicago, Il : 1960).
2012;147(2):190-3.

McAdams-DeMarco MA, Law A, Salter ML, Chow E, Grams M,
Walston J, et al. Frailty and early hospital readmission after kidney
transplantation. Am J Transplant. 2013;13(8):2091-5.

Lentine KL, Kasiske BL, Levey AS, Adams PL, Alberu J,
Bakr MA, et al. Summary of kidney disease: improving
global outcomes (KDIGO) clinical practice guideline on the
evaluation and care of living kidney donors. Transplantation.
2017;101(8):1783-92.

Lentine KL, Patel A. Risks and outcomes of living donation. Adv
Chronic Kidney Dis. 2012;19(4):220-8.



	5: Chronic and End-Stage Renal Disease and Indications for Renal Transplantation
	Introduction
	Epidemiology
	Etiologies of CKD
	Complications of Advanced Kidney Disease
	Anemia
	Acid-base Imbalances
	Electrolyte Imbalances
	Mineral Bone Disease
	Hypertension and Volume Overload
	Malnutrition

	Kidney Transplant Evaluation
	Indications
	Timing of Referral
	Medical Evaluation
	Factors to Consider During the Evaluation Process
	Age
	Cardiovascular Disease
	Cerebrovascular Disease
	Peripheral Vascular Disease
	Malignancy
	Hematologic Disease
	Obesity
	Gastrointestinal Disease
	Infection
	Frailty
	Psychosocial Evaluation
	Surgical Evaluation

	Living Donation

	References




