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Kidney transplant: 
New opportunities and challenges
ABSTRACT

Progress in kidney transplant has improved survival while 
creating challenges. The pool of eligible patients is 
increasing, but organ supply remains inadequate. 
Waiting-list issues, adequate pretransplant assessment, 
judicious use of potent immunotherapy, and manage-
ment of infections must be considered. 

KEY POINTS
Kidney transplant improves survival and long-term 
outcomes in patients with renal failure. 

Before transplant, patients should be carefully evaluated 
for cardiovascular and infectious disease risk. 

Potent immunosuppression is required to maintain 
a successful kidney transplant. 

After transplant, patients must be monitored for recur-
rent disease, side effects of immunosuppression, and 
opportunistic infections.

M uch has improved in renal transplan-
tation over the past 20 years. The focus 

has shifted to using stronger immunotherapy 
rather than trying to minimize it. There has 
been increasing recognition of infection and 
ways to prevent and treat it. Induction therapy 
now has greater emphasis so that maintenance 
therapy can be eased, with the aim of reducing 
long-term toxicity. Perhaps the biggest change 
is the practice of screening for donor-specific 
antibodies at the time of transplant so that 
predictable problems can be prevented or bet-
ter handled if they occur. Such advances have 
helped patients directly and by extending the 
life of their transplanted organs.

 ■ LONGER SURVIVAL

As early as the 1990s, it was recognized that 
kidney transplant offers a survival advantage 
for patients with end-stage renal disease over 
maintenance on dialysis.1 Although the risk of 
death is higher immediately after transplant, 
within a few months it becomes much lower 
than for patients on dialysis. Survival varies 
according to the health of the patient and the 
quality of the transplanted organ. 
 In general, patients who obtain the greatest 
benefit from transplants in terms of years of life 
gained are those with diabetes, especially those 
who are younger. Those ages 20 to 39 live about 
8 years on dialysis vs 25 years after transplant. 

 ■ CONTRAINDICATIONS TO TRANSPLANT 

There are multiple contraindications to a soli-
tary kidney transplant (Table 1), including 
smoking. Most transplant centers require that 
smokers quit before transplant. Long-standing 
smokers almost double their risk of a cardiac 
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event after transplant and double their rate 
of malignancy. Active smoking at the time of 
transplant is associated with twice the risk of 
death by 10 years after transplant compared 
with that of nonsmokers.2 Cotinine testing can 
detect whether a patient is an active smoker. 

 ■ WAITING-LIST CONSIDERATIONS

Organs are scarce
The number of patients on the kidney wait-
ing list has increased rapidly in the last few 
decades, while the number of transplants per-
formed each year has remained about the same. 
In 2016, about 100,000 patients were on the 
list, but only about 19,000 transplants were 
performed.3 Wait times, especially for deceased-
donor organs, have increased to about 6 years, 
varying by blood type and geographic region.

Waiting-list placement
Placement on the waiting list for a deceased-
donor kidney transplant occurs when a patient 
has an estimated glomerular filtration rate 
(GFR) of 20 mL/min/1.73 m2 or less, although 
referral to the list can be made earlier. Early 
listing remains advantageous, as total time on 
the list will be counted before starting dialy-
sis. “Preemptive transplant” means the patient 
had no dialysis before transplant; this applies 
to about 10% of transplant recipients. These 
patients tend to fare the best and are usually 
recipients of a living-donor organ. 
 Most patients do not receive a transplant 
until the GFR is less than 15 mL/min/1.73 m2.
 Since 2014, wait time has been measured 
from the beginning of dialysis rather than the 
date of waiting-list placement in patients who 
are listed after starting dialysis therapy. This 
approach is more fair but sometimes introduc-
es problems. A patient who did not previously 
know about the list may suddenly jump to 
the head of the line after 10 years of dialysis, 
by which time comorbidities associated with 
long-term dialysis make the patient less likely 
to gain as much benefit from a transplant as 
people lower on the list. Time on dialysis, or 
“dialysis vintage,” predicts patient and kidney 
survival after transplant, with reduced surviv-
al associated with increasing time on dialysis.4 

Shorter wait for a suboptimal kidney
The aging population has increased the num-

ber of older patients being listed for transplant, 
presenting multiple challenges. Patients age 
65 or older have a 50% chance of dying before 
they receive a transplant during a 5-year wait.
 A patient may shorten the wait by joining the 
list for a suboptimal organ. All deceased-donor 
organs are given a Kidney Donor Profile Index 
score, which predicts the longevity of an organ af-
ter transplant. The score is determined by donor 
age, kidney function based on the serum creati-
nine at the time of death, and other donor factors. 
 A kidney with a score higher than 85% is 
likely to function longer than only 15% of avail-
able kidneys. Patients who receive a kidney with 
that score have a longer period of risk of death 
soon after transplant and a slightly higher risk 
of death in the long term than patients who re-
ceive a healthier kidney, although on average 
they still do better than patients on dialysis.5

TABLE 1

Contraindications to solitary kidney transplant

Absolute contraindications

Acute malignancy (except nonmelanomatous skin cancer)

Active human immunodeficiency virus infection (treated patients may 
be eligible)

Other active infection (excluding hepatitis C)

Chronic illness with short life expectancy

Poorly controlled psychosis

Acute substance abuse

End-stage heart, lung, or liver disease (consider for combined transplant)

Anatomic barriers precluding transplant

Relative contraindications

Active coronary artery disease or advanced heart failure

Cirrhosis or advanced hepatic fibrosis

Advanced peripheral or cerebrovascular disease

Advanced age

Morbid obesity

Smoking

Active peptic ulcer or inflammatory bowel disease

Habitual noncompliance

Poor psychosocial or financial situation threatening adequate 
posttransplant care
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 Older patients should be encouraged to 
sign up for both the regular waiting list and 
the suboptimal kidney waiting list to reduce 
the risk of dying before they get a kidney. 

 ■ LIVING-DONOR ORGAN TRANSPLANT

Many advantages
Living-donor organ transplant is associated 
with a better survival rate than deceased-
donor organ transplant, and the advantage 
becomes greater over time. At 1 year, patient 
survival is more than 90% in both groups, but 
by 5 years about 80% of patients with a living-
donor organ are still alive vs only about 65% 
of patients with a deceased-donor organ.
 The waiting time for a living-donor trans-
plant may be only weeks to months, rather than 
years. Because increasing time on dialysis pre-
dicts worse patient and graft survival after trans-
plant, the shorter wait time is a big advantage. 
In addition, because the donor and recipient are 
typically in adjacent operating rooms, the organ 
sustains less ischemic damage. In general, the 
kidney quality is better from healthy donors, re-
sulting in superior function early on and longer 
graft survival by an average of 4 years. If the liv-
ing donor is related to the recipient, human leu-
kocyte antigen matching also tends to be better 
and predicts better outcomes. 

Special challenges
Opting for a living-donor organ also entails 
special challenges. In addition to the ethical 
issues surrounding living-donor organ dona-
tion, an appropriate donor must be found. Do-
nors must be highly motivated and pass physi-
cal, laboratory, and psychological evaluations.
 For older patients, if the donor is a spouse 
or close friend, he or she is also likely to be 
older, making the organ less viable than one 
from a younger person. Even an adult child 
may not be an ideal donor if there is a family 
propensity to kidney disease, such as diabetic 
nephropathy. No test is available to determine 
the risk for future diabetes, but it is known to 
run in families. 

 ■ POTENT IMMUNOSUPPRESSION

Induction therapy
Induction therapy with antithymocyte globu-
lin or basiliximab provides intense immuno-

suppression to prevent acute rejection during 
the early posttransplant period.
 Antithymocyte globulin is a potent agent 
that contains antibodies directed at T cells, 
B cells, neutrophils, platelets, adhesion mol-
ecules, and complement. It binds T cells and 
removes them from circulation by opsoniza-
tion in splenic and lymphoid tissue. The im-
munosuppressive effect is sustained for at least 
2 to 3 months after a series of injections (dos-
age 1.5 mg/kg/day, usually for 4 to 10 doses). 
Antithymocyte globulin is also used to treat 
acute rejection, especially high-grade rejec-
tion for which steroid therapy is likely to be 
insufficient. 
 Basiliximab consists of antibodies to the 
interleukin 2 (IL-2) receptor of T cells. Bind-
ing to T cells prevents their activation rather 
than removing them from circulation. The 
drug prevents rejection, with 30% relative 
reduction in early studies compared with pla-
cebo. However, it is ineffective in reversing 
established rejection. Dosage is 20 mg at day 0 
and day 4, which provides receptor saturation 
for 30 to 45 days.
 Basiliximab is also sometimes used off-
label for patients who need to discontinue a 
calcineurin inhibitor (ie, tacrolimus or cyclo-
sporine). In such cases, normal therapy is put 
on hold while basiliximab is given for 1 or 2 
doses. Case series have been reported for this 
use, particularly for patients with a heart and 
liver transplant who develop acute kidney in-
jury while hospitalized.6,7

 Antithymocyte globulin is more effective 
but also more risky. Brennan et al8 randomized 
278 transplant recipients to either antithymo-
cyte globulin or basiliximab. Patients in the 
antithymocyte globulin group had a 16% re-
jection rate vs 26% in the basiliximab group. 
 Antithymocyte globulin therapy is associ-
ated with multiple adverse effects, including 
fever and chills, pulmonary edema, and long-
standing immunosuppressive effects such as 
increased risk of lymphoma and cytomega-
lovirus (CMV) infection. Basiliximab side-
effect profiles are similar to those of placebo.

Maintenance therapy
The calcineurin inhibitors cyclosporine and 
tacrolimus remain the standard of care in kid-
ney transplant despite multiple drug interac-

Risk of death 
after transplant 
is lower within 
a few months 
than it is 
for patients  
on dialysis
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tions and side effects that include renal toxic-
ity and fibrosis. Cyclosporine and tacrolimus 
both bind intracellular immunophilins and 
thereby prevent transcription of IL-2 and pro-
duction of T cells. The drugs work similarly 
but have different binding sites. Cyclosporine 
has largely been replaced by tacrolimus be-
cause its reliability of dosing and higher po-
tency are associated with lower rejection rates. 
 Tacrolimus is typically given twice daily 
(1–6 mg/dose). Twelve-hour trough levels are 
followed (target: 8–12 ng/mL early on, then 
5–8 ng/mL after 3 months posttransplant). 
Side effects include hypertension and hyper-
cholesterolemia, but less so than with cyclo-
sporine. On the other hand, hyperglycemia 
tends to be worse with tacrolimus than with 
cyclosporine, and combining tacrolimus with 
steroids frequently leads to diabetes. Tacroli-
mus can also cause acute and chronic renal 
failure, especially at high drug levels, as well 
as neurotoxicity, tremors, and hair loss. 
 Cyclosporine, tacrolimus, and sirolimus 
(not a calcineurin inhibitor) are metabolized 
through the same cytochrome P450 pathway 
(CYP3A4), so they have common drug inter-
actions (Table 2). 
 Mycophenolate mofetil is typically used 
as an adjunct therapy (500–1,000 mg twice 
daily). It is also used for other kidney diseases 
before transplant, including lupus nephritis. 
Transplanted kidney rejection rates with my-
cophenolate mofetil with steroids are about 
40%, so the drug is not potent enough to be 
used without a calcineurin inhibitor. 
 Side effects include gastrointestinal toxic-
ity in up to 20% of patients, and leukopenia, 
which is associated with viral infections. 

 ■ CORONARY ARTERY DISEASE  
IS COMMON WITH DIALYSIS

Coronary artery disease is highly associated 
with end-stage kidney disease and occurs in as 
many as 85% of older patients with diabetes 
on dialysis. Although patients with end-stage 
kidney disease tend to have more numerous 
and severe atherosclerotic lesions compared 
with the general population, justifying aggres-
sive management, cardiac care tends to be 
conservative in patients on dialysis.9

 Death from acute myocardial infarction 

occurs in about 20% to 30% of patients on 
dialysis vs about 2% of patients with normal 
renal function. Five years after myocardial 
infarction, survival is only about 30% in pa-
tients on dialysis.9 
 There are many explanations for excess 
coronary artery disease in patients on dialysis. 
In addition to the traditional cardiovascu-
lar risk factors of diabetes, hypertension, and 
preexisting coronary artery disease, patients 
are in a proinflammatory uremic state and 
have high levels of phosphorus and fibroblast 
growth factor 23 that contribute to vascular 
calcification. Almost all patients have high 
homocysteine levels and hemodynamic insta-
bility, particularly if they are on hemodialysis. 

Pretransplant evaluation for heart disease
Patients on the kidney transplant waiting list 
are screened aggressively for heart disease. A 
history of myocardial infarction usually results 
in removal from the list. All patients have an 

A patient 
may shorten 
waiting time 
by joining 
the list for 
a suboptimal 
organ

TABLE 2 

Key drug interactions with 
calcineurin inhibitors and sirolimus

Increase levels of cyclosporine, tacrolimus, 
sirolimus

Clarithromycin

Erythromycin

Azole antifungals

Diltiazem

Verapamil

Isoniazid

Protease inhibitors

Grapefruit

Reduce levels of cyclosporine, tacrolimus, 
sirolimus

Rifampin

Phenytoin

Carbamazepine

Phenobarbital

Nevirapine

St. John’s wort
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initial electrocardiogram and echocardiogram. 
Thallium or echocardiographic stress testing 
is used for patients who are age 50 and older, 
have diabetes, or have had dialysis for many 
years. Patients with evidence of ischemia un-
dergo catheterization. 
 Patients are also screened with computed 
tomography before transplant. Because the 
kidney is typically anastomosed to the iliac ar-
tery and vein, heavy calcification of the iliac 
artery can make the procedure too difficult to 
perform. 

Reduced long-term risk  
of myocardial infarction after transplant
Kasiske et al10 analyzed data from more than 
50,000 patients from the US Renal Data Sys-
tem and found that, for about the first year af-
ter transplant, patients who underwent kidney 
transplant were more likely to have a myocar-
dial infarction than those on dialysis. After 
that, they fared better than patients who re-
mained on dialysis. Those with a living-donor 
transplant were less likely at all times to have 
a myocardial infarction than those with a de-
ceased-donor transplant. By 3 years after trans-
plant, the relative risk of having a myocardial 
infarction was 0.89 for deceased-donor organ 
recipients and 0.69 for living-donor recipients 
compared with patients on the waiting list.10

 ■ INFECTIOUS COMPLICATIONS  
IN KIDNEY RECIPIENTS

Kidney recipients are prone to many common 
and uncommon infections (Table 3). All po-
tential recipients are tested pretransplant for 
hepatitis B, hepatitis C, human immunode-
ficiency virus, syphilis, and tuberculosis. A 
positive result does not necessarily rule out 
transplant. 
 The following viral serology tests are also 
done before transplant: 
• Epstein-Barr virus (antibodies are positive 

in about 90% of adults) 
• CMV (about 70% of adults are seropositive) 
• Varicella zoster (seronegative patients should 

be given live-attenuated varicella vaccine).
 Risk of transmission of these viruses relates 
to the serostatus of the donor and recipient be-
fore transplant. If a donor is positive for viral 
antibodies but the recipient is not (a so-called 
“mismatch”), risk is higher after transplant.
Hepatitis C 
Patients with hepatitis C fare better if they get 
a transplant than if they remain on dialysis, 
although their posttransplant course is worse 
compared with transplant patients who do 
not have hepatitis. Some patients develop ac-
celerated liver disease after kidney transplant. 
Hepatitis C-related kidney disease—membra-
nous proliferative glomerulonephritis—also 
occurs, as do comorbidities such as diabetes. 
 Careful evaluation is warranted before 
transplant, including liver imaging, alpha-
fetoprotein testing, and liver biopsy to evalu-
ate for hepatocellular carcinoma. A patient 
with advanced fibrosis or cirrhosis may not be 
a candidate for kidney transplant alone but 
could possibly receive a combined kidney and 
liver transplant. 
 There is a need to determine the best time 
to treat hepatitis C infection. Patients with 
advanced liver disease or hepatitis C-related 
kidney disease would likely benefit from early 
treatment. However, delaying treatment could 
shorten the wait time for a deceased-donor or-
gan positive for hepatitis C.  Transplant can-
didates with active hepatitis C are uniquely 
considered to accept hepatitis C-positive kid-
neys, which are often discarded, and may only 
wait weeks for such a transplant. The short-
ened kidney survival associated with a hepa-

Living-donor 
organ 
transplant  
is associated 
with a better 
survival rate

TABLE 3

Examples of infectious 
complications in kidney recipients

Cytomegalovirus viremia

BK virus nephropathy

Epstein-Barr virus meningitis

Cryptococcal meningitis

Pulmonary aspergillosis

Histoplasmosis

Rhizopus cellulitis

Strongyloides stercoralis infestation

Disseminated tuberculosis

West Nile virus infection

Mycobacterium avium complex infection

Mycobacterium szulgai pneumonia
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The advantage 
of delaying 
hepatitis C 
treatment 
is likely a short 
wait time 
for a hepatitis 
C-positive 
kidney

titis C-positive kidney may no longer be true 
with the new antiviral hepatitis C therapy, 
which has been shown to be effective post-
transplant. 

Hepatitis B
No cure is available for hepatitis B infection, 
but it can be well controlled with antiviral 
therapy. Patients with hepatitis B infection 
may be candidates for transplant, but they 
should be stable on antiviral therapy (lami-
vudine, entecavir, or tenofovir) to eliminate 
the viral load before transplant, and therapy 
should be continued afterward. Liver imag-
ing, alpha-fetoprotein levels, and biopsy are 
recommended for evaluation. All hepatitis B- 
negative patients should be vaccinated before 
transplant.
  Organs from living or deceased donors 
that test positive for hepatitis B core antibody, 
indicating prior exposure, can be considered 
for transplant in a patient who tests positive 
for hepatitis B surface antibody, indicating 
successful vaccination or prior exposure in 
the recipient. But donors must have negative 
surface antigen and polymerase chain reaction 
(PCR) tests that indicate no active hepatitis B 
infection. 

Cytomegalovirus
CMV typically does not appear until prophy-
lactic therapy is stopped. Classic symptoms are 
fever, leukopenia, and diarrhea. Infection can 
involve any organ, and patients may present 
with hepatitis, pancreatitis or, less commonly, 
pneumonitis. 
 Patients who are negative for CMV before 
transplant and receive a donor-positive organ 
are at the highest risk. Patients who are CMV 
IgG-positive are considered to be at interme-
diate risk, regardless of the donor status. Pa-
tients who are negative for CMV and receive 
a donor-negative organ are at the lowest risk 
and do not need prophylaxis with valganciclo-
vir. 
 CMV infection is diagnosed by PCR test-
ing of the blood or immunostaining in tissue 
biopsy. Occasionally, blood testing is negative 
in the face of tissue-based disease. 

BK virus
BK is a polyoma virus and a common virus 
associated with kidney transplant. Viremia is 

seen in about 18% of patients, whereas actual 
kidney disease associated with a higher level 
of virus is seen in fewer than 10% of patients. 
Most people are exposed to BK virus, often in 
childhood, and it can remain indolent in the 
bladder and uroepithelium. 
 Patients can develop BK nephropathy 
after exposure to transplant immunosup-
pression.11 Posttransplant monitoring pro-
tocols typically include PCR testing for BK 
virus at 1, 3, 6, and 12 months. No agent 
has been identified to specifically treat BK 
virus. The general strategy is to minimize 
immunosuppressive therapy by reducing or 
eliminating mycophenolate mofetil. Fortu-
nately, BK virus does not tend to recur, and 
patients can have a low-level viremia (< 
10,000 copies/mL) persisting over months 
or even years but often without clinical 
consequences.
 The appearance of BK virus on biopsy can 
mimic acute rejection. Before BK viral ne-
phropathy was a recognized entity, patients 
would have been diagnosed with acute re-
jection and may have been put on high-dose 
steroids, which would have worsened the BK 
infection. 

Posttransplant lymphoproliferative disorder
Posttransplant lymphoproliferative disorder 
is most often associated with Epstein-Barr 
virus and usually involves a large, diffuse 
B-cell lymphoma. Burkitt lymphoma and 
plasma cell neoplasms also can occur less 
commonly.
 The condition is about 30 times more com-
mon in patients after transplant than in the 
general population, and it is the third most 
common malignancy in transplant patients 
after skin and cervical cancers. About 80% of 
the cases occur early after transplant, within 
the first year. 
 Patients typically have a marked elevation 
in viral load of Epstein-Barr virus, although a 
negative viral load does not rule it out. A pa-
tient who is serologically negative for Epstein-
Barr virus receiving a donor-positive kidney is 
at highest risk; this situation is most often seen 
in the pediatric population. Potent induction 
therapies (eg, antilymphocyte antibody ther-
apy) are also associated with posttransplant 
lymphoproliferative disorder.
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 Patients typically present with fever of 
unknown origin with no localizing signs or 
symptoms. Mass lesions can be challenging 
to find; positron emission tomography may 
be helpful. The culprit is usually a focal mass, 
ulcer (especially in the gastrointestinal tract), 
or infiltrate (commonly localized to the al-
lograft). Multifocal or disseminated disease 
can also occur, including lymphoma or with 
central nervous system, gastrointestinal, or 
pulmonary involvement.
 Biopsy of the affected site is required for 
histopathology and Epstein-Barr virus mark-
ers. PCR blood testing is often positive for 
Epstein-Barr virus. 
 Typical antiviral therapy does not elimi-
nate Epstein-Barr virus. In early polyclonal 
viral proliferation, the first goal is to reduce 
immunosuppressive therapy. Rituximab alone 
may also help in polymorphic cases. With 
disease that is clearly monomorphic and has 
transformed to a true malignancy, cytotoxic 
chemotherapy is also required. “R-CHOP,” a 
combination therapy consisting of rituximab 
with cyclophosphamide, doxorubicin, vin-
cristine, and prednisone, is usually used. Ra-
diation therapy may help in some cases. 

Cryptococcal infection
Previously seen in patients with acquired im-
mune deficiency syndrome, cryptococcal in-
fection is now most commonly encountered 

in patients with solid-organ transplants. Vil-
chez et al12 found a 1% incidence in a series 
of more than 5,000 patients who had received 
an organ transplant. 
 Immunosuppression likely conveys risk, but 
because cryptococcal infection is acquired, en-
vironmental exposure also plays a role. It tends 
to appear more than 6 months after transplant, 
indicating that its cause is a primary infection 
by spore inhalation rather than by reactivation 
or transmission from the donor organ.13 Bird 
exposure is a risk factor for cryptococcal in-
fection. One case identified the same strain of 
Cryptococcus in a kidney transplant recipient 
and the family’s pet cockatoo.14

 Cryptococcal infection typically starts as 
pneumonia, which may be subclinical. The 
infection can then disseminate, with men-
ingitis presenting with headache and mental 
status changes being the most concerning 
complication. The death rate is about 50% in 
most series of patients with meningitis. Skin 
and soft-tissue manifestations may also occur 
in 10% to 15% of cases and can be nodular, 
ulcerative, or cellulitic. 
 More than 75% of fungal infections requir-
ing hospitalization in US patients who have 
undergone transplant are attributed to either 
Candida, Aspergillus, or Cryptococcus species.15 
Risk of fungal infection is increased with dia-
betes, duration of pretransplant dialysis, tacro-
limus therapy, or rejection treatment. ■

Hepatitis B 
can be 
well controlled 
with antiviral 
therapy
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