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S ince 1963, when Starzl et al performed the 
first successful liver transplantation,1 out-

comes of this life-saving procedure have con-
tinued to improve. Long-term survival rates 
have increased markedly: the current 5-year 
rate is 73.8% and the 10-year rate is 60%.2 
 This success means that internists will be 
caring for a greater number of liver transplant 
recipients and managing their long-term prob-
lems, such as hypertension, diabetes mellitus, 
dyslipidemia, obesity, metabolic syndrome, 
cardiovascular disease, renal insufficiency, os-
teoporosis, cancer, and gout. 
 This review will discuss these complica-
tions, focusing on the role the primary care 
physician assumes beyond the first year after 
transplantation. 

 ■ ROLE OF THE PRIMARY CARE PHYSICIAN

Hepatologists, primary care physicians, and 
surgeons share the care of transplant recipi-
ents. The first several weeks after transplanta-
tion require close follow-up by the hepatologist 
and transplantation team, with particular at-
tention paid to the patient’s overall health and 
well-being, medication compliance, and bio-
chemical and immunosuppression monitoring. 
 After the first year, the primary care phy-
sician assumes a greater role, becoming the 
main provider of the patient’s care.3,4 Good 
communication between the transplant center 
and the primary care physician should lead to 
a smooth transition.4 Although the hepatolo-
gist continues to manage immunosuppressive 
drugs, allograft rejections, and biliary compli-
cations, the primary care physician manages 
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ABSTRACT
Outcomes and long-term survival rates after liver trans-
plantation have significantly improved over the last 5 
decades, but the improved longevity is accompanied by 
long-term complications such as metabolic syndrome, 
obesity, cardiovascular disease, cancer, and bone disease. 
After the first year, the primary care physician assumes a 
greater role and provides most of the patient’s care. This 
review provides a source for primary care physicians in 
managing the long-term medical complications seen in 
these patients.

KEY POINTS
Tacrolimus and cyclosporine are the most commonly used 
immunosuppressive agents in liver transplant recipients. 
Adverse effects include hypertension, hypercholesterol-
emia, diabetes (more common with tacrolimus), renal 
insufficiency, and osteoporosis.

Hypertension affects 40% to 85% of liver transplant 
patients. Dihydropyridine calcium channel blockers (eg, 
amlodipine, nifedipine) are the first-line agents.

Cardiovascular disease is the third most common cause 
of death after liver transplantation. Modifying risk factors 
is essential.

Skin cancers account for 40% of all cancers after liver 
transplantation. Intensive screening is required and has 
been proven to lower the risk of death.
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most of the long-term complications and thus 
needs to be aware of the common ones and feel 
comfortable managing them. Aims during vis-
its are to screen for and detect common com-
plications and manage them appropriately, in 
addition to performing annual physical exami-
nations and routine health care. A reasonable 
interval for liver transplant recipients to visit 
their primary care physician is every 6 months.

 ■ IMMUNOSUPPRESSANT MEDICATIONS

Multiple agents are used for immunosuppres-
sion after liver transplantation: 
• Calcineurin inhibitors (cyclosporine and 

tacrolimus)
• Antimetabolites (mycophenolate mofetil, 

azathioprine, and mycophenolate sodium)
• Mammalian target of rapamycin (mTOR) 

inhibitors (sirolimus and everolimus)
• Corticosteroids. 
 TABLE 1 lists their common side effects.
 Most centers use a combination of two to 

four immunosuppressants as induction ther-
apy in the immediate posttransplant period, 
then taper the doses and eliminate all but a 
calcineurin inhibitor and an antimetabolite. 
For example, some start with a combination 
of tacrolimus, mycophenolate mofetil, and a 
corticosteroid. The choice in the immediate 
posttransplant period is frequently made by 
the transplant center in cooperation with the 
hepatologist. By the time primary care physi-
cians see these patients, they usually are on a 
calcineurin inhibitor alone or a calcineurin 
inhibitor plus mycophenolate mofetil.

Calcineurin inhibitors
Cyclosporine is metabolized by the cyto-
chrome  CYP3A4 pathway. With an average 
half-life of 15 hours, it is given orally, usually 
every 12 hours. 
 The dosage is adjusted according to the 
trough level. Higher levels are needed in the 
initial posttransplant period to prevent graft 
rejection, whereas lower levels are preferred 

Medication  
monitoring  
should be  
based on  
trough levels,   
not random 
levels

TABLE 1

Common adverse effects of immunosuppressive agents  
used in liver transplantation

Immunosuppressants Side effects

Calcineurin inhibitors  
(cyclosporine, tacrolimus )

Hypertension 
Hypercholesterolemia  
Neurotoxicity  
Diabetes (more common with tacrolimus)  
Renal insufficiency  
Osteoporosis  
Nausea, abdominal pain, diarrhea  
Hirsutism (with cyclosporine)  
Gingival hyperplasia (with cyclosporine)

Mycophenolate mofetil Bone marrow suppression  
Abdominal pain, nausea, diarrhea  
Neurotoxicity (headache, insomnia, dizziness) 

Azathioprine Bone marrow suppression  
Gastrointestinal side effects, including pancreatitis  
Dermatitis 

Mammalian target  
of rapamycin (mTOR)  
inhibitors  
(sirolimus, everolimus)

Hypercholesterolemia  
Hypertriglyceridemia  
Hypertension  
Abdominal pain, diarrhea, constipation  
Dermatitis  
Diabetes 
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later to decrease the occurrence and severity 
of adverse effects. Typical long-term trough 
levels are 50 to 100 ng/mL. Levels should be 
checked more often if an acute illness devel-
ops or the patient starts taking a potentially 
interfering drug. 
 Of importance: the dosage should be based 
on trough levels and not on random levels. 
Levels are often falsely high if blood samples 
are not drawn at the trough level. Repeating 
the measurement and making sure the sample 
is drawn at the trough level, ie, 12 hours after 
the last dose, is advised in this condition. 
 Cyclosporine causes widespread vasocon-
striction resulting in decreased renal blood 
flow and systemic hypertension, often within 
a few days of starting it. Other important ad-
verse effects include renal insufficiency, dys-
lipidemia, neurotoxicity (headache, tremor, 
seizure), and diabetes.
 Tacrolimus is superior to cyclosporine in 
terms of survival, graft loss, acute rejection, 
and steroid-resistant rejection in the first 
year.5 Currently, it is the agent used most of-
ten for maintenance immunosuppression after 
liver transplantation. 
 Like cyclosporine, tacrolimus is metabo-
lized in the liver by CYP3A4. Satisfactory 
trough levels after 1 year are 4 to 6 ng/mL. 
 The adverse effects of tacrolimus are simi-
lar to those of cyclosporine, but diabetes mel-
litus is more common with tacrolimus. Bone 
marrow suppression may occur more often 
with tacrolimus as well.

Antimetabolites
Antimetabolites are generally not potent 
enough to be used alone. 
 Mycophenolate mofetil causes adverse ef-
fects that include bone marrow suppression 
and gastrointestinal symptoms such as gastri-
tis, diarrhea, and abdominal pain.
 Azathioprine, infrequently used in trans-
plantation in the United States, is neverthe-
less sometimes substituted for mycophenolate 
mofetil in pregnant women, as it seems safer 
for use in pregnancy. 
 Serum levels of azathioprine and mycophe-
nolate mofetil are not routinely monitored.

mTOR inhibitors
Sirolimus and everolimus are mTOR inhibi-
tors, inhibiting proliferation of lymphocytes.6,7

 Unlike calcineurin inhibitors, mTOR 
inhibitors are not associated with nephro-
toxicity, neurotoxicity, renal dysfunction, 
hypertension, or diabetes. Sirolimus is con-
sidered an alternative to calcineurin inhibi-
tors or, in some instances, used as add-on-
therapy to lower the dose of the calcineurin 
inhibitor. 
 However, sirolimus carries a potential risk 
of hepatic artery thrombosis, a life-threaten-
ing complication.8 This has led the US Food 
and Drug Administration (FDA) to require 
sirolimus to carry a black-box warning, and 
most transplant centers avoid using it in the 
first 30 days after transplantation.
 Dyslipidemia is perhaps the most common 
adverse effect of sirolimus. Others include 
dose-related cytopenia and wound dehis-
cence.9 
 Everolimus has yet to be established for use 
in liver transplantation, although safety trials 
have been published.10,11 The FDA currently 
recommends against using it in the first 30 
days after liver transplantation. 
 Both sirolimus and everolimus are metabo-
lized by CYP3A4, which is the same metabolic 
pathway used by cyclosporine and tacrolimus. 
Hence, drugs that inhibit CYP3A4 may sig-
nificantly impair clearance of both sirolimus 
and everolimus.

Corticosteroids
Corticosteroids have been the cornerstone of 
immunosuppression and remain the first line 
of treatment for acute allograft rejection. 
High intravenous doses of corticosteroids are 
usually started in the peritransplant period 
and are then switched to oral doses, which 
are tapered and continued with a fixed dose 
such as 20 mg of prednisone daily for 3 to 
6 months after transplantation. However, 
some transplant centers  keep patients on 
prednisone 5 mg/day indefinitely.
 Adverse effects of corticosteroids include 
diabetes, salt and fluid retention, hyperten-
sion, hyperlipidemia, cosmetic changes (acne, 
cervical fat pad or “buffalo hump”), delayed 
wound healing, susceptibility to infection, 
cataracts, osteopenia, and potential adrenal 
suppression.12 There is concern that the use 
of these drugs may increase hepatitis C virus 
replication in patients who received a liver 

Tacrolimus  
is superior 
to cyclosporine  
in terms  
of survival,  
graft loss,  
and rejection
but is more 
likely to cause  
diabetes
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transplant for hepatitis C cirrhosis. Random-
ized trials have yielded conflicting results.13–15

Drug interactions
Certain drugs can affect the metabolism of 
calcineurin inhibitors and mTOR inhibitors 
by inducing CYP3A4, which results in de-
creasing the levels of the immunosuppressive 
drugs, or by inhibiting CYP3A4, which has 
the opposite effect. 
 Medications that can decrease the levels 
of calcineurin inhibitors and mTOR inhibi-
tors:
• Anticonvulsants (carbamazepine, pheno-

barbital, phenytoin)
• Antibiotics (rifampin, isoniazid)
• St John’s wort. 
 Medications that can increase the levels 
of calcineurin inhibitors and mTOR inhibi-
tors:
• Antifungals (fluconazole, ketoconazole, 

itraconazole, voriconazole, aspofungin)
• Antibiotics (azithromycin, erythromycin, 

clarithromycin)
• Nondihydropyridine calcium channel 

blockers (diltiazem, verapamil).16 
 Selected antibiotics are generally well tol-
erated, such as penicillins, cephalosporins, 
quinolones, sulfonamides, and topical anti-
fungal agents.

 ■ LONG-TERM COMPLICATIONS

FIGURE 1 summarizes the common long-term 
complications of liver transplantation.

Hypertension
The prevalence of hypertension after liver 
transplantation is 40% to 85%, which is mark-
edly higher than in patients with chronic liver 
disease before liver transplantation.17,18 
 One of the factors contributing to this in-
crease is the use of immunosuppressive medi-
cations. Of these drugs, cyclosporine seems to 
be the one that most often causes an increase 
in both the incidence and the severity of hy-
pertension, as it produces widespread vasocon-
striction.19 Corticosteroids cause hypertension 
through their mineralocorticoid effects.
 The diagnostic cutoffs for hypertension 
(ie, 140/90 mm Hg) and the treatment goals 
in posttransplant patients are similar to those 
in the general population. However, at our in-

stitution we target a blood pressure of less than 
130/80 mm Hg in transplant patients because 
they have a high prevalence of other cardio-
vascular risk factors such as diabetes, obesity, 
and renal insufficiency.20

 Dihydropyridine calcium channel block-
ers such as amlodipine and nifedipine are con-
sidered the best first-line agents because they 
dilate renal afferent arterioles, an effect that 
may counteract the vasoconstriction medi-
ated by calcineurin inhibitors. Nondihydro-
pyridine calcium channel blockers such as 
diltiazem and verapamil tend to have more 
marked negative inotropic effects and are not 
recommended in liver transplant recipients 
because they increase the levels of calcineurin 
inhibitors.21 
 Diuretics (eg, furosemide) might be the 
second-line agents, especially in patients with 
peripheral edema.16 One should be vigilant for 
hyperuricemia if thiazide agents are used. 
 Angiotensin-converting-enzyme (ACE) 
inhibitors and angiotensin II receptor block-
ers (ARBs) are typically avoided in the early 
posttransplant period, but they can be started 
later and have additional benefits in patients 
with diabetes and congestive heart failure. 
Starting ACE inhibitors is acceptable in these 
patients unless there is a contraindication 
such as allergy to ACE inhibitors,  hypoten-
sion, history of bilateral renal artery stenosis, 
significant hyperkalemia, or acute kidney in-
jury. Monitor the serum potassium level closely 
for hyperkalemia in patients concurrently using 
calcineurin inhibitors. 
 Alpha-blockers and beta-blockers can be 
used as add-on therapy in patients with un-
controlled hypertension with the exception 
of carvedilol, because it increases the levels of 
calcineurin inhibitors.22

 Blood pressure monitoring by the pri-
mary care physician is recommended every 6 
months after the early posttransplant period, 
or more frequently when changes in treatment 
are being considered.
 If hypertension continues to be inade-
quately controlled despite treatment, chang-
ing the immunosuppressive drugs or decreas-
ing the doses can be considered, but the 
transplant hepatologist must be involved in 
this decision.23,24

Sirolimus  
carries a  
black-box  
warning about  
hepatic artery  
thrombosis
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Diabetes mellitus 
The prevalence of diabetes mellitus is higher in 
liver transplant recipients than in the general 
population, reaching 30% to 40%.17,25 In addi-
tion to preexisting diabetes, 15% of liver trans-
plant recipients develop new-onset diabetes.26,27

 Risk factors for developing diabetes after 
liver transplantation include African Ameri-
can or Hispanic ethnicity, obesity, family his-
tory, pretransplant diabetes, hepatitis C virus 
infection, use of corticosteroids, and use of 
calcineurin inhibitors (tacrolimus more than 
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Long-term complications of liver transplantation

FIGURE 1

Mood disorders: 20%–25% incidence, depression most common 
Risk factors: more common in hepatitis C patients 
Not related to immunosuppressive agents 
 
Hypertension: 40%–85% incidence 
Risk factors: calcineurin inhibitors, corticosteroids 
 
Cardiovascular disease: 9%–25% incidence 
Risk factors: older age, male sex, diabetes, hypertension,  
mycophenolate mofetil, nonalcoholic fatty liver disease 
 
Dyslipidemia: 45%–69% incidence 
Risk factors: sirolimus, cyclosporine, steroids, obesity, diabetes,  
cholestatic liver disease 
 
Diabetes: 30%–40% incidence (new-onset diabetes 15%) 
Risk factors: ethnicity, obesity, family history, pretransplant diabetes, 
hepatitis C, corticosteroids, calcineurin inhibitors, sirolimus 
 
Renal insufficiency: 14%–25% incidence 
Risk factors: calcineurin inhibitors, older age, female sex, lower  
pretransplant glomerular filtration rate, posttransplant acute renal 
failure, diabetes, hypertension, hepatitis C 
 
Obesity: 30%–35% incidence 
Risk factors: corticosteroids, cyclosporine 
Metabolic syndrome: up to 52% incidence 
 
Malignancy: 2.1–4.3 times greater incidence than in the general  
population; skin cancers account for almost 40% 
Risk factors: calcineurin inhibitors, azathioprine, sun exposure, 
smoking 
 
Bone disease: 30%–35% incidence, osteoporosis and osteopenia 
are the most common 
Risk factors: corticosteroids, calcineurin inhibitors, poor nutrition, 
vitamin D deficiency, immobility, smoking, sarcopenia, hypogonadism, 
smoking, alcohol 
 
Gout: 3%–6% incidence 
Treat acute attacks with colchicine; avoid combination of allopurinol  
and azathioprine
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Monitor 
potassium 
closely  
in patients  
on calcineurin 
inhibitors plus 
ACE inhibitors 
or ARBs

cyclosporine) and sirolimus.26 
 In addition to increasing the risk of cardio-
vascular disease and other diseases, diabetes 
decreases both patient and graft survival after 
liver transplantation.28 
 The management of diabetes and the 
treatment target after transplantation should 
follow the American Diabetes Association 
guidelines for the treatment of type 2 diabe-
tes mellitus.29 Lifestyle modifications, diet, 
and exercise are as important for transplant 
patients as for the nontransplant population. 
Insulin therapy is usually needed in the early 
posttransplant period to control blood glucose 
levels well, especially with the high doses of 
corticosteroids used during the first few weeks. 
No trials to date have compared oral agents in 
posttransplant patients. Therefore, the choice 
of oral hypoglycemic agents should be indi-
vidualized on the basis of the patient’s charac-
teristics and comorbidities.
 We recommend that primary care provid-
ers screen all liver transplant recipients for di-
abetes regardless of their pretransplant status. 
This can be done by obtaining regular fasting 
blood glucose levels or a hemoglobin A1c level 
every 6 months. Additionally, liver transplant 
recipients diagnosed with diabetes require an-
nual eye examinations to look for cataracts 
and diabetes-related changes.30

Dyslipidemia
On November 12, 2013, the American Col-
lege of Cardiology and the American Heart 
Association (ACC/AHA) released new clini-
cal practice guidelines for treating blood cho-
lesterol levels.31,32 According to these new 
guidelines, there are four groups of patients for 
whom treatment with statins is clearly indi-
cated: 
• Patients with cardiovascular disease
• Patients with low-density lipoprotein cho-

lesterol (LDL-C) levels ≥ 190 mg/dL
• Patients 40 to 75 years old with type 2 dia-

betes
• Patients 40 to 75 years old with an estimat-

ed 10-year risk of cardiovascular disease of 
7.5% or greater.

 Liver transplant recipients should be eval-
uated on an individual basis to see if they fit in 
any of the four groups and if statin treatment 
therefore needs to be initiated.

 A few things need to be kept in mind. 
First, the incidence of dyslipidemia after liv-
er transplantation is estimated to be 45% to 
69%. Risk factors include obesity, diabetes 
mellitus, cholestatic liver disease, and immu-
nosuppressant medications.33 Sirolimus has a 
significant and well-documented association 
with dyslipidemia. Cyclosporine and cortico-
steroids are also strongly associated with dys-
lipidemia. Tacrolimus has a minor effect, and 
mycophenolate mofetil and azathioprine have 
no significant effects on serum lipid levels.16

 Second, of the seven currently marketed 
statins, pravastatin and fluvastatin are pre-
ferred in liver transplant recipients because 
they are not metabolized by the same cyto-
chrome CYP3A4 pathway that metabolizes 
calcineurin inhibitors and sirolimus.34 The 
doses of 40 to 80 mg daily of pravastatin or 
40 mg twice daily of fluvastatin lower low-
density lipoprotein cholesterol (LDL-C) lev-
els by approximately 30% to 35%. However, 
these two agents are considered “moderate-
intensity” statins according to the new ACC/
AHA guidelines. The only two “high-inten-
sity” statins are atorvastatin (40–80 mg) and 
rosuvastatin (20–40 mg), but they are both 
metabolized by CYP3A4. Therefore it is pru-
dent to avoid them with the concurrent use of 
a calcineurin inhibitor or tacrolimus.
 Gemfibrozil does not lower LDL-C and 
should not be used concomitantly with statins 
due to unacceptable risk of rhabdomyolysis 
and myopathy. Fenofibrates are usually avoid-
ed due to potential nephrotoxicity in patients 
receiving cyclosporine. Bile acid sequestrants 
(cholestyramine, colestipol, colesevelam) can 
decrease plasma mycophenolate mofetil lev-
els by 35%.16,35 Thus, these agents should be 
avoided if mycophenolate mofetil is used.
 It is reasonable to screen all liver trans-
plant recipients with a fasting lipid profile at 
3, 6, and 12 months after transplantation and 
annually thereafter. Creatine kinase should be 
measured if the patient complains of severe 
muscle pain or weakness but not on a routine 
basis.

Obesity
Approximately one-third of patients who are 
of normal weight at the time of transplanta-
tion will become obese afterward.18,25 Cortico-
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steroid use is an important risk factor for post-
transplant obesity, and tapering these drugs 
helps reduce weight.36 Patients treated with 
cyclosporine are more likely to gain weight 
than those who receive tacrolimus.37

 Of importance: nonalcoholic fatty liver 
disease, currently the most common cause 
of chronic liver disease in adults, is rapidly 
increasing as an indication for liver trans-
plantation. In fact, the proportion of liver 
transplantation procedures for nonalcoholic 
steatohepatitis-related cirrhosis increased 
from 1.2% in 2001 to 9.7% in 2009, and 
nonalcoholic steatohepatitis is expected to 
become the leading indication for liver trans-
plantation in the next 20 years. And because 
nonalcoholic fatty liver disease is directly 
linked to obesity, the prevalence of obesity as 
a complication of liver transplantation will 
most likely increase in the near future.
 Overweight liver transplant recipients 
may have great difficulty losing weight. Treat-
ment starts with patient education on caloric 
restriction and exercise.  If traditional mea-
sures fail to result in adequate weight loss, ad-
ditional options include switching from cyclo-
sporine to tacrolimus.23

 Bariatric surgery may become an option 
for posttransplant patients. In a recent case 
series from the University of Minnesota, Al-
Nowaylati et al38 reported their experience 
with seven patients who underwent ortho-
topic liver transplantation and then open 
Roux-en-Y gastric bypass. After bariatric sur-
gery, the patients’ mean body mass index de-
clined significantly, and glycemic control and 
high-density lipoprotein cholesterol (HDL-C) 
levels improved. However, one patient died of 
multiple organ failure, to which the bariatric 
surgery might have contributed.38 
 Heimbach et al39 conducted a study in pa-
tients referred for liver transplantation for whom 
a rigorous noninvasive weight-loss program be-
fore transplantation had failed. The researchers 
performed combined liver transplantation and 
sleeve gastrectomy in seven carefully selected 
patients who had failed to achieve weight loss 
to a body mass index less than 35 kg/m2 before 
transplantation. All seven patients lost weight, 
decreasing their mean body mass index from 49 
kg/m2 before the procedure to 29 kg/m2 at last 
follow-up, and none of them developed post-

transplant diabetes or steatosis.
 At this time, there is not enough evidence 
to recommend concurrent orthotopic liver 
transplantation plus bariatric surgery, or com-
bined orthotopic liver transplantation and 
sleeve gastrectomy. More study is needed to 
further evaluate these advanced approaches.

Posttransplant metabolic syndrome
Metabolic syndrome is common after liver 
transplantation and is strongly associated with 
increased morbidity in this patient popula-
tion.40,41 The general definition of metabolic 
syndrome includes a combination of at least 
three of the following: hypertension, insulin 
resistance, hypertriglyceridemia, low HDL-C, 
and obesity. 
 The prevalence of metabolic syndrome is 
higher in patients after liver transplantation 
than in nontransplant patients. In a review 
of 252 liver transplant recipients, 52% were 
diagnosed with posttransplant metabolic syn-
drome, but only 5% had had it pretransplant.42 
 Careful screening for posttransplant meta-
bolic syndrome and early recognition of risk 
factors are important. Nevertheless, the treat-
ment of this condition depends on treating 
its components according to recommended 
guidelines.41

Cardiovascular disease
The incidence of cardiovascular morbidity 
and death is increased after liver transplan-
tation.24 In addition, after liver transplanta-
tion, cardiovascular disease is a major cause 
of death unrelated to liver disease. It accounts 
for 12% to 16% of deaths and is the third most 
common cause of late mortality after liver 
transplantation.43 Of note, a recent study by 
our group demonstrated that patients under-
going liver transplantation for nonalcoholic 
steatohepatitis had a significantly higher risk 
of a cardiovascular event during the 3 years 
after transplantation than patients undergo-
ing liver transplantation for cholestatic liver 
disease.44 
 Risk factors for cardiovascular disease af-
ter liver transplantation include older age at 
transplantation, male sex, posttransplant dia-
betes, posttransplant hypertension, and the 
use of mycophenolate mofetil.44 Modifying 
the risk factors is essential in decreasing the 
risk of cardiovascular events. 
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 It is reasonable to perform dobutamine 
stress testing every 3 to 5 years in patients with 
multiple risk factors for cardiovascular disease, 
or more frequently in those with preexisting 
coronary artery disease.45,46

Malignancy
The risk of several malignancies increases 
after liver transplantation. Liver transplant 
recipients have an incidence of cancer 2.1 to 
4.3 times greater than age- and sex-matched 
controls.24,47–49

 Skin cancers are the most common and 
account for almost 40% of malignancies in 
organ transplant recipients.50 Whereas basal 
cell carcinoma is more common in the gen-
eral population, squamous cell carcinoma is 
equally common in liver transplant recipients. 
 Multiple clinical studies have linked cal-
cineurin inhibitors and azathioprine to the 
development of skin cancer. Annual skin ex-
aminations in addition to avoiding other risk 
factors such as smoking and sun exposure are 
generally recommended. Changing the im-
munosuppressants to sirolimus in high-risk 
patients may lower their chance of developing 
skin cancer.51,52

 Patients with ulcerative colitis who under-
go liver transplantation because of sclerosing 
cholangitis are at higher risk of colon cancer 
and require annual colonoscopy with surveil-
lance biopsies. Patients who undergo trans-
plantation for alcoholic liver disease seem to 
have a higher risk of pulmonary and oropha-
ryngeal cancers.53,54

 It is important that transplant patients ad-
here to recommended cancer screening guide-
lines, in view of their increased risk. Studies 
have shown improved overall survival in liver 
transplant recipients who underwent inten-
sive cancer surveillance.55

Renal insufficiency
Renal insufficiency is a well-recognized com-
plication of liver transplantation and is as-
sociated with an increased long-term death 
rate.56,57

 The incidence of renal insufficiency in-
creases dramatically over time. Ojo et al,57 in 
a study of almost 37,000 liver transplant re-
cipients, found that the incidence of chronic 
kidney disease (defined as an estimated glo-
merular filtration rate < 30 mL/min/1.73 m2) 

was 13.9% at 3 years, 18% at 5 years, and ap-
proximately 26% at 10 years.
 Risk factors include the use of calcineurin 
inhibitors (both cyclosporine and tacrolimus), 
older age, female sex, lower pretransplant glo-
merular filtration rate, postoperative acute 
renal failure, diabetes, hypertension, hepatitis 
C virus infection, and transplantation before 
1998.58,59 Replacing a calcineurin inhibitor 
with mycophenolate mofetil or sirolimus may 
be considered with communication with the 
transplant center, as mycophenolate mofetil 
or sirolimus are associated with a lower risk of 
renal injury.60–64 

 Starting 1 year after liver transplantation, 
primary care providers should screen for re-
nal dysfunction by obtaining kidney function 
tests every 6 months, including urinalysis and 
microalbuminuria assessment. Equations for 
estimating the glomerular filtration rate used 
in practice, such as the Modification of Diet in 
Renal Disease Study equation, rely mainly on 
serum creatinine, which may lead to overesti-
mating renal function in some circumstances. 
Therefore, other equations can be used to 
confirm the estimated glomerular filtration 
rate measured by creatinine clearance, and 
to more accurately evaluate kidney function. 
Calculators are available at www.kidney.org/
professionals/kdoqi/gfr_calculator.
 All liver transplant recipients should avoid 
nonsteroidal anti-inflammatory drugs and neph-
rotoxic medications, and should have their hyper-
tension and diabetes adequately controlled.

Bone diseases
Osteopenia is another major complication of 
liver transplantation. One-third of liver trans-
plant recipients have a bone mineral density 
below the fracture threshold.65 

 Multiple factors contribute to increased 
bone loss after transplantation, including use 
of corticosteroids, use of calcineurin inhibitors 
(cyclosporine, tacrolimus), poor nutrition, vi-
tamin D deficiency, immobility, sarcopenia 
(reduced muscle mass), hypogonadism, smok-
ing, and alcohol abuse.66 Even at low doses of 
less than 7.5 mg per day, corticosteroids inhib-
it osteoblast activity and increase bone resorp-
tion.
 Studies have reported rapid bone loss at 
around 6 months after transplantation.67–69 

About 1/3 of  
normal-weight 
patients   
become obese  
after liver 
transplantation
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However, long-term follow-up of bone min-
eral density up to 15 years after transplanta-
tion revealed an improvement mainly in the 
2nd postoperative year, with no deterioration 
afterward.65

   High-risk patients need to be identified 
early with appropriate screening and evalu-
ation. Evaluation includes dual-energy x-ray 
absorptiometry and serum levels of calcium, 
phosphorous, parathyroid hormone, testos-
terone (men), estradiol (women), and alpha-
25-hydroxyvitamin D. These tests are typical-
ly done before transplantation and then every 
other year afterward.
 We recommend a daily dose of calcitriol 
and a calcium supplement to all our liver 
transplant patients.70 If osteoporosis (a T-
score 2.5 or more standard deviations below 
the mean) or a fragility fracture occurs, then 
the patient may benefit from an oral bisphos-
phonate. Calcitonin has also been shown to 
improve bone mineral density in patients with 
osteoporosis after liver transplantation.71

Hyperuricemia and gout
Although hyperuricemia is common in liver 
transplant recipients (reported in approxi-
mately 47%), the development of clinical 
gout is less common (6%).72 Asymptomatic 
hyperuricemia requires observation only and 
is not usually treated in liver transplant recipi-
ents. 
 Acute attacks of gout are typically man-
aged with colchicine 0.6 mg every 2 hours, up 
to five doses. Prednisone can be considered 
if symptoms persist despite treatment with 
colchicine. Allopurinol in an initial dose of 
100 mg daily is used as maintenance therapy 
to reduce production of uric acid.73 However, 
because of the potential for drug interactions, 
the combination of azathioprine and allopuri-
nol should be avoided.

Psychiatric complications and quality of life
Depression is common in liver transplant re-
cipients, significantly more so in patients who 
received a transplant because of hepatitis C.74 
The type of immunosuppressant is not associ-
ated with the incidence of depression. When 
indicated, the internist may start the patient 
on a selective serotonin reuptake inhibitor 
such as citalopram 20 mg daily, as these medi-
cations are usually effective and well tolerated 

in liver transplant patients.73

 Liver transplantation has a major positive 
effect on quality of life. Most patients with 
end-stage liver disease have poor quality of 
life before transplantation, but this seems to 
improve notably afterward. A meta-analysis 
showed significant improvement in posttrans-
plant physical health, sexual functioning, dai-
ly activities, and social functioning compared 
with before transplantation.75

Alcohol abuse and smoking
Patients who underwent liver transplanta-
tion because of alcoholic liver disease should 
be advised to abstain from alcohol.19 Patients 
who underwent the procedure for a different 
indication are advised to avoid excessive alco-
hol intake, as it is proven to lower the survival 
rate.20 Alcohol recidivism and smoking (in-
cluding marijuana) are major problems, and 
internists are best positioned to address these 
issues and treat them.

Vaccinations
All liver transplant recipients should be vacci-
nated against influenza, pneumococcal infec-
tion, and tetanus. Hepatitis A and B vaccines 
are typically given before transplantation. In 
general, live vaccines such as measles-mumps-
rubella and varicella are not recommended 
after any solid organ transplant.76 
 A study in Germany showed that immuni-
zation rates were too low in solid-organ trans-
plant recipients, and almost 90% of patients 
were not adequately informed about immuni-
zations.77 Hence, there may be room for im-
provement, and primary care providers should 
take the lead toward better outcomes in this 
regard. 

Recurrence of the primary liver disease 
after transplantation
Different primary liver diseases recur with dif-
ferent frequencies. 
 Hepatitis C has the highest rate of recur-
rence of the liver diseases.78,79 Reinfection 
with hepatitis C virus after liver transplanta-
tion is almost universal and can follow differ-
ent patterns. One of the most aggressive pat-
terns is fibrosing cholestatic hepatitis, which 
frequently leads to graft failure and death, and 
hence necessitates urgent detection and treat-
ment. 

All liver  
transplant  
recipients  
should avoid  
nonsteroidal  
anti-inflamma-
tory drugs  
and nephrotoxic  
medications
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 Hepatocellular carcinoma also has a high 
recurrence rate.80 Surveillance with liver ul-
trasonography or computed tomography is re-
quired every 6 months for the first 5 years after 
liver transplantation. 
 Other liver diseases. Nonalcoholic ste-
atohepatitis, primary biliary cirrhosis, primary 
sclerosing cholangitis, autoimmune hepatitis, 
and hepatitis B infection also tend to recur 
after liver transplantation.46,81 On the other 
hand, alpha-1 antitrypsin deficiency, Wilson 
disease, hemochromatosis, and metabolic dis-
orders are “cured” after liver transplantation. 
 It is important to detect any increase in 
liver enzymes above baseline. An elevation of 
1.5 times the upper limit of normal or more 
should trigger further investigation.

Allograft dysfunction
A number of complications can develop in 
the liver allograft and result in abnormal liver 
function tests and, if not treated, graft failure. 
The most common causes of late graft dys-
function include recurrence of primary liver 
disease, biliary complications, and chronic 
rejection.46

 Vascular complications include hepatic 
artery thrombosis and stenosis and are usu-
ally evaluated by liver ultrasonography and 
Doppler scan of the hepatic artery and venous 
structures.24

 Biliary strictures give a cholestatic picture, 

with elevated bilirubin and greater elevation 
of alkaline phosphatase than of alanine ami-
notransferase and aspartate aminotransferase. 
Strictures are usually treated by endoscopic 
dilation and stenting, but they may eventually 
require surgery. 
 Late acute cellular rejections occur in 10% 
to 20% of cases and are a risk factor for chronic 
rejection. Liver biopsy is needed to make the 
diagnosis, and pulsed doses of corticosteroids 
remain the backbone of treatment therapy.
 Chronic rejection is not common, occur-
ring in 3% to 4% of liver transplant recipi-
ents.46 Treatment is based on increasing im-
munosuppression and ensuring compliance 
with prescribed medications. However, chron-
ic rejection may not respond well, and repeat 
transplantation may be the last resort for some 
patients.

 ■ WHEN TO REFER TO THE HEPATOLOGIST

Some situations require referral to the hepa-
tologist or the transplant center. In general, 
the following are best managed by a hepatolo-
gist: adjustment of immunosuppressive drugs 
and dosages, allograft dysfunction, vascular 
and biliary complications, progressing renal 
dysfunction, and recurrence of primary liver 
disease. Early communication with a hepa-
tologist and the transplant center is recom-
mended in these cases.	 ■
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