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ver 65,000 people in the United States have re-
ceived a liver transplant (LT).1 In most transplant 
programs, transplant hepatologists and surgeons 

monitor the patient closely during the fi rst few months 
post-LT. The primary care nurse practitioner (NP) may 
have concerns or be apprehensive about caring for LT 
patients when these patients arrive in their offi ce for pri-
mary care. The purpose of this article is to provide guide-
lines and direction for the NP in providing primary care 
to LT patients.

Patients needing an LT have surgery for many reasons 
(see Common reasons for LT). Hepatitis C-related cirrhosis 
followed by alcoholic liver disease are the most common 
causes for LT.1 There are several ways to perform a liver 
transplant, and there are complications related to each type 
of surgery (see Liver transplantation: duct-to-duct anasto-
mosis; Liver transplantation: Roux-en_Y anastomosis, and 
Liver transplantation:  living donor.) NPs should be familiar 
with these basic surgical techniques and which type of pro-
cedure his or her patient has had.

LT patients are at risk for several complications. The 
primary care NP should be aware of these complications 
and needs to know when referral back to a transplant center 
or hepatologist is appropriate. The most serious issues are 

problems with the vasculature of the liver, biliary issues, 
rejection, and infection. Lab abnormalities—specifi cally 
elevation in alkaline phosphatase, alanine aminotransferase 
(ALT), and serum bilirubin levels—are usually the fi rst in-
dication of a problem in one or more of these areas.

■  Liver-related complications

For liver-related complications, including issues with the 
liver vasculature, biliary system, and issues with rejection, 
prompt consultation with a transplant center and transplant 
hepatologist is recommended for patient evaluation and 
treatment (see Recommended studies for LT patients based 
on abnormalities).

Infection.  Eighty percent of patients will have at least 
one infection in the fi rst postoperative year after transplant.2 
Infections are the primary cause of critical illness and death 
following LT.3 Many of these patients have a certain degree 
of debility and malnutrition pretransplant, which places 
them at higher risk for infection.2,4 Simple health promotion 
activities can minimize infection risk, including frequent 
hand washing, avoidance of highly-populated public plac-
es and/or wearing a mask in such situations, and consum-
ing fi ltered water rather than water from rivers or lakes. 
High-risk pets, such as birds, rodents, snakes, and chickens, 
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can carry infections that can be detrimental to the post-
transplant patient, and therefore, should be avoided. 
 Specific food considerations are recommended as well, 
including avoidance of unpasteurized products (eggs and 
milk) and undercooked meats and eggs. Hiking and out-
door activities can be performed, but certain precautions 
to avoid mosquitoes and ticks are recommended. Travel 
plans should be reviewed with the NP to ensure immuniza-
tions are up-to-date and further specialized immunizations 
or medications are not warranted.5

Latent viruses such as cytomegalovirus (CMV), herpes 
simplex, and Epstein-Barr virus (EBV) can be reactivated 
when the immune system is suppressed due to antirejection 
medications. CMV is the most common opportunistic infec-
tion post-LT.3 It has been documented that CMV infection 
can activate rejection. Unfortunately, the medications used 
to treat rejection can stimulate viral replication of CMV.2 
CMV infection has been shown to have a direct and indirect 
relationship with posttransplant outcomes.6 CMV infection 
is most common in the fi rst 4 months posttransplant, and 
patients at highest risk are those who are CMV seronegative 
and received a CMV seropositive donor organ. This is called 
a CMV mismatch. Patient signs and symptoms can include 
headaches, fever, fatigue, myalgia, pancytopenia, nausea, and 
diarrhea.2

Treatment should be aggressive to prevent organ failure 
if there is tissue or organ involvement (CMV colitis, CMV 
pneumonitis, CMV hepatitis, or CMV nephritis). Serum 
CMV polymerase chain reaction can be obtained to confi rm 
active viral replication of CMV. Tissue involvement must 
be confi rmed by biopsy of the suspected organ affected.6,7 
Patients are hospitalized and usually treated with I.V. 

 ganciclovir initially followed by a 6-to-8-week course of 
valganciclovir. (It should be noted that the FDA has not 
approved use of valganciclovir in LT patients. It is, how-
ever, widely used for LT patients in the clinical setting. NPs 
should seek expert opinion from a transplant hepatologist 
in these circumstances.) Patients with tissue involvement 
need a longer course of treatment. Foscarnet (off-label use 
post-LT) can be used for treatment in cases of ganciclovir-
resistant CMV infection. This medication requires close 
monitoring due to it causing severe electrolyte abnormali-
ties, kidney dysfunction, anemia, and even seizures.6

Posttransplant in EBV infection can range from mild to 
severe and can occur from 6 months to 4 years posttrans-
plant.2,3 Severe cases can lead to posttransplant lymphopro-
liferative disease (PTLD).2 PTLD will develop in 2% of adult 
transplant patients.2 Clinical presentation for PTLD can 
include fever, malaise, night sweats, and weight loss. Prompt 
consultation with a hematologist/oncologist is important 
to start chemotherapy if clinically indicated. Immunosup-
pression should be minimized.7

Other infection considerations. If the patient received 
a hepatitis B core positive donor or received a transplant 
because of hepatitis B-related cirrhosis, antiviral medica-
tions, and in some cases, hepatitis B immune globulin will 
be started to avoid active reinfection of the donor liver or 
graft.7,8

Patients who have hepatitis C will likely reinfect the graft.4 
According to Howell and colleagues, approximately 30% of 
hepatitis C LT patients will develop hepatitis C- related cir-
rhosis in 5 years.9 Antiviral therapy will likely be necessary 
at some point posttransplant.4 Treatment can be started 
sooner than ever before, and outcomes are hopeful for full 
clearance of hepatitis C infection with the availability of 
newer, interferon-free, antiviral medications.3

■  Primary care complications with LT considerations

It is essential for patients to remain on immunosuppression 
medications in order to prevent rejection. Primary care NPs 
are in a benefi cial role to educate patients on the importance 
of committing to their medication regimen and making 
good lifestyle choices. Common immunosuppressant med-
ications include calcineurin inhibitors (CNIs [tacrolimus 
and cyclosporine]), sirolimus and/or everolimus, antime-
tabolites (meant to be adjunctive to CNIs); azathioprine 
(AZA) and/or mycophenolate mofetil (MMF), and/or cor-
ticosteroids. Certain foods and/or other drugs (for example, 
grapefruit juice, carvedilol, diltiazem, isoniazid, rifampin, 
verapamil, warfarin, and fl uconazole) can have interactions 
with CNIs, making it diffi cult for providers to maintain 
ideal therapeutic levels.3,7,8,10 Frequent trough levels of CNIs 
and/or sirolimus/everolimus are necessary to maintain 

 Common reasons for LT4,5,7

• Viral hepatitis (A, B, C)

• Alcohol-induced liver injury

• Autoimmune hepatitis

• Cryptogenic cirrhosis

• Nonalcoholic steatohepatitis

• Fulminant liver failure

• Hepatocellular carcinoma

• Cholangiocarcinoma

•  Biliary diseases (including primary biliary cirrhosis 

or primary sclerosing cholangitis)

•  Genetic diseases (including alpha-1 antitrypsin 

 defi ciency, amyloidosis, cystic fi brosis)

• Veno-occlusive disease

• Pediatric diseases (for example, biliary atresia)

• Primary nonfunction

• Hepatic artery thrombosis
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proper therapeutic levels. This can and should be monitored 
by the patient’s transplant center.

Cardiac issues.  Post-LT patients are at risk for devel-
oping cardiovascular disease similar to the general popu-
lation. Proper management of risk factors is important to 
prevent further development of cardiovascular disease. 
The United States Preventive Services Task Force (uspstf) 
currently recommends administrating aspirin when there 
is limited risk of gastrointestinal bleeding to reduce the 
risk of myocardial  infarction in men age 45 to 79, and to 
reduce the risk of ischemic stroke in women age 55 to 79. 
(The uspstf recommendation, Aspirin for Prevention of 
Cardiovascular Disease, is currently under revision, and is 
available at: www.uspreventiveservicestaskforce.org/uspstf/
uspsasmi.htm). Initiating aspirin would be reasonable 4 to 
6 months after transplant in appropriate patients who 
have had a successful LT.

Hypertension.  Hypertension is one of the most common 
complications post-LT, occurring in 55% to 85% of patients.8 
Calcineurin inhibitors (CNIs) and corticosteroid medications 
stimulate the patient’s fi ght/fl ight responses and elevation in 
BP, vasoconstriction of the renal vasculature; resultant so-
dium retention can occur.7,8,13 Ideally, the treatment of hyper-

tension should be a target goal of a BP of 130/80.5 Diuretics 
are useful in the initial postoperative setting to help remove 
excess volume.8 Spironolactone is not recommended due to 
the high possibility of hyperkalemia with concurrent CNI 
use.7 Certain calcium channel blockers, such as amlodipine 
and nifedipine, are preferred fi rst-line agents for the LT pa-
tient with hypertension.14 Amlodipine, a calcium channel 
blocker, promotes direct vasodilation and is a reasonable 

 Liver transplantation: duct-to-duct anastomosis
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option. This medication may increase cyclosporine levels but 
generally has minimal interactions with CNIs.8,13

Other calcium channel blockers, such as verapamil and 
diltiazem, are not recommended, as they can have drug-
to-drug interactions with CNIs. Clonidine is an option, 
especially in a hypertensive emergency; however, it can 
worsen depression issues.7,13 Beta-blockers are useful, es-
pecially in the initial postoperative setting, due to their 
cardioprotective effect. Carvedilol should be used with 
caution, as it too has drug-to-drug interactions with CNIs. 
Angiotensin-converting enzyme (ACE) inhibitors or an-
giotensin II receptor blockers (ARBs) can be used after the 
fi rst 4 to 6 months posttransplant if issues with kidney 
dysfunction and hyperkalemia are resolved.7,13 ACE in-
hibitors or ARBs are fi rst-line choices for hypertension 
management in LT patients with diabetes, kidney disease, 
and/or proteinuria.5

Atrial fi brillation.  Atrial fi brillation can occur post-
operatively after LT surgery as with any surgery. One study 
revealed that LT patients with a prior history of atrial fi bril-
lation were more likely to develop postoperative atrial 
 fibrillation and perioperative cardiac events.15 Surgery 
places high demands on the body’s other organs. It is im-
portant for the heart to be strong enough to tolerate this 
kind of stress. Some risk factors associated with develop-
ment of postoperative atrial fi brillation include electrolyte 
imbalances, advanced age, and prior atrial fibrillation 

episodes. Treatment is aimed at rate control. Beta-blockers 
or amiodarone are used initially to control heart rate.16 
 Calcium channel blockers can be used with caution for the 
same reasons as mentioned above.7,13 Amiodarone should 
not be used long term, and bolus doses can be associated 
with hepatotoxicity.17,18

Anticoagulation can be considered if the patient has 
persistent atrial fi brillation. There is a high risk of bleeding 
in the initial postoperative setting. Collaboration with trans-
plant hepatologist and cardiologist is essential to  determine 
if anticoagulation is appropriate for the individual patient.

Dyslipidemia.  Research has documented that 43% to 
66% of LT patients develop hyperlipidemia after LT.8,14,19,20 
Based on this information, LT patients should have lipid 
panel testing completed within the fi rst 4 to 6 months after 
LT and annually thereafter.14 Transplant medications that 
can cause dyslipidemia include cyclosporine, corticosteroids, 
sirolimus, and at certain times, modifi cations of these med-
ications may be necessary.5,8,10,19 Lifestyle modifications, 
including dietary changes, participation in an exercise pro-
gram, and avoidance of smoking and alcohol consumption 
should be recommended in the initial treatment plan.5,8,10 
Medications may need to be decreased or modifi ed if lifestyle 
changes do not decrease lipid levels.

Antidyslipidemic agents can be used in postoperative 
liver patients, but many have negative adverse reactions. Bile 
acid sequestrants, colestipol, and cholestyramine should not 

 Recommended studies for LT patients based on abnormalities4,5,7

Abnormality Differential diagnosis Recommended studies

•  Elevated LFTs/

bilirubin levels

•  Fever, chills, 

 abdominal pain

• Jaundice

•  Hepatic artery stenosis/

thrombosis

• Biliary leak

• Biliary strictures

• Rejection

• Infection

•  Lab studies (CBC with differential,  electrolytes,  glucose, 

creatinine, BUN, phosphorus, alkaline phosphatase, ALT, 

AST, total  bilirubin, direct bilirubin,  PT/INR, blood cul-

tures, CMV PCR

• Abdominal Doppler ultrasound

• MRCP

• ERCP

• PTC

• Liver biopsy

• Pancytopenia •  Adverse reactions to 

medications (antivirals, 

sulfamethoxazole, and 

 trimethoprim)

• CMV infection

•  Lab studies (CBC with differential, renal profi le, LFTs, PT/

INR, CMV PCR

•  Hematology/oncology consultation if  pancytopenia is severe

•  Bone marrow biopsy if recommended by hematologist/

oncologist

• Fatigue

• Lack of appetite

• Weight loss

•  Hepatocellular carcinoma

•  Cholangiocarcinoma

• PTLD

•  Lab studies (routine; same as above; add iron studies, 

vitamin A, D, zinc)

•  Liver biopsy

•  Hematology/oncology consultation

•  Bone marrow biopsy

AST - aspartate aminotransferase; CBC - complete blood count; CMV - cytomegalovirus; ERCP - endoscopic-retrograde cholangiopancreatography; LFTs - liver 
function tests; MRCP - magnetic  resonance cholangiopancreatography; PCR - polymerase chain reaction; PT/INR - prothrombin time/International Normalized 
Ratio; PTC - percutaneous  transhepatic cholangiography; PTLD - posttransplant lymphoproliferative disorder
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be used with patients taking mycophenolate mofetil or me-
droxyprogesterone acetate. These anti- dyslipidemic agents 
will decrease those drug levels, making mycophenolate and 
medroxyprogesterone less effective.7 Biliary sludge can de-
velop in patients taking fi bric acids, clofi brate, and gemfi bro-
zil.7 Hydrophilic statins (pravastatin) are recommended, as 
they have minimal drug-to-drug  interaction with CNIs.7,20 
These medications can cause  myopathy or elevated LFTs, so 
close monitoring and dose adjustments are recommended.7

Drug-to-drug interactions can occur when CNIs are 
used with lipophilic statins (atorvastatin, fl uvastatin, lovas-
tatin, pitavastatin, and simvastatin). The American Asso-
ciation for the Study of Liver Diseases recommends dietary 
and lifestyle modifi cations fi rst for patients with dyslipid-
emia. The AASLD recommends the use of statins for dys-
lipidemia with the addition of ezetimibe for uncontrolled 
dyslipidemia. Fish oil (up to 4 g per day) is recommended 
for patients with elevated triglycerides.5 Careful monitoring 
of liver function and adverse reactions is imperative if any 
of these medications are prescribed.5,7,8,10

Electrolyte imbalances.  Patients will frequently need 
electrolyte replacements in the postoperative period. Prompt 
correction is required to prevent dysrhythmias. Hypomag-
nesemia, hypokalemia, and hypocalcemia are frequent prob-
lems, likely due to pretransplant malnutrition, inadequate 
dietary intake, and fl uid shifts due to fl uid losses and rapid 
fluid intake.4,21 Hypophosphatemia is common because 
phosphorus is used to support the process of liver repair 
and regeneration. CNIs and kidney dysfunction can cause 
an increase in serum potassium levels, so potassium replace-
ment should be given cautiously.4

Kidney problems.  Kidney dysfunction is more com-
mon in LT patients than in other solid organ transplant 
patients. Mortality is signifi cantly higher in patients with 
kidney  dysfunction posttransplant than those with normal 
kidney function. Risk factors for developing worsened kid-
ney function posttransplant include kidney status prior to 
surgery (presence of existing damage), hypertension, dia-
betes, and immunosuppression.7

Common strategies to enhance kidney function include 
optimal fl uid balance, safely minimizing immunosuppres-
sion to allow for renal recovery, adding another immunosup-
pressant (MMF or azathioprine) if needed, and avoidance of 
nephrotoxic medications (nonsteroidal anti-infl ammatory 
drugs) or I.V. pyelogram contrast material.5,7,13 Consulting a 
nephrologist is recommended if the patient has presence of 
proteinuria, hematuria, or rapidly worsened creatinine/blood 
urea nitrogen/glomerular fi ltration rate.5,7

Diabetes.  LT patients are given corticosteroids to reduce 
the risk of rejection. Doses are initially high and are then 
gradually tapered down and sometimes stopped 4 to 6 

months after transplant. The adverse reaction of these med-
ications can cause hyperglycemia, inducing a state of diabetes 
in these patients. The trauma from surgery and physiologic 
stress can also contribute to a hyperglycemic state.10,21 Post-LT 
patients must be taught how to test their blood glucose levels 
for glucose abnormalities and, if required, give themselves 
the necessary amount of insulin before meals.

Most patients’ blood glucose levels stabilize and they 
no longer need insulin as they are weaned off  of 
 corticosteroid medications. For patients with diabetes, oral 
diabetes agents (metformin, sulfonylureas [glimepiride, 
glyburide], and a thiazolidinedione [rosiglitazone]) can be 
reintroduced slowly after one to two postoperative months 
with close monitoring.5 Use of thiazolidinediones in post-
LT patients has not been safely established.5 Treatment goals 
are the same as with any patient with diabetes and include 
achieving optimal blood glucose and hemoglobin A1C (less 
than 7%) levels, making lifestyle modifications, and 
 minimizing complications (nephropathy, neuropathy, 
 retinopathy, and cardiovascular events).

Nutrition considerations.  Obese patients (body mass 
index greater than 30) are at higher risk for infection and 
delayed wound healing postoperatively. As post-LT patients 
feel better, they may improve their nutritional intake and 
overeat.7 In addition, posttransplant medications, such as 
corticosteroids, may promote appetite stimulation, which 
can contribute to obesity.10 Patients should be told to ini-
tiate wise nutritional choices and should participate in an 
aerobic exercise program.7,8,23 Rapid weight loss programs 
and other fad diets are not recommended. Patients who 
have been severely malnourished pretransplant will likely 
require enteral feedings postoperatively. Optimal nutrition 
with adequate amounts of calories and protein has been 
associated with better postsurgical outcomes and im-
proved wound healing.23

Gout.  Reduced excretion of uric acid is a adverse reac-
tion of CNIs. As a result, hyperuricemia is common after 
transplant and can be worsened by low-dose aspirin, thiazide 
diuretics, and niacin. Corticosteroids and colchicine are 
recommended for an acute gout attack. NSAIDS are not 
recommended due to renal issues if taken with CNIs. Al-
lopurinol can be given, although prevention measures are 
needed. Allopurinol can increase serum levels of AZA, caus-
ing toxicity, and therefore, they should not be given to-
gether.7,8,14 Febuxostat has been FDA approved for the treat-
ment of chronic hyperuricemia in patients with gout. 
Febuxostat is contraindicated in patients taking azathioprine 
or mercaptopurine.24 Its use cannot be recommended in this 
patient population without clear evidence of this medica-
tion’s safety in LT. Consultation with a rheumatologist can 
help guide the NP to an ideal treatment strategy.
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Bone disease issues. Patients with chronic liver disease 
frequently have a degree of bone loss pretransplant due to 
 vitamin and nutrition defi ciencies. There has been long-
standing evidence that patients with cholestatic liver disease 
have the highest incidence of osteoporosis and are at high 
risk for fractures.25-27 Vitamin D defi ciency occurs in ap-
proximately 96% of patients awaiting LT.28 With the addition 
of corticosteroids, postoperative bone loss occurs at a rapid 
rate for the fi rst 3 to 4 months posttransplant, making these 
patients at high risk for osteopenia and osteoporosis.5,8,27 A 
dual energy X-ray absorptiometry scan should be performed 
annually to evaluate possibility of (or worsened) osteopo-
rosis, especially in the fi rst 5 years after LT.5 Vitamin D de-
fi ciency (25-hydroxyvitamin D levels less than 30 ng/mL) 
should be identifi ed and treated.5 Bisphosphonates can and 
should be considered once vitamin D levels are restored to 
a normal level.29 Patients should remain on calcium and 
vitamin D supplementation in addition to their balanced 
dietary intake.7 Additional vitamin D supplementation may 
be needed if a defi ciency is noted. Weight-bearing exercises 
are recommended as well.5

Disease prevention strategies.  Post-LT patients should 
have their immunizations up-to-date prior to the transplant 
surgery. This is usually monitored by the transplant center. 
Inactivated immunizations should be given if vaccinations 
are necessary. According to the uspstf, routine exams should 
be performed as with any other patient, including breast 
and prostate exams, mammograms, GYN exams and Pap 
smears, colonoscopy, and proper screening for dyslipidemia, 
hypertension, diabetes, thyroid disorders, and malignan-
cies.7,8 The patient should make routine dental visits for 
cleanings and prompt attention of dental cavities to reduce 
the risk of infection.8 Literature has noted the incidence of 
gingival hypertrophy in patients taking cyclosporine for 
immunosuppression.7 Smoking and alcohol consumption 
should be discouraged. Patients should be counseled on 
cessation methods. Smoking after LT has been associated 
with signifi cant adverse reactions, including graft loss and 
head, neck, and throat cancers.5,7

Patients are at higher risk for skin cancers in the post-
operative setting, especially in the fi rst 3 to 5 years. Annual 
skin checks are recommended, and suspicious lesions should 
be evaluated by a dermatologist.7,8 Sirolimus has been shown 
to have a decreased association with skin cancers, so im-
munosuppression could be converted if clinically indicated.7 
Patients should be counseled on proper sunscreen use for 
prevention of skin cancers.5

Psychosocial/psychiatry concerns.  Psychosocial issues 
are another concern in the posttransplant patient. Antire-
jection medications, especially corticosteroid medications, 
can cause emotional lability. Prompt recognition of depres-

sion and anxiety issues is important. Psychiatric consulta-
tion may be necessary to promote wellness in these patients. 
Selective serotonin reuptake inhibitors are fi rst-line anti-
depressant agents for this patient population. Sertraline 
and citalopram have specifi cally been used effectively for 
LT patients and have minimal drug-to-drug interactions 
with CNIs.14

Posttransplant reproductive concerns.  Close moni-
toring of the patient is essential for an optimal outcome 
for the mother and child. Twelve months is the recom-
mended time frame from transplant to conception, and 
pregnancy complications are more common in these pa-
tients than the general population. MMF and AZA are 
pregnancy category D medications, so these medications 
should be discontinued prior to consideration of preg-
nancy.5,7 If the patient becomes pregnant while taking 
mycophenolate, she must report this to her provider. The 
provider must then report to the Mycophenolate Preg-
nancy Registry.30 Sildenafil can be prescribed for male 
patients with erectile dysfunction if there are no contra-
indications.5 An increase in free testosterone levels in post-
LT male patients has been noted.24,25 Complete recovery of 
sexual and reproductive function may not occur.5,31,32

■  Moving forward

Patients after LT have similar issues to the general popu-
lation with advancing age. There is higher risk of hyper-
tension, diabetes, and dyslipidemia with advancing age 
along with increased risk for cardiovascular disease and 
events. The provider should aim to minimize these risks. 
Patients should make realistic goals and make lifestyle 
changes if and when one or more of these illnesses are 
present. As with any patient, health promotion and disease 
prevention are key elements in the care for LT patients.10 
NPs are ideal providers to assist these patients in long-
term survival. 
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