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IntroductIon
Liver disease is insidious, progressive, and often without medical 
cure. Liver transplantation (LT) remains the treatment for appro-
priate candidates with uncontrollable symptoms or complica-
tions related to chronic liver disease. The US transplantation rate 
remains stable near 6300 per year, despite nearly 15,000 patients 
waiting [1]. Improved transplantation techniques afford the LT 
recipient greater life expectancy. However, metabolic syndrome, 
cardiovascular disease (CVD), and malignancy have increased 
prevalence post LT.

The pre-LT and peri-LT candidate can expect intimate 
involvement from a large interdisciplinary team, usually linked 
to the LT center. As the first post-LT anniversary approaches 
many patients depart the transplant center, returning to their 
primary care providers (PCPs). While many transplant centers 
continue to manage immunosuppression and certain post-LT 
complications, the onus of care shifts. PCPs are held accounta-
ble for managing comorbidities including: metabolic syndrome, 
diabetes, vaccinations, and bone health [2]. The gastroentero-
logist may manage surveillance for primary gastrointestinal 
(GI) malignancy, diagnosis and management of abnormal liver 
injury tests (LITs), biliary complications, and assessment of GI 
symptoms [3].

ImmunosuppressIon
Post-LT immunosuppression is typically deferred to the trans-
plant center. As suggested by the 2012 American Society of 
Transplantation, immunosuppressive regimen will be determined 
by the indication for transplant and a patient’s medical comor-
bidities [4]. The aim is the use of the lowest effective dose of 
immunosuppression to prevent allograft rejection and minimize 
medication-induced side effects. As an example, we present Mayo 
Clinic’s practice (Table 1). However, it should be noted that there 
are significant center, national, and international variations in 
practice. Additionally, there may be specific circumstances where 
immunosuppressive regimens are altered based on the underlying  
disease process or underlying comorbidities. An example is the 
minimization of calcineurin inhibitor (CNI) exposure, a known 
nephrotoxin, in patients with renal dysfunction through the use of 
mammalian target of rapamycin (mTOR) inhibitors or mycophe-
nolate (MMF) preparations or anti-metabolites (Table  4). The 
time of maximal immunosuppression is within the first 4 months 
post LT. Immunosuppression is continued lifelong. The with-
drawal of immunosuppression has been successful in a minority 
of adult patients and is not currently recommended [5].

The medication list should be carefully reviewed as  
common medications used to treat GI symptoms may significantly 
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interact via the CYP450 enzyme pathways with immunosuppres-
sants. Examples include: direct-acting anti-viral (DAA) therapies 
to treat hepatitis C virus (HCV), macrolides (e.g., clarithromycin) 
used for Helicobacter pylori, calcium channel blockers used for 
esophageal symptoms, and azoles used as fungal prophylaxis or to 
treat candidal infections [6].

Patients should be counseled on birth control post LT. While 
fertility may return sooner, outcomes are significantly improved 
by waiting to conceive for >1 year post LT [7]. MMF is associated 
with significant teratogenicity and prescribing providers should be 
aware of the Risk Evaluation and Mitigation Strategy proposed by 
the Food and Drug Administration [8].

InfectIon
The largest cause of morbidity and mortality post LT is infec-
tion, occurring in 75% of patients [9]. A fever at any time post 
LT should be aggressively evaluated regardless of an elevated 
white blood cell count. Cultures and imaging should be obtained 
to identify a pathogen and source. Immediately post-operatively, 
hospital-acquired and bacterial wound infections abound. Gram-
negative rod (GNR) and multi-drug-resistant GNR pathogens are 
most common [10]. Biliary sources should be suspected. Patients 
receiving deceased after cardiac death (DCD) allografts are at par-
ticular risk for GNR sepsis-related mortality [11]. Viral infections 
such as cytomegalovirus (CMV) and Epstein–Barr virus pre-
dominate within the first 6 months. CMV-mismatched patients 
(donor-positive/recipient-negative) are at highest risk; CMV-neg-
ative recipients of negative donor allografts are at lowest risk [12].

Bacterial, viral, and fungal prophylaxis is routinely administered 
during the period of maximal immunosuppression; however, pro-
phylactic regimens are dependent on the transplant centers and 
their locations (Fig. 1). Mayo Clinic protocol relies on CMV sta-
tus of the donor and recipient to determine prophylactic regimen. 
If both donor and recipient are CMV-negative, herpes simplex 
virus prophylaxis alone with acyclovir (inactive against CMV) is 
instituted. Fungal prophylaxis may decrease the incidence but not 
severity of fungal infections [13]. The duration and agent used for 

fungal prophylaxis is widely dependent on center practice and the 
overall risk of patient exposure to fungi [14]. There is no specific 
recommendation to prevent infection from endemic fungi such 
as histoplasmosis or blastomycosis [15]. A special example of tai-
lored anti-fungal would be at Mayo Clinic in Arizona, an endemic 
region for coccidioidomycosis. Prophylaxis is routinely instituted 
for the first year [16]. In patients with known exposure, prophy-
laxis may be continued lifelong.

Active tuberculosis (TB) is a contraindication to LT [17]. Latent 
TB may reactivate, and is associated with mortality rates approach-
ing 30% [18]. Given that the incidence of TB may be 7–74 times 
higher than the general population, all patients undergoing evalu-
ation for LT should be evaluated for TB [19, 20]. Those with latent 
TB should be treated once clinically stable post LT, as treatment 
may universally prevent the development of active TB [21]. Regi-
mens include isoniazid and pyridoxine for 9 months, or rifampin 
for 4 months [20]. Rifampin reduces plasma levels of CNIs and 
mTOR inhibitors. As these medications are associated with hepa-
totoxicity, involvement of a transplant infectious disease specialist 
is likely beneficial [21].

evaLuatIon of abnormaL LIts
Abnormal LITs post LT may occur for a variety of reasons, some 
of which include emergencies. The broad categories include: 
biliary, vascular, and parenchymal complications. These will be 
discussed sequentially in depth in the following sections. Unfor-
tunately, classical presentations are often the exception rather 
than the rule and as such evaluation should be thorough, given 
that multiple factors may occur concomitantly. While approaches 
may differ, our approach to the evaluation of abnormal LITs will 
start with a transplant Doppler ultrasound (US) to give an ini-
tial albeit insensitive evaluation of the liver parenchyma, assess 
for biliary ductal dilation, and to evaluate the hepatic arterial and 
venous flow (Fig.  2). Identification of structural abnormalities 

Table 1 Common post-transplant immunosuppressant agents and 
trough levels

Name 0-4 months 4–12 
months

1 year and 
beyond

Tacrolimus trough (ng/mL) 7–10 4–7 4–6

Cyclosporine trough (ng/mL) 200–250 150–200 50–100

Prednisone Tapering dose Off Off

Mycophenolate mofetil 1000 mg BID Off Off

Sirolimus (ng/mL) 10–14 8–14 8–12

Everolimus (ng/mL) 4–8 4–8 4–8

Mayo Clinic’s practice protocol is presented as an example. Patients are typically 
left on monotherapy indefinitely with few exceptions. There is wide practice vari-
ation based on LT center.

Fig. 1 Post-liver transplant infection prophylaxis. Infectious prophylaxis is 
LT center specific and widely variable based on patient risk factors and LT 
center location. Mayo Clinic’s protocol is summarized graphically. Herpes 
(HSV) prophylaxis is continued for 1 month. In cytomegalovirus (CMV) 
mismatches, donor (D)-positive recipient-negative patients are treated with 
valganciclovir for 6 months; for positive recipients (R) weekly CMV PCR is 
checked for 4 months post LT; for D−/R− no CMV prophylaxis is instituted. 
Pneumocystis prophylaxis begins with trimethoprim/sulfamethoxazole 
(TMP/SFX), unless there are contraindications. Inhaled pentamidine or 
dapsone may be considered. Fluconazole serves as fungal prophylaxis

HSV

CMV D+/R– Valganciclovir

Month 4 Month 6 Month 12

PCP

Fungal

Month 1

Acyclovir

TMP/SFX, pentamidine or dapsone

Fluconazole
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should be pursued with more definitive testing such as computed 
tomography (CT) or magnetic resonance imaging (MRI). Post-LT 
biliary complications are best initially evaluated with MRI/mag-
netic resonance cholangiography (MRCP). Vascular or venous 
abnormalities are best evaluated with appropriately protocoled 
CT imaging. If clinical suspicion is raised for intrahepatic infec-
tion (e.g., abscess) CT is a reasonable assessment option. Once 
structural abnormalities are excluded, focus shifts toward hepa-
tocellular causes such as rejection and recurrence of the primary 
disease. Serologic testing and in many cases biopsy will be neces-
sary. Biopsy is especially important for the diagnosis and staging 
of severity of rejection.

bILIary compLIcatIons
Biliary complications post LT may occur in up to 5–30% of 
patients [22–24]. Etiologies include: bile leaks and bilomas, anas-
tomotic strictures, and non-anastomotic strictures often due to 
ischemic cholangiopathy, stones and casts, or recurrent chole-
static liver disease. Clinical signs and symptoms of biliary tract 
pathology vary, but include malaise, anorexia, weight loss, early 
satiety, and/or abdominal pain with or without fever. LIT patterns 
lack adequate sensitivity and specificity to diagnose biliary tract 
disease, but may be the only clinical sign [25]. Lower bilirubin  
levels argue against significant biliary tract disease [26]. US is 
often considered the first diagnostic test of choice to evaluate the 
presence of biliary pathology, but has low sensitivity (29–70%) 
and specificity (69%) [24, 25, 27].

If US is non-diagnostic and suspicion for biliary tract disease 
remains, the next non-invasive test of choice is MRCP. MRCP 
has a sensitivity and specificity well above 90% for detection of 
biliary pathology; however, not all biliary pathology (e.g., sludge 
and small stones) will present with a dilated duct [26, 28]. If US is 
diagnostic, it is debatable whether to proceed directly to ERCP or 
perform MRCP first. While MRCP is costly, it provides additional 
anatomic characterization which may help with the interventional 
endoscopist’s therapeutic plan. A negative MRCP does not rule out 

biliary tract disease, and there may be discordance between US 
and MR findings.

If MRCP is negative, it is additionally debatable whether one 
should proceed with diagnostic ERCP or first obtain a liver biopsy 
which may hint at the disturbance causing the LITs, distinguish-
ing features of large bile duct obstruction from other causes of 
elevated LITs such as drug effect, infection, rejection, or recurrent 
disease [24]. A study by Elmunzer et al. [29] showed that over 90% 
of ERCPs performed for therapeutic intent ultimately resulted in 
intervention; of those performed for diagnostic purposes only, 
>65% still resulted in intervention. Complication rates were low, 
and cost savings occurred by avoiding MR. We would recommend 
diagnostic ERCP only when the clinical scenario warrants the risks 
of the procedure. While many LT patients undergo Roux-en-Y 
biliary reconstruction, which makes ERCP technically more chal-
lenging, it is still feasible, especially with the use of balloon-assisted 
ERCP [30, 31]. Overall management requires multidisciplinary 
input from the surgical team, transplant hepatologist, therapeutic 
endoscopist, and interventional radiologist. Failure of endoscopic 
therapy would warrant interventional radiologic therapy, and cer-
tain refractory biliary complications may require combined thera-
peutic endoscopic and interventional radiology intervention (e.g., 
rendezvous procedures which utilize ERCP to internalize percuta-
neous biliary tubes).

strIctures
Biliary strictures may be anastomotic or non-anastomotic. Anas-
tomotic strictures are by far the most common, accounting for 
80% of stricturing disease [32]. They tend to occur early in the 
post-LT period; typically within the first 6 months, thereafter 
decreasing in incidence [24, 33]. Non-anastomotic strictures are 
likely the sequelae of hepatic arterial insufficiency, prolonged 
ischemic times, and/or immunologic mechanisms [24, 33, 34]. 
They tend to occur slightly later in the post-LT period but with 
increasing incidence during the first year. While the management 
of anastomotic and non-anastomotic strictures with balloon dila-
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Fig. 2 Evaluation of abnormal liver injury tests. A proposed algorithm for the evaluation of abnormal liver injury tests starting with confirmation of thera-
peutic immunosuppression. Doppler US is a cheap and quick insensitive test to evaluate for parenchymal, vascular, or biliary disease. Definitive vascular 
imaging may require CT angiography (CT angio) or direct angiography in some instances. Magnetic resonance cholangiography (MRCP) is the preferred 
next step for evaluating the biliary tree followed by endoscopic retrograde cholangiopancreatography (ERCP). If ERCP is not feasible, then interventional 
radiology (IR) intervention may be pursued. Liver biopsy should be considered to rule out rejection or recurrent disease
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tion or stenting with exchange every 3 months is largely similar, 
anastomotic strictures are more likely to respond to endoscopic 
intervention. Data from Pasha et al. [35] suggest that maximal 
balloon dilation up to 10 mm limited only by duct size, in com-
bination with maximal stent placement up to 4 ranging in size 
up to 11.5 French should be the treatment of choice, preventing 
the need for surgical revision to a Roux-en-Y choledochojejunos-
tomy in over 90% of cases. This aggressive upfront approach may 
shorten the duration of therapy from a mean of 12 to <5 months.

Anastomotic strictures may predispose to bile leaks. Symptoms 
are non-specific and usually consist of pain. High suspicion of 
a bile leak clinically with evidence of rising bilirubin leads to a 
confirmatory ERCP in approximately 65% of cases. Additionally, 
sampling a fluid collection and assessing the fluid to serum bili-
rubin ratio is useful, as a ratio >3.25 has 73% sensitivity and 95% 
specificity for diagnosis [36]. Hepatic artery disease, seen in up 
to 53% of cases, should be suspected when refractory bile leaks 
occur [37].

vascuLar compLIcatIons
The liver receives dual blood supply via the portal venous and 
hepatic arterial systems. The majority of blood supply comes from 
the portal venous system; however, the hepatic artery is the sole 
blood supply to the biliary tree. While the native liver may be able 
to overcome vascular insults due to the presence of collaterals, the 
transplanted liver typically lacks this ability and may be quite sus-
ceptible to stenoses, thromboses, and aneurysms.

Arterial complications include thrombosis, stenosis, pseudo-
aneurysm, or rupture. Thrombosis risk is approximately 3–12% 
and may present early on or late [38, 39]. Early occurrence is 
usually marked with abnormal LITs, fever, and, in some cases, 
signs of graft insufficiency or failure, which could warrant need 
for repeated transplantation. Stenosis may present with abnormal 
LITs, and reduced resistive indices on US. Hepatic artery aneu-
rysms may develop and predispose to life-threatening bleeding 
with a clinical presentation ranging from an asymptomatic abnor-
mality identified on imaging to hemodynamically significant 
hemobilia. Typically, Doppler US will be insufficient to characterize 
the vascular anatomy and CT angiography or direct angiography 
may be required. Given that arterial abnormalities can have dire 
consequences, we perform Doppler US on postoperative days 7, 
21, 4 months, and annually. Reduced resistive indices on Doppler 
in some cases may be managed conservatively with anti-platelet 
therapy. Other lesions may require endovascular intervention or 
surgical revision. Therapy should be guided by multidisciplinary 
evaluation with transplant hepatology, surgery, and interventional 
radiology.

Portal vein thrombosis or stenosis occurs in up to 12% of cases. 
Severe cases may present with portal hypertension including 
recurrent ascites or variceal bleeding. Treatments consist of anti-
coagulation, thrombectomy either through interventional radiol-
ogy or surgical repair [38]. The hepatic veins and inferior vena cava 
may also become stenosed or thrombosed and require interven-
tion. Clinically, hepatomegaly and signs of portal hypertension 
may become evident.

rejectIon
Full discussion of allograft rejection is beyond the scope of this 
review article. However, the primary gastroenterologist should 
monitor for signs of rejection in transplant patients. In the major-
ity of cases, management should occur with input from the LT 
center. Rejection rates have declined, but acute cellular rejection 
may occur in nearly a quarter of patients [40]. While most patients 
can overcome rejection episodes with appropriate management, 
up to 10% may ultimately require re-listing for transplant. Clini-
cally, signs are non-specific, including fatigue, pain, and, in some 
cases, fever. There is a rise in LITs, but the pattern is non-specific 
as there may be a rise in transaminases or cholestatic tests such as 
alkaline phosphatase and bilirubin. If rejection is considered the 
cause of a rise in LITs, biopsy should be obtained to evaluate the 
severity and to rule out other causes of allograft injury or dysfunc-
tion. Biopsy is generally safe with a complication rate of about 
1%, including a higher infectious risk in patients with choledo-
chojejunostomy or biliary tract obstruction [41]. The three histo-
logic hallmarks of rejection are: a mixed inflammatory infiltrate 
in the portal triad, nonsuppurative cholangitis, and endothelitis/
venulitis [42]. Rejection episodes may be treated with increasing 
immunosuppression trough goals, intravenous Solu-Medrol, or 
in refractory or severe cases anti-thymocyte globulin under the 
supervision of practitioners familiar with these agents.

recurrence of prImary dIsease
Hepatitis C virus
HCV recurs in >90% of LT recipients; is associated with increased 
episodes and severity of rejection; and a recurrence of cirrhosis 
in as many as 10–30% of patients within 5 years, which reduces 
graft survival [43–45]. Organ access may be increased by leav-
ing patients with end-stage liver disease viremic and eligible to 
receive infected allografts. The American Association for the 
Study of Liver Diseases and the Infectious Diseases Society of 
America have set forth guidelines for the management of HCV 
post LT (Table  2). Treatment duration is 12 weeks. Significant 
alterations in CNI levels may occur when initiating DAA therapy. 
As an example, paritaprevir/ritonavir/ombitasvir/dasabuvir may 
increase tacrolimus to such an extent that tacrolimus may only 
need to be dosed weekly. In patients with known exposure to hep-
atitis B virus (HBV), vigilance is recommended to survey for HBV 
reactivation, as HCV is known to suppress HBV and treatment of 
HCV may result in a HBV flare [46].

Hepatitis B virus
HBV was largely a contraindication to transplant due to near uni-
versal recurrence and severe post-LT complications. With combi-
nation use of HBV immunoglobulin and viral suppression with 
oral agents, survival rates approach those for other LT recipients, 
though about half of patients will develop recurrent HBV within 
5 years [47, 48]. Elevated LITs should prompt HBV DNA testing 
and if positive assessment for mutations. Tenofovir alafenamide 
may be a good option for viral suppression given the low resist-
ance rates with tenofovir and the decreased risk of renal toxicity 
[49].
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Primary biliary cholangitis
While adverse outcomes and the need for re-transplantation 
are rare, primary biliary cholangitis recurs in as many as 50% of 
patients and may be affected by the choice of immunosuppres-
sant with cyclosporine appearing to reduce the risk of recurrence 
compared with tacrolimus [43, 50, 51]. Anti-mitochondrial anti-
body titers are not helpful. Diagnosis relies on histology showing 
plasma cell-rich infiltrate. Recurrence typically becomes appar-
ent within 3–6 years post LT [52, 53]. Ursodeoxycholic acid at 
13–15 mg/kg per day in divided doses may reduce the risk of 
recurrence by up to 40% [54].

Primary sclerosing cholangitis
While LT for primary sclerosing cholangitis (PSC) accounts 
for a small percentage of LT in the United States, recurrence 
rates exceed 45% and require re-transplantation in 15% [43, 
55]. Recurrence is associated with worse outcomes [51].  
The diagnosis of recurrent PSC can be challenging given 
that post-LT cholangiopathy may mimic PSC. Mayo Clinic’s 
practice is to attempt to avoid DCD organ implantation in 
these patients as outcomes may be worse [56]. However, with 
optimal selection of high-quality DCD organs outcomes may 
be equivalent to brain dead allografts [57]. Ongoing manage-
ment of coexistent inflammatory bowel disease (IBD) must 
continue post LT. Annual colorectal cancer surveillance is 
recommended [58].

Autoimmune hepatitis
Recurrence rates for autoimmune hepatitis (AIH) approach 
25–50% with a mean time to recurrence of 2 years [43, 55]. 
Significant elevations in LITs in an hepatocellular pattern may 
suggest recurrent disease. Biopsy should be pursued. However 
histologic differentiation between recurrent AIH and rejection 
may be difficult [59]. Adequate immunosuppression is essen-
tial and as such more aggressive therapy with the use of CNIs in 
combination with steroids, MMF, and/or azathioprine should be 
considered [60, 61].

Alcohol-related liver disease
Alcohol-related liver disease (ALD) is a common cause for LT and 
may surpass HCV as the leading indication for LT listing in the 
United States [62]. Significant effort is expended to choose candi-
dates committed to sobriety. Despite reports of as many as half of 
patients transplanted for ALD resuming alcohol consumption in 
some form post LT, <20% will drink to such an extent to become 
harmful. The recurrence of ALD post LT is <5% [63]. The natural 
history of transplantation for ALD is similar to that of LT for other 
indications. Patients should continue to be monitored for alcohol 
use, and counseled in abstinence post LT.

Nonalcoholic fatty liver disease and nonalcoholic steatohepatitis
Nonalcoholic steatohepatitis (NASH)-related cirrhosis will be 
a leading indication for LT in the United States [62]. Seventy-
five to 100% of patients transplanted for cryptogenic or NASH-
related cirrhosis develop steatosis by 5 years post LT. NASH may 
recur in 11–38% of patients [43, 64, 65]. Recurrent disease rarely 
necessitates re-transplantation but does increase risk of death 
from CVD, in keeping with an increased risk of CVD in patients 
with NASH not undergoing LT [63, 66]. De novo nonalcoholic 
fatty liver disease (NAFLD) is also of great concern post LT 
given that high post-LT incidence of metabolic syndrome. De 
novo NALFD occurs in about one-third of patients and de novo 
NASH in 4% [63, 67]. Rising LITs and body mass index sug-
gest NASH. Transient elastography with controlled attenuation 
parameter may be useful in monitoring the degree of fibrosis and 
steatosis.

manaGement of GI sIGns and symptoms
GI complaints are common post LT including: anorexia, nausea, 
vomiting, diarrhea, dyspepsia, and abdominal pain. GI bleeding 
may occur. The evaluation is per the current recommended guide-
lines as set forth by major GI societies. However, infectious causes 
should be aggressively pursued. Additionally, the medication list 
should be thoroughly screened.

Table 2 IDSA/AASLD post-liver transplant hepatitis C virus treatment guidelines

Genotype Treatment experience Cirrhosis Regimen Duration (weeks)

1,4,5,6 Naïve or experienced Noncirrhotic Glecaprevir/Pibrentasvir OR Ledipasvir/Sofosbuvir OR Daclatasvir/ 
Sofosbuvir OR Simeprevir/Sofosbuvira

12

Compensated Ledipasvir/Sofosbuvir

Decompensated Ledipasvir/Sofosbuvir with ribavirin

2,3 Noncirrhotic Glecaprevir/Pibrentasvir OR Daclatasvir/Sofosbuvir with ribavirin

Compensated Daclatasvir/Sofosbuvir with ribavirin OR Glecaprevir/Pibrentasvir OR 
Sofosbuvir/Velpatasvir with ribavirin

Decompensated Daclatasvir/Sofosbuvir with ribavirin OR Sofosbuvir/Velpatasvir with 
ribavirin

Current HCV treatment guidelines as recommended by the IDSA/AASLD.
aGenotypes 1 and 4 only.
HCV hepatitis C virus, AASLD American Association for the Study of Liver Diseases, IDSA Infectious Diseases Society of America
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Dyspepsia may be caused by infectious, medication, or anatomic 
causes. Endoscopy should be pursued early if serologic testing 
does not reveal a cause and no offending medication is identified. 
MMF commonly causes GI distress, including diarrhea. A trial of 
discontinuation or dose reduction will often prove whether or not 
MMF is the culprit.

Diarrhea post LT occurs commonly, but in many instances the 
exact cause remains elusive [68, 69]. The evaluation of acute diar-
rhea should exclude infectious causes such as Clostridium difficile 
and CMV. An enteric stool culture and GI pathogen panel which 
excludes C. difficile and common viruses such as adenoviruses and 
enteroviruses is advised. Flexible sigmoidoscopy or colonoscopy 
with biopsies to look for MMF-related colitis, de novo IBD, or 
infection is reasonable. Rarely, graft-versus-host disease may be 
the cause of diarrhea.

Post-LT ascites even in the absence of recurrent cirrhosis may 
occur in patients without significant pre-LT ascites. Causes are 
typically anatomic, including vena-caval or hepatic-venous ste-
nosis, or chylous leak. Ascitic fluid assessment including albumin, 
total protein, and triglycerides is recommended. Transjugular liver 
biopsy with portal pressure measurements can determine whether 
an elevated hepatic-venous portal pressure gradient is present, to 
assess for an anatomic stenosis—potentially amenable to angio-
plasty—and allow tissue procurement to assess for parenchymal 
abnormalities.

Anemia occurs in up to 14% of LT patients with causes includ-
ing: blood loss, vitamin or mineral deficiencies, and/or medica-
tions [70]. Evaluation should be pursued especially in the setting of 
iron deficiency anemia. Medications may account for up to 11% of 
cases, but in 30% of cases the cause remains cryptogenic.

InfLammatory boweL dIsease
IBD may complicate pre-LT and post-LT management. Eighty-
five percent of PSC patients will have coexistent IBD, though 
interestingly the severity of PSC and thus need for LT exists in an 
inverse relationship with the severity of IBD and need for colec-
tomy [71–73]. However after LT, IBD severity and neoplasia risk 
may be increased [74]. As a general rule, approximately a third 
of patients with pre-existing IBD will experience improvement, a 
third stability, and a third worsening of symptoms post LT [75]. 
De novo IBD may occur after solid organ transplant with an inci-
dence in excess of ten times the general population, and is most 
apt to occur after LT specifically likely owing to its association 
with disease treated by LT [76]. The incidence may be as high as 
30% with a median time to occurrence of 4 years [77].

There are limited data on treatment of IBD in the setting of LT. 
Tacrolimus is associated with increased risk of IBD relapse [78]. 
This is debatable however. Tacrolimus has been shown to be a 
superior immunosuppressant and the risk of rejection may out-
weigh consideration of alternate agents which have dual activity 
to prevent allograft rejection and treat IBD [79]. Cyclosporine has 
been shown to be protective, and has been used outside the LT 
setting to treat IBD [78]. Azathioprine may serve a dual purpose 
of transplant immunosuppression and IBD management. Multiple 
new biologics are available, though data are limited even with older 

agents such as infliximab or adalimumab. While the minimally 
available data suggest biologic treatment response similar to non-
LT patients, the risk of hepatitis, infection, and malignancy remain 
of concern [79–81]. Vedolizumab has shown promise with 60% 
remission rate in those with refractory IBD post LT [82]. There do 
not appear to be significant adverse events yet reported, though 
data are limited to a very small number of patients. The lack of 
data and clinical complexity may warrant early consultation with 
the transplant center and IBD subspecialist. The data regarding 
the outcomes for surgical intervention are mixed [77, 79]. Data do 
suggest that colectomy post transplant, specifically ileo-anal pouch 
anastomosis, may worsen liver allograft survival [83].

metaboLIc compLIcatIons of transpLant
Most LT recipients do not succumb to graft failure but to meta-
bolic complications. Greater than 20% of LT patients die of CVD 
[84]. Immunosuppression accelerates CVD, weight gain, and met-
abolic syndrome [85]. Hyperlipidemia exacerbated by steroids 
may persist even after steroid withdrawal and should be managed 
aggressively [86]. Statins may be used post LT but there are several 
interactions via the CYP450 pathway. This is avoided by use of 
pravastatin. New-onset diabetes post LT occurs in up to 15% of 
patients and is likely related to immunosuppression use including 
corticosteroids and tacrolimus [87].

Pre-LT obesity remains a problem post LT. Morbid obesity may 
require surgical interventions such as the lap band or combined 
LT and gastric sleeve [88, 89]. Vigorous over moderate intensity 
exercise has been shown to improve outcomes in NAFLD, but the 
optimal exercise strategy is unknown for LT recipients [90].

renaL dysfunctIon
Renal dysfunction is one of the most common complications of LT 
immunosuppression [91]. Twenty percent of patients will develop 
chronic kidney disease by 5 years post LT; 25% will develop end-
stage renal disease by 10 years [92]. Few patients will require renal 
transplantation. Renal-sparing protocols which consist of lower 
trough CNIs in combination with MMF or mTOR inhibitors may 
delay kidney injury [93, 94].

maLIGnancy IncIdence and screenInG
Cancer risk is increased 11-fold post LT. The risk is most pro-
nounced in younger patients <65 years and highest within the 
first 2 years post LT [95]. However, the overall risk of any malig-
nancy exceeds 40% by 20 years post LT [96]. Skin cancer is the 
most common malignancy. Yearly dermatologic evaluation is 
warranted. Three major classes of malignancy occur post LT: 
those related to recurrent primary hepatic malignancy: hepatocel-
luar carcinoma (HCC), cholangiocarcinoma, or neuroendocrine 
tumor; malignancy related to transplant: post-transplant lym-
phoproliferative dis order; and an increased incidence of malig-
nancies seen in the general population.

Liver cancer is the second most common solid organ malig-
nancy post LT following lung [97]. Transplantation for HCC 
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within Milan (tumor size <5 cm and no more than 3 tumors equal 
or <3 cm) or the University of California, San Francisco criteria 
(single lesion no >6.5 cm or no more than 3 tumors, the largest 
of which is <4.5 cm) has produced excellent results. Recurrence 
rates for HCC approach 15%, with the highest risk within the first 
2 years.

As part of a transplant evaluation, many abnormalities may be 
incidentally discovered. Common occurrence is the detection of 
pulmonary nodules and cystic lesions of the pancreas. We follow 
Fleischner society guidelines with regards to pulmonary nod-
ules. Intraductal papillary mucinous tumors of the pancreas are 
followed per current standard guidelines in the non-transplant 
population given the largely benign course; however, malignant 
potential exists [98]. Overall cancer risk, as summarized from a 
study by Zhou et al. [97], and screening recommendations are 
found in Table 3.

The risk of colon cancer may be twice as high in patients with 
liver disease compared with the general population, and risk does 
not decrease post LT [99]. Additionally, post-LT patients may 
develop GI malignancy a median decade earlier than non-LT 
patients [96]. Various strategies have been recommended from 
aggressive strategies to following routine guidelines for non-
LT patients. Strategies are again largely based on local practice 
Table 3.

Tobacco and alcohol use are strongly discouraged post LT due 
to worse outcomes [100]. Tobacco may increase head and neck 
cancers as well as accelerating post-LT CVD. Alcohol use may 
be a difficult discussion to have with patients, especially those 
who may have been transplanted for reasons other than ALD. 
For those with a history of alcohol abuse, approximately 12% will 

relapse into a pattern of harmful drinking. Age >50 years at the 
time of transplant, short-term sobriety <6 months and higher 
high-risk alcoholism relapse (HRAR) score (based on duration of 
alcohol use, number of drinks per day, and prior inpatient rehab) 
all increase risk. Regarding the HRAR score, if >3, relapse rates 
are 100%; if no risk factors are present, the risk is <5% [101]. 
The median rate of relapse to any drinking is 261 days, and while 
overall graft survival is lower in patients who drink it is not statis-
tically significantly so [102]. However excessive alcohol consump-
tion decreases survival regardless of the indication for transplant 
and as such should be discouraged [103].

eLectIve surGery
At Mayo Clinic, elective procedures are deferred for a mini-
mum of 4 months. Abdominal hernia repairs are most com-
mon. Clinical experience suggests patients fare well. In a 
large cohort of organ transplant recipients, colorectal surgery 
appeared to be safe with no patient suffering a postoperative 
mortality for an elective procedure [104]. mTOR inhibitors 
impair wound healing and should be avoided peri-operatively 
in deference to CNIs.

concLusIon
Management of the post-LT patient is complex and requires 
continued input from the LT center, PCP and primary gastro-
enterologist. The exact role expected of each may be blurred but 
communication between providers is essential to ensure the deliv-
ery of optimal care. The primary gastroenterologist may be called 

Table 3 Post transplant malignancies and screening recommendations

Cancer Incidence % Standardized incidence ratio Screeninga

Skin 3.3–8 13.9 Annual skin exam

Lung 0.9 13.77 Annual chest radiograph

Liver 0.5 77.94 CT or MRI first 2 years post LT at 6–12 month intervals, then annual liver 
ultrasound

Colorectal 0.4 7.61 Screening colonoscopy every 5–10 years 
Annual colonoscopy if PSC and IBD with chromoendoscopy or random biopsies

Prostate 0.4 2.34 Yearly PSA and digital rectal examination

Breast 0.3 4.00 Yearly mammogram

Head and Neck 0.3 19.29–61.59 Panorex in smokers or those with alcohol-related liver disease

Pancreas 0.1 12.08 No specific guideline 
PMNs managed as per non-LT

Renal 0.1 8.71 Urinalysis

Esophagus 0.1 22.69 No specific guideline

Stomach 0.07 10.90 No specific guideline

Small Intestine 0.03 14.44 No specific guideline

PTLD/lymphoma 1.2 52.90 No specific guideline
aThere is significant practice variation based on LT center.
CT computed tomography, MRI magnetic resonance imaging, LT liver transplantation, PSA prostate-specific antigen, PSC primary sclerosing cholangitis, IBD inflammatory 
bowel disease, PTLD post-transplant lymphoproliferative disorder, IPMN intraductal papillary mucinous neoplasm
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upon to address the treatment of ongoing or recurrent hepatic 
disease such as HCV, biliary complications, ongoing screening  
for GI-related malignancies, and for the evaluation of GI symp-
toms.
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