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CANMEDS ROLES COVERED 
Medical Expert (as Medical Experts, physicians integrate all of the CanMEDS Roles, applying 
medical knowledge, clinical skills, and professional values in their provision of high-quality and 
safe patient-centered care. Medical Expert is the central physician Role in the CanMEDS
Framework and defines the physician’s clinical scope of practice.)

Communicator (as Communicators, physicians form relationships with patients and their 
families that facilitate the gathering and sharing of essential information for effective health 
care.) 

Collaborator (as Collaborators, physicians work effectively with other health care professionals 
to provide safe, high-quality, patient-centred care.) 

Leader (as Leaders, physicians engage with others to contribute to a vision of a high-quality 
health care system and take responsibility for the delivery of excellent patient care through their 
activities as clinicians, administrators, scholars, or teachers.)

Health Advocate (as Health Advocates, physicians contribute their expertise and influence as 
they work with communities or patient populations to improve health. They work with those they 
serve to determine and understand needs, speak on behalf of others when required, and 
support the mobilization of resources to effect change.)

Scholar (as Scholars, physicians demonstrate a lifelong commitment to excellence in practice 
through continuous learning and by teaching others, evaluating evidence, and  contributing to 
scholarship.) 

Professional (as Professionals, physicians are committed to the health and well-being of 
individual patients and society through ethical practice, high personal standards of 

behaviour, accountability to the profession and society, physician-led regulation, and 
maintenance of personal health.) 

X
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OBJECTIVES 

•Review management of immunosuppression 

•Discuss surgical complications 

•Review medical complications  

•Discuss conception and vaccination post transplant 

•Review recurrence of liver disease post transplant 



POST LIVER TRANSPLANT MORTALITY 



CHANGING LANDSCAPE 

Terrault et al. Clin Gastroenterol Hepatol 2023; S1542.

In the U.S., prioritization for LT (a standardized MELD
exception) is currently given to patients with T2 HCC le-
sions if they have an alpha-fetoprotein (AFP) level less
than 1000 ng/mL and either of the following: (1) one
lesion greater than or equal to 2 cm and less than or equal
to 5 cm in size; or (2) 2 or 3 lesions each greater than or
equal to 1 cm and less than or equal to 3 cm in size. With
this background, within current UnitedNetwork for Organ
Sharing organ allocation policy,42 the following scenarios
are considered to be contraindications to LT and/or will
not be given MELD exception for HCC:

! Macro-vascular invasion of main portal or hepatic
veins;

! Extra-hepatic metastasis;

! Ruptured HCC;

! Resectable or T1 stage (solitary tumor <2 cm);

! Patients who have a history of HCC treated >2 years
ago with no evidence of recurrence;

! Patients who were beyond standard criteria that,
despite locoregional therapy, have demonstrated
progression of tumor burden;

! Patients with AFP>1000 at any time who do not
achieve an AFP below 500.

Because of the wide variation in outcomes that can be
observed within similar anatomical HCC criteria, many of
these contraindications are relative or temporary, rather
than absolute. For example, in light of reports of good
long-term post-LT and post resection survival in re-
cipients with a history of HCC rupture,43,44 patients with
ruptured HCC or macrovascular invasion of HCC that
have remained stable for a minimum of 12 months after
treatment may be suitable for consideration of LT. Pa-
tients with a history of HCC that was treated >2 years
ago who develop new lesions after 2 years can also be
considered for LT but with the same criteria and prior-
itization as those with no prior HCC. Similarly, patients
who were initially beyond standard downstaging criteria

(up to 5 lesions, total tumor volume <8 cm) that are
successfully downstaged to T2, may be considered for
MELD exception prioritization 6 months after meeting
downstaging criteria.

There are 2 immediate, major challenges in LT for HCC.
All of the aforementioned criteria for LT in patients with
HCC are based, in part or fully, on risk of tumor extension
and recurrence that is assessed by tumor number and
diameter. Although these risks certainly increase with
increasing AFP, tumor size, and number,45 biomarkers that
more fully reflect tumor and patient biology and, thereby,
the risk of tumor extension and recurrence, are a key
unmet need in LT. Vascular endothelial growth factor,46

Lens culinaris agglutinin-reactive alpha-fetoprotein (AFP-
L3),47 des-gamma-carboxy prothrombin,48 and inflamma-
tion index (neutrophil-to-lymphocyte ratio)49 have shown
promise in this regard. Preliminary studies suggest a role
for molecular biomarkers measured in liquid biopsy, such
as circulating tumor cells, in prediction of HCC recurrence
that might aid in future candidate selection and/or guide
posttransplant management.50

The second challenge is increasing our understanding
of how to incorporate and manage emerging standards of
care for an increasing portion of HCC scenarios, specif-
ically immune checkpoint (ICI) and vascular endothelial
growth factor inhibitors. Although the risk of post-LT T-
cell mediated rejection in patients who have received
ICIs is clearly increased (PD-1/PD-L1 and CTLA-4 path-
ways are important mediators of graft tolerance), the
risk varies between ICIs and with time since adminis-
tration.51 Optimal choice of dose and time since admin-
istration of ICIs before and after LT are rapidly evolving
topics that merit prospective, multicenter analyses.

NAFLD as Indication: Surgical and Medical
Innovations for Weight Loss in the Transplant
Candidate

Obesity has become the most common chronic health
condition in the world, and the impact of this epidemic

Figure 2. Changing landscape of LT. Over the past decade, the recipient phenotype has changed (older, greater frailty with
more comorbidities), LT indications have shifted away from HCV towards more alcohol and non-alcohol associated liver
disease as well as broader oncologic indications such as cholangiocarcinoma, and disease severity is greater among those
undergoing evaluation and transplantation. CKD, Chronic kidney disease; CVD, cardiovascular disease.

4 Terrault et al Clinical Gastroenterology and Hepatology Vol. -, Iss. -
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internal medicine discipline that should be known by pri-
mary care physicians.

Strategies for Involving Primary Care
Physicians in the Long-Term Follow-Up of
Liver-Transplanted Patients
Close collaboration between liver transplant centers and pri-
mary care physicians should theoreti-
cally be highly effective in the long-
term management of liver transplant
recipients. The goal is to ensure a
structured networking between trans-
plant hepatologists and primary care
physicians to develop new tools for
these patients’ multidisciplinary
care. Immunosuppression and major
liver-related complications (eg, bili-
ary strictures, disease recurrence,
chronic rejection, and surveillance in
patients transplanted for hepatocellu-
lar carcinoma) are issues that should
be predominantly managed by the transplant hepatologist. On
the other hand, diabetes, dyslipidemia, metabolic syndrome,
cardiovascular diseases, bone loss, and surveillance for de
novo malignancies or chronic kidney disease could be man-
aged and followed up by primary care physicians in close
cooperation with the transplant hepatologist and disease spe-
cialists. Specific guidelines tailored to the needs of primary
care physicians should answer frequently asked questions
such as “What is the first-choice antihypertensive drug for LT
[liver transplant] recipients?” or “What is the safest statin for
treating hypercholesterolemia in LT recipients?” or “What
antibiotic should be prescribed for fever and cough in liver
transplant recipients?”

A simple, user-friendly, dedicated e-mail or other elec-
tronic tool might be a good way to improve patients’ referral
to a liver transplant center and their referral back to their pri-
mary care physicians afterwards. Such tools have been intro-
duced effectively for the care of patients with acute or
chronic liver disease who may need a transplant5 and could
be equally well used for the long-term shared management of

clinically stable liver-transplanted
recipients. Moreover, specific ses-
sions for primary care physicians and
dedicated nurses at national or inter-
national congresses and local train-
ing courses should address the care
of liver-transplanted recipients.6,7

Finally, it is important to men-
tion that primary care physicians
have a pivotal role in boosting
patients’ adherence after liver trans-
plant because of their close relation-
ship with liver transplant recipients
and their families.

! Primary care physicians may be involved by transplant
centers to strictly collaborate in the long-term follow-up
of clinically stable liver-transplanted patients

! Resources should be allocated to this specific field
through targeted health care policies

Late Infections in Liver Transplant Recipients
A high level of suspicion of infections and a low threshold for
performing aggressive diagnostic approaches should be
applied in liver-transplanted patients because the classic signs
or symptoms of infection, such as leukocytosis and fever,
may be absent. Infections may be associated with unspecific

CLINICAL SIGNIFICANCE

! Medical complications influenced long-
term survival after liver transplantation.

! When clinically stable, transplanted
patients return to primary care physi-
cians.

! Primary care physicians should know
the main medical complications after
transplant.

Figure 1 Main clinical complications in relation to the time elapsed from liver transplantation (LT). The bases
of the triangles refer to the amount of the care burden for the transplant center and for primary care physicians
(PCPs).

158 The American Journal of Medicine, Vol 135, No 2, February 2022
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alert based on an unpublished study that found increased
mortality in stable LT patients switched from a CNI to siro-
limus. A retrospective analysis showed no renal benefit for
patients with chronic kidney disease who were switched
from a CNI to sirolimus.13 A recent large RCT found that
the complete conversion of CNIs to everolimus increased
rates of rejection. However, everolimus with reduced tacroli-
mus improved renal function without increased acute rejec-
tion in comparison with standard-dose tacrolimus
monotherapy.14 Therefore, mTOR inhibitors remain
adjuncts to CNI-based regimens, particularly in patients
with renal insufficiency. mTOR inhibitors also have antipro-
liferative activity and may have additional benefits for
patients who have undergone transplantation for hepatocel-
lular carcinoma. Although retrospective studies have sug-
gested improved posttransplant survival,15 this has yet to be
demonstrated in prospective trials.

Newer Agents. There are several newer agents whose role
in the prevention of acute rejection has yet to be deter-
mined. Belatacept is a fusion protein that binds CD80/86
and thus blocks signal 2 (Fig. 1). A multicenter, prospec-
tive, phase 2 clinical trial in LT recipients17 showed marked
improvement in the estimated glomerular filtration rate but
overall increases in deaths, graft loss, and acute rejection at
1 year with belatacept versus tacrolimus/MMF. In kidney

transplantation, belatacept does appear to increase the risk
for posttransplant lymphoproliferative disorder, especially in
the central nervous system, and it should not be used in
Epstein-Barr virus2naive patients.18 Sotrastaurin blocks
early T cell activation via the inhibition of protein kinase C.
A phase 2 study in LT recipients is currently ongoing
although it is worth pointing out that further development
of sotrastaurin for the prevention of acute rejection in kidney
transplant recipients has been halted following a higher inci-
dence of efficacy failure at 12 months when compared with
cyclosporine in a phase II study in which all subjects also
received basiliximab, everolimus and prednisone.19

Tolerance/Immunosuppression Withdrawal
The liver is thought to be an immunologically privileged

organ with a lower incidence of rejection (despite less immu-
nosuppression) in comparison with other solid organ trans-
plants. Postulated mechanisms for this increased tolerance
include its sheer size and antigen load as well as the rela-
tively low costimulatory molecule expression of liver-derived
dendritic cells. In addition, the large number of concurrently
transplanted hematolymphopoietic precursor and stem cells
may lead to donor leukocyte microchimerism.20

Therefore, the complete withdrawal of immunosuppres-
sion in adult LT patients has been studied in several non-
randomized trials with a success rate of approximately 20%

FIGURE 1 Illustration showing the activation of a T lymphocyte (via a three-signal pathway) by an antigen-presenting cell. Further details include the specific sites
targeted by the CNIs (tacrolimus and cyclosporine) showing inhibition of IL-2 production. Monoclonal antibodies (basiliximab and daclizumab) target the IL-2 receptor,
whereas sirolimus, everolimus, MPA, MMF, and azathioprine interfere with the proliferative phase in the cell cycle. Abbreviations: AP-1, activator protein 1; IKK, inhibi-
tor of nuclear factor kappa; IL, interleukin; JAK3, Janus kinase 3; MAP, mitogen-activated protein; MHC, major histocompatibility complex; MMF, mycophenolate
mofetil; MPA, mycophenolate sodium; mRNA, messenger RNA; mTOR, mammalian target of rapamycin; NF-jB, nuclear factor kappa B; NFAT, nuclear factor of acti-
vated T cells; PI-3K, phosphoinositide 3-kinase; TCR, T cell receptor. Reprinted with permission from Liver Transplantation.16 Copyright 2005, American Association
for the Study of Liver Disease.

R E V I E W Immunosuppression: Conventions and Controversies Mehta and Hirose

190 Clinical Liver Disease, Vol 2, No 4, August 2013 An Official Learning Resource of AASLD
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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 signi!cantly improved 
by waiting to conceive for >1 year post LT [7]. MMF is associated 
with signi!cant teratogenicity and prescribing providers should be 
aware of the Risk Evaluation and Mitigation Strategy proposed by 
the Food and Drug Administration [8].

INFECTION
"e 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 a#er cardiac death (DCD) allogra#s 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 !rst 6 months. CMV-mismatched patients 
(donor-positive/recipient-negative) are at highest risk; CMV-neg-
ative recipients of negative donor allogra#s 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]. "e duration and agent used for 

fungal prophylaxis is widely dependent on center practice and the 
overall risk of patient exposure to fungi [14]. "ere is no speci!c 
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 !rst 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]. "ose 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 bene!cial [21].

EVALUATION OF ABNORMAL LITS
Abnormal LITs post LT may occur for a variety of reasons, some 
of which include emergencies. "e broad categories include: 
biliary, vascular, and parenchymal complications. "ese will be 
discussed sequentially in depth in the following sections. Unfor-
tunately, classical presentations are o#en the exception rather 
than the rule and as such evaluation should be thorough, given 
that multiple factors may occur concomitantly. While approaches 
may di%er, 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 &ow (Fig.  2). Identi!cation 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 inde!nitely 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 speci!c 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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TABLE 5. UNWANTED SIDE EFFECTS OF IMMUNOSUPPRESSIVES

SIDE EFFECT CORTICOSTEROIDS CNIs mTOR INHIBITORS MYCOPHENOLATE 
MOFETIL

Kidney injury - +++ + (proteinuria) -

Bone disease +++ - - -

Gastrointestinal +/- - - +

Bone marrow  
suppression

- - - +

Pulmonary fibrosis - - + -

Hypercholesterolemia + + +++ -

Diabetes ++ + (tacrolimus) - -

Hypertension + ++ + -

LATE REJECTION 
Late rejection is defined as rejection that has its onset more than 90 days after transplantation. Traditionally, 2 
forms have been recognized: cellular rejection (also known as acute cellular rejection and late-onset rejection) 
and ductopenic rejection (also known as vanishing bile duct syndrome). Both forms of rejection are, until the late 
stages, asymptomatic, and the diagnosis is made through the investigation of abnormal liver tests; the diagnosis 
can be confirmed only on the basis of histology. For both cellular rejection and ductopenic rejection, the Banff 
criteria have been adopted to define the nature and severity.10 Liver tests in patients with late-onset cellular 
rejection show nonspecific abnormalities with a rise in serum bilirubin and aminotransferases. Histologically, 
cellular rejection is characterized by the triad of inflammatory bile duct damage, subendothelial inflammation of the 
portal, central, or perivenular veins, and a predominantly lymphocytic portal inflammatory infiltrate with neutrophils 
and eosinophils in addition. The focus of inflammation may be portal, central, or both, but the central component is 
more prominent and frequently occurs as pure centrilobular necroinflammation (isolated central perivenulitis). Late 
acute rejection differs from early acute cellular rejection by having fewer classic histological features. 

Risk factors leading to late-onset cellular rejection include the following: 

• Reduction of immunosuppression (whether iatrogenic or due to noncompliance). 

• Pre-LT autoimmune liver disease. 

• Concurrent administration of interferon (for HCV treatment). 

The differential diagnosis includes infection, recurrent and de novo autoimmune disease, and drug toxicity; it may 
sometimes be difficult to distinguish cellular rejection from HCV infection, and indeed, the two often coexist. 

In mild cases of cellular rejection, an increase in maintenance levels of immunosuppression may be sufficient, 
whereas in histologically moderate or severe cases, the treatment should be a short course of increased 
immunosuppression (eg, methyl prednisone at 500 mg/day or prednisolone at 200 mg/day for 3 days) followed by 
an increase in the baseline immunosuppression. A full response (defined as a return to normal liver tests) is seen 
in only approximately half of patients, with approximately 25% developing a further episode of cellular rejection and 
25% developing ductopenic rejection. 

FORWARDBACK
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symptoms such asthenia, myalgias, headache, and confusion.
Thus, early blood and urine cultures, as well as chest X-ray or
abdomen computed tomography (CT), should be performed
in any patient in whom an infectious disease is suspected,
even in the absence of fever.8 The diagnostic approach must
be completed on close contact with the transplant center.

Bacterial infections. Bacterial infections are the most fre-
quent, accounting for up to 70% of cases, followed by viral
(20%) and fungal (8%)9,10 (Figure 2). In the mid to long term
after transplant, a frequent bacterial infection is cholangitis, sec-
ondary to the biliary strictures.11 Clinical manifestations include
fever associated with jaundice or pruritus. Alkaline phospha-
tase, g-glutamyl-transpeptidase, and bilirubin, as well as serum
transaminases, are typically increased. Magnetic resonance
imaging of the biliary 3 should be employed to confirm the
diagnosis. The management includes treatment with antibiotics
and endoscopic retrograde cholangiopancreatography sessions
with biliary stenting that should be scheduled directly at the
transplant center.

Community acquired infections. Respiratory tract infec-
tions related to influenza, Streptococcus pneumoniae, and
Legionella are the most common acquired infections and
should be treated as in immune-competent patients, paying
close attention to potential interference between antibiotics
and immunosuppressive drugs. Food-borne infections
caused by Salmonella, Shigella, and Listeria may have a
severe course after liver transplant; thus, they should be
promptly diagnosed and treated with antibiotics.12,13 If
infections from multidrug-resistant organisms are

encountered, the liver transplant team and the infectious
disease specialist must be contacted to determine the cor-
rect clinical management.4

Vaccinations. Live-attenuated vaccines such as measles,
mumps, rubella, varicella-zoster, herpes-zoster, yellow
fever, and tuberculosis are contraindicated after liver trans-
plantation, given the risk of active vaccine-induced infec-
tion.14 Other vaccinations are encouraged in liver-
transplanted patients (Table 1).15,16

! The classic signs or symptoms of infection may be absent
in liver-transplanted patients

! The most common late infections are cholangitis, and
community-acquired bacterial infections

! Vaccinations for influenza and pneumococcus are
encouraged after transplant

Recurrence of Primary Liver Disease
During the long-term follow-up, liver-transplanted patients
should undergo complete blood tests and abdominal ultra-
sound every 6 months. Primary care physicians should be
aware of any abnormality in liver function tests or the
development of imaging abnormalities of the liver. These
features require a prompt evaluation to establish the correct
diagnosis (Figure 3).

Hepatitis C and B. The recent introduction of direct anti-
viral agents to treat hepatitis C led to the complete disap-
pearance of the recurrence of this disease.17 The indefinite

Figure 2 Main etiologies of nosocomial and community-acquired post-liver transplanta-
tion (LT) infections in relation to their time of onset.
CMV = cytomegalovirus; HSV = herpes simplex virus; SR = surgery-related (abdominal
abscesses, wound infections, catheter-induced infections).

Toniutto et al An Essential Guide for Managing Post-Liver Transplant Patients 159
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INFECTIOUS DISEASE 
GENERAL OVERVIEW 

The interval from the third to sixth month after LT is a high-risk period because of the occurrence of infections with 
opportunistic pathogens: herpes viruses (especially CMV, herpes zoster and simplex, and EBV), fungi (including 
Aspergillus and Cryptococcus), and unusual bacterial infections such as Nocardia, Listeria, and mycobacteria. 
The implementation of prophylactic antimicrobials, the avoidance of high-risk exposures, and the minimization of 
immunosuppression may reduce the occurrence of these pathogens.60 After the sixth posttransplant month, the 
risk of infection is lower, and this is related to the reduction of immunosuppression. From 3 to 24 months after LT, 
in the standard-risk LT recipient (ie, no augmented immunosuppression or specific environmental exposures), the 
most common infections are intra-abdominal or in the lower respiratory tract or infections by community-acquired 
pathogens such as enteric gram-negative infections, Streptococcus pneumonia, and respiratory viruses.60 Rare 
infections related to immunosuppression, such as the reactivation of John Cunningham polyomavirus resulting 
in progressive multifocal leukoencephalopathy, are not reviewed here. Table 12 shows an outline of prophylactic 
strategies for countering common organisms that affect LT recipients. Table 4 outlines the drug-drug interactions 
involving anti-infectives and immunosuppressive agents. 

TABLE 12. PROPHYLACTIC STRATEGIES FOR COMMON ORGANISMS  
THAT AFFECT LT RECIPIENTS

ORGANISM AGENT/DOSAGE DURATION COMMENTS

CMV 

Donor-positive/  
   recipient-negative     

Recipient-positive

Valganciclovir (900 mg/day) or 
intravenous ganciclovir 
(5 mg/kg/day)  

Valganciclovir (900 mg/day), 
intravenous ganciclovir, or weekly 
CMV viral load monitoring and 
antiviral initiation when viremia is 
identified

3-6 months

3 months

Valganciclovir is not FDA-approved for 
LT. Prolonged-duration regimens are 
effective in kidney transplantation.

Valganciclovir is not FDA-approved 
for LT.

Fungi Fluconazole (100-400 mg daily), 
itraconazole (200 mg twice daily), 
caspofungin (50 mg daily), or 
liposomal amphotericin 
(1 mg/kg/day)

4-6 weeks? 
(optimal 
duration 
unknown)

Reserve for high-risk individuals 
(pretransplant fungal colonization, 
renal replacement therapy, massive 
transfusion, choledochojejunostomy, 
reoperation, retransplantation, or 
hepatic iron overload).

P. jirovecii (P. carinii) Trimethoprim sulfamethoxazole 
(single strength daily or double 
strength 3 times per week), 
dapsone (100 mg daily), or 
atovaquone (1500 mg daily)

6-12 
months 
(optimal 
duration 
unknown)

A longer duration of therapy should be 
considered for patients on augmented 
immunosuppression. Lifelong therapy 
should be considered for HIV-infected 
recipients.

TB (latent infection) Isoniazid (300 mg daily) 9 months Monitor for hepatotoxicity.

FORWARDBACK
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consisted of 20 patients who received methylprednisolone
1000 mg/day intravenously for three days followed by
baseline dose of 20 mg on 4th day. The response was
significantly more in group A (83% versus 50%, P = 0.03)
with advantage of significantly less infections (55% versus
90%, P = 0.01).

TREATMENT OF STEROID RESISTANT
ACUTE CELLULAR REJECTION

While majority of ACR episodes improve with steroid
therapy or repeat steroid therapy (infrequently needed);
steroid resistant ACR may happen in approximately 10%

Figure 1 Acute cellular rejection: (A) low power view showing portal inflammation with normal parenchyma, (B) high power view of ‘A’ showing
eosiniphils (red colored cells) and ductulitis (circles), (C) ductulitis (red circles) and endothelitis (yellow circles), many plasma cells are visible between 2
yellow circles, (D) Endothelitis.

Figure 2 Chronic rejection: (A) low power view shows atretic portal tracts (red circles) and an area of foamy degeneration, (B) immunohistochemistry
(CK 19) image showing CK 19 staining in only 1 (upper) out of 3 portal tracts (marked by red circles), (C) focal CK19 staining (degenerating duct), (D) no
CK19 staining is visible in this portal tract (within red circle).
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VASCULAR COMPLICATIONS

Kubihal et al. J Clin Exp Hepatol 2023; 13: 854-68. 

posttransplant imagingmay be helpful to evaluate changes
due to graft regeneration.46,47

VASCULAR COMPLICATIONS IN PEDIATRIC
LIVER TRANSPLANTATION

In India, around 1500 to 2000 LT are done every year, with
10% of them being pediatric LT.48 Pediatric patients are
treated with either cadaveric whole liver, reduced size liver,

or split LT or living donor LT.49 Auxiliary LT is type of par-
tial LT, where graft is placed without fully removing native
liver. It is indicated in patients with acute liver failure and
metabolic diseases without cirrhosis, as it allows immuno-
suppression free survival if native liver regenerates.48 How-
ever, auxiliary LT is more challenging with higher rate of
complications. Partial graft transplantation is common
in pediatric patients, which increases complexity of both
donation and transplantation. Donor recipient mismatch

Figure 8 A 37-year-old male patient, presenting with liver function abnormality on 17th postoperative day of liver transplantation. Celiac artery angio-
gram (a) showed non-visualization of hepatic artery (white arrow), and prominent gastroduodenal and splenic artery (white arrowheads). Selective he-
patic artery angiogram (b) revealed small caliber hepatic artery with non-visualization of intrahepatic branches (black arrow). Coil embolization of GDA,
and splenic artery was done (blue arrowhead). Postembolization angiogram (c) showed improved flow through hepatic artery with opacification of in-
trahepatic branches (black arrowhead). Postprocedure improvement in liver function test was noted.

Table 2 Management of Vascular Complications of Liver Transplantation.

Vascular complications Treatment options

Hepatic artery thrombosis (HAT) Early (within 7 days) HAT – retransplantation/surgical
revascularisation > endovascular management.
Early (after 7 days), and Late symptomatic HAT – Endovascular management
is preferred.

Hepatic artery stenosis (HAS) Early HAS - surgical revascularisation > endovascular management.
Late HAS - Endovascular management is preferred.

Hepatic artery pseudoaneurysm Endovascular management is preferred

Hepatic artery rupture Endovascular management/surgery

Portal vein thrombosis (PVT) Early PVT (within 3 days) – surgical revision/
retransplantation > endovascular management.
Early PVT (after 3 days), and Late symptomatic PVT - endovascular
management is preferred.

Portal vein stenosis (PVS) Asymptomatic PVS – managed conservatively with or without systemic
anticoagulation.
Symptomatic or tight PVS - endovascular management is preferred.

Portal vein steal syndrome Prevention - In patients with large portosystemic shunt, or small shunt with
reduced portal blood flow/pressure or portal vein stenosis in preoperative CT
– shunt ligation during surgery is preferred to prevent portal vein steal
syndrome.
Management – Endovascular or percutaneous obliteration of shunt is
preferred.

Hepatic vein, and IVC obstruction Endovascular management is preferred.

Splenic steal syndrome or portal hyper perfusion syndrome Endovascular management is preferred.

CT, computed tomography; HAS, Hepatic artery stenosis; HAT, Hepatic artery thrombosis; IVC, inferior vena cava; PVT, Portal vein thrombosis; PVS,
Portal vein stenosis
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angioplasty group, and 100% in the stent group.33 While
primary stenting is associated with high patency rate
(Figure 4), stenting is often reserved for patients with
incomplete response to angioplasty or restenosis, as stent
within portal vein can hinder retransplantation if required,
and progressive stenosis can be seen in pediatric patients
with increase in age.4,6 Self-expandable stent of size same
as or !10–20% greater than prestenotic segment is
commonly used. In pediatric patients, short length balloon
expandable stent of size >7–8 mm is often preferred
because they can be accurately positioned.34 Though there
is no consensus regarding periprocedural anticoagulation,
systemic anticoagulation is generally recommended
following angioplasty. INR is maintained between 2 and
3. In our practice, unfractionated heparin is initially used
for anticoagulation with close monitoring of coagulation
parameters. This is followed by low molecular weight hep-
arin. Subsequently, depending upon the patency, portal
flow, and. platelet count, the maintenance anticoagulation
is prescribed. DUS is performed every 1–3 months post-
transplant. CT angiography is done when abnormality is

suspected on DUS. Surgical revision or retransplantation
for PVS is rarely required.4,6

Portal Vein Steal Syndrome
Persistent portosystemic shunt causing impaired portal
venous flow is referred as portal steal syndrome.35 Portal
steal syndrome is a rare occurrence after LT, seen in
!0.2% of liver transplant recipient.36 In patients with
adequately sized well-functioning liver graft, more so in
deceased donor liver graft, normalization of portal pres-
sure usually causes spontaneous regression of portosyste-
mic shunts. Persistent high intrahepatic resistance to
portal blood flow in patients with small for size graft, he-
patic congestion, volume overload, and acute rejection
can lead to persistence or increase in portosystemic shunt
following transplantation. In patient with liver donor LT
with split liver graft and small hepatic vascular bed, decom-
pression of portal pressuremay be suboptimal. In addition,
rapid regeneration in living donor LT may further increase
intrahepatic resistance to portal blood flow, resulting in

Figure 4 A 46-year-old female patients presenting with variceal bleeding, 8 months following liver transplantation. Contrast enhanced CT abdomen
(a), and venogram (b) showed portal vein stenosis at the site of anastomosis (white arrow). Primary stenting was done (c, black arrow), following which
good flow was noted with in the portal vein across the anastomosis (d, back arrowhead).
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Endovascular treatment for HAT includes intraarterial
thrombolysis, with or without balloon angioplasty, and
stenting. In comparison with systemic anticoagulation, in-
traarterial thrombolysis has the advantage of high local
thrombolytic concentration, lower thrombolytic dose
required, and minimal systemic side effects or hemorrhage
risk.11,14,15

For endovascular procedure, femoral artery access is
commonly achieved using 5F or 6F sheath. Guide catheter
or sheath is placed in celiac artery or at the origin of com-
mon femoral artery, through which microcatheter and
guidewire is coaxially introduced to selectively catheterize
hepatic artery; 0.014 or 0.018 system is used to reduce
the risk of vasospasm and arterial injury. Additionally,
intra-arterial nitroglycerin through the guide catheter re-
duces the risk of vasospasm. Angiogram is taken to
confirm the diagnosis. After crossing the occlusion, multi-
ple side hole catheter is then placed across the thrombosed
segment for continuous infusion of thrombolytic agent,
either recombinant tissue plasminogen activator (0.5–1
U/hour, maximum dose of 24 U/day) or urokinase. If oc-
clusion cannot be crossed, single end hole catheter can
be placed just proximal to thrombosis, for thrombolytic
infusion. Heparin can be simultaneously infused (1000
U/hour) through the vascular access sheath. Angiography
is repeated after 24 h to look for resolution of thrombosis.

Decision for continuation of thrombolytic therapy is taken
based on the angiographic findings. In case of persistent
thrombosis or narrowing, angioplasty and/or stenting
can be considered.6,13,16

2. Hepatic artery stenosis (HAS)

Hepatic artery stenosis is seen in 4–11% of the trans-
plant patients, and is more common at the site of anasto-
moses.1,4,6

Risk factors for HAS include artery size mismatch,
clamp injury, interrupted vasa vasorum during transplan-
tation, extrinsic compression, graft rejection, ischemic
injury during cold preservation, and prior transarterial
chemoembolization.4

DUS is the first line of investigation in diagnosis of
HAS. DUS findings in HAS include.

a. Prestenotic hepatic artery shows resistivity index of
>0.80. However, one should remember that resistivity
index >0.80 can be seen in normal patients during im-
mediate posttransplant period for first 3 days, which
then gradually normalizes.

b. At the site of narrowing, hepatic artery PSV measures
>200 cm/s and shows turbulent flow. Hepatic artery
PSV >400 cm/s can be seen in patients with >70% nar-
rowing.

Figure 1 A 44-year-old male patient, presenting with graft dysfunction at postoperative day 8 of liver transplantation. Contrast enhanced CT (a), and
digital subtraction angiogram (DSA) (b) showed hepatic artery thrombosis (HAT) (black arrow). Catheter directed thrombolysis (CDT) was done for HAT
(c). DSA at 24 h of thrombolysis (d) showed hepatic artery stenosis (HAS) at the anastomotic site, for which balloon angioplasty was done (e, white
arrowhead). Postangioplasty DSA (f) showed residual HAT (black arrowhead). CDT was continued for 12 h, following which DSA was done which
showed resolution of HAT, and improved hepatic artery flow (h, blue open arrowhead). However, arterial extravasation was noted along the hepatic
cut surface (g, black open arrowhead), for which selective coil embolization was done (h, white open arrowhead).
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Most patients with small APF are asymptomatic and are
incidentally detected on imaging. Patients with large APF
may present with graft ischemia, graft dysfunction, and he-
mobilia.

DUS may be useful in detection of large symptomatic
APF,whichare characterizedby reducedhepatic arterial resis-
tivity index (<0.5), and arterialized and increased portal
venous flow. DUS is not useful in small APF. Diagnostic he-
patic artery angiogram can demonstrate sometimes small
APF.

Small asymptomatic APF are usually left untreated,
considering the risk of hepatic artery dissection or throm-
bosis associated with endovascular manipulation. These
patients are to be carefully monitored so that prompt
embolization can be performed before APF becomes hemo-
dynamically significant or involve large caliber hepatic ar-
tery. Endovascular coil embolization is treatment of
choice in patients with large or symptomatic APF.4,6

IVC AND HEPATIC VEIN COMPLICATIONS

IVC and hepatic vein complications are uncommon and
are seen in less than 2% of transplant patients.25,44

Early complications can be due to donor and recipient
vein size mismatch, kinking, and technical difficulty or er-
ror during transplantation. Late complications are often
due to intimal hyperplasia, or fibrosis, and can also be sec-
ondary to extrinsic compression by growing split liver
graft, hematoma, collection, or abscess.1,4,6

Hepatic vein stenosis or thrombosis can have varied pre-
sentation. Some patients may be asymptomatic with
normal liver function, while others present with Budd
Chiari syndrome, impaired liver function, portal hyperten-
sion, and cirrhosis. Symptoms in IVC stenosis or throm-

bosis depend on level of obstruction. Patients with
suprahepatic IVC obstruction often present similar to he-
patic vein obstruction, and patients with IVC obstruction
below the level of hepatic veins can present with lower
limb edema, ascites, and engorged abdominal wall veins.4

On DUS, diagnosis of hepatic vein or IVC stenosis is
made by reduced flow in hepatic veins and/or IVC, with
loss of bi- or tri-phasic pattern, and turbulent flow at the
site of stenosis. IVC or hepatic vein thrombosis is seen as
intraluminal echogenic contents with absent flow. CECT
can help confirm the diagnosis.4

Endovascularmanagement is preferred treatment option
in patients with hepatic vein or IVC complications. Transju-
gular or transfemoral approach is commonly used to access
hepatic veins or IVC.6 In patients with piggy back anasto-
mosis, transjugular approach allows easy access into hepatic
veins, and inpatients with caval interposition, either transju-
gular or transfemoral approach can be used.5 Venogram is
obtained to confirm the diagnosis, and pressure gradient
across the stenosis is measured. Gradient of >3 mmHg is
considered pathological, and gradient of >10mmHg is often
considered to be hemodynamically significant.3,4 Balloon
angioplasty (Figure 6) is associated with high technical suc-
cess rate approaching 100%, and low complication rate.4

Metallic stenting is often reserved for patients with recurrent
or residual stenosis. Considering that many patients often
require repeated balloon angioplasty and high patency rate
associated with metallic stenting, some authors suggest pri-
mary stenting (Figure 7) as the viable option.3–5 Surgical
revision can be considered when endovascular treatment is
unsuccessful, particularly in patients with early
complications where stenosis can be due to kinking, or
torsion, at the site of anastomosis.13 In patients with severe
graft dysfunction, retransplantation can be considered.6

Figure 6 A 40-year-old male patients presenting with refilling ascites at 18 months following liver transplantation. Venogram (a) showed tight stenosis at
suprahepatic segment (white arrow) with trans-stenotic pressure gradient of 11 mmHg. Balloon angioplasty was done using 20 mm balloon catheter (b,
black arrowhead). Postprocedure venogram (c) revealed improved flow through the IVC (black arrow), with reduction in trans-stenotic gradient to 3mmHg.
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angioplasty group, and 100% in the stent group.33 While
primary stenting is associated with high patency rate
(Figure 4), stenting is often reserved for patients with
incomplete response to angioplasty or restenosis, as stent
within portal vein can hinder retransplantation if required,
and progressive stenosis can be seen in pediatric patients
with increase in age.4,6 Self-expandable stent of size same
as or !10–20% greater than prestenotic segment is
commonly used. In pediatric patients, short length balloon
expandable stent of size >7–8 mm is often preferred
because they can be accurately positioned.34 Though there
is no consensus regarding periprocedural anticoagulation,
systemic anticoagulation is generally recommended
following angioplasty. INR is maintained between 2 and
3. In our practice, unfractionated heparin is initially used
for anticoagulation with close monitoring of coagulation
parameters. This is followed by low molecular weight hep-
arin. Subsequently, depending upon the patency, portal
flow, and. platelet count, the maintenance anticoagulation
is prescribed. DUS is performed every 1–3 months post-
transplant. CT angiography is done when abnormality is

suspected on DUS. Surgical revision or retransplantation
for PVS is rarely required.4,6

Portal Vein Steal Syndrome
Persistent portosystemic shunt causing impaired portal
venous flow is referred as portal steal syndrome.35 Portal
steal syndrome is a rare occurrence after LT, seen in
!0.2% of liver transplant recipient.36 In patients with
adequately sized well-functioning liver graft, more so in
deceased donor liver graft, normalization of portal pres-
sure usually causes spontaneous regression of portosyste-
mic shunts. Persistent high intrahepatic resistance to
portal blood flow in patients with small for size graft, he-
patic congestion, volume overload, and acute rejection
can lead to persistence or increase in portosystemic shunt
following transplantation. In patient with liver donor LT
with split liver graft and small hepatic vascular bed, decom-
pression of portal pressuremay be suboptimal. In addition,
rapid regeneration in living donor LT may further increase
intrahepatic resistance to portal blood flow, resulting in

Figure 4 A 46-year-old female patients presenting with variceal bleeding, 8 months following liver transplantation. Contrast enhanced CT abdomen
(a), and venogram (b) showed portal vein stenosis at the site of anastomosis (white arrow). Primary stenting was done (c, black arrow), following which
good flow was noted with in the portal vein across the anastomosis (d, back arrowhead).
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BILIARY COMPLICATIONS 
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Figure 1 Biliary complications after liver transplantation.
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Table 1 Incidence and time of appearance of biliary complications after liver transplantation

Complications Location Incidence rate Time of incidence

Anastomotic stricture 4–9% Distinguished in early and late.  
Mostly in the first year after OLT,  

but even after more than 10 years

Non-anastomotic  
stricture

2–20% Early (in the first year): ischemic.  
Late (after the first year):  

immunomodulation

Biliary leak 1–25% Early (within 3 months): local  
ischemia or surgical complication.  

Late: removal of the T-tube

Biloma

Extrahepatic Intrahepatic

Late

Sphincter of Oddi  
disfunction

2–5% Median of 35 weeks  
(principally caused by operative  

denervation of the sphincter)

leading to long-term repeated therapies including 

endoscopic, percutaneous and surgical procedures. BCs 

incidence rate after LT is reported to range from 5% 

to 20%. Although most of them occur in the first three 

months, they may also appear several years after LT (2). 

Between BCs, the most frequent are anastomotic 

strictures (ASs), non-anastomotic strictures (NAS), and 

biliary leakage (Figure 1 and Table 1). Ischemic-type biliary 

lesions, sphincter of Oddi dysfunction (SOD), haemobilia 

and biliary obstruction by cystic duct mucoceles, stones, 

sludge, or casts are observed less frequently (3). 

Therapeutic options include endoscopic techniques [i.e., 

endoscopic retrograde cholangiopancreatography (ERCP)], 
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should be pursued with more de!nitive 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 shi"s 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 o"en 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 speci!city to diagnose biliary tract 
disease, but may be the only clinical sign [25]. Lower bilirubin  
levels argue against signi!cant biliary tract disease [26]. US is 
o"en considered the !rst diagnostic test of choice to evaluate the 
presence of biliary pathology, but has low sensitivity (29–70%) 
and speci!city (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 speci!city 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 !rst. 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 !ndings.

If MRCP is negative, it is additionally debatable whether one 
should proceed with diagnostic ERCP or !rst 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 e#ect, 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]. $ey tend to occur early in the 
post-LT period; typically within the !rst 6 months, therea"er 
decreasing in incidence [24, 33]. Non-anastomotic strictures are 
likely the sequelae of hepatic arterial insu%ciency, prolonged 
ischemic times, and/or immunologic mechanisms [24, 33, 34]. 
$ey tend to occur slightly later in the post-LT period but with 
increasing incidence during the !rst 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 con!rmation of thera-
peutic immunosuppression. Doppler US is a cheap and quick insensitive test to evaluate for parenchymal, vascular, or biliary disease. De!nitive 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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LONG TERM COMPLICATIONS 

-Chronic Rejection
-Chronic Kidney Disease

-Hypertension
-Diabetes 

-Dyslipidemia
-Obesity

-Cardiac Disease 
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CHRONIC REJECTION 

Angelico et al. World J Gastroenterol 2021; 27: 7771-83. 

Angelico R et al. Chronic rejection in liver transplantation
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Figure 1 Chronic rejection in a nutshell.

ROLE OF DONOR SPECIFIC ANTIBODIES
DSAs can either be existent before LT (preformed), and may disappear or persist, or 
they can be generated de novo after LT. Generally, preformed DSAs are more closely 
correlated to acute rejection, while de novo DSAs are more tied to AMCR[8,11]. De novo 
DSAs may appear in 0.4%-8% of patients 1 year after LT. O’Leary et al[4] showed that 
the prevalence of de novo DSAs was 62% in patients with CR and 38% in patients 
without CR (P = 0.047). In the same study, the difference was even more significant 
within the first year after LT, where DSAs were found in 44% and 13% of patients with 
and without CR, respectively (P = 0.004)[4]. The positivity of DSAs have been 
associated with higher mortality after LT. On the other hand, recently Feng et al[5] 
published the long-term results of IS withdrawal in 12 paediatric patients and reported 
the absence of fibrosis or inflammation in protocol biopsies, despite the presence of 
DSAs in nine recipients.

In this scenario, nowadays, a major goal in the field of transplant immunology is to 
understand the role of serum DSAs in LT recipients with normal LFTs. Recently, Höfer 
et al[12] correlated DSA testing with liver allograft histological findings in patients 
with normal graft function, aiming to screen for subclinical rejection/fibrosis in a 
prospective biopsy-based program. Their results indicated that DSA positivity was 
associated with greater graft inflammation [odds ratio (OR): 5.4] and fibrosis (OR: 4.2) 
and to histological criteria that excluded the possibility of the minimization of im-
munosuppression (in 92%-97% of cases). On the other hand, DSA seronegativity could 
predict the absence of fibrosis in 87%-99% of cases. Therefore, the authors suggest that 
DSA testing can help to preselect patients for IS reduction in case of DSA negativity, 
while DSA positivity should prompt further studies using elastography or liver biopsy 
for the assessment of subclinical graft injury. In the same German study, another non-
invasive biomarker, namely cytokeratin-18 cell death marker (M65), was investigated 
for liver damage; however, it had no diagnostic value for the detection of subclinical 
liver graft injury. Interestingly, studies have suggested that DSA seropositivity can 
also accelerate the progression of fibrosis in patients with hepatitis C virus (HCV) 
recurrence[13].

These data indicate that serum DSA monitoring in post-liver transplant follow-up 
may be highly helpful, especially in patients in whom IS minimization is attempted, as 
in those with long-term graft dysfunction.

In 2017, the Consensus on Managing Modifiable Risk in Transplantation (COMMIT) 
Group, an expert panel of transplant clinicians who provide practical recommend-
ations for the identification and management of modifiable risk factors to maximize 



CHRONIC KIDNEY DISEASE 

Sharma et al. Adv Chronic Kidney Dis 2015; 22: 404-11. 
Figure 3. 
Conceptual model for post-LT chronic kidney disease
This figure displays the risk factors and various hits from pre-transplant to post-transplant 
period resulting in kidney injury and the burden of chronic kidney disease.
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METABOLIC SYNDROME AND CARDIAC DISEASE

Izzy et al. Am J Transplant 2022; 22: 2740-58. Figure 3. 
The elements of multidisciplinary care for liver transplant recipients with established cardiac 
disease
This figure summarizes the necessary measures that should be followed to optimize 
outcomes in liver transplant recipients with cardiac disease. These measures surround 
metabolic syndrome, chronic kidney disease, and surveillance of cardiac disease.
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BONE DISEASE 

Kumar et al. J Clin Exp Hepatol 2023; 13: 1130-39. 

All bisphosphonates have only minimal interactions
with common transplant drugs and are safe to prescribe
in post-liver transplant setting. Ibandronate and risedro-
nate by virtue of better safety profile, are often considered
as first line options in a post-transplant patient.48

Gastrointestinal side effects, hypocalcemia, infusion
reactions of parenteral drugs, and musculoskeletal pains
are among the common adverse effects to watch out for
in patients on bisphosphonates.49 Although both oral
and parenteral agents are not associated with de novo

renal injury, parenteral bisphosphonates are contraindi-
cated in patients with chronic kidney disease stage 4 and
5.50,51

PTH Analogues
Though elevated PTH levels cause increased bone resorp-
tion as in hyper-parathyroid states, teriparatide a recombi-
nant fragment of PTH (hPTH 1–34) given subcutaneously
as a low dose daily administration conversely causes bone
formation.52

Figure 2 Evaluation of bone health in a liver transplant recipient. BMD, bone mineral density; DXA, Dual energy X-ray absorptiometry.

BONE HEALTH AFTER LIVER TRANSPLANTATION KUMAR ET AL
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The gastroenterologist’s guide to management of the post-liver transplant patient

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 !rst 
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.

#e 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 di$cult 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]. 
#e median rate of relapse to any drinking is 261 days, and while 
overall gra% survival is lower in patients who drink it is not statis-
tically signi!cantly 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 su&ering 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. #e exact role expected of each may be blurred but 
communication between providers is essential to ensure the deliv-
ery of optimal care. #e 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 !rst 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 speci!c guideline 
PMNs managed as per non-LT

Renal 0.1 8.71 Urinalysis

Esophagus 0.1 22.69 No speci!c guideline

Stomach 0.07 10.90 No speci!c guideline

Small Intestine 0.03 14.44 No speci!c guideline

PTLD/lymphoma 1.2 52.90 No speci!c guideline
aThere is signi!cant practice variation based on LT center.
CT computed tomography, MRI magnetic resonance imaging, LT liver transplantation, PSA prostate-speci!c antigen, PSC primary sclerosing cholangitis, IBD in"ammatory 
bowel disease, PTLD post-transplant lymphoproliferative disorder, IPMN intraductal papillary mucinous neoplasm



PTLD

Janeela et al. J Clin Exp Hepatol 2024; 14: 101286. 
remission (CR), no additional therapy may be required.
These patients are closely monitored for graft rejection.40

Rituximab
Rituximab (monoclonal antibody against CD20) mono-
therapy has a role in the treatment of CD20-positive
PTLDs with remission rates ranging from 44% to 65%.
The British Society for Hematology recommends rituxi-
mab monotherapy in individuals diagnosed with CD20-
positive PTLD with poor response to initial therapy with

RIS. In patients who achieve CR or complete metabolic
remission (CMR) after four cycles of weekly standard-
dose rituximab, four further three-weekly cycles is recom-
mended.40 However, some patients on or after rituximab
therapy may require chemo-immunotherapy.

Chemotherapy
For CD20-positive PTLD, chemotherapy is combined with
rituximab. R–CHOP (rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone) is the

Figure 2 Algorithm of diagnosis and management of PTLD.

POST-TRANSPLANTATION LYMPHOPROLIFERATIVE DISORDER (PTLD) – IN THE LIVER TRANSPLANT RECIPIENT JANEELA ET AL
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VACCINATION POST LIVER TRANSPLANT 

Ballester et al. JHEP Reports 2023; https://doi.org/10.1016/j.jhepr.2023.100776.

Hepatitis a vaccination
Impact of acute hepatitis a in CLD
As noted above, acute viral hepatitis on the background of
cirrhosis can lead to decompensation or ACLF. Relatively few
studies have specifically evaluated the impact of hepatitis A virus
(HAV) superinfection in CLD, and most have focused on under-
lying chronic viral hepatitis. Vento S et al. reported an incidence
of HAV superinfection of 4% in a cohort of patients with chronic
hepatitis C. Of these, 40% developed acute liver failure and 35%
died.46 Similarly, another study of 20 cases of acute hepatitis A
superimposed on hepatitis B surface antigen carriers showed
that 55% of cases developed fulminant or submassive hepatitis47

(Table 2).

Immunological efficacy of hepatitis a vaccination in CLD and
post-LT
There are two vaccines currently available for HAV, Havrix
and Vaqta. Seroconversion rates of two-dose inactivated hep-
atitis A vaccine seem to be adequate (94-98%) in patients with
non-advanced stages of CLD;48 however, antibody titres are
lower in patients with CLD than in controls.48,49 Moreover,
responses are decreased in decompensated cirrhosis, with rates
falling to 71% for Child-Pugh B and 57% for Child-Pugh C
cirrhosis.50

In LT recipients, seroconversion is low (8%, 19% and 26% at 1, 6
and 7 months). Longer time from transplant seems to be asso-
ciated with higher seroconversion rates, as well as other

Table 1. Recommended immunization schedule in patients with CLD or LT recipients.

Vaccine Liver transplant recipients Patients with chronic liver disease

Hepatitis B All patients should receive:
- 2-dose Heplisav-B 4 weeks apart, or
- 3-dose Engerix-B, Recombivax-HB or Twinrix at 0,
1 and 6 months

Hepatitis A All patients in Europe and United States should receive:
- 2 doses of Havrix 6 to 12 months apart, or
- Vaqta 6 to 18 months apart, or
- 3 doses of Twinrix at 0, 1 and 6 months

Pneumococcal All patients should receive 1 dose of PCV13 fol-
lowed by 3 doses of PPSV23 at:
- >−8 weeks after PCV13,
- >−5 years after the previous,
- when they turn 65 years (>−5 years apart from
the second PPSV23 dose)

Patients between 19-64 years should
receive 1 dose of PPSV23.
Patients >64 years should receive 1 dose
of PPSV23 at least 1 or 5 years after
PCV13 or PPSV23, respectively

Influenza inactivated Adult patients should receive 1 dose annually
Zoster live attenuated
(Zostavax)

Not recommended Vaccination might be indicated if benefit
of protection outweighs risk of adverse
reaction in specific patient

Zoster recombinant (Shingrix) Not recommended. If given, it should be
administered before LT

Patients >−50 years should receive 2 doses
2-6 months apart, regardless of previous
herpes zoster or history of zoster live
vaccine

Tetanus, diphtheria and
pertussis

All patients should receive 1 dose of Tdap, then Td
or Tdap booster every 10 years

Measles, mumps and rubella Not recommended. It should be given before LT Patients with no evidence of immunity
and born in 1957 or later should receive 1
or 2 dose(s) depending on indication

Human papillomavirus All patients should receive 3 doses through age
26

Adult patients should receive 2 or 3 doses
through age 26 depending on age at
initial vaccination

Meningococcal ACWY and B Recommended for adults with an additional risk
factor/indication, e.g. anatomical or functional
asplenia, haematopoietic stem cell transplant
or other additional factors

Haemophilus influenzae Recommended for adults with an additional risk
factor/indication, e.g. anatomical or functional
asplenia, haematopoietic stem cell transplant or
other additional factors

COVID-19 vaccine Adult patients should receive:
- 3 doses of Pfizer-BioNTech mRNA, or
- 3 doses of Moderna mRNA, or
- 2 doses of Novavax Adjuvanted, or
- 1 dose of Janssen Adenoviral vector followed
by mRNA vaccine; all followed by booster
dose of mRNA vaccines >−2 months after
primary series

Adult patients should receive:
- 2 doses of Pfizer-BioNTech mRNA, or
- 2 doses of Moderna mRNA, or
- 2 doses of Novavax Adjuvanted, or
- 1 dose of Janssen Adenoviral vector;
all followed by booster dose of mRNA
vaccines >−2 months after primary
series

Modified from: Advisory Committee on Immunization Practices. Recommended Adult Immunization Schedule for ages 19 years or older, United States, 2022. Centers for
Disease Control and Prevention. Available at:https://www.cdc.gov/vaccines/schedules/hcp/imz/adult-conditions.html (Accessed on November 1st, 2022) and American As-
sociation for the Study of the Liver Disease Expert Consensus Statement: COVID-19 clinical best practice advice for hepatology and liver transplant providers. Available at:
https://www.aasld.org/sites/default/files/2022-10/AASLD%20COVID-19%20Guidance%20Document%2010.06.2022F.pdf
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TABLE 1.
Recent COVID therapeutics: brief summary

Therapy Route Indications Comments

Sotrovimab IV or IM Early outpatient treatment Effective against BA.1, BA.1.1; reduced activity vs BA.2
Bebtilovimab IV Early outpatient treatment Effective against BA.1, BA.1.1, BA.2
Nirmatrelvir/ritonavir Oral Early outpatient treatment Potentially severe drug-drug interactions
Molnupiravir Oral Early outpatient treatment Not for use in pregnancy
Remdesivir (3-d outpatient course) IV Early outpatient treatment Logistics may be challenging
Convalescent plasma IV  Early use of high-titer plasma showed benefit
Tixagevimab/cilgavimab IM Pre-exposure prophylaxis More active against BA.2 than BA.1 or BA.1.1

COVID, coronavirus disease.

COVID-19 vaccine was found to confer some degree of 
protection but much less than in the general population.17 
This has stimulated interest in passive immunotherapy for 
treatment or prophylaxis of immunocompromised indi-
viduals, either in the form of laboratory-produced mAbs 
or convalescent plasma from individuals with COVID-19 
who have recovered (see below).

The !rst introduction of SARS-CoV-2 mAbs, starting 
with bamlanivimab in November 2020, was for treatment 
of early COVID-19 infection. Casirivimab/imdevimab, 
bamlanivimab-etesevimab, sotrovimab, and most recently 
bebtelovimab have followed successively. In the United 
States, these agents received emergency use authorizations 
(EUAs) from the US Food and Drug Administration (FDA), 
for early treatment of outpatients who had risk factors for 
severe illness, who had mild-to-moderate symptomatic 
COVID-19, who were not hypoxemic, and were within 10 
d of symptom onset (now 7 d). In some countries, use was 
restricted to inpatients. Although the original clinical tri-
als of these agents did not include many immunocompro-
mised patients, it is likely that this group bene!ts the most 
from mAb therapy, given their immunocompromise and 
suboptimal responses to COVID vaccines.11 Retrospective 
studie summarized below suggest that mAb treatment in 
SOT recipients is associated with reduced risk of hospitali-
zation, reduced likelihood of progression to severe infec-
tion, and probably reduced mortality.11 However, with 
the constantly evolving landscape of the pandemic, and a 
succession of new dominant variants, the utility of each 
monoclonal has changed over time. For example, bam-
lanivimab was originally administered by itself, then later 
when it was no longer effective as a single agent, was given 
together with etesevimab, and ultimately was not used at 
all. With the advent of the Omicron variant, starting in 
December 2021, most of the existing mAbs were found to 
have greatly reduced activity, with the exception of sotro-
vimab. Sotrovimab is active against the Omicron BA.1 and 
BA.1.1 subvariants, and previous variants, but has reduced 
activity against the BA.2 subvariant, so after BA.2 became 
the dominant variant, the FDA has revoked the EUA of 
sotrovimab throughout the United States. As of this writ-
ing, in April 2022, only bebtelovimab, which has activity 
against BA.2, has an EUA for early outpatient treatment in 
the United States.

All of these mAbs are antispike antibodies that bind to 
the receptor-binding domain of the SARS-CoV-2 spike pro-
tein, and thus interfere with the virus’s entry into the cell. 
Bamlanivimab, casirivimab, imdevimab, and etesevimab 

bind in such a way to interfere with the ACE-2 receptor, 
whereas sotrovimab binds to a more highly conserved site 
on the receptor-binding domain and does not interfere 
with the ACE-2 receptor. It has been thought that sotro-
vimab was likely to be more resilient to variants because 
of binding to this highly conserved site, which also renders 
sotrovimab active against other sarbecoviruses, including 
the original SARS-CoV-1 virus as well as Middle East res-
piratory syndrome coronavirus.28

Although clinical trial data in SOT recipients were lack-
ing, the uptake of mAb therapy in the transplant commu-
nity was immediate and enthusiastic. Thus, what is known 
about bene!ts and risks of mAb in SOT recipients comes 
largely from retrospective, mostly single-center studies, 
well summarized as of October 2021 in a review by Dhand 
and Razonable.11 Early on, Dhand et al29 reported on 10 
SOT recipients who had received bamlanivimab, and in 
a separate report, casirivimab/imdevimab,30 under EUA. 
None progressed to severe disease or required hospitali-
zation.29,30 Yetmar et al31 reported on 73 SOT recipients, 
approximately three-fourths of whom received bam-
lanivimab and the rest casirivimab/imdevimab, through 
January 2021. Nine (12.3%) required hospitalization and 
only 1 required intensive care unit (ICU) admission; none 
required mechanical ventilation and there were no deaths 
or episodes of rejection.31 Other groups have reported 
similar results, with no evidence of rejection or severe 
adverse events related to mAb administration, and overall 
a low rate of hospitalization and progression to severe dis-
ease.32-41 Klein et al42 also pointed out that unfortunately, 
Black and Hispanic patients were less likely to receive 
mAbs for early COVID, and were more likely to require 
hospitalization. In over half of these patients, the reason 
for not receiving mAbs was either having symptoms for 
>10 d, or already requiring hospitalization.42 In any case, 
these results highlight the health inequities that were evi-
dent throughout the pandemic and indicate a pressing 
need for systems to make early treatment more accessible 
to all who are eligible.

An inherent dif!culty of these retrospective studies is the 
absence of a truly comparable control group.11 If contem-
poraneous patients are chosen, those who did not receive 
mAbs did not receive it for a reason (eg, not meeting cri-
teria, refusal, logistics, and limited supply), and this group 
may not have been comparable to the group that did receive 
mAbs. And if historical controls are chosen (eg, before the 
availability of mAbs), this introduces the problem of chang-
ing management between different eras, and sometimes 
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Rates may have improved over time as a result of 
better management of immunosuppression and risk 
factors (Table 3) associated with pre-eclampsia. Pre-
eclampsia is the main contributing factor for preterm 
delivery in LT recipients.(47,57) The pathophysiology 

behind this is not entirely understood, although the va-
soconstrictive effects of calcineurin inhibitors, chronic 
corticosteroid use, and increased incidence of base-
line hypertension and renal dysfunction are important  
factors.

FIG. 3. The complex interplay between maternal, graft, and fetal outcomes.
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FIG. 4. Proposed management scheme of pregnancy after LT.



IMMUNOSUPPRESSION AND PREGNANCY 

care provider if you are thinking about getting pregnant
to learn about these risks. You might need to receive
some tests and treatments to lower these risks before
you get pregnant. Your provider may also change your
medications to ones that are safe in pregnancy. Close
follow-up with a high-risk obstetrician may also be
needed during your pregnancy.

Question: Can I get pregnant after liver
transplant?

Answer: Yes, most women can have healthy pregnan-
cies after liver transplant. Regular periods usually return
by 1 year after liver transplant, but periods can start
within weeks of your transplant surgery. That means
that pregnancy can happen very soon after your
transplant. There are increased risks for you and the
baby if your pregnancy is unplanned or happens within
the first year after liver transplant. It is therefore
recommended that women wait at least 1 year after
liver transplant and have at least 6 months of stable liver
tests before getting pregnant. Before that time, it is very
important to use contraception if you are sexually active
and you want to avoid a pregnancy.

Question: Will pregnancy affect my
transplanted liver?

Answer: There is no increased risk of liver failure with
pregnancy after liver transplant. However, rejection (or
problems with your body attacking the new liver) is more

common in pregnancies that happen within the first year
after liver transplant.

Question: Does having a liver transplant affect
pregnancy?

Answer: There are increased pregnancy risks in
women who have a liver transplant. These include
high blood pressure and related issues like pre-
eclampsia, bleeding after delivery, cesarean deliv-
eries, low birth weight babies, and early delivery.
Because of these risks, close follow-up with your
transplant provider and a high-risk obstetrician (also
known as a maternal-fetal medicine specialist) is
important during pregnancy.

Question: Will my transplant medications
change during pregnancy?

Answer: Most transplant medications are safe in
pregnancy, but some are not (Table 11).
Mycophenolic acid products (ie, CellCept or Myfortic)
cannot be used in pregnancy because they cause
miscarriage and birth defects. These medications
should be stopped at least 6 weeks before trying to
get pregnant. Your health care provider can replace
that medication with ones that are safe in pregnancy,
such as azathioprine or 6-mercaptopurine if needed.
Steroids, cyclosporine and tacrolimus can be used in
pregnancy. Drug levels should be checked every 2–4
weeks during pregnancy. The medications sirolimus

TABLE 10 Medications for cirrhosis management

Medication Pregnancy Breastfeeding Comments

Propranolol OK OK Of these, propranolol is favored for use in pregnancy and
breastfeeding

Nadolol OK OK

Carvedilol Not OK Not OK

Fluoroquinolones (ie, ciprofloxacin) Not OK OK —

Note: This information reflects general practice. The specific risks and benefits of these medications should be discussed with your health care provider.

TABLE 11 Medications in liver transplant recipients

Medication Pregnancy Breastfeeding Comments

Azathioprine OK OK

Cyclosporine OK OK

Everolimus Not OK Not OK Associated with low birth weight and preterm birth

Mycophenolic acid products Not OK Not OK High risk of miscarriage and birth defects. Stop using 6 wk before
conception

Prednisone OK OK

Sirolimus Not OK Not OK Associated with low birth weight

Tacrolimus OK OK Associated with high blood pressure, pre-eclampsia, and preterm birth

Note: This information reflects general practice. The specific risks and benefits of these medications should be discussed with your health care provider.
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after LT has also been associated with medication 
nonadherence and allograft rejection. Hepatic steato-
sis on imaging or abnormal laboratory tests such as 
liver biochemistries, thrombocytopenia, and macrocy-
tosis may be signs of return to alcohol use and/or early 
allograft damage. In a multicenter French study, 35% 
of patients with severe alcohol relapse developed re-
current alcohol- associated cirrhosis, with a cumulative 
probability of decompensation of 24% at 5 years, 50% 
at 10 years, and 70% at 15 years after LT.[8] The main 
cause of death was liver failure, with risk of death of 
34% at 1 year, 62% at 5 years, and 79% at 10 years 
after the diagnosis of cirrhosis.

These outcomes highlight the need for comprehen-
sive psychosocial evaluation and relapse prevention 
plans in the peritransplantation period, and ongoing 
support for patients in the long term to prevent return 
to hazardous alcohol use which may threaten allograft 
longevity. LT recipients require ongoing medical, clin-
ical, and psychosocial monitoring after LT. Patients 
undergoing transplantation for alcohol- associated hep-
atitis are recommended to begin addiction treatment 

as soon as medically feasible, and programs are en-
couraged to establish structured posttransplantation 
follow- up mechanisms including dedicated addiction 
specialists or mental health professionals for longitu-
dinal management, robust monitoring for alcohol slips 
or relapse, routine laboratory testing for alcohol use 
(e.g., phosphatidylethanol, urine ethyl glucuronide) for 
at least 2 years, and provision of resources to assist pa-
tients with recovery in the event of alcohol relapse.[9]

NONALCOHOL-  RELATED FATTY 
LIVER DISEASE

All LT recipients are predisposed to metabolic syn-
drome and allograft steatosis. This is largely due to the 
universal use of immunosuppression medications such 
as corticosteroids, calcineurin inhibitors, and mamma-
lian target of rapamycin (mTOR) inhibitors, which are 
associated with insulin resistance, hypertension, obe-
sity, and hyperlipidemia.[10] In a large longitudinal study 
from Mayo, the 10- year rate of allograft steatosis was 
78% in those transplanted for nonalcohol- related stea-
tohepatitis (NASH) and 45% in those transplanted for 
other indications.[11]

Risk factors for recurrent nonalcohol- related fatty 
liver disease (NAFLD) include higher body mass 
index, PNPLA- 3 non- CC genotype, diabetes mellitus, 
posttransplantation hypertriglyceridemia, and pan- 
hypopituitarism.[10] The diagnosis for allograft steatosis 
can be established by imaging techniques such as ul-
trasound or MRI. However, a diagnosis of steatohepati-
tis requires liver biopsy for confirmation and should be 
pursued to distinguish it from steatosis.

The management of recurrent NAFLD is similar 
to that of pretransplantation NAFLD with weight loss 
being a critical component. Alternatively, patients 
should be advised early after LT to avoid weight gain. 
Patients generally tend to lose weight with the trans-
plantation process but then gradually gain weight, 
most markedly within the first year after LT. Treatment 
of metabolic syndrome should be optimized to target 
blood pressure of 130/80 mm Hg, low- density lipopro-
tein <100 mg/dl, and HbA1C <7%. Pharmacotherapy, 
including vitamin E, has not been specifically stud-
ied in the post- LT population and recommendations 
for their use are extrapolated from the non- LT NASH 
population. The use of such medications is compli-
cated by potential drug– drug interactions with im-
munosuppressive agents and adverse risk profiles. 
Ideally, fibrosis assessment should be performed 
every 2– 3 years via noninvasive techniques such as 
transient elastography. The estimated rate of fibro-
sis progression in those with de novo NAFLD is one 
stage of fibrosis every 2.5 years, which is significantly 
faster than what has been described in the pretrans-
plantation setting of NAFLD.[10,11]

TA B L E  1  Disease recurrence rates after LT

Etiology of 
Liver Disease Subtype

5- year 
recurrence 
rate

Hepatitis 
B[15] (with 
HBIG and 
nucleotide 
analogs)

Positive HBV DNA 0%– 20%

Hepatitis C[21] 
(before DAA)

Histologic recurrence 95%

Cirrhosis 20%– 40%

Fibrosing cholestatic 
hepatitis

2%– 5%

Hepatitis C[25] 
(after DAA)

Virologic relapse 0.8%

Fibrosing cholestatic 
hepatitis

0.5%

Alcohol[6] Any alcohol use 42%

Binge- pattern alcohol use 26%

Frequent alcohol use (≥2 
drinks/day)

20%

Alcohol- associated 
cirrhosis in patients 
with severe relapse

35.2%

NAFLD[11] Recurrent 60%

De novo 35%

Autoimmune hepatitis 35%– 65%

PBC[34] 20%

PSC[31] 20%

Hepatocellular carcinoma[43] 11%– 18%

Abbreviations: DAA, direct- acting antiviral therapy; HBIG, hepatitis B 
immunoglobulin; HBV, hepatitis B virus; LT, liver transplantation; NAFLD, 
nonalcohol- related fatty liver disease; PBC, primary biliary cholangitis; PSC, 
primary sclerosing cholangitis.
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