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The survival of liver transplantation (LT) recipients has been improved remarkably in short-term. The major
causes of mortality in long-term include nonimmunological causes such as cardiovascular, de novo malignancy,
chronic kidney disease, and recurrence of primary disease. Rejection-related mortality is rare in the long-term
after LT. We discuss nonrejection causes of long-term morbidity/mortality, risk factors, and management stra-
tegies in LT recipients. In addition, we discuss osteoporosis, contraception, and pregnancy in LT recipients. ( J
CLIN EXP HEPATOL 2021;11:239–253)
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The main causes of long-term mortality in liver
transplantation (LT) recipients are nonimmuno-
logical. The four main categories of long-term

morbidity/mortality are cardiovascular, de novo malig-
nancies (DNMs), chronic kidney disease (CKD), and recur-
rence if pretransplantation disease. Some of risk factors of
these issues are modifiable. It is important to identify pa-
tients at risk early, so that prevention can be attempted.
Osteoporosis and contraception/pregnancy are not related
to mortality but are important issues for well-being. We
discuss these issues, risk factors, and management strate-
gies in the current review.
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CARDIOVASCULAR DISEASES

Although cardiovascular diseases (CVDs) during perioper-
ative or early postoperative period are mainly due to pre-
transplantation risk factors and/or perioperative
complications, CVD events long-term after LT are related
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to posttransplantation metabolic syndrome (PTMS).
CVD is one of major causes of morbidity and mortality af-
ter LT.1,2 In a study of 4483 adult primary LT recipients
(the United Kingdom transplant database) surviving 1
year or more, cardiac disease contributed to 8.7% of
deaths.2 A systemic review of 29 studies (n = 57,493) pa-
tients showed that incidence rates of cardiovascular out-
comes varied from 1% to 41% at 6 months (or shorter)
and 0%–31% for outcomes at > 6 months. Multivariate an-
alyses showed that older age and history of cardiac disease
were the most consistent predictors of cardiovascular
events after transplantation. However, definitions of car-
diovascular outcomes were highly inconsistent across the
studies.3 Another meta-analysis of 12 observational studies
(n = 4792) with 28,783 person-years follow-up showed that
10-year risk of developing CVD events was 13.6% (pooled
estimates). This risk was 4 times more in patients with
metabolic syndrome (MS).4 Khurmi et al5 analyzed data
from 2002 to 2011 from USA. The authors looked for ad-
missions due to myocardial infarction, stroke, congestive
heart failure, dysrhythmias, cardiac arrest, or malignant
hypertension. CVD-related hospitalizations increased by
115% in the later period. The authors noted that cerebro-
vascular accident and myocardial infarction declined over
time and congestive heart failure and dysrhythmia
increased. A total of 19% of hospitalizations had multiple
CVD diagnoses. Fussner et al6 defined CVD as coronary ar-
tery disease (clinical diagnosis of angina, or atherosclerotic
stenosis >50% in 1 or more major coronary arteries, or
myocardial infarction), symptomatic peripheral vascular
disease, congestive heart failure, stroke/transient ischemic
attack, arrhythmias, and cardiac arrest. The authors retro-
spectively reviewed details of 455 consecutive LT recipients
with 8–12 years of follow-up. There was increase in obesity
(23.8% at 4 months to 40.8% at 3 years) and body mass in-
dex (BMI) which predicted MS at 1 year after LT. CVD
developed in 10.6% at 1-year, 20.7% at 5-years, and 30.3%
at 8 years. Age (hazard ratio [HR] per year: 1.03), diabetes
(HR: 1.78), prior history of CVD (HR: 2.46), and serum
vier B.V. All rights reserved.
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Figure 1 Prevention and treatment strategies of posttransplantation metabolic syndrome. CNI, calcineurin inhibitors; Cya, cyclosporine; MMF, my-
cophenolate; mTORi, mammalian target of rapamycin inhibitor; Tac, tacrolimus.
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troponin >0.07 ng/mL (HR: 1.98) were independently asso-
ciated with CVD in the long-term. Presence of renal disease
at the time of LT is a risk factor for post-LT CVD-related
and all-cause mortality.7 Apart from coronary artery dis-
ease, atrial fibrillation also influences mortality after LT.
Chokesuwattanaskul et al8 showed that incidence of preex-
isting atrial fibrillation LT recipients was 5.4%, pooled esti-
mated incidence of atrial fibrillation after LT was 8.5%.
Some of the studies in this meta-analysis have shown
increased risk of graft failure and mortality in patients
with atrial fibrillation.

This increase incidence of CVD is related to increased
incidence/prevalence of PTMS. MS is defined as the pres-
ence of 3 or more of the following: obesity,
(BMI $ 30 kg/m2 as surrogate for waist circumference or
waist circumference >102 cm (90 cm for Asians) in men
and >88 cm (>80 cm in Asians) in women, fasting plasma
glucose $ 100 mg/dL (or on treatment of diabetes), blood
pressure $ 130/85 mm Hg (or on treatment of hyperten-
sion), serum triglycerides$ 150 mg/mL (or on treatment),
serum high-density lipoprotein <40 mg/dL in men and
<50 mg/dL in women.9,10 The prevalence of posttransplan-
tation MS is 40–60% in LT recipients.11–14 Laish et al11

noted that MS was more than twice in LT recipients
than that reported for the general population. MS was pre-
sent in 5.4% before LT, which increased to 51.9% after LT.
The presence of MS associated with cardiovascular
morbidity but not mortality.

A study from our center at North India showed a 53%
prevalence of PTMS. There was a significant rise of BMI
and triglycerides after LT, prevalence of hypertension
240 © 2020 Indian National Associa
increased from 18% to 39% and prevalence of diabetes
increased from 20% to 56% after transplantation.13

Anast�acio et al14 evaluated 117 LT recipients at a median
period of 3 years and again at a median of 7 years (range:
3–17 years) after LT. The prevalence of MS increased over
the years (by international diabetes federation definition,
43.1–53.3%, P = 0.12; and by national cholesterol education
program, 34.3–44.8%, P = 0.03). Blood glucose, prevalence
of glucose intolerance, waist circumference, and body fat
also increased with time. The MS components were associ-
ated (P < 0.05) with greater age, family history of diabetes,
current and previous (at time of LT) BMI, body fat, cortico-
steroid use, lack of exercise, as well as greater carbohydrate
and fat intake. It is important to note that some of these
risk factors are modifiable. Lareya et al12 showed 30% of re-
cipients with PTMS hadmajor cardiovascular events which
was significantly higher than recipients without PTMS
(8%). Prevention/treatment strategies of PTMS are shown
in Figure 1.
INDIVIDUAL COMPONENTS OF PTMS

Obesity
Approximately 30–70% of recipients become obese or over-
weight and most of weight gain happens in first year after
LT. Patients older than 50 years and with history of obesity
before LT remain at higher risk of obesity. The main causes
of this weight gain after LT include effect of steroids,
improved appetite due to improvement of chronic disease
(cirrhosis), and reversal of the catabolic state of cirrhosis.15

Nair et al16 analyzed UNOS (United Network for Organ
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 1 Effect of Immunosuppressive Medications (References 38,39).

Class Adverse events

CNIs Nephrotoxicity, neurotoxicity, diabetes, hyperkalemia, metabolic acidosis,
hypertension, hyperlipidemia, hypertension, metabolic syndrome
Gingival hyperplasia and hypertrichosis (only with Cyclosporine)

MMF Myelosuppression, gastrointestinal side effects, viral infections (CMV:
Cytomegalovirus, HSV: Herpes Simplex Virus), spontaneous abortions in
pregnant women

Sirolimus Hyperlipidemia, metabolic syndrome, myelosuppression, proteinuria, poor
wound healing, pneumonitis, skin rash

Corticosteroids Diabetes, metabolic syndrome, hypertension, obesity, osteoporosis,
avascular necrosis, growth retardation, cushingoid features, psychosis,
poor wound healing, adrenal suppression, cataract
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Sharing) database and found that 5-year mortality was
significantly higher in severe and morbid obese patients,
mostly owing to adverse cardiovascular events. Pre-LT
obesity is a risk factor for PTMS and diabetes after
LT.17,18 Generally patients who are overweight or obese
before LT remain so after LT also, approximately one-
third of patients with normal BMI before LT become obese
after LT. Obesity is present in 20–68% of LT recipient older
patients (age > 50 years), pre-LT obesity, and use of high-
dose steroids are risk factors for post-LT obesity.15 LT re-
cipients should be educated regarding weight control via
diet and exercise, and high doses or prolonged course of
steroids should be avoided if feasible in given patients.15

There is not much data on management of post-LT obesity
by bariatric surgery. We suggest a low calorie (500 KCal less
than required) diet and 30 min brisk walk daily to patients
with posttransplantation obesity/MS.

Diabetes
An international consensus meeting on posttransplanta-
tion diabetes mellitus (PTDM) suggested use of the term
PTDM in place of new-onset diabetes after transplantation
as diabetes is often unrecognized before transplantation.
Hyperglycemia is very common in the early period and
can occur due to immunosuppression (treatment of rejec-
tion in particularly), infections, and other critical condi-
tions.19 Posttransplant hyperglycemia is a risk factor for
subsequent PTDM. Other risk factors for PTDM include
age, family history of DM, immunosuppression (steroids,
tacrolimus), pretransplantation or posttransplantation
MS, genetic polymorphisms, preoperative fasting plasma
glucose levels, and donor liver steatosis.20–27 Several
studies have shown poor survival in patients with PTDM.
Moon et al28 compared 4 groups: pre-LT DM (n = 159),
sustained PTDM (equal or more than 6 months, n =
284), transitory PTDM (>1 to 6 months, n = 108), and no
DM (n = 227). Patients who had PTDM <1 month due to
high-dose steroid were considered as normal. The sus-
tained PTDM group had the worst survival at a median
follow-up of 57.2 months, related to infection, chronic
rejection, and late onset hepatic artery thrombosis. In
Journal of Clinical and Experimental Hepatology | March–April 2021 | Vol. 1
another study of 438 patients with PTDM, the authors
showed incidence of PTDM as 44.24%, 25.59%, 23.08%,
25.17%, 17.86%, and 18.18%, at 3, 6, 9, 12, 36, and 60
months after LT. The survival was better in non-PTDM
group; pre- and/or postoperative fasting plasma glucose
levels, tumor recurrence or metastasis, and renal insuffi-
ciency were independent risk factors of mortality.27 In
SRTR database analysis of 85,194 adult LT, 11.2% had his-
tory of pretransplantation DM. In multivariate survival
analysis of at least 5 years of cohort follow-up (n =
35,870), independent predictors of mortality included
presence of pretransplantation diabetes, PTDM, and do-
nor's history of DM.29 Roccaro et al30 compared incidence
of major CV events among patients (n = 994) without DM
(39%), with pre-LT DM (24%), post-LT transient DM (16%),
and PTDM (20%). Twelve percent of patients experienced
major CV event. The presence of sustained PTDM was
the only state associated with a significantly increased
risk of major cardiovascular events after adjustment of
other factors. Patients in sustained PTDM group had a
13% and 27% cumulative incidence of major CV event at
5 and 10 years, respectively. Neal et al31 compared data
of 25 LT recipients with stable graft function and conver-
sion of cyclosporine to tacrolimus therapy with a median
follow-up of 8 months. The switching from cyclosporine
to tacrolimus lead to reduce blood pressure, serum choles-
terol, and weight.

Dyslipidemia After LT
Causes of dyslipidemia after LT include the following: ge-
netic predisposition, age, excessive dietary intake of carbo-
hydrates, cholesterol, and saturated fat, weight gain, use of
diuretics/beta blockers, use of immunosuppression (cyclo-
sporine, sirolimus, everolimus, steroids, Tacrolimus
[possibly]).32 Immunosuppression-related insulin resis-
tance (table 1) leads to more lipolysis from adipose tissue,
which leads to more delivery of free fatty acids to the liver.
Sirolimus alters insulin signaling causing insulin resis-
tance.33 The free fatty acids are the main substrate for
very low-density lipoprotein synthesis. There is an
increased conversion of very low-density lipoprotein
1 | No. 2 | 239–253 241
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(VLDL) to low-density lipoprotein(LDL) cholesterol, lead-
ing to a rise in LDL levels. In addition steroids increase
the activity of 3-hydroxy-3-methylglutaryl coenzyme A,
which is the rate-limiting step in the cholesterol synthesis
pathway. Cyclosporine interferes with the binding of LDL
to the LDL receptor, leading to rise of LDL levels. Cyclo-
sporine also interferes with the enzyme 26 hydroxylase,
leading to decreased bile acid synthesis. This also leads to
LDL receptor downregulation.34,35

Hypertension
Arterial hypertension occurs due to effect of immunosup-
pressive medications. Calcineurin inhibitors (CNIs) and
corticosteroids are the most strongly implicated, and
recent studies have also shown that use of sirolimus is
related to post-LT hypertension.15,36,37 CNI cause hyper-
tension via widespread arterial vasoconstriction that in-
creases systemic vascular resistance. The vasoconstriction
Table 2 Management of Metabolic Risk Factors (Based on Refer

Parameter Management

Low-density lipoprotein
>100 mg/dL

Life style modification, diet changes
Statins � addition of Ezetimibe if not control
and lifestyle

Higher triglycerides Fibric acid derivatives, fish oils

Diabetes mellitus Target HbA1c < 7% by lifestyle changes and m
insulin is preferred when patient is on high d
steroids

Hypertension Treatment target: blood pressure 130/80 m
Amlodipine/Nifedipine may be preferred as th
counteract real vasoconstrictor effect of calc
inhibitors
Angiotensin-converting enzyme inhibitors or a
receptor blockers preferred in presence of ch
disease, diabetes/proteinuria, heart failure w
monitoring for hyperkalemia
Beta blockers: in patients with coronary arter
heart failure

Text box 1

Metabolic syndrome and cardiovascular dis-
ease
� Weight gain, posttransplant dyslipidemia, dia-

betes, and hypertension are common
� PTMS is present in 40–60% of recipients
� Cardiovascular diseases are one of the most com-

mon causes of morbidity and mortality after LT,
risk of cardiovascular disease is more in patients
with PTMS

� Prevention of weight gain and optimal use of
immunosuppression should be considered

242 © 2020 Indian National Associa
in the kidney promotes sodium reabsorption and volume
expansion.15,38 Post-LT hypertension may be transient
(in initial months) or sustained. Two recent studies have
shown incidence of HTN as 49% and 53%.36,37 Di Stefano
et al36 found that incidence of hypertension increased
from 15% in pre-LT to 53% in the post-LT period. The
development of sustained hypertension was related to
use of mammalian target of rapamycin inhibitors (mTO-
Ris), (odds ratio [ORs], 4.02), alcoholic cirrhosis before
LT (OR: 3.38), and new-onset hepatic steatosis after LT
(OR: 2.13). In a study by Tong et al37, pre-LT systolic blood
pressure (OR: 1.04) and use of mTORi (OR: 4.08) predicted
hypertension.

Table 1 (references 38,39) and table 2 (references 40–42)
show role of immunosuppression andmanagement ofMS-
related conditions. The salient features of CVD and PTMS
are shown in Text Box 1.
DE NOVO MALIGNANCIES

LT recipients remain at higher risk of DNMs. The higher
risk is attributed to effect of prolonged immunosuppres-
sion, which impairs cancer surveillance and patient-related
risk factors (age, smoking, etiology of liver disease, onco-
genic viruses). Counseling of patients about risk factors
and surveillance protocols may help in prevention and
diagnosis at early stage. DNMs are one of the main causes
of late mortality in LT recipients. The common types of
DNMs are skin cancers, solid organ malignancies, and
posttransplantation lymphoproliferative disorders.43–45

Incidence and Types of DNM After LT
In a study of 11,226 LT recipients from French national
registry, 1200 (10.7%) developed DNM. The risk of death
and standardized incidence ratio (SIR) for all de novo solid
ences 40–42).

IS modification

led by diet
Cyclosporine conversion to Tacrolimus
Calcineurin inhibitors reduction and addition of
Mycophenolate mTORi discontinuation (weak
recommendations)

edications,
oses of

Steroid short-term only/avoidance
Tacrolimus to Cyclosporine (if poor glycemic control,
(grade 2, level B evidence)

m Hg
ese agents
ineurin

ngiotensin
ronic kidney
ith

y disease or

Minimization of steroids and calcineurin inhibitors

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 3 Suggested Protocol for Surveillance of de Novo Malignancies in Adult LDLT Recipients (Reference 49,53).

Site specific Tests Applicable to transplant recipients

Skin cancer Annual examination, early in patients with risk factors All recipients

Colon cancer Annual colonoscopy with random surveillance biopsy Patients with inflammatory bowel disease, primary
sclerosing cholangitis

Lung cancer Annual chest X-ray, yearly CT chest if chronic
symptoms or active smoking

All

Oropharyngeal/laryngeal
cancer

Annual otolaryngology evaluation by specialist Ethanol, current or ex-smokers, tobacco chewing

Cervical cancer Pelvic examination with gynecologist and
Papanicolaou smear

Female recipients

Breast cancer Annual mammography starting at the age of 45 years Female recipients

Prostate cancer Annual prostate-specific antigen testing starting at
the age of 50 years

Male recipients

RCC Annual USG abdomen
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organ malignancies was approximately 2 and 2.20, respec-
tively. The risk was higher in men and alcoholics.46

Different studies have shown different incidence rates of
DNM due to different population profile (demography,
risk factors) and varying follow-up. The incidence of
DNMs also varies with follow-up of LT recipients; studies
having a higher follow-up have noted higher incidence of
DNM. Finkestedt et al47 showed that 96 (12.3%) patients
developed 105 malignancies in a cohort of 779 patients.
The cumulative risk of DNM was 10% at 5 years, 24% at
10 years, 32% at 15 years, and 42% at 20 years after LT.
The patients with skin cancers and solid tumors (diag-
nosed at early stages) had good outcome. Rademacher
et al48 found that DNM developed in 266 of 1616
(16.5%) of LT recipients at a median follow-up of 14.1
years. The probabilities of developing any DNM were
12.9% and 23% at 10 years and 25 years, respectively. A re-
view of literature by Mukthinuthalapati et al.45 showed
following SIRs for DNM: nonmelanoma skin cancer
(2.1–70), posttransplantation lymphoproliferative disor-
ders (PTLDs) (3.9–21), and solid organ cancers (1.4–3.1).
The incidence of DNM ranges from 1% to 16.5% in studies
with $1000 recipients.48,49 The types of DNMs in a given
LT population reflect common malignancies prevalent in
the given non-LT population. Thus skin cancer is the
most common malignancy in the western world,50,51

whereas aerodigestive malignancies are the most common
form of DNM in Asia.49,52 In the series of 1952 LT recipi-
ents from Korea, 2.3% developed DNM. The stomach can-
cer (25%) was the most common form of DNM followed by
colorectal (20%). In a study of 2100 adult LT recipients
from our center, 7 of 21 (33%) had oropharyngeal malig-
nancies.49

Risk Factors and Prognosis After Development
of DNM
Patients on cyclosporine and azathioprine are at higher
risk for development of skin cancers after transplanta-
Journal of Clinical and Experimental Hepatology | March–April 2021 | Vol. 1
tion.53 The risk of PTLD is more in pediatric population,
likely secondary to absence of previous Epstein-Barr
virus exposure. PTLD occurs in 1–3% of adult popula-
tion.54,55 Common solid organs DNM include head and
neck malignancies, gastrointestinal malignancies, lung tu-
mors, genitourinary, breast, and pancreatic malignancies.
Alcohol and smoking are important risk factors for head
and neck, as well as lung malignancies.54,55 Mangus
et al56 showed that risk of DNM was higher for current
and previous smokers, compared with nonsmokers, and
in addition survival was worse for current smokers. Watt
et al57 showed that increased age, history of smoking, pri-
mary sclerosing cholangitis (PSC), and alcoholic liver dis-
ease were important risk factors on multivariate analysis
for development of solid organ DNM. The prognosis of
solid organmalignancies remains poor in long-term unless
diagnosed early. The probability of death after diagnosis of
hematologic malignancy was 44.0% at 1 year and 57.6% at 5
years in the study byWatt et al.57 The probabilities of death
in patients with solid organ DNM at 1 and 5 years were
38% and 53.1%, respectively. Another important risk factor
for oral malignancies is use of smokeless tobacco, which is
the common cause of these malignancies in south Asia.58

Impact of Screening Protocols
There are not much data on impact of surveillance strate-
gies on outcomes of DNM after LT. It is necessary to main-
tain a high level of suspicion and consider surveillance
strategies. A suggested protocol is given as table 3. Two
studies analyzed impact of surveillance strategies. Herrero
et al59 compared outcomes of active screening in 9 patients
of 24 patients, where a diagnosis of DNM was based on
symptoms or incidental. The authors excluded skin, hepa-
tobiliary carcinomas, and lymphoproliferative diseases. All
9 patients were alive at a median follow-up of 25 months,
and all were free of tumor in active screening group; 18 of
24 died with a median survival of 13.5 months in the other
group. The difference in survival was significant, P = 0.002.
1 | No. 2 | 239–253 243



Text box 2

De novo malignancy
� Important cause of late morbidity/mortality
� Higher risk in alcoholic, smokers, patients trans-

planted for PSC
� Intense surveillance should help in early detection,

thus improving survival
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Finkestedt et al47 also noted improved diagnosis of DNM
after introduction of an intensified surveillance protocol.
The rate of diagnosis increased from 4.9% to 13%, and in
addition more DNM could be diagnosed at early stage.
The authors noted improved survival in the intensive
group, and the salient features of DNM are shown in
Text Box 2.
CHRONIC KIDNEY DISEASE

Importance and Prevalence
CKD is common after LT and results in significant
morbidity and mortality in long-term. As model for end-
stage liver disease score is heavily influenced by serum
creatinine values, patients with some form of kidney dis-
ease get LT and remain at higher risk of CKD after LT.
Sharma et al60 found that CKD was 15% higher in the
model for end-stage liver disease era. Ojo et al61 performed
Scientific Registry of Transplant Recipients data analysis of
solid (nonrenal) organ transplantation. The cumulative
incidence of CKD (defined as estimated glomerular filtra-
tion rate [eGFR] < 29 ml per minute per 1.73 M2 of
body-surface area) was 18% at 5 years in LT recipients.
The risk of CKD was more in intestine transplants fol-
lowed by LT recipients and heart or lung transplantations
(combined or isolated). Most of the studies have calculated
eGFR, and there is limited data on measured GFR. Cohen
et al62 showed that measured GFR at 1-year identified pa-
tients with subsequent renal dysfunction. The cumulative
incidence of renal failure was 6.25% at 7 years and 10% at 10
years in the study cohort. Watt et al1 analyzed data of 798
transplantation recipients. The renal failure contributed to
6% deaths. Patients with older age, diabetes, and renal
insufficiency were at highest risk of poor survival.

Guisto et al63 found CKD (defined as eGFR <60 ml/
min) in 45% patients at 5 years in a cohort of 179 patients.
The estimated GFR at LT, development of hypertension,
episodes of severe infection were prognostic factors at the
Cox regression time-dependent analysis. Burra et al64

showed that hepatitis C status and serum creatinine levels
before transplantation were independent predictors of
renal function one year after LT, whereas pretransplanta-
tion creatinine was more important in long-term. In a
244 © 2020 Indian National Associa
long-term follow-up study of 1211 LT recipients, 54%
died, 9% underwent kidney transplantation, whereas 21%
and 18% had measured GFR 59–30 and < 30 ml/min,
respectively. The risk of death increased when measured
GFR (by iothalamate clearance) decreased < 30 ml/min
(HR = 2.67 or < 15 ml/min (HR = 5.47). The eGFR under-
estimated mortality risk as compared with measured GFR.
The decline in GFR after transplantations occurred in 2
phases. The first phase, seen in the initial 4 months repre-
sented a steep decline in GFR, which was attributed to the
nephrotoxicity of immunosuppression. This early decline
of GFR highlights the importance of prevention or timely
reversal of perioperative/early kidney injury.65 The second
phase is of gradual decline of GFR.65,66

Factors Causing CKD After LT
The kidney dysfunction in LT recipients is multifactorial
and related to preexisting renal impairment, pretransplan-
tation and perioperative acute kidney injury events, neph-
rotoxic effect of immunosuppressive medications, and
comorbidities such as DM and hypertension. It is impor-
tant to identify kidney impairment early as few interven-
tions impact the course of progression once serum
creatinine is significantly elevated. CNI (tacrolimus and
cyclosporine) induced nephrotoxicity contributes to both
short- and long-term renal function deterioration. The
acute component is mediated by afferent arteriolar vaso-
constriction, which is caused by imbalance of vasoconstric-
tors and vasodilators. This afferent arteriolar
vasoconstriction causes dose-related acute and reversible
decrease in glomerular filtration rate, renal blood flow,
and urine output. The chronic CNI exposure affects renal
vessels (arteriolar hyalinosis), tubulointerstitium (presence
of tubular atrophy and interstitial fibrosis), and glomeruli
(thickening and fibrosis of Bowman's capsule and glomer-
ular sclerosis). Themechanisms of chronic CNI nephrotox-
icity include hemodynamic changes and possible direct
effects on tubular epithelial cells.67 Although CNI toxicity
is considered a major contributor, the studies have shown
that other risk factors for CKD (perioperative acute kidney
injury, DM, hypertension) play a significant role.68,69 Pil-
lebout et al68 examined renal biopsies of 26 recipients
with chronic renal failure, at a mean of 5 years after LT.
Twelve patients were diabetic and 25 were hypertensive.
Histology revealed interstitial fibrosis and glomerular scle-
rosis (mean 45%), as well as severe arteriosclerosis in all bi-
opsies. There were four main diagnosis as follows: chronic
CNI arteriolopathy, typical diabetic nephropathy, acute or
chronic thrombotic microangiopathy (attributed to CNI
or alpha-interferon), and tubular changes due to adminis-
tration of hydroxyethylstarch. In a study by Kim et al69, 81
LT recipients with impaired kidney function or new pro-
teinuria underwent kidney biopsy at a mean time of 4.8
years. The baseline parameters at the time of biopsy were
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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as follows: mean serum creatinine 2.0 mg/dL,Modification
of Diet in Renal Disease (MDRD) eGFR 38.7 mL/min, and
24-h urine protein 1.37 g. A total of 42% biopsies showed
primary glomerular diseases, and 16% had evidence of
CNI toxicity. Eight of these patients progressed to end-
stage renal disease at a mean follow-up of 20 months. Is-
rani et al70 have described a prediction equation. The vari-
ables in the 6-month to 5-year equation included race,
diabetes, hepatitis C status, albumin, bilirubin, and serum
creatinine.

Management of CKD After LT
The effect of CNIs on kidney function can be reversed or
minimized with reduced exposure to CNIs.71 It should be
noted that the eGFR should be calculated by the CKD
Epidemiology Collaboration or the MDRD equations,
which performs better than other creatinine-based equa-
tions in solid organ transplantation recipients when
measured GFR is calculated from urinary clearance of io-
thalamate or plasma clearance of iohexol.72

The strategy of short-term induction therapy with de-
layed CNI introduction in patients at risk has been shown
to be associated with better renal outcomes. This strategy
avoids synergistic effects of vasoconstriction by CNIs
with other perioperative risk factors.73,74 The use of evero-
limus has been shown to improve GFR, particularly if used
early (first year).75 A multicenter randomized study of 3
groups (everolimus + reduced exposure tacrolimus,
everolimus + tacrolimus elimination [TAC elimination],
or standard exposure tacrolimus) showed better renal out-
comes in everolimus and reduced dose tacrolimus arm.
The TAC elimination arm was prematurely terminated
due to a higher rate of biopsy-proven acute rejection.76 It
should be noted that MTORis cause proteinuria and use
of mTORis is not feasible in patients with significant base-
line proteinuria. A very early use also impairs wound heal-
ing.38 The long-term renal function maintenance can be
achieved by CNI reduction at early course (1–12 months)
in combination with other non-nephrotoxic immunosup-
Text box 3

Chronic kidney disease
� Patients with pretransplantation renal impairment

remain at higher risk
� One of important causes of late morbidity and mor-

tality
� Generally multifactorial (pretransplantation injury,

effect of immunosuppression, diabetes, hyperten-
sion)

� Early modification of immunosuppression is better
than late modification
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pressive agents.71 The other immunosuppressive agents
that can be used include mycophenolate (MMF) and ever-
olimus. These strategies may not work if used too late.71 In
the study by Kornberg et al77, use of full-dose MMF and
the early conversion were independent predictors of persis-
tent renal function improvement. Pageaux et al78 showed
that introduction of MMF combined with the reduction
of at least 50% of CNI dose was associated with signifi-
cantly improved renal function at 1 year without rejection
episodes or other significant secondary effects. Although
some studies of late conversion with mTORi have shown
a benefit, not all studies have found the same.79,80 Abdel-
malek et al showed higher rates of biopsy-proven acute
cellular rejection in sirolimus arm with no improvement
if GFR in a cohort with late conversion. De Simone
et al81 also found similar results. Although LT recipients
converted early to everolimus demonstrated increase of
eGFR at 12 months after conversion, patients converted
at >1 year after LT had no GFR change. It has been sug-
gested that MMF with concurrent reduction in CNI ther-
apy may results in improvement of renal function even if
performed at > 1 year after LT (grade of recommendation
2B), whereas there is no substantial evidence of improved
renal functions in favor of mTORi with reduction, or elim-
ination of CNI therapy improves renal function when per-
formed >1 year after LT (grade of recommendation 2C).71

It is important to control of diabetes and hypertension, in
addition to modification of immunosuppression. The
exposure to nephrotoxins (medications with known neph-
rotoxicity such as aminoglycosides, amphotericin B,
nonsteroidal anti-inflammatory agents) and contrast
agents should be avoided if possible. When possible,
reducing or holding CNI therapy should be considered
with a temporary increase of non-nephrotoxic immuno-
suppressive medications as permissible by immunologic
risk. Angiotensin II receptor blocker or angiotensin-
converting enzyme inhibitor therapy should be used in dia-
betic patients with urine albumin excretion 30–300 mg/
24 h and in nondiabetic adults with CKD and urine albu-
min excretion >300 mg/24 h (or equivalent) (grade of
recommendation 1B).71

The important features of CKD are shown in Text Box 3.
RECURRENCE OF DISEASE

Alcohol
Alcohol relapse (any amount) has been shown in 16%–33.8%
of LT recipients in various studies, and harmful drinking is
shown to be in 10%–18% of LT recipients.82Harmful alcohol
relapse is associatedwithpoor survival.83 The various predic-
tors of relapse include absence of structuredprogram, length
of sobriety (range from <3 months to < 1 year), other sub-
stance abuse/psychiatric comorbidities, lack of social sup-
port, younger age, low motivation for alcohol treatment,
1 | No. 2 | 239–253 245



Table 4 Recurrence and Risk Factors of Recurrence for Autoimmune Diseases (References 104–106,113).

Recurrent disease Recurrence reported, risk factors Diagnosis of recurrent disease Management,
prognosis

AIH 18–68% at 5-years,
HLA mismatching at transplant, severe inflammation
on histology, and abnormal AST/ALT at LT, lower
levels of immunosuppression, rapid tapering/
discontinuation
of steroids

The characteristic histological
findings of recurrent AIH are
interface hepatitis and
mononuclear inflammatory
infiltrates
with plasma cells,
exclusion of other causes

Steroids, azathioprine,
addition of
mycophenolate, mTORi,
higher level of
immunosuppression
needed

PBC 9–34%
Younger/older age LT, HLA-DR locus, use of
tacrolimus, severe cholestasis at 3 months, and ALT
>50 at 6 months after LT, gender mismatch

Biopsy suggestive of PBC exclusion
of other causes

UDCA (few studies have
not shown a benefit)

PSC 10–37%, recurrent acute cellular rejection, intact
colon, active IBD, younger recipient age, genetically
related donors, donor-recipient gender mismatch,
older donor age

PSC before LT, cholangiogram
showing intrahepatic and/or
extrahepatic biliary structuring,
beading,
and irregularity occurring > 90 days
post-LT and/or biopsy showing
fibrous cholangitis and/or fibro-
obliterative lesions
with or without ductopenia, biliary
fibrosis, or biliary cirrhosis

Antibiotics for
cholangitis, endoscopic
management for
dominant stricture,
No proven medical
therapy for recurrent
PSC, eventually
retransplantation
needed

mTORi, mammalian target of rapamycin inhibitors.
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active smoking, poor stressmanagement skills, criminal his-
tory, and history of complications in post-LT course, as well
as continued engagement in social activities with alcohol
present.82–86 Active involvement of psychiatry team may
decrease risk of relapse. Bj€ornsson et al87 demonstrated
relapse rate of 48% (19/40) compared to 22% in structured
management program group. DiMartini et al88 also found
a lower relapse rate in recipients managed by alcohol addic-
tion unit within transplantation center. Clinical scores have
been suggested topredict riskof alcohol relapse.DeGottardi
et al89 suggested a risk score comprising duration of absti-
nence of less than 6 months, presence of psychiatric comor-
bidities, and high-risk alcoholism relapse scale score higher
than 3. Alcohol relapse was 5% in recipients with no risk fac-
tors, 18% in presence of 1 risk factor, 64% in presence of 2,
and 100% in presence of all risk factors. Smoking is common
inalcoholic liver disease recipients and is oneof thepredictor
of long-term outcomes.90 The patients should be counseled
for the same.

Recurrent and de novo Nonalcoholic Fatty Liver
Disease
Recurrent or de novo nonalcoholic fatty liver disease
(NAFLD) or nonalcoholic steatohepatitis (NASH) is com-
mon finding in LT recipients. It is called recurrent when
baseline disease was NASH-related cirrhosis and de novo
when pretransplantation etiology was other than NASH.
There is rise in metabolic risk factors after LT. MS is pre-
sent in a significant number of recipients as discussed
earlier. Recurrent NAFLD is more common than de novo
246 © 2020 Indian National Associa
NAFLD. There is suggestion of accelerated fibrosis pro-
gression in some of these patients as compared with slow
progression of fibrosis in patients with non-LT NAFLD.
Studies have shown 24%–100% prevalence of recurrent
NAFLD, with majority of patients showing presence of
NAFLD in long term.17,38,42,91,92 The development of
recurrent or de novo NAFLD is related to weight gain,
impact of immunosuppression agents (causing insulin
resistance, hypertension, dyslipidemia as shown in table
1) combined with diet, lifestyle, and genetic susceptibility
of a patient. All these factors lead to a higher incidence
of MS after LT, which is commonly associated with
NAFLD.42 It should be noted that MMF is devoid of these
metabolic side effects.38

A meta-analysis of 12 studies including 2166 patients
showed a 26% pooled (range: 14.7–52%) prevalence of de
novo NAFLD. Fibrosis was present in 3.3%–52% of pa-
tients, and NASH was presented in 1–32% patients (not re-
ported in all studies).93

The available data have not shown any clear association
between recurrent or de novo NAFLA/NASH and patient
or graft survival; however quality of evidence is low, and
strength of recommendation is weak.40 As NAFLD is inde-
pendently (of metabolic risk factors) associated with CVD
and fibrosis to cirrhosis progression is slow,94 the analysis
of long-term graft and patient survival and additional clin-
ical end points such as cardiovascular events, renal disease,
and malignancy should be more meaningful. The current
impression of limited clinical significance of recurrent/de
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 5 Immunosuppression and Drug Interactions (Based on References 41,136–138).

Drug CNIs mTOR inhibitors Mycophenolate

Fluoroquinolones
(primarily
ofloxacin > ciprofloxacin

Increased levels – –

Macrolides (erythromycin
> clarithromycin > azithromycin)

Markedly increased
levels

Markedly increased levels –

Rifamycins (rifampin > rifabutin Markedly decreased
levels

Markedly decreased levels –

Linezolid – Increased myelosuppression Increased myelosuppression,
thrombocytopenia

Triazoles (ketoconazole/
voriconazole/posaconazole
> itraconazole/fluconazole)

Increased levels Increased levels (voriconazole
contraindicated)

–

Ganciclovir/valganciclovir – Increased myelosuppression Increased myelosuppression

Miscellaneousa Increased levels-
Verapamil
Diltiazem Nicardipine
amiodarone;
cimetidine; danazol;
fluvoxamine;
protease inhibitors
(HIV and HCVa)
decreased
levels-phenytoin;
phenobarbital;
carbamazepine;
St. John's wort;
Isoniazid

Increased levels-verapamil;
amiodarone;
cimetidine; danazol;
fluvoxamine; protease
inhibitors (HIV and HCVa)
decreased levels-
phenytoin; phenobarbital;
carbamazepine;
St. John's wort; Isoniazid

Magnesium or aluminum
containing products
(decreased absorption);
antacids, cholestyramine,
cyclosporine (Yenterohepatic
recirculation);
antibiotics (Yenterohepatic
recirculation);
Renal dysfunction – incrased
immunosuppreasion

aSome of newer direct acting antivirals have potential of interaction; sofosbuvir, ledipasvir and velpatasvir are free of interactions.
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novo NAFLDmay be a biased statement as most of studies
have short follow-up.

Recently three studies presented long-term follow-up of
post-LT NAFLD. Bhati et al95 studied 103 patients of
recurrent NASH. Biopsy (n = 34) showed recurrent NAFLD
in 88.2%, NASH in 41.2%, and bridging fibrosis in 20.6%
patients. Fifty six patients had transient elastography at
median follow-up of 75 (40–146) months, which was sug-
gestive of advanced fibrosis in 26.8% and cirrhosis in 5.4%.
The leading cause of mortality (n = 32) was cancer and in-
fections (25% each) followed by CVD in 21.9% and cirrhosis
in 9%. Narayanan et al96 analyzed 588 patients trans-
planted from 1999 to 2006. Recurrent NAFLD was present
in 77.6% and de novo NAFLD was present in 44.7% recipi-
ents at 10 years. The risk factors for post-LT NAFLD
included female gender, hepatitis C, and time-dependent
BMI. The presence of NASHwas associated with cardiovas-
cular events (HR of 2.04). Gitto et al97 compared 43 recip-
ients with de novo NAFLD to 151 recipients without
NAFLD. The patients with de novo NAFLD had signifi-
cantly higher prevalence of DM (51.2% versus 30.5%),
obesity (48.8% versus 9.9%), and MS (74.4%vs 29.8%). Car-
diovascular events (34.9% versus 7.9%) and de novo solid
malignancies (30.2%vs 11.9%) occurred more commonly
Journal of Clinical and Experimental Hepatology | March–April 2021 | Vol. 1
in de novoNAFLD group. The presence of de novoNAFLD
was independent predictor of mortality.

Table 2 describes immunosuppression modification for
MS/NAFLD after LT. Steroids avoidance and minimiza-
tion of CNI may reduce the risk of PTMS and thus
NAFLD.98,99 Dietary interventions and exercise should be
implemented early after LT to avoid weight gain.

Hepatitis C
Treatment of hepatitis C virus (HCV) recurrence was associ-
ated with poor sustained virological response (SVR) and sig-
nificant adverse events in the peginterferon era.100,101 With
availability of sofosbuvir-based direct acting antiviral agents,
SVR rates have improved considerably without significant
side effects.102,103 A systemic review of 22 (n = 1730 patients)
showed a pooled SVR rate of 90.1%. The SVR 12 rate was
higher in recipients with mild fibrosis as compared with
advanced fibrosis or cirrhosis. The pooled discontinuation
rate because of adverse events was 3.3%.103 Thus, recurrence
ofHCV causing cirrhosis should be very rare in sofosbuvir era.

Recurrence of Autoimmune Diseases
Autoimmune disease (autoimmune hepatitis [AIH], PSC,
primary biliary cholangitis [PBC]) may recur after LT,
1 | No. 2 | 239–253 247
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however, despite recurrence prognosis remains good, and a
5-year survival >70% is reported in majority of studies.104–
106 Recurrence rates, risk factors for recurrence, and
diagnostic criteria are shown in table 4. The following strate-
gies are suggested to decrease risk of recurrence: treatment of
active cirrhosis, near normalization of transaminases before
LT and continuation of steroids in AIH; treatment of active
colitis before LT and maintaining remission/colectomy if
poor response tomedical treatment inpatientswithPSC; ur-
sodeoxycholic acid and use of cyclosporine in patients with
PBC.106 Recurrence of PSC needs exclusion of the following
events: hepatic artery thrombosis or stenosis, chronic rejec-
tion, anastomotic strictures alone, nonanastomotic stric-
tures <90 days after LT, and ABO incompatible graft.107

Duct to duct reconstruction versus Roux-en-Y reconstitu-
tion in patients with PSC have similar outcomes in terms
of strictures after LT.108 One study from Japan showed
that recurrence of PSC may be more in patients with genet-
ically related living donors; 109 however, a study from our
center (20% recurrence) and a large study involving both
decreased and living donors have not found higher recur-
rence in living donor liver transplantation (LDLT).110,111

Gordon et al111 compared 241 LDLT recipients and 65
deceased donor LT (DDLT) recipients and found that there
was no difference in PSC recurrence among the two groups
of patients, the 5- and10-year PSC recurrence rateswere 9.4%
versus 9.5% and 36.9% versus 21.1% in DDLT and LDLT,
respectively. There is no specific medical therapy for PSC
recurrence, a re-LT for PSC recurrence is associated with
good results as compared with retransplantation for other
etiologies requiring re-LT.112 It is important to understand
that pretransplantation criteria to diagnose AIH and PBC
are not applicable in posttransplantation setting; antibodies
are not needed tomake a diagnosis of recurrent AIH or PBC.
In addition, pretransplantation criteria are not validated for
posttransplantation population.113–115 There is limited data
on recurrence of overlap syndrome. A small study showed a
recurrence of 53% and 69% at 5 and 10 years, respectively,
which was significantly more as compared with other AI
diseases, although survival was similar.116
BONE DISEASE

A significant number of patients with decompensated
cirrhosis remain suffering from osteoporosis. The risk fac-
tors for bone loss in cirrhosis include cholestatic liver dis-
eases, malabsorption, hypogonadism, vitamin D
deficiency, reduced physical activity, gut dysbiosis, and his-
tory of steroid treatment (in patients with AIH).117,118 There
is accelerated bone mineral loss in initial several months af-
ter LT primarily secondary to use of steroids, and there is
gain in bone density later. There is increased risk of fractures
after LT. Vertebral fractures are the most common form of
fractures. The following risk factors for fractures have been
248 © 2020 Indian National Associa
identified in patients receiving a liver: advanced age, pre-
transplantation vertebral fractures/bone mineral density,
chronic cholestatic liver diseases, and dose of glucocorti-
coids.119–121 EASL guidelines have suggested yearly bone
mineral density screening in patients with preexisting
osteoporosis/osteopenia and in every 2–3 years in patients
with normal bone mineral density. Patients should be
encouraged for regular weight-bearing exercise and should
receive calcium and vitamin D supplementation. In patients
with osteoporosis or recurrent fractures, bisphosphonate
should be considered (grade II-2).122

PREGNANCY AND CONTRACEPTION

Return of Fertility and Contraception
Women with decompensated cirrhosis often have amenor-
rhea, and pregnancies are rare.123 Impaired fertility hap-
pens in patients with decompensated cirrhosis is due to
dysregulation in the hypothalamic-pituitary-ovarian axis,
that resolves after transplantation. The majority of women
resume regular menstrual cycles within 1 year after trans-
plantation, although ovulation may resume as early as
within the first postoperative months.124,125 Mass et al125

showed that 95% of women with age <46 years had men-
strual bleeding within the first year after LT, and it was
not related to liver function tests which were severely
abnormal in 19%. This fact highlights importance of dis-
cussing contraception with LT female recipients of child-
bearing age to avoid accidental pregnancies very early
after LT.124

There is notmuchgoodquality data regarding contracep-
tion. Coitus interrupts is not recommended due to signifi-
cant risk of unplanned pregnancies.126 Diaphragms and
condoms are widely used and devoid of drug interactions
are avoided; however efficacy is not 100%. Condoms prevent
sexual transmissible diseases as well. The use of diaphragms
increases the risk of urinary tract infections. This increased
risk of infection can be a matter of concern in the LT recip-
ients.127 Intrauterine contraceptive devices (IUCDs) work by
producing local effects, mainly the following: inflammation
secondary to foreign body reaction (Copper devices) or by
local effects of levonorgestrel (glandular atrophy, stromalde-
cidualization, and foreign body reaction) released by IUCD.
IUCDs may be less efficacious in LT recipients theoretically
due to reduced local inflammatory response secondary to
immunosuppressive medications; however, later reports
have not shown IUD failure. Although an early report
showed IUCD failure, a large series have not shown preg-
nancy in IUCD group.128–131 Although hormonal
contraception has risk of systemic side effects and drug
interaction, limited data show that it is effective.132 There
are risks of thrombosis, hypertension, and cholestatic
drug–induced liver injury due to estrogen component of
combined estrogen and progesterone pills, only
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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progesteronepills shouldbeassociatedwith less riskofdrug-
induced liver injury.124

Pregnancy After LT
It is important to explain to recipients of childbearing age
that they should plan pregnancy after 1–2 years, in pres-
ence of stable graft functions.133 A recent systemic review
of 19 studies (1290 pregnancies in 885 women) noted
1014 live births. The incidence of spontaneous abortions
was 0.5%–33.3%. Thirty two percent pregnancies resulted
in preterm births; preeclampsia was reported in 16% of
pregnancies (range: 2–33%). Cesarean section rates re-
ported as 20%–67.9%. Thus pregnant LT recipients remain
at higher risk than the general population and close
monitoring is required.134 Available evidence suggests
an increased incidence of pregnancy-related complica-
tions (preterm delivery, fetal growth retardation, systemic
hypertension/preeclampsia, and gestational diabetes) in
pregnancy after LT.134

The women LT recipients of childbearing age group
should be counseled to discuss with primary team before
planning pregnancy, so that immunosuppression can be
adjusted. The FDA categories of immunosuppression are
as following: steroids (B), tacrolimus, cyclosporine, sirolimus
(C), MMF, and azathioprine (D),135 although sirolimus a
categoryC drug, it is generally avoided. The preferred immu-
nosuppression agents are tacrolimus and steroids.
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IMMUNOSUPPRESSION AND DRUG
INTERACTIONS

It is important to know about drug interactions with
immunosuppressive agents. Drug interactions are shown
in table 5 (references 41,136–138). In addition to
interactions given in table 5, statins have an important
drug interaction. When statins are used with cyclosporine
and sirolimus, there is increased risk of statin toxicity.139

The long-term survival after LT ismainly affected byCVD,
DNMs,CKD, and recurrenceof primarydisease.Manyof risk
factors to these diseases are modifiable. It is important to
identify patients at risk and manage accordingly.
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