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Liver transplant outcomes have improved over the years, and currently, the quality of life and long-term well-be-

ing of these patients needs to be improved. Improving bone health goes a long way toward achieving this objec-

tive. Poor bone health (osteopenia and osteoporosis) although prevalent, is often overlooked owing to its

asymptomatic nature. It can be complicated by debilitating fracture affecting quality of life. It is recommended

to assess and optimize bone health prior to liver transplant. Multiple factors contribute to poor bone health in a

liver transplant recipient and it is vital to understand and ameliorate these. A careful and targeted approach with

inputs from multidisciplinary team involving transplant physician, endocrinologist, occupational therapist,

nutritionist, and nursing personnel may often be required. In this review, we aim to concisely discuss the various

aspects related to prevalence, pathophysiology, evaluation, treatment, and follow-up of bone disease among liver
transplant recipients. (J Cu~ Exp HepaToL 2023;13:1130-1139)

ver the decades, with improvement in care, post-

liver transplant outcomes have improved signifi-

cantly. Thus, increasingly the focus is on
improving long-term well-being after transplant. One
such emerging target for intervention is improving bone
health of liver transplant recipient.

Poor bone health is often asymptomatic, until there
is a fracture that can decrease the quality of life and
lead to serious debilitation. Studies estimate a post-
liver transplant prevalence varying from 3 to 35% of
fractures,”” over a follow-up period of 1-30 years,
and a much higher prevalence of its precursors—osteo-
penia (~36%) and osteoporosis (~12%)." This suggests
the importance of screening protocol, early identifica-
tion, and adequate management of asymptomatic
poor bone health.

In this review, we discuss the magnitude of problem, de-
terminants of poor bone health in these patients, evalua-
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tion strategy, and medical intervention to improve bone
health for liver transplant recipients.

PREVALENCE OF POOR BONE HEALTH IN
LIVER DISEASE AND LIVER TRANSPLANT
RECIPIENTS

Studies from India indicate a high prevalence of both os-
teopenia and osteoporosis in community amongst
healthy men above 50 years (20% and ~44%, respectively)
and post-menopausal women (31% and 58%).”" Osteo-
penia, osteoporosis, and fracture risk are much higher
among patients with liver disease.”® Immobilization,
poor oral intake, decreased vitamin D production, and
increased osteoclastic activity are factors mediating the
poor bone health in cirrhosis. In fact, studies have
shown a linear relation of prevalence of osteoporosis
to worsening of liver disease severity.7 Certain liver dis-
eases, for example, primary biliary cirrhosis (PBC) and
primary sclerosing cirrhosis (PSC), are at an even higher
risk of poor bone health and consequent fractures.®

Though in the post-transplant setting with better
liver function, increasing physical activity and nutrition
one would expect an improvement in bone health, the
effect of immunosuppression may impede the recovery
of bone loss. A prospective cohort study of liver trans-
plant recipients estimated that almost a quarter of pa-
tients had worsening of bone mineral density, over a
10-year period post-liver transplant.9 While the data of
decreased bone mineral density among children post-
transplant are scarce, one Iranian study reported 36.9%
prevalence of osteopenia among children one year
post-liver transplant.'’
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PATHOGENESIS OF BONE DISEASE IN
CIRRHOSIS

Multiple factors, in addition to immobility commonly seen
in advanced disease, affect bone health and increase frac-
ture risk, in patients with cirrhosis.

Gut and Hormones

Bone health is a dynamic process that depends on multi-
ple organs working in fine balance. The gut plays a role in
the absorption of cholesterol (for vitamin D production),
calcium, and phosphorus needed for bone formation.
Vitamin D is formed from cholesterol as the substrate
with exposure to sunlight (ultraviolet light). Vitamin D
undergoes 25-hydroxylation in the liver and 1-
hydroxylation in the kidney. In chronic liver disease, 25-
hydroxylation of vitamin D is affected leading to func-
tional deficiency.

While vitamin D is one of the factors affecting bone
metabolism, various other hormones also play vital role
namely calcitonin and estrogen, decrease bone resorption,
glucocorticoids decrease bone formation, androgens in-
crease bone formation, and parathormone (PTH) increase
bone resorption.ll Cirrhosis is associated with lower
testosterone among men and is shown to contribute to
lower bone mineral clensity.12 Higher levels of serum bili-
rubin and low insulin-like growth factor -1 in cirrhosis
are known to decrease osteoblast differentiation and pro-
liferation.”

Receptor Activator of Nuclear Factor Kappa
Beta-Receptor Activator of Nuclear Factor
Kappa Beta Ligand-Osteoprotegerin Axis

Osteocytes (bone cells) are formed by osteoblasts and
degraded by osteoclasts and various growth factors control
this physiological process, of which the RANK (receptor
activator of nuclear factor kappa beta) pathway is of
therapeutic importance. RANK is activated by RANK
ligand (RANKL, member of tumor necrosis factor
superfamily) together they help in the differentiation of os-
teoclasts leading to bone resorption.'’ Osteoprotegerin
(OPG) produced by the osteoblast acts as a decoy receptor
for RANKL and prevents the binding of RANK and RANK
ligand.

Cirrhosis, especially secondary to cholestatic disorders,
is known to affect the RANK-RANKL-OPG axis negatively
impacting bone loss."”

Renal Dysfunction

Advanced liver disease, often is accompanied by varied
severity of kidney dysfunction, which potentially negatively
impacts bone health. Renal osteodystrophy is well known
with decreased vitamin D hydroxylation, deranged acid-
base status, and tubular defects.

Etiology of Liver Disease

Etiology of liver disease is also an important determinant
of poor bone health. Primary biliary cirrhosis and primary
sclerosing cholangitis are typical cholestatic liver diseases
with associated decreased fat soluble vitamin absorption
that leads to low vitamin D levels.'*'?

The influence of alcohol on bone health is varied; how-
ever, overall evidence does not point to an alcohol driven
bone weakness; however, smokers are clearly at increased
risk of bone disease.'®*

Medications

Multiple drugs used in liver diseases can adversely affect
bone health. Tenofovir disproxil fumarate, anti-hepatitis
B nucleoside analogue, can cause poor bone health
possibly secondary to renal mitochondrial tubulopathy."
Loop diuretics, commonly used for ascites, causes calcium
loss and thereby pre-dispose the individual to bone loss.”’
Cholestyramine, a potent bile-acid binding agent used for
cholestatic liver disease, interferes with vitamin D absorp-
tion and may affect absorption of other minerals as
well.”! Steroids have multiple levels of deleterious effect
on bone health.*

PATHOGENESIS OF BONE DISEASE IN POST-
LIVER TRANSPLANT SETTING

Immediate post-liver transplant worsening of bone health
is often noted, possibly secondary to poor sunlight expo-
sure, immobilization and effect of conventional drugs,
especially steroids.” With improvement or amelioration
of most factors mentioned earlier, liver transplant is ex-
pected to improve hepatic osteodystrophy over a me-
dium-term. This improvement is partly negated by de
novo risk factors, especially immunosuppressive drugs.

Steroid treatment remains pivotal as an immunosup-
pressant in the early post-transplant period and glucocor-
ticoid-induced osteoporosis is well known.”® Steroids are
often tapered after the first three months post-transplant,
and the calcineurin inhibitors remain the backbone of life-
long immunosuppression thereafter. Both cyclosporin and
tacrolimus have shown to decrease bone mineral density
and are associated with bone loss.”* Proton pump inhibi-
tors routinely used along with steroid have also been asso-
ciated with osteoporosis.25

Complex interactions of various risk factors, native liver
disease, pre-transplant bone health, drugs and other post-
transplant related effects, should prompt screening and
treating of patients to prevent osteoporosis or fractures
among patients with cirrhosis who undergo liver trans-
plant.

Hungry bone syndrome is a rare condition that
occurs in the post-operative state following parathyroid-
ectomy; however, it has been described in other
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conditions including post-liver transplant state as
well.?® 2% It is characterized by persistent hypocalcemia,
hypophosphatemia, and hypomagnesemia, and these
electrolytes needs to be supplemented tll it
normalizes.”

Summary of the factors predisposing to bone disease in
a cirrhotic patient and liver transplant recipient is shown
in Table 1 and Figure 1.

EVALUATION FOR OSTEOPENIA/
OSTEOPOROSIS

Conventional bone health evaluation should consist of
serum levels of calcium (corrected for serum albumin),
vitamin D, parathormone, and bone mineral density
studies.’ In cirrhosis, serum alkaline phosphatase may
not be an ideal indicator as it may vary depending on na-
ture and status of the liver disease.

Bone turn over markers (BTMs)—serum carboxy termi-
nal telopeptide of collagen type I (s-CTX, bone resorption
marker) and serum procollagen type I N-terminal pro-
peptide (s-PINP, bone formation marker)—and their role
in predicting the state of bone disease and response to
treatment of osteoporosis have been studied and are
becoming routine clinical tests in endocrine practice.’’
Their role in advanced liver disease needs further defining.

Dual energy X-ray absorptiometry (DXA) scan is the
standard method to assess patient’s bone mineral density
which can be compared to normal healthy gender-
matched individuals (T-score). Osteopenia is defined as
the patient's T-score of less than —1 SD to >—2.5 SD
from that of the healthy individual and osteoporosis is
defined as T-score =—2.5 SD compared to healthy individ-
ual.”?

Fracture risk assessment tool (FRAX) score is a validated
fracture risk prediction tool and can be used in cirrhotic
patients as well.”> FRAX score categorizes patients as low
risk (no prior hip or spine fractures, BMD T-score at the
hip and spine both above —1.0, and 10-year hip fracture
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risk <3% and 10-year risk of major osteoporotic fractures
<20%), moderate risk (no prior hip or spine fractures, a
BMD T-score at the hip and spine both above —2.5, or
10-year hip fracture risk <3% or risk of major osteoporotic
fractures <20%), high risk (prior spine or hip fracture, or a
BMD T-score at the hip or spine of —2.5 or below, or 10-
year hip fracture risk =3%, or risk of major osteoporotic
fracture risk =20%) or very high risk (multiple spine frac-
tures and a BMD T-score at the hip or spine of —2.5 or
below).™

X-ray of the thoraco-lumbar spine to rule out osteopo-
rotic fractures of the vertebrae and X-ray of the bilateral hip
to identify looser zones to diagnose poor bone health
related to osteomalacia are other additional tests that
assist clinical care. While conventional X-rays have the
risk of radiation, vertebral fracture assessment is a low ra-
diation technique that can be done along with bone min-
eral density (BMD) and has good correlation with
conventional radiography.””° Trabecular bone score is
another upcoming technique that evaluates the bone mi-
croarchitecture and can independently predict fracture
risk and can be done with DXA imaging.”’

Figure 2 provides an algorithm for clinical assessment
and follow-up for bone health in a post-liver transplant pa-
tient.

DRUG THERAPY IN PRE-TRANSPLANT
PERIOD

It is recommended to correct vitamin D deficiency if de-
tected in the pre-transplant period (Figure 2). In addition,
calcium supplementation is required for patients with
baseline osteopenia. In patients with osteoporosis, it is
advisable to initially correct vitamin D deficiency prior to
treatment with specific agents (Table 2), usually with bi-
sphosphonate (preferably single dose of intravenous Zo-
lendronic acid).

Bone health management, although, can be organized
during the waiting period for cadaver transplant, should

Table 1 Risk Factors for Bone Disease in Cirrhotic and Post-transplant Patient.

Pre-transplant risk factors for bone disease in cirrhotic patients

Modifiable risk factors

Steps to improve the risk factor

Non-modifiable risk factors

Vitamin D deficiency

Dietary deficiencies
Tenofovir disproxil fumarate-related tubular injury

Use of alcohol and nicotine smoking

Supplementation of Vitamin D

Screen and supplement

Switch to Tenofovir alafenamide

Immobility
Usage of loop diuretics

Cholestatic liver disease

Hypogonadism

Counseling and ensure abstinence

Post-liver transplant risk factors for bone disease

Modifiable risk factors

Steps to improve the risk factor

Non-modifiable risk factors

Vitamin D deficiency

Dietary deficiencies

Supplementation of Vitamin D

Use of steroid and tacrolimus

Screen and supplement

1132 © 2023 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Figure 1 Factors causing poor bone health in a patient with cirrhosis undergoing liver transplant. IGF-1, insulin like growth factor 1; PBC, primary
biliary cirrhosis; PSC, primary sclerosing cirrhosis; TDF, Tenofovir disproxil fumarate.

not delay transplant, especially in supra-urgent or live-
donor setting.

Bone disease per se (including presence of fracture) is not
a contraindication for liver transplant as generally these do
not affect short-term patient outcome.”®*? However, it is
common knowledge that poor bone health, especially frac-
ture can affect the quality of life and would be ideal to opti-
mize bone disease prior to transplant when possible.

TREATMENT OF BONE DISEASE AMONG
PATIENTS POST-LIVER TRANSPLANT

Balanced diet rich in calcium, optimal sunlight exposure,
and exercise are important to maintain bone health.
Timely tapering of steroid, maintaining target levels of cal-
cineurin inhibitors, and avoiding excess use of proton
pump inhibitors are important in the post-transplant
period to ensure that there is no drug-related adverse effect
on bone health. Adequate counseling needs to be provided
to ensure strict abstinence by patients from smoking and
alcohol use.

If the patient had osteopenia pre-transplant, American
Association for the Study of Liver Diseases suggest a yearly
DXA scan for at least the first 5 years post-transplant. The
interval between serial DXA scans can be 2-3 years if the
patient had normal bone mineral density prior to trans-
plant.*

Vitamin D Supplementation

Most patients do have improvement in the vitamin D levels
after liver transplantation with restoration of normal liver

function; however, majority of the patients still have levels
that are sub-optimal, warranting Vitamin D supplementa-
tion.”""** Therefore, it is advisable to test patients for
vitamin D deficiency and treat with oral cholecalciferol
(Vitamin D3) at dose of 50,000 IU (international units)
once a week for 8 weeks, followed by maintenance doses.*

In osteoporosis, it is advisable to correct any vitamin D
deficiency initially, to ensure an optimal response to bi-
sphosphonate therapy.***

Calcium Supplementation

Recent data suggest calcium supplementation has only a
weak anti-resorptive activity and may not benefit patients
with osteopenia and osteoporosis. But, owing to good
safety profile, the conventional practice is to supplement
calcium, especially in patients on glucocorticoid therapy
in the initial post-transplant period. While there are
many available oral formulations of calcium, it is appro-
priate to ensure 500-1000 mg of elemental calcium supple-
mentation per day in 1-2 divided doses.*®

Drugs for Osteoporosis (Summarized in Table 2)
Bisphosphonate-based Therapy

Despite wide array of treatment options now available for
osteoporosis, bisphosphonates still remain the backbone
of therapy. Bisphosphonates are anti-resorptive agents
that act by preventing hydroxyapatite (inorganic bone ma-
trix) breakdown.”” Multiple oral agents, alendronate,
ibandronate and risedronate and parenteral agents-zole-
dronic acid and pamidronate, are currently used.
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Baseline bone health (Pre-transplant) evaluation and optimization: correct vitamin D
levels (if low), avoid risk factors, check bone mineral density and treat if there is
osteoporosis
Post-transplant labs to do when the patient is stable (1 to 3 months after transplant):
calcium, phosphorus, vitamin D, DXA scan
Categorise patient based on BMD, perform FRAX score to assess fracture risk
BMD T BMD T
score > -1 score <-2.5
[ BMD <-1and>-2.5 J
Normal bone health Osteopenia Osteoporosis

Follow up with DXA Vitamin D If Vitamin D deficient,
scan every 2-3 years supplementation (if low) correct the same

Calcium supplementation followed by

Supplement Vitamin D
(if low)

Yearly DXA scan for the
first 5 years

Treat with definite
agents (refer table 2)

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

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 pa,tient.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.”” 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
550,51

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.””

1134 © 2023 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Table 2 Treatment Options for Liver Transplant Recipients with Osteoporosis.

Adult dose and route of administration

Comments

Bisphosphonates Alendronate

Ibandronate

Risedronate

Zoledronic acid

Hormonal therapy Teriparatide

70 mg per oral once a week for maximum 5
years

150 mg per oral once a month for
maximum 5 years (IV form also available)

5 mg per oral daily for maximum 5 years

5 mg IV slow infusion over 5 min, once a
year for 5 years

20 ug/day Subcutaneously daily for less

Gl intolerance, hypocalcaemia,
osteonecrosis of jaw (rare), atypical femur
fracture (rare).

Liver safe

Same as above

Same as above

Infusion reactions (in addition to the
above)

Watch for hypercalcemia, renal

than 2 years impairment.
Liver safe
Raloxifene Not studied in post-liver transplant Vaginal bleeding, hot flushes, deep vein
setting—not preferred thrombosis, coronary artery disease.
Testosterone Not studied in post-liver transplant Causes LFT derangement Interaction with
setting—not preferred cyclosporine, tacrolimus and
glucocorticoids
Calcitonin 100 IU intranasal daily or 200 IU S.C or .M Not first choice as it is not most effective
for 3-5 years
Others Vitamin D 50,000 IU per oral once a week for 8 weeks Ideal to correct vitamin D deficiency for
optimal response to bisphosphonate
Calcium 500-1000 mg per oral/day
Denosumab 60 mg subcutaneous once every 6 months Liver safe, caution while using along with

for a period of 5 years

immunosuppression

Gl, gastrointestinal; LFT, liver function test.

Teriparatide is advised for the treatment of osteoporosis
for duration not more than 2 years. The side effect profile is
acceptable with common side effects being nausea and
vomiting, hypercalcemia, and orthostatic hypotension.

The drug has a good liver safety proﬁle.53 It does not
interact with drugs that are routinely used in a post-liver
transplant setting. The usual dose is 20 mcg/day for 18-
24 months.””

Denosumab

Denosumab is a fully humanized monoclonal antibody
against RANK ligand that prevents bone resorption. Amer-
ican association of clinical endocrinology and American
college of endocrinology recommend Denosumab as the
first-line drug for patients with high fracture risk and
who are not tolerating alternate oral agents.” The usual
dosage is 60 mg administered subcutaneously every 6
months.

As the effect of denosumab is transient and it does not
have prolonged skeletal retention, the administration of
denosumab should not be delayed beyond 6 months.
Moreover, it should not be stopped abruptly as this can
lead to a rebound increase in bone turnover and an increase
in the risk of fractures. A discontinuation of denosumab
warrants a transition to an oral or parenteral bisphospho-

nate that have prolonged skeletal retention time to curtail
the abrupt and massive rebound increase in bone turn-
over.””

This drug is unlikely to cause liver test abnormalities.”
Since denosumab is a monoclonal antibody, literature sug-
gest caution while using the drug while the patient is on
other immunosuppressive drugs. This should not preclude
usage of the drug in an appropriate post-transplant patient
as the drug's efficacy and safety has been demonstrated in
prior studies.””*®

The literature on the specific use of denosumab in recip-
ients of liver transplant is limited; however, in an observa-
tional study by Brunova et 4l., on the use of denosumab in
solid organ transplant (N = 63), it was found that denosu-
mab was well tolerated in recipients of liver transplant
(N = 14). There was significant improvement in the BMD
T-scores with reduction in bone turnover.’®

One of the potential side effects that may be antici-
pated with administration of denosumab is hypocalcae-
mia, which is more profound in those with concomitant
renal insufficiency. It should be ensured that patients
are calcium and vitamin D replete prior to denosumab
therapy. Calcium levels should be monitored weekly
for at least a month after initiating on denosumab
therapy.
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Calcitonin

Calcitonin is a hormone that is naturally produced by the
C- cells of thyroid gland and functions by reducing the
serum calcium level. However, the action of the hormone
is not potent and may not be clinically relevant in states
of vitamin D deficiency. Commercial and therapeutic calci-
tonin is derived from salmon.

There are studies showing the potency of nasal calci-
tonin in treating osteoporosis and preventing vertebral
fractures; however, this is not the first choice and the use
of the drug is reserved for patients who do not tolerate
other agents and in the presence of severe bony palins.m’SS
Among liver transplant recipients, the use of calcitonin to
prevent bone loss in the first 6 months post-transplant
period was not better than placebo.59 A good safety and
tolerance profile and lack of drug-drug interactions allows
its use in post-liver transplant setting.

Calcitonin is given as 200 IU per day intranasal dose or
100 IU per day intramuscular or subcutaneous injection
for a period of 3-5 years for treatment of osteoporosis.”’

Raloxifene

Raloxifene, a selective estrogen receptor modulator, has
shown benefit in ameliorating osteoporosis across multi-
ple studies in post-menopausal women.

Vaginal bleeding, hot flushes, deep vein thrombosis,
and coronary artery disease are the class-related side effects
that preclude a wider application of this drug. The drug is
currently accepted for use only in post-menopausal women
and is regarded as a weak anti-resorptive d.rug.55

This drug may cause liver injury and cholestatic hepati-
tis and exacerbation of non-alcoholic steatohepatitis has
also been noted,®" and currently, there is no evidence for
use of this drug in a transplant recipient with osteoporosis.

Testosterone Replacement Therapy

Cirrhosis is a state of hypogonadism and low testosterone
contributes to poor bone mass is these patients. However,
multiple studies exploring the role of testosterone replace-
ment in improving bone health have yielded conflicting re-
sults.®>%?

Liver-related adverse effects further deter the use of
testosterone sult)l;)lementation.64 Testosterone also is
known to interact with cyclosporine, tacrolimus, and glu-
cocorticoids, thereby making it difficult to use in post-liver
transplant setting. Major side effects of this drug include
headache, increasing hematocrit and hypertension.

Testosterone replacement therapy may be considered in
hypogonadal men with osteopenia.

Interactions Between Osteoporosis Medications
and Post-transplant Inmunosuppressants

There are concerns with the use of oral bisphosphates
along with tacrolimus or cyclosporine as it may interfere

KUMAR ET AL

with the absorption of the calcineurin inhibitors. Options
of treatment with intravenous bisphosphonates or adjust-
ing the timing of oral bisphosphonates will prevent this
problem.

Current evidence does not suggest any major interac-
tion of denosumab or calcitonin with the common immu-
nosuppressive medications.”>*” Teriparatide, on the other
hand, has only limited data on its interaction with immu-
nosuppressive medications and is not widely used in this
setting.

Testosterone as a therapy for osteoporosis is less
preferred as it is known to increase the blood levels of
both tacrolimus and cyclosporine by decreasing their meta-
bolism. Similarly, raloxifene, owning to its side effect pro-
file, is better avoided in post-liver transplant setting.

Stepwise Management of Osteoporosis—choice
of Drugs

Currently, there is no literature or guideline pertaining to
the choice of drug in a cirrhotic or post-liver transplant pa-
tient. We suggest the stepwise approach below based on
the recommendations by the Indian Society for Bone and
Mineral Research position statement which could be safely
followed in a patient with cirrhosis and in a post-liver
transplant setting as well.°° Please refer to the above discus-
sion on FRAX score for determination of fracture risk and
refer Table 2 for specific drug dosage.

When There is Osteoporosis and High Risk of Fracture

Oral daily or weekly bisphosphonates are the first choice
(alternatively yearly intravenous bisphosphonates can
also be given). Generally, bisphosphonates are given up
to S years.

Denosumab (6 monthly for up to 5 years) is the
preferred second-line agent especially if patients have con-
traindications or are intolerant to bisphosphonate. Teri-
paratide can also be considered as an option if the T-
score <—3.

When There is Osteoporosis and Low-moderate Risk of
Fracture

Oral bisphosphonates are preferred in this group owing to
their safety profile. However, intravenous bisphosphonates
(2nd line) and denosumab (3rd line) are options in the
presence of contraindication or reaction to oral bisphosph-
onates.

When There is Osteoporosis-related Vertebral Fracture

Though teriparatide is considered as good first-line
anabolic agent in this scenario and is recommended sub-
cutaneously daily for up to 2 years, due to lack of evi-
dence in post-transplant setting, we suggest injectable
bisphosphonates (Zoledronic acid) therapy yearly for 5
years.

1136 © 2023 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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When There is Osteoporosis-related Hip Fracture

Injectable Zoledronic acid is the apt first-line of choice and
needs to be given yearly for 5 years.

Denosumab is a good second choice for this pa-
tient. Data on the use of teriparatide are limited in
this setting.

Monitoring While on Treatment

Among parameters used for monitoring of patients while on
treatment for osteoporosis BMD and BTM (bone turn over
markers) are popular. BMD done yearly after starting of ther-
apy to diagnose patients with non-response and to imple-
ment alternate treatment is recommended. Among
patients on anti-resorptive treatment, decrease in BTM is ex-
pected and has shown to correlate with decrease in fracture
risk.®”

AVASCULAR NECROSIS OF BONE

Avascular necrosis (AVN), although not related to bone
health, is a common occurrence among patients
with long-term iatrogenic glucocorticoid usage. AVN
is also reported in pre-transplant patients with
cirrhosis secondary to PBC and PSC; however, there is a
sharp increase in the post-transplant incidence of the
same.®®

Common sites of AVN include head of femur and hu-
merus, talus, and knee. As in the initial stage, the prob-
lem can be missed on plain X-ray, if a patient
complaints of hip pain, there should be a high index of
suspicion and magnetic resonance imaging should be
considered.®’

The pathophysiology of AVN is complex and has
various postulates, but glucocorticoid association is
certain; therefore, once AVN is suspected in patient, the
use of steroid immunosuppression needs to be limited
and other agents should be accordingly boosted.”’ It is
also advisable to limit the use of long-term glucocorticoids
in liver transplant recipients.

Prompt intervention by orthopedic surgeons directed
toward optimal definitive local treatment along with
physiotherapy is often required in these patients.

Bone disease is a common occurrence in patients with
liver disease and in recipients of liver transplantation.
However, due to the silent nature of the disease, a high de-
gree of suspicion and regular screening is needed to diag-
nose osteopenia and osteoporosis. Osteopenia can be
treated with sunlight exposure, exercise, and calcium and
Vitamin D supplementation, whereas osteoporosis treat-
ment must include addition of bisphosphonate therapy
as the first-line agent, with denosumab and teriparatide be-
ing the alternatives.
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