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OR I G I N A L AR T I C L E

Costs of pediatric liver transplantation among commercially
insured and Medicaid-insured patients with cholestasis
in the US

Tamir Miloh1 | Andrea Goldstein2 | Robin Howard2 |

Douglas B. Mogul2 | Jessica R. Marden3 | Annika Anderson3 |

Katherine Gaburo3 | Noam Kirson3 | Philip Rosenthal4

Abstract

Children with rare cholestatic liver diseases, such as Alagille syndrome,

progressive familial intrahepatic cholestasis, and biliary atresia typically

require liver transplantation (LT). The objective of this analysis was to assess

the economic burden of LT on these patients. Health care resource utilization

and costs associated with pediatric LT were retrospectively assessed using

insurance claims data from the US IBM MarketScan Commercial and

Medicaid databases collected between October 2015 and December 2019.

Inclusion criteria were as follows: ≥ 1 procedure code for LT, <18 years old

at transplant, and ≥6 months of insurance eligibility at baseline. A

cholestatic liver disease population who received LT was selected in the

absence of specific diagnosis codes by excluding other severe liver

conditions (ie, acute liver failure, malignancy) and by excluding severely

decompensated individuals requiring ICU admission before LT. Annualized

rates were reported. Over a mean study duration of 1.8 years, 53

commercially insured and 100 Medicaid-insured children received LT, with

mean (SD) ages at baseline of 6.9 (6.0) and 5.7 (5.4) years, respectively.

During this period, commercially insured and Medicaid-insured patients had

annualized means of 65.3 and 52.8 medical visits, respectively. Most were

outpatient visits, although the burden of inpatient visits was also high, with

mean inpatient stays (inclusive of LT stay) of 37.2 and 31.6 days per year,

Abbreviations: ALGS, Alagille syndrome; HRU, health care resource utilization; ICD-10, International Classification of Diseases; LT, liver transplantation; PFIC,
progressive familial intrahepatic cholestasis; Tenth Revision; ICU, intensive care unit
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respectively. Commercially insured and Medicaid-insured patients averaged

US$512,124 and $211,863 in medical costs and $26,998 and $15,704 in

pharmacy costs, respectively. These costs remained substantial throughout

the first year after transplant. Overall, pediatric LT resulted in substantial

health care resource utilization and cost burden in both commercially- and

Medicaid-insured patients. Novel targeted medications that negate the need

for pediatric LT could decrease the associated morbidity and costs.

INTRODUCTION

Liver transplantation (LT) is an effective therapy for a
range of chronic liver diseases in children; however, it
can result in several potentially fatal or long-term
complications, such as graft rejection and failure,
hypertension, and chronic renal impairment, with a 5-
year mortality rate of 11.6%.[1,2] Moreover, 5-year graft
survival rates were reported to be 86.5% in pediatric
patients who underwent LT.[3] Graft rejection, which is
more common in children, is associated with the need
for additional medical procedures such as liver
biopsies and hospital admissions.[4,5] Furthermore,
an estimated 8% to 29% of patients who receive a
liver transplant will require retransplantation, which
has higher associated morbidity and mortality rates
than the initial transplant.[5–7] In addition, posttrans-
plant immunosuppression increases the risk of
infections and malignant complications,[8–10] and
can result in a significant burden for patients and
caregivers.

Between 2011 and 2021, 5,741 liver transplants were
performed on pediatric patients in the US.[11] A
significant proportion of these transplants (46.0%) were
performed due to cholestatic disease, including biliary
atresia, but also rarer cholestatic diseases, such as
Alagille syndrome (ALGS) and progressive familial
intrahepatic cholestasis (PFIC).[2]

Pediatric LT is associated with significant health care
resource utilization (HRU), including inpatient and
outpatient medical visits and cost burden. However,
there is a paucity of data focused on the cost of LT in
pediatric patients with cholestatic liver disease. There-
fore, this analysis estimated the economic burden
associated with LT in pediatric patients with cholestatic
liver disease in the US following their surgery.

METHODS

Data sources

Health insurance claims data from October 1, 2015,
through December 31, 2019, from the IBM Watson

Health MarketScan Commercial Claims and Encounters
and Multi-State Medicaid databases were analyzed
retrospectively. The MarketScan Commercial Claims
and Encounters database contains data from ~100
different insurance plans representing around 93 million
covered individuals. This database provides information
on private sector health care and the health care claims
of employees and dependents covered by health
benefit programs of large employers. The Medicaid
database provides information on over 44 million
Medicaid enrollees across multiple states in the US.
These databases provide information on enrollment
history and claims for medical (eg, professional and
institutional services) and pharmacy services. Inpatient
services are also recorded at the claim and summarized
stay levels. The children in this analysis are drawn from
a subset of the US population with available claims in
the database. This research was exempt from Institu-
tional Review Board approval as the data were
completely de-identified from a health care claims
database.

Study design and cohort selection

Pediatric liver transplant cohorts were identified based
on the following criteria within each population: ≥ 1
procedure code (Supporting Table 1, http://links.lww.
com/LVT/A329) for a liver transplant on a claim
between October 1, 2015, and December 31, 2019;
age <18 years as of the liver transplant date, defined as
the earliest occurrence of liver transplant in the data cut;
and ≥ 6 months of continuous eligibility (ie, continuous
enrollment in commercial or Medicaid insurance plans
and continuous prescription drug coverage) before the
liver transplant date.

Rare cholestatic liver diseases, like ALGS and PFIC,
do not have their own International Classification of
Diseases codes; thus, an algorithm for cholestatic liver
disease was needed to better approximate the burden
of LT among pediatric patients with cholestatic liver
disease. This algorithm was developed with input from
clinical experts and cross-referenced with the United
Network for Organ Sharing (UNOS) transplant database
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to assess the accuracy of our selected patient
population (Figure 1; Supporting Fig. 1, http://links.
lww.com/LVT/A329).[12] To better characterize the costs
after a liver transplant for individuals with cholestatic
liver disease apart from costs associated with severe
decompensation and acute-on-chronic liver failure in
the absence of being able to directly identify status 1A
and 1B patients, the following exclusion criteria were
used: stay in an ICU beginning > 24 hours before and
including the liver transplant date; a diagnosis of any
malignancy (hepatic or extrahepatic) on or before the

liver transplant date; and a solid organ transplant in the
year before liver or after liver transplant.

A subset of pediatric patients with ≥12 months of
follow-up after the liver transplant date was selected for
additional analyses. The study period started 90 days
before the liver transplant date, and patients were
followed for 12 months after transplant. To ensure the
analysis accounted for differences in insurance type,
HRU and the total cost of pediatric LT were evaluated
separately in commercially insured and Medicaid-
insured populations using insurance claims data.

F IGURE 1 Identification of children who underwent LT due to conditions similar in severity to cholestatic liver disease. *The liver transplant
date was defined as the earliest occurrence of a procedure code for LT. †Continuous eligibility was defined as continuous enrollment in
commercial or Medicaid insurance plans and continuous prescription drug coverage. ‡This step was taken to exclude status 1A patients; however,
all pediatric ICU stays > 24 hours were excluded. §Patients with the following solid organ transplants were excluded: heart, lung, kidney, pancreas,
or intestine. Abbreviations: ICU, intensive care unit; LT, liver transplantation.
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Study outcomes

Baseline characteristics were assessed during the
baseline period (defined as the 6 mo before liver
transplant) for each population and included clinical
characteristics, extrahepatic manifestations and pro-
cedures relevant to cholestatic liver disease, and
treatment with off-label medications. All-cause HRU
was assessed throughout the study period within
each population. The HRU categories assessed
included all visits and the following subcategories:
outpatient visits (overall and by provider categories);
home care visits; inpatient visits; emergency depart-
ment visits, and other visits. Home care visits
were defined as any visit with a home health care
provider. “Other” visits were defined as visits asso-
ciated with durable medical equipment or dental
and vision care. Outpatient provider categories of
interest were defined using revenue codes and
MarketScan provider variables and included primary
care, cardiology, gastrointestinal, lab/imaging, and
nephrology.

All-cause costs were defined as the total costs
reimbursed by insurers and were assessed throughout
the study period within each population. Medical costs,
other costs, and pharmacy costs were assessed.
Pharmacy costs were derived from outpatient pharmacy
claims specifically.

All-cause HRU and costs were also described over
3-month periods for the subset of pediatric patients
who received a liver transplant with ≥ 12 months of
follow-up after the liver transplant date. HRU and costs
were assessed across the following mutually exclusive
periods: 3 months before surgery; liver transplant date
to 3 months after liver transplant; 3–6 months after
surgery; 6–9 months after surgery, and 9–12 months
after surgery.

Statistical analyses

All statistical analyses were implemented using the
Statistical Analysis Software (SAS) Enterprise Guide
7.1. Means, medians, SDs, and ranges were reported
for continuous variables; frequencies and percentages
were reported for categorical variables. Costs were
reported in 2019 US dollars. HRU and costs were
reported as annualized rates, which were calculated
by dividing each patient’s total number of visits or
inpatient days (HRU) or costs by their study period
duration. After calculating each patient’s annualized
outcome, the average of the patients’ annualized HRU
and cost values were reported. HRU and costs for the
exploratory subgroup with ≥ 12 months of follow-up
were reported as the average total number of visits
and average total costs per patient over every
3 months.

RESULTS

Patient characteristics

This analysis included 53 commercially insured and 100
Medicaid-insured pediatric patients who underwent liver
transplants. In the commercially insured population, the
mean (SD) age was 6.9 (6.0) years, and 43.4% of
patients were male. Among the Medicaid-insured
population, the mean (SD) age was 5.7 (5.4) years,
and 51.0% of patients were male (Table 1). The most
common clinical characteristics of patients at baseline
were cirrhosis (commercial: 75.5%; Medicaid: 64.0%),
portal hypertension (commercial: 60.4%; Medicaid:
50.0%), and liver failure (commercial: 54.7%;
Medicaid: 31.0%) (Supporting Table 2, http://links.lww.
com/LVT/A329). Rates of nutritional deficiencies or
malnutrition and congenital heart disease were similar
between commercially insured and Medicaid-insured
patients, but the incidence of rickets was numerically
higher in the Medicaid-insured population (commercial:
26.4%; Medicaid: 42.0%). At baseline, many patients
were taking off-label medications in both the commer-
cially insured and Medicaid-insured populations (see
Supporting Table 3, http://links.lww.com/LVT/A329).

All-cause HRU

The mean study period duration was 1.8 years (median
1.5; range 0.3–3.9) for the commercially insured
population and 1.8 years (median 1.6; range 0.3–4.0)
for the Medicaid-insured population. During this period,
commercially insured patients had an annualized mean
of 65.3 medical visits (median 56.1; range 9.5–256.1;
Figure 2), and Medicaid-insured patients had a mean of
52.8 medical visits (median 44.2; range 5.5–240.7;
Figure 3). Of note, multiple visits could occur on the
same day. Medical visits were defined as laboratory
tests, outpatient procedures, and clinic visits. Outpatient

TABLE 1 Demographic characteristics of the pediatric liver
transplant patient cohorts at liver transplant date

Patient
characteristics

Commercially
insured population

(n= 53), n (%)

Medicaid-
insured

population
(n= 100), n (%)

Age, mean (SD) 6.9 (6.0) 5.7 (5.4)

Age categories

> 0-<2 y 20 (37.7) 42 (42.0)

≥ 2-<6 y 6 (11.3) 20 (20.0)

≥ 6-<10 y 7 (13.2) 15 (15.0)

≥ 10 y 20 (37.7) 23 (23.0)

Male 23 (43.4) 51 (51.0)

Note: All values are n (%) unless otherwise specified.
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visits accounted for most of the total number of medical
visits. Commercially insured and Medicaid-insured
patients had mean numbers of 41.0 (median 37.1;
range 8.9–108.8) and 33.6 (median 30.9; range
4.5–100.9) outpatient visits, respectively. The most
common types of outpatient visits in both populations
were lab/imaging and primary care specialty.

Commercially insured patients had a mean of 3.5
(median 2.3; range 0.0–13.3) hospitalizations, with a
mean length of stay of 37.2 (median 30.6; range
0.0–139.5) days per year and 2.3 (median 1.6; range
0.0–13.7) emergency department visits per year.
Medicaid-insured patients had a mean of 2.6 (median
1.7; range 0.0–11.1) hospitalizations, with a mean
length of stay of 31.6 (median 16.7; range 0.0–206.4)
days per year and 2.7 (median 1.9; range 0.0–16.9)
emergency department visits per year.

All-cause costs

Mean annualized medical costs among commercially
insured patients were $512,124 (median $438,818;

range $1,066–$1,638,008) per year (Figure 4), and
among Medicaid-insured patients were $211,863
(median $161,373; range $176–$1,020,575) per year
(Figure 5). The majority of these costs were incurred
during inpatient visits (mean $452,744 [median
$371,544; range $0–$1,557,333] per year for
commercially insured patients and mean $194,483
[median $130,086; range $0–$1,007,760] per year for
Medicaid-insured patients). Lab/imaging visits were the
largest contributors to outpatient costs in both
populations. Annualized mean pharmacy costs were
$26,998 (median $13,277; range $0–$433,346) among
commercially insured patients and $15,704 (median
$7,211; range $0–$154,528) among Medicaid-insured
patients.

HRU across 3-month periods

A total of 32 commercially insured patients and 61
Medicaid-insured patients who had ≥ 12 months of
continuous eligibility after the liver transplant date were
included in an analysis of HRU and costs across 3-
month periods. This analysis aimed to examine the
impact of follow-up on HRU and costs. The mean (SD)
age at liver transplant was 8.6 (5.7) years among
commercially insured patients and 5.6 (5.6) years
among Medicaid-insured patients. Other baseline char-
acteristics among these subgroups were comparable
with those of the overall pediatric liver transplant
population described in Table 1 and Supporting
Table 2, http://links.lww.com/LVT/A329.

Among commercially insured patients, the greatest
number of medical visits occurred during the 3- to 6-
month period after surgery (mean 19.7 visits), although
a substantial number of follow-up visits also occurred
during each period that was assessed, continuing
through the 12 months following transplant (full results

F IGURE 2 Annualized, all-cause HRU among pediatric patients
receiving an LT in the commercially-insured population (n = 53).
*Mean values. Box-and-whisker plots represent the medians, inter-
quartile ranges, and ranges of the overall annualized cost data;
asterisks denote mean values. Max. values denote the upper limits of
the ranges, which are off-scale. Abbreviations: HRU, health care
resource utilization; LT, liver transplantation.

F IGURE 3 Annualized, all-cause HRU among pediatric patients
receiving an LT in the Medicaid-insured population (n = 100). *Mean
values. Box-and-whisker plots represent the medians, interquartile
ranges, and ranges of the overall annualized cost data; asterisks
denote meal values. Max. values denote the upper limits of the
ranges, which are off-scale. Abbreviations: HRU, health care resource
utilization; LT, liver transplantation.

F IGURE 4 Annualized costs in the commercially-insured pop-
ulation (n = 53). Mean all-cause total medical costs are reported in
2019 US dollars. *Mean values. †Categories of total medical costs.
Box-and-whisker plots represent the medians, interquartile ranges,
and ranges of the overall annualized cost data; asterisks denote mean
values. Max. values denote the upper limits of the ranges, which are
off-scale.
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can be found in Supporting Table 4, http://links.lww.
com/LVT/A329). The largest driver of total medical visits
during each period was outpatient visits, which was
highest during the 3- to 6-month period after surgery
(mean 13.3). In the 3 months before surgery, commer-
cially insured patients had a mean of 1.0 inpatient visits,
with a mean duration of 7.3 days. In the 3 months after
surgery (inclusive of transplant day), this rose to a mean
of 1.4 inpatient visits, with a mean duration of 39.3 days.
Since all patients were required to have an LT, it was
expected that all patients would have an inpatient stay;
however, 4 patients (1 Commercial, 3 Medicaid) had
LTs that were flagged as an outpatient stay, likely due to
miscoding in the insurance data.

When the initial stay relating to the liver transplant
was excluded from the analysis, the frequency and
duration of additional inpatient visits during the
0–3 months after surgery remained notable, with a
mean of 0.4 visits lasting a mean of 3.5 days. A similar
frequency and duration of visits were maintained over
each subsequent period up to 12 months after surgery.
The relationship between the total costs for each patient
at 0–3 months and 9–12 months after surgery is shown
in Supporting Fig. 2, http://links.lww.com/LVT/A329.
High initial costs 0–3 months after surgery did not
appear to predict sustained higher costs at
9–12 months after surgery.

Among Medicaid-insured patients, the greatest num-
ber of medical visits occurred during the first 3 months
immediately after surgery (mean 16.4), which was
largely driven by outpatient visits (Supporting Table 4,
http://links.lww.com/LVT/A329). This population also
made a substantial number of health care visits through
the 12 months following the transplant. The number of
outpatient visits peaked during the 3 months after
surgery (mean 11.4). In the 3 months before surgery,
Medicaid-insured patients had a mean of 0.7 inpatient
visits, with a mean duration of 5.5 days. In the 3 months

after surgery, this rose to a mean of 1.4 inpatient visits,
with a mean duration of 25.9 days. When the initial stay
relating to the liver transplant was excluded from the
analysis, the frequency and duration of additional
inpatient visits during the 0–3 months after surgery
remained notable, with a mean of 0.5 (range 0.0–4.0)
visits lasting a mean of 6.0 (range 0.0–134.0) days,
though the frequency and duration of visits did then
decrease over each subsequent period up to 12 months
after surgery. Supporting Fig. 3, http://links.lww.com/
LVT/A329, shows the relationship between the total
costs for each patient at 0–3 months and 9–12 months
after surgery. High initial costs 0–3 months after surgery
did not appear to predict sustained higher costs at
9–12 months after surgery.

Costs across 3-month periods

Total medical costs were highest in the 0–3-month
period after surgery (which included the liver transplant)
for both the commercially insured and Medicaid-insured
populations, with mean costs of $609,100 (Fig. 6) and
$221,428 (Fig. 7), respectively. Costs throughout the
first year after surgery in the commercially insured and
Medicaid-insured populations can be found in
Supporting Fig. 4, http://links.lww.com/LVT/A329.

In the commercially insured population, inpatient
visits were the highest cost across each period, with a
peak (mean $598,217) during the first 3 months after
surgery (Supporting Fig. 4, http://links.lww.com/LVT/
A329). This was largely due to the cost of the initial stay
relating to the liver transplant (mean $559,864), with a
lower mean cost of $38,344 for additional inpatient visits
0–3 months after surgery. Outpatient costs peaked
during the 3–6-month period after surgery (mean
$13,781). Pharmacy costs were relatively consistent
across all periods and peaked during the first 3-month
period after surgery (mean $8,052). Among pharmacy
costs, those associated with cytomegalovirus infection
agents steadily declined over the 12 months after

F IGURE 5 Annualized costs in the Medicaid-insured population
(n = 100). Mean all-cause total medical costs are reported in 2019
US dollars. *Mean values. †Categories of total medical costs.
Box-and-whisker plots represent the medians, interquartile ranges,
and ranges of the overall annualized cost data; asterisks denote
mean values. Max. values denote the upper limits of the ranges,
which are off-scale.

F IGURE 6 All-cause total medical costs by 3-month periods
among commercially-insured patients who had ≥ 12 months of con-
tinuous eligibility post–liver transplant date (n = 32). Mean all-cause
total medical costs are reported in 2019 US dollars. Ranges for costs
were: 3 months before surgery ($0-$283,191); 0–3 months after sur-
gery ($1208-$2,052,575); 3–6 months after surgery ($0-$791,275);
6–9 months after surgery ($112–$276,029); and 9–12 months after
surgery ($0-$256,287).
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surgery, whereas costs associated with immunosup-
pressants remained relatively stable throughout this
period.

Overall trends were similar in the Medicaid-insured
population. Inpatient visits were the costliest component
during each period, peaking in the first 3 months after
surgery (mean $215,157; Supporting Fig. 5, http://links.
lww.com/LVT/A329). This was again largely due to the
cost of the initial stay relating to the liver transplant
(mean $209,798), with a lower mean cost of $5,077 for
additional inpatient visits 0–3 months after surgery.
Among Medicaid-insured patients, the peak in out-
patient costs occurred during the first 3 months after
surgery (mean $5,145). Peak pharmacy costs occurred
during the 3 months before transplant (mean $7,723)
and remained relatively consistent over 12 months of
observation. The pattern of costs associated with
cytomegalovirus infection agents and immunosuppres-
sants mirrored those incurred by the commercial
population.

DISCUSSION

Cholestatic liver disease is the leading indication for a
pediatric liver transplant.[13] Therefore, in this analysis,
we aimed to exclude status 1A patients who may have
had an acute liver failure or other conditions more
severe than cholestatic liver disease, as well as
severely decompensated chronic liver disease requiring
ICU admission. This analysis used an enriched pop-
ulation for rarer cholestatic liver diseases like biliary
atresia, ALGS, and PFIC. The results demonstrated that
pediatric LT imposes a significant economic burden on
this specific population of patients, which suggests that
improved medical management of some liver diseases
could help reduce this burden. For example, ALGS is a
cholestatic liver disease with an estimated incidence of
1 in 30,000–50,000 live births,[14] of which as few as
24% to 41% of patients reach 18.0–18.5 years without
requiring a liver transplant.[15,16] In this case, LT may be
performed for reasons other than end-stage liver

disease, including intractable pruritus, xanthomas, and
failure to thrive, all of which result in poor health-related
quality of life.[17,18] Improved management of these
clinical manifestations of ALGS, and other rare choles-
tatic liver diseases like PFIC, could therefore potentially
delay or negate the need for liver transplants in these
patients. Reducing the need for LT in patients with
cholestatic liver diseases would increase the availability
of donor organs for other patients and have cost and
HRU benefits across the health care system.

This real-world study assessed HRU and total costs
of care during the first year after surgery among
pediatric patients with cholestatic liver disease who
received a liver transplant in the US. The results show
that LT imposed a significant economic burden on both
commercially insured and Medicaid-insured popula-
tions, with the costs primarily driven by lengthy
inpatient stays.

The number of health care visits made by patients
included in this analysis appeared higher than that
made by US-based children with no medical complex-
ities between 2007 and 2009, who were estimated to
make a mean of 0.03 inpatient visits, 2.64 outpatient
visits, and 0.21 emergency department visits per
year.[19] Patients included in this analysis also experi-
enced substantial medical costs, especially when
considering the average annual health care costs of a
child without medical complexities, which are estimated
to be $804.[19] A previous study examining the costs of
pediatric LT among patients with biliary atresia was
estimated to be $458,059 per year in 2018 US dollars,
similar to what was observed in the current analysis.[20]

A separate analysis, focused only on total cost during
the transplant surgery admission, found median costs of
$162,902.4 for children with ALGS and $150,186.7 for
children with BA (in 2018 US dollars), with no significant
difference between the 2 groups.[21]As would be
expected, these single-admission costs were lower
than the all-cause total medical costs described here.
The cost estimates described here for pediatric trans-
plant recipients are also higher than those reported for
children with other chronic conditions. For example, the
annual cost of treating a child with asthma in the US has
been estimated to range from $3,076–$13,612 per
child.[22–24] It is also useful to compare our results with
other severe, complex medical diseases. For example,
the results of a French analysis suggest that the mean
annual cost of treating a pediatric patient with cystic
fibrosis is lower than that described here (€29,746 per
patient, which is equivalent to $32,851 per patient, per
2022 exchange rates).[25]

This analysis demonstrated that pediatric LT was
associated with frequent health care visits and signifi-
cant medical costs in the first year after surgery.
Inpatient visits were the costliest type of visit for
patients, regardless of insurance type. Most of these
costs were due to the initial stay after the transplant,

F IGURE 7 All-cause total medical costs by 3-month periods
among Medicaid-insured patients who had ≥ 12 months of continuous
eligibility post–liver transplant date (n = 61). Mean all-cause total
medical costs are reported in 2019 US dollars. Ranges for costs were:
3 months before surgery ($0-$99,753); 0–3 months after surgery ($0-
$768,590); 3–6 months after surgery ($0-$171,914); 6–9 months after
surgery ($0-$52,802); and 9–12 months after surgery ($0-$67,002).
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with lower inpatient costs after surgery. The frequency
and duration of inpatient visits and associated costs
remained fairly steady during each 3-month time period
after the initial transplant visit through to 12 months,
although the length of inpatient stays declined with time
in the Medicaid-insured population. In addition, higher
initial total costs at 0–3 months after surgery did not
appear to predict sustained costs later in the treatment
course at 9–12 months. There was wide variation in the
medical costs incurred by individual patients within each
cohort, and the mean values were often higher than the
corresponding medians, demonstrating that some indi-
viduals experienced significantly higher costs compared
with the rest of their cohort. This highlights that the care
required for patients who undergo LT is complex and
can vary according to individual needs.

While there are advantages to using claims data to
analyze the economic burden of pediatric LT, there are
certain general limitations associated with these types
of observational studies. For example, the nature of
claims data does not allow an understanding of the
burden of specific cholestatic liver diseases such as
ALGS and PFIC. The elimination of costs associated
with ICU stays more than 24 hours before transplant
also served to focus on the LT rather than the costs that
occur in severe decompensation or acute-on-chronic
liver failure, but this process would not eliminate
individuals with other non-cholestatic diseases. In
addition, while we eliminated from the analysis individ-
uals with tumors, a condition with clear diagnostic
codes, we did not exclude individuals with rare
metabolic diseases; these conditions represent a small
fraction (ie, ~one-fifth) the number of cases of children
transplanted for cholestatic disease.[2] These diseases
represent rare indications for liver transplants.[26] More-
over, individual claims may have been miscoded or
contained inaccuracies. In addition, many claims were
missing information required to attribute HRU and cost
data accurately to specific physician specialties. Among
the commercially insured and Medicaid-insured sam-
ples, 22.6% and 47.0% of patients were missing a
physician specialty code on at least 1 claim in the study
period, respectively. For this reason, the breakdown of
claims by specialty is likely to underrepresent costs and
HRU. As a result, this study adopted a broad approach
when assessing the costs and HRU associated with
outpatient visits. The reliance on diagnostic and treat-
ment codes, which were designed for administrative
purposes, may have led to the misclassification of
pediatric patients with LT.

The HRU and cost burdens presented in the
analysis do not necessarily reflect all costs incurred
but only costs reimbursed by insurers. Several factors
such as out-of-pocket expenses (eg, transportation
costs), the lifelong need for immunosuppression or
retransplantation, additional pharmacologic treat-
ments, loss of education and wages, and the societal

impact of these diseases were unaccounted for.
Furthermore, these results are limited geographically
to patients with commercial or Medicaid insurance in
the US, and temporally to October 1, 2015, through
December 31, 2019, and thus may not apply to other
patient populations. These data cannot be used to
estimate the long-term economic burden of pediatric
LT; this analysis provides an estimation based on
costs reported during the study period. Immunosup-
pression to ensure that the graft is not rejected by the
host is required for some patients throughout their
lives, and this analysis does not reflect the costs
associated with prolonged immunosuppressant
therapy.[27] The routine follow-up care required for
the recipients of liver transplants, including monitoring
of height and weight, supporting adherence to immu-
nosuppressive medication, and screening for potential
late surgical complications, was not accounted for in
this analysis.[8]

In addition to this, the small sample sizes in these
analyses limit the power of the conclusions. The
annualized estimates of HRU and medical costs include
what are arguably unrealistic assumptions about the
stability of a patient’s health over time, and therefore
may result in overestimates of the true average HRU
and costs and must be interpreted with care beyond the
first-year after surgery. Finally, the exploratory subgroup
analysis was restricted to patients who had ≥ 12 months
of posttransplant follow-up, which may have resulted in
the selection of a subgroup with less severe disease, as
this inherently excludes patients who died or were lost
to follow-up within a year of transplantation. However,
the baseline characteristics for the subgroup and the
overall pediatric population did not appear qualitatively
different.

This analysis demonstrates that pediatric LT, in a
population of patients selected to exclude those with
severe liver disease and failure, resulted in substantial
HRU and cost burdens in both the commercially-insured
and Medicaid-insured US populations, which were
mainly driven by lengthy inpatient stays. The optimiza-
tion of medical management to slow the progression of
liver disease and fibrosis in cholestatic liver disorders is
needed. Novel targeted medications may delay or
negate the need for LT and could decrease the
associated morbidity and costs.
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