1971ZIMNZIDBPXZOBBAROATIAEIDYIASALLIAIPO0AEIEAHIOIN/AOAUMYTXOMADYOINX

YOHISABZaYTCY+eyNIOITWNOTZTARIHJSSHANAUE Ag reuinohuejdsuely/wod mm| sfeulnol//:dny wolj papeojumoq

€20¢/6T/S0 uo

Original Clinical Science—L.iver

Biliary Complications After Liver Transplantation

in the United States: Changing Trends and

Economic Implications
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Mark A. Schnitzler, PhD,® Huiling Xiao, MS,® Dorry L. Segev, MD, PhD,? and David A. Axelrod, MD, MBA'

Background. Biliary complications (BCs) continue to impact patient and graft survival after liver transplant (LT), despite
improvements in organ preservation, surgical technique, and posttransplant care. Real-world evidence provides a national
estimate of the incidence of BC after LT, implications for patient and graft outcomes, and attributable cost not available
in transplant registry data. Methods. An administrative health claims—based BC identification algorithm was validated
using electronic health records (N=128) and then applied to nationally linked Medicare and transplant registry claims.
Results. The real-world evidence algorithm identified 97% of BCs in the electronic health record review. Nationally, the
incidence of BCs within 1 y of LT appears to have improved from 22.2% in 2002 to 20.8% in 2018. Factors associated with
BCs include donor type (living versus deceased), recipient age, diagnosis, prior transplant, donor age, and donor cause
of death. BCs increased the risk-adjusted hazard ratio (aHR) for posttransplant death (aHR, 1.43; P<0.0001) and graft
loss (@aHR, 1.48; P<0.0001). Nationally, BCs requiring intervention increased risk-adjusted first-year Medicare spending
by $39710 (P<0.0001). Conclusions. BCs remain an important cause of morbidity and expense after LT and would

benefit from a systematic quality-improvement program.
(Transplantation 2023;107: e127—e138).

)

INTRODUCTION

Biliary complications (BCs) remain a significant source of
morbidity after deceased donor liver transplant (DDLT) and
living donor liver transplant (LDLT).! BCs encompass leaks,
either at the anastomosis or from the cut surface in LDLT
recipients, anastomotic strictures, and peripheral cholan-
giopathy. The incidence of biliary anastomotic strictures in
large case series is estimated at 8% to 31% after LDLT and
5% to 15% after DDLT, of which 70% to 87% are diag-
nosed in the first year.”* Nonanastomotic strictures (NASs)

Received 15 September 2022. Revision received 18 November 2022.
Accepted 12 December 2022.

" Organ Transplant Center, University of lowa Hospitals and Clinics, lowa City, IA.
2 Department of Surgery, Johns Hopkins University, Baltimore, MD.

3 Department of Medicne, Saint Louis University, St. Louis, MO.

The authors declare no funding or conflict of interests.

PM., KJ., and D.A.A. participated in design, data collection, analysis, and
writing. K.L.L., MA.S., HQ., J.M., and D.S. participated in design, data
analysis, and review.

Supplemental digital content (SDC) is available for this article. Direct URL
citations appear in the printed text, and links to the digital files are provided in the
HTML text of this article on the journal’s Web site (www.transplantjournal.com).

Correspondence: David A. Axelrod, MD, Organ Transplant Center, University
of lowa Hospitals and Clinics, 200 Hawkins Dr, lowa City, IA 52242. (david-
axelrod@uiowa.edu).

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0041-1337/20/1075-e127
DOI: 10.1097/TR0O000000000004528

Transplantation m May 2023 m Volume 107 m Number 5

are reported in 1% to 15% of cases.”® The incidence of bil-
iary leaks varies from 2% to 25%, whereas diffuse cholan-
giopathy, which is most common after DDLT from a donor
after circulatory death, varies from 2% to 20%.”

BCs are diagnosed using clinical signs or laboratory
evidence. After diagnosis, BCs are confirmed with imag-
ing procedures, including endoscopic retrograde chol-
angiopancreatography (ERCP) and magnetic resonance
cholangiopancreatography. BCs may be treated using
minimally invasive interventions such as stenting, percuta-
neous transhepatic cholangiography, surgical revision, or
retransplantation.® Reported risk factors for BCs include
impaired arterial inflow, advanced donor age, partial or
split liver grafts, prolonged ischemic time, and DCD dona-
tion. ’ If not treated, BCs can lead to recurrent cholangitis,
secondary biliary cirrhosis, and, eventually, graft failure.”

Prior investigations using health insurance claims have
identified significant variation in the risk-adjusted frequency
of BCs and have correlated the cost of liver transplant (LT)
care with the development of BCs.'”!! However, these real-
world evidence methods have not been validated using clin-
ical chart review or recently updated in light of revisions
to the organ allocation system. The current investigation
assessed sensitivity and specificity of a healthcare claims
real-world evidence algorithm to identify BCs through a
direct medical record review of a large institutional sam-
ple. This validated algorithm was then applied to a national
cohort of Medicare-insured patients to assess the impact of
recent changes in liver allocation on the prevalence of BC
and impact of LT clinical and economic outcomes.
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TABLE 1.

Estimated institutional cost of biliary complications after liver transplantation

Total charges per patient Estimated cost of care per Estimated Medicare payment per Estimated hospital
(mean) patient (mean) patient (mean) margin %
Diagnosis and procedure $868726 $234 556 $216115 -85
Diagnosis and surgery $523355 $141306 $145013 2.6
Diagnosis alone $488952 $132017 $122073 -8.1
No complications $405690 $109536 $111556 1.8

MATERIALS AND METHODS

Institutional Patient Clinical Events and Claims
Analysis

Detailed electronic health record review of data was
performed during a review of 128 DDLT procedures
performed at the University of lowa from 2010 to 2019.
Patients’ electronic health records were reviewed to iden-
tify patients with BCs. Subsequently, hospital billing claims
were extracted for all LT recipients regardless of payer.
Estimated hospital cost and hospital contribution margin
were determined by converting all hospital charges to cost
using the hospital cost-to-charge ratio. Next, estimated
Medicare reimbursement was available for 112 recipients
(regardless of actual payer) and calculated using standard
Medicare diagnosis related group (DRG) payment meth-
odology, including outlier payments.

National Data

National clinical, demographic, and claims informa-
tion for adult (age >18 y) patients who underwent LT
from 2002 to 2018 was obtained from a database link-
ing Scientific Registry of Transplant Recipients (SRTR) LT
files with Medicare billing claims. SRTR data were ana-
lyzed for this study. The SRTR system includes data on all
donors, waitlisted candidates, and transplant recipients in
the United States submitted by the members of the Organ
Procurement and Transplantation Network (OPTN).
The Health Resources and Services Administration, US
Department of Health and Human Services (HHS), oversees
the activities of OPTN and SRTR contractors. Medicare
billing claims data include diagnostic and procedure codes
for patients with Medicare fee-for-service primary or sec-
ondary insurance. After regulatory approvals, beneficiary
identifier numbers from Medicare’s databases were linked
using Social Security number, sex, and birthdate to unique,
anonymous registry identification numbers. Because of the
large sample size, the anonymity of the patients studied,
and the nonintrusive nature of the research, a waiver of
informed consent was granted per the HHS Code of Federal
Regulations (Title 45, Part 46, Paragraph 46.116). Analyses
were performed using Health Information Portability and
Accountability Act—compliant, limited datasets, from which
all direct identifiers were removed.

Recipient and Donor Clinical Characteristics

Information on recipient national clinical and demo-
graphic characteristics was drawn from OPTN Standard
Analysis and Research files and included records of recipi-
ent age, sex, race, blood type, primary cause of end-stage
liver disease, mean biologic Model for End-Stage Liver

Disease (MELD) score, comorbidities, insurance type,
and listing region. Donor characteristics included mode
of death (donation after brain death [DBD] or donation
after circulatory death [DCD]), ischemic time, age, race,
and comorbidities.

Definition of BC Scale

BCs were ascertained from Medicare billing claims
with corresponding International Statistical Classification
of Diseases and Related Health Problems-9/10 diag-
nosis codes and procedures using Common Procedure
Terminology codes within 180 d of transplant. BCs were
defined using the Medicare claims records (Table 1) and
grouped by need for intervention. Group 1 included all
patients with biliary diagnoses (eg, cholangitis, biliary
stricture) posttransplant. Group 2 is a subgroup of patients
in group 1 who underwent an endoscopic or radiologic
procedure (eg, ERCP) or a surgical procedure. Group 3
includes the subgroup of patients in group 1 with a post-
transplant surgical procedure for a BC (eg, choledochoen-
terostomy or retransplantation). The same methodology
was used to evaluate hospital claims generated for the
local cohort. The resulting designations based on health
claims were then compared with a detailed medical record
review to determine concordance.

Statistical Analyses

Baseline characteristics of the study cohort of Medicare-
insured LT candidates were compared with all OPTN
candidates without Medicare by the chi-square test or
the Student ¢ test as appropriate. The incidence of BCs
was estimated by Kaplan-Meier analysis based on time
from transplant to the first BC. Incidence estimates were
computed for the overall population and after stratifica-
tion for transplants from donors after DBD and DCD.
Independent correlates of BCs were estimated from mul-
tivariate Cox models, considering time from transplant to
the first claim for a complication in each group (diagnosis
for group 1, procedure for groups 2 and 3).

Dates of death and graft failure were defined by OPTN
reports. Cox regression was used to assess the impact of
a diagnosis of BC (group 1) or need for a biliary proce-
dure (group 2) or surgical revision (group 3) on the risk of
patient and graft survival after LT. Time of origin was the
date of transplant, and patients were censored at the last
follow-up or the end of the study. The biliary diagnosis
or procedure was included in the model as a time-varying
covariate assigned at the date of the first claim.

Economic analysis included paid Medicare claims for
all care beginning with the LT (DRG 005 and 006) and
concluding at 1 y after transplant. Actual payment was

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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included rather than calculations based on Common
Procedure Terminology or DRG code. Attributable BC
costs were defined as the difference in aggregate 1-y paid
claims for patients with and without BCs (including mul-
tiple interventions when required). Data management
and analyses were performed using SAS, version 9.3 (SAS
Institute Inc, Cary, NC).

Approval

The study was approved by the University of lowa and
the Saint Louis University institutional review boards, the
data oversight committee of the OPTN, and HRSA.

RESULTS

Institutional Cohort

Over an 8.5-y period, 128 patients underwent DDLT at
the University of Iowa (characteristics in Table S1, SDC,
http://links.lww.com/TP/C690). Medical record review of
these patients demonstrated that 30 (23.4%) developed
a BC, including 22 anastomotic strictures, 7 leaks, and 1
NAS within the first year after transplant. These patients
required 18 ERCPs, of which 83% demonstrated a BC,
and 6 percutaneous transhepatic cholangiocatheters, all
of which confirmed a BC. Five patients required reopera-
tion with conversion to a Roux-en-Y hepaticojejunostomy
(RYH]J), and 1 patient required retransplant. Assessment
of billing claims identified 97% of patients with a diag-
nosed BC. Among patients with a biliary procedure, the
claims analysis was 79% sensitive and 97% specific. The
negative predictive value of the claims analysis was 94%
in excluding a BC in this population.

Estimated Financial Implications of BCs

Single institutional accounting data review demon-
strated that mean charges and estimated cost of care,
exclusive of organ acquisition, were significantly higher
for patients with a BC (total charges: $488 952; estimated
cost: $132 017) than for patients without a BC ($405 690;
$109 536) over the first 12 mo after transplant (Table 1).
Patients who required a biliary procedure ($868 726;
$234 556) were substantially more resource intensive than
patients treated with surgical revision ($523 355; $141
306). Overall, although expected Medicare reimbursement
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was 94% higher for patients managed with ERCP/percu-
taneous transhepatic cholangiocatheter than patients with-
out complications, the higher cost of care resulted in an
estimated loss (contribution margin of =8.5% versus 1.8%
for patients without complications). For patients undergo-
ing surgical revision, the estimated payment was 30.0%
higher, and the estimated hospital contribution margin was
significantly improved (2.6%).

National Data

The incidence of a diagnosis consistent with a BC (group
1) has remained largely stable. The cumulative incidence
rate of any BC at 1 y post-LT was 22.2% in 2002 to 2006,
21.9% in 2007 to 2010, 24% in 2011 to 2014, and 20.8%
in 2015 to 2018 (P=0.51; Table 2; Figure 1). However, 1-y
incidence of BC requiring intervention (group 2) decreased
from 18.7% in 2002 to 2005 to 16.3% in 2015 to 2018
(P=0.06). These patients underwent a mean of 3 proce-
dures (25%: 1-75%: 4). The use of surgery to address BCs
has markedly decreased from 4.6% in 2002 to 2005 to
1.6% of LT in 2015 to 2018 (P<0.0001) because endo-
scopic techniques have improved.

In multivariate regression, factors associated with
increased rates of BCs included younger age, male sex,
allocation MELD score, previous transplant, donor age,
donor stroke or cerebrovascular disease, and partial or
split transplant, including living donors (Table 3; Figure
$1, SDC, http://links.lww.com/TP/C690). After account-
ing for donor, recipient, and transplant factors, the overall
risk of BCs was essentially unchanged from 2002 to 2010
but 22% higher from 2011 to 2014 (adjusted hazard ratio
[aHR], 1.22; P<0.001) and 2015 to 2018 (aHR, 1.22;
P<0.0001). BCs requiring endoscopic or radiologic inter-
vention (group 2) remained stable or increased across all
age groups and eras of transplant, whereas the need for sur-
gical intervention decreased significantly (P<0.001). Male
sex, blood group AB, and allocation MELD were associ-
ated with higher incidence of BCs, as was cold ischemic
time CIT between 7 and 12 h. Warm ischemic time was not
associated with a higher incidence of BCs.

Donor type was strongly associated with the frequency
of BCs. In this cohort, the incidence of any BC was sig-
nificantly higher in DCD recipients (44%) than in recipi-
ents of LDLT (36%) and DBD organs (29%; P<0.001).
Similarly, the need for interventions was nearly twice as

TABLE 2.

National incidence of biliary complications by era and donor type

Group 1: Group 2: Diagnosis + Group 3: Diagnosis +
Diagnosis (%) P procedure or surgery (%) P surgery (%) P
Era of transplant
2002-2006 22.2 Reference 18.7 Reference 4.6 Reference
2007-2010 219 0.75 16.8 0.03 3.0 0.004
2011-2014 24.0 0.04 19.9 017 3.2 0.003
2015-2018 20.8 0.51 16.3 0.06 1.6 <0.0001
Donor type
Living donor 42.8 <0.0001 34.8 <0.0001 7.3 <0.0001
DCD 271 <0.0001 22.2 <0.0001 4.0 0.03
DBD 20.8 Reference 16.8 Reference 3.0 Reference

DBD, donation after brain death; DCD, donation after circulatory death.
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A Cumulative Incidence of Biliary Complications across Eras
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FIGURE 1. Incidence of early biliary complications after liver transplant by era in the United States.

high for LDLT recipients (37%) than for those with DBD
(16.6%) and DCD (20.8%; P<0.0001). Over time, the
incidence of BCs among DCD recipients has improved but
is not yet at the level of DBD recipients (Figure 2). In the
multivariate analysis, the incidence of BCs in patients with
partial liver allografts (including LDLT) remains signifi-
cantly higher. Other donor characteristics that increased
the incidence of BCs were donor age and cerebrovascular
accident (CVA)/stroke as cause of death.

Impact of BCs on Long-term Outcomes

BCs continue to significantly increase the risk of death and
graft failure. After risk adjustment, group 1 BCs increased

the risk of all-cause mortality by 43% (aHR, 1.43; P<0.001;
Table 4). Group 2 BCs, those requiring procedural interven-
tions (aHR, 1.46; P<0.0001), and group 3 BCs, requir-
ing surgery (aHR, 1.43; P=0.008), were also associated
with an increased risk of death. Although Black race was
not associated with the incidence of BC, Black individuals
continue to have an overall increased risk of death after LT
(P<0.05). Although metabolic liver disease was associated
with the lowest risk of death in recipients, the presence of
diabetes significantly increased the risk of death after BCs in
LT patients (P<0.0001). Nonviral indication for transplant
was associated with a lower risk of death after BCs devel-
oped (P<0.0001). Older donors and split/partial liver graft
recipients were at higher risk of death, as were those with

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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TABLE 3.

Multivariate Cox regression analysis characteristics associated with biliary complications after liver transplant

Group 2: Diagnosis + procedure or

Group 3: Diagnosis +

Group 1: Diagnosis aHR (95% Cl) surgery aHR (95% Cl) surgery aHR (95% Cl)
Era of transplant
2002—-2006 Reference Reference Reference
2007-2010 1.02 (0.93-1.13) 0.91 (0.81-1.02) 0.67 (0.52-0.86)"
2011-2014 1.22 (1.10-1.35)2 1.16 (1.04-1.30)' 0.76 (0.59-0.99)'
2015-2018 1.22 (1.06-1.40)" 1.11 (0.95-1.29) 0.42 (0.28-0.62)°
Recipient characteristics

Age,y

19-30 Reference Reference Reference

31-45 0.68 (0.51-0.89)" 0.86 (0.60-1.23) 0.74 (0.40-1.37)

46-60 0.59 (0.45-0.76)° 0.84 (0.60-1.17) 0.56 (0.32-0.99)'

>60 0.51 (0.39-0.66)° 0.70 (0.50-0.97)' 0.43 (0.24-0.76)'
Male 1,12 (1.03-1.21) 1.08 (0.99-1.18) 1.43 (1.15-1.78)'
Race

White Reference Reference Reference

Black 1.11(0.97-1.27) 0.98 (0.84-1.15) 1.22 (0.86-1.72)

Hispanic 0.90 (0.81-1.02) 0.92 (0.81-1.04) 1.21 (0.92-1.60)

Other race 0.93(0.78-1.12) 0.95(0.78-1.16) 0.85 (0.50-1.45)
ABO type

A Reference Reference Reference

AB 0.82 (0.68-0.98)" 0.74 (0.59-0.92)' 0.70 (0.40-1.21)

B 0.94 (0.83-1.06) 0.98 (0.86-1.12) 0.81(0.58-1.13)

0 0.95 (0.87-1.03) 1.00 (0.92-1.10) 1.02 (0.83-1.26)
Laboratory MELD at transplant 1.01 (1.00-1.02)2 1.01 (1.00-1.01)' 1.01 (1.00-1.03)
Cause of ESLD

HCC Reference Reference Reference

HCV 1.10(0.99-1.23) 1.13(1.01-1.28)’ 1.04 (0.77-1.39)

HBV 1.29 (0.94-1.76) 1.30(0.93-1.83) 2.00 (1.03-3.88)"

Metabolic 0.89 (0.69-1.15) 0.89 (0.68-1.18) 1.51 (0.85-2.67)

Alcoholic 0.92 (0.80-1.06) 0.92 (0.79-1.08) 0.96 (0.65-1.41)

QOther 1,12 (1.01-1.24)" 0.96 (0.85-1.08) 1.46 (1.10-1.93)'
Cold ischemic time, h

0-6 Reference Reference Reference

7-12 1,12 (1.03-1.22)" 1.12 (1.02-1.24)' 1.03 (0.82-1.30)

>12 1.22 (0.98-1.52) 1.20 (0.94-1.53) 1.36 (0.83-2.23)

Not reported 1.05 (0.94-1.17) 1.06 (0.94-1.19) 1.04 (0.79-1.38)
Warm ischemic time, min

0-30 Reference Reference Reference

>30 0.92 (0.83-1.02) 0.91 (0.82-1.02) 1.28 (0.98-1.67)

Not reported 0.82 (0.73-0.93)" 0.83(0.73-0.95)' 1.07 (0.77-1.48)
Previous transplant 1.20 (1.02-1.41)! 1.02 (0.84-1.24) 1.23 (0.83-1.83)
Peritonitis 0.96 (0.84-1.10) 1.02 (0.88-1.18) 0.95(0.67-1.35)
Previous abdominal surgery 1.16 (1.08-1.26)> 1.13 (1.04-1.23)" 1.10 (0.89-1.34)
Portal vein thrombosis 1.04 (0.93-1.16) 1.07 (0.95-1.20) 1.16 (0.87-1.55)
Diabetes 0.88 (0.81-0.95)" 0.90 (0.82-0.99)' 0.95(0.76-1.17)
On life support 0.77 (0.57-1.05) 0.84 (0.60-1.18) 0.34 (0.11-1.07)

Donor characteristics

Donor age, y

Donor cause of death
Cerebrovascular/stroke
Anoxia
Head trauma
CNS tumor
QOther

Partial/split liver

1.00 (1.00-1.01)’

1.14 (1.03-1.26)'
0.92 (0.83-1.03)
Reference
0.77 (0.32-1.86)
1.05 (0.76-1.43)
1.88 (1.48-2.41)°

1.00 (1.00-1.01)’

1.13(1.01-1.27)"
0.92 (0.81-1.04)
Reference
0.73 (0.27-1.94)
1.13(0.80-1.59)
1.75 (1.33-2.30)°

1.01 (1.00-1.01)"

1.20 (0.92-1.58)
1.03 (0.76-1.39)
Reference
1.21(0.17-8.70)
1.76 (0.86-3.62)
2.32 (1.27-4.24)'

Continued next page
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TABLE 3. (CONTINUED)

Group 2: Diagnosis + procedure or Group 3: Diagnosis +
Group 1: Diagnosis aHR (95% Cl) surgery aHR (95% Cl) surgery aHR (95% Cl)
Donor type
Living 1.36 (0.91-2.04) 1.37 (0.88-2.14) 0.86 (0.34-2.23)
DCD 1.44 (1.30-1.61)° 1.47 (1.31-1.65)° 1.55 (1.17-2.05)'
DBD Reference Reference Reference

Group 1: any diagnosis of biliary complication; group 2: patients with a diagnosis of biliary complication who require either an endoscopic/radiographic or a surgical procedure; group 3: patients with
a biliary complication diagnosis who required a surgical revision
Data presented as aHR (95% Cl).

1P<0.05-0.002.
2p=0.001-0.0002.
3p<0.0001.

“Other race” includes Asian, Native American, Pacific Islander, and multiracial.
4R, adjusted hazard ratio; CI, confidence interval; CNS, central nervous system; DBD, donation after brain Death; DCD, nonheart beating donor; ESLD, end-stage liver disease; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; MELD, Model for End-stage Liver Disease.
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FIGURE 2. Incidence of biliary complications after liver transplant requiring intervention. (A) DCD. (B) DBD. DBD, donation after brain
death; DCD, donation after circulatory death donor.
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TABLE 4.
Multivariate Cox regression analysis of the risk of all-cause mortality
Group 2: Diagnosis + procedure or Group 3: Diagnosis +
Group 1: Diagnosis aHR (95% CI) surgery aHR (95% Cl) surgery aHR (95% Cl)
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Biliary complication
Time-varying group 1
Time-varying group 2
Time-varying group 3

Era of transplant
2002-2006
2007-2010
2011-2014
2015-2018

Recipient characteristics
Age,y

19-30
31-45
46-60
>60
Male
Race
White
Black
Hispanic
Other race
ABO type
A
AB
B
0

Laboratory MELD at transplant

Cause of ESLD
HCC
HCV
HBV
Metabolic
Alcoholic
Other
Cold ischemic time, h
0-6
7-12
>12
Not reported
Warm ischemic time, min
0-30
>30
Not reported
Previous transplant
Peritonitis
Previous abdominal surgery
Portal vein thrombosis
Diabetes
On life support
Donor characteristics
Donor age, y
Donor cause of death
Cerebrovascular/stroke
Anoxia

1.43 (1.29-1.58)°

Reference
0.82 (0.74-0.92)2
0.66 (0.58-0.74)°
1.62 (1.37-1.91)°

Reference
1.40 (0.88-2.23)
1.21 (0.78-1.898)
1.31 (0.84-2.03)
1.01(0.92-1.11)

Reference
1.35(1.17-1.56)°
0.82(0.71-0.94)'
0.87 (0.71-1.06)

Reference
0.91 (0.74-1.12)
0.89 (0.77-1.02)
0.99 (0.90-1.09)
1.00 (1.00-1.01)

Reference
0.85 (0.75-0.96)'
0.61(0.41-0.91)'
0.52 (0.37-0.73)%
0.65 (0.55-0.77)°
0.61 (0.54-0.69)°

Reference
1.04 (0.95-1.15)
1.00 (0.77-1.30)
1.02 (0.91-1.16)

Reference
1.05 (0.94-1.18)
1.11(0.97-1.27)
1.27 (1.03-1.56)’
1.04 (0.88-1.21)
1.00 (0.91-1.09)
0.95 (0.83-1.09)
1.20 (1.10-1.31)°
1.07 (0.76-1.52)

1.01 (1.01-1.01)°

0.93 (0.83-1.04)
0.97 (0.85-1.09)

1.46 (1.32-1.62)°

Reference
0.83 (0.74-0.93)2
0.66 (0.58-0.74)°
1.62 (1.37-1.92)°

Reference
1.36 (0.86-2.16)
1.17(0.75-1.81)
1.27 (0.81-1.97)
1.02 (0.92-1.12)

Reference
1.37 (1.18-1.58)°
0.82(0.71-0.94)'
0.87 (0.71-1.06)

Reference
0.91 (0.74-1.12)
0.89 (0.77-1.02)
0.99 (0.90-1.08)
1.00 (1.00-1.01)

Reference
0.85 (0.75-0.95)'
0.61(0.41-0.91)'
0.52 (0.38-0.732
0.65 (0.55-0.77)°
0.61 (0.54-0.69)°

Reference
1.04 (0.95-1.15)
1.00 (0.77-1.30)
1.02 (0.91-1.16)

Reference
1.05 (0.94-1.18)
1.11(0.97-1.27)
1.28 (1.05-1.58)"
1.03 (0.88-1.21)
1.00 (0.91-1.09)
0.95 (0.83-1.09)
1.20 (1.09-1.31)2
1.06 (0.75-1.50)

1.01 (1.01-1.01)°

0.93 (0.83-1.04)
0.97 (0.85-1.09)

1.43 (1.14-1.78)’

Reference
0.83 (0.74-0.93)2
0.67 (0.59-0.75)°
1.65 (1.40-1.96)°

Reference
1.37 (0.86-2.17)
1.18(0.76-1.83)
1.26 (0.81-1.96)
1.02 (0.93-1.12)

Reference
1.36 (1.18-1.57)°
0.81(0.71-0.93)'
0.87 (0.71-1.06)

Reference
0.90 (0.73-1.11)
0.89 (0.77-1.02)
0.99 (0.90-1.09)
1.00 (1.00-1.01)

Reference
0.85 (0.75-0.96)'
0.61 (0.41-0.91)'
0.52 (0.37-0.72)
0.64 (0.54-0.76)°
0.61 (0.54-0.69)°

Reference
1.05(0.96-1.16)
1.00 (0.77-1.30)
1.03(0.91-1.16)

Reference
1.05 (0.93-1.18)
1.09 (0.95-1.26)
1.28 (1.04-1.57)"
1.03 (0.88-1.21)
1.01(0.92-1.10)
0.95 (0.83-1.09)
1.19 (1.09-1.30)2
1.07 (0.76-1.53)

1.01 (1.01-1.01)°

0.94 (0.84-1.05)
0.96 (0.85-1.09)

Continued next page
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TABLE 4. (CONTINUED)

Group 1: Diagnosis aHR (95% Cl)

Group 2: Diagnosis + procedure or
surgery aHR (95% Cl)

Group 3: Diagnosis +
surgery aHR (95% Cl)

Head trauma Reference

CNS tumor 0.74 (0.28-1.99)

Other 0.73(0.47-1.11)
Partial/split liver 0.63 (0.43-0.94)'
Donor type

Living 1.51(0.83-2.73)

DCD 1.00 (0.88-1.15)

DBD Reference

Reference
0.73(0.27-1.94)
0.73(0.48-1.12)
0.66 (0.44-0.98)"

Reference
0.75 (0.28-2.01)
0.72 (0.47-1.11)
0.64 (0.43-0.95)"

1.51(0.83-2.74)
1.01 (0.88-1.15)
Reference

1.53 (0.85-2.76)
1.02 (0.89-1.17)
Reference

Group 1: any diagnosis of biliary complication; group 2: patients with a diagnosis of biliary complication who require either an endoscopic/radiographic or a surgical procedure; group 3: patients with

a biliary complication diagnosis who required a surgical revision.

Data presented as aHR (95% Cl).

'P<0.05-0.002.

2p=0.001-0.0002.

3P<0.0001.

“Other race” includes Asian, Native American, Pacific Islander, and multiracial.

®HR, adjusted hazard ratio; CI, confidence interval; CNS, central nervous system; DBD, donation after brain death; DCD, nonheart beating donor; ESLD, end-stage liver disease; HBV, hepatitis B virus;

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; MELD, Model for End-stage Liver Disease.

Liver Recipient Medicare Costs from Discharge to 365 days
Post-Transplant according to Biliary Claim Type

$200,000
$175,000
$150,000
$125,000
$100,000
$75,000
$50,000
$25,000
$0
-$25,000
-$50,000

No Biliary (Ref) Diagnosis

® Mean Costs #

Diagnosis + Procedure or
Surgery

Diagnosis + Surgery

Marginal Costs

FIGURE 3. Medicare changes from discharge to 1y after liver transplant categorized by biliary complication. #P<0.00017.

previous transplants. Patients requiring procedures after
being transplanted for metabolic and alcoholic liver disease
were also less likely to die, whereas diabetes, donor age, and
previous transplants increased risk.

BCs were also associated with higher rates of all-
cause graft failure. Liver allografts with BCs were associ-
ated with a 48% increased risk of graft loss (aHR, 1.48;
P<0.0001), with similar significant risks of graft loss
as those that occurred in patients requiring procedures
(aHR, 1.52; P<0.0001) or surgical correction (aHR, 1.56;
P <0.0008; Table 5). The risk of all-cause graft failure also
increased significantly with each subsequent era to peak
between 2015 and 2018. Again, being Black increased the
risk of graft failure after L'Ts complicated by BC, and this
risk was constant regardless of the need for intervention.
Nonviral cause for transplant was associated with a sig-
nificantly decreased risk of graft failure after BCs. Previous

transplant, diabetes, and donor age increased the risk of
graft failure after BCs in transplanted liver.

In addition to clinical implications, BCs increased the
first-year Medicare payments for LTs. Mean cost for
patients with BC diagnosis was $57561 higher than for
patients without BC (Figure 3). Payments were further
increased with more complicated BCs (group 2: $64017;
group 3: $130970). After adjustment for other donor
and recipient characteristics, incremental spending for LT
patients who develop BCs remained significantly higher.

DISCUSSION

BCs remain a persistent and significant source of mor-
bidity and mortality after DDLT and LDLT. Nationally, the
overall incidence of BC diagnoses (group 1) after LT has
generally remained consistent during the past 15 y. About

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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TABLE 5.

Multivariate Cox regression analysis of the risk of all-cause graft failure in years 2 to 5 liver transplant among patients
diagnosed with a biliary complication within the first 365 d after liver transplant

Group 1: Diagnosis aHR (95% Cl)

Group 2: Diagnosis + procedure or surgery

aHR (95% CI)

Group 3: Diagnosis +
surgery aHR (95% CI)

Biliary complication
Time-varying group 1
Time-varying group 2
Time-varying group 3

Era of transplant
2002-2006
2007-2010
2011-2014
2015-2018

Recipient characteristics
Age,y

19-30
31-45
46-60
>60
Male
Race
White
Black
Hispanic
QOther race
ABO type
A
AB
B
0

Laboratory MELD at transplant

Cause of ESLD
HCC
HCV
HBV
Metabolic
Alcoholic
QOther
Cold ischemic time, hours
0-6
7-12
>12
Not reported
Warm ischemic time, min
0-30
>30
Not reported
Previous transplant
Peritonitis
Previous abdominal surgery
Portal vein thrombosis
Diabetes
On life support
Donor characteristics
Donor age, y
Donor cause of death
Cerebrovascular/stroke

1.48 (1.34-1.64)°

Reference
0.82 (0.73-0.92)
0.66 (0.59-0.75)°
1.57 (1.33-1.86)°

Reference
1.16 (0.75-1.78
0.99 (0.66-1.49
1.02 (0.68-1.53
1.05(0.95-1.15

2 22=22

Reference
1.36 (1.18-1.58)°
0.81(0.71-0.93)"
0.85 (0.69-1.04)

Reference
0.87 (0.70-1.07
0.87 (0.76-1.00
0.97 (0.89-1.07
1.00 (0.99-1.01

>

Reference
0.85 (0.75-0.96)'
0.65 (0.44-0.96)'
0.56 (0.40-0.78)>
0.64 (0.54-0.76)°
0.63 (0.56-0.71)°

Reference
1.05 (0.95-1.15)
0.93(0.71-1.22)
1.02 (0.90-1.15)

Reference
1.04 (0.93-1.17)
1.11(0.96-1.27)
1.26 (1.03-1.54)"
1.01(0.86-1.18)
0.97 (0.88-1.06)
0.96 (0.83-1.09)
1.19 (1.09-1.31)2
1.07 (0.75-1.51)

1.01 (1.01-1.01)°

0.95 (0.85-1.07)

1.52 (1.37-1.69)°

Reference
0.83 (0.74-0.92)
0.66 (0.59-0.75)°
1.58 (1.34-1.87)°

Reference
1.12(0.73-1.72)
0.95 (0.63-1.43)
0.98 (0.65-1.47)
1.05(0.95-1.19)

Reference
1.38 (1.20-1.60)°
0.81(0.71-0.93)"
0.85 (0.69-1.04)

Reference
0.87 (0.71-1.08
0.87 (0.76-1.00
0.97 (0.88-1.06
1.00 (0.99-1.01

22 2L

Reference
0.85 (0.75-0.96)'
0.65 (0.44-0.96)"
0.56 (0.40-0.78)>
0.64 (0.53-0.75)°
0.64 (0.56-0.72)°

Reference
1.05 (0.95-1.15)
0.93(0.71-1.22)
1.02 (0.90-1.15)

Reference
1.04 (0.93-1.17)
1.11 (0.96-1.27)
1.27 (1.04-1.56)'
1.00 (0.86-1.18)
0.97 (0.89-1.06)
0.96 (0.84-1.10)
1.19 (1.09-1.30)?
1.05 (0.74-1.49)

1.01(1.01-1.01)°

0.95 (0.85-1.07)

1.56 (1.20-2.01)2

Reference
0.83 (0.74-0.92)
0.68 (0.60-0.76)°
1.62 (1.37-1.91)°

Reference
1.12(0.73-1.72
0.96 (0.64-1.44
0.98 (0.65-1.47
1.05(0.96-1.15

o=

Reference
1.37 (1.19-1.59)°
0.81(0.71-0.93)"
0.85 (0.69-1.04)

Reference
0.86 (0.70-1.06
0.87 (0.76-1.00
0.97 (0.89-1.07
1.00 (1.00-1.01

D=2 L2

Reference
0.85 (0.75-0.96)'
0.64 (0.43-0.94)'
0.55 (0.40-0.77)>
0.63 (0.53-0.75)°
0.63 (0.56-0.71)°

Reference
1.06 (0.97-1.17)
0.94(0.71-1.23)
1.02 (0.90-1.16)

Reference
1.03 (0.92-1.16)
1.09 (0.95-1.25)
1.27 (1.04-1.56)'
1.01 (0.86-1.18)
0.98 (0.89-1.07)
0.96 (0.84-1.10)
1.18 (1.08-1.29)?
1.06 (0.75-1.51)

1.01(1.01-1.01)°

0.96 (0.86-1.08)

Continued next page
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TABLE 5. (CONTINUED)

Group 2: Diagnosis + procedure or surgery Group 3: Diagnosis +

Group 1: Diagnosis aHR (95% Cl) aHR (95% CI) surgery aHR (95% Cl)

Anoxia 0.99 (0.87-1.12) 0.99 (0.87-1.12) 0.98 (0.87-1.11)

Head trauma Reference Reference Reference

CNS tumor 0.74 (0.28-1.99) 0.75(0.28-2.02) 0.72 (0.27-1.94)

Other 0.76 (0.50-1.16) 0.76 (0.50-1.15) 0.77 (0.51-1.16)
Partial/split liver 0.64 (0.43-0.95)" 0.64 (0.43-0.96)' 0.67 (0.45-0.99)'
Donor type

Living 1.47 (0.81-2.65) 1.47 (0.82-2.66) 1.50 (0.83-2.69)

DCD 1.06 (0.92-1.21) 1.06 (0.93-1.21) 1.08 (0.94-1.23)

DBD Reference Reference Reference

Group 1: any diagnosis of biliary complication; group 2: patients with a diagnosis of biliary complication who require either an endoscopic or a radiographic procedure; group 3: patients with a biliary

complication diagnosis who required a surgical revision.
1P<0.05-0.002.

2p=0.001-0.0002.

3pP<0.0001.

®HR, adjusted hazard ratio; CI, confidence interval; CNS, central nervous system; DBD, donation after brain death; DCD, nonheart beating donor; ESLD, end-stage liver disease; HBV, hepatitis B virus;

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; MELD, Model for End-stage Liver Disease.

half of the LT recipients diagnosed with BCs require endo-
scopic or radiological intervention (group 2) or surgical
correction (group 3), each of which has decreased. Despite
modest improvements, the implications of BCs on patient
outcome remain significant because they increase the risk
of death and graft failure. In addition, BCs dramatically
increase the cost of LT.

Despite improved donor selection, expedited procure-
ment techniques, minimized ischemia time, selection of
preservative solution, and recipient surgical technique, the
incidence of BCs has not substantially improved nation-
ally. Our analysis demonstrated an increasing incidence of
BCs with each succeeding 3-y period until the most recent
period, which saw limited improvement. One potential
explanation for the increasing rate of BCs is increased
severity of illness (reflected in higher MELD) of patients
at transplant. In the post-MELD era, single-center stud-
ies have demonstrated that biliary strictures were signifi-
cantly more common than in the pre-MELD era (15.4%
versus 6.4%; P<0.001)."> A systematic review of 14 411
DDLTs found a MELD score of >25, and transplants for
primary sclerosing cholangitis were significantly associ-
ated with BCs."? Despite recent allocation reforms, which
have resulted in greater risk of BC, as MELD scores at
transplant continue to rise in many locations and broader
sharing has increased cold ischemic time, it is reassuring
that, in this series, we do not see an ongoing increase in
incidence,'*!?

DCD organs have historically been associated with a
greater incidence of BCs. In a retrospective analysis from
2018, Senter-Zapata et al'® reported that recipients of
DCD DDLTs had a greater incidence of BCs than DBD
DDLTs (36% versus 22.4%; P=0.037) and, particularly, a
higher incidence of leaks (12.0% versus 4.9%; P=0.043).
Although BCs and, particularly, NAS/ischemic cholan-
giopathy were more common with use of DCD grafts
than DBD grafts in the past, this difference has steadily
decreased. Careful selection of DCD donors regarding
age, limiting functional warm ischemic time to <30min,
and emphasizing efficiency to minimize cold ischemia time
have contributed to improved outcomes in the last dec-
ade. Novel preservation strategies have been evaluated to

further reduce the incidence of biliary strictures. A system-
atic review and meta-analysis combined results from 10
prospective cohorts, and 2 randomized controlled trials
that studied machine perfusion versus static cold storage
of liver allografts demonstrated significantly lower rates
of BCs (P=0.006) and ischemic cholangiopathy (P=0.02)
when hypothermic machine perfusion was used, although
this has not yet been widely disseminated in clinical
practice.”

LDLT transplant has been associated with higher rates
of BCs because of the need to reconstruct multiple small
bile ducts with potentially compromised vascular supplies.
The current data confirm the strong association between
donor type and the incidence of BC: 51.4% after LDLT
compared with 36.0% and 19.2% after DCD and DBD
DDLT, respectively. Multiple investigations have dem-
onstrated that BCs significantly increase morbidity and
mortality among LDLT recipients.'®!” Although no ran-
domized controlled trials have compared RYH]J to duct-
to-duct anastomosis in LDLT] retrospective evaluation had
suggested that RYH]J can minimize BCs in LDLT, especially
in right lobe grafts when ducts are <4 mm."” Potential use
of microsurgical techniques, commonly used for arterial
reconstruction, can be applied for biliary reconstruction,
as a recent report demonstrated a decreased rate of BCs in
LDLT when these techniques were used (8.9 % microsurgi-
cal versus 21.9% conventional).?’

Although most BCs can be successfully treated, long-
term graft and patient survival may be reduced. In this
national analysis, LT with BCs, particularly those requir-
ing interventions, experienced a higher incidence of
all-cause graft failures and deaths, which suggests that,
despite the benefit of minimally invasive management with
endoscopy, BCs portend a significant risk. These results
are consistent with a recent national readmission database
analysis of outcomes in posttransplant biliary strictures,
which found that posttransplant biliary strictures were
associated with increased rates of rejection, graft failure,
cholangitis, and readmission.”! Unfortunately, strategies to
reduce or eliminate BCs using internal or external stent-
ing (T-tubes) have had mixed results. Systemic reviews
demonstrate that external T-tubes contribute to biliary

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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leaks upon removal in 5% to 33% of cases.’ Another
study demonstrated an increased incidence of biliary leaks
in adult LT patients with T-tubes or internal stents when
compared with patients who were stent-free (53% versus
26%; P=0.049)."® Conversely, internal stenting was found
to help prevent biliary strictures in pediatric and LDLT
when duct diameter was <2 mm and a RYH] was used.'**

In both the institutional data and national Medicare
data, BCs resulted in substantial increases in the cost
of LT care. The development of BC resulted in a 2-fold
increase in the cost of LT in the institutional data, result-
ing in greater estimated losses for the hospital. Nationally,
BC resulted in up to $104 743 in incremental risk first-
year mean Medicare spending for LT for patients requiring
surgical revision. Decreasing the incidence of BCs would
result in significant financial savings for payers and trans-
plant programs while improving patient survival and qual-
ity of life.

This analysis has limitations. First, the claims and clini-
cal chart review validation were performed in a single
institution, and other institutional clinical and coding prac-
tices might affect the sensitivity and specificity of claims
analysis. However, these data suggest that using admin-
istrative datasets provides a reproducible and accurate
assessment of quality outcomes without the expense and
burden of manual chart review. Second, the national data
used Medicare claims. Medicare patients may differ from
LT patients with private insurance coverage. Medicare
claims offer the advantage of identification of procedures
performed at any US facility, and the robust effects sug-
gest that the association between BC and posttransplant
outcomes and claims accurately identifies patients with
clinically significant events. Finally, we clustered all BCs
and did not distinguish between leaks and strictures.
However, there is substantial overlap, given the associa-
tion of early biliary leaks with long-term strictures. The
benefit of national data derived from diagnosis codes likely
exceeds the potential benefit of further separation because
the International Statistical Classification of Disease and
Related Health Problems—9/10 codes are not specific
enough to appropriately classify patients. Furthermore,
the combined BC classification was highly correlated with
important clinical outcomes, including graft failure and
patient death.

In conclusion, BCs remain an important complication
of DDLT and LDLT, with clinical and cost implications.
Although most of these complications are successfully
treated, BCs increase cost, reduce graft survival, and diminish
patient quality of life. Focused quality-improvement plans
are needed to limit avoidable causes of BCs, and administra-
tive data can be used to effectively assess and monitor perfor-
mance in multicenter analyses. Insights from these analyses
may elucidate practices that reduce the incidence and long-
term consequences of this persistent Achilles heel of LT.
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