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Abstract: The aim of our large, population-based, cohort study was to

explore the risk factors of acute renal failure (ARF) after liver transplant

(LT) in Taiwan.

From the Taiwanese National Health Insurance Research Database,

2862 patients who had undergone LT without pretransplant dialysis

between July 1, 1998, and December 31, 2012, were identified. Pre-

operative, operative, and perioperative risks factors were considered and

analyzed using logistic regression analysis, after adjusting for age and

sex. All patients were followed up until the study endpoint or death.

The final dataset included 214 patients with ARF and 2648 without

ARF post-LT. Preoperative cerebrovascular diseases were the most

important identifiable risk factor for ARF post-LT. Comparison of

outcomes for patients ‘‘with’’ and ‘‘without’’ ARF indicated higher

incidence rates of bacteremia, pneumonia, and postoperative bleeding,

as well as longer stays in both intensive care unit and hospital. Kaplan–

Meier mortality curves identified higher rates of mortality for patients’

developing ARF at 1-year post-LT and overall at 14.5 years postsurgery.

We provide evidence of a high incidence of ARF post-LT in Taiwan,

with documented association of ARF with higher incidence rates of

morbidity and mortality in this clinical population. The most important

identifiable risk factor for ARF in our study was cerebrovascular
Tsai, MD, Jr-Rung
Huang-Ping Yu, MD, PhD

Abbreviations: ARF = acute renal failure, ICD-9-CM =

International Classification of Disease Revision 9 Clinical

Modification, IPD = inpatient department, LT = liver

transplantation, LTR = liver transplant recipient, MELD = model

for end-stage liver disease, NHI = National Health Insurance,

NHIRD = National Health Insurance Research Database, OPD =

outpatient department.

INTRODUCTION

A cute renal failure (ARF) is a serious and frequent clinical
problem associated with liver transplantation (LT) surgery.

The incidence of post-LT ARF has been reported to range
between 17% and 95% in different studies,1–4 with renal
replacement treatment required in 8% to 17% of patients
who develop ARF post-LT.4,5 Patients requiring renal replace-
ment therapy have a higher mortality rate than patients not
requiring renal replacement therapy,5,6 as well as being at
higher risk for health complications, such as sepsis, encephalo-
pathy, and coagulopathy.1

Several factors have been associated with the development
of ARF post-LT surgery, including pre-LT health status; type
and volume of fluid transfused; duration of the surgery; medi-
cations used during the surgery; release of toxic free radicals;
and cold or warm ischemia times.5,7–10 Effective therapies to
lower the risk for the development of ARF post-LT include the
prudent selection of candidates for LT, careful adjustment of
drug doses and maintenance of electrolyte balance during
surgery, and admission of patients at high risk for ARF to
the intensive care post-LT.11 A more complete identification of
the risk factors associated with post-LT ARF would assist
transplant physicians in assessing the risk for comorbidities
in their prospective LT recipients and, thereby, optimize pre-
operative and perioperative care to lower the risk for post-LT
complications and improve patients’ prognosis.

The primary purpose of this study was to identify the
independent risk factors for ARF in patients undergoing LT and
to elucidate the long-term effects of post-LT ARF on patient
, we evaluated ARF outcomes in patients

who had undergone LT in Taiwan, between 1998 and 2012, and
required post-LT dialysis.

MATERIALS AND METHODS

Data Collection
We conducted a retrospective, population-based, cohort

study using Taiwan’s National Health Insurance (NHI) data-

computerized data was provided by the

alth Insurance (BNHI) which organized
entire NHI system and established the
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National Health Insurance Research Database (NHIRD). The
NHIRD contains basic patient information, medical data of the
raw hospital medical claims, including clinical diagnostic codes
based on the International Classification of Disease, Revision 9,
Clinical Modification (ICD-9-CM). According to the NHI
program, the diagnosis for LT must be provided by a transplant
surgeon or gastroenterologist.

This study was evaluated and approved by the NHIRD
research committee (NHIRD-103–103) and the institutional
review board of Chang Gung Memorial Hospital.

Patient Identification and Selection
The flowchart for patient identification and selection is

shown in Figure 1. LT patients were identified from the NHIRD
using the ICD-9-CM codes V427 (LT status) and 996.82
(complications of transplanted liver), between July 1998, when
LT was first covered by health insurance in Taiwan, and
December 2012. Over this period, 4086 post-LT patients were
registered in the NHIRD. This prospective group of patients was
reviewed and LT recipients who did not undergo transplantation
in Taiwan were excluded. Applying this criteria, 1148 patients
were excluded due to the absence of an LT surgery code (505,
75020A, or 75020B). Another 76 patients, who received dialysis
(ICD-9-CM 38.95, 39.27, 39.42, 39.95, 39.43, and 54.98) before
LT surgery, were also excluded. The final study cohort consisted
of 2862 LT recipients.

Preoperative medical comorbidities were identified from
diagnoses in the medical notes recorded either in the outpatient
department (OPD) or the inpatient department (IPD). All diag-
noses were verified using the ICD-9-CM codes with the follow-
ing comorbidities identified among patients in our study cohort:
hypertension (ICD-9-CM 401–405), pulmonary diseases (ICD-
9-CM 490–496, A323, A325), diabetes mellitus (ICD-9-CM
250, A181), cerebrovascular disease (ICD-9-CM 430–438,
A291-A299), coronary heart disease (ICD-9-CM 410–414,
A279), congestive heart failure (ICD-9-CM 428, A289), vas-
cular disease (ICD-9-CM 443, 444, A302), chronic hepatitis
(ICD-9-CM 070, 571, 573.3, A347), psychosis (ICD-9-CM 300,
301, A214), esophageal varices (ICD-9-CM 456), portal hyper-
tension (ICD-9-CM 572.3), obesity (ICD-9-CM 278), coagu-
lation abnormalities (ICD-9-CM 790.92, 286.7, 286.9), ascites
(ICD-9-CM 789.5), hepatic coma (ICD-9-CM 070.0, 070.20,
070.21, 070.31, 070.41, 070.51, 572.2, 348.3), chronic kidney
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disease (ICD-9-CM 585), cancer of the lymphatic and hema-
topoietic tissue (ICD-9-CM 200–208), gout (ICD-9-CM 274),
and anemia (ICD-9-CM 280–289).

FIGURE 1. Study design and flowchart of patient selection.
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Post-LT ARF was identified from the relevant IDC-9-CM
codes (ICD-9-CM 584, 585, V451 and V56) for patients who
received dialysis during their admission for LT. Death was
defined as the termination of national health insurance or receipt
of insurance death codes.

Measurements
The primary outcome was the independent risk factors for

post-LT ARF, including demographic and clinical factors. The
secondary outcome was adverse effects post-LT, including
length of stay in the intensive care unit (ICU), total length of
hospital stay, bacteremia, postoperative bleeding, and pneumo-
nia. Primary and secondary outcomes were compared between
patients ‘‘with’’ and ‘‘without’’ ARF. Postoperative mortality
rates at 30 days, 3 months, 1 year, and overall, defined from the
14.5 years of the study data, were also calculated. The survival
time was calculated from the date of LT surgery to the date
of death.

Statistical Analysis
Between-group differences in the distribution of demo-

graphic data, coexisting medical conditions, use of inpatient
medical services (including length of hospitalization and ICU
stay), and rates of postoperative complication were evaluated
using t test, chi-squared, or Fisher’s exact tests, as appropriate
for the type and distribution of the data. Kaplan–Meier esti-
mates with log-rank tests were used to compare between-group
survival during the follow-up period. For the analyses of
mortality, patients were followed up until an event (death) or
censoring (loss to follow-up or end of the follow-up period),
whichever occurred first. Risk factors for post-LT ARF were
evaluated using multivariate logistic regression analysis
adjusted for age, sex, and individually adjusted for pre-existing
hypertension and cerebrovascular diseases. Odds ratios (OR),
with 95% confidence intervals (CIs), were calculated for ident-
ified predictive factors. All analyses were performed using SAS
software (version 9.3, SAS Institute Inc, Cary, NC), with a 2-
sided P value<0.05 considered to be statistically significant.

RESULTS

Study Population and Baseline Characteristics
The data from 214 LT patients ‘‘with’’ ARF and 2648 LT

patients ‘‘without’’ ARF; relevant demographic information of
the study group is reported in Table 1. LT patients with ARF
were more likely to be older than LT patients without ARF, and
with a higher risk of preoperative hypertension (26.64% vs
19.98%, P¼ 0.015) and cerebrovascular diseases (6.07% vs
2.76%, P¼ 0.006). Chronic hepatitis was the most common
medical comorbidity in both groups.

Post-LT Outcomes
Clinical variables identified by univariate analysis as being

associated with post-LT ARF are reported in Table 2. The
length of ICU stay and duration of hospitalization were both
longer in LT patients with ARF, compared to those without
ARF (P< 0.001). The incidence rates of bacteremia, pneumo-
nia, and postoperative bleeding were also higher in patients with
ARF (P< 0.001).

Medicine � Volume 94, Number 52, December 2015
Mortality Rates
Mortality rates at 30 days, 3 months, 1 year, and overall

(14.5 years), reported in Table 3, were higher in the LT patients

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



analysis. We identified patients who developed ARF post-LT
uniquely from the ICD-9-CM codes for ARF and dialysis
entered in the medical chart during the admission period for

TABLE 1. General Demographics of the Study Subjects

Without Acute

Renal Failure

(n¼ 2648)

With Acute

Renal Failure

(n¼ 214) P Value

Age 46.36 (17.77) 49.14 (14.33) 0.008
�

Gender 0.139

Female 776 (29.31) 73 (34.11)

Male 1872 (70.69) 141 (65.89)

Preoperative clinical parameters

Hypertension 529 (19.98) 57 (26.64) 0.015
�

Pulmonary diseases 374 (14.12) 32 (14.95) 0.738

Diabetes mellitus 543 (20.51) 48 (22.43) 0.504

Cerebrovascular disease 73 (2.76) 13 (6.07) 0.006
�

Coronary heart disease 184 (6.95) 13 (6.07) 0.627

Congestive heart failure 41 (1.55) 4 (1.87) 0.194

Vascular disease 15 (0.57) 2 (0.93) 0.238

Chronic kidney disease 33 (1.25) 5 (2.34) 0.201

Chronic hepatitis 2502 (94.49) 198 (92.52) 0.232

Alcoholic hepatitis 504 (19.03) 37 (17.29) 0.531

Hepatitis B 1269 (47.92) 99 (46.26) 0.640

Hepatitis C 28 (1.06) 2 (0.93) 0.277

Psychosis 349 (13.18) 28 (13.08) 0.968

Esophageal varices 970 (36.63) 74 (34.58) 0.549

Portal hypertension 226 (8.53) 16 (7.48) 0.593

Obesity 13 (0.49) 2 (0.93) 0.214

Coagulation abnormalities 368 (13.90) 25 (11.68) 0.365

Ascites 594 (22.43) 56 (26.17) 0.209

Hepatic coma 898 (33.91) 73 (34.11) 0.952

Cancer of the lymphatic and

hematopoietic tissue

8 (0.30) 1 (0.47) 0.362

Gout 190 (7.18) 16 (7.48) 0.870

Anemia 551 (20.81) 40 (18.69) 0.462

t test, chi-square test, or Fisher’s exact test were used to examine the

TABLE 2. Outcome Characteristics of Liver Transplant
Recipients ‘‘With’’ or ‘‘Without’’ Acute Renal Failure

Without Acute
Renal Failure

(n¼ 2648)

With Acute
Renal Failure

(n¼ 214)

Mean
(SD)/n (%)

Mean
(SD)/n (%) P Value

ICU stay (days) 15 (15.25) 29 (28.55) <0.001
�

Hospital stay (days) 47 (32.53) 65 (53.71) <0.001
�

Bacteremia 121 (4.57) 37 (17.29) <0.001
�

Pneumonia 61 (2.30) 22 (10.28) <0.001
�

Postoperative bleeding 123 (4.65) 23 (10.75) <0.001
�

t test, chi-squared test, or Fisher’s exact test were used to examine the
differences in the demographic characteristics of liver transplant reci-

TABLE 3. Mortality Rates of Liver Transplant Recipients
‘‘With’’ or ‘‘Without’’ Acute Renal Failure

Without Acute
Renal Failure

(n¼ 2648)
With Acute Renal
Failure (n¼ 214)

n % Median n % Median P Value

Mortality (30-days) 11 (0.42) 21 19 (8.88) 17 <0.001
�

Mortality (3-months) 36 (1.36) 40.5 42 (19.63) 32.5 <0.001
�

Mortality (1-year) 157 (5.93) 175 60 (28.04) 58.5 <0.001
�

Mortality (overall) 334 (12.61) 398.5 77 (35.98) 74 <0.001
�
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with ARF, compared to those without ARF (P< 0.001). A total
of 411 patients died during the study period. Unadjusted
Kaplan–Meier survival curves, shown in Figure 2, indicated
a 1-year post-LT survival rate of 71.96% for patients with
ARF, compared to 94.07% for patients without ARF
(P< 0.001). The overall 14.5 year survival rate, shown in
Figure 3, was 64.02% for patients with ARF and 87.49% for
those without ARF (P< 0.001).

Pre-Liver Transplant Predictors of Acute Renal
Failure

To determine the independent factors which discriminated
between patients with and without ARF post-LT, significant
factors identified by univariate analysis, namely hypertension
and cerebrovascular diseases, were further analyzed by logistic
regression, with models adjusted for age and sex (Table 4).
Cerebrovascular diseases were retained a unique risk factor for
post-LT AFR.

DISCUSSION
We performed a retrospective, population-based, cohort

differences in the demographic characteristics of liver transplant reci-
pients.
study of patients who received a LT between 1998 and 2012,
with the aim of describing the incidence, risk factors, and
outcomes associated with post-LT ARF.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Key Findings
We found that 7.5% of patients receiving an LT in Taiwan

developed post-operative ARF. The most important identifiable
risk factor for ARF was cerebrovascular diseases. Patients
developing postoperative ARF also had a higher rate of bacter-
emia, pneumonia, postoperative bleeding, and longer ICU and
hospital stays. Finally, the 1-year and overall mortality rate was
higher in patients who developed ARF post-LT.

Comparison With Previous Studies and
Interpretation of Results

Our incidence rate of post-LT ARF is lower than pre-
viously reported incidence rates.1–4 This difference in incidence
rate may be explained by differences in the definition of the
severity of ARF among studies. As an example of this incon-
sistency in definition, in 2002, Acute Dialysis Quality Group
proposed a change in diagnostic criteria from ARF to acute
kidney injury (AKI).12,13 As the NHIRD is a large secondary
database, information on lab-based measures of kidney func-
tion, such as serum creatinine, urine output, and glomerular
filtration rate, were not available to include in our retrospective

pients.
ICU stay¼ intensive care unit stay, SD¼ standard deviation.
The log-rank test was used to examine the differences in the demo-
graphic characteristics of liver transplant recipients.
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TABLE 4. Pre-Liver Transplant Predictors of Postoperative
Acute Renal Failure by Multivariate Analysis

Parameter
Adjusted Odds Ratio

(95 % CI) P Value

Hypertension 1.352 (0.970,1.885) 0.075
Cerebrovascular diseases 2.061 (1.117,3.804) 0.021

�

Logistic regression was used to examine the odds ratio individually
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LT. As this is a specific definition of ARF, it is possible that the
true incidence rate of ARF post-LT may have been under-
estimated. It is important to note, however, that other studies
have reported incidence rates of ARF requiring renal replace-
ment therapy after LT of 8% to 17%,4,5 which is comparable to
our study outcomes.

Cabezuelo et al14 proposed that the risk for ARF post-LT
was associated with specific underlying factors: age, sex, pre-
transplant comorbidities, indications for LT, and Child-Pugh
stage. Of these, the following pre-operative potential risks for
ARF were available in the NHIRD: age, sex, and pre-trans-
plantation comorbidities. Of these pre-transplantation risk fac-
tors, only cerebrovascular diseases was identified as having a
significant impact on postoperative renal failure after LT, after
adjusting for age and sex.

Compared to patients who did not develop ARF post-LT,
significantly higher proportion of patients with ARF suffered
from bacteremia, pneumonia, and postoperative bleeding.

FIGURE 2. Unadjusted Kaplan–Meier survival curves after liver
transplantation over the past 14.5 years.
The bidirectional interaction between ARF and sepsis has
previously been described15 and probably results from immune
dysfunction induced by ARF.16 The mechanism linking ARF

FIGURE 3. Unadjusted Kaplan–Meier survival curves of first-year
patient survival after liver transplantation among liver transplan-
tation recipients over the past 14.5 years.
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and surgical complications could plausibly be related to longer
durations of ICU and hospital admission.11,14,17 Our data also
confirm that postoperative ARF has an important modifying
influence on long-term patient survival.18 The postoperative
mortality was higher in patients with ARF than in those without
ARF, not only at 1-year post-LT but also overall at 14.5 years.

Limitations
Our large retrospective population-based cohort study has

several limitations that warrant consideration. Foremost, the
NHIRD is a secondary database and, therefore, does not include
actual medical examination data, such as findings of the
physical examination, laboratory results, and specific etiologi-
cal data of the end-stage liver disease leading to LT,19–21 or
intra-operative data, such as hemodynamics, operative time,
and medications used during the surgery7,15,22,23 which may be
closely linked with the development of ARF after LT. Our
cohort included patients over a 14.5 year period, back to 1998,
and, therefore, the data includes differences and variation in the
selection criteria for LT, the type of liver donor (deceased or
living donor), and immunosuppressive regimens therapy.24–26

Therefore, generalizability of our study may be limited. Despite
these limitations, our population-based cohort analysis of all
identified patients who developed ARF post-LT in Taiwan over
a 14.5-year period is important in view of the paucity of
contemporary literature on post-LT ARF at a population-based
level. In addition, the chronological relation between ARF and
variables during the hospitalization for liver transplant was not
clearly identified. There is no explanation for the identification
of timing of each comorbidity or the development of ARF.
Previous studies have shown that preoperative model for end-
stage liver disease (MELD) score and renal function are pre-

adjusted by age and sex for hypertension and cerebrovascular diseases.
CI¼ confidence interval.
disposing factors for AKI following LT.27–28 As MELD score

and renal function were not collected, it remains to be the
limitation of the study.

CONCLUSION
Cerebrovascular diseases are the most important, identifi-

able risk factor for ARF post-LT. The development of ARF
post-LT is associated to higher rates of morbidity and mortality
in this clinical population. Early identification, and possible
management, of risk factors for ARF could improve outcomes
of LT and lower the risk for patient comorbidities postsurgery.
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