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Abstract: This study investigated the 1-year mortality of patients who

underwent brain surgery following traumatic brain injury (TBI) who

also had alcoholic and/or nonalcoholic liver cirrhosis (LC) using a

nationwide database in Taiwan. A longitudinal cohort study matched by

propensity score with age, gender, length of ICU stay, HTN, DM, MI,

stroke, HF, renal diseases, and year of TBI diagnosis in TBI patients

with alcoholic and/or nonalcoholic LC and TBI patients without LC was

conducted using the National Health Insurance Research Database in

Taiwan between January 1997 and December 2007. The main outcome

studied was 1-year mortality. In total, 7296 subjects (2432 TBI patients

with LC and 4864 TBI patients without LC) were enrolled in this study.

The main findings were (1) TBI patients with LC had a higher 1-year

mortality (52.18% vs 30.61%) and a 1.75-fold increased risk of

mortality (95% CI 1.61–1.90) compared with non-LC TBI patients,

(2) renal diseases and HF are risk factors, but hypertension could be a

protective factor in cirrhotic TBI patients, and (3) TBI patients with non-

alcoholic LC and the coexistence of alcoholic and nonalcoholic LC had

higher 1-year mortality compared with TBI patients with alcoholic

cirrhosis. This study showed that patients with LC who have undergone

brain surgery might have higher risk of 1-year mortality than those

without LC. In addition, nonalcoholic and the coexistence of alcoholic

and nonalcoholic LC show higher 1-year mortality risk than alcoholic in

TBI patients with LC, especially in those with comorbidities of hyper-

tension, diabetes mellitus, and stroke.

(Medicine 94(40):e1468)

Abbreviations: CI = confidence interval, DM = diabetes mellitus,
Chio, MD, Chin- D,
uo, MD, PhD

Clinical Modification, ICU = intensive care unit, LC = liver

cirrhosis, MI = myocardial infarction, NHI = National Health

Insurance, NHIRD = National Health Insurance Research

Database, RF = renal failure, TBI = traumatic brain injury.

INTRODUCTION

L iver cirrhosis (LC) is a form of late stage of liver fibrosis that
results from non-alcoholic etiologies, such as chronic

hepatitis B virus (HBV) and hepatitis C virus (HCV), and
alcohol consumption.1,2 Most cases of LC coexist with other
comorbidities that could increase the risk of cirrhosis-related
death and the need for medical resources.3 A population-based
study demonstrated that LC following central nervous system
insults is a well-known significant risk factor for morbidity and
mortality in patients requiring elective4–7 and emergent surgical
intervention.4,5,7–11 Compared with elective surgery, emer-
gency surgery was associated with a significantly higher
mortality in LC patients.4,5,8 In Western society, alcohol con-
sumption and hepatitis C are the most important causes of
LC;12,13 however, in Taiwan, most LC cases result from non-
alcoholic etiologies, particularly hepatitis B.14

Traumatic brain injury (TBI) remains a well-known public
health challenge. The worldwide incidence rates were estimated
from 103 to 546 per 100,000 people.15–18 Several risk factors
may lead to mortality in TBI patients, such as stroke or end-
stage renal disease (ESRD). Because LC is a risk factor for
spontaneous intracerebral hemorrhage,19 LC could be an
important risk factor for TBI patients. A single-center study
showed that LC is a poor comorbidity factor for brain surgery
and poor outcomes were observed in patients with TBI.20 In a
trauma database study, Lustenberger et al found that the risk of
in-hospital death after TBI surgery was significantly higher
among patients with cirrhosis than in those without.21 However,
the impact of LC, which was caused by alcohol or nonalcohol-
related factors, on long-term outcomes in TBI patients and the
associated risk factors in a population has not been well defined.
this study is to investigate the 1-year

mortality and associated risk factors among TBI patients
with LC.

METHODS

Data Source
The National Health Insurance program of Taiwan began

in 1995 and covers 99% of Taiwan’s population. To improve
medical research, the National Health Research Institutes of
Taiwan established the National Health Insurance Research
rganize medical claim data. The NHIRD
xtensively in various published studies.
bject, detailed information including
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diagnostic codes for each clinical visit was based on the clinical
modification of the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9CM) code.
Informed consent was originally obtained by the National
Health Research Institutes of Taiwan. In addition, the privacy
of each individual’s information was protected using encrypted
personal identification to avoid the potential for ethical viola-
tions related to the data. Exemption was obtained from the
institutional review board of Chi Mei Medical Center (IRB No.
10208-E02).

Patient Selection and Definition
In this study, the claims data from inpatients hospitalized

between 1997 and 2007 was analyzed. Patients receiving TBI
surgery were identified from the claiming medical expenditure
claim applications, and those patients between 20 and 80 years
old were selected for this study. Patients with LC were identified
by alcoholic cirrhosis of their liver (ICD-9CM: 571.2) and
cirrhosis of the liver without mention of alcohol (ICD-9CM:
571.5). In total, 2432 TBI patients with LC and 4864 TBI
patients without LC were matched with the study cohorts
according to the propensity score with age, gender, length of
ICU stay, and the co-morbidities of hypertension (HTN, ICD-
9CM: 362.11, 401–405, 437.2), diabetes mellitus (DM, ICD-
9CM: 250, 357.2, 362.0, 366.41), myocardial infarction (MI,
ICD-9CM: 410, 412), stroke (ICD-9CM: 430–438), heart fail-
ure (HF, ICD-9CM: 402.01, 402.11, 402.91, 404.01, 404.03,
404.11, 404.13, 404.91, 404.93, 422, 425, 428), and renal
diseases (ICD-9CM: 585, 586, 588). In addition, the concerned
related liver diseases, such as HBV (ICD-9CM: 070.2, 070.3,
and V02.61), HCV (ICD-9CM: 070.41, 070.44, 070.51, 070.54,
V02.62, and 070.7), alcohol fatty liver (ICD-9CM:571.0), and
nonalcoholic fatty liver (ICD-9CM:571.8), were analyzed in
this study. The comorbidities and the concerned related liver

Cheng et al
diseases were based on the records from 1 year before the date
of TBI diagnosis. All the diagnosis of the patients were based on
clinical diagnosis and coded by medical professionals.

FIGURE 1. Trend of 1-year mortality rate between TBI with LC and T

2 | www.md-journal.com
Measurements
TBI patients with a medical history of LC had reduced

survival following surgery. Therefore, the outcome in this study
was 1-year mortality. The 1-year survival time was determined
from the TBI surgery date to the date of death. Demographic and
clinical characteristics, including age, gender, DM, HTN, MI,
stroke, HF, renal diseases, HBV, HCV, alcoholic fatty liver, fatty
liver, length of ventilation, and length of ICU stay, were also
used to estimate the risk of 1-year mortality. The 1-year
mortality trends among TBI patients with LC by different
comorbidities were also presented in this study.

Statistical Analysis
Pearson’s chi square test for categorical variables, such as

age group, gender, comorbidities, length of ICU classification,
length of ventilation classification, death at 1-year, and related
liver diseases, was used to compare the distribution between
TBI patients with and without LC. For continuous variables,
such as age, length of ventilation and time to death, Student’s t
test or Wilcoxon rank-sum test was used to examine the
distribution difference between TBI patients with and without
LC. The proportion of patients who were still alive within 1 year
was described by Kaplan–Meier plots, and the difference in the
mortality risk was determined by the log-rank test. The Cox
proportional regression model was used to estimate the hazard
ratio of mortality adjusted by potential confounders. Statistical
Analysis System (SAS) statistical software (version 9.3; SAS
Institute, Inc, Cary, NC) was used for all statistical analyses, but
the Kaplan–Meier curves were plotted using STATA (version
12; Stata Corp., College Station, TX). The level of P
value< 0.05 was considered as statistical significance.

RESULTS

Medicine � Volume 94, Number 40, October 2015
Figure 1 showed the 1-year mortality of 7296 TBI patients
with and without LC from 1997 to 2007. In Taiwan, the
mortality of TBI patients with LC was as low as 6% but as

BI without LC. LC¼ liver cirrhosis; TBI¼ traumatic brain injury.
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high as 50.8% in 2007. The mortality from 1997 to 2007
between TBI patients with and without LC was significantly
different (P<0.001). The demographic and comorbidities
information of TBI patients with LC and those without LC
are shown in Table 1. Among TBI patients with LC,
411(16.90%) had alcoholic LC only, 1479(60.81%) had non-
alcoholic LC only, and 542(22.29%) had both types of LC. The

Medicine � Volume 94, Number 40, October 2015
1-year mortality rate of the study population was 37.46%, and
TBI patients with LC had a significantly higher 1-year mortality
rate than those without (52.18% vs 30.61%, P<0.001). The

TABLE 1. Demographic Characteristics and Clinical Information
Cirrhosis

TBI with Liver Cirrho
(N¼ 2432)

Age, mean � SD 54.42� 12.78
Age group, n (%)

18–35 127 (5.22)
35–50 876 (36.02)
50–65 844 (34.70)
65–80 585 (24.05)

Gender, n (%)
Male 2031 (83.51)
Female 401 (16.49)

Comorbidity
HTN 1071 (44.04)
DM 806 (33.14)
MI 72 (2.96)
Stroke 1593 (65.50)
HF 232 (9.15)
Renal diseases 211 (8.68)

Length of ICU classification
<¼ 3 434 (17.85)
4–7 509 (20.93)
8–14 601 (24.71)
>14 888 (36.51)

Length of ventilation, days
Median (IQR) 7 (3–16)

Length of ventilation
<¼ 3 643 (27.64)
4–7 551 (23.69)
>¼ 7 1132 (48.67)
Time to death, months

Median (IQR) 0.59 (0.20–2.53)
Death at 1-year (%)

Yes 1269 (52.18)
No 1163 (47.82)

Related liver diseases
HBV, n (%) 318 (13.08)
HCV, n (%) 309 (12.71)
Alcoholic fatty liver, n (%) 58 (2.38)
Non-alcoholic fatty liver, n (%) 195 (8.02)

Type of liver cirrhosis
Alcoholic liver only 411 (16.90)
Nonalcoholic liver only 1479 (60.81)
Coexistence LC 542 (22.29)

DM¼ diabetes mellitus, HBV¼ hepatitis B virus, HCV¼ hepatitis C vir
IQR¼ interquartile range, LC¼ liver cirrhosis, MI¼myocardial infarction�

P value is from Pearson’s chi square test for categorical variables and

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
distribution of related liver diseases such as HBV, HCV,
alcoholic fatty liver, and nonalcoholic fatty liver were all
significantly higher in LC groups (Table 1). The log-rank test
showed a significant difference between TBI patients with LC
and the comparison cohort for the 1-year mortality rate
(P<0.001, Figure 2). Table 2 showed the 1-year mortality
hazard ratio between TBI patients with LC and those without,

Mortality after Traumatic Brain Injury in Liver Cirrhosis
and the subtypes of LC were also presented. The hazard ratio of
1-year mortality of TBI patients with LC was 1.75 (95% CI
1.61–1.90) compared with those without LC.

of Traumatic Brain Injury Patients with and without Liver

sis TBI without Liver Cirrhosis
(N¼ 4864) P Value

�

54.59� 13.49 0.594

241 (4.95) 0.840
1720 (35.36)
1695 (34.85)
1208 (24.84)

4076 (83.80) 0.754
788 (16.20)

2140 (44.00) 0.973
1624 (33.39) 0.833

125 (2.57) 0.332
3244 (66.69) 0.310

445 (9.15) 0.588
359 (7.38) 0.052

862 (17.72) 0.987
1005 (20.66)
1202 (24.71)
1795 (36.90)

7 (3–15) 0.065

1389 (30.83) 0.002
924 (20.51)

2192 (48.66)

0.53 (0.16–2.34) 0.239

1489 (30.61) <0.001
3375 (69.39)

51 (1.05) <0.001
51 (1.05) <0.001
10 (0.21) <0.001
88 (1.81) <0.001

us, HF¼ heart failure, HTN¼ hypertension, ICU¼ intensive care unit,
, SD¼ standard deviation, TBI¼ traumatic brain injury.
Student’s t test or Wilcoxon rank-sum test for continuous variables.
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FIGURE 2. Kaplan–Meier survival curves for mortality of TBI
patients stratified by liver cirrhosis. TBI¼ traumatic brain injury.

TABLE 2. Mortality Rate Ratios Between Traumatic Brain Injury P

Crude HR (95% CI)

Liver cirrhosis
No 1.00 (ref.)
Yes 1.97 (1.82–2.12)

��

Age group
20 – 35 1.00 (ref.)
35 – 50 1.28 (1.04–1.57)

�

50 – 65 1.54 (1.25–1.89)
��

65 – 80 1.88 (1.53–2.32)
��

Gender
Male 1.00 (ref.)
Female 1.20 (1.09–1.32)

�

Length of ICU classification
<¼ 3 1.00 (ref.)
3 – 7 0.82 (0.73–0.92)

�

7 – 14 0.65 (0.58–0.73)
��

>14 0.67 (0.60–0.74)
��

Length of ventilation
<¼ 3 0.69 (0.63–0.76)

��

4 – 7 1.16 (1.06–1.28)
�

>¼ 7 1.00 (ref.)
Comorbidity

HTN 0.78 (0.72–0.84)
��

DM 1.01 (0.94–1.10)
MI 1.07 (0.86–1.34)
Stroke 1.04 (0.96–1.12)
HF 1.27 (1.13–1.43)

��

Renal diseases 1.82 (1.62–2.04)
��

Liver-related diseases
HBV 1.60 (1.39–1.85)
HCV 1.89 (1.64–2.17)
Alcoholic fatty liver 1.11 (0.76–1.63)
Nonalcoholic fatty liver 1.27 (1.06–1.52)

CI¼ confidence interval, DM¼ diabetes mellitus, HBV¼ hepatitis B v
HTN¼ hypertension, ICU¼ intensive care unit, MI¼myocardial infarction�

P value <0.05.��
P value <0.001.

$ The model was adjusted by the above listed variables.

Cheng et al
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Figure 3 showed Kaplan–Meier plots of the 1-year
mortality of TBI patients with LC patients among different
comorbidities. For HF, renal diseases, and HTN, the significant
difference between TBI patients with these comorbidities and
those without was presented. HF and renal diseases presented as
the potential risk factors of 1-year mortality for TBI patients
with LC, but HTN could be a protective factor.

For estimating different types of LC cases among TBI
patients, the Kaplan–Meier plot with log-rank test showed a
significant difference in the 1-year mortality rate (P<0.001,
Figure 4). The stratified analysis of TBI risk factors for
different liver cirrhosis types was presented for TBI patients
with LC (Table 3). Compared with alcoholic liver only, the
nonalcoholic liver and coexistence LC types show an increased
risk of 1.24 and 1.51 times, respectively. Patients >65 years
also showed a significant risk of 1-year mortality. Although
HTN could be a protective factor of 1-year mortality for TBI

Medicine � Volume 94, Number 40, October 2015
patients, patients with nonalcoholic liver and coexistence LC
presented with a significant increased risk for 1-year mortality
compared with alcoholic LC patients. In addition, compared

atients with Liver Cirrhosis and Those Without

P Value Adjusted HR$ (95% CI) P Value

1.00 (ref.)
<0.001 1.75 (1.61–1.90)

��
<0.001

1.00 (ref.)
0.022 1.32 (1.06–1.64)

�
0.013

<0.001 1.65 (1.32–2.05)
��

<0.001
<0.001 2.10 (1.67–2.63)

��
<0.001

1.00 (ref.)
<0.001 1.00 (0.90–1.11) 0.978

1.00 (ref.)
0.001 0.37 (0.32–0.42)

��
<0.001

<0.001 0.11 (0.10–0.14)
��

<0.001
<0.001 0.07 (0.06–0.09)

��
<0.001

<0.001 0.12 (0.10–0.14)
��

<0.001
0.001 0.45 (0.39–0.52)

��
<0.001

1.00 (ref.)

<0.001 0.65 (0.60–0.71)
��

<0.001
0.764 0.98 (0.90–1.07) 0.656
0.530 1.08 (0.86–1.36) 0.487
0.362 1.09 (0.98–1.16) 0.141

<0.001 1.18 (1.04–1.34)
�

0.010
<0.001 1.67 (1.48–1.89)

��
<0.001

<0.001 1.10 (0.94–1.28) 0.241
<0.001 1.30 (1.12–1.51) 0.001

0.579 0.89 (0.60–1.32) 0.570
0.009 1.10 (0.91–1.32) 0.325

irus, HCV¼ hepatitis C virus, HF¼ heart failure, HR¼ hazard ratio,
, ref¼ reference.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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with alcoholic liver, DM and stroke are both risk factors of
1-year mortality for patients with nonalcoholic LC and coex-
istence LC. For liver-related diseases, HBV and HCV were

FIGURE 3. The 1-year mortality of TBI with liver cirrhosis among
associated with higher hazard ratios of mortality risk when
comparing nonalcoholic LC and coexistence LC patients with
alcoholic LC patients.

FIGURE 4. The 1-year mortality of TBI patients with liver cirrhosis
by different types. TBI¼ traumatic brain injury.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
The log-rank test showed a significant difference in the
1-year mortality rate among TBI patients with LC, cryptogenic
LC, and the comparison cohort (P<0.001, Figure 5). TBI

erent comorbidities. TBI¼ traumatic brain injury.
patients with cryptogenic LC have higher 1-year mortality trend

than those without LC/cryptogenic LC, but lower than TBI
patients with LC.

DISCUSSION
This study presented the 1-year mortality associations

between alcoholic and/or nonalcoholic LC patients after TBI
surgery using population-based administrative data. In the
present study, LC increased the nearly 2-fold mortality risk
among TBI patients compared with non-LC patients. HF and
renal diseases were significantly associated with higher
mortality for cirrhotic TBI patients; however, HTN could
be a protective factor in those patients. In the stratified
analysis of comparing different LC types for cirrhotic TBI
patients, nonalcoholic and coexistence LC patients have
higher mortality risk than alcoholic LC patients, especially
in those >65 years, HTN, DM, or stroke. In addition, those
with HBV and HCV presented the significant mortality risk
for coexistence LC. We hope that this information will help
guide treatment recommendations by neurosurgeons,

families, and intensive care physicians. These data will hope-
fully serve as a foundation for future studies on the effects
of LC on TBI.

www.md-journal.com | 5



TABLE 3. Mortality Rate Ratios Between Different Liver Cirrhosis Types for Traumatic Brain Injury Patients with Liver Cirrhosis
Stratified by each Interested Group

Alcoholic LC
Adjusted HR$ (95% CI)

Nonalcoholic LC
Adjusted HR$ (95% CI) P Value

Coexistence LC
Adjusted HR$ (95% CI) P Value

Overall 1.00 (ref.) 1.24 (1.04–1.48)
�

0.018 1.51 (1.25–1.83)
��

<.001
Age group

20 – 35 1.00 (ref.) 0.76 (0.35–1.63) 0.476 1.60 (0.74–3.48) 0.234
35 – 50 1.00 (ref.) 1.14 (0.87–1.50) 0.336 1.38 (1.06–1.81)

�
0.019

50 – 65 1.00 (ref.) 1.28 (0.95–1.72) 0.108 1.54 (1.11–2.14)
�

0.011
65 – 80 1.00 (ref.) 2.03 (1.10–3.74)

�
0.024 2.40 (1.17–4.92)

�
0.017

Comorbidity
HTN 1.00 (ref.) 1.62 (1.19–2.20)

�
0.002 1.63 (1.14–2.32)

�
0.007

DM 1.00 (ref.) 1.80 (1.24–2.61)
�

0.002 2.02 (1.36–3.00)
�

0.001
MI 1.00 (ref.) 2.68 (0.41–17.64) 0.304 7.62 (0.96–60.48) 0.055
Stroke 1.00 (ref.) 1.28 (1.02–1.59)

�
0.030 1.29 (1.01–1.65)

�
0.045

HF 1.00 (ref.) 1.34 (0.65–2.76) 0.429 1.75 (0.81–3.79) 0.158
Renal diseases 1.00 (ref.) 1.49 (0.75–2.96) 0.252 1.52 (0.65–3.53) 0.332

Liver-related diseases
HBV 1.00 (ref.) 1.65 (0.85–3.18) 0.139 2.57 (1.33–5.00)

�
0.005

HCV 1.00 (ref.) 2.18 (0.85–5.62) 0.107 2.70 (1.03–7.05)
�

0.043
Alcoholic fatty liver 1.00 (ref.) 0.10 (0.01–1.17) 0.066 1.27 (0.26–6.31) 0.769
Nonalcoholic fatty liver 1.00 (ref.) 1.79 (0.93–3.45) 0.082 1.70 (0.94–3.06) 0.080

CI¼ confidence interval, DM¼ diabetes mellitus, HBV¼ hepatitis B virus, HCV¼ hepatitis C virus, HF¼ heart failure, HR¼ hazard ratio,
HTN¼ hypertension, LC¼ liver cirrhosis, MI¼myocardial infarction, ref¼ reference.�

P value <0.05.��
P value <0.001.

$ f ve
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High Mortality Rates are Observed in TBI
Patients with LC Who Underwent Brain Surgery
Compared with Patients Without LC

In Taiwan, LC remains a major challenge because the
prevalence of HBV and HCV is 15–20%22,23 and 1–5%,24

respectively. The yearly incidence rate of TBI was 344 per

The model was adjusted by age, gender, length of ICU stay, length o
100,000 people in Taiwan.15 Thus, neurosurgeons and care-
givers may increasingly encounter patients with TBI who also
have LC as a comorbidity.

FIGURE 5. Kaplan–Meier survival curves for mortality of TBI
patients stratified by liver cirrhosis, cryptogenic liver cirrhosis,
and those without liver cirrhosis. TBI¼ traumatic brain injury.
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In recent studies, Lin et al demonstrated cirrhotic patients
who underwent nonhepatic elective or emergency surgery had
nearly twice the risk of 30-day in-hospital mortality compared
to those without cirrhosis.5 They also found that patients with
LC and alcohol dependence syndrome had more than three
times the risk of 30-day mortality. Another study indicated that
cirrhotic patients with acute TBI who underwent brain surgery
had a hospital mortality rate of 37.5%.20 In addition, LC was
associated with a 2-fold increased risk and a higher in-hospital
mortality rate (34% vs18.1%) compared with non-LC TBI
patients who underwent brain surgery.21

In the present study, we found cirrhotic TBI patients who
underwent brain surgery had higher 30-day mortality (32.2% vs
19.4%), which was consistent with previous studies.20,21 We
further determined that cirrhotic TBI patients had higher 1-year
mortality (52.2% vs 30.6%) and a hazard ratio of 1.75 compared
to non-LC TBI patients. Our results support an association
between alcohol consumption and mortality in patients with
LC.25 We further identify that nonalcoholic LC had a higher
hazard ratio than alcoholic LC in 1-year mortality after TBI (HR
1.24, 95% CI 1.04–1.48). Patients with coexistence of alcoholic
and nonalcoholic LC had the highest mortality risk (HR 1.51,
95% CI 1.25–1.83), which was consistent with the results of the
study by Lin et al5 From the results of stratified analysis, we
found that for cirrhotic TBI patients with pre-existing HBV and
HCV, coexistence LC was associated with a higher hazard ratio
of mortality as HBV and HCV were known risk of LC.26 Thus,
the coexistence of alcoholic and non-alcoholic LC enhances

ntilation days, listed liver-related diseases, and the listed comorbidities.
disease progression in a synergistic manner.27 However, the
mechanisms causing these observations need to be further
investigated.

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



Furthermore, alcoholic LC accounted for 39.2% of all TBI
patients with cirrhosis in our study. The relative high ratio may
imply that certain factors may cause TBI in these patients.
Driving while intoxicated could be a major reason because a
previous study indicated a correlation between alcoholic LC and
drunk driving.28 In addition, hepatic encephalopathy could be
other reasons for body injury resulting from a fall.29,30 The
above accidents are both plausible explanations for the observed
increased risk for TBI in alcoholic LC patients.

The Relevant Risk Factors for 1-Year Mortality in
LC Patients with TBI Who Underwent Brain
Surgery

Previous studies have shown that age, hypertension, DM,
MI, stroke, HF, renal diseases, and LC are associated with
mortality in TBI patients.20,21,31–33 Our study presented that
LC, age, stroke, renal diseases, and HF are risk factors, whereas
the length of ICU stay and HTN are protectors in TBI patients.
Among the observed comorbidities in cirrhotic TBI patients, HF
and renal diseases were risk factors, whereas HTN is a protector
for 1-year mortality.

Age is a well-known risk factor of 1-year mortality in TBI
patients, especially in older TBI patients who tend to have a
worse outcome.32,33 In the present study, we further provide
new information among older TBI patients with LC that the
hazard ratio for 1-year mortality rate was significantly elevated
in older, nonalcoholic LC patients, especially those between 65
and 80 years old following TBI surgery. One possible mech-
anism for this observations is that HCV was prevalent in a large
majority of those over the age of 65 and who received blood
transfusions before the introduction of HCV screening in Tai-
wan.34 Given that societal aging may increase the number of
older cirrhotic TBI patients who undergo surgical intervention
and the older population is at a higher risk for mortality,
neurosurgeons should be cautious when performing brain
surgery on older cirrhotic TBI patients.

Patients with advanced cirrhosis have an increased heart
rate and stroke volume, which leads to a higher cardiac output,
and thus, HF may develop in the late stages of LC.35,36 There-
fore, HF maybe a sign of late stage of LC. Despite the rate of HF
in cirrhotic TBI patients being relatively low at 9.2% (232/
2432), HF is still a risk factor for 1-year mortality in cirrhotic
TBI patients. This explains the increase in mortality to 59.5%
(138/232) in patients with LC and HF. Thus, pre-existing HF
exacerbates the risk for mortality in cirrhotic patients under
conditions of TBI. The causes of this observations may be that
HF occurring in late-stage LC may represent a more serious
condition,35,36 and cardiac dysfunction may manifest when TBI
activates a systemic hyper adrenergic state to increase both
cardiac and cerebral oxygen demands.37 Consequently, cirrho-
tic TBI with HF may represent a critical status, and the
etiologies of LC do not affect the 1-year mortality as shown
in Table 3.

Furthermore, RF is a frequent complication of advanced
cirrhosis related to disturbances in circulatory function.38

Patients with cirrhosis and RF have a 7-fold increased risk of
mortality within 1 year (HR 7.6, 95% CI 5.4–10.8) compared
with those without RF.39 In our previous study, we found that
ESRD patients have a higher 1-year mortality (76.7% vs 29.8%)
than non-ESRD TBI patients.32 In the present study, we further
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identified that RF increases the 1-year mortality in TBI patients
by 1.67-fold. Although the comorbidity of renal diseases in
cirrhotic TBI patients is 9.15% (211/2432), these patients have a
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very high mortality of 68.3% (144/211). Our results support that
RF occurring in cirrhosis patients represents a critical con-
dition.38 Therefore, we conclude that 1-year mortality rates are
unaffected by whether LC occurs from alcohol, hepatitis,
or coexistence.

In addition, TBI and stroke are closely related. TBI was
associated with an increased risk for stroke and post-stroke
mortality.40 Patients that have had a stroke have an increased
risk of TBI and mortality after TBI.31,33 Our study further
provided new information that stroke is a risk factor for 1-year
mortality in nonalcoholic/coexistence cirrhotic TBI patients
who underwent brain surgery.

It is well-known that HTN (essential, secondary) may
disappear after the development of cirrhosis in humans;41,42

nevertheless, arterial hypertension manifests in �10–15%
patients with cirrhosis.43–45 Our study found that the prevalence
of HTN in cirrhotic TBI patients was 44% (1071/2432). This
relatively high clinical presentation of HTN may be due to the
coexistence of LC and essential HTN in our patients because
HTN has a high prevalence in mid to late life (94.8% patients
age between 35 and 80 y/o).46 Additionally, alcoholic liver and
renal involvement in nonalcoholic LC patients may be accom-
panied by arterial hypertension.41 Meanwhile, some of our
patients with early stages of cirrhosis indicated that their high
blood pressure levels remained unaffected by the onset of
cirrhosis.46 Additionally, HTN could be a protective factor in
our study, and this finding has been reported for ESRD47 or
ERRD in TBI patients.32 HTN may be a protective factor
because normal-to-low BP levels may reflect the fact that organ
failure or other events leading to hypotension had occurred
before death. Despite of this, cirrhotic TBI patients with HTN
have higher mortality risk in those with nonalcohol and coex-
istence LC compared with alcohol-induced LC. Similar to age,
DM, and stroke, we identify that hepatitis-induced/coexistence
LC has a higher mortality than alcohol-induced LC in cirrhotic
TBI patients.

Nonalcoholic fatty liver disease (NAFLD) is now viewed
as the hepatic manifestation of metabolic syndrome.48 In
addition, NAFLD is thought as the major cause of cryptogenic
cirrhosis, which is a common cause of liver-related mortality
and morbidity in the United States.49 In our study, we found the
mortality was higher in TBI patients with cryptogenic LC than
those without LC, but still less than those with LC (Figure 5).
This finding gave us an important information that cryptogenic
LC may be a potential risk of mortality for TBI patients,
especially cryptogenic LC may progress to LC.50 It is worth
to examine the role of cryptogenic LC in the future research.

This study has some limitations. First, all diagnoses relied
on claims data and ICD-9-CM diagnosis codes; thus, there may
be some disease misclassifications, missing data, and reporting
discrepancies, especially in large databases such as the NHIRD.
However, the previous study has validated the accuracy of
major diagnosis codes in NHIRD,51 and all the diagnosis of
the patients based on clinical diagnosis and coded by medical
professionals. Second, we were unable to take into account the
illness severity scores of TBI and LC because the data, such as
Glasgow outcome scales and child classification, were unavail-
able, which may also interfere with our conclusions regarding
the outcomes after TBI. In addition, as this study only used the
inpatient claims data, liver-related diseases may be underesti-
mated because the outpatient claims data are not available.

Mortality after Traumatic Brain Injury in Liver Cirrhosis
Nevertheless, this nationwide population-based study still pre-
sented important information regarding the outcomes in TBI
patients with or without LC.
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In conclusion, TBI patients with LC, especially non-alco-
holic/coexistence cirrhotic livers, have an increased 1-year
mortality of 2-fold, even after controlling for other demographic
and clinical variables. In cirrhotic TBI patients, those aged 65
and over or those with comorbidity of HTN, DM, and stroke
have higher 1-year mortality risk in nonalcoholic/coexistence
LC patients. These results will provide valuable information for
neurosurgeons and intensive care physicians that will result in
them paying more attention to these high-risk groups during the
decision-making process for surgical intervention and treatment
protocol planning.
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