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Abstract

Coagulopathy in liver cirrhosis (LC) might increase the risk of intracranial hemorrhage (ICH) after a head
injury (HI). However, the indications of head computed tomography (CT) in patients with LC do not evidently
support this interrelation. We compared the risk of ICH between patients with and without LC to determine
whether we should lower the threshold of head CT in patients with LC after HI. We did a nationwide population—
based study using Taiwan’s National Health Insurance Research Database. We identified 10,087 patients with HI
(917 cases of LC; 9,170 randomly selected controls without LC). Conditional logistic regression was used to
measure the post—HI association between LC and ICH. Two hundred twenty—three (2.2%) patients had post—HI
ICH: among them, there were 21 (2.3%) patients with LC and there were 202 (2.2%) controls. Conditional logistic
regression showed that patients with LC had no greater risk of ICH (odds ratio [OR]: 1.0; 95% confidence interval
[CI]: 0.7-1.6) than did controls. There were also no significant differences in the subgroup analyses of immediate
ICH (OR: 1.1; 95% CI: 0.7-1.9) and delayed ICH (OR: 0.9; 95% CI: 0.4-2.1). LC did not increase the post—HI
risk of ICH. The restored balance of hemostasis provided by the concomitant reduction of procoagulant and
anticoagulant factors might explain this. Therefore, lowering the threshold of head CT in patients with LC seems
unnecessary.
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|. Introduction

Head injury (HI) is a major public health and socioeconomic problem throughout the world [1-4]. It is
estimated that 7.7 million people in Europe who have had an HI have disabilities [5]. In the US, where the financial
burden of HI has been estimated at over US$60 billion per year [6], approximately 5.3 million people are living
with a Hl-related disability [7].

In the Emergency Department (ED), up to 15% of patients with HI and a Glasgow Coma Scale score of 15
had intracranial hemorrhage (ICH) on head computed tomography (CT) [8—11]. Therefore, the biggest challenge
ED physicians is identifying which patients with HI have an acute ICH [12]. The widespread use of head CT has
greatly helped physicians to better manage patients with HI [12]. In the New Orleans [8] and Canadian CT Clinical
Decision Rules [9], head CT is recommended for patients who are alcohol dependent, on a chronic anticoagulant
regimen, or have known coagulopathy. However, the indication for head CT in patients with liver cirrhosis (LC),
a disease with higher risk for hematologic complications because of coagulation disorders and thrombocytopenia
[13], is not clear. Physicians always face the question: Do we need to lower the threshold of head CT in patients
with LC? Therefore, we did a nationwide population—based study to determine the risk of ICH after HI in patients

with LC. We hypothesized that LC increases the ICH risk in patients after HI because of coagulopathy.

1. Methods
1. Data sources

The National Health Insurance Research Database (NHIRD) was released by Taiwan’s National Health
Insurance (NHI) Program, begun in 1995, covers nearly 100% of the country’s legal residents, released the
National Health Insurance Research Database (NHIRD) [14]. We used the Longitudinal Health Insurance
Database 2000 (LHID2000), a data subset derived from the NHIRD; it contains all claims data of one million
(4.34% of the total population) beneficiaries drawn randomly in 2000. There are no significant differences in age,
gender, or healthcare costs between the LHID2000 dataset and all NHI enrollees. The LHID2000 contains
encrypted patient identification numbers, basic socioeconomic data, International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes, prescribed drugs, procedures, and dates of
clinic visit, admission, and discharge [14]. All of the costs of LC, HI, and ICH are covered by NHI.

2. Selection of Cases and Controls

We identified patients diagnosed with HI (ICD-9-CM codes 850, 852, 853, 854, 959.0, 959.01, 959.09)
between 2002 and 2008 for this longitudinal study (Figure 1). The Cases Group (with LC [LCPos]) were patients
diagnosed with LC before their HI, which was confirmed if the dataset indicated that they had any one of these
ICD-9 codes: 571.2, 571.5, or 571.6. The Control Group (without LC [LCNeg]) were patients not diagnosed with
LC before their HI. The cases and controls were then matched (1:10 ratio) by age, gender, and index year. As with
the cases, we assigned the first use of medical care during the index year as the index date for controls.

We linked to the diagnostic codes through the ambulatory and inpatient care claims of the LHID2000 dataset.
We included baseline comorbidities that may have presented before the index date were diabetes mellitus (DM)
(ICD-9—CM code 250), hypertension (HTN) (ICD-9-CM codes 401-405), congestive heart failure (CHF) (ICD—
9—CM code 428), stroke (ICD-9—-CM codes 430-438), and cancer (ICD-9-CM codes 140-208). We counted
these comorbidities if they occurred either in the inpatient setting or in 3 or more ambulatory care claims coded

before the index date.
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Identification of patients with HI from LHID2000 dataset
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Fig.1 Flowchart of the study. LC, liver cirrhosis; ICH, intracranial hemorrhage.

3. Primary outcome measurements

We compared the ICH risk after HI between patients with and without LC. ICH was the primary outcome
measure that included medical codes for (i) immediate ICH after HI (ICD—-9-CM codes: 850, 852, 853, 854); and
(ii) delayed ICH within 7 days of HI (ICD-9-CM codes: 850, 852, 853, 854, 430, 431, 432, 432.1, 432.9). By
definition, all patients had not been previously diagnosed with ICH.

4. Stratification and subgroup analysis

We also stratified the data by gender, age, and subgroup analysis for immediate ICH and delayed ICH to
evaluate the association between LC and the risk for ICH risk patients with HI. Elderly was defined as > 65 years
old.

5. Ethic statement

We conducted this study according to the Declaration of Helsinki. It was approved by the Institutional Review
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Board (IRB) at Chi—-Mei Medical Center (IRB number: 10502 - E01), which waived the need for informed patient
consents because the dataset used in this study consists of deidentified, nationwide, secondary data released to the

public for research. The waiver does not affect the rights and welfare of the patients.
6. Statistical analysis

We used Pearson 2 tests for categorical variables and Student’s t tests for continuous variables to evaluate
the significance of the differences in demographic characteristics and comorbidities between the patients with and
without LC. We used conditional logistic regression to evaluate the association of LC and ICH after HI. We did
not adjust for age and gender because both were matched in the recruitment process and comorbidities, and
because they were not considered confounding factors in the literature. We used SAS 9.3.1 for Windows (SAS

Institute, Cary, NC, USA) for all analyses. Significance was set at P < 0.05 (two—tailed).

I11. Results

We identified 10,087 HIP patients (LC™: 917; LCNee: 9,170) between 2002-2008 (Figure 1 and Table 1).
Both groups had a mean age of 58.3 + 16.0 years and male predominance (71.2%). LC?* patients had significantly
higher incidences of DM, HTN, CHF, stroke, and cancer than did LCN°8 patients.

There was no significant difference in the ICH risk after HI in the overall analysis (OR: 1.0; 95% CI: 0.7—
1.6) or after stratifications based on gender and age (Table 2). In the subgroup analysis, there was no significant
difference in the immediate (OR: 1.1; 95% CI: 0.7—1.9) (Table 3) or delayed ICH risk (OR: 0.9; 95% CI: 0.4-2.1)
(Table 4) after HI. The ICH risk after HI was not significantly different between the LCP* and the LCN®2 elderly
(Tables 2—4).

Table 1. Demographic characteristics of total patients with head injury

Characteristic With LC Without LC P—value
Number of patients 917 9170
Age (years) 58.3+16.0 58.3+16.0 >0.99
0-64 582 (63.5) 5,823 (63.5) 0.98
>65 335 (36.5) 3,347 (36.5)
Gender
Male 653 (71.2) 6,350 (71.2) >0.99
Female 264 (28.8) 2,640 (28.8)
Comorbidities
DM 232 (25.3) 1,262 (13.8) <0.01
HTN 295 (32.2) 2,581 (28.2) 0.01
CHF 39 (4.3) 237 (2.6) <0.01
Stroke 117 (12.8) 916 (10.0) <0.01
Cancer 106 (11.6) 295 (3.2) <0.01

Data are n (%) or means * standard deviation. LC, liver cirrhosis; DM, diabetes mellitus; HTN, hypertension; CHF, congestive
heart failure.
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Table 2. Comparison of the risk of intracranial hemorrhage after head injury between patients

with and without LC.

Outcome With LC Without LC OR P-value
Overall
Yes, n (%) 21(2.3) 202 (2.2) 1.0 (0.7-1.6) 0.86
No, n (%) 896 (97.7) 8968 (97.8) 1.0
Gender
Male
Yes, n (%) 15(2.3) 153 (2.3) 1.0 (0.6-1.7) 0.94
No, n (%) 638 (97.7) 6377 (97.7) 1.0
Female
Yes, n (%) 6(2.3) 49 (1.9) 1.2 (0.5-2.9) 0.64
No, n (%) 258 (97.7) 2591 (98.1) 1.0
Age
Non—elderly (0 < 65 years)
Yes, n (%) 16 (2.8) 121 (2.1) 1.3 (0.8-2.3) 0.29
No, n (%) 566 (97.3) 5702 (97.9) 1.0
Elderly (= 65 years)
Yes, n (%) 5(1.5) 81 (2.4) 0.6 (0.3-1.5) 0.29
No, n (%) 330 (98.5) 3266 (97.6) 1.0

Data are presented as n (%). Conditional logistical regression was used. LC, liver cirrhosis; OR, odds ratio.

Table 3. Comparison of the risk of immediate intracranial hemorrhage after head injury
between patients with LC and patients without LC
Outcome With LC Without LC OR P-value
Overall
Yes, n (%) 15 (1.6) 135 (1.5) 1.1 (0.7-1.9) 0.70
No, n (%) 902 (98.4) 9035 (98.5) 1.0
Gender
Male
Yes, n (%) 10 (1.5) 99 (1.5) 1.0 (0.5-2.0) 0.98
No, n (%) 643 (98.5) 6431 (98.5) 1.0
Female
Yes, n (%) 5(1.9) 36 (1.4) 1.4 (0.5-3.6) 0.49
No, n (%) 259 (98.1) 2604 (98.6) 1.0
Age
Non-—elderly (0 < 65 years)
Yes, n (%) 11 (1.9) 81 (1.4) 1.4 (0.7-2.6) 0.34
No, n (%) 571 (98.1) 5742 (98.6) 1.0
Elderly (> 65 years)
Yes, n (%) 4(1.2) 54 (1.6) 0.7 (0.3-2.1) 0.56
No, n (%) 331 (98.8) 3293 (98.4) 1.0

Data are n (%). Conditional logistical regression was used. LC, liver cirrhosis; OR, odds ratio.
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Table 4. Comparison of the risk of delayed intracranial hemorrhage after head injury between
patients with LC and patients without LC.

Outcome With LC Without LC OR P-value
Overall
Yes, n (%) 6 (0.7) 67(0.7) 0.9 (0.4-2.1) 0.80
No, n (%) 911 (99.4) 9103 (99.3 1.0
Gender
Male
Yes, n (%) 5(0.8) 54(0.8) 0.9 (0.4-2.3) 0.87
No, n (%) 648 (99.2) 6476 (99.2) 1.0
Female
Yes, n (%) 1(0.4) 13 (0.5) 0.8 (0.1-5.9) 0.80
No, n (%) 263 (99.6) 2627 (99.5) 1.0
Age
Non—elderly (0 < 65 years)
Yes, n (%) 5(0.9) 40 (0.7) 1.3 (0.5-3.2) 0.64
No, n (%) 577 (99.1) 5783 (99.3) 1.0
Elderly (= 65 years)
Yes, n (%) 1(0.3) 27 (0.8) 0.4 (0.1-2.7) 0.33
No, n (%) 334 (99.7) 3320 (99.2) 1.0

Data are n (%). Conditional logistical regression was used. LC, liver cirrhosis; OR, odds ratio.

V. Discussion

This is the first study to report the associations between LC and ICH risk after HI. Based on a
nationwide population—based study design with a large sample, we found that LC did not increase the
ICH risk after HI, regardless of gender, age, and subgroup analysis of immediate ICH and delayed ICH.
These findings suggest that lowering the threshold for a head CT in patients with LC after HI may be not
necessary. In addition, in elderly patients with LC, a population more sensitive to ICH, the criteria for
head CT need not be different from those of the general population. This result is valuable for helping
supplement deficiency in previous guidelines for managing HI in the patients with LC and reducing
medical costs by decreasing the rate of unnecessary head CTs examination, especially in the elderly.

The possible explanation for no increased ICH risk in patients with LC is the balance between
concomitant reduction of procoagulant and anticoagulant factors [15]. That is also the reason why
patients with LC are not protected from arterial and venous thrombosis [15]. This may be explained by
two findings in other studies: (1) There was a procoagulant imbalance in patients with LC because of the
resistance to thrombomodulin [16-23]; and (2) There was a compensation for thrombocytopenia in
patients with LC due to the increased levels of the adhesive protein, von Willebrand factor [15]. An
animal study reported that platelet activation played an important role in the immune—mediated
progression of liver disease [15]. In some situations, the risk for thrombosis may be higher than the risk
of bleeding [15]. The bleeding tendency in end—stage LC should not be explained by hypocoagulability;
however, underlying conditions that favor hemorrhage, such as hemodynamic alterations subsequent to
portal hypertension, endothelial dysfunction, bacterial infections, and renal failure, might be more

important [23-28].
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The restored balance of hemostasis also explains that coagulation studies (i.e., measuring
prothrombin time and activated partial-thromboplastin time) are not good indices for a head CT in
patients with LC because they are also poorly correlated with bleeding events such as a liver biopsy or
other potentially hemorrhagic procedures [29,30], gastrointestinal bleeding, and the prototype of
hemorrhagic events in patients with end—stage liver disease [31,32]. For example, a prothrombin—time
test does not accurately indicate the coagulation and the risk of hemorrhage because it only measures the
procoagulant drivers (i.e., thrombin generated in plasma) [15]. The thrombin inhibited by the
anticoagulant drivers is not measured [15]. Despite the decreased coagulation factors, it is generally
believed that thrombin generation is maintained in patients with LC and platelet counts above 60,000/ml,
because of a simultaneous decrease in coagulation inhibitors (i.e., protein C, protein S, and antithrombin)
[15].

In spontaneous ICH, other studies [33] have reported controversial results about the effect of LC. A
Danish population—based case—control study reported that patients with alcoholic or non—alcoholic liver
cirrhosis and non—cirrhotic alcoholic liver disease had a substantially increased risk for spontancous ICH
[33]. However, another nationwide population—based cohort study in Taiwan reported that LC did not
increase the incidence rate of spontaneous ICH after a 9—year follow—up [34].

This study has some limitations. First, there was no information on the severity and classification
of LC, ICH, and HI; therefore, we were unable to evaluate the severity and classification association
between them. Second, some drugs that affect coagulation, such as warfarin, aspirin, and clopidogrel,
were not investigated; therefore, we were unable to adjust for these variables as confounding factors in
this study. Additional studies on this topic are warranted. Finally, despite our database being nationwide,

our findings may not be generalizable to other nations.

V. Conclusions

This is the first nationwide population—based study to clarify that patients with LC had no higher a
risk for ICH after HI than did patients without LC. The restored balance of hemostasis afforded by the
concomitant reduction of procoagulant and anticoagulant factors might play the major role. Therefore, it
may be not necessary for physicians to lower the threshold for head CT in patients with LC after HI.
However, the effect of severity and classification of LC, ICH, and HI needs additional studies to clarify

this question.
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