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Abstract

Background—Liver disease is common and associated with clinical and laboratory evidence of
coagulopathy. The association between liver disease and intracranial hemorrhage remains unclear.
Our aim was to assess whether liver disease increases the risk of intracranial hemorrhage.

Methods—We performed a retrospective cohort study based on administrative claims data from
California, Florida and New York acute care hospitals from 2005 through 2011. Of a random 5%
sample, we included patients discharged from the emergency department or hospital after a
diagnosis of liver disease and compared them to patients without liver disease. Patients with
cirrhotic liver disease were additionally analyzed separately. Kaplan-Meier survival statistics were
used to calculate cumulative rates of incident intracranial hemorrhage, and Cox proportional
hazard analysis was used to adjust for demographic characteristics, vascular disease and
Elixhauser comorbidities. Multiple models tested the robustness of our results.

Results—Among 1,909,816 patients with a mean follow-up period of 4.1 (+1.8) years, the
cumulative rate of intracranial hemorrhage after a diagnosis of liver disease was 1.70% (95%
confidence interval [Cl], 1.55-1.87%) compared to 0.40% (95% CI, 0.39-0.41%) in patients
without liver disease (P < 0.001 by the log-rank test). Liver disease remained associated with an
increased hazard of intracranial hemorrhage after adjustment for demographic characteristics and
vascular risk factors (hazard ratio [HR], 1.8; 95% CI, 1.6-2.0). This was attenuated in models
additionally adjusted for general comorbidities (HR, 1.3; 95% CI, 1.2-1.5).

Conclusions—There is a modest, independent association between liver disease and the risk of
intracranial hemorrhage.
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Introduction

Methods

Intracranial hemorrhage (ICH) accounts for at least 10% to 20% of all strokes and often
leads to severe disability or death (1, 2). Established risk factors for ICH include
hypertension, diabetes, smoking and alcohol use (3). Given that patients with cirrhosis often
develop major bleeding from the gastrointestinal tract (4), they may also face an increased
risk of major bleeding elsewhere, including ICH. Cirrhosis is associated with multiple
hematological abnormalities, including of pro-coagulant and anticoagulant factors (5).
However, it is uncertain as to whether cirrhosis and, broadly, liver disease predispose to
hemorrhage in general, since the gastrointestinal bleeding seen in cirrhosis may be mostly
due to portal hypertension rather than an intrinsic coagulopathy (5, 6). Therefore, it remains
unclear whether liver disease is a risk factor for ICH.

While the clinical characteristics of ICH in cirrhosis have been described (7, 8), the two
available studies on ICH risk in liver disease, including cirrhosis, produced conflicting
results (9, 10). Further, a recent study, though not designed to assess the degree of ICH risk
associated with liver disease, revealed ICH to be an infrequent cause of altered mental status
in cirrhotic patients (11). Given this uncertainty, we examined the association between liver
disease and ICH in a large, heterogeneous, population-based cohort.

We used administrative claims data from California, Florida and New York. The Agency for
Healthcare Research and Quality provides standardized, quality-checked, de-identified
discharge data from all patient visits to nonfederal emergency departments (EDs) and
admissions to nonfederal acute care hospitals in these states. Each patient is assigned an
anonymous, unique identifier to allow longitudinal tracking across ED visits and
hospitalizations (12). These publicly available data include demographic characteristics and
a list of up to 25 International Classification of Diseases, 9t Revision, Clinical Modification
(ICD-9-CM) diagnosis codes. Our analysis of these data was approved by the Weill Cornell
Medical College institutional review board.

We included a random 5% sample of adults with at least one ED visit or hospitalization
between 2005 and 2010 in California, 2005 and 2011 in Florida, and 2006 and 2011 in New
York. This sample was not weighted by the frequency of visits, so patients with one visit
were as likely to be included as those with numerous visits. The dates above were chosen to
provide at least 1 year of follow-up data for all patients. We excluded patients with any
history of ICH because we were interested in first-ever recorded ICH. To maximize follow-
up, we excluded non-residents of these states.

Our primary predictor variable was liver disease of any etiology as defined by ICD-9-CM
codes. Quan and colleagues developed (13) and validated (14) an enhanced ICD-9-CM
coding algorithm to identify liver disease as originally represented as an Elixhauser
comorbidity. The algorithm includes all forms and grades of liver disease; codes in this
algorithm (070.22, 070.23, 070.32, 070.33, 070.44, 070.54, 070.6, 070.9, 456.0-456.2,
570.x, 571.x, 572.2-572.8, 573.3, 573.4, 573.8, 573.9, V42.7) include a history of liver
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disease, acute liver disease, cirrhosis and some complications of liver cirrhosis. This method
has a positive predictive value of 80.2% and specificity of 99.5% for any liver disease as
compared to expert chart review (14). Given the heterogeneity of this liver disease sample
and in concordance with prior studies on this topic, we performed secondary analyses that
attempt to isolate patients with liver cirrhosis. We used ICD-9-CM codes 571.2 and 571.5,
respectively, to identify patients with alcohol and non-alcohol related cirrhosis. These codes
have been validated to identify these specific forms of liver disease with moderate
specificity (15). We opted to use these single codes as opposed to more complex algorithms
including codes for complications of cirrhosis as this latter approach appears to reduce
specificity (15).

The primary outcome was ICH, defined as per prior studies on this topic as a composite of
intracerebral hemorrhage, subarachnoid hemorrhage or non-traumatic subdural hematoma
(9, 10). We performed sensitivity analyses limited to intracerebral hemorrhage, since this
type of hemorrhage is the most likely to reflect spontaneous bleeding (i.e., without an
underlying vascular lesion or trauma), and its ICD-9-CM code has been well-validated (16).

To account for potential confounders in the relationship between liver disease and ICH, we
adjusted for demographic characteristics such as age, sex, race, and insurance status.
Additionally, we used ICD-9-CM codes to determine the presence of vascular disease and its
risk factors such as hypertension, diabetes, coronary heart disease, congestive heart failure,
peripheral vascular disease, chronic obstructive pulmonary disease, chronic kidney disease,
atrial fibrillation, transient ischemic attack, stroke, myocardial infarction, venous
thromboembolism, tobacco use and alcohol use (3, 17). Lastly, we ascertained the following
Elixhauser comorbidities (14, 18, 19): acquired immunodeficiency syndrome, anemia,
arthritis, blood loss, chronic lung disease, depression, drug use, hypothyroidism, lymphoma,
metastatic cancer, obesity, psychiatric disorder, tumor, peptic ulcer disease and valve
disease.

Descriptive statistics with exact confidence intervals (C1) were used to report crude rates.
We used Kaplan-Meier survival statistics and the log-rank test to compare cumulative rates
of outcomes among patients with and without liver disease. Patients entered the cohort at
their first recorded ED visit or hospital discharge and were censored at the time of an
outcome, last available follow-up date or documented in-hospital death. We performed
sensitivity analyses to minimize the effects of antiplatelet and anticoagulant drugs by
censoring patients upon diagnosis with venous thromboembolism, myocardial infarction,
stroke or atrial fibrillation. In additional sensitivity analyses, we censored patients at the
time of a diagnosis of cirrhosis, to determine the effect of non-cirrhotic liver disease on ICH
risk.

Multivariable Cox proportional hazards analysis was used to examine the relationship
between liver disease and ICH while adjusting for the covariates above. Models were built
in a stepwise fashion, first adjusting only for demographic characteristics, then additionally
for vascular risk factors and then additionally for Elixhauser comorbidities. All covariates
were left in the model regardless of statistical significance to maximally isolate the
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contribution of our predictor variable. In a sensitivity analysis, we additionally adjusted for
documented coagulopathy and thrombocytopenia.

In our primary analytical approach, we treated liver disease and all vascular risk factors and
comorbidities as time-varying covariates that took on the value recorded at the latest ED
visit or hospitalization. In a secondary approach, we treated liver disease and all vascular
risk factors and comorbidities as time-fixed covariates that took on the value recorded at the
first recorded ED visit or hospitalization. In an alternative secondary analysis, we treated
liver disease as a time-varying covariate and all vascular risk factors and comorbidities as
time-fixed at baseline.

All analyses were performed using Stata MP (version 13, College Station, TX). The
threshold of statistical significance was set at alpha = 0.05.

Among 1,909,816 patients free of ICH at baseline, 56,220 (2.9%) received a diagnosis of
liver disease at some point during a mean follow-up period of 4.1 (+1.8) years. At baseline,
patients with liver disease were more likely to be older, male, white and beneficiaries of
Medicare or Medicaid (Table 1). Additionally, patients with liver disease had a higher
Elixhauser comorbidity index and a higher prevalence of established vascular disease and
risk factors (Table 1).

We identified 6,772 (0.35%; 95% CI, 0.35-0.36%) first-recorded diagnoses of ICH after the
index visit. When liver disease was modeled as a time-varying covariate, the cumulative rate
of ICH after a diagnosis of liver disease was 1.70% (95% CI, 1.55-1.87%) compared to
0.40% (95% Cl, 0.39-0.41%) in patients without liver disease (P < 0.001 by log-rank test).
In a Cox proportional hazards model adjusted only for demographic characteristics, liver
disease was strongly associated with subsequent ICH (hazard ratio [HR], 3.3; 95% CI, 3.0-
3.7). This association was attenuated after adjustment for time-varying vascular risk factors
(HR, 1.8; 95% CI, 1.6-2.0) and further attenuated after adjustment for time-varying
Elixhauser comorbidities (HR, 1.3; 95% ClI, 1.2-1.5).

Sensitivity analyses limited to intracerebral hemorrhage alone produced similar results. We
identified 3,659 incident cases of intracerebral hemorrhage in our sample. Adjusted for
demographic characteristics alone, the hazard ratio for liver disease was 3.1 (95% Cl, 2.8-
3.6). Again, the association was attenuated to 1.7 (95% CI, 1.5-2.0) and 1.3 (95% CI, 1.2—
1.5) after adjusting for time-varying vascular risk factors and then Elixhauser comorbidities,
respectively.

Furthermore, our findings were similar when patients were censored at the time of a
diagnosis of cirrhosis, or conversely when the predictor variable was limited to alcohol-
related or non-alcohol related cirrhosis, except for moderately stronger associations between
alcohol-related cirrhosis and ICH (Table 2).

Similar patterns were seen in secondary analytical approaches that treated covariates as
time-fixed from baseline (Table 2). Our results were essentially unchanged in sensitivity
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analyses censoring patients at the time of a diagnosis of stroke, myocardial infarction,
venous thromboembolism or atrial fibrillation. In a sensitivity analysis in which we
additionally adjusted for documented coagulopathy and thrombocytopenia, we again found
an association between liver disease and ICH, although the association was further
attenuated (HR, 1.14; 95% CI, 1.04-1.26), as expected given that coagulopathy and
thrombocytopenia are very likely to mediate any relationship between liver disease and ICH.

Discussion

In a large, population-based, retrospective cohort study, we found a significantly heightened
rate of ICH after a diagnosis of liver disease. The association between liver disease and ICH
persisted across multiple analytical approaches accounting for vascular and general
comorbidities in a variety of ways. Additionally, the findings were consistent when analyses
were limited to intracerebral hemorrhage. Our findings remained essentially the same in
models censoring patients likely to be receiving antithrombotic medications and were
somewhat more robust in analyses examining more severe forms of liver disease such as
cirrhotic liver disease as compared to non-cirrhotic liver disease. Overall, our findings
suggest that liver disease—once its numerous associated comorbidities are accounted for—
modestly contributes to the risk of ICH.

Though an association between liver disease and ICH was suggested by the results of a
retrospective case-control study (9), a subsequent case-cohort study failed to confirm this
association (10). However, the latter study showed a non-significantly increased risk of ICH
associated with cirrhosis, and the wide confidence intervals suggest that this study was
underpowered. Therefore, these prior studies are consistent with our findings that liver
disease may increase the risk of ICH. These results, along with studies demonstrating low
rates of ischemic cerebrovascular disease (20-23) and coronary heart disease (20, 24) in
cirrhosis, support the general conclusion that liver disease predisposes to hemorrhage rather
than thrombosis. This association may be mediated by decreased levels of most pro-
coagulant factors and thrombocytopenia (5). Alternatively, it is possible that liver disease
predisposes to both hemorrhage and thrombosis via a disordered and unstable coagulation
system, as some studies have found an association between cirrhotic liver disease and
venous thromboembolism (5, 25-28). The finding that the association between liver disease
and ICH is somewhat stronger when liver disease is restricted to cirrhotic liver disease, as
opposed to all forms and severities of liver disease, raises the possibility of a mechanistic
link between severity of liver disease and ICH risk. This relationship requires further
investigation.

Our study has several limitations that should be considered. First, due to the modest
sensitivity of claims-based algorithms, we likely had incomplete ascertainment of liver
disease in our study population as reflected by the 2.9% frequency of liver disease in our
cohort, which is lower than the 5% frequency determined by expert chart-review in the
algorithm validation cohort (14). It is possible that patients with more severe forms of liver
disease were more likely to have a liver disease diagnosis code assigned. However, our
methods do not allow for determination of liver disease severity. Additionally, we lacked
data on outpatient diagnoses of liver disease. Therefore, our results may not be generalizable
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to mild liver disease patients who have not had any ED visits or hospitalizations. Second,
given the reliance on ED and inpatient ICD-9-CM diagnosis codes, our ascertainment of
vascular risk factors and comorbidities may be incomplete, and the association between liver
disease and ICH may be further attenuated with more complete covariate ascertainment.
However, it is also possible that our models were over-adjusted by inclusion of
comorbidities that are actually in the causal pathway between liver disease and ICH (e.g.,
hemorrhage into a brain metastasis or bleeding induced by liver disease-related
thrombocytopenia). Additionally, incomplete ascertainment is also expected to be present in
the control group to a similar extent. Third, we lacked data on medication use, particularly in
regards to antithrombotic therapies. However, our results were essentially the same when we
censored patients at the time of diagnoses that are common indications for antithrombotic
therapy. Last, coagulation indices and cell count data were not available or controlled for;
however, we believe these variables may mediate the association between liver disease and
ICH.

Our findings suggest that liver disease is an independent risk factor for ICH. Prospective
confirmation of our findings and elucidation of mechanisms of ICH in liver disease may be
helpful, particularly for clinicians considering antithrombotic or anticoagulant medications
for liver disease patients. Moreover, ICH accounts for an increasing share of the 10% of
deaths that are caused by stroke worldwide (29), and liver disease accounts for about 2% of
global deaths (30), suggesting that further insights on the association between liver disease
and ICH may help global efforts to improve public health.
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Table 1

Baseline Characteristics of Patients, Stratified by Liver Disease

Liver Disease  No Liver Disease

Characteristic” (N =56,220) (N=1,853596) Pvalue
Age, mean (SD), y 56.2(15.3) 46.6(20.1) <0.001
Female 25,715(45.7)  1,031,823(55.7)  <0.001
Race’ <0.001

White 33583 (62.2) 1,037,921 (58.7)

Black 6,288 (11.7) 243,267 (13.8)

Hispanic 10,150 (18.8) 326,859 (18.5)

Asian 2,168 (4.0) 75,311 (4.3)

Other 1,789(3.3) 85,201 (4.8)

Payment source™ <0.001

Medicare 17,991 (32.0) 380,095 (20.5)

Medicaid 8,019 (14.3) 191,124 (10.3)

Private 18,655 (33.2) 840,805 (45.4)

Self-pay 7,553 (13.4) 309,728 (16.7)

Other 3,982 (7.1) 130,629 (7.1)
Hypertension 19,129 (34.0) 369,605 (19.9) <0.001
Diabetes 10,548 (18.8) 160,926 (8.7) <0.001
Coronary heart disease 5,424 (9.7) 103,572 (5.6) <0.001
Congestive heart failure 3,703 (6.6) 46,169 (2.5) <0.001
Peripheral vascular disease 1,497 (2.7) 22,317 (1.2) <0.001
Chronic obstructive pulmonary disease 4,331 (7.7) 66,666 (3.6) <0.001
Chronic kidney disease 2,090 (3.7) 23,003(1.2) <0.001
Atrial fibrillation 2,905 (5.2) 51,563(2.8) <0.001
Transient ischemic attack 236 (0.4) 7,218(0.4) 0.26
Ischemic stroke 357 (0.6) 10,330(0.6) 0.02
Myocardial infarction 554(1.0) 9,545 (0.5) <0.001
Venous thromboembolism 687(1.2) 10,780(0.6) <0.001
Tobacco use 2,632 (4.7) 44,947 (2.4) <0.001
Alcohol use 12,248 (21.8) 135,756 (7.3) <0.001
Elixhauser comorbidities$, mean (SD), no. 31 (1.8) 1.4(19) <0.001

Abbreviations: SD, standard deviation.
*
Data are presented as number (%) unless otherwise specified.
TSeIf-reported by patients or their surrogates. Numbers do not sum to group totals because of missing race/ethnicity data in 4.6% of patients.

¢Numbers do not sum to group totals because of missing payment-source data in <0.01% of patients.

§Numbers represent the number of Elixhauser comorbid conditions, which comprise a comprehensive set of 28 comorbidity measures for use with
large administrative datasets. (19)
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Table 2

Hazard Ratios for Intracranial Hemorrhage in Liver Disease

Hazard Ratio
Model (95%Cl)

Liver disease as a time-varying covariate

Model 1:Unadjusted 4.3(3.9-4.7)
Model 2:Adjusted for demographic characteristics ™ 3.3(3.0-37)
Model 3: Model 2 plus baseline vascular risk factors 3.1(28-34)
Model 4: Model 3 plus baseline comorbiditiest 2.2(20-24)

Model 5: Model 2 plus time-varying vascular risk factors 1.8 (1.6-2.0)

Model 6: Model 5 plus time-varying comorbidities 1.3(1.2-1.5)

Liver disease as a time-fixed covariate

Model 1:Unadjusted 2.4 (2.0-2.8)
Model 2:Adjusted for demographic characteristics 1.8(1.5-2.1)
Model 3: Model 2 plus baseline vascular risk factors 1.6 (1.3-1.9)
Model 4: Model 3 plus baseline comorbidities 12(1.1-1.4)

Non-cirrhotic liver disease as a time-varying covariate

Model 1:Unadjusted 4.0 (3.6-4.5)
Model 2:Adjusted for demographic characteristics 3.3(3.0-3.7)
Model 3: Model 2 plus baseline vascular risk factors 3.1(2.8-3.5)
Model 4: Model 3 plus baseline comorbidities 2.2 (2.0-2.5)

Model 5: Model 2 plus time-varying vascular risk factors 19(1.7-2.1)

Model 6: Model 5 plus time-varying comorbidities 1.4 (1.2-1.5)

Alcohol-related cirrhosis as a time-varying covariate

Model 1:Unadjusted 7.0 (5.9-8.5)
Model 2:Adjusted for demographic characteristics 5.7 (4.8-6.9)
Model 3: Model 2 plus baseline vascular risk factors 5.0 (4.1-6.0)
Model 4: Model 3 plus baseline comorbidities 3.4 (2.8-4.1)

Model 5: Model 2 plus time-varying vascular risk factors 2.3(1.9-2.8)

Model 6: Model 5 plus time-varying comorbidities 1.7 (1.4-2.0)

Non-alcohol related cirrhosis as a time-varying covariate

Model 1:Unadjusted 6.3 (5.3-7.4)
Model 2:Adjusted for demographic characteristics 3.9 (3.2-4.6)
Model 3: Model 2 plus baseline vascular risk factors 3.6 (3.0-4.3)
Model 4: Model 3 plus baseline comorbidities 2.6 (2.2-3.1)

Model 5: Model 2 plus time-varying vascular risk factors 2.0(2.2-3.1)

Model 6: Model 5 plus time-varying comorbidities 15(1.2-1.8)

*
The demographic characteristics that were included were age, sex, race, and insurance status.

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Parikh et al. Page 11

TVascular risk factor were defined as hypertension, diabetes, coronary heart disease, congestive heart failure, peripheral vascular disease, chronic
obstructive pulmonary disease, chronic kidney disease, atrial fibrillation, transient ischemic attack, stroke, myocardial infarction, venous
thromboembolism, tobacco use and alcohol use.

¢Included Elixhauser comorbid conditions were acquired immunodeficiency syndrome, anemia, arthritis, blood loss, chronic lung disease,
depression, drug use, hypothyroidism, lymphoma, metastatic cancer, obesity, psychiatric disorder, tumor, peptic ulcer disease and value disease.
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