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Abstract

Background and Purpose: The risk of arterial ischemic events after subdural hemorrhage
(SDH) is poorly understood. This study aimed to evaluate the risk of acute ischemic stroke and
myocardial infarction (MI) among patients with and without non-traumatic SDH.
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Methods: We performed a retrospective cohort study using claims data from 2008 through 2014
from a nationally representative sample of Medicare beneficiaries. The exposure was non-
traumatic SDH. Our primary outcome was an arterial ischemic event, a composite of acute
ischemic stroke and acute MI. Secondary outcomes were ischemic stroke alone and Ml alone. We
used validated ICD-9-CM diagnosis codes to identify our predictor and outcomes. Using Cox
regression and corresponding survival probabilities, adjusted for demographics and vascular
comorbidities, we computed the hazard ratio (HR) in 4-week intervals after SDH discharge. We
performed secondary analyses stratified by strong indications for antithrombotic therapy
(composite of atrial fibrillation, peripheral vascular disease, valvular heart disease, and venous
thromboembolism).

Results: Among 1.7 million Medicare beneficiaries, 2,939 were diagnosed with SDH. In the 4
weeks after SDH, patients’ risk of an arterial ischemic event was substantially increased (HR, 3.6;
95% ClI, 1.9-5.5). There was no association between SDH diagnosis and arterial ischemic events
beyond 4 weeks. In secondary analysis, during the 4 weeks after SDH, patients’ risk of ischemic
stroke was increased (HR, 4.2; 95% ClI, 2.1-7.3) but their risk of MI was not (HR, 0.8, 95% ClI,
0.2-1.7). Patients with strong indications for antithrombotic therapy had increased risks for arterial
ischemic events similar to patients in the primary analysis, but those without such indications did
not demonstrate an increased risk for arterial ischemic events.

Conclusions: Among Medicare beneficiaries, we found a heightened risk of arterial ischemic
events driven by an increased risk of ischemic stroke, in the 4 weeks after non-traumatic SDH.
This increased risk may be driven by interruption of antithrombotic therapy after SDH diagnosis.

Keywords

Subdural hematoma; Ischemic Stroke; Myocardial Infarction

Subdural hemorrhage (SDH) affects 125,000 individuals in the United States every year.1
SDH can be traumatic in etiology, with concurrent sequelae of traumatic brain injury such as
cerebral contusions, axonal injury, and subarachnoid hemorrhage, or can occur
spontaneously, without any obvious inciting trauma.! Although both subtypes of SDH occur
predominantly in elderly patients,2 3 they often differ in clinical outcomes. We recently
showed that patients with non-traumatic SDH have significantly higher cumulative rates of
hospital re-admission, surgical hematoma evacuation, and in-hospital death at 90 days,
compared to patients with traumatic SDH.# These outcomes may be influenced by incident
arterial thrombotic complications. For instance, emerging cohort studies suggest that
traumatic brain injury is independently associated with an increased long-term risk of
ischemic stroke.® 8 Whether non-traumatic SDH also has a similar risk of ischemic
cerebrovascular events is poorly understood. Given the aging population and increasing use
of anticoagulant medications,”- & the incidence of SDH is expected to rise substantially in the
coming decade, and delineation of this risk therefore has public health importance. We
hence sought to evaluate the relationship between non-traumatic SDH and arterial ischemic
events in a large, nationally representative sample of Medicare beneficiaries.
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Methods

Study Design

We performed a retrospective cohort study using both inpatient and outpatient claims data on
a 5% sample of Medicare beneficiaries. The U.S. Centers for Medicare and Medicaid
Services (CMS) provides health insurance to a large majority of U.S. citizens 65 years of
age or older. De-identified datasets based on claims data submitted by hospitals and
providers are made available by CMS. The Medicare database allows for a comprehensive
longitudinal analysis of each beneficiary’s care over time, since a unique and anonymous
identifier code links multiple claims for a given patient. This study was approved by the
Weill Cornell Medicine institutional review board. The claims data used in this analysis are
restricted per the terms of Medicare’s data use agreement and therefore cannot be shared
directly with other investigators. However, investigators can obtain access to these data by
submitting a formal application to CMS.

Patient Population

We obtained data from inpatient and outpatient claims of Medicare beneficiaries between
January 2008 and December 2014. In keeping with standard practice in analyzing Medicare
data,® we limited our cohort to beneficiaries with continuous coverage in traditional fee-for-
service Medicare (both Parts A and B) for at least 1 year or until death, if applicable.
Although Medicare eligibility generally begins at 65 years of age, we included only patients
66 years or older in order to allow time for beneficiaries to enter medical care and for their
providers to document any pre-existing medical comorbidities.

Measurements

Our exposure variable was non-traumatic SDH, identified by the ICD-9-CM code 432.1 in
any diagnostic position. The ICD-9-CM code for SDH has been shown to have a sensitivity
of 96% and a specificity of 89% as compared to medical record review.* We excluded
patients with diagnosis codes for trauma, and those with a diagnosis of acute myocardial
infarction (MI) or acute cerebrovascular disease preceding the index hospitalization for non-
traumatic SDH, to prevent misclassification of chronic events. We also excluded patients
who had an arterial ischemic event concurrently with the SDH hospitalization, to prevent
inclusion of patients who had SDH from treatment complications following stroke or MI.
We collected data on demographic characteristics, such as age, sex, and race/ethnicity. Using
previously used ICD-9-CM code algorithms, we also measured the following cardiovascular
risk factors and relevant comorbidities: hypertension, diabetes, atrial fibrillation, congestive
heart failure, valvular heart disease, peripheral vascular disease, chronic kidney disease,
chronic obstructive pulmonary disease, and tobacco use. The Charlson comorbidity index,
identified through ICD-9-CM codes, was used to quantify the burden of comorbidities.10: 11

Our primary outcome was a composite of acute ischemic stroke and MI, while secondary
outcomes were ischemic stroke alone and Ml alone. The diagnosis codes for acute ischemic
stroke have a sensitivity of 86% and a specificity of 95%,12: 13 while those for MI have a
sensitivity and specificity greater than 85%, with a positive predictive value of over 93%.14
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Statistical Analysis

Results

We compared patients’ baseline characteristics using the x 2 test and the Wilcoxon rank-sum
test, as appropriate. To study the relationship between non-traumatic SDH and subsequent
risk of arterial ischemic events, we fit separate Cox regression models for the groups with
and without SDH. Patients entered observation after 1 year of continuous Medicare
eligibility and were censored at the time of death, loss of Medicare insurance, or on
December 31, 2014. The multivariable models adjusted for demographics, vascular risk
factors such as hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease,
chronic obstructive pulmonary disease, valvular heart disease, atrial fibrillation, and
Charlson comorbidities. The proportional hazard assumption was violated; therefore, we
used the corresponding survival probabilities of these separate models to calculate hazard
ratios (HR) in 4-week intervals after discharge from SDH hospitalization, and confidence
intervals (CI) were computed using the nonparametric bootstrap method.

We performed pre-specified subgroup analyses stratified by strong indications for
antithrombotic therapy, which included a composite of atrial fibrillation, peripheral vascular
disease, valvular heart disease, and venous thromboembolism. All statistical analyses were
performed using R software v 3.3.1 (R Foundation for Statistical Computing). The threshold
for statistical significance was p<0.05.

Study Population and Outcomes

Among 1,741,397 Medicare beneficiaries included in this study, 2,939 (0.1%) were
diagnosed with a non-traumatic SDH. Patients with SDH were older and more often had
hypertension, coronary artery disease, atrial fibrillation, and valvular heart disease than
patients without SDH (Table 1). Arterial ischemic events were diagnosed in 114,942 patients
(6.6%). Patients diagnosed with an arterial ischemic event were older and had more vascular
risk factors than patients without an arterial ischemic event (Table 2). In multivariable Cox
models, the risk of an arterial ischemic event was significantly increased in the first 4-weeks
after SDH (HR, 3.6; 95% ClI, 1.9-5.5) compared to patients without SDH. There was no
association between SDH diagnosis and arterial ischemic event risk beyond 4 weeks. The
slope of event-free survival was significantly lower in the first 5 months for patients with
SDH than for those without (Figure 1). In secondary analysis, during the 4 weeks after SDH,
patients’ risk of ischemic stroke was increased (HR, 4.2; 95% ClI, 2.1-7.3) but not their risk
of MI (HR, 0.8, 95% Cl, 0.2-1.7) (Figure 2).

Subgroup Analysis

A total of 2,188 SDH patients had strong indications for antithrombotic therapy (composite
of atrial fibrillation, peripheral vascular disease, valvular heart disease, and venous
thromboembolism) at the time of SDH diagnosis, and 751 SDH patients did not have any
such indication. Patients with SDH who had strong indications for antithrombotic therapy
had similarly increased risks for arterial ischemic events in the first 4-weeks as compared to
patients in the primary analysis (HR, 3.2; 95% CI, 1.7-5.5), but this risk attenuated after the
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first month. However, patients without strong indications for antithrombotic medications did
not demonstrate an increased risk for arterial ischemic events (Figure 3).

We subsequently performed post hoc analyses where we first evaluated the risk of ischemic
stroke and M1 in patients with atrial fibrillation or valvular heart disease, a population with
an inherent higher risk of cardioembolic events. A total of 179,637 Medicare beneficiaries
had atrial fibrillation or valvular heart disease, of whom 1,384 had SDH. The risk of an
arterial ischemic event in the first month was over 4-fold higher among patients with SDH
compared to those without (HR, 4.44; 95% ClI, 2.30-6.59).

In the second post hoc analysis, we assessed the relationship between SDH and arterial
ischemic events in patients with indications for anticoagulant and antiplatelet medications
separately. SDH was associated with a 4-fold higher risk of an arterial ischemic event after
SDH (HR 4.1, 95% Cl, 2.3-6.4) in patients with indications for anticoagulation therapy, and
a 3-fold elevated risk in patients with diagnoses that warrant antiplatelet therapy (HR, 3.3,
95% Cl, 1.7-4.9).

Discussion

In a large cohort of Medicare beneficiaries, we observed a heightened short-term risk of an
acute ischemic stroke in the first 4 weeks after SDH compared to patients without SDH.
Furthermore, the increased risk of ischemic stroke after SDH was predominantly in patients
with strong indications for antithrombotic medications, while patients without indications
for antithrombotic therapy had no demonstrable increase in the risk of ischemic events.

Several prior studies including our own have evaluated the risk of arterial ischemic events
after intracerebral hemorrhage,1>-18 but there is a paucity of data on this risk after SDH. We
have previously shown that patients with atrial fibrillation face an increased risk of ischemic
stroke after intracranial hemorrhage including SDH, although the duration and magnitude of
this risk was not evaluated.1® Additionally, it is unknown if this risk applies to all patients
with SDH regardless of atrial fibrillation. In this context, our current study provides novel
findings that indicate an acutely elevated risk of ischemic stroke in the short term after SDH.
This risk was most perceivable among patients with strong indications for antithrombotic
therapy, potentially implicating antithrombotic drug interruption after SDH as a mechanism.
The current American Heart Association guidelines recommend withholding anticoagulant
medications for at least 4 weeks after intracerebral hemorrhage among patients without
mechanical valves.20 While no such guidelines exist for SDH, clinicians may extrapolate the
same recommendations for SDH patients. This could explain the 4-week duration of
heightened ischemic stroke risk observed in our study. Regardless, our results are important
in the setting of recent studies in patients with intracerebral hemorrhage showing a reduction
in the thromboembolic risk without an offsetting increase in the risk of recurrent brain
hemorrhage after resumption of antithrombotic therapy.21: 22 Whether early reinstatement of
antithrombotic therapy has a similar favorable risk-benefit profile in non-traumatic SDH
remains poorly understood.
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The lack of a relationship between SDH and risk of Ml is probably multifactorial. In a
retrospective cohort study of the Swedish Stroke Registry, rates of resumption of
anticoagulant and antiplatelet medications after intracerebral hemorrhage were 8.5% and
36.6% at 6 months in patients with atrial fibrillation, with only modest increments at the end
of 1 year.23 These data suggest clinician preference of antiplatelet agents over anticoagulant
medications after intracranial hemorrhage presumably due to a more favorable hemorrhagic
risk profile. It is possible that a similar trend in restarting antithrombotic medication may
have occurred in our study. Further, antiplatelet therapy, a first-line recommendation for
secondary prevention of MI, has been shown to be the inferior to anticoagulant therapy in
alleviating the thromboembolic risk in atrial fibrillation.2* These factors likely explain the
increased ischemic stroke risk after SDH, and lack of an association between SDH and Ml
risk observed in our study. Moreover, given the retrospective nature of claims data, subtle
coronary ischemic events may have been missed resulting in an underestimation of the Ml
risk after SDH.

Our study has several important limitations. First, we lacked information on antithrombotic
medication use and resumption. We tried to address this concern by performing a sensitivity
analysis that excluded patients with strong indications for antithrombotic medications, a
subset of patients in whom these medications were most likely to be reinstated. Second, our
study was likely subject to surveillance bias since patients with SDH are more likely to
undergo extensive neuroimaging than cardiac workup, which may have resulted in a higher
incidental diagnosis of covert brain infarction than MI. Third, while errors in
misclassification of events are possible, the ICD-9-CM codes for SDH, ischemic stroke, and
MI used in this study have been previously validated to have high specificity and positive
predictive value.2> 26 Fourth, given the nature of administrative claims data, we did not have
information on the chronicity of SDH (acute vs. chronic), etiological classification of
ischemic stroke, or the subtype of MI. Finally, inclusion of patients older than 66 years of
age introduced selection bias in our study, which limits the generalizability of our results,
although this age group accurately reflects the median age of SDH patients in the general
population.

Conclusions

Among Medicare beneficiaries, we found a heightened risk of arterial ischemic events,
particularly ischemic stroke, in the 4 weeks after SDH. This increased risk may be driven by
interruption of antithrombotic therapy after SDH diagnosis. Further study of the link
between SDH and subsequent ischemic stroke may yield new strategies for improving long-
term recovery after SDH.
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Figure 1:
Risk of arterial thrombotic event after non-traumatic subdural hemorrhage. Cox regression

model showing risk of an arterial thrombotic event after non-traumatic subdural hemorrhage
(Panel A) and corresponding event-free probabilities (Panel B) among patients with and
without subdural hemorrhage. Models adjusted for demographics, vascular risk factors, and
Charlson comorbidity indices.

Abbreviations: Cl, confidence interval; SDH, subdural hemorrhage.
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Figure 3:

Risk of arterial thrombotic events after non-traumatic subdural hemorrhage, stratified by
indications requiring antithrombotic therapy. Cox regression model showing the risk of an
arterial ischemic event with corresponding survival probabilities after non-traumatic
subdural hemorrhage (Panels A and B), compared to those without subdural hemorrhage
(Panels C and D). Models adjusted for demographics, vascular risk factors, and Charlson
comorbidity indices.

Abbreviations: Cl, confidence interval; SDH, subdural hemorrhage.

Note: Hazard ratio of 0 indicates very few events in the specified time interval.
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Characteristics of Patients Stratified by Presence of Non-Traumatic Subdural Hemorrhage

Table 1.

Characteristic® SDH (N=2939) NoSDH (N=1738458) & Vaue
Age, mean (SD), y 79.4 (7.9) 73.4(7.7) <0.001
Female 1,178 (40.1) 992,741 (57.1) <0.001
Race <0.001

White 2,444 (83.2) 1,497,556 (86.1)

Black 289 (9.8) 136,059 (7.8)

Other 206 (7.0) 104,843 (6.0)
Hypertension 2,667 (90.7) 708,090 (40.7) <0.001
Diabetes 1,333 (45.4) 279,719 (16.1) <0.001
Congestive heart failure 855 (29.1) 94,824 (5.5) <0.001
Peripheral vascular disease 809 (27.5) 92,237 (5.3) <0.001
Chronic obstructive pulmonary disease 912 (31.0) 148,010 (8.5) <0.001
Chronic kidney disease 831 (28.3) 70,855 (4.1) <0.001
Atrial fibrillation 1,035 (35.2) 110,714 (6.4) <0.001
Valvular disease 811 (27.6) 96,329 (5.5) <0.001
Tobacco use 696 (23.7) 18,144 (1.0) <0.001
Alcohol use 383 (13.0) 29,758 (1.7) <0.001
Mild liver disease 52 (1.8) 654 (0.1) <0.001
Moderate or severe liver disease 43 (1.5) 381 (0.1) <0.001
Malignancy without metastasis 560 (19.1) 7,121 (0.4) <0.001
Metastatic solid tumor 178 (6.1) 1,640 (0.1) <0.001

Abbreviations: SDH, subdural hemorrhage; SD, standard deviation

a . -
Data are presented as number (%) unless otherwise specified.
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Characteristics of Patients Stratified by Presence of Ischemic Stroke or Myocardial Infarction

Table 2.

Characterigtic® Stroke/MI (N = 114,942)  No Stroke/M| (N = 1,626,455) VA€
Age, mean (SD), y 77.3 (8.0) 73.1(7.6) <0.001
Female 63,139 (54.9) 930,780 (57.2) <0.001
Race <0.001

White 98,579 (85.8) 1,401,421 (86.2)

Black 10,765 (9.4) 125,583 (7.7)

Other 5,598 (4.9) 99,451 (6.1)
Hypertension 67,491 (58.7) 643,266 (39.6) <0.001
Diabetes 31,389 (27.3) 249,663 (15.4) <0.001
Congestive heart failure 13,343 (11.6) 82,336 (5.1) <0.001
Peripheral vascular disease 12,493 (10.9) 80,553 (5.0) <0.001
Chronic obstructive pulmonary disease 15,757 (13.7) 133,165 (8.2) <0.001
Chronic kidney disease 9,843 (8.6) 61,843 (3.8) <0.001
Atrial fibrillation 13,827 (12.0) 97,922 (6.0) <0.001
Valvular disease 11,070 (9.6) 86,070 (5.3) <0.001
Tobacco use 1,873 (1.6) 16,967 (1.0) <0.001
Alcohol use 3,154 (2.7) 26,987 (1.7) <0.001

Abbreviations: MI, myocardial infarction; SD, standard deviation

a . L
Data are presented as number (%) unless otherwise specified.
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