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Abstract
Study Objective—Patients on warfarin or clopidogrel are considered at increased risk for
traumatic intracranial hemorrhage (tICH) following blunt head trauma. The prevalence of
immediate tICH and the cumulative incidence of delayed tICH in these patients, however, are
unknown.

Methods—A prospective, observational study at two trauma centers and four community
hospitals enrolled emergency department (ED) patients with blunt head trauma and pre-injury
warfarin or clopidogrel use from April 2009 through January 2011. Patients were followed for two
weeks. The prevalence of immediate tICH and the cumulative incidence of delayed tICH were
calculated from patients who received an initial cranial computed tomography (CT) in the ED.
Delayed tICH was defined as tICH within two weeks following an initially normal CT scan and in
the absence of repeat head trauma.

Results—A total of 1,064 patients were enrolled (768 warfarin patients [72.2%] and 296
clopidogrel patients [27.8%]). There were 364 patients [34.2%] from Level 1 or 2 trauma centers
and 700 patients [65.8%] from community hospitals. One thousand patients received a cranial CT
scan in the ED. Both warfarin and clopidogrel groups had similar demographic and clinical
characteristics although concomitant aspirin use was more prevalent among patients on
clopidogrel. The prevalence of immediate tICH was higher in patients on clopidogrel (33/276,
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12.0%; 95% confidence interval [CI] 8.4-16.4%) than patients on warfarin (37/724, 5.1%; 95%CI
3.6-7.0%), relative risk 2.31 (95%CI 1.48-3.63). Delayed tICH was identified in 4/687 (0.6%;
95%CI 0.2-1.5%) patients on warfarin and 0/243 (0%; 95%CI 0-1.5%) patients on clopidogrel.

Conclusion—While there may be unmeasured confounders that limit intergroup comparison,
patients on clopidogrel have a significantly higher prevalence of immediate tICH compared to
patients on warfarin. Delayed tICH is rare and occurred only in patients on warfarin. Discharging
patients on anticoagulant or antiplatelet medications from the ED after a normal cranial CT scan is
reasonable but appropriate instructions are required as delayed tICH may occur.

INTRODUCTION
Background

The use of anticoagulant and antiplatelet medications, specifically warfarin and clopidogrel,
is steadily increasing in the population.1-3 Prior studies suggest patients on either of these
medications are at increased risk for traumatic intracranial hemorrhage (tICH) following
blunt head trauma, but the risk in a large, generalizable cohort is unknown.4-6

Importance
The majority of patients with tICH are identified on initial cranial computed tomographic
(CT) scan. Limited data, however, suggest patients on warfarin are at increased risk for
delayed tICH (tICH diagnosed within two weeks of injury following an initially normal
cranial CT).7-9 This concern is highlighted by the not uncommon practice of reversing
patients on warfarin following head trauma despite a normal cranial CT.10 The potential risk
for both immediate and delayed tICH has generated guidelines recommending routine
cranial CT imaging and hospital admission for neurological observation in head-injured
patients taking warfarin.11-14 These recommendations, however, are not informed by
rigorous, prospective, multicenter studies identifying the prevalence and incidence of
immediate tICH and delayed tICH in patients on warfarin.

The evidence supporting an increased risk of tICH in patients on clopidogrel is more
limited,11 despite this drug being one of the most commonly prescribed worldwide.15

Although small retrospective studies suggest an increased risk of tICH and mortality in head
trauma patients on clopidogrel,6,16,17 current guidelines do not explicitly recommend routine
CT imaging for these patients after blunt head trauma.11-13 In addition, the risk of delayed
tICH in patients on clopidogrel is entirely unknown.

Goals of This Investigation
Knowledge of the true prevalence and incidence of immediate and delayed tICH in patients
on warfarin or clopidogrel would allow clinicians to make evidence-based decisions
regarding their initial patient evaluation and disposition. Therefore, we assessed the
prevalence and incidence of immediate and delayed tICH in patients with blunt head trauma
taking either warfarin or clopidogrel. Warfarin and clopidogrel cohorts were compared. We
hypothesized that the prevalence for immediate tICH is similar between patients on
clopidogrel and those on warfarin and that the cumulative incidence of delayed tICH in both
groups is < 1%.
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METHODS
Study Design

This is a prospective, observational, multicenter study conducted at two trauma centers and
four community hospitals in Northern California. The study was approved by the
Institutional Review Boards at all sites.

Setting and Selection of Participants
Adult (≥ 18 years old) emergency department (ED) patients with blunt head trauma and pre-
injury warfarin or clopidogrel use (within the previous seven days) were enrolled. We
defined blunt head trauma as any blunt head injury regardless of loss of consciousness
(LOC) or amnesia. We excluded patients with known injuries transferred from outside
facilities, as their inclusion would falsely inflate the prevalence of tICH. Additionally,
patients with concomitant warfarin and clopidogrel use were excluded.

Data Collection
The treating ED faculty physicians recorded patient history and medication use, injury
mechanism, and clinical exam, including initial Glasgow Coma Scale score (GCS) and
evidence of trauma above the clavicles (defined as trauma to the face, neck, or scalp) on a
standardized data form prior to cranial CT (if obtained). Imaging studies were obtained at
the discretion of the treating physician and not dictated by study protocol. At each site,
approximately 10% of patients (non-randomly selected) had a separate, independent faculty
physician assessment that was masked to and completed within 60 minutes of the initial
assessment to evaluate the reliability of pre-selected clinical variables. Data on patients
eligible but not enrolled (failures of the study screening process) during ED evaluation were
abstracted from their medical records to assess for enrollment bias.

Outcome Measures
Immediate tICH was defined as the presence of any intracranial hemorrhage or contusion as
interpreted by the faculty radiologist on the initial cranial CT scan. Patients without a cranial
CT during initial ED evaluation were excluded from the immediate tICH calculation.
Delayed tICH was defined as tICH on cranial CT scan, occurring within 14 days after an
initial normal CT scan and in the absence of repeat head trauma. Neurosurgical intervention
was defined as the use of intracranial pressure monitor or brain tissue oxygen probe,
placement of burr hole, craniotomy/craniectomy, intraventricular catheter, or subdural drain,
or the use of mannitol or hypertonic saline.

Follow Up
Patients were admitted to the hospital at the discretion of the ED physician. Patients with
normal cranial CT scans and therapeutic international normalized ratio (INR) levels are not
reversed at the participating centers. Electronic medical records (EMR) were reviewed in a
standardized fashion by research coordinators and site investigators to assess INR results,
CT scan results, ED disposition, and hospital course. Patients admitted to the hospital for at
least 14 days were evaluated for the presence of delayed tICH through review of the EMR.
Patients discharged from the ED or admitted to the hospital for less than 14 days received a
consented, standardized telephone survey at least 14 days after the index ED visit. The 14-
day follow up was deemed sufficient to identify clinically important delayed tICH.8,18,19

Repeat cranial imaging was obtained at the discretion of the patients’ treating physicians. If
patients were unable to be contacted by telephone survey or the EMR, the Social Security
Death Index was reviewed to evaluate for death.20
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Statistical Analysis
Data were compared using STATA for Windows, Rel. 10.0 2007 (STATA Corp College
Station, TX, USA). Normally distributed continuous data were reported as the mean ±
standard deviations (SDs), and ordinal or non-normally distributed continuous data
described as the median with interquartile (25-75%) ranges (IQR). For primary, stratified,
and sensitivity analyses, proportions and relative risks were presented with 95% confidence
intervals (CI). Categorical data were compared with chi-square test or Fisher’s exact test in
cases of small cell size. Inter-rater reliability of independent variables recorded by initial and
second physicians was reported as percent agreement.

To ensure that differences in outcome between cohorts were not secondary to differences in
injury severity, we performed both stratified and sensitivity analyses. We compared the
following strata: patients 65 years old or older, patients with minor head injury (GCS scores
13-15), patients with an initial GCS score of 15, patients with a ground level fall, patients
with physical evidence of trauma above the clavicles, patients without concomitant aspirin
use, and patients evaluated at a community hospital. In addition we stratified the analyses by
degree of anticoagulation (INR ≥ 1.3 and INR ≥ 2.0). Sensitivity analyses were conducted
assuming those patients without an initial cranial CT (1) had immediate tICH and (2) did not
have tICH. Finally, we compared the cumulative incidence of delayed tICH assuming all
patients lost to follow up had a delayed tICH.

Role of the Funding Source
The sponsors of the study had no role in study design, data collection and analysis, or
manuscript preparation. The corresponding author had full access to all the data and had
final responsibility for the decision to submit for publication.

RESULTS
Characteristics of Study Subjects

Between April 2009 and January 2011, 1101 patients were enrolled (83.3% of all eligible
patients) (Figure). Comparison of patients enrolled and those eligible but not enrolled
demonstrated similar characteristics (age, gender, medication use, ED cranial CT, and
hospital admission) and outcomes (immediate tICH, neurosurgical intervention, and in-
hospital mortality). Reasons for failures of the study screening process were unknown.
Thirty-seven patients were excluded (25 transferred patients and 12 patients with
concomitant clopidogrel and warfarin use), leaving 1064 patients for data analysis. Of the
1064 patients, 768 patients (72.2%) were taking warfarin and 296 patients (27.8%) were
taking clopidogrel. There were 364 patients (34.2%) from two American College of
Surgeons designated Level 1 or 2 trauma centers and 700 patients (65.8%) from four
community hospitals. The most common mechanism of injury was a ground level fall
(n=887, 83.3%) followed by direct blow (n=59, 5.6%) and motor vehicle collision (n=51,
4.8%).

The majority (n=932, 87.6%) of patients had a GCS of 15 and 752 (70.7%) patients had
physical examination findings of head trauma above the clavicles. The primary indication
for warfarin and clopidogrel use was atrial fibrillation (543/768, 70.7%) and coronary artery
disease (158/296, 53.4%), respectively. Most patients reported taking their medication less
than 24 hours prior to injury (warfarin group 660/768, 85.9%; clopidogrel group 252/296,
85.1%). In patients on warfarin, 603/768 (78.5%) had an INR measurement on initial
evaluation in the ED (median INR 2.5; IQR 2.0-3.3). The majority of these patients
(576/603, 95.5%) had an elevated INR (≥ 1.3) and 458/603 (76.0%) had an INR (≥ 2.0).
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One thousand of the 1064 (94.0%; 95% CI 92.4-95.3%) received a cranial CT during initial
ED evaluation. Hospitalization rates were similar for those on warfarin (271/768, 35.3%)
and on clopidogrel (93/296, 31.4%). Patient clinical characteristics were similar in both
groups, except for headache, concomitant aspirin use, and evidence of trauma to the neck
and scalp laceration, which were more common in the clopidogrel group (Table 1).

Main Results
Immediate tICH—Seventy of the 1000 patients had immediate tICH on ED CT scan. The
prevalence of immediate tICH was higher in patients on clopidogrel (33/276, 12.0%; 95%
CI 8.4-16.4%) than on warfarin (37/724, 5.1%; 95% CI 3.6-7.0%), relative risk = 2.31 (95%
CI 1.48-3.63), p<0.001 (Table 2). Follow-up was obtained in 63/64 of patients not
undergoing cranial CT during initial ED evaluation and none was subsequently diagnosed
with tICH. Mortality and neurosurgical intervention rates after immediate tICH were not
statistically different between cohorts (Table 2).

The majority of patients with immediate tICH (45/70, 64.3%) had a normal mental status
(GCS = 15), with similar proportions between the warfarin (23/37, 62.2%) and clopidogrel
(22/33, 66.7%) cohorts. Furthermore, in those with immediate tICH, 4/37 (10.8%) in the
warfarin cohort and 6/33 (18.2%) in the clopidogrel cohort had no LOC, a normal mental
status, and no evidence of trauma above the clavicles.

The prevalence of immediate tICH varied by participating center. The prevalence of tICH
was highest at the Level 1 trauma center (12.6%; 95% CI 8.1-18.3%) compared to the Level
2 trauma center (5.0%; 95% CI 2.3-9.2%) and the four community centers (5.4%; 95% CI
3.9-7.4%). All clinical variables measured for inter-rater reliability had substantial
agreement (range 87-100%).21

Delayed tICH—The cumulative incidence of delayed tICH was assessed in the 930
patients with an initial normal cranial CT scan by telephone survey (843, 90.6%) or EMR
review (83, 8.9%). Of the four patients lost to follow-up, none was identified in the Social
Security Death Index.

Delayed tICH was identified in 4/687 (0.6%; 95% CI 0.2-1.5%) patients on warfarin and
0/243 (0%; 95% CI 0-1.5%) patients on clopidogrel (Figure). Two of these four patients
were deemed non-operable and died from extensive tICH. The characteristics of the four
patients who suffered a delayed tICH are represented in Table 3. One additional patient on
clopidogrel died at home from unknown causes eight days after initial ED visit and did not
present to hospital at time of death.

Stratified and Sensitivity Analyses
We performed both stratified and sensitivity analyses to assess the validity of our results
(Table 4). The stratified analyses confirm an increased risk of tICH in those patients on
clopidogrel compared with warfarin across all strata. Likewise, the sensitivity analyses also
confirm the increased risk of tICH in those patients on clopidogrel.

The final sensitivity analysis assessed the four patients lost to follow-up and the one death
from unknown causes. Assuming all patients had a delayed tICH, the cumulative incidence
of delayed tICH would increase to 6/687 patients (0.9%; 95% CI 0.3-1.9%) in the warfarin
group and 3/243 (1.2%; 95% CI 0.3-3.6%) in the clopidogrel group.
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LIMITATIONS
Our results should be interpreted in the context of several limitations. This was an
observational study, thus CT scans were not obtained on all patients and ethical
considerations prevented CT scanning solely for study purposes. Some patients not
undergoing CT scan during initial ED visit potentially had an undiagnosed tICH, although
none was identified in follow-up. Furthermore, some patients with a negative initial CT scan
may have eventually developed an undiagnosed delayed tICH. We did, however, obtain
clinical follow-up, which is a reasonable method to evaluate for clinically important
outcomes when the definitive test is not ethical or feasible.39 The increased risk of
immediate tICH in the clopidogrel cohort may be attributed to the higher prevalence of
concomitant aspirin use compared to the warfarin cohort (8.1% vs. 2.5%). However, we
conducted a subgroup analysis excluding patients with concomitant aspirin use and the
clopidogrel cohort maintained a significant increased risk for immediate tICH compared to
the warfarin cohort. We did not collect data on patients with isolated pre-injury aspirin use40

or patients without pre-injury anti-platelet or anti-coagulation use. Finally, patients on
warfarin may be more acutely aware of the bleeding risks associated with their medication
than those taking clopidogrel. Therefore, patients on warfarin may be more apt to seek
emergency care, even with trivial head trauma, and thus have less severe mechanisms of
injury compared to patients on clopidogrel. We were unable, however, to identify such
behavior, as the clinical characteristics, mechanism of injury, and CT scan rate were similar
overall between the warfarin and clopidogrel groups.

DISCUSSION
Contrary to our hypothesis, the prevalence of immediate tICH in patients with clopidogrel
was significantly higher compared with those on warfarin despite the cohorts having similar
characteristics. Additionally, we determined in a large and generalizable cohort of patients
on warfarin or clopidogrel that the development of a delayed tICH after a negative initial
cranial CT is rare and does not warrant routine hospitalization for observation or immediate
anticoagulation reversal with blood products.

To our knowledge, this is the first large, prospective study of head-injured patients with pre-
injury warfarin or clopidogrel use. We identified ten warfarin and three clopidogrel studies
that reported a prevalence of immediate tICH.4,6,22-30 The prevalence for immediate tICH in
patients with pre-injury warfarin use ranged from 0% to 65%.4,22-30 The three studies
evaluating immediate tICH in patients with pre-injury clopidogrel use demonstrated a
prevalence of tICH ranging from 36-71%.6,23,24 The overall quality of these studies however
was limited, as the majority of studies were small (<100 patients), retrospective, and registry
studies. These studies suffer from significant inclusion bias as the sampled population
originates from a trauma registry (patients admitted to a trauma center) and excludes not
only patients evaluated and discharged from the trauma center ED but also all patients
evaluated at community hospitals. In addition, the prevalence of tICH is likely falsely
elevated due to the inclusion of patients transferred to a trauma center. Our study is unique
in that a majority of patients were evaluated at community hospitals. Furthermore, we
included all patients with any degree of head trauma. Thus, the current study identifies the
prevalence of tICH in a more generalizable population than those sampled from trauma
registries. Numerous case reports and case series describe delayed tICH though no prior
study evaluates the cumulative incidence of delayed tICH.7-9

Current guidelines recommend that patients with head trauma and pre-injury warfarin
undergo routine cranial CT imaging.11-14 These recommendations are based on theoretical
risk and retrospective data, as large, prospective studies excluded anti-coagulated patients or
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did not specifically study patients on warfarin.31-34 Despite the lower prevalence rate of
tICH in this study, the results confirm the substantial risk of tICH in patients with blunt head
trauma on warfarin and the benefit of routine cranial CT imaging, even in community
hospitals. Prior guidelines, however, do not consider pre-injury clopidogrel an indication for
cranial imaging,11-13 despite retrospective data suggesting an increased risk for tICH.6,16,17

The current results indicate that the approach to the head-injured patient with pre-injury
clopidogrel should be similar to the approach to the head-injured patient with pre-injury
warfarin use – liberal cranial imaging. As delayed diagnosis of tICH increases morbidity and
mortality, early diagnosis of tICH is important in order to initiate treatment, including
coagulopathy reversal and/or neurosurgical intervention.35-37

The prevalence of immediate tICH in well-appearing patients is also very concerning. Over
60% of patients with immediate tICH in both warfarin and clopidogrel cohorts had a normal
mental status (GCS=15). Additionally, a significant proportion of patients (11% in warfarin
cohort and 18% in the clopidogrel cohort) had no LOC, a normal mental status, and no
physical evidence of trauma above the clavicles. Current National Institute for Health and
Clinical Excellence head injury guidelines (updated 2007) recommend urgent (< 1 hour) CT
imaging in patients with head injury and pre-injury warfarin use, provided they sustain LOC
or amnesia.12 In our study, 49 of 70 (70%) patients with immediate tICH did not sustain
LOC or amnesia. We recommend routine urgent CT imaging in head-injured patients with
prior warfarin or clopidogrel use, even in well-appearing patients without a history of LOC
or amnesia.

The concern for delayed tICH in patients with warfarin use stems from case reports and case
series,7-9 leading guidelines to recommend routine admission for all head-injured patients on
warfarin despite a normal cranial CT.14 Moreover, a survey of clinical practices among
North American trauma surgeons indicated that 74% of respondents reverse patients on
warfain with blunt head trauma despite a normal cranial CT.10 Furthermore, 66% of
respondents reverse these patients with fresh frozen plasma.10 Our results indicate that
delayed tICH occurs very infrequently (<1%) in both populations. Thus patients on warfarin
or clopidogrel with a normal cranial CT and no other indications for admission may be
discharged home, albeit with explicit discharge instructions and close follow-up. More
importantly, these patients do not need to have their therapeutic anticoagulation aggressively
reversed with blood products. In patients with supratherapeutic INR levels, we recommend
appropriate medical treatment following current guidelines.38

In summary, ED patients with blunt head trauma and pre-injury clopidogrel use have a
significantly higher prevalence of immediate tICH compared to those with pre-injury
warfarin use. Routine cranial CT imaging is generally indicated in patients with blunt head
trauma on clopidogrel or warfarin regardless of the clinical findings. The cumulative
incidence of delayed tICH is very low for both groups, suggesting that in patients with a
normal cranial CT anticoagulation reversal is unnecessary and discharging them home from
the ED may be reasonable. As delayed tICH may rarely occur, routine follow-up and
appropriate discharge instructions are necessary.
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Figure 1.
Flow of Patients in Study
Abbreviations: CT, computed tomography; tICH, traumatic intracranial hemorrhage
a One patient lost to follow-up
b Two patients lost to follow-up
c Two patients lost to follow-up and one patient died after discharge from the emergency
department
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Table 1

Demographic and Clinical Characteristics of the Study Population

No. (%) of Patients

Characteristic Total
(n = 1064)

Warfarin
(n = 768)

Clopidogrel
(n = 296)

Demographics

Age, mean (SD), y 75.4 (12.7) 75.3 (13.0) 75.7 (11.9)

Male sex 502 (47.1) 362 (47.1) 140 (47.3)

Mechanism of injury

Ground level fall 887 (83.3) 644 (83.9) 243 (82.1)

Fall from height 37 (3.5) 23 (3.0) 14 (4.7)

MVC, < 35 miles per hour 18 (1.7) 12 (1.6) 6 (2.0)

MVC, ≥ 35 miles per hour 24 (2.3) 16 (2.1) 8 (2.7)

MVC, unknown speed 9 (0.8) 4 (0.5) 5 (1.7)

Pedestrian struck by automobile 4 (0.4) 4 (0.5) 0 (0.0)

Bicyclist struck by automobile 4 (0.4) 3 (0.4) 1 (0.3)

Direct blow 59 (5.6) 45 (5.9) 14 (4.7)

Unknown mechanism 16 (1.5) 13 (1.7) 3 (1.0)

Other mechanism 6 (0.5) 4 (0.5) 2 (0.7)

Clinical history

Vomiting 45 (4.2) 34 (4.4) 11 (3.7)

Headache 357 (33.6) 239 (31.1) 118 (39.9)

Loss of consciousness or amnesia 196 (18.4) 136 (17.7) 60 (20.3)

Concomitant aspirin use 43 (4.0) 19 (2.5) 24 (8.1)

Physical exam

Alcohol intoxication 33 (3.1) 26 (3.4) 7 (2.4)

Any evidence of trauma above the clavicles 752 (70.7) 531 (69.1) 221 (74.7)

- Trauma to face 406 (38.2) 296 (38.5) 110 (37.2)

- Trauma to neck 36 (3.4) 20 (2.6) 16 (5.4)

- Basilar skull fracture 2 (0.2) 1 (0.1) 1 (0.3)

- Scalp abrasion 157 (14.8) 110 (14.3) 47 (15.9)

- Scalp contusion 309 (29.0) 221 (28.8) 88 (29.7)

- Scalp laceration 182 (17.1) 117 (15.2) 65 (22.0)

Normal mental status (GCS 15) 932 (87.6) 674 (87.8) 258 (87.2)

Mild head injury (GCS 13-15) 1035 (97.3) 747 (97.3) 288 (97.3)

Moderate head injury (GCS 9-12) 18 (1.7) 13 (1.7) 5 (1.7)

Severe head injury (GCS 3-8) 11 (1.0) 8 (1.0) 3 (1.0)

ED course

Initial cranial computed tomography 1000 (94.0) 724 (94.3) 276 (93.3)

Admitted to hospital 364 (34.2) 271 (35.3) 93 (31.4)
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Abbreviations: SD, standard deviation; MVC, motor vehicle collision; GCS, Glasgow coma scale
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Table 2

Prevalence of Traumatic Intracranial Hemorrhage, Neurosurgical Intervention, and Mortality

No. (%) [95% CI] of Patients Differences in
proportions,
% (95% CI)Outcome measures Total

(n = 1064)
Warfarin
(n = 768)

Clopidogrel
(n = 296)

Immediate tICHa,b 70/1000 (7.0)
[5.5 to 8.8]

37/724 (5.1)
[3.6 to 7.0]

33/276 (12.0)
[8.4 to 16.4]

6.8 (2.7 to 11.0)

In-hospital mortality after
immediate tICH

15/70 (21.4)
[12.5 to 32.9]

8/37 (21.6)
[9.8 to 38.2]

7/33 (21.2)
[9.0 to 38.9]

−0.4 (−19.7 to 18.8)

Neurosurgical intervention
after immediate tICH

12/70 (17.1)
[9.2 to 28.0]

5/37 (13.5)
[4.5 to 28.8]

7/33 (21.2)
[9.0 to 38.9]

7.6 (−10.1 to 25.5)

Delayed tICHc,d 4/930 (0.4)
[0.1 to 1.1]

4/687 (0.6)
[0.2 to 1.5]

0/243 (0.0)
[0.0 to 1.5]

−0.6 (−1.1 to 0.0)

Abbreviations: CI, confidence interval; tICH, traumatic intracranial hemorrhage; CT, computed tomography

a
Immediate tICH is defined as the presence of tICH on initial cranial CT

b
Sixty-four patients did not receive initial cranial CT

c
Delayed tICH is defined as the presence of tICH on cranial CT or autopsy after negative initial cranial CT without new head trauma

d
Four patients were lost to follow-up (two warfarin and two clopidogrel) and one patient died after discharge from the emergency department

(clopidogrel)
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Table 4

Stratified and Sensitivity Analyses For Immediate Traumatic Intracranial Hemorrhage

Analysesa No. (%) [95% CI] of Patients Relative Risk
(95% CI)

Warfarin
(n = 768)

Clopidogrel
(n = 296)

Differences in
proportions,
% (95% CI)

Primary analysis 37/724 (5.1) [3.6 to 7.0] 33/276 (12.0) [8.4 to 16.3] 6.8 (2.7 to 11.0) 2.31 (1.48 to 3.63)

Patients 65 years or older 33/594 (5.6) [3.9 to 7.7] 24/217 (11.1) [7.2 to 16.0] 5.5 (3.7 to 7.4) 1.99 (1.20 to 3.29)

Patients with GCS 13-15 30/703 (4.3) [2.9 to 6.0] 29/268 (10.8) [7.4 to 15.2] 6.6 (2.5 to 10.6) 2.54 (1.55 to 4.14)

Patients with GCS 15 23/631 (3.6) [2.3 to 5.4] 22/239 (9.2) [5.9 to 13.6] 5.6 (2.2 to 9.5) 2.53 (1.44 to 4.44)

Patients with ground level
fall

30/608 (4.9) [3.4 to 7.0] 27/225 (12.0) [8.1 to 17.0] 7.1 (2.5 to 11.6) 2.43 (1.48 to 4.00)

Patients with evidence of
trauma above the
clavicles

29/502 (5.7) [3.9 to 8.2] 21/205 (10.2) [6.4 to 15.2] 4.5 (−0.2 to 9.1) 1.77 (1.04 to 3.04)

Patients without
concomitant aspirin use

36/705 (5.1) [3.6 to 7.0] 29/252 (11.5) [7.8 to 16.1] 6.4 (2.1 to 10.7) 2.25 (1.41 to 3.60)

Patients evaluated at
community hospitals

21/485 (4.3) [2.7 to 6.5] 17/161 (10.6) [6.3 to 16.4] 6.2 (1.1 to 11.3) 2.44 (1.32 to 4.51)

Warfarin patients with
INR ≥ 1.3

35/556 (6.3) [4.4 to 8.6] 33/276 (12.0) [8.4 to 16.3] 5.7 (1.3 to 10.0) 1.90 (1.21 to 2.99)

Warfarin patients with
INR ≥ 2.0

31/441(7.0) [4.8 to 9.8] 33/276 (12.0) [8.4 to 16.3] 4.9 (0.4 to 9.4) 1.70 (1.07 to 2.71)

Assume patients without
cranial CT imaging did
not have immediate tICH

37/768 (4.8) [3.4 to 6.6] 33/296 (11.1) [7.8 to 15.3] 6.3 (2.4 to 10.2) 2.31 (1.48 to 3.63)

Assume patients without
cranial CT imaging had
immediate tICH

81/768 (10.5) [8.5 to 12.9] 53/296 (17.9) [13.7 to 22.8] 7.4 (2.5 to 12.2) 1.70 (1.23 to 2.34)

Abbreviations: CI, confidence interval; GCS, Glasgow coma score; INR, international normalized ratio; CT, computed tomography; tICH,
traumatic intracranial hemorrhage

a
Based on patients who received a cranial CT scan on initial evaluation after head injury
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