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Abstract

Background: Intracranial hemorrhage
(ICH) after head injury is a concern
among older adult patients on anti-
coagulation. We evaluated the risk of
ICH after an emergency department visit
for head injury among patients 65 years
and older taking warfarin or a direct oral
anticoagulant (DOAC) compared with
patients not taking anticoagulants. We
also evaluated risk of 30-day mortality
and neurosurgical intervention among
patients with ICH.

Methods: In this retrospective cohort
study, we used population-based data of
patients 65 years and older seen in an
Ontario emergency department with a
head injury. We matched patients on the
propensity score to create 3 pairwise-
matched cohorts based on anticoagula-
tion status (warfarin v. DOAC, warfarin

v. no anticoagulant, DOAC v. no anti-
coagulant). For each cohort, we calcu-
lated the relative risk of ICH at the index
emergency department visit and 30-day
mortality. We also calculated the hazard
of neurosurgical intervention among
patients with ICH.

Results: We identified 77834 patients
with head injury, including 64917 (83.4%)
who were not on anticoagulation, 9214
(11.8%) who were on DOACs and 3703
(4.8%) who were on warfarin. Of these,
5.9% of patients had ICH at the index
emergency department visit. Patients on
warfarin had an increased risk of ICH
compared with matched patients on
DOACs (relative risk [RR] 1.43, 95% confi-
dence interval [CI] 1.20-1.69) and
patients not on anticoagulation (RR 1.36,
95% Cl 1.15-1.61). We did not observe a

difference in ICH between patients on
DOACs compared with matched patients
not on anticoagulation. In patients with
ICH, 30-day mortality did not differ by
anticoagulation status or type. Patients
on warfarin had an increased hazard of
neurosurgery compared with patients
not on anticoagulation.

Interpretation: Patients on warfarin
seen in the emergency department with
a head injury had higher relative risks of
ICH than matched patients on a DOAC
and patients not on anticoagulation,
respectively. The risk of ICH for patients
on a DOAC was not significantly differ-
ent compared with no anticoagulation.
Further research should confirm that
older adults using warfarin are the only
group at higher risk of ICH after head
injury.

adults.»? Advanced age and anticoagulation are thought

to be associated with an increased risk of intracranial
hemorrhage (ICH) after a head injury.>* With the aging popula-
tion and increasing use of anticoagulants, older patients on anti-
coagulation are commonly seen in the emergency department
after a head injury. The Canadian CT Head Rule suggests that
patients presenting to the emergency department with a minor
head injury who are older than 65 years should undergo head
imaging to rule out ICH.® This clinical decision tool did not
include patients on anticoagulation; however, a clinical policy

F alls resulting in a head injury are common among older

from the American College of Emergency Physician suggests
computed tomography (CT) imaging for these patients.”

Before 2010, warfarin, a vitamin K antagonist, was the oral anti-
coagulant used most commonly in North America. Since then,
direct oral anticoagulants (DOACs) have been approved for various
indications including treatment of venous thromboembolism, pre-
vention of venous thromboembolism after arthroplasty, and
stroke prophylaxis in patients with atrial fibrillation. Unlike warfa-
rin, DOACs either directly inhibit clotting factors Il (e.g., dabiga-
tran) or X (e.g., apixaban, rivaroxaban, edoxaban). Although more
expensive than warfarin, DOACs are attractive alternatives
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because of their simplified dosing and predictable therapeutic
effect, and now account for most anticoagulant prescriptions.®-

Previous research suggests that patients on anticoagulation,
particularly those on warfarin, are at increased risk of ICH and may
have worse outcomes after a head injury than those not on anti-
coagulants.>!! Fewer data exist on the risk of traumatic ICH among
patients on a DOAC, and there is a paucity of research in real-world,
population-based cohorts comparing the risk of ICH between anti-
coagulants after a head injury. Therefore, the objective of this study
was to evaluate the risk of ICH among older patients who present
to the emergency department with a head injury and compare this
risk by type of anticoagulation. Secondary outcomes included the
hazard of neurosurgical intervention and 30-day mortality among
the subgroup of patients with ICH.

Methods

Study design and setting

We conducted a retrospective cohort study of population-based
health data in Ontario from 2016 to 2018. We obtained patient
information from province-wide health administrative databases
held at Ontario Health.

Data sources

We obtained information regarding emergency department visits
from the Canadian Institutes of Health Information National Ambu-
latory Care Reporting System (CIHI-NACRS) and the electronic
Canadian Triage and Acuity Scale (eCTAS) databases. The NACRS
database contains abstracted data on all emergency department
visits in Ontario. The eCTAS is an electronic triage system intro-
duced in Ontario emergency departments in 2016 that is now used
in more than 90% of emergency departments across the province.
We also used CIHI’s Discharge Abstract Database (DAD), which con-
tains information on all acute care hospitalizations and inpatient
surgical procedures in the province, the Ontario Health Insurance
Plan (OHIP) database, which contains all physician billings for
medically necessary care, and the Registered Persons Database,
which contains information on the deaths of all Ontario residents,
including out-of-hospital deaths. We used the Ontario Drug Benefit
database, which contains all medical prescriptions covered by the
provincial government, to identify anticoagulant status at the time
of the emergency department visit. For patients older than
65 years, the Ontario government covers the costs for all warfarin
prescriptions, DOAC prescriptions for stroke prevention in atrial
fibrillation and DOAC prescriptions during the initial 6 months of
anticoagulation treatment for venous thrombosis. Appendix 1,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.210811/tab
-related-content, contains further description of databases. We
linked patient records using a unique, encoded identifier.

Study population

Using NACRS and eCTAS, we identified patients 65 years and
older with a valid OHIP number who presented to the emergency
department with a triage complaint of head injury or trauma,
identified by electronic searching of free-form text and manual
review of eCTAS comment fields in patients triaged via eCTAS

between January 2016 and December 2018. We included only the
first emergency department visit for a head injury during the
study period. We excluded visits to emergency departments that
were not open 24 hours per day, visits to urgent care centres (as
these are typically centres treating lower-acuity patients than an
emergency department, usually without access to CT imaging),
patients who left the emergency department without being seen
or left against medical advice, and patients who died en route to
the emergency department. We excluded patients prescribed
heparin during the 7 days before the emergency department
visit. We also excluded patients on dialysis because these
patients are not likely to receive DOACs.

Exposure

The main exposure variable was anticoagulation status, categor-
ized as no anticoagulation, warfarin or DOAC (i.e., apixaban, dab-
igatran, edoxaban or rivaroxaban). To be classified as an anti-
coagulant user, patients must have had a filled prescription for
an anticoagulant that covered the 2 days before the index emer-
gency department visit for the head injury (see Table el in
Appendix 1 for codes used to identify medications).

Outcomes

The primary outcome of this study was ICH, as identified during
the index emergency department visit. We included all types of
intracranial bleeds. To identify ICH, we used discharge diagnoses
in NACRS, which uses the International Statistical Classification of
Diseases and Related Health Problems, 10th Revision (ICD-10)
codes. For patients with an ICH diagnosed at the index visit, we
evaluated secondary outcomes of interest, including 30-day mor-
tality and neurosurgical intervention within 90 days (see
Tables e2 and e3 in Appendix 1 for outcome definitions).

Covariates

We chose the covariates included in the statistical models a priori
based on potential predictors or confounders of ICH or the risk of
head injury. Covariates included demographics (i.e., age, sex),
comorbidities (i.e., Charlson Comorbidity Score, atrial fibrillation,
cancer, coronary artery disease, chronic obstructive pulmonary dis-
ease, congestive heart failure, dementia, diabetes, hypertension,
liver failure, multiple sclerosis, Parkinson disease, renal failure, sei-
zure disorder, ischemic stroke or transient ischemic attack, hemor-
rhagic stroke, venous thromboembolism), clopidogrel prescription
in the last 7 days and hospital type (i.e., small, community or aca-
demic) (see Table e4 in Appendix 1 for covariate definitions).

Statistical analysis

We compared baseline patient characteristics by anticoagulant
status using frequencies for categorical variables and medians
(with interquartile range) for continuous variables. We used pro-
pensity score matching to create 3 pairwise-matched cohorts
based on anticoagulation status (warfarin v. DOAC, warfarin v. no
anticoagulant, DOAC v. no anticoagulant). We estimated the pro-
pensity score using logistic regression, where exposure status
was regressed on the covariates. We matched patients in each
cohort on the logit of the propensity score using a 1:1 without
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replacement approach and a caliper width of 0.2 of the standard
deviation of the logit of the propensity score.!? We evaluated bal-
ance in baseline covariates for each cohort using standardized
differences and considered standardized differences of less than
0.10 between groups as well matched.’? When evaluating out-
comes in patients with ICH, we rematched patients within this
subgroup. For each cohort, we calculated the average treatment
effects of patients who were treated, and the relative risk (RR)
and corresponding 95% confidence intervals (Cls) of ICH and
30-day mortality in patients with an ICH. We used Cox propor-
tional hazards models, censoring for death, to determine the
hazard of neurosurgical intervention among patients with an
ICH, with a robust variance estimator to account for the matched
nature of the sample.®®* We conducted all analyses using SAS 9.4.

Ethics approval

The study was compliant with privacy procedures at Ontario
Health and received approval from the Research Ethics Board at
Sinai Health.

Results

We included 77834 emergency department visits made by patients
65 years and older for a head injury (Figure 1). We excluded
12076 repeat visits to the emergency department. Of the included
patients, 64917 (83.4%) had not filled a prescription for anticoagula-
tion, 9214 (11.8%) had a prescription for a DOAC and 3703 (4.8%)
had a prescription for warfarin at the time of the emergency depart-
ment visit (Table 1). Overall, 75% of patients had CT imaging of their
head; more than 90% of patients on either warfarin or a DOAC
received CT imaging. Of the total, 4620 (5.9%) patients had an ICH at
the index emergency department visit; 3772 (5.8%) patients not on
an anticoagulant had an ICH, whereas 303 (8.2%) patients on warfa-
rin and 545 (5.9%) patients on DOACs had an ICH. Among patients
with an ICH, 394 (8.5%) underwent neurosurgical intervention
within 90 days, and 591 (12.8%) died within 30 days. See Table €5 in
Appendix 1 for standardized differences in the baseline characteris-
tics in each pairwise cohort before matching.

Unique ED visits for head injury
n=82431

Excluded

« Presented to an ED not open 24 hours
per day n=2106

« Left without being seen (about 75%), left
against medical advice (about 25%) or died
prehospital (<6) n =1414

« On dialysis n =849

« On heparin n =218

« Data could not be matched across data sets
n =10

Y
Unique ED visits included
n=77834

Figure 1: Study flow diagram. Note: ED = emergency department.

After propensity score matching, there were 3654 pairs
(98.7% of warfarin patients matched) in the warfarin versus
DOAC cohort, 3634 pairs (98.1% of warfarin patients matched) in
the warfarin versus no anticoagulation cohort and 8329 pairs
(90.4% of DOAC patients matched; see Table €6 in the Appendix 1
for characteristics of unmatched DOAC patients in this cohort) in
the DOAC versus no anticoagulation cohort. Patients in each
matched cohort were well balanced, with standardized differ-
ences less than 0.10 (Table 2). Patients on warfarin had an
increased risk of ICH compared with matched patients on DOACs
(RR 1.43, 95% Cl 1.20-1.69) and patients not on anticoagulation
(RR 1.36, 95% Cl 1.15-1.61). There was no difference in ICH in
those on DOACs compared with matched patients not on antico-
agulation (RR 0.94, 95% CI 0.83-1.05).

Patients with an ICH were then re-matched for each cohort. We
removed covariates for which there were fewer than 10 patients
with the condition (see Table e7 in Appendix 1 for balance in
covariates). The cohort of patients on warfarin versus those with
no anticoagulation had 2 covariates that were not well balanced,
which were then adjusted for in the Cox proportional hazards
model. For patients with ICH, relative risk of 30-day mortality was
not significantly different in any matched cohorts (Table 3).
Patients on warfarin had an increased hazard of neurosurgical
intervention compared with matched patients not on anticoagula-
tion (hazard ratio [HR] 1.67, 95% CI 1.10-2.54). Patients on warfa-
rin did not have a significantly different hazard of neurosurgical
intervention compared with those on a DOAC (HR 1.36,
95% Cl 0.93-2.01), nor did patients on a DOAC compared with
those not on anticoagulation (HR 1.13,95% CI 0.80-1.58).

Interpretation

In this population-based study of 77834 patients aged 65 years
and older seen in the emergency department for a head injury,
5.9% had an ICH at the index emergency department visit. We
found DOAC users had a similar risk of ICH to matched patients
not prescribed anticoagulation, and warfarin users had an
increased risk of ICH compared with matched patients on DOACs
and those not on anticoagulation.

Our observed rate of ICH of 5.9% was lower than the 21%
observed among patients older than 65 years in the derivation
study of the Canadian CT Head Rule, which reported that 75 of
356 patients had a “clinically important brain injury” on CT.® This
study included patients with blunt head trauma resulting in loss
of consciousness, amnesia or disorientation. Our study had dif-
ferent inclusion criteria; the difference in findings may reflect
that we included more patients with minor injuries that did not
result in bleeds. In the validation of the NEXUS head CT rule,
8.9% of patients older than 65 years (331 of 3705 patients) had a
clinically significant injury on CT.* The incidence of ICH we found
is similar to that of a 2020 systematic review that reported a 5%
incidence of ICH in patients older than 65 years who had a fall.** A
meta-analysis of 4080 patients on anticoagulants (98.3% on war-
farin) and with head injuries reported an 8.9% incidence of ICH,
which is similar to the 8.2% incidence of ICH we found in patients
on warfarin.®
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Table 1: Baseline characteristics of patients 65 years and older seen in the emergency department with a head injury

No. (%) of patients*

Total No OAC Warfarin DOAC
Variable n=177834 n=64917 n=3703 n=9214 p valuet
Age>80yr 39873 (51.2) 31034 (47.8) 2563 (69.2) 6276 (68.1) <0.001
Age, yr, median (IQR) 81 (73, 87) 80 (72, 87) 85 (79, 90) 84 (79, 89)
Sex, male (missing n=2) 30460 (39.1) 24 883 (38.3) 1608 (43.4) 3969 (43.1) <0.001
Comorbidities
Atrial fibrillation 20 684 (26.6) 10 137 (15.6) 2914 (78.7) 7633 (82.8) <0.001
Cancer 5660 (7.3) 4603 (7.1) 267 (7.2) 790 (8.6) <0.001
CAD 21290 (27.4) 15 485 (23.9) 1735 (46.9) 4070 (44.2) <0.001
COPD 9984 (12.8) 7592 (11.7) 670 (18.1) 1722 (18.7) <0.001
CHF 12 488 (16.0) 7086 (10.9) 1709 (46.2) 3693 (40.1) <0.001
Dementia 21289 (27.4) 17 068 (26.3) 1122 (30.3) 3099 (33.6) <0.001
Hypertension 49397 (63.5) 39771 (61.3) 2714 (73.3) 6912 (75.0) <0.001
Liver failure 929 (1.2) 773(1.2) 48 (1.3) 108 (1.2) 0.83
Multiple sclerosis 325(0.4) 294 (0.5) 9(0.2) 22(0.2) 0.003
Parkinson 3414 (4.4) 2886 (4.5) 126 (3.4) 402 (4.4) 0.01
Renal failure 8230 (10.6) 6128 (9.4) 869 (23.5) 1233 (13.4) <0.001
Seizure 2377 (3.1) 1956 (3.0) 131 (3.5) 290 (3.2) 0.17
Stroke or TIA (ischemic) 11691 (15.0) 8656 (13.3) 818 (22.1) 2217 (24.1) <0.001
Stroke (hemorrhagic) 1592 (2.1) 1274 (2.0) 109 (2.9) 209 (2.3) <0.001
Venous thromboembolism 3726 (4.8) 1949 (3.0) 707 (19.1) 1070 (11.6) <0.001
cCcS=3 15322 (19.7) 11110 (17.1) 1310 (35.4) 2902 (31.5) <0.001
Clopidogrel 5471 (7.0) 5211 (8.0) 80 (2.2) 180 (2.0) <0.001
ED variables
Time of ED visit (missing n = 74)
Day 42195 (54.3) 35261 (54.4) 2042 (55.2) 4892 (53.1)
Evening 25395 (32.7) 21322 (32.9) 1121 (30.3) 2952 (32.1)
Night 10170 (13.1) 8270 (12.8) 535 (14.5) 1365 (14.8) <0.001
Day of ED visit
Weekday 56419 (72.5) 47019 (72.4) 2713 (73.3) 6687 (72.6)
Weekend 21415 (27.5) 17 898 (27.6) 990 (26.7) 2527 (27.4) 0.53
Type of hospital (missing n = 867)
Small 4371 (5.7) 3730 (5.8) 234 (6.4) 407 (4.5)
Community 56 142 (72.9) 46 896 (73.1) 2570 (70.0) 6676 (73.3)
Academic 16 454 (21.4) 13566 (21.1) 866 (23.6) 2022 (22.2) <0.001
Outcomes
ICH 4620 (5.9) 3772 (5.8) 303(8.2) 545 (5.9) <0.001
Hospital admission 12678 (16.3) 10021 (15.4) 886 (23.9) 1771 (19.2) <0.001
Head CT scan in ED 58 690 (75.4) 47002 (72.4) 3341 (90.2) 8347 (90.6) <0.001
30-day mortality 2462 (3.2) 1849 (2.9) 223 (6.0) 390 (4.2) <0.001
Delayed ICH within 90 d 718(0.9) 586 (0.9) 54 (1.5) 78(0.9) 0.02
Neurosurgery within 90 d in patients with ICHE 394 (8.5) 317 (8.4) 34(11.2) 43 (7.9) 0.001
30-day mortality in patients with ICH 591 (12.8) 444 (11.7) 66 (21.8) 81(16.7) <0.001

Note: CAD = coronary artery disease, CCS = Charlson Comorbidity Score, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, DOAC = direct oral
anticoagulant, ED = emergency department, ICH = intracranial hemorrhage, IQR = interquartile range, OAC = oral anticoagulation, TIA = transient ischemic attack.

*Unless indicated otherwise.

Tp values based on y? test.

1Only patients with ICH at the index visit (n = 4620).

Our findings are consistent with those of previous studies = compared the risk of traumatic ICH between DOACs and warfarin;
showing an increased risk of ICH among patients on warfarin com-  however, studies evaluating specific DOACs compared with warfa-
pared with those not on anticoagulants.’*-*® Less evidence has  rin suggest a lower risk of ICH in patients on a DOAC compared with

E1564 CMAJ | October 12,2021 | Volume 193 | Issue 40



Table 2: Balance in covariates and standardized differences in matched pairwise cohorts

No. (%) of patients No. (%) of patients No. (%) of patients
Warfarin DOAC Standardized Warfarin No OAC Standardized DOAC No OAC Standardized

Variables n=3654 n=3654 difference n=3634 n=3634 difference n=28329 n=8329 difference
Age >80 yr 2523 (69.1) 2552 (69.8) 0.02 2504 (68.9) 2529 (69.6) 0.01 5514 (66.2) 5591 (67.1) 0.02
Sex, male 1585 (43.4) 1596 (43.7) 0.01 1579 (43.5) 1571 (43.2) 0.004 3590 (43.1) 3675 (44.1) 0.02
Atrial fibrillation 2881(78.9) 2824 (77.3) 0.04 2852 (78.5) 2870 (79.0) 0.01 6763 (81.2) 6812 (81.8) 0.02
Cancer 263 (7.2) 257 (7.0) 0.01 262 (7.2) 265 (7.3) 0.003 716 (8.6) 711 (8.5) 0.002
CAD 1712 (46.9) 1730 (47.4) 0.01 1703 (46.9) 1741 (47.9) 0.02 3586 (43.1) 3732 (44.8) 0.04
COPD 663(18.1)  677(18.5) 0.01 652 (17.9) 685 (18.9) 0.02 1509 (18.1) 1455 (17.5) 0.02
CHF 1685 (46.1) 1668 (45.7) 0.01 1661 (45.7) 1641 (45.2) 0.02 3015(36.2) 2901 (34.8) 0.03
Dementia 1109 (30.4) 1131 (31.0) 0.01 1102 (30.3) 1087 (29.9) 0.01 2747(33.0) 2818 (33.8) 0.02
Diabetes 1332 (36.5) 1329 (36.4) 0.002 1326 (36.5) 1314 (35.2) 0.01 2891 (34.7) 2984 (35.8) 0.02
Hypertension 2677 (73.3) 2686 (73.5) 0.01 2660 (73.2) 2671 (73.5) 0.01 6193 (74.4) 6265 (75.2) 0.02
Liver failure 47 (1.3) 39(1.1) 0.02 47 (1.3) 45 (1.2) 0.004 99 (1.2) 99 (1.2) 0.00
Multiple sclerosis 9(0.3) 7(0.2) 0.01 8(0.2) 9(0.3) 0.01 21(0.3) 15(0.2) 0.02
Parkinson 125 (3.4) 107 (2.9) 0.03 126 (3.5) 105 (2.9) 0.03 368 (4.4) 383 (4.6) 0.01
Renal failure 849 (23.2)  846(23.2) 0.002 846 (23.3) 815 (22.4) 0.02 1146 (13.8) 1226 (14.7) 0.03
Seizure 125 (3.4) 104 (2.9) 0.03 125 (3.4) 104 (2.9) 0.03 262 (3.2) 269 (3.2) 0.004
Stroke (hemorrhagic) 109 (3.0) 106 (2.9) 0.004 109 (3.0) 112 (3.1) 0.004 200 (2.4) 199 (2.4) 0.001
Stroke or TIA 811(22.2) 800 (21.9) 0.01 798 (22.0) 814 (22.4) 0.01 1901 (22.8) 1835 (22.0) 0.02
(ischemic)
VTE 682 (18.7) 669 (18.3) 0.01 852 (23.5) 834 (23.0) 0.02 831(10.0) 840 (10.1) 0.004
cCS=3 1286 (35.2) 1273 (34.8) 0.01 1276 (35.1) 1299 (35.8) 0.01 2534 (30.4) 2542 (30.5) 0.002
Clopidogrel 79 (2.2) 59 (1.6) 0.04 79(2.2) 76 (2.1) 0.01 177 (2.1) 247 (3.0) 0.05
Type of hospital 0.02 0.03 0.005

Small 233 (6.4) 176 (4.8) 234 (6.4) 177 (4.9) 385 (4.6) 363 (4.4)

Community 2561(70.1) 2617 (71.6) 2548 (70.2) 2623 (72.2) 6115 (73.4) 6142 (73.4)

Academic 860(23.5)  861(23.6) 852 (23.5) 834 (23.0) 1829 (22.0) 1824 (21.9)

Note: CAD = coronary artery disease, CCS = Charlson Comorbidity Score, COPD = chronic obstructive pulmonary disease, CHF = congestive heart failure, DOAC = direct oral
anticoagulant, OAC = oral anticoagulation, TIA = transient ischemic attack, VTE = venous thromboembolism.

Table 3: Outcomes in propensity score matched cohorts

No. (%) of patients No. (%) of patients No. (%) of patients
Warfarin DOAC RR Warfarin No OAC RR DOAC No OAC RR
Outcome n=3654 n=3654 (95% ClI) n=3634 n=3634 (95% ClI) n=8329 n=8329 (95% CI)
ICH 298 (8.2) 209 (5.7) 143 298 (8.2) 219 (6.0) 1.36 480 (5.8) 514 (6.2) 0.94
(1.20-1.69) (1.15-1.61) (0.83-1.05)
30-d mortality in 52 (19.3) 38 (14.1) 1.37 63 (21.8) 51 (17.7) 1.24 77 (15.8) 81 (16.7) 0.95
patients with ICH (0.93-2.01) (0.89-1.72) (0.71-1.26)

Note: CI = confidence interval, DOAC = direct oral anticoagulant, ICH = intracranial hemorrhage, OAC = oral anticoagulation, RR = relative risk.

warfarin.’-2* The ROCKET-AF,® RE-LY? and ARISTOTLE? studies of  the largest studies evaluating risk of ICH in anticoagulant users
patients with atrial fibrillation showed that the risk of ICH (sponta-  after head trauma, and our results suggest that patients on DOACs
neous and traumatic) was lower with rivaroxaban, dabigatran and  seen in the emergency department do not have an increased risk
apixaban, respectively, compared with warfarin. Our study is one of  of traumatic ICH compared with patients not using anticoagulants.
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In contrast, those taking warfarin had a higher ICH risk compared
with both patients on DOACs and those not on anticoagulation.
Future prospective research should test the hypothesis that warfa-
rin users are the only group at higher risk of ICH. If validated, the
implications of our findings are considerable, including a potential
reduction in neuroimaging among head-injured patients on
DOACs, which could translate into shorter emergency department
visits and cost savings for the health care system.

There is conflicting evidence surrounding differences in mortal-
ity rates by anticoagulation status. The RE-LY trial reported higher
mortality rates after ICH among patients on warfarin compared
with dabigatran.?? In a study of 2245 patients with nontraumatic
ICH, patients on warfarin had higher rates of in-hospital deaths
compared with DOACs.? Similarly, a registry study of more than
140000 patients with spontaneous ICH found that DOAC use was
associated with a lower rate of in-hospital mortality compared
with warfarin.?® However, a meta-analysis of patients with trau-
matic brain injury found that in-hospital mortality rates were not
different for patients on DOACs compared with patients on warfa-
rin.2” Other studies have shown an increased risk of death among
patients on warfarin compared with patients not on anticoagula-
tion after a traumatic ICH.2% We did not find significant differ-
ences in 30-day mortality rates between matched patients on war-
farin, DOAC and no anticoagulation with ICH; however, the
number of deaths was small and we were underpowered to detect
small differences in mortality rates.

Previous literature on neurosurgical intervention after ICH by
anticoagulation status has been inconsistent. In a meta-analysis of
2622 patients with traumatic ICH, no overall difference was
observed in the risk of neurosurgical intervention among patients
using a DOAC compared with warfarin.?” In patients with an ICH,
we found an increased hazard only of neurosurgery among
patients on warfarin compared with those not on anticoagulation.
The need for surgical intervention among patients on warfarin
may be related to the hemorrhage itself. Previous studies have
described a larger hemorrhage volume and increased progression
of bleed in patients on warfarin compared with those not on anti-
coagulation.®*3! Because of the small number of patients undergo-
ing intervention, we may not have been able to detect small differ-
ences in neurosurgical intervention among other groups.

Limitations

We only included patients with head injuries seen in the emergency
department, so we cannot draw conclusions about those who did not
seek medical attention or who visited their family doctor. We identi-
fied patients by triage complaint, which may not capture every
patient with a head injury (e.g., if patients also presented with a seri-
ous medical condition or other major trauma, or had a different pres-
enting complaint recorded at triage). Therefore, the total number of
head injuries is likely higher than our sample and we cannot com-
ment on whether our findings are applicable to this group. Our study
used administrative data, which has the potential for misclassification
bias if there were coding errors for the variables used, including the
main diagnosis. However, many studies have used these databases
and found good agreement between chart reviews and databases
for mandatory variables® and the main emergency department

diagnosis for various diseases.®** We classified anticoagulant use
based on patients having filled government-reimbursed prescrip-
tions. This assumes patients took medication as prescribed, consis-
tently rather than intermittently. We were unable to obtain laboratory
data to evaluate coagulation markers. Furthermore, it is possible we
misclassified patients as not being anticoagulant users if their medi-
cation was covered by private health insurance. This likely results in
some misclassification of anticoagulation use, which would be
expected to underestimate the real effect of current anticoagulant
use on the risk of ICH. We were not able to account for the use of
over-the-counter acetylsalicylic acid, which may affect bleeding out-
comes. We were not able to evaluate outcomes such as disability
among patients who had an ICH. Finally, this study was retrospec-
tive, and although we adjusted for many comorbidities and con-
ducted propensity score matching, residual differences may exist
between groups from unmeasured confounders.

Conclusion

Older patients on warfarin who present to the emergency depart-
ment with a head injury have an increased risk of ICH compared
with matched patients on a DOAC and patients not on anticoagu-
lation. Patients on a DOAC and those with no anticoagulation do
not have a significantly different risk of ICH. Future research is
needed to confirm that warfarin users are the only group at higher
risk of ICH. These findings could substantially affect the need for
neuroimaging after head trauma among patients on DOACs.
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