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Background: The aim of this study was to characterize the risk of a delayed intracranial hemorrhage (ICH)
in trauma patients on direct-acting oral anticoagulants (DOACs).

Methods: Patients on DOACs admitted to two Level I Trauma Centers between 2014 and 2017 were
reviewed. Only patients with a negative admission CT brain were included. The primary outcome was a
delayed ICH.

Results: Overall, 249 patients were included. The median age was 81 years with 82% undergoing a repeat
CT. Three patients developed a delayed ICH (1.2%). One developed an ICH after receiving tissue plas-
minogen activator for a cerebrovascular accident after two negative CTs. Excluding this patient, the
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NOACs
DOACs incidence dropped to 0.8%. None required neurosurgical intervention.
Conclusion: For patients at risk for a TBI who are on DOACs, repeat cross-sectional imaging of the brain
when the initial imaging is negative is not necessary. A period of clinical observation may be warranted.
© 2018 Elsevier Inc. All rights reserved.
Introduction prevention of cerebrovascular events and pulmonary emboli,”® the

Mounting evidence supports the use of direct-acting oral anti-
coagulants (DOACs) for various clinical entities including venous
thromboembolism, pulmonary embolism and atrial fibrillation.! >
The safety profile of these agents appears to be acceptable?
making their use more attractive to patients and caregivers given
no routine blood tests are required to ensure appropriate and
adequate anticoagulation effect. This has led to a substantial in-
crease in their prescription.®’ In fact, the use of these agents has
now surpassed the use of vitamin K antagonists in the United
Kingdom and Canada.”®

Pre-admission anticoagulants may lead to an increased risk for
bleeding and other complications following trauma.® For traumatic
brain injuries (TBI) in particular, the use of warfarin prior to
admission is associated with an increased risk for injury progres-
sion leading to increased mortality, especially in the elderly.!?'?
Given the increasing trends in DOAC prescription for the
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use of these agents is expected to increase in trauma patients,
potentially replacing warfarin as the most common anticoagulant.
Developing safe and cost effective guidelines to appropriately
screen these patients for TBI can lead to earlier identification of
these injuries, improved outcomes, and appropriate resource
utilization.

The indications for obtaining a computerized tomography (CT)
of the brain in anticoagulated patients remain controversial. The
need for repeat imaging to rule out delayed intracranial hemor-
rhage (ICH) in the absence of injury on admission CT may be even
more debatable, with older literature supporting'> and more recent
studies questioning its utility.'*'> Much of this literature refers to
the use of warfarin and antiplatelet agents, however, very little is
known about the risk for a delayed ICH in patients on DOACs.

The purpose of this study was to examine the risk for a delayed
ICH in patients on DOACs who are at risk for a TBI and who have a
negative admission CT of the brain. Our hypothesis was that
delayed ICH risk is small and justifies observation with serial
neurological exams in lieu of repeat CT imaging of the brain prior to
discharge.
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Material and methods

Trauma patients admitted to two tertiary, Level I Trauma Cen-
ters between November 2014 and September 2017 were reviewed
for the following inclusion criteria:

1. Use of DOACs including apixaban, dabigatran and rivaroxaban
prior to admission.

2. CT of the brain obtained upon admission that was interpreted as
negative for an acute intracranial injury.

Patients who were on DOACs and had TBI identified on admis-
sion and patients who did not undergo CT brain were excluded.

Demographics, injury characteristics and the presence of co-
morbid conditions were reviewed. All admission and subsequent
CT scans of the brain were reviewed in detail, as were all subse-
quent interventions pertaining to the brain. The primary outcome
was development of a delayed ICH, defined as an ICH identified on
subsequent imaging obtained either due to a routine protocol or
due to an observed change in neurological exam.

The institutional protocols at the two participating centers
differ. At the University of California, San Diego (UCSD), all trauma
patients on anticoagulants are routinely admitted for observation
and serial neurological exams. A repeat head CT is also routinely
obtained within 4—6 h, independent of the results of the initial CT.
Reversal of anticoagulation for DOACs depends on the presence of a
TBI and/or an associated major hemorrhage. At the Cedars-Sinai
Medical Center (CSMC) all patients on DOACs are routinely
admitted for observation and serial neurological exams, however, a
routine repeat CT brain is not mandatory, unless a change in the
neurological exam is observed. The practice of reversal of DOACs is
similar to that at UCSD and these agents are reversed only in the
presence of associated life-threatening hemorrhage and/or TBI.

Standard descriptive statistics were utilized to characterize the
study cohort. Continuous variables were reported as medians with
interquartile ranges (IQR) and binary variables were reported as
percentages. All statistical analyses were performed using the IBM
SPSS Statistics package, version 24. Independent Institutional Re-
view Board approval was obtained by each participating center.

Results

Over the almost 3-year study period, a total of 249 trauma pa-
tients on DOACs were admitted to the two participating trauma
centers with a negative initial CT of the brain. The median age was
81 years (IQR: 68, 88 years) and 54.6% were male (Table 1). The
most common injury mechanism was from a fall (n = 200 or 80.3%),
followed by motor vehicle collision (n = 20 or 8.0%). The majority of
patients were admitted with a Glasgow Coma Scale (GCS) score of
15 (n =176 or 70.7%), with only 4 patients (1.6%) being admitted
with a GCS score of 8 or less. The median injury severity score (ISS)
was 5 (IQR: 1, 10). Patients often had multiple co-morbidities, with
69.1% having a cardiac history, 56.2% a history of hypertension
requiring medications, and 20.5% a history of diabetes mellitus
(Table 1).

Rivaroxaban was the most commonly used DOAC (n= 117 or
47.0%), followed by apixaban (n=103 or 41.4%) and dabigatran
(n=29 or 11.6%) (Table 2). A total of 12 patients (4.8%) were also
receiving an antiplatelet agent, including acetylsalicylic acid (ASA)
(n=29) or clopidogrel (n=3).

A small proportion of these patients received blood products
within 24 h from admission, which included packed red blood cells
(n=3), fresh frozen plasma (n=4) and platelets (n =4). Fifteen
patients (6.0%) required mechanical ventilation. The overall mor-
tality was 1.2% (n = 3) (Table 3).

Table 1
Demographics and injury characteristics.

Study Cohort (n = 249)

Age (years), Median (IQR) 81 (68, 88)
Male, % (n) 54.6 (136)
Race, % (n)
Black 44 (11)
Hispanic 18.1 (45)
White 70.7 (176)
Other 5.2 (13)
Unknown 1.6 (4)
Mechanism of Injury, % (n)
Fall 80.3 (200)
MVC 8.0 (20)
Found down 4.0 (10)
Assault 2.8(7)
Other 4.8 (12)
Admission GCS, Median (IQR) 15 (14, 15)
Admission GCS, % (n)
=3 0
<8 1.6 (4)
=14 249 (62)
=15 70.7 (176)

Admission SBP (mmHg), Median (IQR) 140 (125, 156)

Admission SBP < 90 mmHg, % (n) 04(1)

ISS, Median (IQR) 5(1,10)

Co-morbidities, % (n)
Alcohol abuse 6.4 (16)
Cardiac history 69.1 (172)
Diabetes mellitus 20.5 (51)
Hypertension 56.2 (140)
Obesity 14.9 (37)
Malignancy 7.6 (19)
Renal failure 14.5 (36)
Smoking 6.0 (15)

IQR, Interquartile Range; MVC, Motor Vehicle Collision; GCS, Glasgow Coma Scale;
SBP, Systolic Blood Pressure; ISS, Injury Severity Score.

Overall, 81.5% (n =203) had at least one repeat head CT during
their hospital stay, with the remaining being observed clinically.
Patients who received a repeat CT were observed for at least one
hospital day and those who did not were observed for a minimum
of 2 hospital days. None of the patients presented again to the
hospital with a delayed ICH.

Only three patients (1.2%) developed a delayed ICH found on
subsequent CT brain and all three were on different DOACs
(Table 1). None of these patients required a surgical intervention in
the form of craniotomy and/or craniectomy. Two patients were
admitted with a GCS of 14. The third patient, who was admitted
with a GCS of 15, had two negative CTs of the brain but was sub-
sequently found to have cerebrovascular infarction. The patient
received tissue plasminogen activator (tPA) resulting in a sub-
arachnoid hemorrhage (Table 4 and Fig. 1). After excluding this
patient, the incidence of a delayed ICH decreased to 0.8% (2/249) or
8 per 1000 admissions.

Table 2
Prehospital anticoagulants.

Study Cohort (n = 249)

DOAC, % (n)
Apixaban 41.4 (103)
Dabigatran 11.6 (29)
Rivaroxaban 47.0 (117)
Other anticoagulants, % (n)
ASA 3.6 (9)
Warfarin 0(0)
Clopidogrel 1.2 (3)
Other anticoagulants 0(0)

DOAC, Direct-acting Oral Anticoagulant; ASA, Acetylsalicylic Acid.
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Table 3
Interventions and outcomes.

Study Cohort (n = 249)

Endotracheal intubation, % (n) 6.0 (15)
Required transfusion within 24 h, % (n)

PRBC 1.2(3)

FFP 1.6 (4)

Platelets 1(04)
Required surgical intervention, % (n) 7.2 (18)
Hospital days, Median (IQR) 3(2,6)
ICU days, median (IQR) 3(2,4)
Ventilator days 5(2,9)
Mortality, % (n) 1.2(3)

PRBC, Packed Red Blood Cells; FFP, Fresh Frozen Plasma; ICU, Intensive Care Unit.

Discussion

In this largest to date review of trauma patients on prehospital
DOACs with an initially negative CT brain, the incidence of a
delayed ICH was less than 1%. The two patients who developed a
delayed ICH presented with altered mental status (GCS of 14) were
diagnosed on a routine repeat CT within 6 h after admission and
neither required subsequent neurosurgical intervention. A third
patient received tPA for a cerebrovascular accident and developed a
delayed subarachnoid hemorrhage after two negative repeat CTs so
this complication was unlikely related to the prior use of DOAC.
There was no association between a specific DOAC and the devel-
opment of a delayed ICH.

The observed low incidence of delayed ICH and the universal
absence of a need for a subsequent neurosurgical intervention in
these patients suggest that a policy of routine repeat imaging for all
patients on DOACs with a negative initial CT of the brain is un-
necessary. However, a routine period of clinical observation for
serial neurological exams can be considered.

The trauma patient population is increasingly aging. The 2016
National Trauma Data Bank report indicates that the proportion of
patients over the age of 65 years now exceeds 30% of all admission
and these patients have the highest fatality rate.'® The use of an-
ticoagulants in this patient population to prevent cerebrovascular
events is exceedingly common.'” ' In an American Association for
the Surgery for Trauma (AAST) sponsored multi-institutional study,
Kobayashi et al. found that 10% of trauma patients on anticoagu-
lants receive DOACs, 50% receive an antiplatelet agent, and over a
third receive warfarin.”’ The increased use of anticoagulants among
trauma patients has led to rapid reversal protocols to prevent TBI
progression and improve outcomes.?*> These TBI protocols have
become best practice guidelines recommended by the American
College of Surgeons.”?

Less is known about the development of delayed ICH in patients
on anticoagulant agents with a negative CT brain on admission.
Nishijima et al. conducted a prospective observational study

2A

3A

Fig. 1. Representative images from the computerized tomography (CT) on admission
(1A, 1B and 1C) and the subsequent (CT) showing a delayed intracranial hemorrhage
(2A, 2B, 2C) for patients 1, 2 and 3 respectively (refer to Table 4).

determined that the incidence of a delayed ICH was extremely low
(<1%) and was only observed in patients on warfarin.'* Others have
also found similar incidence in patients on warfarin.>~?’ In a
recent study from Chenoweth et al., the incidence of delayed ICH in
patients on anticoagulants, including DOACs, was similarly very
low (<1%).?% This study however, included only 37 patients on
DOACs of which none developed a delayed ICH. The number of
patients on DOACs reviewed in the current study was substantially
higher with over 80% of patients undergoing a repeat CT of the
brain, further validating the observation that the incidence of a
delayed ICH with DOACs is exceedingly small.

Based on our findings, a routine repeat CT of the brain in patients
on DOACs when the initial CT is unlikely to alter patient care.
Further justifying this observation is the fact that neither of the two
patients who developed delayed ICH in our series required a

including over 1000 patients on either warfarin or clopidogrel and ~ neurosurgical intervention. A specified period of clinical
Table 4
Patients who developed a delayed intracranial hemorrhage.
Age  Sex DOAC Mechanism Admission Number of Synopsis/Outcome Hospital Disposition
(years) GCS initial negative days
CT brain
182 Male Rivaroxaban Fall 14 1 Patient observed, no intervention required 12 Long-term
facility
2 68 Male Dabigatran Found 15 2 Patient had two negative head CTs, was found to have altered mental status 19 Long-term
down due to a cerebrovascular incident. Patient received tPA and then developed facility
SAH.
383 Male Apixaban  Fall 14 1 Patient observed, no intervention required 9 Home

DOAC, Direct-acting Oral Anticoagulant; GCS, Glasgow Coma Scale; CT, Computed Tomography; tPA, Tissue Plasminogen Activator; SAH, Subarachnoid Hemorrhage.
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observation with serial neurological exams is likely a safe practice,
especially for patients with a GCS lower than 15.

Despite being the largest review of patients on DOACs exam-
ining the risk of delayed ICH following trauma, there are a few
limitations that need to be accounted for. The retrospective nature
of this work introduces potential selection and other bias. It is
possible that patients with unknown home medications were
excluded from this analysis. Although the majority of our patients
underwent a repeat CT of the brain, almost 20% did not, potentially
missing a delayed ICH not captured on imaging. As the minimum
period of observation for patients who did not undergo a repeat CT
of the brain was 2 hospital days, the possibility of missing a clini-
cally significant delayed ICH was small. The specific indication for
obtaining a CT of the brain in these patients and their risk assess-
ment for an associated TBI could not be evaluated and/or catego-
rized. Lastly, the absence of a common protocol by the two
participating institutions introduces variation in practices. How-
ever, based on available literature the practice of a routine repeat CT
in this setting and the practice of clinical observation only with
serial neurological exams are both justified.

Conclusions

In conclusion, for patients who are at risk for a traumatic brain
injury and who are on prehospital direct-acting oral anticoagulants,
mandatory repeat CT brain when the initial imaging is negative is
unnecessary. A period of clinical observation with serial neuro-
logical examinations however, may be warranted given the small
risk for a delayed intracranial hemorrhage.
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