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Study objective: Evaluate the utility of routine rescanning of older, mild head trauma patients with an initial negative brain
computed tomography (CT), who is on a preinjury antithrombotic (AT) agent by assessing the rate of delayed intracranial
hemorrhage (dICH), need for surgery, and attributable mortality.

Methods: Participating centers were trained and provided data collection instruments per institutional review board-approved
protocols. Data were obtained from manual chart review and electronic medical record download. Adults �55 years seen at Level
I/II Trauma Centers, between 2017 and 2019 with suspected head trauma, Glasgow Coma Scale 14 to 15, negative initial brain
CT, and no other Abbreviated Injury Scale injuries >2 were identified, grouped by preinjury AT therapy (AT- or ATþ) and compared
on dICH rate, need for operative neurosurgical intervention, and attributable mortality using univariate analysis (a¼.05).

Results: A total of 2,950 patients from 24 centers were enrolled; 280 (9.5%) had a repeat brain CT. In those rescanned, the dICH
rate was 15/126 (11.9%) for AT- and 6/154 (3.9%) in ATþ. Assuming nonrescanned patients did not suffer clinically meaningful
dICH, the dICH rate would be 15/2001 (0.7%) for AT- and 6/949 (0.6%) for ATþ. No surgical operations were done for dICH. All-
cause mortality was 9/2950 (0.3%) and attributable mortality was 1/2950 (0.03%). The attributable death was an ATþ, dICH
patient whose family declined intervention.

Conclusion: In older patients with an initial Glasgow Coma Scale of 14 to 15 and a negative initial brain CT scan, the dICH rate is
low (<1%) and of minimal clinical consequence, regardless of AT use. In addition, no patient had operative neurosurgical
intervention. Therefore, routine rescanning is not supported based on the results of this study. [Ann Emerg Med. 2022;-:1-11.]
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INTRODUCTION
Background

As the population ages, increasing numbers of patients
taking pharmacologic agents to prevent the occurrence of
thromboembolic events are being seen in trauma
centers.1 Unfortunately, the protection of these
antithrombotic (AT) agents, defined as anticoagulant and
antiplatelet medications, confer under normal conditions
may become a liability during trauma when uncontrolled
bleeding may lead to increased morbidity and even
death. Consequently, clinicians face daily challenges that
require a balance of medical science and clinical
judgment to provide patients with optimal care in a cost-
conscious health care system.
- : - 2022
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Importance
The evaluation of older patients who sustain a mild head

injury and are taking AT agents is not yet firmly established
by consensus or evidence-based guidelines, while the use of
these medications is simultaneously increasing in frequency
in this population.1,2 The initial evaluation of older patients
with a mild head injury is guided by protocols that include
head computed tomography (CT), such as the Canadian CT
Head Rule and the New Orleans Criteria that have been
externally validated for sensitivity and specificity.3-7

However, for those patients with a mild head injury who are
taking an AT and have a normal initial brain CT, there is no
clear consensus regarding subsequent management.
Resource-intensive practices vary and include discharge to
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Editor’s Capsule Summary

What is already known on this topic
Clinical practice varies regarding observation and
repeat imaging for older adults with mild traumatic
brain injury.

What question this study addressed
Among emergency department patients aged 55 years
and older with mild traumatic brain injury and
negative initial computed tomography scan
(n¼2950), what is the rate of delayed intracranial
hemorrhage?

What this study adds to our knowledge
Assuming nonrescanned patients did not experience
delayed hemorrhage, rates of delayed hemorrhage
were low and similar in patients taking and not
taking antithrombotic medications (0.6% and 0.7%,
respectively).

How this is relevant to clinical practice
These limited results suggest a low value of routine
head rescanning of older adults with mild traumatic
brain injury, including in those taking
antithrombotic medications.

home, interval imaging to assess for delayed intracranial
hemorrhage (dICH), admission for serial examinations to
guide further care, and obtaining a repeat CT scan or
keeping patients for observation for several hours.8-15 A
meta-analysis and other retrospective studies have suggested
an increased risk of death for patients taking AT agents who
suffer a mild head injury.16,17

This variation in practice, along with conflicting
literature, necessitates further investigation.

Goals of This Investigation
The goal of this study is to ascertain if the use of a

preinjury AT agent affects the rate of dICH, need for
surgery, and mortality in head injury patients �55 years
with an initial Glasgow Coma Scale (GCS) of 14 to 15, and
a negative initial head CT scan to determine the utility of
repeat scanning and inform best clinical practice.

MATERIALS AND METHODS
Study Design and Participants

This was a retrospective study with a manual chart
review of patients aged �55 years from the Level I and II
trauma centers who were seen by the trauma service as a
2 Annals of Emergency Medicine
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trauma activation or consultation between 2017 and 2019.
Patients were included if they met all of the following
clinical criteria: (1) suffered blunt injury, (2) were evaluated
for suspected brain trauma, (3) presented with an initial
GCS of 14 to 15, (4) had a negative initial brain CT, and
(5) had no injuries with an Abbreviated Injury Scale score
>2 in any region other than the head. Patients were
excluded if they met any of the following conditions: (1)
transferred into or out of the facility, (2) had a Do Not
Resuscitate order, (3) had a hereditary bleeding disorder or
coagulopathy (defined as the presence of any International
Classification of Diseases Tenth Revision [ICD-10] D65-
D69 diagnosis), or( 4) had a positive initial head CT for
traumatic injury or preexisting intracranial pathology.
Before data collection commenced, this study was ruled
exempt by the hospital network’s enterprise centralized
process for institutional review board exemption and the
local institutional review boards of the participating trauma
center if required.

We performed an a priori power analysis using the pwr
package in R testing for equality of proportions to
determine the sample size needed for each study group,
with an alpha of 0.05 and power of 0.8.18 The sample
calculation was done assuming a rate of dICH of 0.74% in
patients taking ATs and 0.0% in those not taking ATs and
using these to calculate Cohen’s h through an Arcsine
transformation to obtain the effect size. Arcsine
transformation was used, as it is able to calculate an effect
size when 1 arm has 0 events without giving specious
values. In our case, the effect size calculated was 0.17, a
"small" effect size. This effect size was then used to
calculate the required sample, with the results showing the
required sample size to be 530 for each arm. Assuming a
15% proportion of missing data, the target sample size was
1,200, with 600 in each arm.
DATA COLLECTION
The research coordinating center identified potential

study candidates who met the initial inclusion criteria from
the hospital network’s centralized trauma registry for each
trauma center. Centers were required to attend an online
training session provided by the research coordinating
center, with detailed instructions on ensuring data
consistency and validity across centers. Individual
participating centers then screened their respective list of
potential study candidates for the exclusion criteria through
individual chart review and hand collected the required
data. Variables collected through a Study Data Collection
form included (1) exclusion criteria screening results, (2)
agent, dose, and timing of preinjury AT therapies, (3)
Volume -, no. - : - 2022

edical Center Poriya from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.



45 Level I/II trauma centers invited to participate 

25 centers accepted 

5731 patients screened for eligibility (24 centers)

2950 patients enrolled from 24 centers

1 center excluded due to not 
meeting minimum enrollment 
threshold (enrolled only 1 patient)

2698 patients removed due to the 
exclusion criteria 

41 patients removed due to 
duplication or incomplete data

42 patients removed during 
secondary data audit process for 
protocol violations

Figure 1. Consolidated Standards of Reporting Trials
(CONSORT) flow diagram exhibiting the selection of patients
included in the study.
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reasons for AT use, (4) agent, dose, and timing of reversal
agent(s) if given, (5) if chemical venous thromboembolism
prophylaxis was administered before repeat CT including
agent, route, timing, and dose, (6) if a repeat CT scan was
performed (yes/no) with results, and (7) any cranial surgical
intervention performed, including specific procedures and
timing. Required data for eligible patients were submitted
to the research coordinating center either through a secure
file transfer protocol or an encrypted e-mail using only an
anonymous study identification number assigned to each
patient to preserve confidentiality.

Additional trauma-specific patient data that are routinely
collected in the trauma registry were extracted electronically
from the enterprise-wide trauma registry at the end of the
study review period, including patient demographics,
injury details, injury scores, outcomes, and discharge
information. In addition, results of laboratory tests were
extracted from the enterprise-wide electronic medical
records using the first available blood draw test results for
blood specimens that were collected up to 3 hours after the
recorded patient arrival time. To obtain information on
attributable death, an experienced trauma nurse and trauma
surgeon from the research team conducted chart reviews to
determine the cause of death for patients who died. No
protected health information was collected. The chart
abstracted data and electronically collected data were
merged to create the study dataset, after which the dataset
was anonymized. Data quality was assured by chart review
and data validation of a 10% sample of patient charts as
they were submitted. Errors, including missing data points,
outliers, and duplication, were eliminated from the final
research dataset (Figure 1). All deaths and all readmissions
were manually reviewed by an experienced trauma surgeon
and trauma nurse. In addition, after data collection was
completed, an extensive a posteriori electronic and manual
chart review was conducted.
Exposure and Outcome Variables
The exposure of interest in this study was preinjury AT

therapy status (yes/no, ie, þ/-), which was determined
from chart reviews of AT agent usage and dose. Patients
were classified as having preinjury usage (ATþ) if they
had documentation of any AT use with the name and
dose of the AT agent. Otherwise, patients were considered
not to have AT usage (AT-). For example, patients who
took only aspirin 81 mg were considered not receiving AT
therapy (AT-). For those on preinjury AT therapy,
patients were further categorized into single AT agents or
combinations of multiple AT agents based on
documented generic or brand name of the AT agent,
Volume -, no. - : - 2022
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namely aspirin, warfarin, clopidogrel, apixaban,
rivaroxaban, other single agents, aspirin þ clopidogrel,
other combination of 2 ATs, and combination of 3þ
ATs. Patients documented as receiving AT therapy
without providing the specific agent name were grouped
into “other single agent.” If the percentage of a single
agent or combination of more than 1 agent was below
2%, patients were classified into the group of “other single
agent” or “other combination of 2 ATs.”

The primary outcome of the study was dICH, defined as
the presence of intracranial pathology including cerebral
edema, intraventricular hemorrhage, subdural hemorrhage,
cerebral contusion (focal or diffuse), subarachnoid
hemorrhage, or epidural hemorrhage on a repeat head CT
scan within 48 hours following an initial negative head CT
scan. Secondary outcomes included the need for dICH-
related surgical intervention, inhospital mortality, hospital
length of stay, and intensive care unit (ICU) length of stay.
Inhospital mortality was determined based on hospital
discharge disposition. Hospital length of stay and ICU
length of stay was calculated for patients who had a hospital
stay or had a stay in ICU.

To assess the follow-up status of patients who did not
have a repeat brain CT scan performed during the initial
clinical encounter within the first 48 hours, our electronic
medical record was searched to determine the disposition
Annals of Emergency Medicine 3
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status of patients discharged from the emergency
department (ED) and, in the case of those admitted to the
hospital, the hospital discharge disposition.
� For patients admitted to the hospital, the electronic
medical record records of all hospitalized patients were
searched for any hospital discharge diagnosis of head
injury (ICD-10_Clinical Modification [CM] S-06), and
these were manually reviewed to identify those with
intracranial bleeding (S06.31 to S06.38, S06.4 to
S06.6).

� For patients discharged home from the ED without a
repeat CT scan, the electronic medical record records
were searched for any diagnosis of head injury (ICD-
10_CM S-06 series), and these were manually reviewed
to identify those with intracranial bleeding (S06.31 to
S06.38, S06.4 to S06.6). These electronic medical
record records were also searched to determine if any of
these patients required readmission to one of the
hospitals in the researcher’s hospital system within 5
days of their index visit or admission.

� For readmissions, the electronic medical record records
from the return hospitalization were then also searched
for any discharge diagnosis of head injury (ICD-10-CM
S-06 series) to determine whether they were readmitted
for sequelae of their head injury, and these were
manually reviewed to identify those with intracranial
bleeding (S06.31 to S06.38, S06.4 to S06.6).
Manual chart reviews of any patient records from the

above review with an ICD-10-CM diagnosis of intracranial
bleeding (S06.31 to S06.38, S06.4 to S06.6) were
performed to determine whether follow-up imaging
demonstrated that a dICH had occurred.
Statistical Analyses
Patient characteristics and injury patterns were

compared by preinjury AT status (ATþ versus AT-) using
univariate summary statistics. For continuous variables,
median and interquartile range (IQR) were reported. In
addition, the number and percentage of patients who
received a repeat CT scan were reported (1) by the
preinjury AT status (þ/-) and (2) by specific AT agents
(Tables E1 and E2, available online at http://www.
annemergmed.com). Patients who received and did not
receive a repeat CT scan were analyzed separately for their
outcomes. For categorical outcomes, unadjusted
comparisons by preinjury AT status were performed using
Pearson c2 tests, and absolute differences between groups
and 95% confidence interval (CI) were reported. Fisher’s
exact tests were performed to determine statistical
significance when the sample size was too small, in which
4 Annals of Emergency Medicine
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cases, 95% CIs were unable to be obtained. For continuous
outcomes, bootstrapping (ie, resampling with replacement)
was used to calculate the 95% CI for the difference in
medians between groups.

For patients with a repeat CT scan unadjusted preinjury
AT status comparisons were conducted for the primary and
secondary outcomes. In addition, unadjusted and
multivariable logistic regressions were performed to assess
the association between preinjury AT status and dICH,
with or without adjusting for potential confounders
including age, sex, race, and activation type, mechanism of
injury, injury severity score (ISS), and GCS.

For patients without a repeat CT scan, only secondary
outcomes were compared by preinjury AT status. To assess
the robustness of the results, sensitivity analyses were
performed to (1) analyze patients taking aspirin 81 mg as
their own group or (2) combine them with patients
receiving preinjury AT (ATþ). R software version 4.0.5
was used for all statistical analyses.18 The Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines were utilized in the reporting of this research
(Tables E3, available online at http://www.annemergmed.
com).19
RESULTS
Characteristics of Study Subjects

All 45 Level I and II trauma centers from a national
hospital network were invited to participate in the study.
A total of 5,731 patients from 24 Level I or Level II
trauma centers were screened for eligibility, and 2,950
met eligibility, had complete, nonduplicated records
suitable for analysis, and constituted the sample for
analysis (Figure 1). The study sample included 49.7%
women, 84.8% White, with a median age of 74 years
(IQR: 63 to 83), a median ISS of 4 (IQR: 2 to 5), and
86.2% with a GCS of 15. Of these, 949 (32.2%)
patients received AT therapy prior to the injury. Details
on patient characteristics and injury patterns are
described in Table 1. Compared to patients with no AT
use, those on preinjury AT therapy were older (absolute
difference in medians: 9 years, 95% CI 8.2, 11.1 years),
with a higher proportion of white (absolute difference:
6.6%, 95% CI 3.9%, 9.2%), female patients (absolute
difference: 5.1%, 95% CI 1.2%, 9.1%), having had a
same level fall (absolute difference: 24.1%, 95% CI
20.3%, 28.0%), and lower ISS (absolute difference in
medians: -1.0, 95% CI -1.1, -0.9).

Among the 949 patients (32.2%) taking AT therapy
prior to the injury, 10.0% received aspirin, 17.5%
warfarin, 26.2% clopidogrel, 16.9% apixaban, 10.5%
Volume -, no. - : - 2022

edical Center Poriya from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.

http://www.annemergmed.com
http://www.annemergmed.com
http://www.annemergmed.com
http://www.annemergmed.com


Table 1. Demographics and injury patterns.

Variables All Patients n[2,950 Preinjury AT-n[2,001 Preinjury ATD n[949

Age, y; median [IQR] 74 [63-83] 70 [61-81] 79 [72-86]

Female, n (%) 1,467 (49.7) 962 (48.1) 505 (53.2)

Race, n (%)

White 2,481 (84.8) 1,638 (82.7) 843 (89.3)

Black 249 (8.5) 191 (9.6) 58 (6.1)

Asian 57 (1.9) 45 (2.3) 12 (1.3)

Other 137 (4.7) 106 (5.4) 31 (3.3)

Activation type, n (%)

Full 468 (15.9) 340 (17.0) 128 (13.5)

Partial 1,620 (54.9) 1,036 (51.8) 584 (61.5)

Consult 862 (29.2) 625 (31.2) 237 (25.0)

MOI, n (%)

Same level fall 1,326 (44.9) 744 (37.2) 582 (61.3)

Other fall 578 (19.6) 396 (19.8) 182 (19.2)

MVC 853 (28.9) 699 (34.9) 154 (16.2)

Assault 33 (1.1) 29 (1.4) 4 (0.4)

Motor vehicle nontraffic 43 (1.5) 36 (1.8) 7 (0.7)

Other 117 (4.0) 97 (4.8) 20 (2.1)

GCS of 15, n (%) 2,544 (86.2) 1,710 (85.5) 834 (87.9)

ISS, median [IQR] 4 [2-5] 5 [2-6] 4 [1-5]

AT, Antithrombotic therapy; GCS, Glasgow Coma Scale; IQR, interquartile range [Q1-Q3]; ISS, injury severity score; MOI, mechanism of injury; MVC, motor vehicle crash.
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rivaroxaban, and 10.7% one other single agent. The stated
reasons for receiving AT therapy included atrial fibrillation
(27.0%), history of venous thromboembolism (7.5%), a
single other reason (27.6%), and 2 or more reasons (8.2%),
and no reason listed (29.7%).
Table 2. Outcomes by preinjury antithrombotic therapy status for pati

Variables Total Preinju

All Patients, n 2,950 2,0

Patients with Rescan 280 12

Rescan (%) 9.5 6.

dICH, n (%) 21/280 (7.5) 15/126

Surgical Intervention, n (%) 0 (0.0) 0

Mortality, n (%) 3 (1.1) 0

Hospital LOS,* Median [IQR] 3.0 [1.0-7.0] 4.0 [2

ICU LOS,* Median [IQR] 3.0 [2.0-7.0] 3.0 [2

AT, Antithrombotic therapy; CI, confidence interval; dICH, delayed intracranial hemorrhage
*Hospital and ICU LOS was calculated for patients who had a hospital or ICU stay, respec
†Aspirin 81 mg was considered as preinjury AT-.
‡Statistically significant compared to the preinjury AT- group.
§Fisher’s exact test was performed to determine the statistical significance due to the sm
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Main Results
A total of 280 (9.5%) patients had a repeat brain CT

scan. The frequency of repeat brain CT scans at individual
centers varied between 0% and 62.9% among the 24
trauma centers, with a median of 8.50%, an IQR of 5.02%
ents with a repeat computed tomography (n¼280).

ry AT-† Preinjury ATD
Absolute Change, AT-
to ATD [95% CI]

01 949 -

6 154 -

3 16.2 9.9 [7.3, 12.6]‡

(11.9) 6/154 (3.9) -8.0 [-15.2, -0.9]‡

(0.0) 0 (0.0) 0

(0.0) 3 (1.9) 1.9§

.0-7.0] 3.0 [1.0-6.0] -1.0 [-2.3, 0.3]

.0-7.0] 4.0 [2.0-6.0] 1.0 [-0.8, 3.1]

; ICU, intensive care unit; IQR, interquartile range [Q1-Q3]; LOS, length of stay.
tively.

all sample size; however, it was unable to obtain 95% CI.
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Table 3. Outcomes by preinjury antithrombotic therapy status for patients without a repeat computed tomography (n¼2,670).

Variables Total Preinjury AT-† Preinjury ATD
Absolute Change, AT-
to ATD [95% CI]

Patients without Rescan 2,670 1,875 795 -

Surgical Intervention, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0

Mortality, n (%) 6 (0.2) 1 (0.1) 5 (0.6) 0.6§,‡

Hospital LOS,* Median [IQR] 2.0 [1.0-5.0] 2.0 [1.0-5.0] 3.0 [1.0-5.0] 1.0 [0.4, 2.0]‡

ICU LOS,* Median [IQR] 3.0 [2.0-4.0] 3.0 [2.0-5.0] 3.0 [2.0-4.0] 0.0 [-0.2, 0.2]

AT, Antithrombotic therapy; CI, confidence interval; ICU, intensive care unit; IQR, interquartile range [Q1-Q3]; LOS, length of stay.
*Hospital and ICU LOS was calculated for patients who had a hospital or ICU stay, respectively.
†Aspirin 81 mg was considered as preinjury AT-.
‡Statistically significant compared to the preinjury AT- group.
§Fisher’s exact test was performed to determine the statistical significance due to the small sample size; however, it was unable to obtain 95% CI.
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to 12.20%, and 2 centers having a rescan rate above 50%.
The proportion of patients having a repeat CT scan was
higher in patients on preinjury AT therapy compared to
those not on AT (absolute difference: 9.9%, 95% CI 7.3%,
12.6%; Table 2). Compared to patients not on AT, a
higher proportion of patients taking preinjury warfarin
(absolute difference: 13.0%, 95% CI 6.6%, 19.4%),
clopidogrel (absolute difference: 8.6%, 95% CI 3.8%,
13.1%), apixaban (absolute difference: 18.7%, 95% CI
11.6%, 25.8%) and rivaroxaban (absolute difference:
10.7%, 95% CI 2.7%, 18.7%) received a repeat CT scan,
whereas a lower proportion of patients taking full-dose
aspirin (�325 mg) received a repeat brain CT (3.2% versus
6.3%, based on Fisher’s exact test).

Among 280 patients who had a repeat brain CT scan, 21
(7.5%) had a new intracranial hemorrhage on the repeat
CT scan. A statistically significant difference in the raw
proportion of dICH between patients on preinjury AT
therapy versus those not on AT was observed (absolute
difference: -8.0%, 95% CI -15.2%, -0.9%, Table 2;
unadjusted odds ratio [OR]¼0.30, 95% CI 0.11 to 0.80).
Adjusted logistic regression controlling for age, gender,
race, activation type, mechanism of injury, ISS, and GCS
showed no significant association between preinjury AT
status and dICH (adjusted OR¼1.03, 95% CI 27 to 3.88).
When an omnibus statistical test, ie, Fisher’s exact test, was
performed to compare specific preinjury AT agents to the
patients, not on AT, no difference was found between AT
agent types and dICH rates (Tables E1 and E2, available
online at http://www.annemergmed.com). There were no
cases of surgical intervention for dICH. In addition,
unadjusted comparisons showed no statistically significant
difference in mortality (1.9% versus 0%, based on Fisher’s
exact test), hospital length of stay (absolute difference in
medians: -1.0 day, 95% CI -2.3, 0.3), or ICU length of
6 Annals of Emergency Medicine
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stay (absolute difference in median: 1.0 day, 95% CI -0.8,
3.1; Table 2) for those on preinjury AT versus not on AT.
In the adjusted analysis, there was no significant association
between preinjury AT status and hospital length of stay or
between preinjury AT status and ICU length of stay.

Among 2,670 patients without a repeat CT scan, no
surgical interventions were performed. Compared to those
not on AT, patients on AT had statistically significantly
higher mortality using Fisher’s exact test (0.6% versus
0.1%, Table 3) and had a slightly longer hospital length of
stay (absolute difference in medians: 1.0 day, 95% CI 0.4,
2.0); however, no difference was found for ICU length of
stay (absolute difference in median: 0.0 day, 95% CI -0.2,
0.2). The proportion of admissions from ED was 76.0%
overall, 87.5% for patients with repeat CT scans, and
74.8% for those without repeat CTs. Regardless of the
repeat CT status, patients on preinjury AT had a lower
proportion of admissions from ED (for patients with repeat
CT: absolute difference: -9.9%, 95% CI -17.8%, -1.9%;
for patients without repeat CT: absolute difference: -4.6%,
95% CI -8.4%, -0.8%).

Because of the retrospective nature of this research, a
follow-up brain CT scan was unavailable for all patients.
However, other follow-up data were available on many of
the 2,670 patients without a follow-up brain CT scan
through various data linkages to our enterprise data
warehouse system. For example, as shown in Figure 2, we
were able to obtain follow-up information on nearly all the
2,670 patients as follows:

1. Thousand nine hundred ninety-seven patients were
admitted to the hospital. Their discharge diagnoses
were electronically reviewed for any discharge ICD-
10-CM diagnosis code in the S06 series (brain
injury). The patients with concussions and other
Volume -, no. - : - 2022
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Total sample
(n=2950)

Patients w/ repeat CT
(n=280)

Admitted
(n=245)

Other
(n=2)

Home 
(n=33)

Admitted
(n=1997)

Expired in ED
(n=1)

Home 
(n=628)

Transfers
(n=5)

Other
(n=39)

Patients w/o repeat CT
(n=2670)

Expired in ED
(n=0)

Transfers
(n=0)

Figure 2. Emergency department disposition by repeat computed tomography status. CT, computed tomography; ED, emergency
department.
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nonintracranial hemorrhages (ICHs) discharge
diagnoses were separated from those with S06
diagnoses consistent with ICH (S06.31 to S06.38,
S06.4 to S06.6). The electronic medical records of
patients admitted to the hospital without a second
brain CT scan at the initial encounter and who were
discharged from the hospital with an ICD-10-CM
diagnosis code consistent with dICH were identified.
A manual chart review was then conducted to
confirm that they had imaging showing dICH. Two
potential cases of dICH were identified, both
detected on magnetic resonance imaging (MRI).
These patients had initial CT scans that were negative
for ICH, and because MRI is more sensitive than CT
scan, we are unable to determine if the bleeding
detected on MRI represents an instance of dICH or if
the ICH was present from the outset but was not
detectable on brain CT scan.

2. Six hundred twenty-eight patients without a second
CT scan at the index encounter were discharged
home from the ED, and our enterprise data
warehouse was searched for subsequent admission of
these patients to one of our system hospitals in the 5
days following the index encounter. A total of 87
patients of the entire sample (20 of whom were
discharged home from ED) were admitted to one of
the system hospitals within 5 days of the index
encounter. A manual chart review of their electronic
records was performed, and none of the admissions
were found to be for intracranial bleeding.

Given the above available follow-up data, assuming that
patients without a repeat CT scan did not suffer clinically
significant dICH and survived without surgical
intervention, the proportion of dICH would be 0.6% (6/
[154 with repeat CTþ795 without repeat CT]) for those
on preinjury AT therapy and 0.7% (15/[126 with repeat
CTþ1,875 without repeat CT]) for those not on
AT therapy. All-cause mortality was 0.3% (9/2,950)
Volume -, no. - : - 2022
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and attributable mortality was 0.03% (1/2,950). The single
attributable death was a patient who was on preinjury
warfarin, arrived with a supratherapeutic international
normalized ratio (INR), and suffered a massive dICH, but
the family declined interventions. This patient’s time from
ED to initial CT scan was 20 minutes, and time from ED
to second CT scan was 7.5 hours.

Laboratory test results for INR were available for 68.4%
of patients. Among these patients, there was a statistically
significant difference in INR between patients on preinjury
AT and those not on AT (absolute difference in median:
0.1, 95% CI 0.0, 0.1); however, the small difference is
likely not clinically meaningful. Among the 42 patients
with an INR >3, 7 had a repeat CT scan and none had a
dICH. A total of 26 patients received reversal agents before
a repeat CT scan. A higher proportion of patients on
preinjury warfarin received reversal agents (7.2% [12/
166]); of these patients, 50.0% received vitamin K, 25.0%
prothrombin complex concentrate (human), and 16.7%
plasma.

To determine the effect, if any, of including patients
taking aspirin 81 mg in the group of patients, not on ATs,
sensitivity analyses were performed (1) to analyze patients
on aspirin 81 mg as their own group or (2) to combine
them with patients receiving preinjury ATs. The results of
neither method differed materially from the original results
for primary and secondary outcomes (Tables E4 and E5,
available online at http://www.annemergmed.com).
LIMITATIONS
Our study has several limitations. Beyond the inherent

limitations of a retrospective study design, such as sample
size considerations and the underrepresentation of minority
groups, patients may have developed dICH following their
evaluation at one of the included participating centers and
been managed elsewhere; thus, their ultimate outcome
would not be known. The analysis included the assumption
Annals of Emergency Medicine 7
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that patients who did not have a repeat brain CT scan did
not have a dICH, and although this is likely based on the
available follow-up described above and on rates of dICH
in other available literature, it represents a significant
limitation absent comprehensive follow-up of the patients
in this sample with a brain CT scan. This study is slightly
underpowered (power¼72.4%) given the low detected
frequency of dICH and the low rates of early rescanning
patients in this sample. The patients in this study incurred
predominantly low-energy mechanism of injuries, such as
ground-level falls, which could limit generalizability, but
this may be mitigated by the inclusion of only patients with
a GCS of 14 to 15. Another potential limitation to
generalizability may be the inclusion of only Level I and II
trauma centers and only trauma activations and
consultations. Furthermore, as a multicenter study, the care
practices of participating institutions and provider
decisionmaking may have introduced variances regarding
AT agent reversal and other diagnostic and therapeutic
interventions. As such, inherent selection bias may indicate
the need for repeat imaging in these patients that were not
elucidated in this study and would justify observation and/
or repeat imaging. For example, the care practices of
participating institutions and provider decisionmaking may
have introduced variances regarding AT agent reversal and
other diagnostic and therapeutic interventions. Therefore,
there may be indications for repeat imaging in these
patients that were not elucidated in this study and would
justify observation and/or repeat imaging, emphasizing the
need for a prospective study. As double abstraction was not
conducted, we were also unable to assess an inter-rater
reliability or kappa statistic, but data quality was assured by
chart review and validation of a 10% sample of patient
charts as they were submitted.
DISCUSSION
This is the largest assessment to date of outcomes in

older patients who sustained a mild traumatic brain injury
and had an initial negative brain CT scan. One-third of the
patients were taking ATs prior to the injury. Of the 9.5%
enrolled patients who had a repeat brain CT scan, 7.5%
had dICH detected for an overall rate of less than 1%
dICH for the entire sample. No patients underwent
neurosurgical intervention, and attributable mortality was
0.03%. Additional review of enterprise data warehouse data
supported the assumption that there were few, if any,
additional cases of dICH among patients who did not have
a second CT scan as part of their initial encounter. Our
analysis shows that in this patient group, for those with
initial brain CT imaging showing no acute injury, discharge
8 Annals of Emergency Medicine
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without further imaging or observation may be acceptable
management.

Establishing an evidence-based care process for this
patient group is important because traumatic brain injury is
a major health concern in older patients, and as the
population ages, the problem has become more profound.
According to health statistics data from the Centers for
Disease Control and Prevention, elderly trauma patients, ie,
those aged �75 years, experienced the highest rates of
traumatic brain injury-related hospitalizations (32%) and
associated mortality (28%).20 It is well documented that
traumatic brain injury in older patients is associated
with higher morbidity, mortality, and functional
impairment.21-23 Although much research seems to be
concentrated on severe traumatic brain injury, more than
75% of traumatic brain injury patients in the US
experience a mild traumatic brain injury.24

Current protocols using routine repeat CT scans after
negative initial CT imaging are resource intensive.15

According to a report published in 2015, 6,359 of 100,000
adults aged 65 or older experienced an unintentional
nonfatal fall, resulting in a cost burden of $31billion to the
US health care system.25,26 Li reported that the average cost
to detect a single dICH was $1,016,960 when using a
universal screening protocol.25 Borst et al27 evaluated 1,676
patients on AT therapy with blunt trauma. Only 0.9%
developed dICH identified on the second brain CT
following a negative initial CT scan. None of the patients
with dICH developed a change in neurologic status,
required an intracranial pressure monitor, or underwent
neurosurgical intervention. The total direct cost of the
negative brain CT scans was estimated to be $926,247.
The authors concluded that routine repeat brain CT
imaging in patients with a negative scan on admission is not
cost-effective.

The relatively common use of AT agents in the geriatric
age group presents a challenge in managing traumatic brain
injury. Historically, the primary medications influencing
clot formation were warfarin and aspirin, but there are now
numerous agents that affect platelet function, such as
P2Y12 inhibitors, or those that affect clotting factors, such
as the direct oral anticoagulants (DOACs). In a recent
series of 33,710 patients from 90 US hospitals, Fakhry
et al28 found that the intake of ATs had inconsistent effects
on the risk of traumatic brain injury after ground-level falls
in geriatric patients, suggesting there was a minimal
increased risk of significant bleeding in those taking ATs
compared to those not taking these medications.

Others have investigated the occurrence of dICH in
patients on AT therapy. In their descriptive study,
Barmparas et al29 evaluated the incidence of dICH in
Volume -, no. - : - 2022
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trauma patients on preinjury DOACs, which was found to
be 1.2%. The authors concluded routine head CT scan was
unnecessary, as no patients with dICH required
neurosurgical intervention or died. Studies comparing
DOACs to warfarin have reported inconsistent results. In a
multicenter study by Cohan et al,30 no statistically
significant difference was reported in the incidence of
dICH among patients taking DOACs compared to those
on warfarin. Higher rates of dICH in patients on warfarin
compared to those on DOACs were reported in many
smaller observational studies.31-33 Conversely, among
traumatic brain injury patients on preinjury anticoagulants
who had a repeat brain scan following an initial negative
scan, Cocca et al34 found a 14% incidence of dICH for
those on DOACs compared to 0% on warfarin. Similarly,
Battle et al35 and Mann et al15 reported an increased
incidence of dICH in patients on DOAC therapy
compared to warfarin. The systematic review by Puzio
et al36 of 3,051 patients found the pooled weighted rate of
dICH to be similarly low in DOACs (2.31%) compared to
warfarin (2.43%).

In this study, dICH was uncommon in patients taking
ATs, as well as those not on ATs. In addition, the dICH
rates were low regardless of the AT agent the patient was
taking, with no patient undergoing neurosurgical
intervention. Clinicians appeared to be more concerned
about patients on preinjury AT agents, as there was
significantly more repeat CT scans obtained in patients on
these drugs (16.2% versus 6.3%; Table 2). Similarly,
clinicians appeared more concerned about some AT agents
than others, with varying repeat brain CT scan rates for
patients on warfarin (19.3%), clopidogrel (14.9%),
apixaban (25.0%), and rivaroxaban (17.0%), all
significantly higher compared to the rate for patients not
taking AT agents (6.3%). Whether or not aspirin 81 mg
per day was considered an AT agent had no association
with the outcome per our sensitivity analysis; thus, the
initial classification of aspirin 81 mg intake as AT- did not
affect the results. Adjusted logistic regression controlling for
age, sex, race, activation type, mechanism of injury, ISS,
and GCS showed no significant association between
preinjury AT status and dICH (adjusted OR,1.03; 95%
CI, 0.27 to 3.88). Based on these findings, neither
preinjury AT status nor the intake of any particular AT
agent appears to be a major driver of the decision to obtain
repeat imaging in these patients, absent other indications.

Because of the retrospective nature of this research, a
follow-up CT scan was unavailable for all patients in our
sample. To remedy this limitation, we performed
additional data linkages to our enterprise data warehouse in
an effort to secure follow-up information on the patients
Volume -, no. - : - 2022
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who did not have a repeat brain CT scan as part of their
initial encounter. The review of the hospital discharge
diagnoses of 1,997 patients who did not have a second
brain CT initially, but were hospitalized, revealed there
were 2 potential cases of dICH detected on MRI. The
search of our system enterprise data warehouse for
readmissions for the 628 patients who were discharged
home from the ED revealed that 87 patients (20 of whom
were discharged home from ED) were readmitted to one of
our system hospitals, and a manual chart review confirmed
that none were readmitted for dICH. It is important to
note that patients do not always return to the same
hospital: Hsia et al37 determined that 18.9% of California
adults with a traumatic brain injury diagnosis sought care at
a different hospital following their initial visit. Brito et al38

found that 16.4% of traumatic brain injury patients sought
further care at a different facility than the one they initially
presented. This additional follow-up review, coupled with
the absence of neurosurgical intervention and additional
attributable mortality, reinforces our assumption that the
vast majority of patients did not sustain dICH and
supported the estimate of a <1% dICH in these patients.

In conclusion, this multicenter, retrospective,
observational study of 2,950 enrolled patients, 949 of
whom were on AT medications, demonstrates that in older
patients with an initial GCS of 14 to 15 and a negative
initial brain CT scan, the rate of dICH is small and is
associated with a minimal clinical consequence, regardless
of AT use. Furthermore, no patient had an operative
neurosurgical intervention, and the attributable mortality
was very low. Therefore, the practice of routinely keeping
patients for observation or repeating a brain CT scan
following an initial negative scan does not appear to be
supported based on the findings of this study. However,
selected patients may be rescanned or observed based on
unique clinical findings of concern to the physician. These
results should be confirmed in a large, prospective
validation study.
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