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, Abstract—Background: Delayed intracranial hemor-
rhage is a potential complication of head trauma in anticoa-
gulated patients. Objective: Our aim was to use a systematic
review and meta-analysis to determine the risk of delayed
intracranial hemorrhage 24 h after head trauma in patients
who have a normal initial brain computed tomography (CT)
scan but took vitamin K antagonist before injury. Methods:
EMBASE, Medline, and Cochrane Library were searched
using controlled vocabulary and keywords. Retrospective
and prospective observational studies were included. Out-
comes included positive CT scan 24 h post-trauma, need
for surgical intervention, or death. Pooled risk was esti-
mated with logit proportion in a random effect model with
95% confidence intervals (CIs). Results: Seven publications
were identified encompassing 1,594 patients that were
rescanned after a normal first head scan. For these patients,
the pooled estimate of the incidence of intracranial hemor-
rhage on the second CT scan 24 h later was 0.60% (95%
CI 0–1.2%) and the resulting risk of neurosurgical interven-
tion or death was 0.13% (95%CI 0.02–0.45%). Conclusions:
The present study is the first published meta-analysis esti-
mating the risk of delayed intracranial hemorrhage 24 h
after head trauma in patients anticoagulated with vitamin
K antagonist and normal initial CT scan. In most situations,
a repeat CT scan in the emergency department 24 h later is
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not necessary if the first CT scan is normal. Special caremay
be required for patients with serious mechanism of injury,
patients showing signs of neurologic deterioration, and
patients presenting with excessive anticoagulation or
receiving antiplatelet co-medication. � 2016 Elsevier Inc.
All rights reserved.

, Keywords—traumatic brain injury; delayed intracra-
nial hemorrhage; anticoagulation therapy; coagulopathy;
vitamin K antagonist
INTRODUCTION

Traumatic brain injury represents a major health and
socioeconomic problem in high-income countries, where
it is the leading cause of morbidity and mortality among
young individuals, with an incidence of 100–300 per
100,000 (1,2). These commonly seen injuries in the
emergency department (ED) require rapid diagnosis
and proper management in order to improve patient
outcomes (3). The initial evaluation of patients includes
computed tomography (CT) scans of the brain to quickly
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determine the type and extent of injury as well as to select
the optimal management strategy (4,5). The role of the
first CT scan, as well as supplemental ones in cases of
rapid neurologic deterioration, is well accepted (6). How-
ever, the importance of repeated scans for anticoagulated
patients suffering from a mild traumatic brain injury with
a normal initial head CT scan is not clearly established in
current guidelines.

Several studies suggest that anticoagulated patients
are exposed to an increased risk of intracranial hemor-
rhage (ICH) after head trauma (7–10). In addition,
usage of oral anticoagulants is rapidly increasing in the
elderly population (11,12). With the anticipated growth
of this population and the increasing number of head
injury patients seen in the ED, the clinical dilemmas
surrounding these patients become increasingly rele-
vant. Among elderly patients suffering a fall, long-term
anticoagulation has been shown to not only increase the
incidence of ICHwhen compared to those not taking anti-
coagulant, but also to increase the mortality of those
suffering an ICH (13,14).

Delayed ICH is a potential complication of head
trauma in anticoagulated patients after an initial normal
head CT scan. Although clinical decision rules exist to
help determine which patients suffering from a head
injury require a head CT scan, these rules do not apply
to anticoagulated patients. Some guidelines suggest that
all anticoagulated patients with head injury should
undergo strict observation during the first 24 h and have
a control CT before discharge (15–18). Recent National
Institute for Health and Care Excellence guidelines now
propose secondary scans at delays ranging from 7 days
up to 1 month (19). However, these recommendations
are not based on studies looking at the prevalence of
delayed ICH. Other guidelines rather propose to proceed
with community follow-up in cases of mild traumatic
brain injury (20).

The aim of this study was to conduct a systematic
review and meta-analysis to estimate the 24-h risk of
delayed ICH in anticoagulated patients with mild trau-
matic brain injury and normal initial brainCT, considering
the wide range of reported incidence of delayed ICH (0–
11% using confidence interval [CI]) and that no meta-
analysis has ever been published on this specific topic.
Figure 1. Operational definition of mild traumatic brain injury
(MTBI) as recommended by The World Health Organization
(WHO) Collaborating Centre Task Force on Mild Traumatic
Brain Injury in Carroll et al. (23).
METHODS

The methodological approach followed for this system-
atic review and meta-analysis was based upon the
MOOSE (Meta-Analysis of Observational Studies in
Epidemiology) methodology and the PRISMA-P
(Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols) 2015 statement (21,22).
Search Strategy

EMBASE, MEDLINE, and Cochrane Library were
searched using controlled vocabulary and keywords
without language or date limitations. Search terms were
as follows for our MEDLINE strategy: ((((hemorrhage
[MeSH Terms] OR intracranial hemorrhage[MeSH
Terms] OR brain hemorrhage[MeSH Terms] OR delayed
bleeding[Title/Abstract] OR delayed hemorrha*[Title/
Abstract]))) AND ((tbi[Title/Abstract] OR traumatic
brain injury[Title/Abstract] OR craniocerebral trauma
[MeSH Terms] OR brain injury, chronic[MeSH Terms]
OR brain injuries[MeSH Terms]))) AND ((coumadins
[MeSH Terms] OR warfarin[MeSH Terms] OR anticoag-
ulants[MeSH Terms])). A similar but specific strategy
was used for EMBASE. We also searched the grey liter-
ature with the following databases using the same key-
words: OpenSIGLE, New York Academy of Medicine
(Grey Literature Collection), Greylit.org, and Google
Scholar. All database searches were done under the guid-
ance of an information specialist. Attempts were made to
contact authors of all selected manuscripts to ensure data
content and complete cases of missing information. Ref-
erences from eligible studies were also screened for other
relevant publications.

Identification of Studies

Studies retained for our systematic review were: random-
ized controlled trials, prospective or retrospective cohort
studies, case-control studies, or cross-sectional studies.
To be included, studies had to focus mainly on patients
with mild traumatic brain injury (see Figure 1 for defini-
tion by Carroll et al.), who used vitamin K antagonist
before injury, who were scanned on hospital presentation,
and whose initial scan was normal (23). Delayed ICHwas
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defined as any intracranial bleeding detected on the sub-
sequent CT scan. Studies were included only if the sec-
ondary CT scan was performed within 24 h of initial
investigation.

Studies were independently screened for inclusion by
three physicians (JMC, FB, and ML), with the require-
ment of a unanimous selection. All selected publications
were then fully read by the two reviewers (JMC andMM)
for inclusion. Disagreement was resolved by consensus
among authors.

Outcomes

For this systematic review and meta-analysis, any sign of
bleeding on the subsequent CT scan was considered as an
event for the primary outcome. Neurosurgical interven-
tion and death were considered as secondary outcomes.

Data Collection and Processing

Data from the selected publications were extracted by
two authors (JMC and MM) using an adapted standard-
ized data extraction form derived from Reljic et al.
(24). All disagreements during this stage were resolved
by consensus with the help of a third author (RD).

The following study characteristics were recorded in
all cases: study design, patients characteristics (interna-
tional normalized ratio [INR], age, sex), inclusion and
exclusion criteria, antiplatelet therapy co-medication,
mechanism of injury, number of patients, time of first
and second head CT scans, bleeding description, and out-
comes. Study authors were contacted for precisions when
data could not be extracted from the original full text
without ambiguity, or in cases of conference abstracts
without full text publication. Studies with unresolved
uncertainties were excluded.

Two authors independently assessed the study risk of
bias (JMC, MM). Each study was evaluated using the
Newcastle-Ottawa Scale to assess the quality of cohort
studies in meta-analyses (25). This tool was developed
to assess the quality of non-randomized studies based
on their design, content, and ease of use directed to the
task of incorporating the quality assessments in the inter-
pretation of meta-analytic results. With this system,
studies are judged on three broad perspectives. In the
selection category (maximum of four stars), studies
received points if the cohort was representative (meaning
the same type of patients who are typically kept for a 24-h
observation period in the ED), if data were confirmed
through secured records, and if there was a confirmation
that the outcome was not present at the start of the study.
There was also a point for a control cohort, which none
of the studies included. A maximum of two stars was
awarded in the comparability category. The first star
was given if the study controlled for the most important
factor, INR in our case. The second star could be awarded
if significant secondary factors were considered (anti-
platelet co-medication, age, mechanism of injury). Three
stars were awarded in the outcome category if the
outcome assessments were blinded or obtained from
linked records, if the follow-up period was long enough
(at least 24 h), and if all subjects were accounted for at
the end of the study (<10% of lost to follow-up). All
studies were kept regardless of their quality. Their evalu-
ation is reported in the Results section.

Patients’ Inclusion Criteria

In the selected studies, the data concerning a patient were
extracted for analysis if: the patient was using vitamin K
antagonist before injury, was victim of a mild traumatic
brain injury, had a normal initial head scan on presenta-
tion, and was subsequently rescanned within 24 h. The
24 h cutoff is important because it represents the guide-
lines recommended observation period. Furthermore,
looking at delayed ICH in patients for up to 1 month after
the initial evaluation is not realistic or practical, plus it
is impossible to exclude the possibility of a second
traumatic incident causing a new ICH. Thus, our study
population is exclusively composed of patients with
an initially normal brain scan who were subsequently
rescanned within 24 h.

Primary Data Analysis

The proportion of patients with delayed bleeding (posi-
tive subsequent scan) over the total number of patients
undergoing repeat CT scans (our selected population)
was used to conduct a single-arm meta-analysis. We
used logit proportion transformation to estimate the
pooled risk of presenting delayed bleeding. The pooled
proportion was calculated as a back-transformation of
the weighted mean of the transformed proportions (logit)
using a random effect model (26). Possible heterogeneity
was tested with c2 and I2 tests. Descriptive statistics were
generated with SPSS software, version 22.0 (released
2013, IBM Corp, Armonk, NY) and meta-analyses
were performed with OpenMeta-Analyst software (http://
www.cebm.brown.edu/open_meta). CIs were calculated
with an a of 0.05.
RESULTS

Study Selection

The literature search was conducted in December 2014,
with an update in September 2015 (Figure 2). This search
yielded 892 unique citations, of which 89 full texts were
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Figure 2. Flow diagram depicting the selection process for
studies to be included into the systematic review.
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reviewed by the authors, 12 studies were carefully consid-
ered, and 7 studies ended up meeting the final inclusion
criteria, for a total of 1594 patients (27–38).

Exclusions

From the 12 studies identified, 5 had to be excluded from
our meta-analysis. In the first study, only 4 of 346 patients
were on warfarin before injury; the focus of this study
was clearly not on warfarin-anticoagulated patients
(34). Of note, none of the 4 patients had any significant
findings on the second scan. Given the small sample
size, we decided not to include these results in our anal-
ysis. In the second excluded study, the authors described
a 1.19% (2 of 168) rate of delayed ICH (35). However,
almost all patients had a positive initial scan (166 of
168 or 98.8%), while the 2 remaining patients were found
to be positive on the subsequent CT scan. No data were
available for patients with a normal initial scan, prevent-
ing the estimation of proportion of patients with delayed
ICH. The third was a systematic review on delayed ICH
in anticoagulated patients without any meta-analysis
calculation (36). The last two studies were conference
abstracts and were not retained for the following reasons:
2 of 130 patients had delayed ICH, however, no time
frame was associated with the second CT scan (37); 1
patient on warfarin developed a delayed ICH, however,
data on prior anticoagulant use were available for that pa-
tient only and not for the remainder of the cohort (38).

Selected Studies

The characteristics of included studies are reported in
Table 1, while the details of the patient population are
in Table 2. Four of the studies were retrospective and
two involved more than one center (28–30,32,33). The
sample size of the studies ranged from 58 to 687
patients, with a median of 137 patients. The mean age
was 76.9 years, 55.6% of the patients were female, the
Glasgow Coma Score was 15 for almost all patients,
mean INR was 2.8, and the most common cause of
injury was falls (79.2%). The overall incidence (number
of new ICH cases during the first 24 h) of delayed ICH
as reported in the included studies ranged from 0 to
6% (or up to 11% when considering CI). This wide
disparity in results generated moderate statistical
heterogeneity (I2 = 42.8%). We chose to use the
random effect model in our meta-analysis due to this
apparent clinical heterogeneity in order to obtain a
broader CI and err on the side of patients’ safety.

Risk of Bias

The overall quality of the studies was moderate, mostly
with respect to unclear or missing information, but
none of the included studies contained biases that were
deemed significant enough to justify exclusion. Two
studies had a higher risk of bias. The main concern
with these two papers was the short delay before the sec-
ond CT scan, at 8.8 h and 6.0 h, respectively (28,32). For
each study, the quality of the individual components is
presented in Table 3.

Outcomes

Data on delayed intracranial bleeding were extracted
from the 7 selected studies to generate the Forest plot
for the overall risk of delayed ICH presented in
Figure 3. Regarding the primary outcome (risk of delayed
ICH), we reported signs of intracranial bleeding within
24 h in 14 of 1,594 patients. The nature and localization
of the bleeding are reported in Table 3. Thus, the pooled
estimated overall risk of delayed bleeding was 0.6%
(95% CI 0–1.2%). In a sensitivity analysis including
data from excluded studies, the risk of delayed bleeding
did not change significantly (pooled estimate = 0.5%,
95% CI 0.1–0.9%) (34,35,37,38). The patients with
delayed ICH were mostly male (10 of 14 or 71%), with
a mean age of 79.1 6 8.5 years, and an INR of
2.71 6 0.92 at presentation (Table 4). Because we only
had the INR for a limited number of patients and never
for patients without delayed ICH, it was impossible to
determine the impact of this variable. Falls were the
most common mechanism of injury (6 of 13) within the
group of affected patients.

Careful examination of the 13 patients with known
outcomes revealed that only 1 required surgical interven-
tion, while another died from his injuries (there was also
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one case of unrelated death). All other patients were
discharged without any further clinical interventions.
The resulting risk of clinically relevant poor outcomes
(secondary outcomes of neurosurgical intervention and
death) was thus 0.13% (95% CI 0.02–0.45%) (2 of
1,594).

DISCUSSION

We have conducted a systematic review and meta-
analysis of delayed ICH in patients with mild traumatic
brain injury who were anticoagulated with vitamin K
antagonists before injury. We report a combined 0.6%
(95% CI 0–1.2%) incidence of delayed ICH and conclude
that repeated CT scans 24 h after an initial normal imag-
ing are not necessary in most situations.

The overall quality of the studies was moderate,
mostly because of their observational design and missing
or unclear data. However, the results were consistent
throughout the seven studies, with one exception. It is
possible that the higher prevalence of delayed ICH found
in the study by the Menditto group was inflated by the in-
clusion of a very high proportion of patients involved in
motor vehicle accidents (79%) compared to other study
populations (4–11.8%) (27). This serious mechanism of
injury may have led to a different and more severely
injured patient cohort. It may be warranted to explore
the different mechanisms of mild traumatic brain injury
and their relative influence on the prevalence of delayed
ICH.

For the majority of the 14 patients with the primary
outcome, the extent of bleeding on the second scan was
minor and no further clinical intervention was necessary
(85% of patients with delayed bleeding). Bleeding signs
not requiring further treatment are an outcome that is
commonly recognized as clinically insignificant, and
their clinical importance has to be questioned. The inci-
dence of more important patient outcomes, such as neuro-
surgical intervention and death, should probably be
considered instead (39). Interestingly, the risk of clini-
cally significant outcomes causing death or requiring
neurologic surgery was only 0.13% (2 of 1,594).

It is important to mention that there were a few addi-
tional patients presenting significant outcomes (neurosur-
gical intervention and death) who were not included in
the analysis because their outcomes occurred after more
than 24 h. In all, 9 patients presented themselves to the
ED at a time point ranging from 2 to 28 days after the first
24 h of observation (2, 3, and 4 patients, respectively,
in the studies by Menditto et al., Nishijima et al., and
Schoonman et al.) and 2 of them had clinically signifi-
cant adverse outcomes (27,29,30). Consequently, these
delayed hemorrhages would probably not have been
detected during a 24-h observation period and, despite



Table 2. Patient Population Characteristics from All Selected Papers*

First Author Kaen (31) Peck (28) Menditto (27) Nishijima (29) Schoonman (30) Taylor (33) McCammack (32)

Year 2010 2011 2012 2012 2014 2012 2015
Design Prospective Retrospective Prospective Prospective Retrospective Retrospective Retrospective
Site (n) Single Single TC I Single TC II Multiple (6) Single TC I Multiple (2) Single
n/N (included/total) 137 289/424 87/97 687/768 211 58 125/144
Age (y), mean (SD) 76 (9) 75 (13.6) 82 (9) 75.3 (13) 77 (11.7) 79 73.8
Female, n (%) 92 (67) 214 (50.5) 55 (63.2) 406 (52.9) 114 (54) 76 (48) 77 (53.5)
GCS, mean (SD) 14.9 (0.3) 14.8 (0.9) 15 (0) — — — 14.9
GCS = 15 122 (89) — 87 (100) 674 (87.8) — — —
GCS = 14 15 (11) — 0 73 (10) — — —
GCS = 13 0 — 0 — — — —
GCS < 13 — — — 21 (2.7) — — —

Headache, n (%) 34 (25) — 3 (3) 239 (31.1) — — —
Vomiting, n (%) 27 (20) — 3 (3) 34 (4.4) — — —
LOC, n (%) 14 (10) 131 (35.7) 16 (18) 136 (17.7) — — 38 (26.5)
Amnesia, n (%) 6 (4.3) — 4 (5) — — — —
Seizure, n (%) 2 (1.7) — — — — — —
Scalp wound, n (%) 38 (28) — — 448 (61.8) — — —
Focal deficit, n (%) — 17 (4.0) 0 — — — —
Fall, n (%) 122 (89) 357 (84.2) 18 (21) 644 (83.9) 155 (73.5) — —
Traffic accident, n (%) 7 (5) 38 (9) 69 (79) 32 (4.2) 25 (11.8) — —
Assault, n (%) 4 (3) — — — — — —
Direct impact, n (%) 2 (1.7) — — 45 (5.9) 8 (3.8) — —
Pedestrian struck, n (%) 2 (1.7) — — 4 (0.5) — — —
Associated injury, n (%) 29 (21) — 30 (34) — — — —
INR, mean (SD) 3.8 (1.2) 2.5 (1.2) 2.34 2.5 3.37 (1.46) — 2.4
Concomitant antiplatelet, n (%) 3 (2.2) 25 (5.9) 0 19 (2.5) — 5 (8.6) —
ISS, mean (SD) — 4.9 (3.7) — — — — —
Delay (h) before second CT, mean (SD) 19.8 8.8 (10.2) — Variable — 17.1 6

CT = computed tomography; GCS = Glasgow Coma Scale; INR = international normalized ratio; ISS = Injury Severity Score; LOC = loss of consciousness; SD = standard deviation;
TC = trauma center.
* n (%) extracted directly from publications.
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Table 3. Quality Assessment of All Included Studies Using
the Newcastle-Ottawa Scale for Selection,
Comparability, and Outcome

First Author
Selection

(Maximum ****)
Comparability
(Maximum **)

Outcome
(Maximum ***)

Kaen (31) *** ** ***
Peck (28) *** ** **
Menditto (27) *** — **
Nishijima (29) *** ** ***
Schoonman (30) *** ** **
Taylor (33) ** ** ***
McCammack (32) ** * *

Risk of Delayed Intracranial Hemorrhage Post-MTBI 7
their significance (a risk of significant outcomes at 0.13%
[2 of 1,594], which is identical to the risk seen during the
first 24 h of observation), these cases certainly do not
justify keeping the patients after a normal first scan for
such lengthy periods. Even when following the practice
guidelines, these patients would have been discharged.
Furthermore, the incidence of delayed hemorrhage
described in our study does not warrant the risk of a pro-
longed hospital stay and supplemental scan. Patients and
their family would benefit far more from being properly
educated on the relative risk of delayed hemorrhage and
being presented with a list of symptoms to monitor with
the mention that they should come back to the ED for
further investigations should any of the symptoms appear.

The recent review by Miller et al. also covers delayed
ICH, but without taking into account the 24-h observation
period currently proposed by the guidelines or the strict
requirement of only including patients that had a normal
initial CT scan in their cohort (36). These two key ele-
ments, plus the fact that they missed some papers while
adding an irrelevant one, drastically changed the number
of included patients. We also believe that by adding the
meta-analysis calculations, we obtained a better interpre-
tation of the overall data.
Figure 3. Forest plot of associated risk of delayed intracranial he
brain scan) in patients anticoagulated with vitamin K antagonist.
Although our current review of the literature does not
support a routine hospital observation for 24 h or repeat
cranial CT scans in all patients suffering from mild trau-
matic brain injury with a normal initial scan who were
anticoagulated with vitamin K antagonist before injury,
this course may still be warranted in specific patients
presenting increased risk of delayed bleeding. These
include patients with supratherapeutic INR levels
(elevated INR > 3.0), with more serious mechanisms of
injury (e.g., traffic accident), or with concomitant anti-
platelet therapy (27,40). Also, patients living alone or
with family members unable to monitor signs of
neurologic deterioration, patients unable to return to the
ED, or patients unable to understand the discharge
advice could potentially be kept under observation for a
supplemental period of time. In order to determine
appropriate management, further studies are needed to
identify and better describe the patients who are at
higher risk of delayed bleeding. Even with the current
evidence, it is important to remember that a generic
approach may not be warranted, and that the
physician’s judgment should prevail if associated risk
factors are encountered.

Limitations

This systematic review presents several limitations. The
most important one is the small amount of available
data, combined with the fact that retrospective or obser-
vational studies restrict the quality of evidence. Risk fac-
tors were also not accounted for in the different studies,
reducing the perspective of secondary analyses. More
thorough studies might be needed to determine with
more certainty whether associated injuries had an effect
on the incidence of ICH. Nonetheless, studies that were
retained for the analysis were consistent and did not
present a significant risk of bias.
morrhage after mild brain traumatic injury (24 h post normal
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The timing of the first and second scans is also a poten-
tial source of bias. In itself, the timing of the first scan in
relation to the event was rarely reported in the selected
studies. This could potentially affect our primary
outcome because delaying the first scan increases its
chance of being positive (at least after 6 h post-injury).
Likewise, the second scan was conducted only 6 h post-
intervention in two studies (28,32). This short delay
with regards to the 24-h observation period stated in the
research question may have artificially lowered the inci-
dence of delayed bleeding, as determined by our analysis.
However, it is important to note that these studies did not
report cases of delayed bleeding during the follow-up
period.

We are aware that newer anticoagulation agents are
gaining widespread use, even supplanting warfarin in
certain clinical settings. However, it was impossible for
us to report on these direct-acting oral anticoagulants
due to the absence of publications on this novel class of
agents.

CONCLUSIONS

The aim of this meta-analysis was to assess the risk of
delayed intracerebral bleeding in patients suffering a
mild traumatic brain injury who have been anticoagulated
with vitamin K antagonist before injury. We found that
the incidence of delayed bleeding in patients with an
initially normal head scan was very low at 0.6%. Further-
more, 85% of the patients with delayed hemorrhage did
not require clinical intervention, reducing even further
the risk of significant outcomes to 0.13%. This risk is
sufficiently low to justify discharging the patients after
the initial evaluation by a physician when the first scan
is negative.
REFERENCES

1. Maas AI, Stocchetti N, Bullock R. Moderate and severe traumatic
brain injury in adults. Lancet Neurol 2008;7:728–41.

2. Cassidy JD, Carroll LJ, Peloso PM, et al. Incidence, risk factors and
prevention of mild traumatic brain injury: results of the WHO
Collaborating Centre Task Force on Mild Traumatic Brain Injury.
J Rehabil Med 2004;28–60.

3. Kim JJ, Gean AD. Imaging for the diagnosis and management of
traumatic brain injury. Neurotherapeutics 2011;8:39–53.

4. Thomas BW, Mejia VA, Maxwell RA, et al. Scheduled repeat CT
scanning for traumatic brain injury remains important in assessing
head injury progression. J Am Coll Surg 2010;210:824–30. 831–2.

5. Muakkassa FF, Marley RA, Paranjape C, Horattas E, Salvator A,
Muakkassa K. Predictors of new findings on repeat head CT scan
in blunt trauma patients with an initially negative head CT scan.
J Am Coll Surg 2012;214:965–72.

6. Vos PE, AlekseenkoY, Battistin L, et al. Mild traumatic brain injury.
Eur J Neurol 2012;19:191–8.

7. Batchelor JS, Grayson A. Ameta-analysis to determine the effect of
anticoagulation onmortality in patients with blunt head trauma. Br J
Neurosurg 2012;26:525–30.

http://refhub.elsevier.com/S0736-4679(16)30175-5/sref1
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref1
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref2
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref2
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref2
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref2
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref3
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref3
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref4
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref4
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref4
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref5
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref5
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref5
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref5
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref6
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref6
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref7
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref7
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref7


Risk of Delayed Intracranial Hemorrhage Post-MTBI 9
8. Mina AA, Knipfer JF, Park DY, Bair HA, Howells GA, Bendick PJ.
Intracranial complications of preinjury anticoagulation in trauma
patients with head injury. J Trauma 2002;53:668–72.

9. Cohen DB, Rinker C, Wilberger JE. Traumatic brain injury in anti-
coagulated patients. J Trauma 2006;60:553–7.

10. Li J, Brown J, Levine M. Mild head injury, anticoagulants, and risk
of intracranial injury. Lancet 2001;357:771–2.

11. Siracuse JJ, Robich MP, Gautam S, Kasper EM, Moorman DW,
Hauser CJ. Antiplatelet agents, warfarin, and epidemic intracranial
hemorrhage. Surgery 2010;148:724–9. discussion 9–30.

12. Dossett LA, Riesel JN, Griffin MR, Cotton BA. Prevalence and im-
plications of preinjury warfarin use: an analysis of the National
Trauma Databank. Arch Surg 2011;146:565–70.

13. Pieracci FM, Eachempati SR, Shou J, Hydo LJ, Barie PS. Use of
long-term anticoagulation is associated with traumatic intracranial
hemorrhage and subsequent mortality in elderly patients hospital-
ized after falls: analysis of the NewYork State Administrative Data-
base. J Trauma 2007;63:519–24.

14. Grandhi R, Harrison G, Voronovich Z, et al. Preinjury warfarin, but
not antiplatelet medications, increasesmortality in elderly traumatic
brain injury patients. J Trauma Acute Care Surg 2015;78:614–21.

15. Unden J, Ingebrigtsen T, Romner B. Scandinavian guidelines for
initial management of minimal, mild and moderate head injuries
in adults: an evidence and consensus-based update. BMC Med
2013;11:50.

16. Vos PE, Battistin L, Birbamer G, et al. EFNS guideline onmild trau-
matic brain injury: report of an EFNS task force. Eur J Neurol 2002;
9:207–19.

17. Jagoda AS, Bazarian JJ, Bruns JJ Jr, et al. Clinical policy: neuroi-
maging and decisionmaking in adult mild traumatic brain injury
in the acute setting. Ann Emerg Med 2008;52:714–48.

18. Servadei F, Teasdale G,Merry G. Defining acute mild head injury in
adults: a proposal based on prognostic factors, diagnosis, and man-
agement. J Neurotrauma 2001;18:657–64.

19. National Institute for Health and Care Excellence. Head Injury:
Triage, Assessment, Investigation and Early Management of Head
Injury in Children, Young People and Adults. London, UK:
NICE; 2014.

20. Motor Accidents Authority NSW 2008. Guidelines for Mild Trau-
matic Brain Injury Following Closed Head Injury. New South
Wales, Australia: Motor Accidents Authority NSW; 2013.

21. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-
analysis of Observational Studies in Epidemiology (MOOSE)
group. JAMA 2000;283:2008–12.

22. Moher D, Shamseer L, ClarkeM, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

23. Carroll LJ, Cassidy JD, Holm L, Kraus J, Coronado VG. Methodo-
logical issues and research recommendations for mild traumatic
brain injury: the WHO Collaborating Centre Task Force on Mild
Traumatic Brain Injury. J Rehabil Med 2004;113–25.

24. Reljic T, Mahony H, Djulbegovic B, et al. Value of repeat head
computed tomography after traumatic brain injury: systematic
review and meta-analysis. J Neurotrauma 2014;31:78–98.

25. GAWells, D O’Connell, J Peterson, V Welch, M Losos, P Tugwell.
The Newcastle-Ottawa Scale (NOS) for assessing the quality
of nonrandomised studies in meta-analyses. http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp. Accessed May 25,
2015.

26. Stuart A, Ord K. Kendall’s Advanced Theory of Statistics. New
York: John Wiley and Sons, Inc.; 1994.

27. Menditto VG, Lucci M, Polonara S, Pomponio G, Gabrielli A.
Management of minor head injury in patients receiving oral antico-
agulant therapy: a prospective study of a 24-hour observation proto-
col. Ann Emerg Med 2012;59:451–5.

28. Peck KA, Sise CB, Shackford SR, et al. Delayed intracranial hem-
orrhage after blunt trauma: are patients on preinjury anticoagulants
and prescription antiplatelet agents at risk? J Trauma 2011;71:
1600–4.

29. Nishijima DK, Offerman SR, Ballard DW, et al. Immediate and
delayed traumatic intracranial hemorrhage in patients with head
trauma and preinjury warfarin or clopidogrel use. Ann Emerg
Med 2012;59:460–46817.

30. SchoonmanGG, Bakker DP, Jellema K. Low risk of late intracranial
complications inmild traumatic brain injury patients using oral anti-
coagulation after an initial normal brain computed tomography
scan: education instead of hospitalization. Eur J Neurol 2014;21:
1021–5.

31. Kaen A, Jimenez-Roldan L, Arrese I, et al. The value of sequential
computed tomography scanning in anticoagulated patients suffering
from minor head injury. J Trauma 2010;68:895–8.

32. McCammack KC, Sadler C, Guo Y, Ramaswamy RS, Farid N.
Routine repeat head CT may not be indicated in patients on antico-
agulant/antiplatelet therapy following mild traumatic brain injury.
West J Emerg Med 2015;16:43–9.

33. Taylor K, Lymburner P, Challen J. Medical imaging in emergency
medicine: assessing the use of serial imaging to screen for delayed
intracranial haemorrhage in patients on anticoagulant and antiplate-
let therapy. J Med Imaging Radiat Oncol 2012;56(Supplement 1):
146–7.

34. Eroglu SE, Onur O, Ozkaya S, Denizbasi A, Demir H, Ozpolat C.
Analysis of repeated CT scan need in blunt head trauma. Emerg
Med Int 2013;2013:916253.

35. Docimo S Jr, Demin A, Vinces F. Patients with blunt head trauma on
anticoagulation and antiplatelet medications: can they be safely dis-
charged after a normal initial cranial computed tomography scan?
Am Surg 2014;80:610–3.

36. Miller J, Lieberman L, Nahab B, et al. Delayed intracranial hemor-
rhage in the anticoagulated patient: a systematic review. J Trauma
Acute Care Surg 2015;79:310–3.

37. Swap C, Silver M, Krauss W, Sidell M, Ogaz R. Risk of intracere-
bral hemorrhage on repeat head computed tomography scan in anti-
coagulated patients. Ann Emerg Med 2012;60:S151.

38. Hill J. Delayed ICH in the anticoagulated blunt trauma patient:
routine repeat head CT is unnecessary. Crit Care Med 2013;41:
S12.

39. Cohn B, Keim SM, Sanders AB. Can anticoagulated patients be dis-
charged home safely from the emergency department after minor
head injury? J Emerg Med 2014;46:410–7.

40. Pieracci FM, Eachempati SR, Shou J, Hydo LJ, Barie PS. Degree
of anticoagulation, but not warfarin use itself, predicts adverse
outcomes after traumatic brain injury in elderly trauma patients.
J Trauma 2007;63:525–30.

http://refhub.elsevier.com/S0736-4679(16)30175-5/sref8
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref8
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref8
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref9
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref9
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref10
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref10
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref11
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref11
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref11
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref12
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref12
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref12
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref13
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref13
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref13
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref13
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref13
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref14
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref14
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref14
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref15
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref15
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref15
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref15
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref16
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref16
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref16
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref17
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref17
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref17
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref18
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref18
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref18
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref19
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref19
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref19
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref19
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref20
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref20
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref20
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref21
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref21
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref21
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref21
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref22
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref22
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref22
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref23
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref23
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref23
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref23
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref24
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref24
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref24
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref26
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref26
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref27
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref27
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref27
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref27
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref28
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref28
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref28
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref28
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref29
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref29
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref29
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref29
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref30
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref30
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref30
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref30
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref30
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref31
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref31
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref31
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref32
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref32
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref32
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref32
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref33
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref33
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref33
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref33
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref33
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref34
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref34
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref34
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref35
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref35
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref35
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref35
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref36
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref36
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref36
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref37
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref37
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref37
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref38
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref38
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref38
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref39
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref39
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref39
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref40
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref40
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref40
http://refhub.elsevier.com/S0736-4679(16)30175-5/sref40


10 J.-M. Chauny et al.
ARTICLE SUMMARY

1. Why is this topic important?
Delayed intracranial hemorrhage is a potential compli-

cation of head trauma in anticoagulated patients after an
initial normal head computed tomography (CT) scan.
Current guidelines suggest a 24-h observation period
ending with a control scan.
2. What does this review attempt to show?

The review attempts to determine the risk of delayed
intracranial hemorrhage during the first 24 h after a
head trauma in patients anticoagulated with vitamin K
antagonist who had a normal initial brain CT scan.
3. What are the key findings?

The incidence of delayed bleeding was very low at
0.6% (95% confidence interval [CI] 0–1.2%), and the
risk of clinically significant poor outcomes (neurosurgical
intervention and death) was 0.13% (95% CI 0.02–0.45%).
4. How is patient care impacted?

The risk of delayed bleeding is sufficiently low in anti-
coagulated patients with mild head trauma and a negative
first scan to justify discharging the patients with adequate
instructions for follow-up.
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