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traumatic brain injury in patients on oral
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Abstract. – OBJECTIVE: Mild Traumatic
Brain Injury (MTBI) in anticoagulated patients is
a common challenge for Emergency Department
(ED) Physicians. Anticoagulation is considered
a risk factor for developing delayed intracranial
hemorrhage (ICH) after MTBI. The occurrence of
this event in patients on Vitamin K Antagonists
(VKA) or Direct Oral Anticoagulants (DOACs) remains unclear. Primary endpoint: to analyze the
role of anticoagulants as risk factors for developing delayed ICH after MTBI and evaluate the
indications to repeat a cranial computed tomography (CT) after a period of observation. Secondary endpoint: to assess the difference in the
prevalence rate of delayed ICH in patients on
VKA versus those on DOACs.
PATIENTS AND METHODS: We evaluated all
consecutive patients admitted to our ED for MTBI, which had a control CT for late ICH after a
negative CT at admission. We used a propensity score match (PSM) on factors affecting the
need for oral anticoagulation to adjust the comparison between anticoagulated vs. non-anticoagulated patients for the baseline clinical characteristics.
RESULTS: Among 685 patients enrolled, 15
(2.2%) developed ICH at control CT. After PSM,
the incidence of ICH, although slightly higher, was not statistically different in anticoagulated patients vs. non-anticoagulated (2.3% vs.
0.6%, p=0.371). Among the 111 patients on VKA,
5 (4.5%) had a late ICH, compared to 4 out of 99
(4.0%) on DOACs; the difference was not statistically significant (p=0.868).
CONCLUSIONS: The risk of developing delayed ICH after MTBI in patients on anticoagulation therapy is low. After correction for baseline covariates, the risk does not appear higher
compared to non-anticoagulated patients. Thus,
3066

a routine control CT scan seems advisable only
for patients presenting a clinical deterioration.
Larger, prospective trials are required to clarify the safety profile of DOACs vs. VKA in MTBI.
Key Words:
Mild traumatic brain injury, Anticoagulation, Direct
oral anticoagulants, Intracranial hemorrhage.

Introduction
Traumatic brain injury (TBI) represents one
of the most common causes of morbidity and
mortality worldwide. In Europe, the incidence
rate is 235/100,000, with an average mortality
rate of 15/100,000 and an estimated annual cost
of 33 billion Euros1. Approximately 80% of all
TBI are mild (MTBI)2. The opportunity to submit patients with MTBI to computed tomography
(CT) at admission to the emergency department
(ED) is well established2,3. However, there is still
a lack of consensus on routine CT repeat after a
period of clinical observation3,4. MTBI commonly occurs in older patients, which have increased
fall risk, and commonly need anticoagulation for
several clinical conditions5. Assumption of longterm oral anticoagulants is traditionally considered an independent risk factor for developing
both immediate than delayed intracranial hemorrhage (ICH) after MTBI6 but not all investigators
agree7. Moreover, while for patients on vitamin
K antagonist (VKA), available data are relatively
consistent8,9, minor evidence exists for patients on
Direct Oral Anticoagulants (DOAC)10-12. Howev-
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er, current studies suggest that the risk of adverse
outcomes following a MTBI could be low for
these patients13.
This study’s primary endpoint is to analyze the
role of anticoagulants as risk factors for developing delayed ICH after MTBI. The secondary endpoint is to assess the difference in the prevalence
rate of delayed ICH in patients on VKA versus
those on DOACs.

Patients and Methods
Study Design and Setting
The present paper reports the result of an observational, cross-sectional study conducted in an
Emergency Department admitting about 77,000
patients per year, in an urban teaching hospital.
The study was conducted over a three-year period between January 1st, 2016 and December 31st,
2018. Our institution serves a metropolitan area,
and our hospital is a referral center for several
peripheral Emergency Departments, and it is a
major trauma center.
Patients Selection and Data Extraction
We performed an automatized search of the
ED electronic clinical records based on admission and discharge diagnosis. We included all
consecutive records of patients admitted to our
ED for MTBI as chief complaint who, after a first
negative CT scan at admission, repeated a CT
scan 24 hours later. MTBI was defined as TBI
with Glasgow Coma Score (GCS) ≥ 13, loss of
consciousness < 30 minutes, and post-traumatic
amnesia < 24 hours [3].
Our standard ED protocol indicates for all MTBI patient a 6-hour observation. Patients receive a
head CT scan at admission, based on emergency
physician evaluation. Patients who experience
any clinical worsening during the observation
period [episode of epilepsy, vomit ≥ 2 episodes,
persistence of GCS < 15, prolonged amnesia,
persistent headache], are prescribed a prolonged
observation and a 24-hour repeat CT scan. All
patients on anticoagulant therapy (either VKA or
DOAC) get a prolonged observation and a control CT scan at 24 hours from the index control.
Control CT scan could be anticipated based on
evolving clinical findings.
We excluded from analysis:
• Trauma not classified as MTBI;
• Patients <18 years of age;
• Pregnant women;

• Patients with a known history of inherited coagulation disease;
• Patients that had a positive finding at first CT
scan assessment.
For all patients included, we extracted the following data by manually reviewing the clinical
records:
• Demographics, including sex and age at the
index admission;
• Anticoagulant therapy at the time of injury, including VKA DOACs or low-molecular-weight
heparin (either therapeutic or prophylaxis dosing);
• Antiplatelet drug therapy, including aspirin or
clopidogrel;
• Presence of comorbidities, including history
of neoplasia, neurodegenerative diseases, cerebrovascular diseases, thrombocytopenia, epilepsy, and alcohol abuse;
• Neurological and physical examination data
at admission and during the ED observation
period.
CT Scan Evaluation
Decision-making to perform CCT was always
taken by a board-certified emergency physician
based on clinical evaluation and NICE guidelines4. Axial CT images were acquired at 2.5 mm
slices on a 64 slide CT scan [Revolution CT, GE
Healthcare]. Cranial computed tomography scan
interpretations were performed in all cases by experienced neuro-radiologists. CT was considered
positive if any kind of acute intracranial bleeding
was found (regardless of the amount), including
subarachnoid hemorrhage, subdural hematoma,
epidural hematoma, intra-parenchymal hemorrhage, and cerebral contusion. Results of the CT
scans were obtained from radiologists’ reports.
Event Adjudication
We evaluated the number of patients that had a
positive control CT scan, after an index negative
CT assessment in our ED.
Statistical Analysis
Continuous variables are reported as median
[interquartile range]. Categorical variables are
reported as absolute numbers (%). Statistical univariate comparison with respect of primary study
endpoint was assessed by Mann-Whitney U test
for continuous variables, and Chi-square test
(with Yates correction or Fisher test if appropriate) for categorical variables.
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Since this is a retrospective study, and criteria
for prescription of anticoagulation therapy include several comorbidities and are often age-dependent, we used a propensity score matching
(PSM) analysis to compare non-anticoagulated
vs. anticoagulated patients in order to adjust the
result of our study for these baseline factors.
PSM was generated using a logistic regression
model on the covariates considered potentially
influencing the decision to prescribe anticoagulation and adding any confounding factors identified as significantly associated to hemorrhage.
Variable considered for PSM were age, gender,
ASA, clopidogrel, LMW heparin, alcohol abuse,
malignancy, and high energy trauma. Additional
covariates for PSM included factors specifically
associated to anticoagulation prescription. Considered factors were coronary artery disease, congestive heart failure, presence of an intra-vascular stent, valvular heart disease, atrial fibrillation,
and previous history of pulmonary embolism or
deep venous thrombosis. Patients were matched
on these propensity scores with a ratio 1:1. An
optimal matching with a caliper size of 0.2 was
used to avoid poor matches.
Comparison Between VKA and DOACs
To evaluate the secondary endpoint of the
study, we restricted the analysis only to patients
on anticoagulant therapy. In this sub-group, different anticoagulant therapy and different DOAC
were considered a variable regarding the late
intra-cranial bleeding. All data were analyzed by
SPSS v25® (IBM, Armonk, NY, USA).
Statement of Ethics
The investigation was conducted in accordance
with the principles expressed in the Declaration
of Helsinki and its later amendments, and it was
approved by the local Institutional Review Board.
Being a retrospective analysis based on a digital
anonymized database, patient’s informed consent
was waived.
None of the patients or authors received any
honorary or economic benefits for participation in
this study. This study did not receive any funding
or grant from private or public institution.

Results
Globally, 7464 consecutive patients with age ≥
18 years were evaluated in our ED for MTBI in
the study period. After considering including and
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excluding criteria, we enrolled 685 patients in the
study. The median age was 79 years [Interquartile
range 64.5-86]; 329 (48%) were males (Table I).
Overall, 210 patients (30.7%) were on anticoagulant therapy. Among them, 111 (52.8%) were on
VKA and 99 (47.2%) on DOACs. In the DOACs
group 23 (11.0%) were on dabigatran, 37 (17.6%)
on apixaban, 31 (14.8%) on rivaroxaban and 9
(4.3%) on edoxaban.
Control CT was positive for delayed ICH in 15
(2.2%) cases (Table I).
Of the 15 patients with ICH after MTBI, one
refused admission to the ward (no anticoagulant
therapy assumed), three were discharged from
the ED after a 24-hour clinical control. Of the remaining 11 patients, one underwent neurosurgery
for subdural hematoma, 9 were discharged from
ward with no surgery, and one developed massive
intra-parenchymal bleeding and deceased in the
intensive care unit (patients on VKA). Detailed
outcomes of delayed positive CT scan patients are
reported in Table II.
PSM Population Comparison
After PSM analysis was made, we obtained a
population of 350 patients, matched 1:1 being 175
non-anticoagulated and 175 patients anticoagulated, on either VKA or DOACs. The matched
population did not present significant differences
in terms of age, gender, and comorbidities associated to anticoagulation (Table III).
As expected, we found that anticoagulated
patients had a significant less use of ASA/clopidogrel (12.6% vs. 40.6%, p<0.001), and LMW
heparin (0.6% vs. 8.0%, p=0.001). Patients on
VKA or DOACs in this cohort also had fewer malignancies (5.1% vs. 16.6%, p=0.001) (Table III).
Both groups had similar clinical evolution
during observation in terms of post-trauma epilepsy, vomit, and persistent headache. The anticoagulated group showed a significantly reduced
incidence of GCS <15 at 6 hours (1.7% vs. 6.3%,
p=0.029).
Delayed ICH after MTBI at control CT scan
was found in 4 (2.3%) patients in the anticoagulation group, and in 1 (0.6%) in the non-anticoagulated group. However, this difference was
not statistically significant ( p=0.371) (Table
III).
Comparison Between DOACs and VKA
Among the 111 patients on VKA, 5 (4.5%)
had a late ICH, compared to 4 out of 99 (4.0%)
on DOACs; the difference was not statistically
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Table I. Baseline patient in study cohort characteristics, comorbidities, clinical presentation, and outcome. Data are presented
for all population and separately for patients with either no anticoagulant therapy, and patients on VKA/DOACs.
All patients
n° 685

No anticoagulant
n° 475 (69.3)

DOACs or VKA
n° 210 (30.7)

p

Baseline characteristics
Age (years)
79 (64.5-86)
76 (54-85)
83 (78-88)
< 0.001
Sex (male)
329 (48.0)
237 (49.9)
92 (43.8)
0.142
Therapy				
ASA
145 (21.2)
123 (25.9)
22 (10.5)
< 0.001
Clopidogrel
38 (5.5)
33 (6.9)
5 (2.4)
0.016
ASA/Clopidogrel
168 (24.5)
145 (30.5)
23 (11.0)
< 0.001
LMW heparin
25 (3.6)
24 (5.1)
1 (0.1)
0.003
Clinical history				
Malignancy
68 (9.9)
55 (11.6)
13 (6.2)
0.030
Neurodegenerative disease
60 (8.8)
42 (8.8)
18 (8.6)
0.908
Cerebrovascular disease
70 (10.2)
45 (9.5)
25 (11.9)
0.131
Thrombocytopenia
8 (1.2)
7 (1.5)
1 (0.5)
0.263
Alcohol abuse
15 (2.2)
15 (3.2)
0
0.008
Epilepsy
14 (2.0)
11 (2.3)
3 (1.4)
0.642
Other history factors potentially
associated with anticoagulation
Coronary artery disease
61 (8.9)
27 (5.7)
34 (16.2)
< 0.001
Heart failure
38 (5.5)
19 (4.0)
19 (9.0)
0.008
Intra-vascular stent
10 (1.5)
5 (1.1)
5 (2.4)
0.181
Valvular disease
14 (2.0)
0
14 (6.7)
< 0.001
Atrial Fibrillation
43 (6.3)
10 (2.1)
33 (15.7)
< 0.001
Previous DVP/PE
9 (1.3)
4 (0.8)
5 (2.4)
0.103
Clinical evaluation 				
High energy trauma
451 (65.8)
309 (65.1)
142 (67.6)
0.514
Episode of epilepsy
11 (1.6)
11 (2.3)
0
0.022
Vomit ≥ 2 episodes at 6 hours
22 (3.2)
20 (4.2)
2 (1.0)
0.032
GCS < 15 at 6 hours
36 (5.3)
33 (6.9)
3 (1.4)
0.002
Persistent headache
149 (21.8)
116 (24.4)
33 (15.7)
0.011
Outcome				
Positive control CT scan
16 (2.3)
7 (1.5)
9 (4.3)
0.025
Abbreviations: DVP (deep venous thrombosis); PE pulmonary embolism; GCS Glasgow coma scale.

significant (p=0.868). Among the four patients
on DOACs, we registered 2 ICH among the 23
patients on dabigatran (8.6%) and 2 among the
37 on apixaban (5.4%). No late ICH was registered among the 30 patients on rivaroxaban and
among the 9 patients on edoxaban.

Discussion
This is the first study that compared the occurrence of late ICH between anticoagulated and
non-anticoagulated patients after adjusting by a
PSM the baseline clinical covariates associated
with anticoagulation. The main finding is that anticoagulation was not associated to a significant
increase in late ICH. Our numbers, however, may
be underpowered to evaluate the slightly higher
occurrence of late ICH in the anticoagulated

cohort (2.3% vs. 0.6%, p=0.371). Moreover, we
found no significant difference between late ICH
in VKA vs. DOACs.
Minor Traumatic brain injury is a common
complaint of patients evaluated in ED1,2. The
worldwide aging of the population has led to an
evident change in MTBI patient demographics,
as the number of older adults evaluated for this
condition is rapidly increasing14,15. The increased
risk of falls in older patients produced a burden of
ED access for MTBI in elderly patients14-16. Most
of the current national guidelines indicate a head
CT scan for MTBI patients ≥60/65 years old,
regardless of other considerations17. Moreover,
approximately 6% aged 65-74 and 10% over 75
years are on anticoagulant therapy18. The risk of
immediate ICH after MTBI for anticoagulated
patients older than 65 years was reported to be up
to 25%18,19. Thus, there is generally a wide con3069
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Table II. Description of the findings and clinical outcome for the 15 minor head trauma patients that, after a first negative CT,
had a positive control CT scan. One patient underwent surgery and was subsequently discharged alive. One patient had a massive
intra-parenchymal bleeding and deceased in intensive care unit.
			
Age Sex

Anticoagulant
therapy

Aspirin/
clopidogrel

Control
CT scan findings

Outcome

62
M
No
Yes
Subarachnoid hemorrhage
34
M
No
No
Subdural hematoma
					
78
F
No
No
Subarachnoid hemorrhage
50
F
No
No
Subarachnoid hemorrhage
85
F
No
Yes
Intra-parenchymal hemorrhage

Refused admission to ward
Admitted to ward. Underwent
surgery
Admitted to ward
Admitted to ward
Admitted to ward

80
F
No
Yes
Subdural hematoma
					
82
F
VKA
No
Intra-parenchymal hemorrhage
94
M
VKA
No
Intra-parenchymal hemorrhage
82
F
VKA
No
Subarachnoid hemorrhage
88
F
VKA
No
Subarachnoid hemorrhage
89
F
VKA
No
Subarachnoid hemorrhage
					
63
M
DOAC (Dabigatran)
No
Subarachnoid hemorrhage
76
M
DOAC (Dabigatran)
No
Subarachnoid hemorrhage
86
F
DOAC (Apixaban)
No
Intra-parenchymal hemorrhage
88
F
DOAC (Apixaban)
No
Subdural hematoma
					

Discharged home from
Emergency Department
Admitted to ward. Deceased
Admitted to ward
Admitted to ward
Admitted to ward
Discharged home from
Emergency Department
Admitted to ward
Admitted to ward
Admitted to ward
Discharged home from
Emergency Department

Data are presented for all population and separately for patients with either no anticoagulant therapy, and patients on VKA/
DOACs. Abbreviations: DVP (deep venous thrombosis); PE pulmonary embolism; GCS Glasgow coma scale.

sensus about submitting anticoagulated patients
to CT scan for MTBI, irrespective of their clinical
condition2,5,6,18,19.
On the other hand, the risk for delayed ICH
after MTBI in anticoagulated is not well estabilished19. Hence, in these patients, it is still debated
the need for a control CT scan for those with
normal CT findings at admission5,20. The possible
exponential increase of unnecessary radiological
investigations causes concern about costs and
radiation exposure17,21.
In our series of 685 patients, 15 (2.2%) developed a late ICH. In this cohort, the deterioration
of clinical condition during observation (GCS
<15 at 6 hours, vomit ≥2 episodes, and occurrence of epilepsy) was significantly associated to
delayed ICH (Table I). Among the 210 patients on
anticoagulation therapy, 9 (4.3%) had a delayed
ICH. These results are slightly higher compared
to recent studies19,20, which found the overall incidence of delayed ICH for anticoagulated MTBI
to be about 2%. However, other studies reported
higher incidences, up to 6%8. Moreover, after
adjusting the analysis for baseline clinical covariates, we found that delayed ICH was 2.3%
in the anticoagulated cohort, in line with most of
previous reports19,20.
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Since anticoagulated patients are generally
older and more comorbid of non-anticoagulated
controls, the real influence of anticoagulation
itself on late ICH is hard to estimate by a simple
group comparison. The PSM design of our study
could help to override some confounding factors.
However, we are aware that our adjustment could
not correct for some possible negative factors
such as dynamic of trauma and characteristics
of preinjury antiplatelet therapy5,20-22. Actually,
since patients on anticoagulation generally have
a reduced prescription of ASA/clopidogrel, we
cannot fully adjust for the influence of ASA
and clopidogrel on late ICH. Indeed, recent reports estimate a higher risk of bleeding following
MTBI in patients with concomitant antiplatelet/
anticoagulant therapy23. Moreover, some authors
suggest that while patients on ASA should not
undergo a routine control CT scan for late ICH,
patients on clopidogrel could have a higher risk 24.
In our cohort, we did not observe late ICH in
patients on antiplatelet therapy; thus, we cannot
draw definitive conclusions on this point.
Trend in DOACs prescription is rapidly increasing in recent years15,22-25. In our series, 99
patients (47.1%) among those on anticoagulant
therapy assumed DOACs and 111 (51.7%) were
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Table III. Comparison of propensity score matched cohort.
All patients
n° 350

No anticoagulant
n° 175

DOACs or VKA
n° 175

p

Baseline characteristics
Age (years)
83 (77-88)
83 (77-88)
83 (77-88)
0.658
Sex (male)
154 (44.0)
79 (45.1)
75 (42.9)
0.667
Therapy				
ASA
82 (23.4)
61 (34.5)
21 (12.0)
<0.001
Clopidogrel
21 (6.0)
16 (9.1)
5 (2.9)
0.013
ASA/Clopidogrel
93 (26.6)
71 (40.6)
22 (12.6)
<0.001
LMW heparin
15 (4.3)
14 (8.0)
1 (0.6)
0.001
Clinical history				
Malignancy
38 (10.9)
29 (16.6)
9 (5.1)
0.001
Neurodegenerative disease
41 (11.7)
24 (13.7)
17 (9.7)
0.245
Cerebrovascular disease
40 (11.4)
21 (12.0)
19 (10.9)
0.737
Thrombocytopenia
1 (0.3)
0
1 (0.6)
0.317
Alcohol abuse
0
0
0
/
Epilepsy
5 (1.4)
2 (1.1)
3 (1.7)
1.000
Other history factors potentially
associated with anticoagulation
Coronary artery disease
47 (13.4)
19 (10.9)
28 (16.0)
0.158
Heart failure
23 (6.6)
10 (5.7)
13 (7.4)
0.518
Intra-vascular stent
7 (2.0)
4 (2.3)
3 (1.7)
0.703
Valvular disease
0
0
0
/
Atrial Fibrillation
21 (6.0)
9 (5.1)
12 (6.9)
0.500
Previous DVP/PE
7 (2.0)
4 (2.3)
3 (1.7)
1.000
Clinical evaluation 				
High energy trauma
228 (65.1)
112 (64.0)
116 (66.3)
0.654
Episode of epilepsy
4 (1.1)
4 (2.3)
0
0.123
Vomit ≥ 2 episodes at 6 hours
10 (2.9)
8 (4.6)
2 (1.1)
0.054
GCS < 15 at 6 hours
14 (4.0)
11 (6.3)
3 (1.7)
0.029
Persistent headache
56 (16.0)
29 (16.6)
27 (15.4)
0.771
Outcome				
Positive control CT scan
5 (1.4)
1 (0.6)
4 (2.3)
0.371
Abbreviations: DVP (deep venous thrombosis); PE pulmonary embolism; GCS Glasgow coma scale.

on VKA. Four patients (4%) of DOACs group
and 5 (4.5%) of those on VKA developed a delayed ICH. Although slightly higher compared to
current literature3,12,13,25-27, the difference was not
statistically significant. The risk of delayed ICH
post-MTBI in patients on DOACs is unanimously
considered relatively low13,26-27. Furthermore, a
more favorable safety profile is generally attributed to DOACs if compared to VKA in patients
suffering from MTBI3,12,13,25-27. Our results confirm that, in the absence of other risk factors, a
conservative attitude (observation) could be justified for patients on DOACs with MTBI.
Study Limitations
As for any retrospective study, some limitations are worth considering. First, our institution
is the main hub of several peripheral EDs, and for
such reason, our population could not represent

the MTBI commonly evaluated in general practice. Second, the number of late ICH observed
was low, and thus our sample is underpowered to
give conclusive clues on the differences between
patients on VKA and DOACs. Finally, in our
series, there was a considerable use of CT scan
in MTBI patients: this might be due to the high
median age of patients referring to our ED, many of whom under concomitant anticoagulation
therapy.

Conclusions
Our results underline the limited role of anticoagulation therapy as a risk factor for delayed
ICH after MTBI. While the clinical observation
could be justified for these patients, a control CT
scan should be limited to patients experiencing a
clinical deterioration.
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Further studies and larger cohorts are still
needed to clarify the safety profile of DOACs
compared to VKA in MTBI.
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