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Abstract
To examine the effects of antithrombotics for head trauma, 393 consecutive patients were enrolled. The
patients were divided into those that were (group A, n = 117) and were not (group B, n = 276) taking
antithrombotics, and the groups’ outcomes were compared. To identify factors that affected functional
independence in group A, clinical factors were compared between the patients that exhibited mRS of 0–2
and 3–6 at discharge. Furthermore, to assess the optimal time to restart antithrombotics, cases in which
rebleeding occurred after antithrombotics were restarted or thromboembolic events occurred were
extracted. The ratio of mRS 3–6 and death within 30 days were signi�cantly higher in group A than in
group B. Multivariate analysis of group A revealed that being aged ≥ 70, not receiving antiplatelet therapy,
and intracranial hematoma enlargement were poor prognostic factors. Five patients in group A
experienced ischemic strokes within 30 days. In 3 of these patients, the ischemic strokes occurred before
antithrombotics were restarted. Rebleeding occurred in two cases after anticoagulants restarted within 48
hours. Patients taking antithrombotics are at high risk of poor prognosis after head trauma. To prevent
thromboembolic events, the active resumption of antithrombotics after 48 hours is desirable if
hemostasis has been achieved.

Introduction
As the Japanese population ages, the number of head trauma patients that are taking antithrombotic
drugs is increasing. The mortality rate of spontaneous intracerebral hemorrhage (ICH) at 90 days was
higher in users of antithrombotic drugs than in non-users (32.3% vs. 23.0%, p<0.001)1. On the other hand,
the reinstitution of anticoagulation therapy after spontaneous ICH associated with a lower risk of
thromboembolic complications and a similar risk of ICH recurrence2. There have been few reports about
head trauma patients who are taking antithrombotic drugs, and the in�uence of such drugs on outcomes
and the optimal time to restart antithrombotic therapy are disputed. In this study, we retrospectively
reviewed the medical records of head trauma patients that were being treated with antithrombotic drugs
to determine the effects of such drug treatment on outcomes and the optimal time to restart
antithrombotic therapy.    

Methods
Ethical Approval

All procedures performed in this study was approved by the local ethics committee of the Hitachi General
Hospital (Research Ethics Committee of Corporate Hospital Group, Hitachi, Ltd: #2019-71), and complied
with the conditions laid out by the Declaration of Helsinki. The opt-out consent was used for patients and
the requirement to obtain informed consent was waived by the ethics committee.

Patient Population
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The dataset consisted of 727 consecutive head trauma patients who were treated during the 7-year
period between April 2012 and March 2019. After excluding 50 patients who were aged under 16 years
old, 206 patients with chronic subdural hematomas, 62 patients without intracranial hematomas, 4
patients with spontaneous ICH, 9 patients whose modi�ed Rankin Scale score (mRS) was ≥3 before the
trauma, and 3 patients for whom detailed information was not available, 393 patients remained.  

 All head trauma patients that are admitted to Hitachi General Hospital undergo an initial head computed
tomography (CT) scan within 60 minutes of arrival and a 2nd CT scan within 24 hours of admission. Of
the 393 patients mentioned above, 46 did not undergo a 2nd CT scan, as they required emergency surgery.
Twenty further patients did not undergo a 2nd CT scan because they died or had very small hematomas.
Thus, repeated CT scans were performed in 327 patients.

Imaging protocol

 All CT scans were performed using a SCENARIA CT scanner (Hitachi Medical Corporation, Hitachi,
Japan) with a 2.5-mm slice thickness. The existence and enlargement of intracranial hematomas were
evaluated by the �rst author. Intracerebral hematoma volume was calculated using the “ABC/2” formula3.
“Enlargement” was de�ned as when the hematoma volume increased by more than 25%. In the case of
epidural hematomas, subdural hematomas, or subarachnoid hemorrhaging, this was judged based on the
thickness of the thickest part.

Clinical Outcomes

 The primary endpoint was global disability, which was assessed based on the mRS at discharge. The
secondary endpoints were enlargement of the intracranial hematoma within 72 hours, all-cause mortality
within 30 days, and in-hospital neurological death. Neurological death was de�ned as death caused by
any intracranial disease that was identi�ed by neurosurgeons.  

 To determine the effects of antithrombotic drugs on outcomes, we compared clinical factors and
outcomes between the patients that were and were not treated with such drugs. To determine the clinical
factors that affected the independence of head trauma patients treated with antithrombotic drugs, we
also divided the patients that were treated with antithrombotic drugs into two groups according to their
mRS at discharge (0-2 or 3-6) and compared clinical factors between the groups. The optimal time to
restart antithrombotic drug treatment was investigated by examining the cases in which rebleeding
occurred after antithrombotic drug treatment was restarted or in-hospital thromboembolic events
(ischemic stroke and/or myocardial infarction) occurred.   

Statistical Analysis

Summary statistics for the examined variables are presented (frequencies and percentages for
categorical data and medians and interquartile ranges for continuous data). Fisher’s exact test was used
for analyzing categorical data, and the Wilcoxon rank sum test was used for analyzing continuous data.
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Multivariate logistic regression analysis was performed to determine the clinical factors on admission
that affected outcomes.  

 All comparisons were planned, and all tests were 2-sided. P-values of <0.05 were considered to be
statistically signi�cant. All statistical analyses were performed using JMP (Japanese version 12 for
Windows; SAS Institute Inc., Cary, NC, USA).  

Results
Table 1 summarizes the clinical characteristics of the whole study population and the two groups; i.e., the
patients that were (group A, 117 patients) and were not (group B, 276 patients) treated with
antithrombotic drugs. In group A, 62 patients (53.0%) were using antiplatelets alone, 38 patients (32.5%)
were using anticoagulants alone, and 17 patients (14.5%) were using both types of drugs. The most
common reason for antiplatelet use was a cardiovascular event (35/66 (43.2%); i.e., myocardial
infarction) followed by a cerebrovascular event (25/66 (30.9%)). The most common reasons for using
anticoagulants were atrial �brillation or cardiac valve surgery (47/53 (85.5%)). The reasons for
antithrombotic drug use were unknown in 13 patients who were using antiplatelets and 2 patients who
were using anticoagulants. The mean age of group A was signi�cantly higher than that of group B (79.0
vs. 71.0, p<0.0001). ICH was found in 42 (35.9%) patients in group A and 133 (48.2%) patients in group B
(p=0.0268). Eighteen (15.4%) patients in group A and 79 (28.6%) patients in group B had extracranial
injuries (p=0.0049).

Sixty-six (56.4%) patients in group A and 117 (42.4%) patients in group B had mRS of 3-6 at discharge
(p=0.0113). Thirty (25.6%) patients in group A and 45 (16.3%) patients in group B died within 30 days of
their injuries occurring (p=0.0356). As shown in Table 2, 66 (56.4%) patients in group A and 117 (42.4%)
patients in group B had mRS of 3-6 at discharge (p=0.0113). However, the incidence of hematoma
enlargement did not differ signi�cantly between groups A and B. The incidence of neurological death also
did not differ signi�cantly between the groups.

Subanalyses revealed that hematoma enlargement occurred in 24 of 50 (48.0%) patients that were being
treated with anticoagulant drugs and in 93 of 301 (30.9%) patients that were not being treated with such
drugs. Hematoma enlargement also occurred in 87 of 157 (55.4%) patients in whom ICH was detected on
the 1st CT scan and in 30 of 194 (15.5%) patients in which ICH was not detected on the 1st CT scan.
Anticoagulant drug use and the presence of ICH on the 1st CT exhibited signi�cant associations with
enlargement (p=0.0229 and p<0.0001, respectively). The use of antiplatelet drugs, however, was not
associated with hematoma enlargement.

The duration of the period from admission to hematoma enlargement did not differ signi�cantly between
groups A and B (4 vs. 3 hours, p=0.4613). In almost all cases, hematoma enlargement occurred within 24
hours, regardless of whether the patient was taking antithrombotic drugs.
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Among the patients taking antithrombotic drugs, the univariate analyses revealed that age, antiplatelet
therapy, the presence of an intracerebral hematoma, and intracranial hematoma enlargement occurring
within 72 hours were signi�cant predictors of outcomes (Table 3). The multivariate analysis revealed that
being aged ≥70 (odds ratio [OR]: 7.25, 95% con�dence interval [95%CI]: 1.65-43.01, p=0.0076), the
absence of antiplatelet therapy (OR: 2.73, 95%CI 1.03-7.87, p=0.0440), and intracranial hematoma
enlargement (OR: 3.11, 95%CI: 1.03-10.20, p=0.0447) were signi�cant unfavorable prognostic indicators.

Among the patients being treated with antithrombotic drugs, ischemic strokes occurred during the period
from day 1 to day 31 after the injury in 5 cases. In 3 of the 5 cases, the ischemic strokes occurred before
antithrombotic drug treatment was restarted. In a case in which 4-factor prothrombin complex
concentrate (4F-PCC) was administered when the patient was injured, an ischemic stroke occurred on day
1. A total of 9 patients were given 4F-PCC, and 2 of them (22.2%) had ischemic strokes after the
administration of the drug. On the other hand, 20 patients were taking vitamin K antagonists (VKA), and
only one of them (5%) experienced an ischemic stroke. There were no cases of myocardial infarction in
this study.

Antiplatelet drug treatment was restarted in 21 of 79 cases (26.6%), and anticoagulant treatment was
restarted in 35 of 55 cases (63.6%). Rebleeding occurred in 2 cases in which anticoagulant treatment was
restarted within 2 days of the injury, and these events in�uenced the patients’ outcomes.

Discussion
This study investigated the outcomes of head trauma patients that were taking antithrombotic drugs. The
results showed that the patients that were taking antithrombotic drugs had poor outcomes despite
exhibiting lower frequencies of ICH and extracranial injuries than the patients that were not taking
antithrombotic drugs. This suggests that antithrombotic drugs can cause poor outcomes even in cases
of lower-energy trauma. A previous retrospective cohort study suggested that antiplatelet therapy could
be a risk factor for hematoma enlargement and poor outcomes after mild head trauma4. Among the
patients using antiplatelet drugs, the risk of hematoma enlargement was two-fold higher and the risk of a
poor outcome was 50% higher (relative risk: 1.58, 95%CI: 1.28-1.95). Anticoagulant drug use was also
reported to be related to poor outcomes5. The adjusted OR for 30-day mortality of VKA users was 8.3
(95%CI: 2.0-34.8).

In this study, being aged ≥70, the absence of antiplatelet drug treatment, and the intracranial hematoma
enlargement occurring within 72 hours were identi�ed as predictors of poor outcomes in the patients
being treated with antithrombotic drugs. Subanalyses revealed that hematoma enlargement was related
to anticoagulant drug use, but not antiplatelet drug use. Some studies of spontaneous ICH have shown
that hematoma enlargement was associated with poor outcomes6-13. In addition, it was also reported
that in cases of ICH hematoma volume was related to anticoagulant drug use, but was not related to
antiplatelet drug use14. A retrospective study of head trauma also revealed that that VKA use alone, but
not antiplatelet drug use alone or direct oral anticoagulant use, was a signi�cant predictor of the
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progression of ICH compared with non-use of these drugs (OR: 5.30, 95%CI: 2.48-11.31)15. Therefore,
head trauma patients that are taking anticoagulant drugs, especially VKA, could have a poor prognosis.

Almost all cases of hematoma enlargement occurred within 24 hours of the initial injury, regardless of
whether the patients were using antithrombotic drugs. A retrospective review of 419 spontaneous ICH
reported that hematoma enlargement often occurred within 6 hours of onset10. In a retrospective review
of spontaneous ICH, two thirds of cases of hematoma enlargement occurred within 24 hours of onset16.
Moreover, a case study of mild head trauma reported that 87% of cases of delayed neurological
deterioration occurred within 24 hours17. On the other hand, achieving hemostasis takes longer than
normal in patients taking antithrombotic drugs 18. In a prospective cohort study of ICH patients that were
taking VKA, 3 of 7 patients exhibited hematoma enlargement within 24 hours19. The time from the injury
to hemostasis being achieved could not be examined in this study, but close follow-up, involving
neurological examinations and CT, for at least within 24 hours are considered important for ensuring that
treatment is timed appropriately.

The appropriate use of reversal agents seems to be important for preventing the expansion of
hematomas and improving outcomes. Two randomized controlled trials of 4F-PCC vs. vitamin K or
plasma for cases of spontaneous ICH involving patients that were taking VKA showed that 4F-PCC had a
superior ability to rapidly reduce the international normalized ratio20, 21. In addition, 4F-PCC reduced the
frequencies of hematoma enlargement and hematoma-related early death22. As the number of patients
treated with reversal agents has increased, however, the frequency of thromboembolic events has also
risen. In this study, ischemic strokes occurred in 2 of the 9 cases in which 4F-PCC was used. One of these
patients suffered a cerebral infarction within 24 hours. In a previous case report, an ischemic stroke
occurred on the day after warfarin reversal with 4F-PCC for surgery23. To prevent thromboembolic events,
the early resumption of antithrombotic drug treatment is necessary. In a retrospective study of chronic
subdural hematomas, the early resumption of antithrombotic drug treatment was recommended because
many thromboembolic events occurred within one month of drug withdrawal24. In a meta-analysis of
spontaneous ICH, the resumption of anticoagulant treatment between days 10 and 39 after onset
produced good results2. In the present study, there were 2 cases of rebleeding after antithrombotic drug
therapy was restarted within 2 days of admission. Therefore, the early resumption of antithrombotic drug
treatment is considered bene�cial when hemostasis has been con�rmed on CT after more than 48 hours.

Limitations of This Study

This study was retrospective, and hence, background factor variability was its greatest limitation. Low-
energy trauma is probably more common among patients taking antithrombotic drugs, which may
explain why no correlation was detected between antithrombotic drug use and hematoma enlargement. A
prospective cohort study is needed to provide more accurate data about the outcomes of head trauma
among patients taking antithrombotic drugs.
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In conclusion, patients that are taking antithrombotic drugs are at high risk of a poor prognosis after head
trauma, even after low-energy head trauma. Among such patients, the prognosis of those that exhibit
acute hematoma enlargement is poor, and active hemostasis, such as using neutralizers, is important. In
order to prevent thromboembolic events, the active resumption of antithrombotic drugs is desirable in
cases in which hemostasis has been con�rmed after more than 48 hours.
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Tables
  Total Antithrombotic drug treatment p-value
    Yes (group A) No (group B)  
No. of patients 393 117 276  
Age, yrs        
  Median 75.0 79.0 71.0 <0.0001
  IQR 64.0-81.0 75.5-83.5 60.3-80.0  
Sex        
  Female 129 (32.8%) 46 (39.3%) 83 (30.1%) 0.0791
Emergency operation for head trauma        
  Yes 85 (21.6%) 29 (24.8%) 56 (20.3%) 0.3491
Intracerebral hemorrhage        
  Yes 175 (44.5%) 42 (35.9%) 133 (48.2%) 0.0268
PT-INR        
  Median 0.98 1.07 0.97 <0.0001
  IQR 0.92-1.07 0.95-2.00 0.91-1.03  
APTT        
  Median 29.3 30.9 28.3 <0.0001
  IQR 26.8-31.9 28.1-34.9 26.3-31.0  
Extracranial injury        
  Yes 97 (24.7%) 18 (15.4%) 79 (28.6%) 0.0049
AND 27 (6.9%) 11 (9.4%) 16 (5.8%) 0.1977

 Table 1   Summary of the clinical characteristics of 393 head trauma patients

AND: allow natural death, APTT: activated partial thromboplastin, IQR: interquartile range, PT-INR:
prothrombin time (international normalized method)
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  Total Antithrombotic drug treatment p-value
    Yes (group A) No (group B)  
No. of patients 393 117 276  
Enlargement of intracranial hematoma <72 hrs      
  Yes 117 (33.3%) 35 (32.4%) 83 (33.1%) 0.8070
Time from admission to hematoma enlargement, hrs      
  Median 3 4  3 0.4613
  IQR 2-14 3-14 2-14  
mRS of 3-6 @discharge 183 (46.6%) 66 (56.4%) 117 (42.4%) 0.0113
Death within 30 days 75 (19.1%) 30 (25.6%) 45 (16.3%) 0.0356
Neurological death 56 (75.7%) 20 (71.4%) 36 (78.3%) 0.5809

 Table 2   Summary of the outcomes of 393 head trauma patients
IQR: interquartile range, mRS: modified Rankin scale score
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  Outcome at discharge Univariate Multivariate
  mRS 0-2

(Good)
mRS 3-6
(Poor)

OR
(95%CI)

p-
value

OR
(95%CI)

p-
value

 

No. of patients 51 66          
Age ≥70 yrs              
  Yes 41

(80.4%)
63
(95.5%)

0.20
(0.05-
0.75)

0.0157 7.25
(1.65-
43.01)

0.0076  

Sex              
  Female 18

(35.3%)
28
(42.4%)

1.35
(0.64-
2.87)

0.4524      

Antiplatelet therapy              
  No 10

(19.6%)
28
(42.4%)

3.02
(1.30-
7.04)

0.0101 2.73
(1.03-
7.87)

0.0440  

Anticoagulant therapy               
  Yes 19

(37.3%)
36
(54.6%)

0.50
(0.24-
1.04)

0.0923      

Intracerebral hemorrhage              
  Yes 12

(23.5%)
30
(45.5%)

0.37
(0.17-
0.83)

0.0194 1.73
(0.60-
4.99)

0.3060  

Enlargement of intracranial
hematoma <72 hrs

             

  Yes 8 (16.0%) 27
(46.6%)

0.22
(0.09-
0.55)

0.0009 3.11
(1.03-
10.20)

0.0447  

Extracranial injury              
  Yes 9 (17.7%) 9 (13.6%) 1.36

(0.50-
3.71)

0.6106      

  Table  3    Comparison of the clinical outcomes of 117 head trauma patients that were taking
antithrombotic drugs
95%CI: 95% confidence interval, IQR: interquartile range, mRS: mRS modified Rankin scale score, OR:
odds ratio


