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Objective: This study aimed to compare outcomes among patients who
sustained major trauma from injury with and without receiving antiplatelet
therapy (APT) or anticoagulant therapy (ACT) to test the hypothesis that APT
does not increase the risk of mortality. However, ACT increases the mortality
risk in the acute phase of trauma.

Methods: Patients registered in the Japanese Observational body for
Coagulation and Thrombolysis in Early Trauma 2 between April 2017 and
March 2018 who had sustained a severe injury in any anatomic region of the
body, as determined using an injury severity score (ISS) > 16 were included
in this retrospective cohort study. We analyzed the mortality within 24 h from
the arrival using a multivariable linear regression analysis adjusted for several
confounding variables.

Results: We identified 1,186 eligible participants who met the inclusion
criteria for this study: 105 in the APT (cases), 1,081 in the non-antiplatelet
therapy (nAPT) group (controls), 65 in the ACT (cases), and 1,121 in the non-
anticoagulant therapy (nACT) group (controls). The mortality within 24 h in
the ACT group was significantly higher than in the nACT group (odds ratio 4.5;
95%Cl: 1.2-16.79; p = 0.025); however, there was no significant difference
between the two groups with or without the antiplatelet drug (odds ratio
0.32; 95%ClI: 0.04-2.79; p = 0.3) administration. Other outcomes, like the
28-day mortality, mortality at discharge, and surgery for hemostasis, were
not significantly different between regular users and non-users of either
antiplatelet or anticoagulant drugs.
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Conclusion: Regular antiplatelet medications did not increase mortality within
24 h, 28 days, or at discharge in patients with major trauma, suggesting that
standard treatment, including surgery, is sufficient.

trauma, antiplatelet therapy, anticoagulant therapy, cohort study, J-OCTET 2, injury

1. Introduction

A quarter to half of the patients with major trauma in some
countries are over the age of 60 years due to an aging society,
particularly in the West and Japan (1-3). Elderly patients
with trauma are different from younger patients in residual
physiological functions, the complexity of comorbidities, types
of regular medications, and mechanisms of injury (1, 2).

Previous studies have shown that starting antiplatelet
(APT)

risk and unfavorable

therapy before increases

mortality

injury  significantly

outcomes in patients
with traumatic brain injury (TBI) (3-6). However, some
suggest no link between APT and
mortality in TBI (7-9). To the best of our knowledge, it

is unclear how APT before injury affects overall trauma

studies increased

mortality. Therefore, to test the hypothesis that pre-injury
APT does not increase the risk of mortality; however,
anticoagulant therapy (ACT) increases it in the acute
phase of trauma, this study aimed to compare outcomes
among injured patients with major trauma with and without
administration of APT or ACT.

2. Materials and methods

2.1. Study oversight and design

We conducted a retrospective cohort study between
April 2017 and March 2018 using the Japanese Observational
study for Coagulation and Thrombolysis in Early Trauma
2 (J-OCTET 2) during the observation period. Tohoku
University institutional research ethics committee approved
the use of the J-OCTET 2 (approval #2020-1-898, approved
on January 15, 2021). Furthermore, the Gifu University
this  study
12, 2022).

institutional  ethics committee

(approval #2022-141,

approved
approved on October

Abbreviations: APT, antiplatelet therapy; ACT, anticoagulant therapy; TBI,
traumatic brain injury; J-OCTET 2, Japanese Observational study for
coagulation and thrombolysis in early trauma 2; ISS, injury severity
score; SBP, systolic blood pressure; HR, heart rate; Fbg, fibrinogen; Hb,
hemoglobin; PH, Platelet; FAST, Focused Assessment with Sonography
for Trauma; FFP, fresh frozen plasma; PC, platelet concentrate.
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In addition, the institutional ethics committees of Gifu
University Graduate School of Medicine approved the
substitution of an opt-out notice of informed consent
from patients due to the retrospective nature of the
study, whose design was based on computerized data with

anonymous selection.

2.2. Study patients

Overall, data from 1,213 patients with trauma were
registered in the J-OCTET 2 between April 2017 and March
2018. They had an injury severity score (ISS) > 16, indicating
a severe injury in any region. The following were the exclusion
criteria: (1) cases in which consent to participate was not
obtained, (2) time of injury was unclear, (3) the patient
was transferred from a different hospital, (4) declined active
treatment, (5) had a cardiopulmonary arrest on arrival, (6)
had a burn injury, and (7) pregnancy, or had coexisting
cirrhosis of the liver in the J-OCTET 2. Additionally,
we excluded cases with missing data on oral medications
from our analysis.

2.3. Data collection

We collected the following data from the electronic medical
records: age, sex, ISS, time from accident to hospital arrival, drug
history, Charlson Risk Index, systolic blood pressure (SBP) on
arrival, heart rate (HR) on arrival, the respiratory rate on arrival,
Glasgow coma scale score, lactate level, fibrinogen (Fbg) level,
hemoglobin (HDb) level, platelet level, Focused Assessment with
Sonography for Trauma (FAST), and prehospital care. The six
FAST search sites are the pericardiac cavity, bilateral thoracic
cavity, Morrison fossa, perisplenic fossa, and Douglas fossa.
There was no predefined transfusion protocol in this study,
including emergency reversal of acute major bleeds in patients
on ACT, which was based on the physician’s clinical judgment.

2.4. Primary and secondary outcomes

The primary outcome of interest in this study was
the mortality within 24 h of arrival. The secondary
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outcomes included 28 day-mortality, mortality at
hospital ~ discharge, surgical hemostatic intervention,
transcatheter  arterial ~ embolization, and transfusion

requirement within 24 h. The transfusion requirement
tabulated red
cells, and platelet

was and for

blood
concentrate (PC).

analyzed  separately

fresh frozen plasma (FFP),

2.5. Sample size

The sample size in this study was determined based on
the number of covariates included in the statistical model
for the primary analysis and overfitting (10) and based on
data availability.

2.6. Statistical analysis

Continuous data were described using the median and
interquartile range, and categorical data were described
using frequencies with proportions. To evaluate the effect
of regular use of anticoagulants and antiplatelet drugs
on accidental trauma, we conducted a multivariable linear
regression analysis adjusted for covariates, including age,
ISS, time from accident to hospital arrival, Charlson Risk
Index, SBP, HR, RR, lactate, Glasgow coma scale score, on
arrival. FFP and PC were included as covariates only in
analyses whereby the mortality within 24 h of arrival, 28-
day mortality, and mortality at hospital discharge were the
objective variables. The covariates were selected as potential
confounders a priori based on previous studies (11) and
expert advice from a physician in the field. The number
of covariates was restricted enough to avoid overfitting. The
degree of overfitting of the regression model was confirmed
by the optimal parameter obtained from the calibration
plots from 150 bootstrap validations. Based on the optimal
parameter < 0.2, the model was determined not to be
overfitting. We also evaluated the effects of the antiplatelet
drug or anticoagulant use on the secondary outcomes. Binary
outcomes were evaluated similarly using a multivariable
logistic regression model as in the primary analysis. For
continuous outcomes without normality, the multivariable
proportional odds logistic regression model was used to evaluate
the association with the antiplatelet drug or anticoagulant
use. Proportional odds logistic regression, also known as
ordinal logistic regression, is a popular model for ordinal
categorical outcome variables, which also works well for
skewed continuous outcomes using ranks of data. A two-
sided p-value < 0.05 was considered statistically significant.
All analyses were performed using R software (version 4.2.1;
available at http://www.r-project.org) (12).
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3. Result

3.1. Baseline characteristics

Overall, 1,213 patients were enrolled between April
2017 and March 2018. The analysis included 1,186 eligible
participants who met the criteria of this study: 105 in the
APT (cases), 1,081 in the non-antiplatelet therapy (nAPT)
group (controls), 65 in the ACT (cases), and 1,121 in the
non-anticoagulant therapy (nACT) group (controls). Table 1
summarizes the clinical characteristics of the patients (Table 1).
There were no significant differences in sex, time from accident
to hospital arrival, Glasgow coma scale score at arrival, or
FAST findings at any site between the two groups with
or without antiplatelet use. Age, Charlson Risk Index, SBP,
and Fbg level were higher in the APT group than in the
control group. ISS, HR, RR,
platelet counts were lower in

lactate level, Hb level, and
the APT group than in the
control group. There were no significant differences in sex,
ISS, SBP, Glasgow coma score, or FAST findings at any site
between the two groups with or without anticoagulant use.
Age, time from accident to hospital arrival, Charlson risk
index, and Fbg level was higher in the ACT group than
in the control group. HR, RR, Lac level, Hb level, and
platelet counts were lower in the ACT group than in the

control group.

3.2. Outcomes

3.2.1. Primary outcomes

Table 2 presents the outcome variables of our study. The
mortality rate within 24 h was 2.9-7.7%, and the overall
mortality was 5.6% (66 of 1,186 patients). The mortality within
24 h in the ACT group was significantly higher compared to
the nACT group (odds ratio 4.5; 95%CI: 1.2-16.79; p = 0.02);
however, there was no significant difference between the two
groups with or without antiplatelet drug administration (odds
ratio 0.32; 95%CI: 0.04-2.79; p = 0.3).

3.2.2. Secondary outcomes

There were no significant differences in the 28-day
mortality, mortality at discharge, or surgery for hemostasis
between regular users and non-users of either antiplatelet or
anticoagulant drugs. The number of patients who received TAE
was 147 (13.1%) and 1 (1.6%) in the nACT and ACT groups,
respectively; the rate of TAE was significantly lower in the ACT
group with an odds ratio of 0.08; 95%CI: 0.01-0.64; p = 0.018.
For transfusion volume, RBC transfusion was significantly lower
in the ACT group (odds ratio 0.34; 95%CI: 0.15-0.78; p = 0.011),
whereas FFP and PC transfusions were significantly higher
in the APT group (FFP; odds ratio 2.22; 95%CI: 1.22-4.05;
P =0.009 and PC; odds ratio 3.16; 95%CI: 1.55-6.42; p = 0.002).
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TABLE 1 Clinical characteristics of the participants.

I

Using of antiplatelet drugs

Using of anticoagulant

Variable Overall, No, N = 1,0812 Yes, N = 105% | P-value® | No, N =1,1212 Yes, N = 65° P-valueP

N =1,1862
Age 1,186 66 (47,77) 64 (45, 76) 79 (70, 84) <0.001 64 (46, 76) 80 (71, 85) <0.001
Sex 1,186 0.735 0.325
Female 338 (28.5%) 310 (28.7%) 28 (26.7%) 316 (28.2%) 22 (33.8%)
Male 848 (71.5%) 771 (71.3%) 77 (73.3%) 805 (71.8%) 43 (66.2%)
1SS 1,186 22.0 (17.0, 29.0) 22.0(17.0, 29.0) 20.0 (16.0, 25.0) 0.025 22.0 (17.0, 29.0) 25.0 (17.0, 25.0) 0.588
Time_from_accident_to_hospital_arrival 1,170 44.0 (33.0, 61.0) 44.0 (33.0, 60.0) 46.0 (35.0, 63.8) 0.330 44.0 (33.0, 60.0) 52.0 (36.5, 80.5) 0.003
Charlson risk index 1,040 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 2.0 (1.0, 3.0) <0.001 0.0 (0.0, 1.0) 2.0 (0.8, 2.0) <0.001
SBP_on_arrival 1,178 134.0 (110.0, 156.8) 132.0 (110.0, 155.0) 148.0 (123.0, 174.0) <0.001 133.0 (110.0, 156.0) 140.0 (120.0, 158.0) 0.244
HR_on_arrival 1,185 84.0 (72.0, 100.0) 85.0(72.0, 101.0) 78.0 (69.0, 90.0) 0.001 84.5(72.0,101.0) 79.0 (68.0, 90.0) 0.008
RR_on_arrival 1,179 20.0 (17.0, 24.0) 20.0 (17.2, 24.0) 18.0 (16.0, 23.0) 0.016 20.0 (17.0, 24.0) 18.0 (16.0, 21.0) 0.025
GCS_on_arrival 1,186 14.0 (10.0, 15.0) 14.0 (10.0, 15.0) 14.0 (12.0, 15.0) 0.717 14.0 (10.0, 15.0) 14.0 (12.0, 15.0) 0.68
Lactate_on_arrival 1,054 24(17,3.7) 25(1.7,3.9) 1.6 (1.2,2.2) <0.001 25(1.7,3.8) 1.7 (1.5,2.2) <0.001
Fbg_on_arrival_2 1,007 241.0 (191.0, 290.0) 238.0 (185.0, 283.0) 287.0 (226.8, 337.0) <0.001 239.0 (188.2, 286.0) 276.0 (244.0, 333.0) <0.001
Hb_on_arrival 1,181 13.1(11.7, 14.5) 13.2(11.8, 14.6) 12.5(11.2,13.7) <0.001 13.2(11.8, 14.5) 11.6 (10.7,13.2) <0.001
Plt_on_arrival 1,180 21.4(17.1,26.0) 21.6 (17.4, 26.4) 18.4 (14.8,22.2) <0.001 21.6 (17.4, 26.3) 17.9 (14.1, 20.9) <0.001
FAST (pericardiac cavity) 1,024 0.211 0.300
Negative 1,004 (98.0%) 925 (98.2%) 97 (96.3%) 950 (98.1%) 54 (96.4%)
Positive 20 (2.0%) 17 (1.8%) 3 (3.7%) 18 (1.9%) 2 (3.6%)
FAST (Lt. thoracic cavity) 1,026 0.659 0.619
Negative 1,007 (98.1%) 927 (98.2%) 80 (97.6%) 951 (98.0%) 56 (100.0%)
Positive 19 (1.9%) 17 (1.8%) 2 (2.4%) 19 (2.0%) 0(0.0%)
FAST (Rt. thoracic cavity) 1,026 >0.999 >0.999
Negative 1,010 (98.4%) 929 (98.4%) 81 (98.8%) 954 (98.4%) 56 (100.0%)
Positive 16 (1.6%) 15 (1.6%) 1(1.2%) 16 (1.6%) 0 (0.0%)
y FAST (Morrison fossa) 1,025 0.250 0.166
Negative 981 (95.7%) 900 (95.4%) 82 (98.8%) 925 (95.5%) 56 (100.0%)
Positive 44 (4.3%) 43 (4.6%) 1(1.2%) 44 (4.5%) 0 (0.0%)

(Continued)
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3.2.3. Sub-group analysis

Additionally, a sub-group analysis excluding TBI with an
abbreviated injury scale of three or more points was performed
(Table 3). After excluding TBI with an abbreviated injury scale
of three or more points, 519 patients were remaining, with 36
administered APT and 15 with ACT. However, they survived
for 24 h in both cases. Overall mortality rates within 24 h, 28-
day mortality, and mortality at hospital discharge were 2.5, 4.1,
and 4.8%, respectively.

4. Discussion

This study highlights the regular use of antiplatelet drugs
did not increase mortality within 24 h, 28-day mortality,
or mortality at hospital discharge; however, the use of
anticoagulants increased mortality within 24 h. Furthermore, it
suggests that standard treatment, including surgery, is sufficient
even when treating patients with trauma who are regularly
administered antiplatelet drugs.

Geriatric trauma has been increasingly common in the
Western and Japan, related to population aging. In the UK,
more than a quarter of patients with trauma are over 75 years
old, which has obvious implications for national and local
healthcare planning, particularly for Major Trauma Centers
and Emergency Departments (13). It has been reported that
the percentage of patients with geriatric trauma has increased,
with 47.8% of the Dutch Trauma Registry being over 65 years
old in 2014 and 52.9% of the Japanese Nationwide Trauma
Registry being over 60 years old between 2004 and 2015 (14,
15). Several studies reported the risk of mortality is 2.5-5.6
times higher in patients with geriatric trauma (16-19). It was
reported that the mechanisms and patterns of injury among
elderly patients differ from those among younger individuals.
The most common site of injury in the elderly is the extremity,
and often ground-level falls rather than high-energy trauma;
however, age can be an independent risk factor for mortality
(20). Thus, in geriatric trauma, even low-energy trauma often
leads to severe trauma due to original physical vulnerability,
involvement of comorbidities, and current oral medications that
negatively affect pathophysiology and treatment.

Recently, the number of elderly patients with trauma
who must be administered anticoagulant or antiplatelet drugs
due to cardiovascular and cerebrovascular diseases or genetic
diseases has been gradually increasing (21-23). Preinjury ACT
has long been found to influence mortality and unfavorable
outcomes significantly. Lee et al. reported that preinjury ACT
was associated with a higher risk of overall mortality (OR
2.12, 95%CI 1.79-2.51, p < 0.00001), in-hospital mortality (OR
2.04, 95%CI 1.66-2.52, p < 0.00001), intracranial hemorrhage
(OD 1.99, 95%CI 1.61-2.45, p < 0.00001), and shorter length
of hospital stay (MD 0.50, 95%CI 0.03-0.97, p = 0.04) in a
systematic review and meta-analysis (24). Brain tissue injury
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TABLE 2 Multivariable binary/proportional odds logistic analysis.

Using of antiplatelet drugs

Using of anticoagulant

52| Odds ratio (95% Cl) Odds ratio (95% Cl)| P-value®
Mortality within 1,185 0.32 (0.04, 2.79) 0.3 4.5(1.2,16.79) 0.025
24h
Died 66 (5.6%) 63 (5.8%) 3 (2.9%) 61 (5.4%) 5 (7.7%)
Survived 1,119 (94.4%) 1,017 (94.2%) 102 (97.1%) 1,059 (94.6%) 60 (92.3%)
28 day-mortality 1,164 0.63 (0.21, 1.89) 0.406 1.2 (0.42,3.47) 0.736
Died 114 (9.8%) 104 (9.8%) 10 (9.5%) 107 (9.7%) 7 (10.8%)
Survived 1,050 (90.2%) 955 (90.2%) 95 (90.5%) 992 (90.3%) 58 (89.2%)
Mortality at 1,182 0.49 (0.16, 1.52) 0.216 1.05 (0.36, 3.09) 0.927
hospital
discharge
Died 129 (10.9%) 118 (11.0%) 11 (10.5%) 120 (10.7%) 9 (13.8%)
Survived 1,053 (89.1%) 959 (89.0%) 94 (89.5%) 997 (89.3%) 56 (86.2%)
Surgery for 1,183 190 (16.1%) 175 (16.2%) 15 (14.3%) 1.66 (0.74,3.7) 0.215 181 (16.2%) 9 (14.1%) 0.79 (0.30, 2.12) 0.644
hemostasis
TAE 1,184 148 (12.5%) 138 (12.8%) 10 (9.5%) 1.52 (0.64, 3.60) 0.341 147 (13.1%) 1(1.6%) 0.08 (0.01, 0.64) 0.018
RBC transfusion | 1,172 0.0 (0.0, 560.0) 0.0 (0.0, 280.0) 0.0 (0.0, 280.0) 1.59 (0.86, 2.95) 0.139 0.0 (0.0, 560.0) 0.0 (0.0, 0.0) 0.34 (0.15, 0.78) 0.011
FFP transfusion 1,171 0 (0.0, 480.0) 0.0 (0.0, 720.0) 0.0 (0.0, 360.0) 2.22(1.22,4.05) 0.009 0.0 (0.0, 720.0) 0.0 (0.0, 0.0) 0.37(0.17,0.82) 0.014
PC transfusion 1,167 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 3.16 (1.55, 6.42) 0.002 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.74 (0.3, 1.81) 0.505

“Statistical data are presented as the median (interquartile range) or 7 (%). ®Statistical tests performed: multivariable logistic regression; multivariable proportional odds logistic regression. TAE, transcatheter arterial embolization; RBC, red blood cell;

FFP, fresh frozen plasma; PC, platelet concentrate.
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TABLE 3 Outcome variables excluding TBI with abbreviated injury scale of 3 or more points.

-_ Using of antiplatelet drugs Using of anticoagulant ‘

Outcome Overall, N =519 | No, N =483 | Yes, N =362 | No, N =504 | Yes, N = 152
Mortality within 24 h 518

Died 13 (2.5%) 13 (2.7%) 0 (0.0%) 13 (2.6%) 0 (0.0%)
Survived 505 (97.5%) 469 (97.3%) 36 (100.0%) 490 (97.4%) 15 (100.0%)
28 day-mortality 508

Died 21 (4.1%) 19 (4.0%) 2 (5.6%) 21 (4.3%) 0 (0.0%)
Survived 487 (95.9%) 453 (96.0%) 34 (94.4%) 472 (95.7%) 15 (100.0%)
Mortality at hospital discharge 517

Died 25 (4.8%) 23 (4.8%) 2 (5.6%) 25 (5.0%) 0(0.0%)
Survived 492 (95.2%) 458 (95.2%) 34 (94.4%) 477 (95.0%) 15 (100.0%)
Surgery for hemostasis 517 82 (15.9%) 79 (16.4%) 3 (8.3%) 80 (15.9%) 2 (13.3%)
TAE 518 85 (16.4%) 79 (16.4%) 6 (16.7%) 85 (16.9%) 0 (0.0%)
RBC transfusion 510 0.0 (0.0, 560.0) 0.0 (0.0, 560.0) 0.0 (0.0, 420.0) 0.0 (0.0, 560.0) 0.0 (0.0, 0.0)
FFP transfusion 510 0 (0.0, 480.0) 0.0 (0.0, 720.0) 0.0 (0.0, 360.0) 0.0 (0.0, 600.0) 0.0 (0.0, 0.0)
PC transfusion 508 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)

*Statistical data are presented as the median (interquartile range) or 1 (%). TAE, transcatheter arterial embolization; RBC, red blood cell; FFP, fresh frozen plasma; PC, platelet concentrate.

stimulates the tissue factor pathway of coagulation in blunt surgical bleeding (29). However, the risk of stroke is relatively
TBI, resulting in various degrees of systemic bleeding tendency low, with only approximately 2% occurring within 30 days of
and coagulopathy (25-27). In our study, patients who were APT discontinuation (30).

administered antithrombotic drugs with anticoagulant and Several reports revealed that APT before the injury
antiplatelet before injury were significantly older; nevertheless, was significantly associated with increased mortality and
only patients administered ACT had significantly elevated unfavorable outcomes in blunt TBI (4-6). In a systemic review
mortality. Although the registry study does not allow for a and meta-analysis, Batchelor et al. reported a slightly increased
detailed examination, the extremely low rate of TAE in the risk of death in patients administered APT with blunt TBI (3).
ACT group suggested that the patients may have had trauma Others have reported an increased need for surgery, higher
requiring surgery for hemostasis in relative terms, or they may hospitalization rates, and poor discharge status in moderate
have had multiple bleeds non-amenable to TAE. There was no patients with head trauma administered APT (7). Jones et al. also
significant difference in the 28 day-mortality or mortality at reported a high incidence of intracranial rebleeding episodes in
hospital discharge in the ACT group, however, since the half-life similar situations (31). Conversely, several studies revealed no
of anticoagulants, especially DOACs, is at most 12 h, the effect significant association between mortality due to APT and head
of pre-injury medication was minor, and since the prognosis injury (7, 8). To exclude the effect of coagulopathy induced by
of severe trauma itself can be affected by definitive treatment TBI on the outcomes, patients with concomitant TBI with an
during the so-called “golden hour” only early mortality was abbreviated injury scale of 3 or more points were excluded from
considered significant. Therefore, there may be justification for the subgroup analysis. However, the extremely low mortality
discontinuing anticoagulant drug administration when patients rates in both the APT and ACT groups precluded statistical
who are administered ACT suffer major trauma. analysis, and the effect of TBI on outcomes could not be

In contrast, Yuval et al. reported that antithrombotic determined in this study.

drugs such as anticoagulants and antiplatelet drugs did There is no clear evidence of the effect of preinjury APT
not significantly increase mortality or blood transfusion on mortality and other outcomes, particularly for trauma other
requirements among patients with major trauma, including than single TBI. Furthermore, the ability of platelet transfusion
patients with head trauma (28). Thus, the efficacy of APT to reverse platelet inhibition remains unclear. Two systematic
before the injury and continued administration of antiplatelet reviews and meta-analyses exist on the effect of early surgery
drugs after injury remains controversial. Initially, it was in the trauma treatment of hip fractures in patients on APT
reported that discontinuing APT administration increased the before the injury, which is slightly different from the study on
risk of thromboembolism significantly, especially in patients the impact of APT. Both studies revealed that early surgery
with coronary heart disease. Moreover, the risk of coronary for patients on APT who had hip fractures was associated
thrombosis after withdrawal of APT is greater than the risk of with increased transfusion rates; however, a decreased mortality
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and length of hospital stay (32, 33). While some studies
found no significant association between APT administration
before major trauma injury and mortality or other outcomes,
other studies reported increased mortality and rebleeding rates
(8, 9, 31, 34). We could not examine single and double
APT in this study; nonetheless, Ferraris et al. reported that
patients with APT have significantly more comorbidities and
worse outcomes with DAPT than SAPT in either case (35).
Furthermore, examining whether aspirin or thienopyridines
were administered was not possible but clinically there was
no differential management of patients. One interesting study
suggests that APT administration before trauma injury is
associated with a decreased risk of lung dysfunction, multiple
organ failure, and possibly death in high-risk patients with blunt
trauma who received transfusions. This finding suggests that
platelets are involved in the development of organ dysfunction,
according to the author (36). As noted above, there is no
consensus on how preinjury APT affects mortality and other
outcomes of major trauma, not only a head injury. In the
present study, there was no significant difference in mortality
between the time point with or without APT before the injury.
Considering the disadvantages of APT drug withdrawal, the
results may support a treatment policy without discontinuing
APT and delaying surgery.

This study had some limitations. First, our observations
were limited to a relatively small population; a larger and more
racially diverse data set should be the focus of future studies.
Second, the groups were not randomized. Third, we could
not distinguish single and dual platelet therapy or figure out
medication compliance because data were obtained from an
observational registry. Fourth, because of no prior development
of transfusion protocols in this study, it was impossible to assess
whether there was any arbitrary influence on the administration
of RBCs, FFP, and PC. Therefore, a prospective study with a
predefined protocol is desirable in the future.

5. Conclusion

Our findings suggest that patients administered AC have a
higher risk of early mortality than patients not administered
AC or AP despite the limitations of the study. In contrast, the
mortality risk for patients administered AP remains unchanged.
These results provide encouraging data regarding the approach
to trauma care among patients receiving AP, despite the lack of
reversible agents. However, further studies are needed to clarify
the benefits and risks associated with AP.

Data availability statement

The data that support the findings of this study are available
from the corresponding author, upon reasonable request.

Frontiers in Medicine

08

10.3389/fmed.2022.1089219

Requests to access these datasets should be directed to the
corresponding author HO, hideshi@gifu-u.ac.jp.
Ethics statement

The
Ethics

Tohoku
Committee approved the use of the J-OCTET
2 (approval #2020-1-898, approved 15,
2021). the Gifu Institutional
Ethics Committee approved this study (approval #2022-
141, approved on October 12, 2022). The Institutional
Ethics Committees of Gifu University Graduate School

University ~ Institutional =~ Research

on January

Furthermore, University

of Medicine approved the substitution of an opt-out
notice of informed consent from patients due to the
retrospective nature of the study, whose design was based
on computerized data with anonymous selection. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the

institutional requirements.

Author contributions

FY, HO, RK, YKa, GY, YM, YKi, TE TM, NK,
TD, TY, SY, and SO: treatment of the patients. FY
and RK: writing—original draft. FY, RK, and HO:
writing—review and editing. TI: data management
and analysis. All authors read and approved the
final manuscript.

Acknowledgments

We thank Editage (www.editage.com) for English

language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org



Yamaiji et al.

References

1. Atinga A, Shekkeris A, Fertleman M, Batrick N, Kashef E, Dick E. Trauma in
the elderly patient. Br ] Radiol. (2018) 91:20170739. doi: 10.1259/bjr.20170739

2. Brown C, Rix K, Klein A, Ford B, Teixeira P, Aydelotte J, et al. A comprehensive
investigation of comorbidities, mechanisms, injury patterns, and outcomes in
geriatric blunt trauma patients. Am Surg. (2016) 82:1055-62. doi: 10.1177/
000313481608201119

3. Batchelor J, Grayson A. A meta-analysis to determine the effect of preinjury
antiplatelet agents on mortality in patients with blunt head trauma. Br ] Neurosurg.
(2013) 27:12-8. doi: 10.3109/02688697.2012.705361

4. Mina A, Knipfer J, Park D, Bair H, Howells G, Bendick P. Intracranial
complications of preinjury anticoagulation in trauma patients with head injury. J
Trauma. (2002) 53:668-72. doi: 10.1097/00005373-200210000-00008

5. Wong D, Lurie F, Wong L. The effects of clopidogrel on elderly traumatic brain
injured patients. J Trauma. (2008) 65:1303-8. doi: 10.1097/TA.0b013e318185e234

6. Major ], Reed M. A retrospective review of patients with head injury with
coexistent anticoagulant and antiplatelet use admitted from a UK emergency
department. Emerg Med J. (2009) 26:871-6. doi: 10.1136/em;j.2008.068643

7. Savioli G, Ceresa I, Luzzi S, Giotta Lucifero A, Pioli Di Marco M, Manzoni
E et al. Mild head trauma: is antiplatelet therapy a risk factor for hemorrhagic
complications? Medicina. (2021) 57:357. doi: 10.3390/medicina57040357

8. Bachelani A, Bautz J, Sperry J, Corcos A, Zenati M, Billiar T, et al. Assessment
of platelet transfusion for reversal of aspirin after traumatic brain injury. Surgery.
(2011) 150:836-43. doi: 10.1016/j.surg.2011.07.059

9. Bonville D, Ata A, Jahraus C, Arnold-Lloyd T, Salem L, Rosati C, et al. Impact
of preinjury warfarin and antiplatelet agents on outcomes of trauma patients.
Surgery. (2011) 150:861-8. doi: 10.1016/j.surg.2011.07.070

10. Cunningham F, Pritchard ], Hankins G, Anderson P, Lucas M, Armstrong
K. Peripartum heart failure: idiopathic cardiomyopathy or compounding
cardiovascular events? Obstet Gynecol. (1986) 67:157-68. doi: 10.1097/00006250-
198602000-00002

11. Scheetz L. Prehospital factors associated with severe injury in older adults.
Injury. (2010) 41:886-93. doi: 10.1016/j.injury.2010.05.018

12. Harrell F. Regression modeling strategies. New York, NY: Springer (2006).

13. Kehoe A, Smith J, Edwards A, Yates D, Lecky F. The changing face of major
trauma in the UK. Emerg Med J. (2015) 32:911-5. doi: 10.1136/emermed-2015-
205265

14. de Vries R, Reininga I, Pieske O, Lefering R, El Moumni M, Wendt K. Injury
mechanisms, patterns and outcomes of older polytrauma patients-an analysis of the
dutch trauma registry. PLoS One. (2018) 13:e0190587. doi: 10.1371/journal.pone.
0190587

15. Kojima M, Endo A, Shiraishi A, Otomo Y. Age-related characteristics and
outcomes for patients with severe trauma: analysis of Japan’s nationwide trauma
registry. Ann Emerg Med. (2019) 73:281-90. doi: 10.1016/j.annemergmed.2018.09.
034

16. Gubler K, Davis R, Koepsell T, Soderberg R, Maier R, Rivara F. Long-term
survival of elderly trauma patients. Arch Surg. (1997) 132:1010-4. doi: 10.1001/
archsurg.1997.01430330076013

17. Grossman M, Miller D, Scaff D, Arcona S. When is an elder old? effect of
preexisting conditions on mortality in geriatric trauma. ] Trauma. (2002) 52:242-6.
doi: 10.1097/00005373-200202000-00007

18. Jacobs D. Special considerations in geriatric injury. Curr Opin Crit Care.
(2003) 9:535-9. doi: 10.1097/00075198-200312000-00012

19. Keller J, Sciadini M, Sinclair E, O’Toole R. Geriatric trauma: demographics,
injuries, and mortality. J Orthop Trauma. (2012) 26:e161-5. doi: 10.1097/BOT.
0b013e3182324460

20. Adams S, Holcomb J. Geriatric trauma. Curr Opin Crit Care. (2015) 21:520-6.
doi: 10.1097/MCC.0000000000000246

Frontiers in Medicine

09

10.3389/fmed.2022.1089219

21. Patrono C, Bachmann F, Baigent C, Bode C, De Caterina R, Charbonnier B,
et al. Expert consensus document on the use of antiplatelet agents. The task force
on the use of antiplatelet agents in patients with atherosclerotic cardiovascular
disease of the European society of cardiology. Eur Heart J. (2004) 25:166-81.
doi: 10.1016/j.ehj.2003.10.013

22. Smith SJr, Blair S, Bonow R, Brass L, Cerqueira M, Dracup K, et al. AHA/ACC
scientific statement: AHA/ACC guidelines for preventing heart attack and death in
patients with atherosclerotic cardiovascular disease: 2001 update: a statement for
healthcare professionals from the American heart association and the American
college of cardiology. Circulation. (2001) 104:1577-9. doi: 10.1161/hc3801.09
7475

23. Savioli G, Ceresa I, Ciceri L, Sciutti F, Belliato M, Iotti G, et al. Mild head
trauma in elderly patients: experience of an emergency department. Heliyon. (2020)
6:04226. doi: 10.1016/j.heliyon.2020.e04226

24. Lee Z, Lim X, Ang E, Hajibandeh S, Hajibandeh S. The effect of preinjury
anticoagulation on mortality in trauma patients: a systematic review and meta-
analysis. Injury. (2020) 51:1705-13. doi: 10.1016/j.injury.2020.06.010

25. Kushimoto S, Shibata Y, Yamamoto Y. Implications of fibrinogenolysis in
patients with closed head injury. J Neurotrauma. (2003) 20:357-63. doi: 10.1089/
089771503765172318

26. Carrick M, Tyroch A, Youens C, Handley T. Subsequent development of
thrombocytopenia and coagulopathy in moderate and severe head injury: support
for serial laboratory examination. J Trauma. (2005) 58:725-9. doi: 10.1097/01.TA.
0000159249.68363.78

27. van der Sande ], Veltkamp J, Boekhout-Mussert R, Bouwhuis-Hoogerwerf
M. Head injury and coagulation disorders. ] Neurosurg. (1978) 49:357-65. doi:
10.3171/jns.1978.49.3.0357

28. Yuval J, Felix K, Demma J, Awissat H, Kedar A, Weiss D, et al. Mortality in
relation to presence and type of oral antithrombotic agent among adult trauma
patients: a single-center retrospective cohort study. Eur J Trauma Emerg Surg.
(2022) 48:497-505. doi: 10.1007/s00068-020-01429-7

29. Di Minno M, Prisco D, Ruocco A, Mastronardi P, Massa S, Di Minno G.
Perioperative handling of patients on antiplatelet therapy with need for surgery.
Intern Emerg Med. (2009) 4:279-88. doi: 10.1007/s11739-009-0265-0

30. Weimar C, Cotton D, Sha N, Sacco R, Bath P, Weber R, et al. Discontinuation
of antiplatelet study medication and risk of recurrent stroke and cardiovascular
events: results from the PRoFESS study. Cerebrovasc Dis. (2013) 35:538-43. doi:
10.1159/000351144

31. Jones K, Sharp C, Mangram A, Dunn E. The effects of preinjury clopidogrel
use on older trauma patients with head injuries. Am J Surg. (2006) 192:743-5.
doi: 10.1016/j.amjsurg.2006.08.037

32. Doleman B, Moppett I. Is early hip fracture surgery safe for patients on
clopidogrel? Systematic review, meta-analysis and meta-regression. Injury. (2015)
46:954-62. doi: 10.1016/j.injury.2015.03.024

33. Yang Z, Ni J, Long Z, Kuang L, Gao Y, Tao S. Is hip fracture surgery safe
for patients on antiplatelet drugs and is it necessary to delay surgery? a systematic
review and meta-analysis. ] Orthop Surg Res. (2020) 15:105. doi: 10.1186/s13018-
020-01624-7

34. Blasius F, Laubach M, Andruszkow H, Liibke C, Lichte P, Lefering R,
et al. Impact of anticoagulation and antiplatelet drugs on surgery rates and
mortality in trauma patients. Sci Rep. (2021) 11:15172. doi: 10.1038/s41598-021-9
4675-7

35. Ferraris V, Bernard A, Hyde B. The impact of antiplatelet drugs on
trauma outcomes. J Trauma Acute Care Surg. (2012) 73:492-7. doi: 10.1097/TA.
0b013e31825b85f1

36. Harr ], Moore E, Johnson J, Chin T, Wohlauer M, Maier R, et al.
Antiplatelet therapy is associated with decreased transfusion-associated risk of lung
dysfunction, multiple organ failure, and mortality in trauma patients. Crit Care
Med. (2013) 41:399-404. doi: 10.1097/CCM.0b013e31826ab38b

frontiersin.org



