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Abstract: Background: Bleeding is a feared complication of antiplatelets (APTs) and oral anti-coagulants (OACs) 
use. Asians are at higher risk of bleeding from APT/OAC compared to Western population. Our study aims to inves-
tigate the impact of preinjury APT/OAC use on outcomes of moderate to severe blunt trauma. Methods: This is a 
retrospective cohort study from Jan 2017 - Dec 2019 of all patients with moderate to severe blunt trauma. A 1:2 
propensity score matching (PSM) analysis was performed to address for confounding factors. Our primary outcome 
was in-hospital mortality. Our secondary outcomes were severity of head injury and need for emergency surgery 
within the first 24 hours. Results: There were 592 patients (APT/OAC n=72, no APT/OAC n=520) included in our 
study. The median age was 74 years in APT/OAC and 58 years in no APT/OAC. PSM resulted in 150 patients (APT/
OAC n=50, no APT/OAC n=100). In the PSM cohort, more patients with APT/OAC use had ischemic heart disease 
(76% vs 0%, P<0.001). APT/OAC use was independently associated with higher in-hospital mortality (22.0% vs 
9.0%, Odds ratio (OR) 3.00, 95% Confidence interval (CI): 1.05, 8.56, P=0.040) Severity of head injury (abbreviated 
injury scale in APT/OAC: 3.33 ± 1.53, vs 2.97 ± 1.43, P=0.380) and need for emergency surgery (APT/OAC 16.2% 
vs 11.0%, P=0.434) was comparable between APT/OAC and no APT/OAC. Conclusions: Preinjury APT/OAC use was 
associated with higher in-hospital mortality. Severity of head injury and need for emergency surgery within 24 hours 
from admission were comparable between APT/OAC use and no APT/OAC use. 
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Introduction

Bleeding is the most feared complication of 
antiplatelets (APTs) and oral anti-coagulants 
(OACs) use. There has been a concerning 
increase in prevalence of metabolic syndrome 
across all ages in the recent decade [1], with 
consequent increase in atherosclerotic cardio-
vascular disease (ASCVD). Of 964 patients sur-
veyed in the National Health and Nutrition 
Examination Survey, the percentage of aspirin 
use was 73.8% in diabetic patients with ASCVD 
in the United States [2]. There has also been an 
increasing use of oral anticoagulant (OAC) in 
recent years, especially with establishment of 
safety of direct OACs (DOACs) in elderly popula-
tions [3]. The landmark Perioperative Ischemic 
Evaluation 2 (POISE-2) trial in 2014 on 10,010 
patients showed that aspirin was associated 

with 23 percent higher risk of major bleeding in 
patients undergoing non-cardiac surgery [4]. 
Use of warfarin and rivaroxaban was also asso-
ciated with increased risk of intra-cranial haem-
orrhage (ICH) [5]. 

Bleeding is a significant concern following trau-
matic injuries. About 4% of trauma patients are 
on OACs due to underlying atrial fibrillation, 
thromboembolic events or other cardiovascular 
diseases [6, 7]. Existing literature demonstrat-
ed that preinjury APT/OAC may be associat- 
ed with increased risk of mortality [8-12], but 
results have been conflicting [13-16]; Spektor 
et al. showed that preinjury aspirin did not 
increase the risk of intracranial haemorrhage 
(ICH) [13], and Wojcik et al. showed that prein-
jury warfarin did not increase mortality or length 
of stay in both patients with head injury and no 
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head injury [14]. However, Inamasu et al. 
showed that use of warfarin was associated 
with worse outcomes in patients with ICH [16].

To add on, majority of these studies were con-
ducted in the Western populations. Bleeding 
risk may be higher in the East Asian population 
compared to Western population with APT or 
OAC use [17-19]. To our knowledge, there has 
been no study conducted in the local Singa- 
porean population to report on the outcomes of 
preinjury APT/OAC following trauma. The aim of 
this study is to investigate the impact of prein-
jury APT/OAC use on outcomes following mod-
erate to severe blunt trauma in the local popu-
lation. We hypothesize that preinjury APT/OAC 
use results in higher in-hospital mortality com-
pared to no APT/OAC use.

Materials and methods

This is a retrospective cohort study of sequen-
tial patients from Jan 2017 to Dec 2019 who 
were admitted to our tertiary institution (Tan 
Tock Seng Hospital (TTSH)) for blunt traumatic 
injuries comparing the outcomes of patients 
with preinjury APT and/or OAC use compared to 
no APT and/or OAC use. Our institution is the 
designated anchor regional trauma centre for 
the central region of Singapore. We included 
patients who were aged ≥16 years old and had 
Injury Severity Score (ISS) ≥9. Patients with 
penetrating trauma or demised on arrival to the 
emergency department were excluded from 
this study. All patients were identified ele- 
ctronically using our institution’s electronic 
health record system (Computerised Patient 
Support System (CPSS) 2.0, Integrated Health 
Information Systems, Singapore) through our 
locally approved prospective trauma registry. 
This study was approved by our local institu-
tional review board (National Healthcare Group 
Domain Specific Review Board Ref: 2022/ 
00438). This study’s conduct was in concor-
dance with the STrengthening the Reporting  
of OBservational Studies in Epidemiology 
(STROBE) statement for retrospective cohort 
studies [20]. 

Study variables and outcomes

Patient demographics and clinical outcomes 
were studied. Patient demographics included 
age, gender, race, body mass index (BMI), co-
morbidities, systolic blood pressure on triage, 

injury characteristics (location of injury with 
respective Abbreviated Injury Scale (AIS) and 
ISS) and use of APT and/or OAC. The AIS is a 
6-point ordinal scoring system (1: minor, 6: 
maximal i.e. untreatable) which classifies the 
extent of injury in each body region. ISS is a 
composite score (ranging 3-75) used to assess 
trauma severity and is calculated by the sum of 
the squares of the three highest AIS severity 
across nine body regions [21]; ISS of <9, 9-15, 
16-24 and ≥25 are defined as mild, moderate, 
severe and profound respectively. For the pur-
pose of this study, APT/OAC was defined as the 
use of APT and/or OAC. No APT/OAC was 
defined as no use of both APT and OAC. Our 
study outcomes included need for platelet, 
fresh frozen plasma (FFP) and packed cells 
transfusion within the first 24 hours, need for 
angioembolization and surgery within the first 
24 hours, need for intensive care unit (ICU) 
admission, high dependency unit (HDU) admis-
sion, length of stay (LOS), any morbidity and in-
hospital mortality. Any morbidity was defined 
as presence of any complications, acute uri-
nary retention, urinary tract infection (UTI), 
acute kidney injury, sepsis, pneumonia and 
venous thromboembolism. However, only data 
on UTI and pneumonia were collected for the 
specific type of morbidity. In-hospital mortality 
was defined as death within the same admis-
sion. Our primary outcome was in-hospital mor-
tality. Our secondary outcomes were severity  
of head injury, need for emergency surgery 
within 24 hours of presentation and LOS. 
Severity of injuries were measured using the 
AIS during the initial presentation to the emer-
gency department after radiological imaging (if 
performed) [21]. While data on the need for 
emergency transfusions (packed cells, plate-
lets and/or FFP) was collected, this was not one 
of our main outcomes in view of the retrospec-
tive nature of this study and lack of definitive 
criteria for emergency transfusion (described in 
our treatment protocol). 

Treatment protocol 

All patients admitted to the emergency depart-
ment for trauma were seen by a dedicated trau-
ma team in our institution. Subspecialties (e.g. 
orthopedic surgery, plastics and reconstructive 
surgery, neurosurgery) were consulted if clini-
cally indicated. Management of trauma pati- 
ents was guided by the principles of Advanced 
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Trauma and Life Support (ATLS) [22]. All pa- 
tients who were on APT and/or OAC based on 
their clinical records were withheld the medica-
tions on admission. Indications for platelet 
transfusion were presence of head injury with 
absolute platelet count of less than 100 × 
109/L, presence of coagulopathy with platelet 
count of less than 20 × 109/L, or based on sur-
geon’s preference. All patients who were on 
warfarin and were hemodynamically unstable 
were administered 4-factor prothrombin com-
plex concentrate (PCC) or FFP. Intravenous  
vitamin K was given for patients who were on 
warfarin and sustained head injury or had sig-
nificant bleeding (e.g. intra-abdominal bleed-
ing). With regards to the reversal agents for 
DOACs, this was only available for dabigatran 
i.e. idarucizumab. Decision to start 4-factor 
PCC and idarucizumab for warfarin and dabiga-
tran respectively was made after hematology 
consult. Indications for massive transfusion 
protocol were presence of multiple fractures 
with major bleeding and/or the lack of ade-
quate response to intravenous fluid resuscita-
tion. Intravenous tranexamic acid (TXA) was 
given 1 g over 10 minutes within 3 hours, fol-
lowed by 1 g over 8 hours in the presence of 
non-compressible haemorrhage or haemody-
namic instability [23]. All patients were provid-
ed deep vein thrombosis prophylaxis with TED 
(Thrombo-Embolus Deterrent) stockings and/ 
or pneumatic calf compressors unless contra-
indicated. Decision for pharmacological DVT 
prophylaxis was based on surgeon’s prefer-
ence; while there is evidence for early pharma-
cological DVT prophylaxis in moderate to severe 
trauma, the timing of initiation of pharmacologi-
cal DVT prophylaxis in patients with active 
bleeding or coagulopathy is not well-defined in 
current literature [24]. 

Statistical analysis

Categorical values were described as n (%) and 
were analysed by chi-square test. Continuous 
variables were expressed as median (interquar-
tile range (IQR)) and were analyzed by Mann-
Whitney U test as the data did not follow a  
normal distribution. A 1:2 propensity score 
matching (PSM) was performed to reduce 
selection bias. Patients were adjusted for a 
total of eleven factors: six factors (age ≥65, 
gender, race, hypotension, ISS >15 and diabe-
tes mellitus) were reported to impact morbidity 

and mortality of patients in trauma [25], and 
five factors (presence of hypertension, hyper- 
lipidemia, chronic kidney disease, cirrhosis  
and history of cancer) had statistically signifi-
cant intergroup differences (defined as P< 
0.10). Hypotension was defined as systolic 
blood pressure of <90 mmHg on presentation 
to the emergency department. Patients were 
not matched based on incidence of ischemic 
heart disease (IHD), peripheral vascular dis-
ease (PVD) and transient ischemic attack or 
cerebrovascular accident as majority of pa- 
tients who were on APT/OAC had these co-mor-
bidities (Table 1); matching for these variables 
would result in very low sample size in the APT/
OAC group. PSM was performed with a ratio of 
1:2 using a caliper width of 0.2 of the standard 
deviation (SD) of the logit of the propensity 
score [26, 27]. Standardized mean difference 
(SMD), Hansen and Bowers test and Iacus, King 
and Porro test were used to assess for covari-
ate and global imbalance respectively [28]. 
Adequate covariate balance was defined as 
SMD <0.250. PSM was performed using R soft-
ware (R-3.3.3) and subsequent statistical anal-
ysis was performed using SPSS version 25 
(SPSS, SPSS Inc., Chicago, IL, USA). Multivariate 
logistic regression was performed to assess 
the impact of the use of APT/OAC on clinical 
outcomes; the variables used in the multivari-
ate logistic regression model were the same as 
the variables included in the PSM model. Both 
PSM and multivariate logistic regression was 
performed using the same variables as double 
adjustment has been shown to reduce imbal-
ance [29]. Subgroup analysis was also per-
formed for elderly patients (defined as age ≥65 
years). A value of P<0.05 was used to define 
statistical significance.

Results

Baseline demographics and injury severity

There were 592 patients included in this stu- 
dy, of which 72 (12.2%) had APT/OAC use. Of 
those with APT/OAC, there were 8 patients 
(11.1%) who used both APT and OAC, 59 
patients (81.9%) who used only APT, and 5 
patients (6.9%) who only used OAC. Patients in 
the APT/OAC group were older, with a median 
age of 74 (IQR 64.3-84) years as compared to 
58 (IQR 33-75) years in the no APT/OAC group. 
The APT/OAC group had significantly more co-
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Table 1. Patient demographics and injury severity after blunt trauma in patients who received antiplatelets and/or anticoagulants versus those 
without in both the unmatched and matched cohort

Overall cohort, n=592 PSM cohort, n=150
Anticoagulants/ 

antiplatelets (n=72)
No anticoagulants/

antiplatelets (n=520) P value SMD Anticoagulants/ 
antiplatelets (n=50)

No anticoagulants/
antiplatelets (n=100) P value SMD

Age, years, median (IQR) 74 (64.3-84) 58 (33-75) <0.001 73.5 (64-84) 74 (63-84) 0.902
    Age ≥65 years^ 54 (75.0) 220 (42.3) <0.001 0.701 37 (74.0) 73 (73.0) 0.896 0.022
Gender, male (%)^ 40 (68.1) 349 (67.1) 0.873 0.020 34 (68.0) 62 (62.0) 0.470 0.125
Race, n (%)^ 0.035 0.314 0.331 0.133
    Chinese 55 (76.4) 330 (63.5) 38 (76.0) 79 (79.0)
    Malay 7 (9.7) 84 (16.2) 5 (10.0) 14 (14.0)
    Indian 10 (13.9) 68 (13.1) 7 (14.0) 6 (6.0)
    Others 0 (0) 38 (7.3) 0 (0) 1 (1.0)
BMI, median (IQR) 23.1 (19.7-26.0) 23.0 (20.8-25.1) 0.867 23.4 (19.7-25.8) 23.9 (21.1-26.9) 0.250
    BMI >27.5 10/68 (14.7) 60/409 (14.7) 0.994 7/47 (14.9) 15/78 (19.2) 0.537
Co-morbidities, n (%)
    Diabetes mellitus^ 31 (43.1) 50 (9.6) <0.001 0.816 19 (38.0) 42 (42.0) 0.638 0.081
    Hypertension^ 59 (81.9) 93 (17.9) <0.001 1.662 37 (74.0) 79 (79.0) 0.491 0.117
    Hyperlipidemia^ 51 (70.8) 78 (15.0) <0.001 1.360 31 (62.0) 64 (64.0) 0.811 0.041
    Ischemic heart disease 54 (75.0) 0 (0) <0.001 38 (76.0) 0 (0) <0.001
    Chronic kidney disease/end-stage renal failure^ 17 (23.6) 12 (2.3) <0.001 0.665 8 (16.0) 12 (12.0) 0.497 0.115
    Peripheral vascular disease 6 (8.3) 2 (0.4) <0.001 3 (6.0) 0 (0) 0.013
    Transient ischemic attack/cerebrovascular accident 18 (25.0) 11 (2.1) <0.001 8 (16.0) 10 (10.0) 0.286
    COPD 1 (1.4) 3 (0.6) 0.431 0 (0) 0 (0) N/A
    Liver cirrhosis 4 (5.6) 6 (1.2) 0.007 0.245 2 (4.0) 4 (4.0) 1.000 <0.001
    History of malignancy^ 11 (15.3) 16 (3.1) <0.001 0.430 4 (8.0) 12 (12.0) 0.454 0.133
Systolic blood pressure, mmHg, median (IQR) 134 (118-156) 132 (114-151) 0.335 132 (114-153) 146 (125-160) 0.021
    Hypotension#,^ 1 (1.4) 25 (4.8) 0.185 0.198 1 (2.0) 4 (4.0) 0.520 0.117
Lactate, median (IQR) 2.09 (1.45-3.20) 2.26 (1.60-3.22) 0.348 2.00 (1.48-2.60) 2.10 (1.39-3.09)
    Elevated (≥2) 19/43 (44.2) 191/427 (44.7) 0.945 14/35 (40.0) 26/63 (41.3) 0.902
Hemoglobin, g/dL 12.5 (10.7-13.2) 13.5 (12.1-14.8) <0.001 12.3 (10.5-13.2) 12.6 (11.0-13.7) 0.249
Platelets, 109/L 207 (172-270) 253 (210-300) <0.001 207 (172-263) 240 (185-285) 0.080
Type of injury, location
    Head 30 (41.7) 199 (38.3) 0.579 21 (42.0) 32 (32.0) 0.227
        AIS, mean (SD) 3.27 (1.39) 3.11 (1.25) 0.529 3.33 (1.53) 2.97 (1.43) 0.380
    Face 9 (12.5) 108 (20.8) 0.099 4 (8.0) 18 (18.0) 0.103
        AIS, mean (SD) 1.67 (0.50) 1.69 (0.50) 0.878 1.50 (0.58) 1.56 (0.51) 0.849
    Neck 1 (1.4) 8 (1.5) 0.923 1 (2.0) 1 (1.0) 0.615
        AIS, mean (SD) 3.00 (N/A) 2.38 (0.92) 0.541 3.00 2.00 N/A
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    Thorax 28 (38.9) 193 (37.1) 0.771 22 (44.0) 38 (38.0) 0.480
        AIS, mean (SD) 2.96 (1.37) 2.78 (0.76) 0.297 3.09 (1.44) 2.97 (0.72) 0.676
    Abdomen 11 (15.3) 77 (14.8) 0.916 10 (20.0) 13 (13.0) 0.262
        AIS, mean (SD) 2.45 (0.52) 2.58 (0.88) 0.635 2.40 (0.52) 2.31 (0.75) 0.743
    Spine 20 (27.8) 166 (31.9) 0.478 14 (28.0) 35 (35.0) 0.389
        AIS, mean (SD) 2.75 (0.79) 2.58 (0.76) 0.362 2.71 (0.83) 2.66 (0.68) 0.804
    Upper extremity 19 (26.4) 163 (31.3) 0.393 12 (24.0) 23 (23.0) 0.891
        AIS, mean (SD) 1.95 (0.23) 2.00 (0.69) 0.740 1.92 (0.29) 2.00 (0.30) 0.437
    Lower extremity 31 (43.1) 252 (48.5) 0.389 22 (44.0) 50 (50.0) 0.488
        AIS, mean (SD) 2.52 (0.72) 2.81 (0.51) 0.033 2.50 (0.74) 2.76 (0.52) 0.145
    External and others 42 (58.3) 307 (59.0) 0.909 27 (54.0) 44 (44.0) 0.248
        AIS, mean (SD) 1.00 (0) 1.01 (0.13) 0.620 1.00 (0) 1.00 (0) N/A
Injury severity score (ISS)^, median (IQR) 10 (9-18.8) 13 (9-19.8) 0.458 10 (9-22) 10 (9-18) 0.480
    ISS >15, yes^ 23 (31.9) 196 (37.7) 0.344 0.120 17 (34.0) 32 (32.0) 0.806 0.042
Injury severity score (ISS), category 0.180
    Moderate (9-15) 49 (68.1) 324 (62.3) 33 (66.0) 68 (68.0)
    Severe (16-24) 10 (13.9) 120 (23.1) 6 (12.0) 20 (20.0)
    Profound (≥25) 13 (18.1) 76 (14.6) 11 (22.0) 12 (12.0)
All continuous variables were expressed as median (IQR (interquartile range)) unless specified. All categorical variables were expressed as n (%) unless otherwise specified. Values in bold indicate statistical 
significance, where P<0.05. ^Propensity score matching was performed for these variables due to potential and/or significant effects on clinical outcomes, or due to significant differences in demographics 
between the two study groups. #Hypotension was defined as systolic blood pressure of <90 mmHg. AIS: Abbreviated injury scale; BMI: Body mass index; ISS: Injury severity score; IQR: Interquartile range; 
PSM: propensity score matched; SD: Standard deviation; SMD: standardized mean difference.
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Figure 1. Plot of standardised mean difference (SMD) in covariates: before propensity score matching (blue) and 
after propensity score matching (red). SMD <0.250 indicates adequate balance. ISS: Injury Severity Score.

morbidities such as IHD, PVD, cerebrovascular 
disease, diabetes mellitus, hypertension, hy- 
perlipidemia, chronic kidney disease, liver cir-
rhosis and history of malignancy (Table 1). ISS 
was comparable between both groups (APT/
OAC: median 10 (IQR 9-18.8), No APT/OAC: 
median 13 (IQR 9-19.8), P=0.458). 

After PSM, there were 150 patients (APT/OAC 
n=50, No APT/OAC n=100). Of those with APT/
OAC use, there were 3 patients (6%) who used 
both APT and OAC, 43 patients (86%) who used 
APT only, and 4 patients (8%) who used OAC 
only. All matched covariates had SMD <0.250 
following PSM, suggesting adequate and im- 
proved balance (Figure 1). Hansen and Bowers 
test for global significance did not demonstrate 
any statistical significance in the matched 
cohort (before PSM: χ2=183, P<0.001; after 
PSM: χ2=3.81, P=0.975). Iacus, King, and Po- 
rro test demonstrated improvement in the  
overall balance after matching (before PSM: 
L1=0.870; after PSM: L1=0.660). Majority of 

patient demographics were comparable after 
PSM, except for the incidence of IHD and PVD 
(Table 1). Median ISS was comparable (APT/
OAC: 10 (IQR 9-22), no APT/OAC: 10 (IQR 9-18), 
P=0.480).

Clinical outcomes 

Table 2 summarizes the clinical outcomes of 
patients who had preinjury APT/OAC versus no 
APT/OAC in both the unmatched and matched 
cohorts. In the unmatched cohort, need for 
platelet transfusion within the first 24 hours 
was higher in APT/OAC compared to no APT/
OAC (OR 5.08, 95% CI: 2.67, 9.66, P<0.001). 
Multivariate analysis showed that APT/OAC use 
was independently associated with increased 
need for platelet transfusion (OR 18.14, 95% 
CI: 5.60, 58.82, P<0.001). Need for FFP, pack- 
ed cells transfusion, angioembolization and 
surgery within 24 hours, incidence of ICU and 
HDU admission and any morbidity were com- 
parable between APT/OAC and no APT/OAC. 
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Table 2. Outcomes after blunt trauma in patients who received antiplatelets and/or anticoagulants versus those without in both the unmatched and 
matched cohort

Overall cohort, n=592 PSM cohort, n=150

Antico-
agulants/

antiplatelets 
(n=72)

No antico-
agulants/

antiplatelets 
(n=520)

Univariate analysis Multivariate analysis Anticoagu-
lants/anti-

platelets (n= 
50)

No antico-
agulants/

antiplatelets 
(n=100)

Univariate analysis Multivariate 
analysis

OR (95% CI) p 
value OR (95% CI) p 

value OR (95% CI) p 
value

OR (95% 
CI)

p 
value

Need for transfusion within the first 
24 hours

    Platelets 18 (25.0) 32 (6.2) 5.08 (2.67, 9.66) <0.001 18.14 (5.60, 
58.82)

<0.001 12 (24.0) 3 (3.0) 10.21 (2.73, 
38.21)

<0.001 15.23 (3.05, 
76.04)

0.001

    Median, mL (IQR) 315 (268-343) 344 (322-623) - 0.020 - - 311 (277-348) 300 (248-N/A) - 0.365 - -

    Fresh frozen plasma 5 (6.9) 36 (6.9) 1.00 (0.38, 2.65) 0.995 - - 3 (6.0) 4 (4.0) 1.53 (0.33, 7.13) 0.584 - -

    Median, mL (IQR) 527 (387-1314) 916 (530-1330) - 0.188 - - 527 (254-N/A) 645 (526-1178) - 0.400 -

    Packed cells 19 (26.4) 135 (26.0) 1.02 (0.58, 1.79) 0.938 - - 9 (18.0) 25 (25.0) 0.66 (0.28, 1.54) 0.334 - -

    Median, mL (IQR) 563 (284-819) 851 (530-1653) - 0.043 - - 567 (281-800) 687 (524-1806) - 0.224 - -

Management within 24 hours

    Surgery, n (%) 11 (15.3) 112 (21.5) 0.66 (0.33, 1.29) 0.220 - - 10 (20.0) 15 (15.0) 1.42 (0.59, 3.43) 0.439 - -

    Angioembolisation, n (%) 2 (2.8) 11 (2.1) 1.32 (0.29, 6.09) 0.719 - - 0 (0) 2 (2.0) N/A 0.314 - -

ICU admission, yes (%) 11 (15.3) 91 (17.5) 0.85 (0.43, 1.68) 0.640 - - 8 (16.0) 22 (22.0) 0.68 (0.28, 1.65) 0.386 - -

    Length of ICU stay, median (IQR) 4 (1-6) 5 (2-8) - 0.315 - - 4.5 (1-12) 3 (1-8) 0.774

HDU admission, yes (%) 31 (43.1) 193 (37.1) 1.28 (0.78, 2.11) 0.330 - - 19 (38.0) 37 (37.0) 1.04 (0.52, 2.10) 0.905 - -

    Length of HDU stay, median (IQR) 2 (1-4) 2 (1-4) - 0.652 - - 2 (1-4) 2 (1-3) - 0.812 - -

    Length of hospitalisation stay, 
days, median (IQR)

16 (8-36.5) 12 (6-25) - 0.021 - - 15.5 (7.5-35.5) 12.0 (8-20) - 0.180 - -

Any morbidity, n (%) 13 (18.1) 80 (15.4) 1.21 (0.64, 2.31) 0.559 - - 14 (28.0) 31 (31.0) 0.87 (0.41, 1.83) 0.705 - -

Morbidity, n (%)

    Urinary tract infection 18 (25.0) 56 (10.8) 2.76 (1.51, 5.04) 0.001 1.10 (0.52, 2.38) 0.799 10 (20.0) 23 (23.0) 0.84 (0.36, 1.93) 0.676 - -

    Pneumonia 16 (22.2) 39 (7.5) 3.52 (1.85, 6.71) <0.001 1.69 (0.72, 3.94) 0.228 10 (20.0) 17 (17.0) 1.22 (0.51, 2.91) 0.652 - -

In-hospital mortality, n (%) 12 (16.7) 26 (5.0) 3.80 (1.82, 7.92) <0.001 2.02 (0.78, 5.23) 0.149 11 (22.0) 9 (9.0) 2.85 (1.10, 7.43) 0.027 3.00 (1.05, 
8.56)

0.040

All continuous variables were expressed as median (IQR (interquartile range)) unless specified. All categorical variables were expressed as n (%) unless otherwise specified. Values in bold indicate statistical significance, where P<0.05. CI: Confidence 
interval; HDU: High dependency unit; ICU: Intensive care unit; IQR: Interquartile range; OR: Odds ratio; PSM: Propensity score matched.
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LOS was higher in the APT/OAC group (median 
16 days (IQR 8-36.5), vs median 12 days (IQR 
6-25), P=0.021). Univariate analysis showed 
that incidence of UTI (OR 2.76, 95% CI: 1.51, 
5.04, P=0.001) and pneumonia (OR 3.52, 95% 
CI: 1.85, 6.71, P<0.001) were higher in the 
APT/OAC group. In-hospital mortality was also 
higher in the APT/OAC group (OR 3.80, 95% CI: 
1.82, 7.92, P<0.001). However, multivariate 
analysis showed that APT/OAC use was not 
independently associated with increased UTI, 
pneumonia and in-hospital mortality.

In the PSM cohort, need for platelet transfu- 
sion within 24 hours (OR 10.21, 95% CI: (2.73, 
38.21), P<0.001) and in-hospital mortality (OR 
2.85, 95% CI: 1.10, 7.43, P=0.027) were simi-
larly higher in APT/OAC. Multivariate analysis 
showed that APT/OAC use was independently 
associated with increased need for platelet 
transfusion (OR 15.23, 95% CI: 3.05, 76.04, 
P=0.001) and in-hospital mortality (OR 3.00, 
95% CI: 1.05, 8.56, P=0.04). Unlike the un- 
matched cohort, the PSM cohort had similar 
LOS, incidence of UTI and pneumonia between 
APT/OAC use and no APT/OAC use (Table 2). 

Subgroup analysis of elderly patients ≥65 years 
old in the unmatched cohort (APT/OAC n=54, 
no APT/OAC n=220) similarly showed increas- 
ed need for platelet transfusion, incidence of 
UTI, pneumonia and in-hospital mortality in the 
unmatched cohort (Table 3). However, in the 
PSM cohort (APT/OAC n=37, no APT/OAC n= 
73), univariate analysis only showed increased 
need for platelet transfusion (16.2% vs 4.1%, 
P=0.029). Multivariate analysis did not show 
that APT/OAC was independently associated 
with increased platelet transfusion (OR 4.89, 
95% CI: 0.83, 28.77, P=0.079). There was a 
trend towards higher in-hospital mortality with 
APT/OAC use but did not reach statistical sig-
nificance (21.6% vs 9.6%, P=0.082).

Discussion

Preinjury APT/OAC use is concerning for in- 
creased bleeding risk following moderate to 
severe blunt trauma. This is especially so in the 
Asian context, where the Asian population has 
been shown to have higher bleeding risk with 
APT/OAC use compared to the Western popula-
tion [17-19]. Evidence on preinjury APT/OAC use 
on outcomes is equivocal. Our study demon-
strated higher in-hospital mortality with the use 

of preinjury APT/OAC following moderate to 
severe blunt trauma in both the unmatched 
and matched cohorts. Patients who had prein-
jury APT/OAC were more likely to have IHD and 
PVD. Severity of head injury and need for emer-
gency surgery was comparable in both the 
unmatched and matched cohorts.

Several studies had explored the prognostic 
factors and predictors of mortality following 
moderate to severe blunt trauma [30, 31]; 
These include increased age, deranged bio-
chemical investigations such as prolonged par-
tial thromboplastin time, increased INR, initial 
hemoglobin levels, and characteristics of injury 
(presence of head injury and severity of injury) 
[21]. Use of APT/OAC predisposes patients to 
increased bleeding risk, which may lower initial 
hemoglobin levels and prolong INR, resulting in 
increased mortality. However, as there are sev-
eral confounding factors for mortality in trau-
ma, we used PSM to match for those variables 
(e.g. age ≥65 years, presence of hypotension 
and ISS >15). Even after PSM and multivariate 
logistic regression, our study demonstrated 
higher in-hospital mortality with preinjury APT/
OAC use. This finding is consistent with the 
study by Kerschbaum et al. on 254 elderly 
patients (age ≥65) with ISS ≥16, which showed 
significantly higher 30-day mortality in elderly 
patients with APT/OAC use (APT/OAC 38.5% vs 
no APT/OAC 24.8%, P=0.019) [32]. However, it 
is noteworthy that other secondary outcomes 
i.e. severity of head injury, need for emergency 
surgery and LOS were comparable between 
APT/OAC vs no APT/OAC in our study. Severity  
of other injuries were also comparable. To add 
on, incidence of IHD and PVD were higher in 
patients with preinjury APT/OAC (since these 
variables were not matched). Therefore, it is 
possible that higher in-hospital mortality in the 
APT/OAC group may be due to worse co-morbid-
ities instead of the use of APT/OAC. Presence of 
IHD was shown to be a significant predictor of 
mortality (odds ratio = 1.80) following trauma 
[33]. 

We also demonstrated higher incidence of 
platelet transfusion with APT/OAC in both the 
matched and unmatched cohorts. Common 
APTs include aspirin and clopidogrel. Aspirin 
inhibits thromboxane A2 synthesis, a promoter 
of platelet aggregation, while the active me- 
tabolite of clopidogrel irreversibly inhibits the 
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Table 3. Outcomes after blunt trauma in elderly patients (age ≥65) who received antiplatelets and/or anticoagulants versus those without in both 
the unmatched and matched cohort

Overall cohort, n=274 PSM cohort, n=110

Antico-
agulants/

antiplatelets 
(n=54)

No antico-
agulants/

antiplatelets 
(n=220)

Univariate analysis Multivariate analysis Antico-
agulants/

antiplatelets 
(n=37) 

No antico-
agulants/

antiplatelets 
(n=73)

Univariate analysis Multivariate 
analysis

OR (95% CI) p 
value OR (95% CI) p 

value OR (95% CI) p 
value

OR (95% 
CI)

p 
value

ISS >15, yes 12 (22.2) 58 (26.4) 0.80 (0.39, 1.62) 0.532 - - 9 (24.3) 16 (21.9) 1.15 (0.45, 2.91) 0.776 - -

Type of injury, head 20 (37.0) 79 (35.9) 1.05 (0.57, 1.95) 0.877 - - 14 (37.8) 24 (32.9) 1.24 (0.55, 2.84) 0.605 - -

    AIS, mean (SD) 2.90 (1.29) 3.10 (1.33) - 0.544 - - 2.86 (1.35) 2.92 (1.48) - 0.902 - -

Need for transfusion within the first 
24 hours

    Platelets 11 (20.4) 14 (6.4) 3.76 (1.60, 8.85) 0.001 7.61 (2.03, 
28.49)

0.003 6 (16.2) 3 (4.1) 4.52 (1.06, 
19.23)

0.029 4.89 (0.83, 
28.77)

0.079

        Median, mL (IQR) 317 (269-339) 340 (318-418) - 0.134 - - 302 (267-327) 300 (248-N/A) 0.714 - -

    Fresh frozen plasma 4 (7.4) 10 (4.5) 1.68 (0.51, 5.58) 0.392 - - 2 (5.4) 4 (5.5) 0.99 (0.17, 5.65) 0.987 - -

        Median, mL (IQR) 536 (321-1695) 775 (524-1543) - 0.374 - - 403 (254-N/A) 645 (526-1178) - 0.533 - -

    Packed cells 15 (27.8) 49 (22.3) 1.34 (0.68, 2.64) 0.392 - - 7 (18.9) 18 (24.7) 0.71 (0.27, 1.90) 0.497 - -

        Median, mL (IQR) 567 (284-1097) 846 (536-1800) - 0.143 - - 567 (295-781) 832 (500-2200) 0.714 - -

Management within 24 hours

    Surgery, n (%) 7 (13.0) 25 (11.4) 1.16 (0.47, 2.85) 0.743 - - 6 (16.2) 8 (11.0) 1.57 (0.50, 4.93) 0.434 - -

    Angioembolisation, n (%) 2 (3.7) 2 (0.9) 4.19 (0.58, 
30.46)

0.125 - - 1 (1.4) 0 (0) N/A 0.474 - -

ICU admission, yes (%) 9 (16.7) 34 (15.5) 1.09 (0.49, 2.44) 0.826 - - 6 (16.2) 13 (17.8) 0.89 (0.31, 2.58) 0.835 - -

    Length of ICU stay, median (IQR) 4 (1-10) 3 (1-7) - 0.797 - - 4.5 (1-14.8) 2 (1-4.5) 0.274 - -

HDU admission, yes (%) 22 (40.7) 84 (38.2) 1.11 (0.61, 2.04) 0.729 - - 12 (32.4) 26 (35.6) 0.87 (0.38, 2.01) 0.740 - -

    Length of HDU stay, median (IQR) 2.5 (1-6) 2 (1-3) - 0.331 - - 3 (1-6) 2 (1-3) 0.461 - -

    Length of hospitalisation stay, 
days, median (IQR)

16 (7.8-34.3) 16 (10-31) 0.629 - - 14 (5.5-30.5) 14 (9-24) 0.902 - -

Any morbidity, n (%) 10 (18.5) 38 (17.3) 1.09 (0.50, 2.35) 0.829 - - 10 (27.0) 25 (34.2) 0.71 (0.30, 1.70) 0.442 - -

Morbidity, n (%)

    Urinary tract infection 14 (25.9) 25 (11.4) 2.73 (1.31, 5.71) 0.006 1.15 (0.47, 2.81) 0.769 7 (18.9) 17 (23.3) 0.77 (0.29, 2.06) 0.600 - -

    Pneumonia 12 (22.2) 15 (6.8) 3.91 (1.71, 8.94) 0.001 1.65 (0.60, 4.52) 0.329 7 (18.9) 13 (17.8) 1.08 (0.39, 2.98) 0.887 - -

In-hospital mortality, n (%) 9 (16.7) 16 (7.3) 2.55 (1.06, 6.14) 0.032 1.89 (0.63, 5.69) 0.256 8 (21.6) 7 (9.6) 2.60 (0.86, 7.85) 0.082 - -
All continuous variables were expressed as median (IQR (interquartile range)) unless specified. All categorical variables were expressed as n (%) unless otherwise specified. Values in bold indicate statistical significance, where P<0.05. CI: Confi-
dence interval; HDU: High dependency unit; ICU: Intensive care unit; IQR: Interquartile range; ISS: Injury severity score; OR: Odds ratio; PSM: Propensity score matched.
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platelet adenosine diphosphate P2Y12 receptor, 
which is essential for platelet activation [34-
36]. This results in platelet dysfunction which 
warrants the need for platelet transfusion. The 
increased need for platelet transfusion in the 
APT/OAC group may be due to increased hem-
orrhage attributed to platelet dysfunction or 
inherent selection bias from the lack of stan-
dardized criteria for platelet transfusion. Re- 
commendations from the British Committee for 
Standards in Haematology in 2016 suggested 
platelet transfusion to maintain platelet count 
>100 × 109/L in patients with multiple trauma 
or traumatic brain injury (level 2C evidence), 
and to consider the use of platelet transfusion 
as an additional measure to general hemostat-
ic measures and TXA for critical bleeding (level 
2C evidence) [37]. It is important to know that 
while APT use results in platelet dysfunction, 
absolute platelet count is not reduced [38, 39]. 
This was similarly demonstrated in our study 
where hemoglobin and platelet counts were 
comparable between APT/OAC and no APT/OAC 
groups after PSM. Decision for platelet transfu-
sion based on platelet count with preinjury APT 
use in trauma should not be advised. 

As old age is a predictor of mortality following 
trauma [30, 31], we performed subgroup analy-
sis to evaluate the impact of preinjury APT/OAC 
use on outcomes in patients with age ≥65 
years old. While there was a trend towards  
higher in-hospital mortality (21.6% vs 9.6%, 
P=0.082), this did not reach statistical signifi-
cance in the PSM cohort. This is contrary to the 
study by Kerschbaum et al. which assessed 
254 elderly patients with severe trauma [32]. 
The lack of statistical significance in our study 
may be due to a smaller sample size and lack of 
power to detect statistically significant differ-
ences after PSM and subgroup analysis. Never- 
theless, the absolute difference in in-hospital 
mortality was 13.0% higher in the APT/OAC 
group, which is of clinical significance. We cau-
tion to conclude that preinjury APT/OAC use has 
comparable mortality with no APT/OAC use in 
elderly patients.

Interestingly, univariate analysis in the unmat- 
ched cohort showed higher incidence of UTI 
and pneumonia in the APT/OAC group in both 
the overall cohort (n=592) and elderly cohort 
(n=274). This was not seen in our PSM cohort, 
nor following multivariate analysis. There was 

significantly higher number of elderly patients 
in the unmatched cohort (75% vs 42.3%, 
P<0.001). Reduced physiological reserves in 
elderly patients and presence of multiple co-
morbidities predispose them to nosocomial 
infections such as pneumonia [40]. Need for 
immobilization for lower extremity fractures 
and spinal fractures also predisposes patients 
to acute retention of urine, increasing risk of 
UTI [41]. Subgroup analysis of the elderly 
patients in our unmatched cohort similarly 
showed increased UTI and pneumonia in APT/
OAC. This may also be due to the higher inci-
dence of co-morbidities and lower physiological 
reserves in patients who are on APT/OAC com-
pared to no APT/OAC. Therefore, following mul-
tivariate analysis and in our PSM cohort, there 
was no correlation between APT/OAC use and 
incidence of UTI and pneumonia. 

Our study has its strengths. Firstly, this is one 
of the largest studies on the use of preinjury 
APT/OAC in the Asian population following mod-
erate to severe trauma. Our study included 
patients with blunt trauma only and excluded 
patients with penetrating trauma to reduce het-
erogeneity. We also included the use of PSM 
analysis and multivariate analysis to balance 
confounding effects on outcomes, especially in 
the context of APT/OAC use, where majority of 
patients who require the use of APT/OAC are 
elderly patients with co-morbidities which are 
poor prognostic factors following trauma [42]. 

However, there are limitations to our study. 
Firstly, this is a retrospective cohort study with 
inherent selection bias. However, this was miti-
gated through the use of PSM which reduces 
bias unlike traditional retrospective observa-
tional studies [26]. While the aim of this study 
is to identify the impact of preinjury APT/OAC 
use on clinical outcomes following moderate to 
severe trauma in an East Asian population, we 
were unable to compare the outcomes of differ-
ent races as majority of the included patients 
were Chinese. We did not collect data on the 
type of APT and OAC used; However, a recent 
meta-analysis on the use of APT in traumatic 
brain injury failed to show any difference 
between the use of aspirin vs clopidogrel on 
mortality [43]. There was no data on whether 
single APT or dual APT agents were used. 
Additionally, while our study compared APT/
OAC with no APT/OAC use, majority of the 
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included patients in the APT/OAC group re- 
ceived only APT. Results may not be generaliz-
able to those with both APT and OAC use, or 
OAC use only. There was also no data collected 
on the mechanism of injury (e.g. fall from height 
versus road traffic accident) and cause of mor-
tality. However, patients were grouped accord-
ing to the severity of injury using the ISS. The 
severity of head injury was measured only dur-
ing the initial presentation to the emergency 
department and may not capture progression 
or worsening of head injury throughout the 
admission. Subgroup analysis for patients with 
head injury was not performed, as the sample 
size will be too small (n=53 in the PSM cohort) 
to detect any statistical significance. Data on 
the incidence of DVT and pulmonary embolism 
were also not collected.

Conclusion

Preinjury APT/OAC use was associated with 
higher in-hospital mortality in the East Asian 
population following moderate to severe blunt 
trauma. This may be contributed by higher inci-
dence of comorbidities in the APT/OAC group. 
Severity of head injury and need for emergency 
surgery within 24 hours from admission were 
comparable between APT/OAC use and no APT/
OAC use. 
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