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with and without Anticoagulant or Antiplatelet Use
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Roel D. Farrales,6 James Montoya,7 Troy Bair,8 Calvin Howard,9 Megan Gilbert,1 Renee P. Trajano,1

Kaela M. Hatchel,1 Mark Faul,10 Jeneita M. Bell,10 Victor C. Coronado,10,15 David R. Vinson,11,12

Dustin W. Ballard,11,13 Daniel J. Tancredi,1 Hernando Garzon,1 Kevin E. Mackey,5 Kiarash Shahlaie,14

James F. Holmes1 for the Sacramento County Prehospital Research Consortium

Abstract

Field triage guidelines recommend transport of head-injured patients on anticoagulants or antiplatelets to a higher-level

trauma center based on studies suggesting a high incidence of traumatic intracranial hemorrhage (tICH). We compared the

incidence of tICH in older adults transported by emergency medical services (EMS) with and without anticoagulation or

antiplatelet use and evaluated the accuracies of different sets of field triage criteria to identify tICH. This was a prospective,

observational study at five EMS agencies and 11 hospitals. Older adults (‡55 years) with head trauma and transported by

EMS from August 2015 to September 2016 were eligible. EMS providers completed standardized data forms and patients

were followed through emergency department (ED) or hospital discharge. We enrolled 1304 patients; 1147 (88%) received a

cranial computed tomography (CT) scan and were eligible for analysis. Four hundred thirty-four (33%) patients had

anticoagulant or antiplatelet use and 112 (10%) had tICH. The incidence of tICH in patients with (11%, 95% confidence

interval [CI] 8%–14%) and without (9%, 95% CI 7%–11%) anticoagulant or antiplatelet use was similar. Anticoagulant or

antiplatelet use was not predictive of tICH on adjusted analysis. Steps 1–3 criteria alone were not sensitive in identifying

tICH (27%), whereas the addition of anticoagulant or antiplatelet criterion improved sensitivity (63%). Other derived sets of

triage criteria were highly sensitive (>98%) but poorly specific (<11%). The incidence of tICH was similar between patients

with and without anticoagulant or antiplatelet use. Use of anticoagulant or antiplatelet medications was not a risk factor for

tICH. We were unable to identify a set of triage criteria that was accurate for trauma center need.

Keywords: anticoagulants; field triage; head injuries; older adults

Introduction

Traumatic brain injury (TBI) accounts for 2.2 million

emergency department (ED) visits, 280,000 hospitalizations,

and more than 50,000 deaths every year in the United States.1 Costs

attributed to TBI are estimated at $60 billion annually.1,2 The aging

of the population has increasingly shifted the epidemiology of TBI

toward older adults (defined as 55 years and older).3,4 Older adults

are particularly vulnerable to TBI as compared with younger patients:

they have higher morbidity and mortality due to brain anatomical

differences, higher co-morbidity burden, and more frequent use of

anticoagulant and antiplatelet medications.1,5–7

Many older patients with head injury are transported by Emer-

gency Medical Services (EMS) and it can be challenging for field

1Department of Emergency Medicine, 14Department of Neurological Surgery, UC Davis School of Medicine, Sacramento, California.
2City of Sacramento Fire Department, 3Sacramento Metropolitan Fire Department, Sacramento, California.
4American Medical Response, Sacramento, California.
5Kaiser Permanente South Sacramento Medical Center, 12Kaiser Permanente Sacramento Medical Center, Sacramento, California.
6Mercy General Hospital, 7Sutter General Hospital, Sacramento, California.
8Cosumnes Community Services District Fire Department, Elk Grove, California.
9City of Folsom Fire Department, Folsom, California.

10Centers for Disease Control and Prevention, Atlanta, Georgia.
11Kaiser Permanente Division of Research, Oakland, California.
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personnel to reliably recognize those who will ultimately be diag-

nosed with traumatic intracerebral hemorrhage (tICH). In particular,

older adults are at reasonable risk for tICH with minor mecha-

nisms, such as a fall from standing height.8 This risk is assumed to be

amplified if they are taking anticoagulant and/or antiplatelet medi-

cations—and such patients are at higher risk for post-traumatic dis-

ability and death.9–12 These patients require rapid diagnosis of tICH

with cranial computed tomography (CT). If a tICH is identified, these

patients often require administration of reversal agents and close

monitoring for neurological deterioration.13–16

In recognition of these concerns with head-injured older adults

with anticoagulant and antiplatelet use, the most recent field tri-

age guidelines were revised to recommend taking these patients

to trauma centers or hospitals with the capability of rapid and

comprehensive treatment.3 These recommendations, however, were

largely based on retrospective, registry-based studies.17–19 Such

studies are often prone to sampling-related biases and likely over-

estimate the risk of tICH.20

Our primary objective of this study was to prospectively com-

pare the incidence of tICH and neurosurgery or death due to trauma

in head-injured older adults transported by EMS with and without

anticoagulation or antiplatelet use. We also evaluated risk factors,

including the use of anticoagulant or antiplatelet medications, to

predict the incidence of tICH. Finally, we evaluated the sensitivities

and specificities of different sets of triage criteria to identify tICH in

this patient population using national benchmarks for sensitivity

(‡95%) and specificity (‡65%) as the goal.

Methods

Study design and setting

This was a county-wide, prospective study at five EMS agencies
and 11 hospitals in Northern California. Institutional Review Board
approval was obtained at all study sites.

The study was conducted primarily in Sacramento County,
which encompasses 994 square miles and has a resident population
of 1,418,788 of which 158,551 (11%) are 65 years and older (2010
census). Sacramento County is served by 5 EMS agencies that
respond to 95% of the 9-1-1 call responses for the county. Over
2700 emergency personnel are certified or accredited by the Sa-
cramento County EMS Agency, including approximately 250
mobile intensive care nurses, 1050 paramedics and 1,400 emer-
gency medical technicians. These five EMS agencies transport
patients to 11 general acute care hospitals that have a cumulative
capacity of approximately 240 ED beds and 3400 inpatient beds.
Nine hospitals are located within Sacramento County and two are

located in the adjacent Placer County. We included these two out-
of-county acute care hospitals because Sacramento County EMS
agencies routinely transport patients to these two hospitals and do
so under the guidance of the Sacramento County Trauma Triage
Tool (Supplementary Fig. 1; see online supplementary material at
http:www.liebertpub.com) that was adapted from the most recent
field triage guidelines (2011).3 Of these 11 hospitals, one is a Level
1 adult trauma center, three are designated as Level 2 adult trauma
centers, and seven are non-trauma centers. We did not direct clin-
ical management at any of the participating EMS agencies or
hospitals.

Study participants

We included patients 55 years and older with head trauma who
were transported to a hospital by the participating EMS agencies
from August 1, 2015 to September 30, 2016. Age 55 years and older
was chosen as our study population based on the current field triage
definition of older adults.3 We excluded patients transferred by
EMS from another receiving facility (interfacility transport), pa-
tients transported to a non-participating hospital, and patients with
penetrating head trauma. We also excluded patients for whom we
were unable to link hospital data to EMS data.

Measurements

EMS providers completed an electronic or paper standard-
ized data collection form that included questions on anticoagu-
lant and/or antiplatelet use, initial Glasgow Coma Scale (GCS)
score, and indication for transport to Level 1 or 2 trauma center.
Anticoagulant use included warfarin, dabigatran, rivaroxaban,
apixaban, and edoxaban. Antiplatelet use included aspirin, clo-
pidogrel, ticlodipine, prasugrel, dipyridamole, cilostazol, and ti-
gagrelor. We designed and modified the data collection form
using input from EMS providers, EMS health information man-
agers, emergency medicine physicians, and trauma surgeons. The
data collection form was pilot tested with EMS providers and
modified prior to the start of the study. EMS providers at all
agencies were provided web-based training modules on the ob-
jectives of the study and instructions for data collection form
completion prior to the start of the study and periodically during
the enrollment period.

EMS records were linked to hospital records using name, date of
birth, and date of EMS transport. Trained research coordinators
abstracted additional data variables from EMS and hospital elec-
tronic medical records. EMS variables included mechanism of in-
jury, history of vomiting, headache, loss of consciousness, amnesia,
or seizure after head injury, reported dementia, reported intoxica-
tion, vital signs during transport (pulse rate, systolic blood pressure,

FIG. 1. Guidelines for field triage of injured patients—United States, 2011. *The upper limit of respiratory rate in infants is >29
breaths per min to maintain a higher level of overtriage for infants. {Trauma centers are designated Level 1–4. A Level 1 center has the
greatest amount of resources and personnel for care of the injured patient and provides regional leadership in education, research, and
prevention programs. A Level 2 facility offers similar resources to a Level 1 facility, possibly differing only in continuous availability of
certain subspecialties or sufficient prevention, education, and research activities for Level 1 designation; Level 2 facilities are not
required to be resident or fellow education centers. A Level 3 center is capable of assessment, resuscitation, and emergency surgery,
with severely injured patients being transferred to a Level 1 or 2 facility. A Level 4 trauma center is capable of providing 24-h physician
coverage, resuscitation, and stabilization to injured patients before transfer to a facility that provides a higher level of trauma care. xAny
injury noted in Step Two or mechanism identified in Step Three triggers a ‘‘yes’’ response. {Age <15 years. **Intrusion refers to interior
compartment intrusion, as opposed to deformation, which refers to exterior damage. {{Includes pedestrians or bicyclists thrown or run
over by a motor vehicle or those with estimated impact >20 mph with a motor vehicle. xxLocal or regional protocols should be used to
determine the most appropriate level of trauma center within the defined trauma system; need not be the highest-level trauma center.
{{Age >55 years. ***Patients with both burns and concomitant trauma for whom the burn injury poses the greatest risk for morbidity
and mortality should be transferred to a burn center. If the non-burn trauma presents a greater immediate risk, the patient may be
stabilized in a trauma center and then transferred to a burn center. {{{Patients who do not meet any of the triage criteria in Steps One
through Four should be transported to the most appropriate medical facility as outlined in local EMS protocols.

‰
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respiratory rate), GCS score, evidence of trauma above the clavi-
cles, transport characteristics (date of transport, EMS agency, level
of transport, level of EMS provider, receiving hospital), and the
presence of physiological, anatomical, and mechanism of injury
field triage criteria (based on the documentation of the presence or
absence of explicit criteria).3 ED and hospital variables included
patient demographics, pre-injury anticoagulant or antiplatelet use,
serum laboratory results (platelet count, international normalized
ratio [INR]), cranial CT results, ED and hospital interventions,
Abbreviated Injury Score and Injury Severity Score for hospitalized
patients, and ED and hospital disposition. Isolated head injury was
defined as an Abbreviated Injury Score <3 in all non-head body
regions.21 Cranial CT imaging and hospital admission were con-
ducted at the discretion of the patients’ treating physicians.

A formal coding manual that defined all variables was devel-
oped. Study data were collected and managed using REDCap
electronic data capture tools hosted at the University of California
Davis.22 REDCap (Research Electronic Data Capture) is a secure,
web-based application designed to support data capture for re-
search studies. Electronic data collection forms were pilot tested
prior to data abstraction.

We conducted an enrollment audit on patients who were eligible
but not enrolled (failures of the study screening process) during
EMS evaluation to assess for enrollment bias. EMS data including
age, gender, initial EMS GCS score, and anticoagulant or anti-
platelet use were collected on the missed eligible patients.

Outcomes

Our primary outcome measure was the presence of tICH on
initial cranial CT imaging in the ED based on radiologist inter-
pretation. Our secondary outcome measure was a composite out-
come measure of neurosurgery or death due to trauma during
hospitalization. Neurosurgery included craniotomy, craniectomy,
or placement of an intracranial pressure monitor. This secondary
outcome measure was adapted based on prior consensus-based
recommendations for trauma center need.23

Statistical analysis

We formatted the data and recoded the variables using STATA
13.1 statistical software (STATA Corp., College Station, TX).
Descriptive statistics were used to characterize the study popula-
tion. Non-normal interval data were reported with medians and
quartiles 1 (Q1) and 3 (Q3). We compared the incidence of primary
and secondary outcome measures in patients with and without
anticoagulant or antiplatelet use. We also compared the incidence
of outcome measures across specific anticoagulant or antiplatelet
medication groups including: warfarin alone, direct oral anticoag-
ulants (dabigatran, rivaroxaban, apixaban, oredoxaban) alone, as-
pirin alone, other antiplatelet medications (clopidogrel, ticlodipine,
prasugrel, dipyridimole, cilostazol, or tigagrelor), concomitant
anticoagulant or antiplatelet medications (more than one antico-
agulant or antiplatelet medication), and no anticoagulant or anti-
platelet medication.

Ten independent predictor variables (age 80 years or older [ideal
cutpoint based on receiver operating curve], male sex, an abnormal
initial EMS GCS score [GCS score <15], a mechanism of injury
other than a fall from standing height or less, a history of loss of
consciousness or amnesia, anticoagulant or antiplatelet use, evi-
dence of trauma above the clavicles, a history of vomiting, a history
of headache, and the presence of physiological, anatomical, or
mechanism of injury trauma triage criteria [Step 1 to 3 criteria,
Fig. 1]) were defined a priori and entered into a random-effects
multivariate logistic regression model to account for random var-
iation. Significance was defined as a p value <0.05 and the results of
the multi-variate logistic regression model were presented as ad-
justed odds ratios (ORs) with 95% confidence intervals (CIs). To

identify the ideal cutpoint for age, we explored various age cut-
points using a receiver operating curve for non-parametric data and
chose the cutpoint that maximized sensitivity and specificity
(Youden Index).24 We used complete-case analysis to handle
missing data due to the infrequency of missing data (<1%)25 and
model fit was evaluated using the c-statistic.26

We used binary recursive partitioning to derive a set of triage
criteria using Classification and Regression Trees (CART) software
(Salford Systems, San Diego, CA).27 We forced Steps 1 to 3 criteria
to be the initial node and used the Ginni splitting function to set the
misclassification cost for missing a patient with a tICH at 20:1. This
represents the cost of misclassifying 20 patients who did not have a
tICH for one patient who did have a tICH.

We evaluated the sensitivity and specificity of different sets of
triage criteria including: (a) Steps 1 to 3 criteria only, (b) Steps 1 to
3 criteria and anticoagulant or antiplatelet use, (c) actual transport
to a trauma center, (d) actual transport and anticoagulant or anti-
platelet use, (e) Steps 1 to 3 criteria and multi-variate logistic re-
gression risk factors, and (f) Steps 1 to 3 criteria and binary
recursive partitioning risk factors to identify tICH and the com-
posite outcome measure of in-hospital neurosurgery or death to
trauma. Triage criteria (e) and (f) included variables that were
significant in the multi-variate logistic regression and binary re-
cursive partitioning analyses respectively.

To evaluate for the possibility that medications were not accu-
rately ascertained or that patients were not compliant with their
medications, we conducted a sensitivity analysis evaluating war-
farin use and an INR level 2.0 or higher as a risk factor in the
adjusted analysis. We also compared the baseline characteristics of
patients with and without anticoagulant or antiplatelet use to
evaluate for differences between the two groups. Based on prior
data that evaluated a similar patient population, we estimated that
collecting 12 months of data would generate a sufficiently large
sample of patients with anticoagulant or antiplatelet use to ensure
adequate precision of analyses.28

Results

Characteristics of the study subjects

We enrolled 1304 patients after excluding 52 patients (4.0%)

because of unmatched hospital data. The median age was 73 years

(Q1, Q3: 63, 84 years) and 610 (47%) were male. The most com-

mon mechanism of injury was fall from standing height or less

(937/1304,72%). Most patients had an initial EMS GCS score of 15

(1003/1296, 77%), were transported by Advanced Life Support

(839/1304, 64%), and were treated by a paramedic (1292/1304,

99%). Median transport time (time from scene to arrival at hospital)

was 13 min (Q1, Q3: 9, 18 min). Complete patient characteristics

are reported in Table 1. Age, male sex, and proportion of patients

with an initial EMS GCS score of 15 were similar between patients

enrolled and patients eligible but not enrolled (Supplementary

Table 1; see online supplementary material at http://www.

liebertpub.com). However, the proportion of patients with antico-

agulant or antiplatelet use was higher in patients enrolled (32%,

95% CI 29%–35%) compared with patients eligible but not en-

rolled (18%, 95% CI 16%–20%).

Main results

Of the 1304 patients enrolled, 1147 (88%) received a cranial CT

scan and were eligible for outcome analysis. Of these patients re-

ceiving a cranial CT scan, there were 112 (9.8%) with a tICH and

22(1.9%) with in-hospital neurosurgery or death due to trauma.

Four hundred and thirty-four of 1304 patients (33.3%) had anti-

coagulant or antiplatelet use. There was no difference in the

FIELD TRIAGE OF HEAD-INJURED OLDER ADULTS 753



incidence of tICH in patients with (47/434; 10.8%, 95% CI 8.1%–

14.1%) and without (65/713; 9.1%, 95% CI 7.1%–11.5%) antico-

agulant or antiplatelet use. There was also no difference in the

incidence of in-hospital neurosurgery or death due to trauma in

patients with (6/434; 1.4%, 95% CI 0.5%–3.0%) and without (16/

713; 2.2%, 95% CI 1.3%–3.6%) anticoagulant or antiplatelet use.

The incidence of tICH and in-hospital neurosurgery or death due to

trauma also did not differ when compared across specific antico-

agulant or antiplatelet medications (Table 2). A comparison of

baseline characteristics between patients with and without antico-

agulant or antiplatelet use demonstrated several differences be-

tween the two groups including age, race and ethnicity, mechanism

of injury, reported dementia, reported intoxication, and a history of

loss consciousness or amnesia (Supplementary Table 2; see online

supplementary material at http://www.liebertpub.com).

Using the area under the curve c-statistic, the overall logistic

regression model was considered a good fit (c-statistic 0.727, cutoff

0.70).26 On adjusted analysis, a history of vomiting (OR 6.65, 95%

CI 2.61–16.96), evidence of trauma above the clavicles (OR 2.55,

95% CI 1.33–4.88), the presence of Steps 1 to 3 criteria (OR 2.49,

95% CI 1.43–4.36), an abnormal initial EMS GCS score (OR 2.06,

95% CI 1.27–3.35), a mechanism of injury other than a fall from

standing height or less (OR 1.92, 95% CI 1.17–3.15), and a history

of loss of consciousness or amnesia (OR 1.63, 95% CI 1.02–2.61)

were independent risk factors for the incidence of tICH on initial

cranial CT scan (Table 3). A history of anticoagulant or antiplatelet

use was not identified as an independent risk factor for tICH (OR

1.53, 95% CI 0.99–2.38). The sensitivity analysis demonstrated

that ‘‘warfarin use and INR level 2.0 or higher’’ was not an inde-

pendent risk factor for the incidence of tICH (OR 1.18, 95% CI

0.48–2.87) (Supplementary Table 3; see online supplementary

material at http://www.liebertpub.com).

Binary recursive partitioning, including Steps 1 to 3 criteria as a

forced initial node, identified trauma above the clavicles, antico-

agulant or antiplatelet use, and a history of loss of consciousness or

amnesia as predictive criteria to identify tICH (Fig. 2).

Table 1. Patient Characteristics, n = 1304

Characteristic N (%)

Age, median (Q1, Q3) 73 (63, 84)
Male sex 610 (47)

Racea

� White 919 (70)
� Black 115 (9)
� Asian 117 (9)
� American Indian/Alaskan Native 9 (0.7)
� Pacific Islander/Native Hawaiian 20 (1)
� Other 135 (10)
� Unknown 22 (2)

Ethnicity
� Hispanicb 113 (9)
Advanced Life Support transport 839 (64)
EMS provider was a paramedic 1292 (99)

Initial pre-hospital Glasgow Coma Scale (GCS) scorec

� GCS score 15 1003 (77)
� GCS score 14 203 (16)
� GCS score 13 32 (2)
� GCS score <13 58 (4)

Mechanism of injury
� Direct blow to head 83 (6)
� Fall from greater than standing height 55 (4)
� Fall from standing height or less 937 (72)
� Motor vehicle

collision >35 miles per h
51 (4)

� Motor vehicle
collision £35 miles per h

63 (5)

� Auto vs. pedestrian/bicyclist 47 (4)
� Other mechanism of injury 40 (3)
� Unknown mechanism 28 (2)
Reported dementia 107 (8)
Reported intoxication 139 (11)
Trauma above the clavicles 1004 (77)
History of vomiting 23 (2)
History of headache 74 (6)
History of loss of consciousness

or amnesia
273 (21)

Anticoagulant/antiplatelet medication use
(may have more than one medication)

� Warfarin 102 (8)
� Direct oral anticoagulant 53 (4)
� Aspirin 279 (21)
� Other antiplatelet

(clopidogrel and others)
89 (7)

� More than one anticoagulant
or antiplatelet medication

53 (4)

� None 887 (68)
International normalized ratio,

median (Q1, Q3)d
2.39 (1.81, 2.90)

Platelet count, median (Q1, Q3) 214 (173, 261)

ED disposition
� Discharged home 806 (62)
� Admitted to observation unit 35 (3)
� Admitted to the floor 276 (21)
� Admitted to the intensive care unit 114 (9)
� Death in the ED 8 (0.6)
� Operating room 13 (1)
� Transferred to another hospital 20 (2)
� Left against medical advice 17 (1)
� Other 12 (0.9)

(continued)

Table 1. (Continued)

Characteristic N (%)

Hospital length of stay, median (Q1, Q3)e 3 (2, 6)
Hospital disposition
� Home 1068 (82)
� Home health 25(2)
� Rehabilitation or long-term care facility 20 (2)
� Skilled nursing facility 113 (9)
� Intermediate care facility 4 (0.3)
� Other general hospital 3 (0.2)
� Hospice 7 (0.5)
� Left against medical advice 26 (2)
� Died 28 (2)
� Psychiatric facility 5 (0.4)
� Other 5 (0.4)
Injury severity score, median (Q1, Q3)e 6 (4, 14)
Isolated head injuryf 1224 (94)

aMay have more than one race.
bMissing in 22 patients.
cMissing in 7 patients.
dIn patients taking warfarin.
eCalculated in admitted patients only.
fIf Abbreviated Injury Scale score for all non-head body regions is <3.
ED, emergency department; EMS, emergency medical services; Q1,

first quartile; Q3, third quartile.
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When we evaluated the sensitivity and specificity of various

triage criteria, the criteria including Steps 1 to 3 criteria and multi-

variate logistic regression risk factors and the criteria including

Steps 1 to 3 criteria and binary recursive partitioning risk factors

were highly sensitive (>98%) but not specific (<11%) in identifying

tICH. The use of only Steps 1 to 3 criteria had a very low sensitivity

(26.8%) in identifying tICH. The use of Steps 1 to 3 and antico-

agulant or antiplatelet criteria, actual transport, and actual transport

and anticoagulant or antiplatelet criteria had sensitivities that ran-

ged from 63.4 to 87.5% and specificities that ranged from 24.6 to

55.7%. See Table 4 and Figure 3 for a complete description of the

test characteristics of different sets of triage criteria to identifyt ICH

and Supplementary Table 4 and Supplementary Figure 2 for a

description of the characteristics of different sets of triage criteria

to identify patients requiring in-hospital neurosurgery or death

due to trauma (see online supplementary material at http://www

.liebertpub.com).

Discussion

To our knowledge, this is the first study that prospectively

compares the incidence of tICH in head-injured older adults

transported by EMS with and without anticoagulation. Prior studies

related to this topic have been limited by their retrospective

design,9,10,18,29 lack of patients taking direct oral anticoagu-

lants,9,10,18,29 and lack of comparator group (i.e., patients not taking

anticoagulant or antiplatelet agents).9,18,28,30 Given the aging

population in the United States and the increasing proportion of

injured older adults being transported by EMS agencies and eval-

uated in EDs, this is a high priority area of study for pre-hospital

and ED providers. We also anticipate the findings in this study can

inform future field triage guideline revisions.

Our study demonstrated a number of interesting findings. Iden-

tifying no overall difference in the incidence of tICH in head-

injured older adults with and without pre-injury anticoagulant or

antiplatelet use was surprising. In addition, our adjusted analysis

did not demonstrate that anticoagulant or antiplatelet use was an

independent predictor for tICH. A sensitivity analysis evaluating

warfarin use and an INR 2.0 or higher as a variable in adjusted

analysis, also did not find this as an independent predictor. How-

ever, given that anticoagulant or antiplatelet use was marginally

significant (OR 1.53, 95% CI 0.99–2.38; p = 0.056), it is difficult to

emphatically conclude that anticoagulant or antiplatelet use does

not independently impart some risk for tICH. Perhaps a larger

sample or different sample would have demonstrated anticoagulant

or antiplatelet use as an independent predictor. Moreover, it should

be emphasized that our study evaluated the risk of tICH after a

single incident of head trauma rather than the risk of tICH over

time. What our data do strongly suggest however is that other

variables, such as a history of vomiting or evidence of trauma above

the clavicles or an abnormal EMS GCS score are more predictive of

tICH than anticoagulant or antiplatelet use. These findings could

inform future versions of the field triage guidelines. One possible

explanation why we found no difference in tICH in patients with

and without anticoagulant or antiplatelet use, is that the two groups

were likely different in terms of both demographic and clinical

characteristics (Supplementary Table 2). In general, head-injured

older adults with anticoagulant or antiplatelet use were older, more

frequently white and non-Hispanic, more frequently had a mech-

anism of injury due to a fall from standing height or less, more

likely to have a history of dementia, less likely to be intoxicated,

and less likely to have a history of loss of consciousness or amnesia

compared with older adults without anticoagulant or antiplatelet

use. These differences suggest that patients with anticoagulant or

antiplatelet use were, in general, less severely injured compared

with patients without anticoagulant or antiplatelet use. This, in turn,

could ‘‘balance’’ the two groups and thus account for the lack of

difference in the risk for tICH between the two groups. Although

we controlled for numerous demographic and clinical variables in

the adjusted analysis, it is possible that unmeasured differences

between the two groups exist.

There was a clear trade-off between sensitivity and specific-

ity when evaluating variations of current field triage guidelines,

actual transport, and criteria based on derived models (Fig. 3). As

Table 3. Adjusted Analysis to Predict the Incidence

of Traumatic Intracranial Hemorrhage on Initial

Cranial CT Scan, n = 1140

Variable OR (95% CI)

History of vomiting 6.65 (2.61–16.96)
Evidence of trauma above the clavicles 2.55 (1.33–4.88)
Step 1 to 3 criteria 2.49 (1.43–4.36)
Abnormal EMS GCS score, initial 2.06 (1.27–3.35)
Mechanism of injury other than a fall

from standing height or less
1.92 (1.17–3.15)

Loss of consciousness or amnesia 1.63 (1.02–2.61)
Any anticoagulant or antiplatelet use 1.53 (0.99–2.38)
Age 80 years or older 1.53 (0.96–2.43)
History of headache 1.11 (0.44–2.76)
Male sex 1.00 (0.65–1.53)

CI, confidence interval; CT, computed tomography; EMS, emergency
medical services; GCS, Glasgow Coma Scale, OR, odds ratio.

Table 2. Incidence of Outcome Measures,

n = 1147 Who Received CT

Medication N %, 95% CI
Traumatic intracranial hemorrhage, 112/1147 (9.8%)

No anticoagulant or antiplatelet 65/713 9.1 (7.1–11.5%)
Any anticoagulant or antiplatelet 47/434 10.8 (8.1–14.1%)

Warfarin alone 8/88 9.1 (4.0–17.1%)
Direct oral anticoagulant alonea 3/41 7.3 (1.5–20.0%)
Aspirin alone 25/204 12.2 (8.1–17.6%)
Other antiplatelet aloneb 4/49 8.2 (2.3–19.6%)
Concomitant medicationsc 7/52 13.5 (5.6–25.8%)

In-hospital neurosurgery or death due to trauma,
22/1147 (1.9%)

No anticoagulant or antiplatelet 16/713 2.2 (1.3–3.6%)
Any anticoagulant or antiplatelet 6/434 1.4 (0.5–3.0%)

Warfarin alone 2/88 2.3 (0.3–8.0%)
Direct oral anticoagulant alonea 0/41 0 (0–8.6%)
Aspirin alone 1/204 0.5 (0–2.7%)
Other antiplatelet aloneb 2/49 4.1 (0.5–14.0%)
Concomitant medicationsc 1/52 1.9 (0–10.3%)

aDabigatran, rivaroxaban, apixaban, or edoxaban.
bClopidogrel, ticlodipine, prasugrel, dipyridamole, cilostazol, or ticagrelor.
cMore than one anticoagulant or antiplatelet medication.
CT, computed tomography.
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sensitivity increases across the different sets of field triage criteria,

specificity consequently decreases. It is also evident that use of

Steps 1 to 3 criteria was poorly sensitive (26.8%) in identifying

patients with tICH. This is consistent with prior studies demon-

strating overall poor sensitivity of Steps 1 to 3 criteria in identifying

trauma center need in injured older adults.29,31,32 The addition of

anticoagulant or antiplatelet use criterion to Steps 1 to 3 criteria

improved sensitivity (63.4%) compared with Steps 1 to 3 criteria

alone, with only a moderate reduction in specificity (55.7%), thus

validating the decision to include this criteria in the most recent

field triage guidelines.3 This sensitivity however, was not close to

meeting the Americal College of Surgeons Committee on Trauma

(ACS-COT) benchmark for sensitivity (‡95% sensitivity of field

triage criteria).33 Our derived models using multi-variate logistic

regression and binary recursive partitioning were highly sensitive

in identifying tICH (>98%) however with very poor specificity

(<11%) thus limiting the utility of implementing these criteria. In a

prior study, we also were unable to develop a model that identified a

subset of head-injured older adults patients who were low risk for

tICH.30 Prior clinical decision rules derived to identify tICH in

adult patients with minor head injury included older adults (age >65

years) as a predictor variable.34–36 Thus, it is likely that meeting

ACS-COT benchmarks for sensitivity and specificity (‡95% sen-

sitivity and ‡65% specificity) is not feasible for head-injured older

adults.37

We chose tICH as the primary outcome measure and the out-

come to equate ‘‘trauma center need.’’ Patients with tICH are

generally considered severely injured, which is a subgroup of in-

jured patients who have a survival benefit with management at a

trauma center compared with management at a non-trauma cen-

ter.38 However, because patients with tICH may often be managed

non-operatively and thus may do equally well in a non-trauma

FIG. 2. Triage criteria derived from binary recursive partitioning to identify traumatic intracranial hemorrhage (n = 112). tICH,
traumatic intracranial hemorrhage.

Table 4. Test Characteristics for Various Combinations of Triage Criteria to Identify

Traumatic Intracranial Hemorrhage (n = 112)

Triage criteria

Sensitivity Specificity

N % (95% CI)a N % (95% CI)a

Step 1–3 criteria 30/112 26.8% (18.9–36.0%) 935/1035 90.3% (88.4–92.0%)
Step 1–3 + anticoagulant and antiplatelet criteria 71/112 63.4% (53.8–72.3%) 577/1035 55.7% (52.7–58.8%)
Actual transport 78/112 69.6% (60.2–78.0%) 420/1035 40.6% (37.6–43.6%)
Actual transport + anticoagulant or antiplatelet criteria 98/112 87.5% (79.9–93.0%) 255/1035 24.6% (22.0–27.4%)
Step 1–3 criteria and multivariate logistic regression risk factorsa 110/112 98.2% (93.7–99.8%) 92/1035 8.9% (7.2–10.8%)
Step 1–3 criteria and binary recursive partitioning risk factorsb 112/112 100% (96.8–100%) 112/1035 10.8% (9.0–12.9%)

aLoss of consciousness or amnesia or abnormal initial EMS GCS score or history of vomiting or evidence of trauma above the clavicles or mechanism
of injury other than fall from standing height or less.

bLoss of consciousness or amnesia or evidence of trauma above the clavicles or anticoagulant or antiplatelet use.
CI, confidence interval; EMS, emergency medical services; GCS, Glasgow Coma Scale.

756 NISHIJIMA ET AL.



center compared with a trauma center, we also evaluated in-

hospital neurosurgery and traumatic death as a secondary out-

come measure. This group represents the most severely injured

patients who have the greatest potential benefit of treatment at a

trauma center. We found this outcome was very infrequent (22 of

1147 patients, 1.9%). As expected, the sensitivities of Steps 1 to 3

alone (59.1%) and Steps 1 to 3 and anticoagulant or antiplatelet

use (72.7%) to identify in-hospital neurosurgery and death due to

trauma were higher compared with the identification of tICH,

however still fell below ACS-COT benchmarks. For the identi-

fication of both outcomes (tICH and in-hospital neurosurgery or

death due to trauma), actual transport and actual transport and

anticoagulant or antiplatelet use had more moderate sensitivities

and specificities, thus suggesting that perhaps the best triage

criteria for head-injured older adults may be some combination of

EMS clinical impression and explicit criteria.

Our results should be interpreted in the context of some limita-

tions. Despite pre- and in-study training sessions, 49% of eligible

patients were not enrolled. Our enrollment audit demonstrated that

missed eligible patients were less likely to have anticoagulant or

antiplatelet use, thus suggesting the potential for selection bias that

could have influenced the results of the study. Our study was

conducted in a single county EMS system where the results may not

be generalizable to other EMS systems with varied injury severity

and trauma care resources. It is possible that specific anticoagulant

or antiplatelet medications (e.g., warfarin or clopidogrel) impart an

increased risk for tICH compared with patients not taking these

medications. However, due to the relatively small numbers of pa-

tients taking specific anticoagulant or antiplatelet medications, we

were unable to evaluate for small differences in risk associated with

these medications.

In conclusion, in older adults with head trauma transported by

EMS, the incidence of tICH was similar between patients with and

without anticoagulant or antiplatelet use. Use of anticoagulant or

antiplatelet medications was not an independent risk factor for

tICH. Adding the criterion of anticoagulant or antiplatelet use to

Steps 1 to 3 criteria did improve the sensitivity in identifying tICH.

However, we were unable to identify a set of triage criteria that met

national benchmarks for sensitivity and specificity for trauma

center need in this patient population.
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