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Abstract
Purpose Trauma team activation (TTA) criteria trigger early mobilization of resources for the sickest trauma patients. Patients 
with moderately depressed GCS who do not trigger the highest level activation are at risk for adverse outcomes, potentially 
from delayed time to intervention. The study objective was to define the impact of time to first CT Head (CTH) on outcomes 
among blunt trauma patients with moderately depressed GCS.
Methods Patients from the Trauma Quality Improvement Program (TQIP) databank (2013–2016) with first ED GCS 9–12 
were included. Transfers, penetrating mechanisms, death < 24 h, AIS = 6 in any body region, and patients with severe associ-
ated injuries were excluded. Study groups were defined by time to first CTH after ED arrival: immediate (≤ 1 h) vs. delayed 
(1–6 h). Primary outcomes were time to neurosurgical intervention and time to ED discharge.
Results After exclusions, 4997 patients were identified. Of these, 79% (n = 3,954) underwent immediate CTH and 21% 
(n = 1,043) had delayed CTH. Median GCS was 11 [10–12] in both groups and there was no difference in median Head 
AIS (4 [3–4] vs. 4 [3–4], p = 0.586). Time to craniotomy and ICP monitor insertion were longer in the delayed group (4.2 h 
[3.0–7.6] vs. 3.1 h [2.1–8.7], p = 0.001; and 5.7 h [3.8–13.0] vs. 4.4 h [2.6–12.0], p = 0.008), as was time in the ED (4.3 h 
[2.7–6.5] vs. 2.1 h [1.2–3.7], p < 0.001). There was no difference in need for craniotomy (11% vs. 10%, p = 0.287), need for 
ICP monitor (12% vs. 12%, p = 0.899), or mortality (11% vs. 9%, p = 0.160). On multivariate analysis, age > 65 (OR 2.813, 
p < 0.001), SBP < 90 mmHg (OR 2.934, p < 0.001), ED intubation (OR 1.486, p = 0.001), and Head AIS scores of 4 (OR 
1.884, p < 0.001) and 5 (OR 6.729, p < 0.001) were independently associated with death.
Conclusions Immediate CTH for blunt trauma patients with moderately depressed GCS decreases time to intervention and 
reduces ED time. A protocol to shorten time to CTH may be beneficial for both patients and hospitals.
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Background

The American College of Surgeons (ACS) Committee on 
Trauma (COT) delineates a set of trauma team activation 
(TTA) criteria, which are intended to identify the sickest 
trauma patients in the prehospital setting to allow for early 
mobilization of personnel and resources prior to patient 
arrival in the emergency department (ED) [1]. These cri-
teria are based on physiologic variables and mechanism of 
injury characteristics. Currently, patients with traumatic 

brain injuries (TBI) trigger TTA when the field Glasgow 
Coma Scale (GCS) score is < 9. However, a recent study of 
severely injured patients who did not meet standard TTA 
criteria demonstrated that a GCS score < 11 identified a 
population at risk for mortality and need for emergent inter-
vention [2].

It is important to define at-risk patients who are not cap-
tured by the existing TTA criteria in order to identify addi-
tional patient populations who may also benefit from early 
mobilization of personnel and resources. One of the poten-
tial benefits of TTA is a streamlined diagnostic process, 
whereby patients who meet TTA criteria are given expedited 
access to computed tomography (CT) scanning. In turn, this 
may facilitate timely treatment. Therefore, patients who do 
not meet TTA criteria may be at risk for adverse outcomes 
because of prolonged time to investigations and intervention.
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The objective of this study was to determine the impact 
of time to first CT Head (CTH) on outcomes among patients 
with moderately depressed GCS on arrival to the ED. The 
hypothesis was patients who do not undergo immediate CTH 
are at risk for poor outcomes as a result of delayed time to 
investigations and interventions.

Methods

In this retrospective observational study, all patients with an 
initial GCS score of 9–12 in the ED were included (January 
1, 2013–December 31, 2016). Patients were identified from 
the Trauma Quality Improvement Program (TQIP), a subset 
of the National Trauma Data Bank (NTDB). To be captured 
by TQIP, patients must present to one of > 700 participating 
US Level I or II trauma centers with age > 16 years and an 
Abbreviated Injury Scale (AIS) score > 2 in at least one body 
region. Institutional Review Board approval was sought from 
the University of Southern California and exemption was 
granted with a waiver of informed consent.

Exclusion criteria were severe associated injuries, defined 
by AIS ≥ 3 in the spine, chest, abdomen, or extremities; 
transfer from outside hospital; arrival without signs of life; 
death in the ED or < 24 h of admission, in order to exclude 
those with unsalvageable injuries; penetrating injuries 
or unspecified mechanism of injury; AIS = 6 in any body 
region; time to first CTH > 6 h after ED arrival; and missing 
procedure codes, procedure times, or discharge disposition.

Data collection variables included patient demographic 
data (age, gender, and comorbidities), clinical data [prehos-
pital and first ED systolic blood pressure (SBP, mmHg), 
heart rate (HR, beats per minute (bpm)), and GCS]; injury 
data [mechanism of injury, level of trauma center, Injury 
Severity Score (ISS), AIS by body region, and presence of 
drug or alcohol intoxication]; and clinically relevant times 
(time to first CTH, time to intervention, and time spent in 
ED). Intubation in the ED was identified using procedure 
codes and times. Although the level of TTA is not coded 
in TQIP, patients were considered to have met standard 
TTA criteria if they had field SBP < 90 mmHg and/or field 
GCS < 9.

Patients were dichotomized into study groups based on 
time to first CTH: immediate CTH, defined as ≤ 1 h after 
ED arrival, vs. delayed CTH, defined as 1–6 h after ED 
arrival. The primary outcomes were time to neurosurgi-
cal intervention (craniotomy or intracranial pressure [ICP] 
monitor insertion) and length of time in the ED. Secondary 
outcomes were in-hospital mortality, hospital length of stay 
(LOS, days), intensive care unit (ICU) LOS, ventilator days, 
and need for blood transfusion in the first 24 h.

Descriptive statistics were used to summarize patient 
characteristics, clinical data, and injury data, with 

continuous variables presented as median [interquartile 
range (IQR)] and categorical variables as number (per-
centage). Univariate analysis compared these parameters 
between study groups using the Mann–Whitney U test for 
continuous variables and Chi-square (χ2) test for categorical 
variables.

Multivariate analysis with logistic regression was per-
formed to identify independent factors associated with mor-
tality. Clinically relevant variables and those with p < 0.2 
on univariate analysis were included in the model. Model 
fit was assessed using the Hosmer–Lemeshow test with 
results > 0.05, indicating good fit. Tolerance was > 0.1 for 
all independent variables with a variance inflation factor 
of < 10.0. Results are expressed as odds ratios (OR) with 
95% confidence intervals (CI). Statistical significance was 
defined as p < 0.05. Data were collected and analyzed using 
IBM SPSS Statistics 23 (IBM Corporation; Armonk, NY).

Results

Over the study period, 4997 patients with moderately 
depressed GCS on ED arrival met inclusion and exclusion 
criteria (Fig. 1). Of these, 3954 (79%) underwent immediate 
CTH and 1053 (21%) underwent delayed CTH. Median time 
to first CTH was 0.5 h [IQR 0.3–0.8] in the immediate group 
and 1.6 h [IQR 1.3–2.1] in the delayed group (p < 0.001) 
(Table 1). More patients in the immediate CTH group satis-
fied standard TTA criteria (n = 834, 21% vs. n = 133, 13%, 
p < 0.001). 

Patient demographics, comorbidities, and drug or alcohol 
intoxication generally did not vary between study groups 
(Table 1). Mechanism of injury was significantly different 
between groups (p < 0.001), with motor vehicle collisions 
and motorcycle collisions more common in the immediate 
CTH group (16% vs. 9% and 5% vs. 3%, respectively). Falls 
were the most common mechanism of injury in both groups.

GCS was slightly lower in the field among patients who 
underwent immediate CTH [11 (IQR 9–13) vs. 12 (IQR 
10–14), p < 0.001], although initial GCS in the ED was 11 
[IQR 10–12] in both groups. Head injury severity was not 
different between groups [Head AIS 4 (IQR 3–4) vs. 4 (IQR 
3–4), p = 0.586]. Associated injury severity did not differ 
between groups in any body regions (p > 0.05). ISS was 
comparable between groups [16 (IQR 10–21) vs. 16 (IQR 
10–21), p = 0.079].

Univariate analysis of outcomes revealed no difference 
in need for craniotomy (11% vs. 10%, p = 0.287), need for 
ICP monitor (12% vs. 12%, p = 0.899), or mortality (11% 
vs. 9%, p = 0.160) between groups (Table 2). Patients who 
received immediate CTH had a shorter time from ED 
arrival to craniotomy [3.1 h (IQR 2.1–8.7) vs. 4.2 h (IQR 
3.0–7.6), p = 0.001] but no difference in time from CTH to 
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craniotomy [2.8 h (IQR 1.7–8.5) vs. 2.6 h (IQR 1.6–11.6), 
p = 0.632]. The same was true for ICP monitor insertion, 
with patients who received immediate CTH having a shorter 
time to ICP monitor placement [4.4 h (IQR 2.6–12.0) vs. 
5.7 h (3.8–13.0), p = 0.008] but similar time from first CTH 
to ICP monitor placement [3.9 h (IQR 2.0–11.0) vs. 3.6 h 
(IQR 1.8–11.0), p = 0.806]. Patients undergoing immediate 
CTH were in the ED for a shorter period of time [2.1 h (IQR 
1.2–3.7) vs. 4.3 h (IQR 2.7–6.5), p < 0.001).

Multivariate analysis of risk factors for in-hospital 
mortality revealed that age > 65 (OR 2.813, p < 0.001), 
SBP < 90 mmHg on arrival (OR 2.934, p = 0.004), ED intu-
bation (OR 1.486, p = 0.001), and Head AIS scores of 4 (OR 
1.884, p < 0.001) and 5 (OR 6.729, p < 0.001) were inde-
pendently associated with increased risk of death (Table 3). 
Higher GCS score upon ED arrival (OR 0.900, p = 0.025) 
and alcohol (OR 0.504, p < 0.001) or drug intoxication (OR 
0.557, p < 0.001) were associated with reduced mortality.

Discussion

The appropriate triage of trauma patients is a critical pro-
cess both for optimal patient outcome and hospital resource 
utilization. The ACS COT has defined a list of TTA criteria 
that are applied in the field and identify trauma patients at 
the highest risk for mortality [1, 3]. TTA triggers early mobi-
lization of personnel and resources, designed to facilitate 
expedited diagnosis and treatment of these severely injured 
patients. The desire to provide immediate maximal care is 
balanced, however, with hospital resource utilization. The 

ideal TTA criteria will allow prehospital identification of 
all at-risk patients without resource activation for low-risk 
patients. The rate of undertriage, or identification of high-
risk, severely injured patients not identified by TTA criteria, 
is carefully monitored. This is used as a variable in devel-
oping center-specific modifications, such as the addition of 
geriatric age [4–6], to the criteria set forth by the ACS COT.

Excessive levels of overtriage are undesirable because 
of the potential strain on resource utilization. Undertriage, 
however, presents a patient safety concern, and for that rea-
son, acceptable rates are significantly lower. Previous studies 
have demonstrated that patients who are undertriaged are 
at increased risk of mortality compared to patients who are 
not undertriaged [7, 8]. The specific mechanisms by which 
undertriage contributes to or is associated with increased 
mortality are unknown. Theoretically, delayed diagnosis or 
intervention may be expected when personnel and resources 
are not mobilized prior to patient arrival.

One of the resources that is commonly mobilized with the 
highest level TTA is expedited access to CT scan. Because 
the management of TBI hinges upon evaluation with cross-
sectional imaging, time to CT scan among patients with TBI 
may play a role in outcomes. After undertriage, without 
prioritized access to cross-sectional imaging, patients with 
depressed GCS appear to be at particular risk for adverse 
outcomes and need for intervention. One study demon-
strated that the elevated mortality risk after undertriage 
was the highest among patients with initial ED GCS < 9 
[8]. Another study demonstrated that undertriaged patients 
with ED GCS < 11 are at high risk for in-hospital mortality 
and need for emergent surgical intervention [2]. This study 

Fig. 1  Flow of Patients through Study. TQIP, Trauma Quality 
Improvement Program. GCS, Glasgow Coma Scale score. AIS, 
Abbreviated Injury Scale score. OSH, outside hospital. ED, emer-

gency department. CTH, computed tomography scan of the head. 
Immediate CTH, ≤ 1 h after ED arrival. Delayed CTH, 1–6 h after ED 
arrival.
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also suggested that shifting the TTA trigger for GCS score 
to < 11 from the current < 9 would have a minimal impact 

on the population overtriage rate as these patients tend to be 
severely injured.

Because patients with moderately depressed GCS do not 
trigger prehospital TTA under the existing ACS COT crite-
ria, the significance of this neurologic perturbation may ini-
tially be minimized. The potential etiologies of moderately 
altered levels of consciousness are also broad. Early under-
estimation of injury burden in combination with diagnostic 
confusion can result in a less streamlined process of investi-
gation and intervention for traumatic injuries, which may in 
turn have an effect on outcomes. This has been demonstrated 
in other aspects of care of the injured patient. For example, 
delayed time to hemorrhage control with pelvic angiography 
for patients with blunt pelvic fractures is associated with 
increased mortality [9]. Similarly, this study hypothesized 
that delayed time to CTH may be associated with poor out-
comes after TBI.

This study demonstrated that immediate CTH was associ-
ated with faster time to disposition out of the ED and shorter 
time to neurosurgical intervention. The concept of earlier 
diagnosis expediting determination of ED discharge des-
tination is intuitive and has the potential for far-reaching 
effects at the hospital level. Studies targeting methods of 
increasing ED throughput have shown that this reduces ED 
congestion [10], improves hospital workflow, and is associ-
ated with shortened hospital length of stay [11]. Further-
more, increased ED throughput allows for an increase in 
the volume of patients seen [12], which has implications for 
hospital earnings. Although the implications for the over-
all flow of patients through the ED is unknown, resource 
expenditure to expedite CTH for trauma patients may carry 
benefits at the hospital level as immediate CTH allows for 
faster discharge out of the ED for patients with moderately 
depressed GCS.

Immediate CTH among patients presenting with moder-
ately depressed GCS was also associated with shorter time 
to intervention, both with craniotomy and ICP monitor inser-
tion. Among patients who required neurosurgical interven-
tion, the time between CTH and intervention was the same 
regardless of whether the patient underwent immediate or 
delayed CTH. This suggests that the timing of the index 
CTH is a rate-limiting step to intervention.

Time to intervention is a critical determinant of survival 
in many trauma populations [9, 13, 14]. These data did 
not demonstrate reduced mortality or need for craniotomy 
among patients undergoing immediate CTH. Mortality was 
slightly higher among patients undergoing immediate CTH, 
although the difference was not statistically significant. This 
may be a result of more severely injured patients undergoing 
cross-sectional imaging sooner than less severely injured 
counterparts.

Death or need for surgical intervention may not be the 
best outcome measures in trauma patients with depressed 

Table 1  Patient demographics, clinical data, and injury data

Continuous variables presented as median [interquartile range]. Cat-
egorical variables presented as number (percentage) Trauma team 
activation, defined by patients with field SBP < 90 mmHg and/or field 
GCS < 9
CTH computed tomography scan of the head, SBP systolic blood 
pressure (mmHg), HR heart rate (beats per minute), GCS Glasgow 
coma scale score, MVC motor vehicle collision, AVP auto vs. pedes-
trian collision, MCC motorcycle collision, ISS injury severity score, 
AIS abbreviated injury scale score

Immediate CTH
(n = 3954, 79%)

Delayed CTH
(n = 1043, 21%)

p

Patient demographics
 Age, years
 Gender, male

53 (32–71)
2691 (68%)

56 (37–71)
707 (68%)

0.005
0.842

Comorbidities
 Coagulation disorder
 Congestive heart 

failure
 Cirrhosis
 Hypertension
 Diabetes mellitus
 Chronic renal failure

392 (10%)
116 (3%)
54 (1%)
1289 (33%)
513 (13%)
55 (1%)

97 (9%)
43 (4%)
19 (2%)
375 (36%)
138 (13%)
24 (2%)

0.553
0.052
0.275
0.041
0.826
0.036

Intoxicants
 Alcohol
 Illicit drugs

1,173 (30%)
922 (23%)

313 (30%)
231 (22%)

0.829
0.425

Clinical data
 Field vital signs
 SBP <90 mmHg
 HR >120 bpm
 GCS
First ED vital signs
 SBP <90 mmHg
 HR >120 bpm
 GCS

65 (2%)
221 (7%)
11 (9–13)
41 (1%)
380 (10%)
11 (10–12)

22 (3%)
70 (9%)
12 (10–14)
19 (2%)
84 (8%)
11 (10–12)

0.178
0.047
<0.001
0.038
0.123
0.001

Injury data
 Trauma team activa-

tion
834 (21%) 133 (13%) <0.001

 Mechanism of injury <0.001
  Fall
  MVC
  AVP
  MCC
  Other

2249 (57%)
622 (16%)
199 (5%)
181 (5%)
703 (17%)

727 (70%)
96 (9%)
36 (4%)
26 (3%)
158 (14%)

 ISS
 AIS

16 (10–21) 16 (10–21) 0.079

  Head
  Face
  Neck
  Chest
  Abdomen
  Spine
  Upper extremities
  Lower extremities
  External

4 (3–4)
1 (1–2)
2 (1–2)
1 (1–2)
1 (1–2)
2 (2–2)
1 (1–2)
1 (1–2)
0 (0-0)

4 (3–4)
1 (1–2)
2 (1–3)
1 (1–2)
1 (1–2)
2 (2–2)
1 (1–2)
1 (1–2)
0 (0-0)

0.586
0.536
0.463
0.992
0.618
0.932
0.604
0.354
0.348
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GCS. The advantages of prompt craniotomy are challeng-
ing to quantify as outcomes after TBI are more granular 
than mortality alone. Functional and cognitive neurologic 
outcomes may be more clinically meaningful in this patient 
population. Examination of the impact of rapid surgical 
intervention on functional and cognitive neurologic recovery 
after TBI will be the next phase in this study. Overall, exist-
ing data would support the concept of improved outcomes 
with decreased time to intervention.

Taken together, these study findings suggest that time to 
CTH is a rate-limiting step in the care of patients who arrive 
to the ED with a moderately depressed GCS. Resource 
allocation to allow more rapid access to CTH among these 
patients could be expected to shorten time to intervention 
and ED length of stay. This would be beneficial for both 
patients and busy emergency departments. One method to 
achieve expedited access to CTH for these patients may be 
a limited TTA triggered in the ED by a GCS score of 9–12. 
The limited TTA could consist of prioritized access to the 
CT scanner without other changes in resource allocation or 
personnel distribution. Because these patients tend to be 
severely injured, this would not be expected to change the 
population overtriage rate in any meaningful way.

This study has several limitations. It is a retrospective, 
registry-based study and is associated with the inherent 
restrictions of this type of study design. In particular, there 
is a lack of granularity that comes from working with reg-
istry data. Outcomes, such as functional and cognitive 
neurologic capacity at discharge, are of interest but are 
not captured by TQIP. Additionally, specific CTH findings 
are not delineated in TQIP. Lastly, a type II error must 
be considered with this study’s inability to demonstrate a 
difference in mortality based on time to CTH. These limi-
tations can be addressed in the future with a large multi-
center study using non-registry-based data.

To conclude, patients who arrive to the ED with mod-
erately depressed GCS after trauma are not captured by 
current ACS COT TTA criteria but are at risk for adverse 
outcomes. Patients with TBI are likely to benefit from 
early intervention and those who do not undergo imme-
diate CTH spent more time in the ED and had delayed 
time to intervention (craniotomy or ICP monitor inser-
tion). Additional resource allocation to expedite CTH for 
blunt trauma patients who have a depressed GCS but do 
not meet TTA criteria may therefore be beneficial for both 
patients and hospitals.

Table 2  Univariate analysis of 
outcomes

Continuous variables presented as median [interquartile range]. Categorical variables presented as number 
(percentage). All times are given in hours
CTH computed tomography scan of the head, ED emergency department, ICP intracranial pressure, LOS 
length of stay, ICU intensive care unit

Immediate CTH
(n = 3954, 79%)

Delayed CTH
(n = 1043, 21%)

p

Times
ED arrival to:
 First CTH
 Craniotomy
 ICP monitor insertion
 ED exit

0.5 (0.3–0.8)
3.1 (2.1–8.7)
4.4 (2.6–12.0)
2.1 (1.2–3.7)

1.6 (1.3–2.1)
4.2 (3.0–7.6)
5.7 (3.8–13.0)
4.3 (2.7–6.5)

 < 0.001
0.001
0.008
 < 0.001

First CTH to:
 Craniotomy
 ICP monitor insertion

2.8 (1.7–8.5)
3.9 (2.0–11.0)

2.6 (1.6–11.6)
3.6 (1.8–11.0)

0.632
0.806

 Mortality 423 (11%) 96 (9%) 0.160
 ED intubation 1240 (31%) 187 (18%)  < 0.001
 Need for craniotomy 420 (11%) 99 (10%) 0.287
 Need for ICP monitor 475 (12%) 124 (12%) 0.899
 Need for blood transfusion < 24h 133 (3%) 34 (3%) 0.868
 Hospital LOS, days 13 (8–23) 15 (9–25) 0.029
 ICU LOS, days 8 (5–15) 9 (5–14) 0.288
 Ventilator days 5 (3–11) 6 (2–12) 0.204
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(0.408–0.762)

ED vital signs
 SBP < 90 mmHg
 HR > 120 bpm
 GCS

0.004
0.565
0.025

2.934
1.105
0.900

(1.412–6.097)
(0.786–1.555)
(0.820–0.987)

 Trauma team activation 0.765 1.040 (0.805–1.344)
Head AIS
 = 1, 2, 3
 = 4
 = 5

REF
 < 0.001
 < 0.001

1.884
6.729

(1.375–2.581)
(4.928–9.187)

 Immediate CTH 0.519 1.087 (0.844–1.399)
 Need for craniotomy 0.393 0.881 (0.659–1.178)
 ED intubation 0.001 1.486 (1.188–1.860)

https://www.facs.org/-/media/files/quality-programs/trauma/vrc-resources/resources-for-optimal-care.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/vrc-resources/resources-for-optimal-care.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/vrc-resources/resources-for-optimal-care.ashx
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