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Abstract

Purpose Recent work suggests patients with moderately depressed Glasgow Coma Scale (GCS) score in the Emergency
Department (ED) who do not undergo immediate head CT (CTH) have delayed neurosurgical intervention and longer ED
stay. The present study objective was to determine the impact of time to first CTH on functional neurologic outcomes in
this patient population.

Methods Blunt trauma patients presenting to our Level I trauma center (11/2015-10/2019) with first ED GCS 9-12 were
retrospectively identified and included. Transfers and those with extracranial AIS >3 were excluded. The study population
was stratified into Immediate (< 1 h) and Delayed (1-6 h) CTH groups based on time from ED arrival to first CTH. Outcomes
included functional outcomes at hospital discharge based on the Modified Rankin Scale (mRS).

Results After exclusions, 564 patients were included: 414 (73%) with Immediate CTH and 150 (27%) Delayed CTH. Both
groups arrived with median GCS 11 and alcohol/drug intoxication did not differ (p > 0.05). AIS Head/Neck was comparable
(3[3-4] vs. 3[3-3], p=0.349). Time to ED disposition decision and ED exit were significantly shorter after Immediate CTH
(2.8[1.5-5.3] vs. 5.2[3.6-7.5]h, p<0.001 and 5.5[3.3-8.9] vs. 8.1[5.2-11.7]h, p <0.001). Functional outcomes were slightly
worse after Immediate CTH (mRS 2[1-4] vs. 2[1-3], p =0.002). Subgroup analysis of patients requiring neurosurgical
intervention demonstrated a greater proportion of moderately disabled patients with a lower proportion of severely disabled
or dead patients after Immediate CTH as compared to Delayed CTH (51 vs. 20%, p=0.063 and 35 vs. 60%, p=0.122).
Conclusions Immediate CTH shortened time to disposition decision out of the ED and ED exit. Patients requiring neuro-
surgical intervention after Immediate CTH had improved functional outcomes when compared to those undergoing Delayed
CTH. These differences did not reach statistical significance in this single-center study and, therefore, a large, multicenter
study is the next step in demonstrating the potential functional outcomes benefit of Immediate CTH after blunt head trauma.

Keywords Traumatic brain injury - Time to intervention - Computed tomography of the head - Undertriage - Glasgow
Coma Scale score

Background

Trauma undertriage is an important quality improvement
metric in the care of severely injured trauma patients. The
American College of Surgeons Committee on Trauma
(ACS COT) specifies trauma team activation (TTA) criteria
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which are applied prehospital to provide early identification
of trauma patients who may benefit from hospital resource
and personnel mobilization in advance of patient arrival [1].
When patients are severely injured but do not meet ACS
COT TTA criteria, they are deemed to be undertriaged. Lit-
erature is accruing to delineate the undertriaged population
[2—4] and the resultant effects of being undertriaged, includ-
ing an increased risk of mortality [5, 6].

Recent literature suggests that undertriaged blunt trauma
patients with moderately depressed Glasgow Coma Scale
(GCS) score in the emergency department (ED) are at par-
ticular risk of adverse outcomes [3, 7]. Despite being non-
comatose, patients with moderately depressed GCS are at
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risk of further neurologic deterioration and must be carefully
evaluated [8], with GCS in the Emergency Department (ED)
predicting outcomes after traumatic brain injury (TBI) [9,
10]. A prehospital GCS score of <9 is required to trigger
highest level TTA under existing criteria [1], and therefore
patients with GCS of 9-12 do not meet the criteria for high-
est level TTA based on mental status alone. The adverse
outcomes following undertriage of patients with moderately
depressed GCS may be related to delayed times to investiga-
tions and interventions, such as computed tomography scan
of the head (CTH) and neurosurgical interventions such as
craniotomy or intracranial pressure (ICP) monitor insertion
[7]. TTA includes expedited access to CT scan and because
TBI diagnosis and care is predicated on cross-sectional
imaging [11, 12], time to CTH may be a rate-limiting step
in the care of these patients.

Although it has been established that delayed time to
first CTH prolongs time to neurosurgical intervention and
time spent in the ED [7], the impact of time to first CTH on
functional neurologic outcomes is unknown. The objective
of this study was to define the effect of time to first CTH
on functional neurologic outcomes at hospital discharge,
as quantified by the Modified Rankin Scale (mRS) score
[13, 14], among patients with a moderately depressed GCS
(9-12) on arrival to the ED after blunt trauma. The hypoth-
esis was that delayed time to first CTH would be associated
with worse neurologic outcomes at hospital discharge.

Methods

This is a single-center retrospective observational study per-
formed at an ACS-verified, Level 1 trauma center between
November 1, 2015 and October 31, 2019. Patients were
identified from the trauma registry based on first ED GCS.
All patients who arrived to the ED with an initial GCS of
9-12 were included. Patients were excluded if they were
transferred from an outside hospital, had severe extracra-
nial injuries (defined by an Abbreviated Injury Scale [AIS]
score in the spine, chest, abdomen, or extremities of > 3),
were injured by penetrating trauma, did not undergo CTH,
or underwent first CTH > 6 h after arrival. At our institution,
trauma patients arrive as one of two levels of activation:
TTA, which is triggered if patients meet standard ACS COT
TTA criteria and/or are aged > 70 years with a traumatic
mechanism of injury; and routine trauma consults. Institu-
tional Review Board approval was granted with a waiver
of informed consent due to the retrospective observational
nature of the study.

Data variables examined included patient demographics
(age, gender, and race/ethnicity), alcohol and drug intoxica-
tion upon ED arrival, clinical data (prehospital and first ED
vital signs [systolic blood pressure, SBP in mmHg; heart
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rate, HR in beats per minute; and GCS]), and injury data
(mechanism of injury, level of trauma team activation, and
AIS by body region).

Study groups were defined by time from ED arrival to
first CTH: Immediate (<1 h) vs. Delayed (1-6 h). These
time periods were selected on the basis of existing literature
for consistency and ease of comparison [7]. The primary
outcome was functional neurologic status at hospital dis-
charge, quantified by the mRS score [13, 14]. The mRS score
is numerical and ranges from 0, which is the best score and
indicates a complete lack of symptoms of neurologic impair-
ment, to 6, which is the worst score and signifies death after
neurologic disability. Secondary outcomes included time to
neurosurgical intervention (craniotomy or intracranial pres-
sure [ICP] monitor insertion); time to ED discharge disposi-
tion decision; ED length of stay (LOS), hours; hospital LOS,
days; intensive care unit (ICU) LOS, days; ventilator days;
blood transfusion requirements; and in-hospital mortality.

Univariate analysis compared demographics, clinical
data, and injury data between study groups. Continuous vari-
ables are presented as median [interquartile range, IQR] and
compared using the Mann—Whitney U test. Categorical vari-
ables are given as number (percentage) and compared using
the chi-squared test. The author collecting mRS scores was
blinded to the exposure of interest (time to first CTH). Sub-
group analysis of only patients requiring neurosurgical inter-
vention was planned a priori as these patients theoretically
would benefit the most from prompt diagnosis with cross-
sectional imaging to expedite the necessary interventions.

Multivariate analysis with logistic regression was used
to examine independent factors associated with in-hospital
mortality. Clinically relevant variables as well as those that
differed by p <0.2 on univariate analysis were included in
the multivariate model. Only variables with a variance infla-
tion factor (VIF) < 2.5 were retained. Model fit was assessed
using the Hosmer—Lemeshow test, with a result > 0.05, indi-
cating good fit. Results of the multivariate analyses are pre-
sented 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

A total of 19,095 trauma patients presented over the study
period (Fig. 1). Of these, 792 patients arrived to the ED
with a GCS of 9-12 after blunt trauma. After exclusions,
564 patients (71%) remained for analysis. Most under-
went Immediate CTH (n=414, 73%), with 150 patients
(27%) undergoing Delayed CTH. Demographic, clinical,
and injury data are delineated in Table 1. Patients in both
the Immediate and Delayed CTH groups arrived with
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Fig. 1 Flow of patients through
study. GCS, Glasgow Coma
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a median ED GCS of 11. Motor GCS was also similar
between study groups (5 [4, 5] vs. 5 [5], p=0.677). AIS
Head/Neck was comparable between groups (3 [3, 4] vs.
3 [3-5], p=0.349). There were no significant differences
in alcohol or drug intoxication (p > 0.05).

Immediate CTH patients underwent first CTH at a
median of 0.4 [0.3-0.6] hours after ED arrival, com-
pared to 2.1 [1.1-2.9] hours in the Delayed CTH group
(p<0.001) (Table 2). Time to craniotomy (2.6 [1.6—6.4]
vs. 4.0 [2.2-5.8] hours after ED arrival) and ICP moni-
tor insertion (4.5 [2.7-9.1] vs. 8.6 [4.2—17.3] hours) were
shorter in the Immediate CTH group, although these dif-
ferences were not statistically significant (p =0.313 and
p=0.183, respectively). Time from ED arrival to ED dis-
position decision and ED exit were significantly shorter
among patients undergoing Immediate CTH (2.8 [1.5-5.3]
vs. 5.2 [3.6-7.5] hours and 5.5 [3.3-8.9] vs. 8.1 [5.2—-11.7]
hours, both p <0.001).

Mortality was comparable between groups (9 vs. 6%,
p=0.337), with a higher craniotomy rate among Immediate
CTH patients (12 vs. 5%, p=0.023) (Table 2). On multi-
variate analysis of in-hospital mortality, Immediate CTH
was not independently associated with mortality (OR 1.303,
p=0.749).

In terms of functional neurologic outcomes, mRS was
slightly worse among Immediate CTH patients (2 [1-4] vs.
2 [1-3], p=0.002) (Table 1). Subgroup analysis of only
patients who required neurosurgical intervention revealed
comparable median MRS scores between Immediate and
Delayed CTH groups (4 [3-6] vs. 5 [3-6], p=0.451)
(Table 3). Immediate CTH patients had a greater propor-
tion of patients with moderate mRS scores at discharge (51
vs. 20%, p=0.063) with a lower proportion of patients who
were severely disabled or dead (35 vs. 60%, p=0.122) when

compared to Delayed CTH patients, although these differ-
ences were not statistically significant (Table 3).

Discussion

The clinical trajectory of recovery after traumatic brain
injuries can be unpredictable. Some patients arriving with
moderate neurologic perturbations may deteriorate while
others may improve and be discharged directly home [8, 9,
15]. Increased evidence about which interventions for these
patients have a meaningful impact on outcomes is critical
to improve care.

The Modified Rankin Scale (mRS) is a reliable and valid
tool to quantify functional disability following neurologic
insults [14], including head trauma [13], stroke [16], and
anoxic brain injury following cardiac arrest [17]. To improve
understanding about the impact of time to CTH on outcomes
after TBI, the current study endeavored to use the mRS to
determine if expedited time to first CTH is associated with
improved functional neurologic outcomes among blunt
trauma patients with an initial GCS of 9—12.

In this study, the majority of GCS 9-12 patients in both
groups presented after falls as the mechanism of injury. This
may imply that moderate perturbations in GCS are more
common with falls than with higher energy mechanisms
such as auto vs. pedestrian or motor vehicle collisions. Over-
all mortality in this series was low and was not impacted
by time to first CTH. We suspect this is because in-hospital
mortality may not be an optimal outcome metric to convey
severity of a traumatic brain injury, due to the nuanced way
in which head injuries evolve over time. Functional neuro-
logic outcomes, on the other hand, may better capture the
spectrum of recovery after brain injury.
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Table 1 Patient demographics, clinical data, and injury data

Table 2 Univariate analysis of outcomes

Patients (n=564) p

Immediate CTH Delayed CTH
(n=414,73%) (n=150, 27%)

Patients (n=564) P

Immediate CTH Delayed CTH
(n=414,73%) (n=150,27%)

Patient Demographics

Age, years 46 [29-62] 50 [36-64] 0.045
Gender, male 324 (78%) 126 (84%) 0.134
Race/Ethnicity 0.006
Hispanic 232 (56%) 75 (50%)
White 77 (19%) 27 (18%)
Black 36 (9%) 31 21%)
Other 69 (16%) 17 (11%)
Intoxication
Alcohol 152 (37%) 64 (43%) 0.199
Amphetamine 67 (16%) 17 (11%) 0.153
Cocaine 20 (5%) 5(3%) 0.445
Others 19 (5%) 8 (5%) 0.715
Clinical data
Field vital signs
SBP <90 11 3%) 6 (4%) 0.382
HR>120 51 (13%) 16 (12%) 0.701
GCS 11 [8-14] 12 [9-14] 0.024
First ED vital signs
SBP <90 2 (1%) 0 (0%) 0.394
HR > 120 56 (14%) 19 (13%) 0.79
GCS 11 [10, 11] 11 [10-12] <0.001
Motor GCS 514,5] 5 [5-5] 0.677
Injury data
Trauma team activation 137 (33%) 17 (11%) <0.001
Mechanism of injury 0.015
Fall 196 (47%) 71 (47%)
Assault 59 (14%) 21 (14%)
AVP 48 (12%) 8 (5%)
MVC 38 9%) 6 (4%)
MCC 2 (1%) 1 (1%)
Other 20 (5%) 7 (5%)
Unknown 51 (12%) 36 24%)
AIS
Head/Neck 31[3,4] 3 [3-3] 0.349
Face 21[1,2] 21[1,2] 0.268
Chest 2[1,2] 2[1,2] 0.237
Abdomen/Pelvis 2 [2-2] 2 [2-2] 1
Extremities 2 [2-2] 2 [2-2] 0.309
External 1[1-1] 1[1-1] 0.735

Continuous variables are presented as median [interquartile range].
Categorical variables are presented as number (percentage)

CTH computed tomography scan of the head, SBP systolic blood
pressure (mmHg), HR heart rate (beats per minute), GCS Glasgow
Coma Scale score, AVP auto vs. pedestrian collision, MVC motor
vehicle collision, MCC motorcycle collision. Other, comprised of
sports/recreational injuries, crush injuries, and unspecified other
mechanisms of injury, AIS, Abbreviated Injury Scale score
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Times
ED Arrival To:
First CTH 0.4 [0.3-0.6] 2.1[1.1-29] <0.001
Craniotomy 2.6 [1.6-6.4] 4.0[2.2-5.8] 0.313
ICP Monitor Insertion 4.5 [2.7-9.1] 8.6 [4.2-17.3] 0.183
ED disposition deci- 2.8 [1.5-5.3] 5.2[3.6-7.5] <0.001
sion
ED Exit 5.5(3.3-8.9] 8.1[5.2-11.7] <0.001
First CTH To:
Craniotomy 2.0 [1.1-6.0] 1.4[0.9-1.8] 0.347
ICP Monitor Insertion 4.1 [2.3-8.6] 6.5[1.5-15.8] 0.861
ED disposition deci- 2.2 [0.9-4.8] 3.2[1.3-5.7] 0.012
sion
ED Exit 5.0 [2.7-8.3] 6.2[3.3-9.9] 0.012
Modified Rankin Scale Score
Median 2 [1-4] 2 [1-3] 0.002
0-2 241 (58%) 105 (70%) 0.011
4-Mar 126 (30%) 35 (23%) 0.099
6-May 47 (12%) 10 (7%) 0.103
Mortality 35 (9%) 9 (6%) 0.337
Craniotomy/Craniec- 49 (12%) 8 (5%) 0.023
tomy
ICP Monitor 58 (14%) 9 (6%) 0.009
ED Intubation 110 (27%) 24 (16%) 0.009
Blood transfusion, any
First4 h 20 (5%) 1 (1%) 0.021
First 24 h 32 (8%) 4 (3%) 0.03
During Hospitalization 71 (17%) 15 (10%) 0.037
Hospital LOS, days 10 [5-25] 8 [6-18] 0.004
ICU LOS, days 5[3-15] 5[3-11] 0.113
Ventilator Days 3 [2-8] 2 [2-5] 0.028

Continuous variables are presented as median [interquartile range].
Categorical variables are presented as number (percentage)

CTH, computed tomography scan of the head. Times, in hours. ED
emergency department, /CP intracranial pressure, h hours, LOS
length of stay (days), /CU intensive care unit

We identified an improvement in functional outcomes
overall among patients who underwent Delayed CTH when
compared to those undergoing Immediate CTH. The most
likely explanation is that patients who underwent Delayed
CTH were less critically injured than patients who under-
went Immediate CTH, as suggested by the interval of time
permitted to elapse prior to cross-sectional imaging. Con-
versely, we also identified that functional outcomes were
better after Immediate CTH than after Delayed CTH when
subgroup analysis was performed of only patients who
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Table 3 Univariate analysis of outcomes among patients requiring
neurosurgical intervention

Patients (n=2382) P
Immediate CTH Delayed CTH
(n=172) (n=10)
Modified Rankin Scale Score
Median 4 [3-6] 5 [3-6] 0.451
0-2 10 (14%) 2 (20%) 0.608
34 37 (51%) 2 (20%) 0.063
5-6 25 (35%) 6 (60%) 0.122
Mortality 19 (26%) 5 (50%) 0.124
Need for Craniotomy 49 (69%) 8 (80%) 0.476
Need for ICP Monitor 58 (81%) 9 (90%) 0.469
Need for blood transfusion
First4 h 14 (19%) 0 (0%) 0.126
First 24 h 22 (31%) 2 (20%) 0.492
During Hospitalization 46 (64%) 6 (60%) 0.811
Hospital LOS, days 20 [10-35] 10 [5-19] 0.106
ICU LOS, days 14 [6-23] 6 [5-16] 0.274
Ventilator Days 6 [3-14] 3 [3-10] 0.335

Continuous variables presented as median [interquartile range]. Cat-
egorical variables presented as number (percentage). All times are
given in hours

Neurosurgical Intervention, defined by craniotomy or ICP monitor
insertion. CTH computed tomography scan of the head, ED emer-
gency department, /CP intracranial pressure, LOS length of stay, ICU
intensive care unit

required neurosurgical intervention. Specifically, in a sub-
group analysis of patients requiring craniotomy or ICP
monitor insertion, the majority of Immediate CTH patients
were moderately disabled upon hospital discharge while the
majority of Delayed CTH patients were severely disabled
or dead. Although these differences did not reach statistical
significance, a type II error must be considered due to the
limited sample size as a result of the single-center nature of
this study.

Conceptually, if a patient requires craniotomy for TBI, it
is intuitive that that patient’s greatest chance for functional
recovery lies in prompt surgical decompression. It is for this
reason that decompressive craniotomies are not performed
days after they are deemed necessary. Much as hospitals
may not be expediting the work-up of suspected myocar-
dial infarction if this merely shortened door-to-balloon time
instead of reducing mortality and other major cardiac events
[18], time to CTH and its impact on outcomes after TBI
must be further studied to conclusively show a clinical bene-
fit in terms of functional recovery. The next step in this study
will be multicenter evaluation to demonstrate a statistically
significant clinical benefit to Immediate CTH.

Our findings also demonstrated that despite similar arrival
GCS and Head AIS scores between study groups, patients

who underwent Immediate CTH had shorter times to cra-
niotomy, ICP monitor insertion, ED disposition decision,
and ED exit. Although the shortened times to neurosurgical
intervention were not statistically significant, these differ-
ences may still be clinically relevant as patients with Imme-
diate CTH underwent craniotomy or ICP monitor insertion
hours earlier than patients with Delayed CTH. The times to
ED disposition decision and exit were significantly abbrevi-
ated after Immediate CTH.

The association between expedited CTH and faster
times to decision-making and discharge out of the ED add
weight to the concept that resource expenditure to improve
access to the CT scanner for trauma patients with moder-
ately depressed GCS on arrival to the ED may be beneficial
for emergency departments and hospitals [7]. Shortened
ED time for these patients may also improve overall ED
throughput by allowing an increased number of patients to
be assessed.

The study limitations must be considered. In addition
to the restricted sample size and possible resultant type 11
error, this was a retrospective study with functional out-
comes assessment based on chart review. It is possible that
prospective study with patient interview-based assessment
of functional outcomes may have yielded more divergent
results. Additionally, post-discharge functional outcomes
data were unavailable. Because functional neurologic
recovery can certainly evolve over the intermediate to long
term, the lack of post-discharge data precludes our ability
to comment on the impact of time to first CTH on long-term
functional outcomes after trauma. Next, patient comorbidi-
ties and home medications, including anticoagulants or anti-
platelet agents, were not captured. It is possible that time to
CTH has a differential impact on patients who are systemi-
cally anticoagulated prior to head trauma and this should
be addressed in the future with prospective study. We also
did not collect data on the initial pupillary exam. Because
the pupillary exam provides additional information about
neurologic injury that is not captured by the GCS score, this
variable should be included in future study of this subject.
Furthermore, in the current study, we focused on functional
neurologic recovery and did not measure the behavioral,
cognitive, or emotional impacts of TBI. Therefore, these
aspects of recovery after head injury are not examined by
this study. Lastly, the specific indications for Immediate vs.
Delayed imaging could not be discerned given the retrospec-
tive observational nature of the study. Improved comprehen-
sion of the clinical rationale for the timing of cross-sectional
imaging with a prospective study may further clarify the
optimal time frame for CTH among patients presenting with
moderately depressed GCS after trauma.

In summary, shortened time to CTH among patients with
blunt head trauma and first ED GCS of 9-12 was associ-
ated with more rapid discharge destination decision from the

@ Springer



M. Schellenberg et al.

ED. No statistically significant improvement in functional
outcomes at discharge was demonstrated based on time to
CTH. However, particularly among patients who required
neurosurgical intervention, this may have been due to a type
Il error as a result of the small sample size of this study. The
next step in the examination of the impact of time to CTH on
functional outcomes after TBI is multicenter examination.
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