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Intracranial Pathology (CT+)
in Emergency Department Patients
With High GCS and High Standard
Assessment of Concussion (SAC) Scores

Kenneth C. Curley, MD; Brian J. O’Neil, MD; Rosanne Naunheim, MD; David W. Wright, MD

Objective: To demonstrate that a subpopulation of patients with mild/moderate traumatic brain injury (TBI) had
intracranial pathology despite having a Glasgow Coma Scale (GCS) score of 15 and a Standardized Assessment
of Concussion (SAC) score of 25 or higher. Setting: A network of 11 US emergency departments (ED) enrolling
patients in a multisite study of TBI. Participants: Men and women between the ages of 18 and 85 years admitted to
a participating ED having sustained a closed head injury within the prior 72 hours and a GCS score of 13 to 15 at the
time of enrollment. Design: Prospective observational study. Main Measures: GCS, SAC, computed tomography
(CT) positive or negative for intracranial pathology, Marshall scoring of CT scans. Results: Of 191 patients with
intracranial pathology (CT+) and having a SAC score recorded, 24% (46/191) had a SAC score in the normal range
(≥25) as well as a GCS score of 15. All causes of CT+ brain injury were present in both SAC groups. Conclusion:
A normal GCS score and a SAC score do not exclude the possibility of significant intracranial injury. Key words:
assessment, brain bleed, concussion, CT, neurocognitive testing, TBI, traumatic hematoma
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IDENTIFICATION of concussion/mild traumatic
brain injury (mTBI) remains a clinical diagnosis with

no “gold standard” diagnostic tool. In addition, there
are many clinical diagnostic criteria, with the World
Health Organization noting 38 different suggested
diagnostic criteria in a 2014 report.1–4 The Standardized
Assessment of Concussion (SAC) was developed for
acute “sideline” assessment of concussion in the mid
to late 1990s.5 The SAC consists of assessments of
orientation to time, day and date, immediate recall,
concentration, and delayed recall. The total score
achievable is 30, and in many applications, a score of 25
or higher is considered “normal,” based upon this score
having the maximum sensitivity and specificity.6 The
SAC has been widely used as a sideline screening tool
for concussion in many sports.5,7–13 In 2004, the SAC
was included with other assessments to produce the
Sports Concussion Assessment Tool (SCAT), currently
in its third iteration.5 The Department of Defense uses
a modified version of the SAC called the Military Acute
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Concussion Evaluation (MACE).8,14 The SAC, the
MACE, and the SCAT have been posited as tools for
assessing concussions in nonsport settings, but the
evidence of their utility has been mixed. In a sample of
62 patients with a diagnosis of mTBI (Glasgow Coma
Scale [GCS] score of 15 and a negative computed
tomographic [CT] finding), Naunheim and colleagues15

reported that serial SAC scores correlated with the
Conner’s Continuous Performance Test, 2nd edition,
but was not associated with symptoms. The SAC has
begun to be utilized as a screening tool in emergency
departments (EDs) in the United States and internation-
ally. Naunheim and colleagues15 compared the SCAT
and the MACE in 49 patients with concussion and
33 patients who were orthopedic controls and found
that the SAC portion of the SCAT performed better
than the MACE, with modest discriminatory power.
Luoto and colleagues16 studied the SCAT-2 and the
MACE in a Finnish ED. Their study concluded that the
SAC was useful for identifying cognitive impairment
for refining prognosis and assessing recovery in the
ED population.16 Coldren and colleagues found that
the MACE lacked sufficient sensitivity and specificity
12 hours or more postinjury in a deployed military
population.17 A recent study by Stone and colleagues18

assessed the MACE in civilian trauma and concluded
that it was a poor screening test in that heterogeneous
adult civilian TBI population. However, 3 other studies
demonstrated adequate sensitivity extending to 24
hours in civilian ED populations.7,19,20

In the ED setting, one of the most important consid-
erations is the ability to discriminate between patients
who are safe to be discharged home and those with in-
tracranial hemorrhage (ICH), who are at risk for clinical
deterioration, or who need neurosurgical intervention.
ICH in patients with a concussion and GCS scores of
13 to 15 are not uncommon. Stiell and colleagues21 re-
ported that 8.5% of 2707 patients with GCS scores of
13 to 15 and 5.3% of 1822 patients with a GCS score
of 15 were found to have “clinically important brain
injury,” including hemorrhage. Smits and colleagues22

in a prospective study of 3181 patients found a 9.8%
incidence of traumatic ICH. A study of a cohort of pa-
tients with mild head injury by Ibañez and colleagues23

reported an incidence of acute intracranial lesions, in-
cluding hemorrhage, of 7.5%. More concerning is the
report by Thorson and colleagues,24 who noted 30% of
360 patients with an initial CT positive for ICH went on
to sustain progression of the ICH. They also noted that
32% to 59% of those patients who required operative in-
tervention had no neurological decline concurrent with
the worsening ICH on repeat CT scans, suggesting that
clinical symptoms alone may not be sufficient to assess
TBI.

O’Neil and colleagues25 reported that 38% of patients
suspected of having TBI with a CT+ scan in a multisite
prospective clinical trial had a GCS score of 15 and a
SAC score of 25 or higher. While the SAC is intended
to be used as an indicator of concussion and not as a
decision tool for CT referral, there is low suspicion that
those who have a normal SAC score have sustained a
brain injury. The current study evaluates the presence
of CT+ findings in those patients with a normal
SAC score. This study is a replication and extension
of the O’Neil and colleagues25 study in a large,
independent sample of ED patients with a closed head
injury.

METHODS

Subjects

The data were collected at 11 EDs across the United
States, as part of a multisite study of TBI, which in-
cluded standard clinical evaluations on intake to the
ED and acquisition of an electroencephalogram (EEG).
This cohort was extracted from a parent clinical trial.26

This study was conducted in a convenience sample com-
prising subjects who sustained a head injury for whom
CT scans were found to be positive (CT+) by a blinded
independent adjudication panel of neuroimaging spe-
cialists and physician experts. Thus, the site determi-
nation of referral for CT (with or without the use of
imaging guidelines) was not constrained, allowing re-
sults to generalize relative to standard clinical practice.
Candidates for the study were recruited through a stan-
dardized informed consent process after having met the
inclusion/exclusion criteria described in the following
text (see Table 1).

Inclusion criteria

Candidates for the study included males and females
between the ages of 18 to 85 years (the entire age range)
who were admitted to the ED within the prior 72 hours
and who sustained a closed head injury (ie, skull was
intact). Subjects had a GCS score of 13 to 15 at the time
of enrollment and were found to have a brain injury
visible on the CT scan (CT+).

Exclusion criteria

Exclusion criteria included forehead, scalp, or skull
abnormalities that might prevent proper application of
the electrode set on the forehead. This was necessary
due to the parent study requiring EEG acquisition. Sub-
jects were excluded if they had a history of dementia,
a known neurological or seizure disorder, a history of
brain surgery, an evidence of acute psychosis, substance
dependence, or a history of transient ischemic attack
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TABLE 1 Demographics/characteristics of participantsa

Feature Value

Participants, n 191
Age, mean (SD) (range), y 52.9 (18.0-85.6) (20.4)
Sex, male/female, % 69.5/30.5
Time of injury to CT, mean (SD), h 15.1 (13.2)
SAC score, mean (SD) (range) 20.8 (5.2) (2-29)
Time of injury to SAC evaluation, mean (SD), h 24.5 (17.9)
CT+/SAC score ≥25 GCS, mean (range) 15.0 (all 15)
CT+/SAC score ≥25, n (%) all had GCS score = 15 46 (24)
CT+/SAC score ≥25, mean (SD) 26.4 (1.3)
CT+/SAC score <25, n (%) 145 (75.9)
CT+/SAC score <25 GCS, mean (range) 14.9 (13-15)
CT+/SAC score <25, mean (SD) 19.0 (4.7)

Abbreviations: CT, computed tomography; GSC: Glasgow Coma Scale; SAC: Standardized Assessment of Concussion.
aMore than 1 finding may be attributed to each patient.

or stroke within the last year or if they were currently
receiving dialysis, had an active fever defined as greater
than 100oF or 37.7oC, or had sustained an open head
injury. In addition, subjects were excluded if they were
receiving advanced airway management (ie, mechanical
ventilation) and/or sedative medications (eg, benzodi-
azepine, anesthetic, N-methyl-D-aspartic acid receptor
antagonist, or opioid agonist), pregnant, or prisoners. It
is noted that the exclusion criteria applied for the most
part to the EEG data acquisition, which is not presented
herein. Written informed consent was obtained from
all subjects, or by legally authorized representative, and
was approved by the respective local institutional review
boards. The Conley test27 was utilized to ensure the abil-
ity of the patient suspected of having TBI to understand
the consent process in cases where the patient provided
consent.

Clinical assessments

The Sports Concussion Assessment Tool—3rd Revi-
sion (SCAT-3) was administered on all enrolled patients
within 72 hours of injury. The SCAT-3 incorporates
the SAC,6,8 which measures immediate recall, orienta-
tion, delayed recall, and concentration. A SAC with a
low score indicates potential deficits in cognitive perfor-
mance (scores range from 0 to 30). The SAC Manual
for Administration, Scoring and Interpretation (2000) was
used as a guideline and is based on a large population
of healthy controls and athletes with concussion. The
manual indicates that a cut point score of 25 yields max-
imum levels of sensitivity and specificity.6 The GCS, a
clinical assessment tool widely used to assess severity of
brain injury in the acute setting, was utilized to rate pa-
tients on a score range of 3 to 15, where a score of 15
indicates normal function for the limited performance
measures assessed. The SCAT-3 was only used for study

purposes. No clinical decisions were made on the basis
of the SCAT-3 score.

Marshall scoring of CT scans

CT scans were obtained at the discretion of the treat-
ing physician and were read by an independent adjudi-
cation panel of experts, who also rated the CT abnor-
malities using a Marshall score. The Marshall scoring
system is used to rate the severity of a CT abnormality
and is used to describe the combination of the volume of
blood detected on the CT scan as well as the amount of
any midline shift.25,28 Scores range from I to IV, where a
low score implies either no observable pathology (score
of I, CT− finding) or a small focus of pathology is de-
tected (score of II, CT+ finding). A score of III or IV
suggests significant intracranial lesions that will likely
require critical care and possibly neurosurgical interven-
tion. The Marshall scale was utilized in this study by an
independent neuroimage reading center blinded to any
other findings.

Data analysis

After the total scores were calculated, subjects were
divided into 2 groups, based upon whether their SAC
scores of 25 or higher or less than 25. Additional details
of the CT+ findings are also reported. A t test was used
to evaluate the significance of the differences between
the 2 groups. In specific cases, where the assumption
of normal distribution could have been violated, the
nonparametric Wilcoxon rank-sum test was performed
in addition to the t test.

RESULTS

Subjects included 197 patients with a head injury
who were adjudicated as CT+ based on blinded central
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neuroradiologist interpretation of CT DICOM images.
These patients were the subset of the 691 patients with
head injuries in the parent study who were found to
be CT+. Image interpretation followed a rigorous and
quantitative procedure involving sequential use of in-
dependent imaging specialists and physician special-
ist readers with image-based adjudication of discrepant
readings and fully adjudicated unanimity for final deter-
minations as CT+ truth.

Of the 197 patient images identified as CT+, 191
patients had SAC scores recorded; the remaining
6 subjects were therefore eliminated from further
study. Positive CT scan findings included ICH and/or
subdural hematoma (SDH) and/or epidural hematoma
(EDH; n = 73; 38.2%), intraventricular hemorrhage
(IVH) or IVH in combination with ICH and/or SDH
and/or EDH (n = 7; 3.7%), subarachnoid hemorrhage
(SAH; n = 35; 18.3%), SAH in combination with ICH
and/or SDH and/or EDH (n = 68; 35.6%), IVH or IVH
in combination with ICH and/or SDH and/or EDH
and SAH (n = 8; 4.2% of population).

Note that contusions were captured in the intracere-
bral hemorrhage category. All major types of intracra-
nial injury commonly associated with TBI and visible on
CT scans (eg, SDH, EDH, SAH) were present in both
SAC groups, and no significant predilections for certain
causes were seen between SAC groups.

Sixty-nine percent of participants in the full sample
were male, and the mean age of the sample was 52.9 years
(range = 18.0-85.6 years, SD = 20.4 years). A significant
age difference was observed between those with a SAC
score of less than 25 (mean age = 55.9 years) and those
with a SAC score of 25 or higher (mean age = 43.4 years;
2-sided t test, 2 sample with unequal variance, t = 3.87,
P = .0002). The mean GCS score for the sample was
14.9. All patients in the group with a SAC score of 25 or
higher had a GCS score of 15, and the mean GCS score
for those with a SAC score of less than 25 was 14.9.

SAC score

The average SAC score in this sample was 20.77
(SD = 5.24; range, 2-29). Twenty-four percent (46/191)
had SAC scores categorized as normal, 25 or higher
points (mean = 26.39; SD = 1.34). In total, 75.9%
(145/191) of patients had a SAC score of less than 25
(mean = 18.99; SD = 4.73). There was a negative corre-
lation between the SAC score and age (slope = −1.11,
r = −0.28, P < .0001).

The mean time between injury and SAC evaluation
was 24.5 hours (SD = 17.85). No significant differences
were found between the time of injury and SAC evalu-
ation between the 2 groups (SAC ≥25 and SAC <25;
Wilcoxon rank-sum test P = .0998). In total, 56.5% of
subjects were scanned within 12 hours of injury and the
mean time from injury to the CT scan was 15.1 hours

(SD = 13.17). No significant difference was found in
time from injury to the CT scan between the 2 groups
(SAC ≥25 and SAC <25; Wilcoxon rank-sum test
P = .0993).

CT+ scans and SAC scores

Sixty-five percent of subjects had Marshall scores of II
(the lowest level of the Marshall system for CT+ scans).
Twenty-eight percent of subjects had Marshall scores of
III, and 7% of subjects had Marshall scores of greater
than III (n = 13; 6.8%). The CT+ results for those
subjects with SAC scores of 25 or higher included 25
SDHs, 18 SAHs, and 2 EDHs. This demonstrates that
the CT abnormalities found in this group of patients
were potentially life-threatening injuries.

DISCUSSION

Although the SAC was originally validated in young
football athletes, it has been utilized in other sports as
well as in EDs and military field settings. 5,7–11,16,18 In
the present study, the SAC was used as part of a struc-
tured assessment of patients at enrollment. It is noted
that the SAC score was not evaluated herein as an in-
dicator of need for the CT scan, but rather as a metric
to reflect the likelihood of suspicion of mTBI or con-
cussion, as was done in earlier work by O’Neill and
colleagues.25

In an earlier report, O’Neil and colleagues25 reported
that 37.9% (25/66) of CT+ patients with a mild head in-
jury to have a SAC score of 25 or higher and a GCS score
of 15. In both the O’Neil and colleagues and the present
study, the populations studied were cohorts embedded
in the larger parent studies. The only differences in in-
clusion criteria of the parent study were a greater GCS
range in O’Neil and colleagues’ study and the broad-
ening of the time for performing the SAC assessment
from 24 to 72 hours. As such, some differences were
observed between the 2 studies, including differences
in mean ages (46.7 and 52.9 years), difference in mean
time from injury to CT (6.5 vs 15.1 hours), and time to
SAC assessment (13.8 vs 24.5 hours). However, impor-
tantly, the data of this study replicated those of the prior
work, independently supporting caution in interpreting
a normal SAC score as an indication of no TBI, with
a high percentage of CT+ patients with a mild head
injury having a SAC score in the normal range.

Most of the patients in this study had CT scan ab-
normalities with a Marshall score in the lower range (II);
however, there were 18 instances of SAH, 25 of SDH,
and 2 of EDH. Although it is not the intention of the
SAC score to identify the likelihood of CT+ injuries,
these findings demonstrate that normal SAC scores are
not an indication of the absence of brain injury. Since
most prior SAC validation studies in student athletes did
not incorporate CT imaging, it is unknown if ICHs were
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missed. This raises a major concern regarding the sensi-
tivity of these screening tools on the sideline or initial
assessment of the patient with a suspected concussion.
The false-negative findings of these concussion screen-
ing tools could place certain populations at increased
risk of secondary injury upon their return to activity or
sports without having a more detailed assessment by a
qualified healthcare provider.

One of the weaknesses and limitations of this study
is that the time between injury, CT scan, and SAC eval-
uations was not controlled. Patients may have also been
impaired by alcohol or drugs but were not consented
until they were no longer obtunded. Effects of alcohol
and drugs would be anticipated to lower the SAC and
GCS scores, which in the case of the population of in-
terest, which had a GCS score of 15 and a SAC score
of 25 or higher, were not relevant. Another potential
limitation relates to the fact that the parent study re-
lied on each individual site to determine the referral for
CT. Although the rationale for using standard of care

as the sole criterion was to increase the generalizability
of the findings, the use of a consistent protocol includ-
ing use of CT decision rules might have added to the
interpretability of these results.

In recent years, concerns regarding the overuse of
CT scans, their long-term effects on health, and their
cost have been a significant issue.29–31 Reports from ad-
vanced neuroimaging studies reveal brain injury (eg, dif-
fuse axonal injury) that is not visible on the CT scan,
suggesting that the problem related to reliance on cur-
rent assessment methods can be even more prevalent
that reported in this study.

The results of this report replicating those of the
O’Neil and colleagues study, combined with the rapidly
advancing knowledge in the field, suggest that reliance
on existing assessment methods in the prehospital and
ED settings can and does lead to missed diagnoses.25 It
is incumbent upon us to develop more thorough and
objective means of assessment of potential TBIs rapidly
and at the point of care.

REFERENCES

1. Centers for Disease Control and Prevention; National Center for
Injury Prevention and Control; Division of Unintentional Injury
Prevention. Report to Congress on Traumatic Brain Injury in the United
States: Epidemiology and Rehabilitation. Atlanta, GA: Centers for
Disease Control and Prevention; 2015.

2. Kristman VL, Borg J, Godbolt AK, et al. Methodological issues
and research recommendations for prognosis after mild trau-
matic brain injury: results of the International Collaboration on
Mild Traumatic Brain Injury Prognosis. Arch Phys Med Rehabil.
2014;95:S265–S277.

3. Saatman KE, Duhaime AC, Bullock R, et al. Classification
of traumatic brain injury for targeted therapies. J Neurotrauma.
2008;25:719–738.

4. McMahon P, Hricik A, Yue JK, et al. Symptomatology and
functional outcome in mild traumatic brain injury: results from
the prospective TRACK-TBI study. J Neurotrauma. 2014;31:
26–33.

5. Yengo-Kahn AM, Hale AT, Zalneraitis BH, et al. The Sport Con-
cussion Assessment Tool: a systematic review. Neurosurg Focus.
2016;40:E6.

6. McCrea M, Kelly JP, Randolph C. Standardized Assessment of
Concussion (SAC): Manual for Administration, Scoring and Inter-
pretation. Waukesha, WI: Comprehensive Neuropsychological
Services; 2000.

7. McCrea M, Prichep LS, Powell MR, et al. Acute effects and re-
covery after sport-related concussion: a neurocognitive and quan-
titative brain electrical activity study. J Head Trauma Rehabil.
2010;25:283–292.

8. McCrea M, Guskiewicz K, Doncevic S, et al. Day of injury cog-
nitive performance on the Military Acute Concussion Evaluation
(MACE) by U.S. military service members in OEF/OIF. Mil Med.
2014;179:990–997.

9. Barr WB, McCrea M. Sensitivity and specificity of standardized
neurocognitive testing immediately following sports concussion.
J Int Neuropsychol Soc. 2001;7:693–702.

10. McCrea M, Kelly J P, Kluge J, et al. Standardized assessment of
concussion in football players. Neurology. 1997;48:586–588.

11. McCrea M, Kelly JP, Randolph C, et al. Standardized Assessment
of Concussion (SAC): on-site mental status evaluation of the ath-
lete. J Head Trauma Rehabil. 1998;13:27–35.

12. McCrea M. Standardized mental status assessment of sports con-
cussion. Clin J Sport Med. 2001;11:176–181.

13. McCrea M. Standardized Mental Status Testing on the sideline
after sport-related concussion. J Athl Train. 2001;36:274–279.

14. Department of Veterans Affairs & Department of Defense.
VA/DoD Clinical Practice Guideline for the Management of Concussion-
Mild Traumatic Brain Injury. Version 2.0. Arlington, VA: Depart-
ment of Defense; 2016.

15. Naunheim RS, Matero D, Fucetola R. Assessment of patients with
mild concussion in the emergency department. J Head Trauma
Rehabil. 2008;23:116–122.

16. Luoto TM, Silverberg ND, Kataja A, et al. Sport concussion as-
sessment tool 2 in a civilian trauma sample with mild traumatic
brain injury. J Neurotrauma. 2014;31:728–738.

17. Coldren RL, Kelly MP, Parish RV, et al. Evaluation of the Military
Acute Concussion Evaluation for use in combat operations more
than 12 hours after injury. Mil Med. 2010;175:477–481.

18. Stone ME, Safadjou S, Farber B, et al. Utility of the Military Acute
Concussion Evaluation as a screening tool for mild traumatic brain
injury in a civilian trauma population. J Trauma Acute Care Surg.
2015;79:147–151.

19. Barr WB, Prichep LS, Chabot R, et al. Measuring brain electrical
activity to track recovery from sport-related concussion. Brain Inj.
2012;26:58–66.

20. Prichep LS, McCrea M, Barr W, et al. Time course of clinical
and electrophysiological recovery after sport-related concussion.
J Head Trauma Rehabil. 2013;28:266–273.

21. Stiell IG, Clement CM, Rowe BH, et al. Comparison of the Cana-
dian CT Head Rule and the New Orleans Criteria in patients with
minor head injury. JAMA. 2005;294:1511–1518.

22. Smits M, Dippel DW, de Haan GG, et al. External validation of
the Canadian CT Head Rule and the New Orleans Criteria for
CT scanning in patients with minor head injury. JAMA. 2005;
294:1519–1525.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

www.headtraumarehab.com



E66 JOURNAL OF HEAD TRAUMA REHABILITATION/MAY–JUNE 2018
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