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Study objective: A number of clinical decision aids have been introduced to limit unnecessary computed
tomographic scans in patients with mild traumatic brain injury. These aids differ in the risk factors they use to
recommend a scan. We compare the instruments according to their sensitivity and specificity and recommend
ones based on incremental benefit of correctly classifying patients as having surgical, nonsurgical, or no

Methods: We performed a secondary analysis of prospectively collected database from 7,955 patients aged 10
years or older with mild traumatic brain injury to compare sensitivity and specificity of 6 common clinical
decision strategies: the Canadian CT Head Rule, the Neurotraumatology Committee of the World Federation of
Neurosurgical Societies, the New Orleans, the National Emergency X-Radiography Utilization Study Il (NEXUS-II),
the National Institute of Clinical Excellence guideline, and the Scandinavian Neurotrauma Committee guideline.
Excluded from the database were patients for whom the history of trauma was unclear, the initial Glasgow Coma
Scale score was less than 14, the injury was penetrating, vital signs were unstable, or who refused diagnostic
tests. Patients revisiting the emergency department within 7 days were counted only once.

Results: The percentage of scans that would have been required by applying each of the 6 aids were Canadian CT
head rule (high risk only) 53%, Canadian (medium & high risk) 56%, the Neurotraumatology Committee of the World
Federation of Neurosurgical Societies 56%, New Orleans 69%, NEXUS-II 56%, National Institute of Clinical Excellence
71%, and the Scandinavian 50%. The 6 decision aids’ sensitivities for surgical hematomas could not be
distinguished statistically (P>.05). Sensitivity was 100% (95% confidence interval [Cl] 96% to 100%) for NEXUS-II,
98.1% (95% Cl 93% to 100%) for National Institute of Clinical Excellence, and 99.1% (95% Cl 94% to 100%) for the
other 4 clinical decision instruments. Sensitivity for any intracranial lesion ranged from 95.7% (95% Cl 93% to 97%)
(Scandinavian) to 100% (95% Cl 98% to 100%) (National Institute of Clinical Excellence). In contrast, specificities
varied between 30.9% (95% Cl 30% to 32%) (National Institute of Clinical Excellence) and 52.9% (95% Cl 52% to 54)

Conclusion: NEXUS-II and the Scandinavian clinical decision aids displayed the best combination of sensitivity
and specificity in this patient population. However, we cannot demonstrate that the higher sensitivity of NEXUS-II
for surgical hematomas is statistically significant. Therefore, choosing which of the 2 clinical decision
instruments to use must be based on decisionmakers’ attitudes toward risk. [Ann Emerg Med. 2009;53:
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INTRODUCTION
Background

Mild traumatic brain injury is commonly defined as Glasgow
Coma Scale (GCS)! score on hospital arrival of 13 to 15. In
1975, Reilly et al* in Glasgow reported on a group of patients
who deteriorated and died, despite having been thought to have
mild traumatic brain injury. Because all of these patients were

conscious at some point after their injuries, their condition was
termed “talk and die.” A similar cohort was found in the United
States in the National Traumatic Coma Data Base.” The
majority of patients in both reports had traumatic intracranial
hematomas. In a more comprehensive study, it was found that
these patients, rather than the more seriously injured, caused
most of the interhospital variation in traumatic brain injury
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Editor’s Capsule Summary

What is already known on this ropic

Numerous clinical decision aids exist to help decide
which head injury patients might benefit from
cranial computed tomography.

What question this study addressed

The performance of 6 decision aids when
retrospectively applied to a 7,955-patient Italian
database of head-injured patients with a Glasgow
Coma Scale score of 14 or 15.

What this study adds to our knowledge

The 6 aids performed similarly in detecting surgical
and nonsurgical (cerebral contusion, subarachnoid
hemorrhage, etc) lesions. It is difficult to know
whether small differences in sensitivity and
specificity among these instruments reflect their
inherent quality or the idiosyncrasies of their
retrospective application to this database.

How this might change clinical practice

This study does not change practice. Physicians who
want to use a decision aid can choose freely among

these 6.

mortality.* Traumatic brain injury victims harboring
hematomas are not readily identified on neurologic examination
or skull radiography and often do poorly if diagnosis is
delayed,>® whereas prompt hematoma evacuation is usually
lifesaving.

Cranial computed tomography (CT) scanning plays an
important role in the assessment of patients with suspected
hematoma, and it was hoped that its increasing availability
would solve the dilemma of occult hematomas in mildly injured
patients. However, there is considerable variability in the use of
CT scanning for evaluating mild traumatic brain injury.
Patients continue to deteriorate and even die after what appears
clinically to be mild traumatic brain injury.” Complications of
mild traumatic brain injury are uncommon, and CT scans are
expensive. Accordingly, a number of evidence-based clinical
decision instruments have been developed to predict the need
for CT scans in patients with traumatic brain injury and GCS
scores of 14 and 15.5° Some have been externally validated'””
24 and have even been shown to influence clinical practice.”>"
However, these strategies differ with regard to the specific
clinical and demographic factors that constitute indicators for
scanning

Importance
Considerable disagreement remains as to the relative merit of
. . . . _3Q
the various decision instruments,>>>? as does concern about

their effects on the cost of traumatic brain injury

care, 252029304043 There have been several studies that have
compared sensitivity and specificity of subsets of the existing
decision aids.>>***” However, the study populations have been
relatively small, and no study has shown one strategy to perform
significantly better than the others. Thus, clinicians cannot be
confident about the aid they should use.

Goals of This Investigation

In this study, we use data from 7,955 adolescent and adult
patients with mild traumatic brain injury to evaluate the
operating characteristics of 6 of these decision instruments that
are commonly used to determine the need for CT scanning in
patients presenting with this condition.

MATERIALS AND METHODS
Study Design and Setting

This is a secondary analysis of a prospectively collected, mild
closed head injury database of adolescents and adults. The
database was compiled from consecutive patients encountered
between January 1999 and June 2003. The original purpose of
the database was a comparison of 2 decision instruments used to
predict the need for CT scans in this patient group and was
published previously.**

Selection of Participants and Interventions

The database was assembled from consecutive patients at
least 10 years of age who attended a regional Italian trauma
center (Dipartimento Emergenza Azienda USL, Forlj, Italy)
within 24 hours of traumatic brain injury. Each patient was
enrolled in a prospective registry, using a detailed protocol.
Patients were excluded from the study if they had an unclear
history of trauma as the primary event, had unstable vital signs,
had a GCS score less than 14, had penetrating traumatic brain
injury, or had refused diagnostic studies or treatment. Duplicate
records that represented participants reattending for
postconcussive syndrome within 7 days of previous admission
for mild head injury were also excluded. The protocol based
decision for a cranial CT scan on the recommendations of the
Neurotraumatology Committee of the World Federation of
Neurosurgical Societies.'” All patients considered medium or
high risk (Table 1) received scans, and others were discharged
home with written instructions for observation and return to
the emergency department (ED) for continued or new
complaints. All who returned to the ED received CT scans.

Methods of Measurement and Outcome Measures

Follow-up to determine final outcome of the traumatic brain
injury was conducted by ED personnel at 6 months after injury.
A systematic review of regional records for death or traumatic
brain injury—related medical complications was done for all
patients identified as having intracranial injuries. Then a
structured telephone interview was performed to determine
Glasgow Outcome Scale score (the primary outcome) and
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Table 1. Findings used by 7 clinical decision rules for CT scanning in mild traumatic brain injury.

Clinical Finding Canadian NCWFNS New Orleans NEXUS-II NICE Scandinavian
GCS score <15At2h <15 <15 Abnormal alertness, <15At2h <15
behavior
Amnesia Retrograde >30 Any Antegrade —_ Retrograde >30 Any
min* min
Suspected fracture  Open, depressed, Any Any injury above  Any Open, depressed, Basal, depressed,
basal clavicles basal confirmed
Vomiting Recurrent Any Any Recurrent Recurrent —
Age, y =65 — >60 =65 =65 —
Coagulopathy — Any — Any Anyf Any
Focal deficit — Any — Any Any Any
Seizure — History Any — Any Any
LOC If GCS=14 Any — — — Any
Visible trauma — — Above clavicles Scalp hematoma — Multiple injuries
Headache — Any Severe — — —
Injury mechanism Dangerous*f — — — Dang,erousHr —
Intoxication — Abuse history  Drug, alcohol — — —
Previous — Yes — — Shunt
neurosurgery
NCWFNS, Neurotraumatology Committee of the World Federation of Neurosurgical Societies; NICE, National Institute of Clinical Excellence; —, indicates the item is

not considered an indication for CT scanning by author(s) of the rule; LOC, loss of consciousness.

*Used to determine medium risk for the Canadian Rule.
TCT scan only if also loss of consciousness or any amnesia.

*Dangerous injury mechanism=ejected from motor vehicle, pedestrian struck by motor vehicle, fall of >3 feet or 5 steps.

whether delayed surgery had been performed. The original
study was approved by the institutional review board. All
identifying characteristics were removed from the original
database before the present analysis, thus exempting it from
institutional review board approval.

We defined 3 outcome categories for the analysis: a surgical
intracranial lesion is an intracranial hematoma large enough to
require surgical evacuation; a nonsurgical lesion is an
intracranial abnormality diagnosed on CT scan (cerebral
contusion, subarachnoid hemorrhage, etc) that does not require
surgical treatment. All other subjects were considered to have no
lesion. We elected not to consider fractures as lesions unless they
were associated with intracranial abnormality on CT scan. We
recognize that depressed skull fractures may require operative
intervention. However, this is often for cosmetic reasons or to
prevent infection. In contrast to an intracranial hematoma, an
isolated depressed fracture is not considered a risk to life or to
neurologic function.

We evaluated 6 clinical decision strategies that are commonly
used to determine whether to obtain a CT scan in patients
presenting with mild traumatic brain injury. These include the
Canadian CT Head Rule (Canadian),"* the Neurotraumatology
Committee of the World Federation of Neurosurgical
Societies,'? the New Orleans,'® the National Emergency X-
Radiography Utilization Study IT (NEXUS-II)'?, the National
Institute of Clinical Excellence,” and the Scandinavian
Neurotrauma Committee guidelines (Scandinavian).'! The risk
factors used by the aids are summarized in Table 1.

The Canadian rule is a 7-item rule that stratifies patients into
low-, medium-, and high-risk lesion categories. High-risk
patients are at greatest risk for requiring neurosurgical

intervention, whereas medium-risk patients are likely to have
both surgical and nonsurgical lesions. CT is considered
mandatory for high-risk patients and is recommended for
medium-risk patients. For our evaluation, we estimate 2 sets of
test characteristics, one set when CT is ordered for high-risk
patients but not for medium-risk patients (referred to as
Canadian high-risk rule) and a second set when CT is ordered
for all high- and medium-risk patients (referred to as Canadian
medium- and high-risk rule).

The Neurotraumatology Committee of the World
Federation of Neurosurgical Societies instrument is an 11-item
strategy that stratifies patients into low-, medium-, and high-
risk categories. Low-risk patients are sent home without
radiologic imaging. Both medium- and high-risk patients
receive CT imaging (the difference between the risk groups is
observed in follow-up after CT).

The New Orleans strategy is an 8-item aid that was originally
devised for the management of patients with GCS scores of 15.
Possession of any one of the clinical items indicates the need for
a CT scan before hospital discharge. Although not addressed by
the authors, we have expanded it to include CT scanning for all
patients presenting with GCS scores of 14.

The NEXUS-II instrument contains 7 items, the presence of
any of which indicates the need for a scan.

The National Institute of Clinical Excellence is a 9-item
strategy that identifies patients in need of CT scans. A scan is
indicated for a patient whose mild traumatic brain injury is
accompanied by any of the risk factors.

Finally, the Scandinavian guideline is a 9-item strategy that
recommends a CT scan for all patients with mild traumatic
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brain injury and at least 1 risk factor. If no such factors are
present, hospital discharge is recommended.

All 6 instruments consider GCS score either at presentation
or 2 hours after injury, but none of the 6 aids consider all of the
same findings. All 6 consider suspected fracture (any; open,
depressed, basal; or basal, depressed, or radiologically
confirmed) or injury above the clavicles an indication for CT
scanning. Five of the 6 aids consider amnesia or vomiting. For
example, only NEXUS-II fails to consider amnesia. Four
strategies each consider age, coagulopathy, focal deficit, and
seizure (eg, the Neurotraumatology Committee of the World
Federation of Neurosurgical Societies and Scandinavian
instruments fail to consider age; the Canadian rule and New
Orleans aids omit coagulopathy). Three each consider loss of
consciousness and visible trauma; 2 each consider headache,
injury mechanism, intoxication, and previous neurosurgery.
Coagulopathy, focal deficit, and injury mechanism are all
defined the same way by the 2 to 4 aids that use them. None of
the remaining 11 findings are defined exactly the same way by
all of the aids that use them (eg, the Canadian rules consider
retrograde amnesia >30 minutes, the New Orleans aid
considers antegrade amnesia, and the Scandinavian guideline
considers any amnesia).

Primary Data Analysis

We assessed individual patient characteristics relevant to each
of the decision aids from the database, as summarized below. All
analyses were done with Stata 9.0 (StataCorp, College Station,
TX).

We assessed the operating characteristics of individual
findings that were used in at least 1 of the aids by reporting the
proportion of patients with the finding stratified by outcome
(eg, the proportion of patients with hematoma who had a GCS
score <15 on admission to the ED, the proportion of patients
with nonsurgical lesions who had a GCS score <15 on
admission, and the proportion of patients with no lesion who
had a GCS score <15 on admission). These data provide
evidence about the predictive ability of individual characteristics
included in the instruments but do not report on the operating
characteristics of the strategies themselves.

We also assessed these operating characteristics by calculating
the area under the receiver operating characteristic curve for the
individual findings. Areas are reported for hematoma versus
other diagnosis, any lesion versus no lesion, and hematoma
versus nonsurgical lesion. These areas, which range between 0.5
and 1.0, represent a summary measure of the sensitivity and
specificity of the characteristics.*® We identified the most
discriminating characteristics as those with receiver operating
characteristic areas greater than 0.7.

We assessed the operating characteristics of the aids by
reporting their sensitivity and specificity. Sensitivities were
calculated for hematomas, nonsurgical lesions, and any lesion;
specificities were calculated for no lesion and for no hematoma.
These different categorizations allow the assessment of the aids’
abilities to identify hematomas, as well as any lesions. We

derived 95% confidence intervals for the single proportions
representing sensitivity and specificity by use of a formula by
Fleiss.*> We tested for statistically significant differences
between the aids’ sensitivities and specificities by use of Fisher
exact tests. We also assessed the value of potential tradeoffs
between sensitivity and specificity by use of a formula that takes
into account the probability of lesions and the incremental
benefits associated with both the correct identification of a
lesion and the avoidance of an unnecessary evaluation.’® This
formula equates the expected value of correctly diagnosing a
patient needing treatment with the expected value of correctly
limiting the use of medical services for a patient without a
lesion. We also summarized which patients would have received
CT scans had each of the decision strategies been followed.

Finally, we report on the characteristics of the 5 patients
whose hematomas were missed by 1 or more decision
instruments.

RESULTS
Characteristics of Study Subjects

Data were collected for a total of 9,464 patient encounters.
Records for 1,509 were excluded from further review for the
reasons listed above. This left a total of 7,955 patients in the
sample. The median age was 44 years (interquartile range 27 to
71 years), and 55.5% of the patients were men. The median
injury-to-admission time was 60 minutes (interquartile range 42
to 110 minutes). Intracranial lesions were found in 6.7% of
patients (1.4% hematomas requiring evacuation and 5.3%
nonsurgical lesions). Median time from injury to presentation at
the ED was 60 minutes; 3.6% of the injuries were due to
assaults, 38.9% to falls, 48.6% to motor vehicle crashes, 1.6%
to sports injuries, and 7.3% to work accidents. CT scans were
performed on 4,177 (52.5%) patients. Other patients were
meant to receive CT, although when the study was started, CT
scanning was not available out of hours but only on demand,
according to the severity of trauma judged by the attending
physician. Glasgow Outcome Scale at 6 months was obtained
for 514 (96.8%) of the 531 patients with intracranial lesions.
Further details of this sample are reported elsewhere.'®

Table 2 shows the sensitivities for hematoma and for
nonsurgical lesions and the specificities for no lesion for the
individual findings included in one or more of the 6 decision
aids, stratified by outcome (columns 2 to 4). It also reports
the areas under the receiver operating characteristic curves
for each of the findings for discriminating between
hematomas and all other diagnoses (column 5), between
lesions (hematomas and nonsurgical lesions) and no lesions
(column 6), and between hematomas and nonsurgical lesions
(column 7). If the primary objective of the strategy is to
maximize the use of CT scans among those with hematomas
while minimizing the use of these scans among patients with
other outcomes, the most discriminating individual findings
(receiver operating characteristic areas >0.7) are GCS score
less than 15 on ED admission (receiver operating
characteristic area 0.92), any headache (0.858), focal deficit
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Table 2. Operating characteristics of individual findings included in one or more of the 6 decision rules.

Area Under Receiver Operating Characteristic

Sensitivity, Curves

Sensitivity, Nonsurgical Specificity, Hematoma Hematoma vs

Hematoma Lesion, No Lesion, vs Other Any vs Nonsurgical
Finding n=107 n=424 n=7,424 Diagnosis* No Lesion Lesion
GCS score <15
On ED admission 90.7 72.4 97.0 0.920 0.865 0.591
At 2 h 78.5 62.5 97.7 0.865 0.817 0.580
Amnesia
Antegrade 57.0 26.4 89.2 0.727 0.609 0.653
Retrograde 50.5 46.7 64.1 0.570 0.558 0.519
Any 73.8 67.0 56.9 0.647 0.626 0.534
Suspected fracture
Basilar 24.3 15.1 99.9 0.617 0.584 0.546
Depressed 11.2 1.7 100.0 0.514 0.506 0.510
Open 2.8 0.7 100.0 0.556 0.518 0.548
Any 40.2 321 99.1 0.688 0.664 0.541
Vomiting
Multiple 26.2 13.9 97.4 0.615 0.569 0.561
Any 46.7 25.0 95.5 0.706 0.624 0.609
Age,y
>60 31.8 45.0 66.3 0.513 0.543 0.564
=65 29.9 36.1 85.3 0.570 0.601 0.531
Coagulopathy 10.3 13.2 97.3 0.535 0.55 0.515
Focal deficit 54.2 43.2 98.8 0.754 0.721 0.555
Seizure
By history 1.9 2.8 97.5 0.503 0.501 0.505
Any 4.7 9.7 99.3 0.517 0.540 0.525
Loss of consciousness
If GCS score <15 47.7 37.7 98.7 0.722 0.692 0.550
Any 57.0 54.0 82.5 0.688 0.686 0.515
Visible trauma
Above clavicles 41.1 35.6 76.0 0.582 0.564 0.528
Multiple injuries 29.9 19.1 81.3 0.556 0.513 0.554
Scalp 10.3 9.0 93.6 0.519 0.514 0.507
Headache
Severe 43.0 10.8 94.3 0.685 0.558 0.661
Any 89.7 44.3 83.4 0.858 0.684 0.727
Dangerous injury mechanism 59.8 41.7 88.9 0.735 0.671 0.590
Intoxication
Drug or alcohol 14.0 30.9 97.0 0.548 0.622 0.416
Abuse history 32.7 26.2 91.6 0.617 0.595 0.533
Previous neurosurgery
CSF shunt 0.0 0.0 100.0 0.500 0.500 0.500
Any 2.8 3.8 98.0 0.504 0.508 0.505
CSF, Cerebrospinal fluid.
*Other=no lesion or intracranial lesion other than hematoma.
(0.754), dangerous injury mechanism (0.735), antegrade characteristic areas greater than 0.7 for discriminating
amnesia (0.727), loss of consciousness if GCS score is less between intracranial lesions and no lesions. Findings with
than 15 (0.722), and any vomiting (0.706). On the other receiver operating characteristic areas greater than 0.65
hand, suspected depressed fracture, age greater than 60 included loss of consciousness if GCS score less than 15
years, coagulopathy, seizure by history and any seizure, (0.692), any headache (0.684), dangerous injury mechanism
visible trauma to the scalp, CSF shunt, and previous (0.671), and any suspected fracture (0.664). Any headache
neurosurgery by themselves had little or no discriminating had a receiver operating characteristic area of 0.727 for
ability. discriminating between hematomas and nonsurgical lesions,

Only GCS score less than 15 on ED admission or after 2 and antegrade amnesia had an area of 0.653. Otherwise,

hours (receiver operating characteristic area 0.865 and 0.817, there were no variables that strongly discriminated between
respectively) and focal deficit (0.721) had receiver operating these 2 outcomes.
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Table 3. Operating characteristics for the 6 decision rules for CT scanning in mild traumatic brain injury.

Strategy

Sensitivity (95% CI)

Specificity (95% Cl)

Hematoma

Nonsurgical
Lesion

Any Lesion

No Hematoma

No Lesion

Canadian (high-risk only)

Canadian (medium/high risk)

Neurotraumatology Committee of the
World Federation of Neurosurgical
Societies

New Orleans

Nexus-Il
National Institute of Clinical
Excellence

Scandinavian

0.99 (0.94-1.00)
0.99 (0.94-1.00)
0.99 (0.94-1.00)

0.99 (0.94-1.00)
1.00 (0.97-1.00)
0.98 (0.93-1.00)

0.99 (0.94-0.99)

0.97 (0.94-0.98)
0.99 (0.97-1.00)
0.95 (0.93-0.97)

0.99 (0.97-1.00)
0.97 (0.94-0.98)
1.00 (0.99-1.00)

0.95 (0.92-0.97)

0.97 (0.95-0.98)
0.99 (0.98-1.00)
0.96 (0.94-0.97)

0.99 (0.98-1.00)
0.97 (0.96-0.98)
0.99 (0.98-1.00)

0.96 (0.93-0.97)

0.48 (0.47-0.49)
0.45 (0.44-0.46)
0.45 (0.44-0.46)

0.31(0.30-0.32)
0.44 (0.43-0.46)
0.29 (0.28-0.30)

0.50 (0.49-0.51)

0.51(0.49-0.52)
0.47 (0.46-0.48)
0.47 (0.46-0.48)

0.33(0.32-0.34)
0.47 (0.46-0.48)
0.31(0.30-0.32)

0.53(0.52-0.54)

Table 3 compares the operating characteristics of the 6
decision instruments. Although NEXUS-II missed no
hematomas, National Institute of Clinical Excellence missed 2,
and the remaining aids each missed 1 (but not generally the
same) hematoma, there was insufficient power to conclude that
any of the aids differed in their ability to correctly classify those
with hematoma (minimum P=.50 [Fisher exact], between
NEXUS-II and National Institute of Clinical Excellence). Thus,
the principal tradeoff between the aids is in their correct
classification of those with nonsurgical lesion and with no
lesion.

National Institute of Clinical Excellence correctly classified
all patients with nonsurgical lesions, and except for the
Canadian medium- and high-risk and New Orleans aids
(P=.12), its ability to correctly classify these lesions was
significantly greater (7<<.000) than that of the other aids. The
Canadian medium- and high-risk rules and New Orleans aid
had a significantly greater ability to correctly classify nonsurgical
lesions (2 ranging between .000 and .03) than did the Canadian
high-risk, Neurotraumatology Committee of the World
Federation of Neurosurgical Societies, NEXUS, and
Scandinavian guidelines. The Canadian high-risk,
Neurotraumatology Committee of the World Federation of
Neurosurgical Societies, NEXUS-II, and Scandinavian aids
could not be statistically distinguished from one another in their
ability to correctly classify nonsurgical lesions.

The Scandinavian guideline correctly classified 52.9% of
those with no lesion, which was significantly more than all
other aids (P=.004 versus Canadian high risk; P<<.000 for
all other aids). The Canadian high-risk rule’s 50.5% correct
classification rate was significantly greater (?<<.000) than all
of the other aids except the Scandinavian guideline. The
Canadian medium- and high-risk, Neurotraumatology
Committee of the World Federation of Neurosurgical
Societies, and NEXUS-II correctly classified approximately
47% of those with no lesion and could not be distinguished
statistically from one another. Finally, the New Orleans and
National Institute of Clinical Excellence aids correctly
classified approximately 31% of those with no lesion, and

their correct classification rates were significantly lower than
those of the other 5 aids (£<<.000). Table 4 summarizes the
numbers of patients meeting CT scan criteria for each of the
decision instruments. It shows the numbers of patients with
and without lesions each strategy would have correctly and
incorrectly categorized. The Scandinavian guideline would
have recommended the fewest CT scans (4,005), whereas the
National Institute of Clinical Excellence guidelines would
have recommended the most (5,659).

Five patients with surgical hematomas would have been
missed by at least 1 of the decision aids. Only 1 would have
been missed by more than 1 strategy. A 91-year-old with no
other findings would have been missed by both the
Neurotraumatology Committee of the World Federation of
Neurosurgical Societies and the Scandinavian aids. A patient
whose GCS score on admission (30 minutes after injury) was 14
but improved to 15 by 2 hours would have been missed by both
Canadian rules. This patient also had coagulopathy. One
patient whose amnesia was retrograde only would have been
missed by the New Orleans aid. Finally, 2 patients who
presented with a history of loss of consciousness, but were
otherwise neurologically normal, would have been missed by
National Institute of Clinical Excellence.

LIMITATIONS

An important limitation of this study is that not all patients
received CT scans and that follow-up is incomplete. Therefore,
we cannot be certain that all patients with intracranial lesions
are included. The data used for our analysis were originally
collected prospectively to evaluate a less comprehensive set of
decision aids. The database may thus not contain the precise
data elements required by the other decision instruments. For
example, the 2 Canadian rules require that a GCS score be
obtained 2 hours after injury. In contrast, our database records
the later score 2 hours after ED admission, a difference that may
affect our results somewhat. Our retrospective analysis assumes
each decision aid would be applied as written, a situation that
rarely occurs in clinical use. Another limitation with our study is
that we could not evaluate the prediction rule Smits et al'®
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Table 4. Number of recommendations for CT scanning, stratified by outcome.

CT Scan Recommended No CT Scan Recommended

Other No Other No
Decision Aid Hematoma Lesion Lesion Total Hematoma Lesion Lesion Total
Canadian (high risk only) 106 410 3,675 4,191 1 14 3,749 3,764
Canadian (medium/high risk) 106 420 3,912 4,438 1 4 3,512 3,517
Neurotraumatology Committee of the World Federation 106 404 3,920 4,430 1 20 3,504 3,525
of Neurosurgical Societies
New Orleans 106 420 4,996 5,522 1 4 2,428 2,433
NEXUS-II 107 410 3,950 4,467 0 14 3,474 3,488
National Institute of Clinical Excellence 105 424 5,130 5,659 2 0 2,294 2,296
Scandinavian 106 402 3,497 4,005 1 22 3,927 3,950

recently proposed for traumatic brain injury patients at least 16
years old and with GCS scores of 13 to 15. Although this rule is
relevant to our patient population, we are unable to evaluate i,
in part because the rule requires evaluation of clinical data that
were not collected as a part of the database we used. Missing
data elements include specific mechanisms of injury, duration of
posttraumatic amnesia, and GCS scores at 1 hour (rather than 2
hours).

An additional limitation is that patients in the database we
used may be older (median age 44 years; 16% =65 years) than
the previously reported population with minor traumatic brain
injury. This age difference may mean that aids that use older age
as a criterion for CT scans (Canadian, New Orleans, NEXUS-
11, and National Institute of Clinical Excellence) may be
unfairly advantaged in terms of sensitivity. It also may mean
that results from this database are not fully generalizable to
other settings. However, the ageing of the population makes the
elderly the fastest-growing segment to seek emergency care for
traumatic brain injury; hence, their injuries are of growing
importance.’">?

DISCUSSION

We found that the 6 instruments could not be distinguished
statistically in their ability to identify surgical hematoma. Thus,
the primary distinguishing characteristics of the aids are their
ability to correctly identify nonsurgical lesions versus no lesions.
National Institute of Clinical Excellence, the Canadian
medium- and high-risk, and the New Orleans aids could not be
distinguished statistically from one another in their ability to
correctly identify nonsurgical lesions, and all 3 were significantly
better at identifying these lesions than were the remaining aids.
The Scandinavian guideline was significantly better at
identifying patients with no lesions than were the other aids and
was followed by the Canadian high-risk rule. The choice among
these aids, then, comes down to the benefit and relative
frequency of correct classification of those with nonsurgical and
no lesions.

In our previous work,’> we found that identification of
nonsurgical lesions had little or no benefit, principally because
nonsurgical lesions have few if any long-term sequelae and there
is no proven advantage to early treatment. We also found that

correct identification of those without lesions avoided extra
evaluation costs, including performance of a CT scan, with its
attendant exposure to potentially harmful radiation. Although
not trivial, the effective dose of radiation caused by a single head
CT scan in an adult or older child does not exceed the annual
dose from background radiation.>® In addition, as indicated by
the registry data, the probability of no lesion (and thus the
number of individuals who can be correctly identified as having
no lesion) is substantially greater than the probability of
nonsurgical lesions. All 3 of these findings suggest one should
weigh gains in specificity more than one does gains in the
probability of correctly identifying lesions other than surgical
hematomas. For example, suppose that the ratio of the benefit
from avoiding the evaluation of a patient without a lesion equals
the benefit from correctly identifying a nonsurgical lesion.
Suppose also that, as in the registry data we used, the prevalence
of no lesion is approximately 17.5 times greater than the
prevalence of nonsurgical lesions (93.32% versus 5.33%). In
this case, one would equate a 1-percentage-point improvement
in specificity to a 17.5-percentage-point improvement in the
ability to detect nonsurgical lesions (ie, so long as one gives up
less than 17.5 percentage points in the ability to detect
nonsurgical lesions to gain 1 percentage point in the ability to
identify a patient with no lesion, one should choose the test
with the increased specificity). Thus, given that the
Scandinavian guideline’s specificity is at least 2 percentage
points greater than that of all other aids and given that its
probability of detecting nonsurgical lesions is no more than 5.2
percentage points less than that of all of the other aids, the
evidence supports the adoption of the Scandinavian guideline to
determine the need for CT scanning in patients presenting with
mild traumatic brain injury.

Although the 6 instruments could not be statistically
distinguished in their ability to detect surgical hematoma, 5 of
the 6 missed at least 1 hematoma, whereas NEXUS-II did not
miss any. Currently, we cannot be confident whether the 1-
percentage-point difference in sensitivity exists. Furthermore,
given the relative infrequency of events, the high sensitivities,
and a sample size requirement of thousands of patients with
hematoma, it is unlikely that we will be able to know whether
they differ within the foreseeable future. Thus, the decision
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between the NEXUS-II and Scandinavian aids depends on
decisionmakers’ attitudes toward risk. They should adopt the
Scandinavian guideline if they require statistically significant
evidence of a difference between therapies before they
recommend one decision aid over another because they can be
95% confident that its specificity is greater than that of all of the
other decision aids and its sensitivity cannot be distinguished
from that of the other aids. They may, on the other hand, be
concerned that the similarity in the aids’ sensitivities is due
more to an absence of evidence for a difference (because of the
relatively small number of hematomas) than it is to an actual
absence of a difference. In this case, they may not be willing to
risk the 1-percentage-point difference in sensitivity, and thus
they may want to adopt the NEXUS-II aid.

The Canadian high-risk rule has a better specificity than the
NEXUS-II instrument, but it missed 1 patient with hematoma,
principally because it uses a 2-hour GCS score less than 15
rather than any GCS score less than 15. According to our
findings, the developers of the rule may want to reconsider the
use of a 2-hour GCS score in their rule. Changing the GCS
score used to indicate the need for CT scanning would have led
to the detection of all cases of hematoma. At the same time, it
would have reduced the aids’ specificity by at most 1 percentage
point (Table 2). The resulting 46.9% specificity would still be
2.5 percentage points superior to the 44.4% specificity of the
NEXUS-II aid.

In conclusion, we currently are unable to distinguish
between the sensitivities of the Scandinavian and NEXUS-II
decision instruments. It is unclear whether this finding is due to
an absence of a difference or whether it is due to an absence of
evidence (ie, too small a sample size) for the difference.
Decisionmakers with attitudes towards risk that require
evidence of a difference in the sensitivity for hematoma should
adopt the Scandinavian guideline because it yields the greatest
diminution in the use of CT among those with no lesion with
lictle loss in clinical utility from failing to identify those with
lesions. Those whose attitudes toward risk require that we have
evidence of an absence of a difference, on the other hand, may
want to adopt the NEXUS-II rather than the Scandinavian
guideline because NEXUS-II’s potentially higher sensitivity
would offset its diminished specificity.
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