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Hervé L. J. Tanghe, MD
M. G. Myriam Hunink, MD, PhD

Purpose: To prospectively and externally validate published national
and international guidelines for the indications of com-
puted tomography (CT) in patients with a minor head
injury.

Materials and
Methods:

The study protocol was institutional review board ap-
proved. All patients implicitly consented to use of their
deidentified data for research purposes. Between Febru-
ary 2002 and August 2004, data were collected in consec-
utive adult patients with blunt minor head injury (Glasgow
Coma Scale score of 13–14 or 15) and a risk factor for
neurocranial traumatic complications at presentation at
four Dutch university hospitals. Primary outcome was any
neurocranial traumatic CT finding. Secondary outcomes
were clinically relevant traumatic CT findings and neuro-
surgical intervention. Sensitivity and specificity of each
guideline for all outcomes and the number of patients
needed to scan to detect one outcome (ie, the number of
patients needed to undergo CT to find one patient with a
neurocranial traumatic CT finding, a clinically relevant
traumatic CT finding, or a CT finding that required neuro-
surgical intervention) were estimated.

Results: Data were available for 3181 patients. Only the European
Federation of Neurological Societies guidelines reached a
sensitivity of 100% for all outcomes. Specificity was 0.0%–
0.5%. The Dutch guidelines had the lowest sensitivity
(76.5%) for neurosurgical interventions. The best specific-
ities for traumatic CT findings and neurosurgical interven-
tions were reached with the criteria proposed by the
United Kingdom National Institute for Clinical Excellence
(NICE) (46.1% and 43.6%, respectively), albeit at rela-
tively low sensitivities (82.1% and 94.1%, respectively).
The number of patients needed to scan ranged from six to
13 for traumatic CT findings and from 79 to 193 for neuro-
surgical interventions.

Conclusion: All validated guidelines demonstrated a trade-off between
sensitivity and specificity. The lowest number of patients
needed to scan for either of the outcomes was reached
with the NICE criteria.
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In the Western world, the number of
patients with a mild head injury
treated at a hospital is estimated to

be 100–300 per 100 000 persons annu-
ally, making it one of the most common
injuries seen in emergency departments
(1). Minor head injury is usually defined
as a blunt injury to the head, after which
the patient may briefly lose conscious-
ness, may have short posttraumatic
amnesia, or both and may have a nor-
mal or minimally altered mental status
at presentation (Glasgow Coma Scale
[GCS] score of 13–15) (2,3). Intracra-
nial complications of minor head injury
occur infrequently. The frequency with
which complications occur depends on
the population, and, in general, compli-
cations occur in 6%–10% of patients;
however, these complications are po-
tentially life threatening and may re-
quire neurosurgical intervention in a
minority (0.4%–1.0%) of cases (3–8). A
neurocranial injury that does not re-
quire neurosurgical intervention may
still cause substantial clinical problems.
Patients with these injuries will usually
be kept under close clinical observation.

Computed tomography (CT) of
the head is commonly considered to be
the imaging modality of choice for the
rapid and reliable diagnosis of neuro-
cranial traumatic lesions, such as skull
fractures, epidural and subdural he-
matomas, and both hemorrhagic and
nonhemorrhagic contusions (6,9–11).
Numerous national and international
guidelines regarding the use of CT in
patients with a minor head injury have
been published; some of these guide-
lines are in part based on published al-
gorithms, such as the New Orleans cri-
teria and the Canadian CT head rule
(Table E1, radiology.rsnajnls.org/cgi
/content/full/2452061509/DC1) (3,7).
An important goal of implementing such
guidelines is to perform CT in only those
patients who are at risk of developing
complications. This would reduce costs
involved with CT scanning and reduce
the strain on emergency, neurology,
and radiology departments. In each of
the guidelines, a distinction is made be-
tween low-, medium-, and high-risk pa-
tients. In low-risk patients, CT scanning
is deemed unnecessary. In the remain-

ing patients, the clinician is given the
choice of scanning all medium- and
high-risk patients (lenient criteria) or
scanning only high-risk patients (strict
criteria).

The published guidelines show con-
siderable overlap. Most guidelines con-
sider a history of loss of consciousness,
posttraumatic amnesia, suboptimal GCS
score, focal neurologic deficit, posttrau-
matic seizure, vomiting, or coagulopathy
as a risk factor. However, there are sub-
stantial differences between the guide-
lines with respect to the definitions of risk
factors, as well as to the number, set, or
combinations of risk factors for which CT
scanning would be indicated. In some
guidelines, a lenient use of CT is recom-
mended, while other guidelines advo-
cate a more restrictive approach. Use of
guidelines that recommend the restric-
tive use of CT in patients with a minor
head injury leads to a reduced number
of CT scans performed for this indica-
tion compared with the number of CT
scans performed at the recommenda-
tion of lenient guidelines and therefore
would be preferable to avoid overuse
and reduce radiation dose. While the
New Orleans criteria and Canadian CT
head rule have recently been externally
validated, this is not the case for all
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Advances in Knowledge

� All of the validated national and
international clinical guidelines
for the use of CT in patients with
a minor head injury demonstrated
a trade-off between sensitivity
and specificity, and none of the
guidelines was clearly superior.

� A sensitivity of 100% for identify-
ing patients with traumatic find-
ings at CT and those requiring
neurosurgical intervention was
reached with only those guide-
lines proposed by the European
Federation of Neurological Societ-
ies; however, this was associated
with an extremely low specificity
of 0.0%–0.5%.

� The lowest number of patients
needed to scan to detect one pa-
tient with traumatic CT findings
or the need to undergo neurosur-
gical intervention was reached
with the criteria proposed by the
United Kingdom National Institute
for Clinical Excellence.

Implications for Patient Care

� Our results show that only those
guidelines proposed by the Euro-
pean Federation of Neurological
Societies have 100% sensitivity
for the identification of neurocra-
nial complications after a minor
head injury.

� A sensitivity of 100% in the iden-
tification of neurocranial compli-
cations after minor head injury
can be reached only by scanning
virtually all patients with a minor
head injury.

� The criteria for the use of CT in
patients with a minor head injury
as set forth by the United King-
dom National Institute for Clinical
Excellence have the highest po-
tential to reduce the number of
CT scans performed while still
having reasonable sensitivity for
the identification of patients with
neurocranial complications or
who require neurosurgical inter-
vention after minor head injury.
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guidelines (12,13). It remains unclear
whether restrictive guidelines serve to
identify at-risk patients as well as do
lenient guidelines. Thus, the purpose of
our multicenter observational study was
to prospectively and externally validate
published national and international
guidelines for the indications of CT in
patients with a minor head injury (12).

Materials and Methods

Study Group
Between February 11, 2002, and August
31, 2004, data were prospectively col-
lected for 3364 consecutive patients at
four Dutch university hospitals who met
our inclusion criteria (presentation within
24 hours after blunt head injury, aged 16
years or older, and GCS score of 13 or 14
at presentation or GCS score of 15 at
presentation with at least one of the fol-
lowing risk factors: history of loss of con-
sciousness, short-term memory deficit,
amnesia associated with the traumatic
event, posttraumatic seizure, vomiting,
headache, clinical evidence of intoxica-
tion with alcohol or drugs, anticoagulant
treatment or history of coagulopathy, ex-
ternal evidence of injury above the clavi-
cles, or neurologic deficit) (Table 1). Pa-
tients were excluded if concurrent inju-
ries precluded head CT within 24 hours
of the head injury or if contraindications
to CT scanning were present. Although
there are no generally acknowledged
absolute contraindications to CT scan-
ning, pregnancy is sometimes consid-
ered a relative contraindication and was
therefore considered an exclusion crite-
rion in our study.

Our study was entirely observa-
tional and did not influence patient
care or pose any risk to the patients.
The systematically collected data
solely included information that is rou-
tinely documented during the work-up
of a patient with a minor head injury.
In the centers that participated in this
study, it is common practice for any
patient meeting the inclusion criteria
to be seen in the emergency depart-
ment by a neurologist or neurologist-
in-training under the supervision of a
neurologist. According to the policies

of most Dutch hospitals, including
those of the centers that participated
in this study, patients with a minor
head injury routinely undergo head CT
(14). The study protocol was reviewed
and approved by the institutional re-
view board and medical ethics com-
mittee at each of the participating cen-
ters. All patients included in our study
consented to use of their deidentified
data for research purposes.

Data Collection
Data were collected digitally with soft-
ware (OpenSDE; http://webserver.mi
.fgg.eur.nl/opensde) that was specifi-
cally designed for systematic data col-
lection within a clinical setting (Table
1) (15). The software was installed on
desktop computers that were easily ac-
cessible to the participating physicians.
The neurologist or neurologist-in-train-
ing who examined the patient systemat-
ically collected data on the patient’s his-
tory, demographics, and general and
neurologic examination findings.

All patients who met the inclusion
criteria were referred for head CT. The
imaging protocol consisted of acquisi-
tion of contiguous sections with a maxi-
mum thickness of 5 mm infratentorially
and 8 mm supratentorially without in-
travenous contrast material administra-

tion. Images were evaluated with brain
and bone window settings. The reading
neuroradiologist or trauma radiologist
added head CT data to the database.

Guideline Selection
We (M.S., D.W.J.D., M.G.M.H.)
searched PubMed for national and in-
ternational guidelines for the use of CT
in patients with a minor head injury that
were published in English or Dutch
since 2000. Guidelines that solely ad-
dressed the pediatric population or pa-
tients with severe head injury were dis-
carded. Only guidelines that were un-
ambiguous (ie, with clearly defined
criteria for indications for CT in a pa-
tient with a minor head injury) and ei-
ther published or freely available on the
Internet were considered for evalua-
tion.

Outcome Measures
Our primary outcome measure was any
traumatic finding in the neurocranium
at CT, including any skull or skull base
fracture and any intracranial traumatic
lesion. A traumatic finding at CT that
was considered clinically relevant was
considered a secondary outcome mea-
sure, as was a traumatic CT finding that
subsequently led to neurosurgical inter-
vention. A clinically relevant traumatic

Table 1

Collected Patient Data

History Symptoms Physical Examination

Date of birth Loss of consciousness External injury (above the clavicles)
Sex Posttraumatic amnesia
Time of injury Posttraumatic seizure GCS on presentation
Time of presentation Short-term memory deficit GCS 1 hour after presentation
Mechanism of injury Motor deficits
Intoxication Headache Sensory deficits
Anticoagulant treatment Vomiting Focal neurologic deficits

Note.—High-energy accident was derived from the description of trauma mechanism and defined as a fall from a height of
more than 1 m or down more than five stairs), pedestrian or cyclist versus vehicle, driver or passenger ejected from vehicle,
or any individual involved in a motorized vehicle accident or high-velocity cycling accident. Presence and severity of
intoxication were evaluated clinically and evidenced by slurred speech, alcoholic fetor, or nystagmus. Anticoagulant treatment
included coumarine derivatives only and not platelet aggregation inhibitors (eg, aspirin or clopidrogel). No blood coagulation
tests were performed, and the presence of coagulopathy was assessed by taking patient history. Loss of consciousness was
considered to have occurred when it was reported by a witness or the patient. Posttraumatic amnesia was an inability to recall
the traumatic event and subsequent events; the duration (in minutes) was estimated. Posttraumatic seizure was classified as
a witnessed or suspected seizure after the head injury. Short-term memory deficit was defined as persistent anterograde
amnesia. Headache included both diffuse and localized pain. Vomiting was defined as any episode of emesis after the injury.
External evidence of injury was defined as extensive bruising or clinically substantial discontinuity of skin. Focal neurologic
deficit was any abnormality at routine clinical neurologic examination indicating a focal cerebral lesion.

NEURORADIOLOGY: CT Guidelines in Patients with Minor Head Injury Smits et al

Radiology: Volume 245: Number 3—December 2007 833



finding at CT was defined as any intra-
cranial finding caused by trauma; this
included all neurocranial traumatic CT
findings (ie, epidural or subdural hema-
toma, subarachnoid or intraventricular
hemorrhage, intraparenchymatous hem-
orrhagic or nonhemorrhagic contusion,
and depressed skull fracture) except
isolated linear skull or skull base fractures
(3,16). A neurosurgical intervention
was defined as any neurosurgical proce-
dure (craniotomy, intracranial pressure
monitoring, elevation of depressed skull
fracture, or ventricular drainage) per-
formed within 30 days after the trau-
matic event.

Statistical Analysis
Three authors (M.S., D.W.J.D.,
M.G.M.H.) working in consensus per-
formed statistical analysis. Missing data

were assumed to be missing at random
and were imputed on the basis of the
available data to avoid bias when data
could not be completed by searching pa-
tient records (17–21). For categorical
data, values that were missing were re-
placed with the most common value
among patients in whom this value was
not missing. For continuous data, values
that were missing were replaced with
the mean value in patients in whom the
value was not missing. The percentage
of imputed missing data was 3.8% (6425
of 168 593 items), which included items
documented as unknown and items that
were not documented. Variables that
were most frequently imputed were a
history of loss of consciousness (18%,
565 of 3181 items) and posttraumatic
amnesia (10%, 325 of 3181 items). The
reason for imputation for both a history
of loss of consciousness and posttrau-
matic amnesia was that the variables
were reported as unknown (15.2% [484
of 3181 items] and 7.2% [230 of 3181
items], respectively) rather than miss-
ing (2.5% [81 of 3181 items] and 3.0%
[95 of 3181 items], respectively). Ow-
ing to the available variable means and
consistent with clinical practice, both
were imputed as present.

We evaluated the study group for
demographic characteristics, mecha-
nism of injury, traumatic findings at CT,
and neurosurgical intervention. To vali-
date the guidelines in the study group,
we determined the sensitivity and spec-
ificity (and their 95% confidence inter-
vals) of all guidelines for each of the
outcome measures. A guideline was
considered to be positive when a patient
fulfilled at least one of the guideline cri-
teria for a CT scan. The sensitivity of
each guideline was calculated by divid-
ing the number of patients in whom the
outcome measure was present and the
guideline was positive by the total num-
ber of patients in whom the outcome
measure was present. The specificity of
each guideline was calculated by divid-
ing the number of patients in whom the
outcome measure was absent and the
guideline was negative by the total num-
ber of patients in whom the outcome
measure was absent. We evaluated
sensitivity and specificity separately

for both the strict criteria (scanning
high-risk patients only) and the lenient
criteria (scanning both the high- and
medium-risk patient groups) of each
guideline.

To address the trade-off between
sensitivity and specificity for each guide-
line, we calculated the percentage of pa-
tients who needed to undergo CT and
the number of patients needed to scan
to detect one outcome (ie, the number
of patients needed to be scanned to find
one patient with a neurocranial trau-
matic CT finding, a clinically relevant
traumatic CT finding, or a CT finding
that required neurosurgical interven-
tion). The percentage of patients who
needed to undergo CT was calculated by
dividing the number of patients in
whom the guideline was positive by the
total number of patients. The number of
patients needed to scan was calculated
for each outcome measure. This num-
ber was calculated for each of the guide-
lines by dividing the number of patients
in whom the guideline was positive by
the number of patients in whom the out-
come measure was present. Data were
analyzed with statistical software (Sta-
tistical Package for Social Sciences, ver-
sion 12.0.1, release 2003; SPSS, Chi-
cago, Ill).

Results

Study Group
Data obtained in 3181 patients were ana-
lyzed (Fig 1). The majority (n � 2244,
71%) of patients were male, and the
mean age was 41.4 years (range, 16–102
years). The median time between injury
and presentation to the emergency de-
partment was 60 minutes (mean, 94 min-
utes; range, 0–23.3 hours). At presenta-
tion, most patients (n � 2462, 77.4%)
had a GCS score of 15, 568 (17.9%) had a
GCS score of 14, and 151 (4.7%) had a
GCS score of 13.

Neurocranial traumatic lesions were
seenatCT in312 (9.8%)patients (Table 2),
with the highest proportion of traumatic
findings seen in patients with a GCS
score of 13 (37 patients [24.5%]). Neu-
rosurgical intervention was performed

Figure 1

Figure 1: Flowchart of 6936 patients who pre-
sented with a head injury. This number is an esti-
mate based on the proportion of patients included
in this study from the total number of trauma pa-
tients seen by a neurologist or neurologist-in-
training in the emergency department of the partic-
ipating center where the majority of patients were
included.
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in 17 patients (0.5%) for epidural hema-
toma (n � 8), subdural hematoma (n �
3), depressed skull fracture (n � 3), and
a combination of extra-axial hematoma
and depressed skull fracture (n � 3)
(Table 2). In the majority of patients,
more than one risk factor was present
(Table 3).

Guideline Selection
Three national and three international
guidelines were identified (Table E1,
radiology.rsnajnls.org/cgi/content/full
/2452061509/DC1) (14,22–26). The cri-
teria for the use of CT set forth by the
Scottish Intercollegiate Guidelines Net-
work (SIGN) are currently under revision
and may be updated in the future; we
used the version posted on their Web site
at the time of our search (25). The follow-
ing three guidelines were based on a pre-
viously published decision algorithm: the
Dutch guidelines on the New Orleans cri-
teria, the criteria proposed by the Na-
tional Institute for Clinical Excellence
(NICE) on the Canadian CT head rule,
and the guidelines proposed by the Euro-
pean Federation of Neurological Societies
(EFNS) on both the New Orleans criteria
and the Canadian CT head rule (3,7).

Guideline Validation
Sensitivity of 100% for both neurocranial
and clinically relevant traumatic CT find-
ings, as well as for neurosurgical interven-
tion, was reached with only the EFNS
guidelines when either the lenient or the
strict criteria were used (Tables E2, E3;
radiology.rsnajnls.org/cgi/content/full
/2452061509/DC1). According to these
guidelines, however, all of the patients
with minor head injury included in our
study would need to undergo CT (Fig 2;
Tables E2, E3; radiology.rsnajnls.org
/cgi/content/full/2452061509/DC1). The
lowest sensitivity (76.5%) for identi-
fying patients who underwent neurosurgi-
cal intervention was reached with the
Dutch guidelines and use of either the
lenient or the strict criteria. The highest
specificities were achieved with the
NICE criteria, which, consequently,
indicated that only a relatively small
percentage (37.2%–56.6%) of all pa-
tients with a minor head injury would
need to undergo CT (Fig 2; Tables E2,

E3; radiology.rsnajnls.org/cgi/content
/full/2452061509/DC1).

One patient who required neurosur-
gical intervention for a subdural hema-
toma was missed with use of the guide-
lines proposed by the World Federation
of Neurosurgical Societies (WFNS), the
NICE criteria, and the SIGN and Scandi-
navian and Dutch guidelines. This patient
did not have a history of loss of conscious-
ness or any other risk factors except for a
contusion to the face. Three more pa-
tients who required neurosurgical inter-

vention were missed with the Dutch
guidelines. All of these patients had sev-
eral risk factors, including neurologic def-
icit and clinical evidence of a skull frac-
ture, but no history of loss of conscious-
ness or posttraumatic amnesia.

As expected, the sensitivities for neu-
rocranial and clinically relevant trau-
matic findings were generally lower
when we used the strict criteria rather
than the lenient criteria (WFNS guide-
lines, NICE criteria, SIGN guidelines,
and Scandinavian guidelines) (Tables

Table 2

Traumatic Findings at CT

Traumatic Findings at CT No. of Patients (n � 312)

Skull fracture 186 (59.6)
Intraparenchymal lesions 142 (45.5)
Traumatic subarachnoid hemorrhage 86 (27.6)
Subdural hematoma 67 (21.5)
Epidural hematoma 35 (11.2)
Intraventricular hemorrhage 5 (1.6)
Intracranial lesions 233 (74.7)

Note.—Multiple findings may be present in one patient. Data in parentheses are percentages.

Table 3

Presence of Risk Factors in the Entire Study Group and in Patients with a GCS Score of
15 at Presentation

Risk Factor
Entire Study Group
(n � 3181)

Only Patients with a
GCS Score of 15 (n � 2462)

Older than 60 years 534 (16.8) 394 (16.0)
Anticoagulant treatment 218 (6.9) 171 (6.9)
High-energy accident 1457 (45.8) 1113 (45.2)
Dangerous mechanism of injury* 679 (21.3) 506 (20.6)
Loss of consciousness 1951 (61.3) 1419 (57.6)
Headache 1910 (60.0) 1454 (59.1)
PTA lasting longer than 30 minutes 916 (28.8) 510 (20.7)
Vomiting 342 (10.8) 213 (8.6)
Short-term memory deficit 475 (14.9) 195 (7.9)
Posttraumatic seizure 23 (0.7) 16 (0.6)
External injury above clavicles 2612 (82.1) 2008 (81.6)
Clinical signs of skull fracture 66 (2.1) 42 (1.7)
Clinical evidence of intoxication 1367 (43.0) 960 (39.0)
GCS score less than 15 1 hour after presentation 506 (15.9) 50 (2.0)
Neurological deficit 304 (9.6) 207 (8.4)
More than one risk factor present 3101 (97.5) 2382 (96.8)

Note.—Data are number of patients. Data in parentheses are percentages. Multiple risk factors may be present in one patient.

* Dangerous mechanism of injury was defined as pedestrian hit by motor vehicle, passenger or driver ejected from motor
vehicle, or fall from a height of more than 1 m or down five stairs. PTA � posttraumatic amnesia.
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E2, E3; radiology.rsnajnls.org/cgi
/content/full/2452061509/DC1). The
sensitivities for neurosurgical interven-
tions were the same with use of the
strict and lenient criteria for all of the
guidelines, except the SIGN and NICE
criteria, that showed a decrease in sen-
sitivity (ie, one additional patient who
required neurosurgical intervention
would have been missed with use of
strict instead of lenient criteria) (Tables
E2, E3; radiology.rsnajnls.org/cgi
/content/full/2452061509/DC1).

Trade-off between Sensitivity and
Specificity
The more restrictive guidelines require
scanning only a limited number of pa-

tients with a minor head injury; however,
the use of these guidelines invariably
leads to lower sensitivities than does the
use of guidelines that recommend that a
large number of patients undergo scan-
ning (Fig 2). This trade-off between sensi-
tivity and the number of patients who
need to undergo CT was consistent
across outcome measures. The number
of patients needed to undergo scanning
was highest when the EFNS guidelines
were followed; with the NICE criteria, the
number of patients needed to undergo
scanning to detect one patient with a le-
sion requiring neurosurgical intervention
was lowest (79 and 113 patients for strict
and lenient criteria, respectively) (Table
E4, radiology.rsnajnls.org/cgi/content
/full/2452061509/DC1).

Discussion

In our study, only the EFNS guidelines
reached 100% sensitivity for the iden-
tification of patients with either neuro-
cranial or clinically relevant traumatic
findings at CT and patients needing
neurosurgical intervention. Unfortu-
nately, specificity for these guidelines
was low. Guidelines with higher speci-
ficities, however, showed lower sensi-
tivities for traumatic findings at CT
and for neurosurgical intervention. A
sensitivity of 100% may not be re-
quired for any neurocranial traumatic
CT finding, but it is essential for le-
sions that require neurosurgical inter-
vention. Only the guidelines proposed
by the EFNS and the lenient SIGN cri-
teria reached 100% sensitivity for
neurosurgical intervention. Guidelines
with the worst performance were the
Dutch national guidelines; with use of
these guidelines, almost 25% (n � 4)
of patients requiring neurosurgery
would have been missed.

The low sensitivity of the Dutch
guidelines for neurosurgical interven-
tion in our study may be explained by
the fact that these guidelines are not
clear on whether CT is recommended
in patients with a normal level of con-
sciousness and without a history of
loss of consciousness or posttraumatic
amnesia who have another risk factor,
such as vomiting or focal neurologic
deficit. If the Dutch guidelines are ap-
plied strictly, as they were in our
study, these patients are classified as
having a minimal head injury and may
be sent home without any imaging or
observation. Three of the patients that
underwent neurosurgery would have
been missed this way. This explains
the low sensitivity of the Dutch guide-
lines in our study.

In each of the evaluated guidelines,
there is the option of scanning all pa-
tients at risk of developing complica-
tions (lenient criteria) or scanning only
high-risk patients (strict criteria). The
strict criteria of the guidelines therefore
are expected to enable all high-risk pa-
tients (ie, those with CT findings that
require neurosurgical intervention) to
be identified, while patients with other

Figure 2

Figure 2: Graphs show the relationship between the proportion of patients in whom CT is required accord-
ing to each guideline and the sensitivity for (a, b) neurocranial traumatic CT findings, (c, d) clinically relevant
traumatic CT findings, and (e, f) neurosurgical intervention for each guideline using lenient (a, c, e) and
strict (b, d, f) criteria.
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traumatic findings at CT may be missed.
For all but the NICE and SIGN criteria,
there was indeed no difference in sensi-
tivity for neurosurgical intervention be-
tween the strict and lenient criteria.

Our results largely corroborate find-
ings of the validation study conducted
by Ibanez et al (16). In their smaller
single-center study, 100% sensitivity for
clinically relevant findings at CT was
reached with both the WFNS and the
EFNS guidelines. Specificities were also
low. However, neurosurgical interven-
tion was not considered an outcome
measure; therefore, the guidelines were
not validated for identification of these
high-risk patients. Both the NICE cri-
teria and the WFNS guidelines have also
been previously evaluated in a large sin-
gle-center validation study (5,27). In
their study, Fabbri et al (5,27) did not
strictly adhere to the guidelines and not
all patients underwent CT; these condi-
tions may have undermined the validity
of their study. Sensitivity for intracra-
nial CT findings and neurosurgical inter-
vention was high (but not 100%) for the
WFNS guidelines and the NICE criteria.
The NICE criteria reached a slightly
lower sensitivity for both outcome mea-
sures; however, in line with our find-
ings, these criteria had much higher
specificities than the WFNS guidelines.

In all of the guidelines, a similar
trade-off was seen between sensitivity
and specificity. There was also a corre-
sponding trade-off between sensitivity
and the proportion of patients in whom
CT was indicated according to each of
the guidelines. The EFNS guidelines had
the highest sensitivities, lowest specific-
ities, and highest proportion of patients
who required CT, whereas the NICE
criteria had the highest specificities and
the lowest proportion of patients who
required CT but at the cost of lower
sensitivities. Overall, this trade-off was
consistent across outcome measures
and was reflected in the number of CT
scans needed to detect any of the out-
comes, which was highest for the EFNS
guidelines and lowest for the NICE cri-
teria. Thus, none of the guidelines was
obviously superior to any of the others.

The question is, what do we need to
aim for? It is desirable for a guideline to

enable the identification of all patients
with CT findings who require neurosur-
gical intervention. The importance of
identifying other traumatic lesions at
CT, however, depends on the effect of
management decisions on the patient’s
clinical outcome. CT scanning is the
only reliable way to rule out serious in-
tracranial complications, while observa-
tion performs badly as a diagnostic tool
and may lead to a less-than-optimal out-
come since intervention subsequent to
deterioration is delayed (28,29). CT find-
ings generally affect clinical management
(eg, the decision between discharge or
clinical observation); however, since a pa-
tient’s condition only occasionally deterio-
rates during observation, it is difficult—if
not impossible—to assess whether ob-
servation, and therefore CT scanning,
really affected the patient’s clinical out-
come. This would imply that a sensitiv-
ity of 100% for traumatic findings at CT
may not be necessary, but then the
question of what sensitivity would be
desirable would remain. The number of
patients needed to scan to detect one
outcome may be used as a first approxi-
mation of the trade-off between sensi-
tivity and specificity, and it is useful in
the identification of poorly performing
guidelines. One way to further deal with
this dilemma is to perform a cost-effec-
tiveness analysis (30). A cost-effective-
ness analysis will enable one to take into
account the effect of the guidelines’ sen-
sitivities and specificities and their influ-
ence on patient care, offering a com-
bined measure of a guideline’s validity
and utility. We intend to perform this
analysis for each of the evaluated guide-
lines in a follow-up study to determine
whether any guideline is superior in
terms of both cost and effectiveness.

Our study had a number of limita-
tions. First, our inclusion criteria coin-
cided with the criteria proposed in the
EFNS guidelines. This is evident from
the extremely low specificity we found.
A further limitation of our study was
that some of the criteria from the guide-
lines were not exactly the same as the
data we collected in our study; how-
ever, this was inherent to the observa-
tional nature of our study. The risk fac-
tor of high-energy accident was not sep-

arately defined, and we determined its
presence by using the description of
trauma mechanism. Since we then de-
fined high-energy accident to include
various broad categories, this lack of
specification probably did not have a
large effect on the sensitivities of the
guidelines, but it may have had some
negative influence on the reported speci-
ficities. Previous neurosurgery and shunt
placement were not formally recorded,
nor was altered behavior; therefore,
these risk factors could not be used as
criteria for one of the guidelines. The
same was true for pretraumatic seizure,
although this risk factor was again de-
rived from the trauma mechanism de-
scription. Furthermore, only the pres-
ence and duration of posttraumatic am-
nesia (but not retrograde amnesia)
were assessed at the participating cen-
ters. We find that retrograde amnesia is
difficult to assess clinically; therefore, it
is not a reliable parameter in daily clini-
cal practice, as opposed to posttrau-
matic amnesia, which is easier to evalu-
ate. Thus, in the evaluation of guidelines
that propose retrograde amnesia as a
risk factor, we used posttraumatic am-
nesia as a risk factor instead. Since the
relative risks of retrograde and post-
traumatic amnesia have been shown to
be similar, it does not seem likely that
this had a substantial influence on our
results (3,31).

Another limitation is that we vali-
dated only those guidelines that were
published in English (because they are
widely accessible) or Dutch (because
our study was performed in the Nether-
lands). A final limitation of our study is
the theoretical possibility that we may
have missed patients with clinically
important traumatic CT findings or
who required neurosurgical interven-
tion who were not (initially) referred to
a neurologist and consequently did not
undergo CT scanning. Although we ac-
knowledge this possibility, we believe
this is unlikely to have happened in
many cases because the centers that
participated in this study were primary
regional trauma and neurosurgical cen-
ters in which a neurologist or neurolo-
gist-in-training was always present and
the threshold for referral was low. To
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our knowledge, only one of more than
3000 patients in our study group had
not been seen by a neurologist. Conse-
quently, this patient was not included in
the data analysis.

In conclusion, all of the validated
guidelines show a trade-off between
sensitivity and specificity and a corre-
sponding trade-off between sensitivity
and the proportion of patients who re-
quire CT scanning according to the
guideline in the identification of patients
with traumatic findings at CT, as well as
in the identification of patients who re-
quire neurosurgical intervention for a
complication after a minor head injury.
The choice of which guideline to use will
depend largely on the objective of im-
plementing a guideline. If the objective
is to not miss any patients with a trau-
matic finding at CT, basically all patients
with minor head injury will need to un-
dergo CT, as recommended in the EFNS
guidelines. If, however, the objective is
to reduce the number of CT scans per-
formed to evaluate minor head injuries
(eg, to reduce workload or because of
limited availability) and one is willing to
accept the risk of misdiagnosing the oc-
casional patient who presents with mi-
nor symptoms, the NICE criteria have a
high potential to reduce the number of
CT scans performed while still having a
reasonable sensitivity for the identifica-
tion of patients with traumatic brain in-
jury and those who require neurosurgi-
cal intervention. The final choice of a
guideline and its implementation de-
pend on the objective and on cost and
effectiveness considerations of the con-
sequences of implementation.
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