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Background: Prediction rules for patients with minor head injury
suggest that the use of computed tomography (CT) may be limited
to certain patients at risk for intracranial complications. These rules
apply only to patients with a history of loss of consciousness, which
is frequently absent.

Objective: To develop a prediction rule for the use of CT in
patients with minor head injury, regardless of the presence or
absence of a history of loss of consciousness.

Design: Prospective, observational study.

Setting: 4 university hospitals in the Netherlands that participated
in the CT in Head Injury Patients (CHIP) study.

Patients: Consecutive adult patients with minor head injury (=16
years of age) with a Glasgow Coma Scale (GCS) score of 13 to 14
or with a GCS score of 15 and at least 1 risk factor.

Measurements: Outcomes were any intracranial traumatic CT find-
ing and neurosurgical intervention. The authors performed logistic
regression analysis by using variables from existing prediction rules
and guidelines, with internal validation by using bootstrapping.

Results: 3181 patients were included (February 2002 to August
2004): 243 (7.6%) had intracranial traumatic CT findings and 17
(0.5%) underwent neurosurgical intervention. A detailed prediction
rule was developed from which a simple rule was derived. Sensi-
tivity of both rules was 100% for neurosurgical interventions, with
an associated specificity of 23% to 30%. For intracranial traumatic
CT findings, sensitivity and specificity were 94% to 96% and 25%
to 32%, respectively. Potential CT reduction by implementing the
prediction rule was 23% to 30%. Internal validation showed slight
optimism for the model's performance.

Limitation: External validation of the prediction model will be re-
quired.

Conclusion: The authors propose the highly sensitive CHIP predic-
tion rule for the selective use of CT in patients with minor head
injury with or without loss of consciousness.
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Minor head injury is one of the most common injuries
seen in western emergency departments, with an es-
timated incidence of 100 to 300 per 100 000 people (1).
Patients with minor head injury include those with blunt
injury to the head who have a normal or minimally altered
level of consciousness on presentation in the emergency
department, that is, a Glasgow Coma Scale (GCS) score of
13 to 15, and a maximum loss of consciousness of 15 min-
utes, posttraumatic amnesia for 60 minutes, or both (2).
Intracranial complications after minor head injury are
infrequent but commonly require in-hospital observation
and occasionally require neurosurgical intervention (3, 4).
The imaging procedure of choice for reliable, rapid diag-
nosis of intracranial complications is computed tomogra-
phy (CT) (5, 6). Because most patients with minor head
injury do not show traumatic abnormalities on CT, it
seems inefficient to scan all patients with minor head in-
jury to exclude intracranial complications. Of the pub-
lished prediction rules for the selective use of CT in pa-
tients with minor head injury, the New Orleans Criteria
(NOC) and the Canadian CT Head Rule (CCHR) have
been externally validated (7-9). Researchers in internal and
external validation studies have shown that both rules iden-
tify 100% of patients requiring neurosurgical intervention
and most patients with traumatic intracranial findings on
CT (3, 10-12). The external validation studies, however,
yielded lower specificities than the development studies

(10, 12). The originally reported specificities were probably
too optimistic because of their partial derivation from data
sets that were also used for the model development (13).
Also, in both studies researchers included only a subset of
patients with minor head injury. Most notably, researchers
developed the NOC and the CCHR for patients with mi-
nor head injury who have a history of loss of consciousness
or amnesia, which many of these patients presenting to
emergency departments do not have. Generalizability of
the NOC and the CCHR is therefore limited.

We aimed to develop a widely applicable and easy-to-
implement prediction rule for the selective use of CT in all
patients with minor head injury with or without a history
of loss of consciousness. To avoid optimism for the mod-
el’s performance, we used penalty factors and internal val-
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Context

Available prediction rules to guide selective use of com-
puted tomography in patients with minor head injuries
were developed for use in patients with a history of loss
of consciousness.

Contribution

This prospective study included 3181 adults with minor
head injury with or without loss of consciousness. A pre-
diction rule based on risk factors (such as age; Glasgow
Coma Scale score; skull fracture; and posttraumatic vomit-
ing, amnesia, or seizure) successfully identified patients
who had intracranial computed tomography findings (sen-
sitivity, approximately 95%) or neurosurgical intervention
(sensitivity, 100%).

Caution

External validation in different populations is needed be-
fore widespread application of the rule.

—The Editors

idation by using bootstrapping procedures to attain more
realistic predictions of the model’s performance in an ex-
ternal patient population (13).

MEeTHODS
Patients

We prospectively collected data on consecutive pa-
tients in 4 university hospitals in the Netherlands that were
participating in the CT in Head Injury Patients (CHIP)

study (Figure 1) (14). Inclusion criteria included initial
presentation within 24 hours of blunt injury to the head, a
minimum age of 16 years, and a Glasgow Coma Scale
(GCYS) score of 13 to 14 or a GCS score of 15, with at least
1 of the following risk factors: history of loss of conscious-
ness, short-term memory deficit, amnesia for the traumatic
event, posttraumatic seizure, vomiting, severe headache,
clinical evidence of intoxication with alcohol or drugs, use
of anticoagulants or history of coagulopathy, external evi-
dence of injury above the clavicles, and neurologic deficit.
Exclusion criteria were transfer from another hospital, con-
traindications for CT, or concurrent injuries precluding a
head CT at presentation.

A neurologist or a neurologist-in-training under tele-
phone supervision of a neurologist examined patients, after
which a head CT was performed as soon as possible, in
accordance with the current Dutch guidelines (15). We
performed head CT according to a routine trauma proto-
col, with a maximum slice thickness of 5 mm infratento-
rially and 8 mm supratentorially, without intravenous
contrast administration. A neuroradiologist or a trauma
radiologist (9 in total, not blinded to the patients” history
and clinical findings) interpreted scans in brain and bone
window settings.

The institutional review board waived patient in-
formed consent after review of our study protocol because
current Dutch guidelines and European Federation of
Neurological Societies’ guidelines recommend routine
head CT for patients meeting our inclusion criteria (15,

16).

Figure 1. Study flow diagram.

Patients with head
injury (n = 6936)

v

Patients originally
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ri Did not meet inclusion criteria (n = 3572)

Excluded from the analysis (n = 183)
Contraindication for CT: 1
Not seen by neurologist: 1
Did not fulfill inclusion criteria on

A

Patients included
in the analysis (n = 3181)

rea 1ent of the data: 112

No CT performed: 16

No data on history or examination
available: 14

No data on neurologic examination
available: 39

The number of patients presenting with head injury is an estimate based on the proportion of patients included out of the total number of trauma
patients seen by a neurologist or neurologist-in-training in the emergency department of the participating center that included most patients. CT =

computed tomography.
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Definitions

We considered a patient to have a history of loss of
consciousness when a witness or the patient reported it.
We defined short-term memory deficit as persistent antero-
grade amnesia. We deemed amnesia present for the trau-
matic event if the patient could not recall the entire trau-
matic event. We defined posttraumatic seizure as a seizure
witnessed or suspected after the injury and vomiting as an
episode of emesis after the traumatic event. We classified
headache as being either diffuse or localized. We evaluated
the presence and severity of intoxication clinically by evi-
dence of slurred speech, alcoholic fetor, or nystagmus; we
did not perform routine blood toxicology tests. Anticoag-
ulant treatment included only coumarin derivatives. We
scored the use of platelet aggregation inhibitors (for exam-
ple, aspirin and clopidrogel), but we did not consider it to
be a risk factor. We assessed noniatrogenic coagulopathy,
which we considered a risk factor, by patient history, but
we did not perform routine blood coagulation tests. We
defined external evidence of injury as clinically significant
discontinuity of the skin or extensive bruising. We classi-
fied injury suspect of a fracture as clinical signs of fracture,
whereas we classified other injuries, such as contusions,
lacerations, or abrasions, as contusion. We defined focal
neurologic deficit as any abnormality on routine clinical
neurologic examination that indicated a focal cerebral
lesion.

Data Collection

We collected data on patient and trauma characteris-
tics, symptoms, and risk factors; physical and neurologic
examination; CT findings; and neurosurgical intervention.
Examining physicians entered data on patient history and
examination into a database (OpenSDE, Erasmus MC-
University Medical Center Rotterdam, Rotterdam, the
Netherlands) before the patient underwent CT. If this in-
terfered with their clinical workflow, they entered the data
after the CT (17). The reading radiologist added the CT
findings. We collected data on neurosurgical intervention,
additional CT scans performed, and the clinical outcomes
of patients by searching the hospital’s patient information
system.

Outcome Measures

Our primary outcome measure for this analysis was
any intracranial traumatic finding on CT, which included
all neurocranial traumatic findings except for isolated linear
skull fractures. A secondary outcome measure was neuro-
surgical intervention contingent to initial CT. We defined
neurosurgical intervention as any neurosurgical procedure
(craniotomy, intracranial pressure monitoring, elevation of
skull fracture, or ventricular drainage) within 30 days of
the traumatic event.

Risk Factors
We selected all of the risk factors from the NOC and
the CCHR (7, 9): age, headache, vomiting, intoxication,

persistent anterograde amnesia, retrograde amnesia more
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than 30 minutes, injury above the clavicles (including clin-
ical signs of skull or basal skull fracture), GCS score less
than 15 at 2 hours postinjury, and dangerous trauma
mechanism (pedestrian vs. vehicle, fall from height, and
ejected from motor vehicle). We tested other risk factors
from clinical guidelines for the use of CT in minor head
injury (15, 16, 18-21) for additional effects. We com-
bined the variables cyclist versus vehicle and pedestrian
versus vehicle into 1 variable (pedestrian or cyclist vs. ve-
hicle) for statistical analysis because they are similar trauma
mechanisms.

Statistical Analysis

We based sample size on an estimated 25 variables for
multivariable logistic regression analysis. For reliable anal-
ysis, we required at least 10 events of the primary outcome
measure per variable, that is, 250 events for 25 variables
(22). Given an incidence of traumatic findings on CT of
8% to 10%, we needed to include 3125 patients.

We assumed that missing data were missing at ran-
dom, and we imputed them on the basis of the available
data means to avoid bias (23-27). The proportion of im-
puted data was 3.8%, which included items documented as
unknown and items that were not documented. Of all
cases, 1956 (62%) were complete. Loss of consciousness
and posttraumatic amnesia had the highest proportion of
missing or unknown data (18% and 10%, respectively).
We imputed both as present on the basis of the available
variable means and as consistent with clinical practice. We
used the entire data set, after missing value imputation, for
all analyses.

We evaluated the study sample for demographic char-
acteristics, mechanism of injury, traumatic findings, neu-
rosurgical intervention, GCS scores, and the presence of
risk factors.

We tested associations of each risk factor with the pri-
mary outcome measure using chi-square tests for nominal
variables, the Mann—Whitney U test for ordinal variables,
and the unpaired 2-tailed #test for continuous variables by
using SPSS software, version 12.0 (SPSS Inc., Chicago,
Ilinois). We calculated odds ratios with the Nagelkerke R
to compare the predictive strengths of the variables (28).

We used restricted cubic spline functions to assess the
linearity of effect for continuous variables (29). We se-
lected variables for the final prediction model on the basis
of the statistical and clinical criteria. We used multivariable
logistic regression with backward stepwise selection with a
P value greater than 0.05 for removal of variables, but we
forced variables that we considered to have great clinical
relevance back into the model. We assessed additional risk
factors from clinical guidelines for possible additional ef-
fects. We entered separately methodological variables that
we considered to be clinically irrelevant into the final
model to assess unexpected effects. We did not examine
interaction terms but relied on the main effects of the pre-
dictors (22). We calculated odds ratios based on the mod-
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Table 1. Patient Characteristics*

Characteristic Value

Mean patient age (range), y 41 (16-102)
Men, n (%) 2246 (70.5)
Median duration to presentation (range), h 1(0-23.3)

Intracranial traumatic CT findings
Absent
Present

Neurosurgical intervention
Absent
Present

GCS Score of 15, GCS Score of 14, GCS Score of 13,

n (%) n (%) n (%)
2327 (94.5) 491 (86.4) 120 (79.5)
135 (5.5) 77 (13.6) 31 (20.5)
2452 (99.6) 563 (99.1) 149 (98.7)
10 (0.4) 5(0.9) 2(1.3)

* CT = computed tomography; GCS = Glasgow Coma Scale.

el’s regression coefficients to optimize the estimated effects
of each variable in the study population.

To improve the model’s predictions for future similar
patient populations, we estimated the final model’s regres-
sion coefficients by using penalized maximum likelihood
procedures (13, 30). We determined the penalty factor by
optimizing Akaike information criterion (31).

Performance

We calculated a linear predictor as the sum of each
penalized B-coefficient multiplied by the corresponding
variables’ values. We constructed receiver-operating char-
acteristic (ROC) curves for both outcome measures by us-
ing this linear predictor. We defined a cutoff score for a
CT scan indication as the point at which sensitivity for
neurosurgical intervention was 100% at maximum speci-
ficity because this identifies all very high-risk patients, that
is, those requiring neurosurgical intervention. Using this
cutoff score, we calculated the sensitivity and specificity
(and their 95% Cls) for both outcome measures and po-
tential CT scan reduction due to implementing this model
(32). We refer to this prediction model as the detailed
prediction model.

We also constructed a simple prediction model from
the detailed model. We identified major and minor risk
factors on the basis of the rounded, penalized B-coefficients
and 100% sensitivity for neurosurgical intervention. For
the simple prediction model, we categorized continuous
variables at suitable cutoff values. We calculated ROC
curves and sensitivities and specificities (and their 95%
ClIs) for both outcome measures (32).

Internal Validation

We assessed internal validity with a bootstrapping pro-
cedure for a realistic estimate of the performance of both
prediction models in similar future patients. We repeated
the entire modeling process, including variable selection
and optimum penalty factor search, in 200 samples drawn
with replacement from the original sample. We deter-
mined the performances of the selected prediction model
and the simple rule that were developed from each boot-
strap sample in the original sample (30, 33). Performance
measures included the average area under the ROC curve,
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sensitivity and specificity for both outcome measures, and
CT reduction at 100% sensitivity for neurosurgical inter-
ventions within each bootstrap sample. We validated this
by using Harrell’s Design library and S-PLUS software,
version 6.0 (Insightful Inc., Seattle, Washington).

Role of the Funding Sources

This research was supported by a grant from College
voor Zorgverzekeringen (CVZ) and Radiologisch onder-
zoek Nederland (RADION). The work of the authors was
independent of the funding sources. The funding organi-
zations had no involvement in the study design; data col-
lection, analysis, or interpretation; or in the decision to
publish the manuscript.

REesuLTS

Between 11 February 2002 and 31 August 2004, an
estimated 6936 patients with head injury presented to the
emergency departments of the participating centers. We
did not include 3572 of these patients because they did not
meet the inclusion criteria. Of the 3364 patients originally
included in the study, we excluded 183 from further anal-
ysis for various reasons (Figure 1), leaving 3181 patients
for the data analysis.

Table 1 shows patient characteristics. We found intra-
cranial traumatic findings on CT in 243 (7.6%) patients.
These findings included depressed skull fractures (19
[7.8%] cases), acute subdural (67 [28%] cases) and epi-
dural (35 [14%] cases) hematomas, traumatic subarach-
noid hemorrhage (86 [35%] cases), intraparenchymal le-
sions (142 [58%] cases) consisting mostly of hemorrhagic
contusions (118, [49%] cases), and linear (67 [28%] cases)
and skull base fractures (53 [22%] cases) in combination
with intracranial lesions. Twelve neurosurgeons performed
a neurosurgical intervention in 17 patients for epidural
hematoma (» = 8), acute subdural hematoma (z = 3),
depressed skull fracture (z = 3), and extra-axial hematoma
with a depressed skull fracture (n = 3). The procedures
consisted of removing the extra-axial clot (z = 13) and
repairing the depressed skull fracture (7 = 4). Despite neu-
rosurgical intervention, 1 patient died due to epidural he-
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matoma. Thirteen patients had good clinical outcomes
(full recovery or minor disability), and 3 patients had mod-
erate clinical outcomes.

Physicians did not treat the remaining 59 patients
with subdural or epidural hematoma or depressed fracture
neurosurgically but hospitalized most (7 = 54 [92%]) for
clinical observation, during which time the patients re-
mained neurologically stable. Three elderly patients (81 to
82 years of age) exhibited rapid clinical deterioration and
extensive intracranial traumatic CT findings, and the at-
tending neurosurgeon considered intervention to be of no
avail. All 3 patients died.

One hundred twelve patients received additional CT
scans: 81 (72%) to follow a traumatic lesion (intracranial
or linear fracture) seen on the initial CT; 3 for non—trau-
ma-related indications (tumor or stroke); 2 for changes in
behavior, showing only on the second CT subarachnoid
hemorrhage in 1 patient and hypodense lesions consistent
with diffuse axonal injury in the other; and 26 for various
reasons (for example, headache or dizziness), for which the
second CT was negative. Two cases of a dubious intrapa-
renchymal contusion presented on the initial CT; in both
cases, the results of the second CT were negative.

Appendix Table 1 (available at www.annals.org)
shows results from the univariable analysis. The continu-
ous variables of posttraumatic amnesia, age, and GCS
scores showed a reasonably linear association with the
probability of intracranial traumatic findings on CT (pri-
mary outcome measure). Compared with patients without
intracranial traumatic findings on CT, patients with intra-
cranial traumatic CT findings had a longer mean posttrau-
matic amnesia (75 vs. 17 minutes), were older (48 vs. 41
years of age), had lower mean GCS scores on presentation
(14.4 vs. 14.8), and more often showed a deterioration of
GCS score after 1 hour (0.04-point deterioration vs. 0.10-
point improvement).

We considered all variables shown in Appendix Table
1 (available at www.annals.org) in the multivariable analy-
sis (Table 2). The variables of posttraumatic seizure and
persistent anterograde amnesia were not statistically signif-
icant, but we retained them in the final model because of
their clinical importance.

We entered separately each additional risk factor from
clinical guidelines for minor head injury into the model,
but none showed a significant additional effect (odds ratio
for high-energy accident, 0.99 [P = 0.97]; odds ratio for
unclear trauma mechanism, 1.38 [P = 0.47]; odds ratio
for pretraumatic seizure, 0.39 [P = 0.21]; and odds ratio
for multiple injuries, 1.24 [P = 0.20]). The methodologi-
cal variables, which did not show any significant effects,
were the moment of data entry (before or after the CT was
performed) (P = 0.43) and the participating center (P =
0.32).

Figure 2 shows ROC curves of the detailed prediction
model. At a linear predictor score of 1.1, sensitivity was
100% for neurosurgical interventions and specificity was

www.annals.org

30% (Appendix Table 2, available at www.annals.org; Fig-
ure 2). At this cutoff score, the prediction model missed 14
patients with intracranial traumatic CT findings (sensitiv-
ity, 94%). These 14 patients had 19 intracranial non-
neurosurgical traumatic CT findings: 1 depressed skull
fracture, 4 acute subdural hematomas (all minimal with no
mass effect), 8 traumatic subarachnoid hemorrhages, 6 in-
traparenchymal lesions (5 of which were hemorrhagic con-
tusions), and 4 linear and 3 skull base fractures with addi-
tional lesions. The prediction model missed no patient
with an epidural hematoma. Physicians admitted 12 (86%)
of these patients for clinical observation, and none died.
We knew the clinical outcome for 10 patients, and all
patients had a good recovery except for 1 who had a minor
disability due to an orbital fracture.

Specificities were 30% for neurosurgical interventions
and 32% for intracranial CT findings (Appendix Table 2,
available at www.annals.org; Figure 2). Sensitivity for in-

Table 2. Prediction Model and Rule for the Identification of
Intracranial Traumatic Computed Tomography Findings in
Patients with Minor Head Injury Based on Multivariable
Logistic Regression Analysis*

Variable Odds Ratio B-Coefficientt
(95% Cht
Signs of skull fracture 10 (5.9-18) 2.3
GCS score of 13 on presentation 3.9 (2.4-6.6) 1.3
GCS score of 14 on presentation 2.1 (1.4-2.9) 0.7
Persistent anterograde amnesia 1.5(1.1-2.2) 0.4
Contusion of the skull 1.8 (1.3-2.4) 0.6
Vomiting 2.4(1.7-3.5) 0.8
Patient age — 16 per 10 y 1.2(1.1-1.3) 0.2
Posttraumatic amnesia of 2 to <4 h 1.6 (0.6-4.5) 0.4
Posttraumatic amnesia =4 h 7.5 (1.5-37) 0.6
Loss of consciousness 1.8 (1.3-2.5) 0.6
Neurologic deficit 1.5 (1.0-2.3) 0.4
Fall from any elevation 1.7 (1.2-2.4) 0.5
Use of anticoagulant therapy 2.4 (1.2-4.6) 0.8
Change in GCS score (1 h after 0.7 (0.6-0.9) -0.3
presentation)
Pedestrian or cyclist versus vehicle 3.6 (2.4-5.3) 1.1
Ejected from vehicle 3.1(1.3-7.2) 0.8
Posttraumatic seizure 2.3(0.7-8.2) 0.8
Adjustment for prior probability
25% -1.2
5.0% -0.4
7.5% 0.0
10.0% 03
12.5% 0.6
15.0% 0.8

* Prediction rule: To determine the need for a CT scan, the coefficients of the risk
factors that are present (for continuous variables multiplied by the value of
the variable) need to be added. If the sum score is =1.1, a CT scan is indi-
cated. The predicted probability of an intracranial traumatic finding on CT
adjusted for the prior probability in the patient population equals:
1/(14e (46 + score + adjustmenc for prion) Tny our scudy population, the prior
probability of an intracranial traumatic finding on CT was 7.5%, which was
based on a case-mix, adjusted estimate. The adjustment factor was then calcu-
lated for other prior probabilities that were arbitrarily chosen (that is, 2.5%,
5.0%, 10.0%, 12.5%, and 15.0%). CT = computed tomography;
GCS = Glasgow Coma Scale.

1 Odds ratios are based on standard maximum likelihood estimation.

¥ Penalized estimation was used for the B-coefficients to improve predictions
in future patients with minor head injury (30).
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Figure 2. Receiver-operating characteristic curves of the
detailed prediction model.
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The dashed line represents the receiver-operating characteristic (ROC)
curve for neurosurgical interventions (area under the curve, 0.85 [95%
CL 0.76 to 0.94]), and the solid line represents the ROC curve for
intracranial traumatic CT findings (area under the curve, 0.80 [95% CI,
0.77 to 0.83]).

tracranial traumatic findings on CT reached 100% at a
score of 0.05, but specificity was only 0.6% (Table 3).

Internal validation of the detailed prediction model
using bootstrapping procedures indicated optimism for the
area under the ROC curve, which we expected to decrease
from 0.85 to 0.83 for neurosurgical interventions and from
0.80 to 0.78 for intracranial traumatic CT findings. We
expected 100% sensitivity for neurosurgical interventions
in 58% of the bootstrap repetitions.

The simple prediction model consisted of 10 major
and 8 minor risk factors (Table 4). In the presence of at
least 1 major or 2 minor risk factors, sensitivity for neuro-
surgical interventions was 100%, with a specificity of 23%
(Appendix Table 2, available at www.annals.org). This
model would have missed 9 patients with 13 intracranial
traumatic lesions on CT (sensitivity, 96%). These intracra-

nial nonneurosurgical traumatic CT findings included 1
depressed skull fracture, 3 acute subdural hematomas (all
minimal with no mass effect), 4 traumatic subarachnoid
hemorrhages, 5 intraparenchymal lesions (4 of which were
hemorrhagic contusions), and 7 linear and 3 skull base
fractures with additional lesions. The simple model missed
no patient with an epidural hematoma. Specificity of the
simple model for intracranial traumatic lesions was 25%
(Appendix Table 2, available at www.annals.org). Potential
reduction in CT scans with this simple model (23%) was
lower than that with the detailed model (30%), although
sensitivity for intracranial traumatic CT findings was
slightly higher in the simple model (96% vs. 94%).

Internal validation of the simple prediction model us-
ing bootstrapping procedures indicated a small optimism
for the area under the ROC curve, which we expected to
decrease from 0.84 to 0.82 for neurosurgical interventions
and from 0.79 to 0.77 for intracranial traumatic CT find-
ings. Using a minimum of 1 major or 2 minor risk factors
as a CT indication, we expected 100% sensitivity for neuro-
surgical interventions in 56% of the bootstrap repetitions
(average sensitivity, 96%). When we used only 1 minor
risk factor as a CT indication, the model reached 100%
sensitivity for neurosurgical interventions in 76% of sam-
ples, but at this score the potential CT reduction decreased
to 5.8% (95% CI, 5.0% to 6.7%).

DiscussioN

The highly sensitive CHIP prediction rule for the use
of CT is applicable to most patients with minor head in-
jury, including patients without loss of consciousness or
posttraumatic amnesia. We present a detailed prediction
rule and a simplified prediction rule. The latter is easier to
use in a clinical setting, but some information is lost,
which is demonstrated by a slightly lower specificity. The
former is more complicated, although it is easy to imple-
ment in digital padent file systems or to consult online
(available ac www.marionsmits.net/chip-prediction-rule). It
has several advantages, including that no information is
lost, prior probabilities of intracranial traumatic CT find-
ings may be considered, and thresholds may be varied.

Researchers have already published 2 high-quality pre-
diction rules for the use of CT in patients with minor head

Table 3. Specificities, Potential Computed Tomography Reduction, and Cutoff Scores at Several Sensitivities for Intracranial
Traumatic Computed Tomography Findings (Detailed Prediction Model)*

Sensitivity for Intracranial Traumatic
CT Findings, %

90 40 (37-43)
92,5 37 (35-40)
95 30 (27-32)
97.5 22 (19-24)
100 0.6 (0.0-2.5)

Specificity for Intracranial Traumatic
CT Findings (95% CI), %

Prediction Rule
Cutoff Score

Reduction in CT Use
(95% CI), %

38 (36-40) 1.26%
35 (33-37) 1.19
28 (26-29) 1.03
20 (19-22) 0.84
0.5 (0.3-0.9) 0.05

* CT = computed tomography.

T At this cutoff score, sensitivity for neurosurgical intervention decreases to 94% from 100%. Above the cutoff score, CT is indicated.
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injury, the NOC and the CCHR (7, 9). They are highly
sensitive to intracranial traumatic CT findings and neuro-
surgical interventions. We propose a third prediction rule
for the selective use of CT in patients with minor head
injury, the CHIP prediction rule that is more widely ap-
plicable than either the NOC or the CCHR, provides
more realistic predictions, and is internally validated. It
may greatly reduce the number of CTs for the indication
of minor head injury compared with scanning all patients
with minor head injury (16, 18, 19). The actual CT re-
duction will, however, depend on current clinical practice
and adherence to the prediction rule.

Researchers developed the NOC and the CCHR in a
more restricted population of patients with minor head
injury, comprising only 41% to 64% of our study popula-
tion (10). Unlike the CHIP prediction rule, both previ-
ously published rules require that the patient has a history
of loss of consciousness or amnesia and normal findings on
neurologic examination. Because of these restrictions, gen-
eralizability of these prediction rules is limited. The CHIP
prediction rule is more widely applicable and is conse-
quently easier to incorporate into clinical guidelines.

In developing our prediction rule, we first selected risk
factors that were shown to have a predictive effect in the
NOC and the CCHR. We tested additional risk factors in
clinical guidelines, but they were not useful in selecting
patients for CT. The CHIP prediction rule clearly provides
a compromise between the NOC and CCHR rules (Table
5). It contains the same risk factors as the CCHR and
some additional risk factors from the NOC. The remain-
ing risk factors in the CHIP prediction rule are related to
the patient selection criteria of the NOC and CCHR. Loss
of consciousness is only a minor risk factor in our model,
despite it often being considered a critical risk factor in
patients with minor head injury (Smits M, Hunink M,
Nederkoon P, et al. Unpublished data). This may be ex-
plained by our inclusion criteria, which required the pres-
ence of an additional risk factor if a patient had no history
of loss of consciousness (18, 34). The effect of loss of
consciousness is thus diminished by an a priori increased
risk due to the presence of another risk factor.

We reduced the model’s optimism by penalizing the
regression coefficients to make realistic and reproducible
predictions in future similar patients with minor head in-
jury. This results in a more conservative, but also more
realistic, estimate of the model’s performance. In the de-
velopment of the NOC and the CCHR, researchers did
not perform this penalization, which may explain the low-
er-than-expected performance in external validation studies
(10, 12).

Finally, we validated our prediction rule internally
by using a bootstrapping procedure (30, 33). Overall
performance (area under the ROC curve) was only mar-
ginally lower than that of the original model. Because
our prediction model is similar to existing prediction
rules, does not seem to be too optimistic, and shows
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Table 4. Simple Prediction Model for Intracranial Traumatic
Computed Tomography Findings in Patients with Minor
Head Injury*

A CT is indicated in the presence of 1 major criterion
Pedestrian or cyclist versus vehicle
Ejected from vehicle
Vomiting
Posttraumatic amnesia =4 h
Clinical signs of skull fracturet
GCS score <15
GCS deterioration =2 points (1 h after presentation)
Use of anticoagulant therapy
Posttraumatic seizure
Age =60y

A CT is indicated in the presence of at least 2 minor criteria
Fall from any elevation
Persistent anterograde amnesia+
Posttraumatic amnesia of 2 to <4 h
Contusion of the skull
Neurologic deficit
Loss of consciousness
GCS deterioration of 1 point (1 h after presentation)
Age 40-60 y

* CT = computed tomography; GCS = Glasgow Coma Scale.

T Any injury that suggests a skull fracture, such as palpable discontinuity of the
skull, leakage of cerebrospinal fluid, “raccoon eye” bruising, and bleeding from the
ear.

¥ Persistent anterograde amnesia is any deficit of short-term memory.

only marginal deterioration of performance in internal
validation, we feel that our model is robust and its predic-
tions are realistic.

We chose our indication for CT threshold such that
sensitivity for neurosurgical interventions was 100% be-
cause we required our model to identify all very high-risk
patients. Sensitivity for intracranial traumatic CT findings
was somewhat lower, and the question is whether this sen-
sitivity would be acceptable for clinical use. It is difficult to
speculate on the clinical outcome of patients who would
have been missed if triaged on the basis of the prediction
rule. All potentially missed patients in our study popula-
tion had relatively minor CT findings and required no
intervention, suggesting that triaging on the basis of the
prediction rule would not have had adverse clinical conse-
quences in terms of clinical outcome. One may argue that
a sensitivity of 100% is also required for intracranial trau-
matic CT findings, but this causes specificity to decrease
dramatically. Internal validation suggests that 100% sensi-
tivity for neurosurgical interventions may be a too optimis-
tic expectation in future patients. If definitely no patients
with intracranial traumatic CT findings or requiring neu-
rosurgical intervention may be missed, all patients will
need to be scanned and a prediction rule will be superflu-
ous. The decision about which threshold to use (that is, the
minimum desired sensitivity) should ideally be based on an
analysis of the costs and benefits of scanning (35).

Increasingly, physicians use prediction rules as deci-
sion rules, that is, they now frequently use predicted prob-
abilities of an outcome in the decision-making process
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Table 5. Comparison of the 2 Previously Published Prediction Rules (New Orleans Criteria and Canadian CT Head Rule),
Additional Risk Factors from Various Guidelines, and the CT in Head Injury Patients Prediction Rule for Use of Computed

Tomography in Patients with Minor Head Injury*

Risk Factor NOC
Headache Major
Vomiting Major
Posttraumatic seizure Major
Intoxication Major
Persistent anterograde amnesia Major
Age Major (>60 y)
Clinical signs of skull fracture Major
Contusion of the skull Major
Signs of facial fracture Major
Contusion of the face Major

GCS score deterioration -
Pedestrian versus vehicle -
Ejected from vehicle =
Fall from height -
Prolonged posttraumatic amnesia =

GCS score <15 at presentation Excluded
Loss of consciousness Inclusion
Neurologic deficit Excluded

Anticoagulation therapy =
High-energy trauma -
Multiple injuries -
Pretraumatic seizure -
Unclear trauma mechanism -

CCHR CHIPt

Major (=2 episodes) Major

Excluded Major

= Minor

Major (=65 y) Major (=60 y) or minor (40-60 y)
Major Major

- Minor

Major Major (=2 points) or minor (1 point)
Minor Major (also cyclist)

Minor Major

Minor Minor

Minor (>30 min) Major (=4 h) or minor (2 to <4 h)
- Major

Inclusion Minor

Excluded Minor

Excluded Major

* Dash indicates that the variable is not a risk factor in the model. Excluded = risk factor was not assessed in the development of the prediction rule because patients with
this risk factor were excluded from the study; Inclusion = risk factor was not assessed in the development of the prediction rule because it was used as an inclusion criterion
for the study; major = risk factor is present in the prediction rule as a major criterion; minor = risk factor is present in the prediction rule as a minor criterion. CCHR =

Canadian CT Head Rule; CHIP = CT in Head Injury Patients; GCS = Glasgow Coma Scale; NOC = New Orleans Criteria.

T Applies to both the detailed and the simple rule.

(36). Although we suggest that the CHIP prediction rule
may be used as an aid to decide whether to perform a CT,
this is valid only under the assumption that accurate pre-
dictions improve clinical decisions. Even then, a prediction
rule can be used only as a decision-support system because
it can only complement, never replace, clinical judgment
(36, 37). If clinical suspicion is high, a CT scan is indicated
regardless of the prediction rule.

Our study has some limitations. First, although the
overall proportion of missing or unknown variables was
low, the proportion of patients with at least 1 unknown
variable was relatively high. This was mostly because of the
difficulty of reliably obtaining a history of loss of con-
sciousness and posttraumatic amnesia, which is a well-
known problem in clinical practice. If unknown, these 2
risk factors are assumed to be present, which is how we
imputed missing values in our data set and is consistent
with clinical practice. A further limitation of our study is
that we determined the variables of high-energy accident
and pretraumatic seizure on the basis of the description of
the trauma mechanism. We included these variables in the
univariable analysis because they are commonly considered
to be risk factors in the various guidelines for the use of CT
in patients with minor head injury. They are not, however,
considered to be risk factors in the NOC and the CCHR,
and our analysis confirms that they are not relevant after
other variables are considered in a multivariable analysis.
The lack of toxicology testing is another limitation because
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we did not obtain objective information on the toxicologic
status of patients. However, toxicology screening in a busy
emergency department to triage patients would reduce the
clinical usefulness of a prediction rule. A further minor
limitation is that only university hospitals participated,
which may have induced selection bias. Three of the par-
ticipating hospitals are large inner-city hospitals, and all 4
serve a large, general patient population. To reduce bias,
we excluded patients transferred from other hospitals. The
final and most important limitation of our study is the lack
of external validation. Although we performed internal val-
idation, the model should still be validated in a separate,
preferably multicenter, study to assess its generalizability
and its effect (37).

We propose the highly sensitive CHIP prediction rule
for the use of CT patients with minor head injury. The
rule is applicable to a large proportion of patients with
minor head injury presenting to the emergency depart-
ment. It may greatly reduce the number of CT's performed
for this indication, and it identifies almost all patients re-
quiring neurosurgical intervention and most patients with
an intracranial traumatic finding on CT.
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Appendix Table 1. Univariable Analysis of Variables That Were Entered into the Multivariable Logistic Regression Analysis*

Variable Patients with an Intracranial Odds Ratio (95% CI) P Value Nagelkerke R?
Traumatic Finding on CT (n = 243)
Age, y 48.2 1.2 (1.1-1.3)t 0.000 0.025
Trauma mechanism, n (%) 0.000 0.022
Other 102 (5) 1.0 (reference)
Pedestrian or cyclist versus vehicle 51 (15) 3.2 (2.2-4.5)
Fall from any elevation 82 (10) 2.2 (1.6-2.9)
Ejected from vehicle 8(12) 2.6 (1.2-5.6)
Symptoms
Persistent anterograde amnesia, n (%) 72 (15) 2.7 (2.0-3.6) 0.000 0.028
Vomiting, n (%) 55 (16) 2.7 (2.0-3.7) 0.000 0.023
PTA duration, min 75 1.7 (1.4-2.0)% 0.000 0.032
Loss of consciousness, n (%) 182 (9) 2.0(1.5-2.7) 0.000 0.016
Headache, n (%) 0.058 0.004
No 84 (6) 1.0 (reference)
Diffuse 120 (9) 1.4 (1.1-1.9)
Localized 39(7) 1.1 (0.7-1.7)
Posttraumatic seizure, n (%) 5(22) 3.4(1.3-9.3) 0.001 0.003

External evidence of injury, n (%)

Signs of skull fracture 36 (49) 14 (8.4-22) 0.000 0.070
Contusion of the skull 140 (12) 2.4 (1.8-3.1) 0.000 0.030
Signs of facial fracture 24 (10) 1.3 (0.9-2.1) 0.193 0.001
Contusion of the face 118 (7) 0.8 (0.7-1.1) 0.194 0.001

Neurologic examination

Mean inverse GCS score upon 0.57 2.3(1.9-2.7) 0.000 0.048
presentation (15 — GCS score)

Neurologic deficit, n (%) 42 (14) 2.1 (1.5-3.1) 0.000 0.012

Change in GCS score at 1 h —0.04 0.8 (0.7-1.0) 0.009 0.004
Use of anticoagulant therapy, n (%) 13 (16) 2.3(1.3-4.3) 0.005 0.005
Intoxication, n (%) 0.002 0.002

No 164 (9) 1.0 (reference)

Mild 18 (6) 0.7 (0.4-1.2)

Moderate 22 (4) 0.4 (0.3-0.7)

Severe 39 (9) 1.1 (0.7-1.5)

* For continuous variables, the mean for patients with an intracranial finding on CT is shown. CT = computed tomography; GCS = Glasgow Coma Scale;
PTA = posttraumatic amnesia.

T Per 10 y.

¥ Per 60 min of PTA.
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Appendix Table 2. Performance of the Detailed and Simple Prediction Model*

Model Score Score Risk Factor Risk Factors Sensitivity Specificity CT Reduction
=1.1 <1.1 Presentt Absent+ (95% CI), % (95% CI), % (95% CI), %
Detailed prediction model 30 (29-32)
Neurosurgical intervention required 17 0 100 (82-100) 30 (28-33)
No neurosurgical intervention required 2207 957
Intracranial traumatic CT findings present 229 14 94 (91-97) 32 (30-35)

Intracranial traumatic CT findings not present 1995 943

Simple prediction model 23 (22-25)
Neurosurgical intervention required 17 0 100 (82-100) 23 (21-26)
No neurosurgical intervention required 2422 742
Intracranial traumatic CT findings present 234 9 96 (93-98) 25 (23-27)
Intracranial traumatic CT findings not present 2205 733

* CT = computed tomography.
1t A minimum of 1 major or 2 minor risk factors are present.
¥ No major risk factors and =1 minor risk factor are present.
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