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Introduction: Well recognized guidelines are available for the use of cranial computed tomography (CCT) in trau-
matic patients, while no definitely accepted standards exists to for CCT in patients without history of head injury.
The aim of this study is to propose an easy clinical score to stratify the need of CCT in emergency department (ED)
patients with suspect non-traumatic intracranial pathology.
Methods: We retrospectively evaluated patients presenting to the ED for neurological deficit, postural instability,
acute headache, altered mental status, seizures, confusion, dizziness, vertigo, syncope, and pre-syncope. We build
a score for positive CCT prediction by using a logistic regression model on clinical factors significant at univariate
analysis. The score was validated on a population of prospectively observed patients.
Results: We reviewed clinical data of 1156 patients; positivity of CCT was 15.2%. Persistent neurological deficit,
new onset acute headache, seizures and/or altered state of consciousness, and transient neurological disorders
were independent predictors of positive CCT. We observed 508 patients in a validation prospective cohort;
CCT was positive in 11.3%. Our score performed well in validation population with a ROC AUC of 0.787 (CI 95%
0.748-0.822). Avoiding CT in score 0 patients would have saved 82 (16.2%) exams. No patients with score 0
had a positive CCT findings; score sensitivity was 100.0 (CI 95% 93.7-100.0).
Conclusions: A score for risk stratification of patients with suspect of intra-cranial pathology could reduce CT re-
quest in ED, avoiding a significant number of CCT while minimizing the risk of missing positive results.
© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction advanced imaging in the “Top Five” policy agenda within the emergency

medicine literature [7]. Although well recognized guidelines are avail-

Cranial computed tomography (CCT) is a diagnostic tool frequently
used in the emergency department (ED) setting, to evaluate patients
with a wide range of suspected central nervous system disorders [1]. Al-
though CCT is considered essential in the diagnosis of acute and some-
times life-threatening illness, a dramatic increase in the ED utilization
of this diagnostic tool was evidenced in the last decades [2,3]. This phe-
nomenon is partly explained by the increasing number of patients at-
tending the ED but, more likely, by other factors such as growing
availability, increased efficiency of the procedure, augmented patients'
expectation, and providers' fear of medicolegal repercussions [4]. The
exponential increase of CCT in the emergency setting caused growing
concern about costs and medical radiation exposure [5,6], leading to in-
troduce the question of clinical appropriateness criteria for the use of
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able for the use of CCT in traumatic patients [8-12], not clinically reliable
accepted guidelines exists to support emergency physicians' decision to
order CCT for patients without history of head injury [13-16]. Most of
the previous studies published with this aim have examined mixed
trauma and non-trauma patients [17,18], or a narrow range of
suspected disorders or considered retrospective chart reviews [19-24].

In our ED about 60% of non-contrast head CT are performed in non-
trauma patients. These patients present to ED with several clinical con-
ditions, including acute neurological deficit (both transient and persis-
tent), headache, seizures, altered state of consciousness, confusion,
dizziness, vertigo, and syncope. Some previous studies [13-16] both ret-
rospective and prospective, seemed to suggest that CCT scans are of low
diagnostic yield in these non-trauma patients and current criteria for or-
dering this test may be too liberal. These studies proposed the use of dif-
ferent scoring algorithms to predict abnormal head CT findings, thus
identifying patients at low risk that would not require CCT in the ED.
Most of the algorithms and rules proposed had a very high sensitivity

0735-6757/© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2018.09.032&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ajem.2018.09.032
Marcello.covino@policlinicogemelli.it
Journal logo
https://doi.org/10.1016/j.ajem.2018.09.032
http://creativecommons.org/licenses/by-nc-nd/4.0/
Unlabelled image
http://www.sciencedirect.com/science/journal/07356757
www.elsevier.com/locate/ajem

1280 M. Covino et al. /| American Journal of Emergency Medicine 37 (2019) 1279-1284

and could reduce CCT utilization up to 30% [13-16]. However conclusive
data that identify independent predictors of abnormal CCT findings, and
external validation of proposed scores are still lacking.

Aim of this study is to identify in a large cohort of retrospective pa-
tients an easy to use clinical score to decide if a patient with suspect
acute non-traumatic neurological syndrome should undergo a CCT in
the ED. Furthermore we evaluated prospectively the proposed score in
a cohort of consecutive ED patients for an initial validation of our find-
ings and an independent evaluation of previously proposed algorithms.

2. Methods

The study was conducted in accordance with the Declaration of Hel-
sinki and approved by the local revision committee. None of the patients
or authors received any honorary or economic benefits for the participa-
tion in this study. This study did not receive any funding or grant from
private or public institution.

2.1. Study design

This study was conducted in a teaching, urban hospital with annual
attendance at the ED of about 80.000 patients, >87% adults. It was di-
vided into two sections.

The first part was a retrospective population study. We included
consecutive patients that presented to our ED in a three-month period
from August 1st 2016 to October 31st 2016 and were submitted to
CCT for focal neurological deficit (transient or persistent), postural in-
stability, acute headache, altered mental status, seizures, confusion, diz-
ziness, vertigo, syncope, and pre-syncope. We considered as headache
any type of new onset headache, in patient with no recurrent headache
history, and pain different from usual in patients with history of recur-
rent headache. Clinical records were reviewed to assess clinical history
data including, atrial fibrillation history, coagulopathy, hypertension,
dyslipidemia, diabetes, chronic kidney disease, oral anticoagulant ther-
apy, aspirin/clopidogrel therapy, and oral estroprogestinic therapy.

We excluded patients with history of head trauma in the previous
month to ED presentation, known cerebral tumor (primitive or meta-
static), known hydrocephalous with ventricular shunt, recent intracra-
nial hemorrhage or ischemia, and age <18 years old. Clinical and
demographic data (age, sex) were collected from the hospital comput-
erized clinical record (GIPSE®).

We evaluate the association of the study variables to positive CCT at
univariate analysis and multivariate analysis to identify independent
predictors of positive CCT findings. Independent factors were used to
create a score, Emergency CT Head Score (ECHS) to stratify the risk of
detecting pathological findings at CCT in these patients.

In the second part of the study we observed a cohort of consecutive
patients evaluated in our ED in a month period (from January 1st to 31st
2017), submitted to CCT for the same clinical conditions as those of the
retrospective series, with the aim to perform prospective observational
validation of ECHS, and to compare our score to previously proposed
algorithms.

2.2. Radiologic requests

Decision-making to perform CCT was always taken by a board-
certified emergency physician. Axial CT images were acquired at
2.5 mm slices on a 64 slide CT scan (Revolution CT, GE Healthcare). Cra-
nial computed tomography scan interpretations were performed in all
cases by experienced neuro-radiologists and considered positive if one
of the following intracranial pathologies was detected: acute ischemic
lesion, intra-axial or extra-axial hemorrhage, intracranial mass, abscess,
hydrocephalous, cerebral edema. Results of the CT scans were obtained
from radiologists' reports.

2.3. Sample size, statistical analysis and score's elaboration

Based on results of prior studies [12-16], we estimated that approx-
imately 10% of CT scans would have positive results in our population.
Since 10 variables were entered into the logistic regression model, a
total of 1000 patients would have been required with the expectation
of at least 100 positive scans. On the validation population, since 4 inde-
pendent variables were comprised in our score, a total of at least 400 pa-
tients should be comprised into the study samples with the expectation
of at least 40 positive scans.

All variables evaluated into the study were statistically correlated to
evidence of positive CCT findings at univariate analysis by Chi-square
test. All factors evaluated were dichotomous apart from age that was di-
chotomized using 55 years as cut-off value, to even out our score to pre-
viously proposed one [15,16]. Significant variables at univariate analysis
were entered into a logistic regression model to identify independent
predictors of positive CCT scan. To reduce variables redundancy in the
logistic regression model, some variables were combined during analy-
sis. Goodness of fit of our model was assessed by Hosmer-Lemeshow
test. Four variables were identified as independently associated to pos-
itive CCT finding. Each variable was given a +1 value to build a score
(ECHS) ranging from O to 4 for each patient.

In the second part of the paper we present initial validation of our
score in a prospective cohort of consecutive patients. Score performance
for association with positive CT was evaluated by receiver operating
characteristic (ROC) analysis. We also compared our score performance
with formerly proposed criteria [13-16] by ROC curve comparison.

Categorical variable were presented as numbers and percentages,
and continuous variables are presented as mean + standard deviation.
Association of factors to positive CCT is presented at univariate and mul-
tivariate analysis as odds ratio (OR) (95% confidence interval). Sensitiv-
ity, specificity and ROC area under curve (AUC) are presented as value
(95% confidence interval). A two-sided p value of 0.05 or less was con-
sidered significant. All data were analyzed by SPSS v25® (IBM, NY,
USA).

3. Results

Between August 1st 2016 to October 31st 2016, 1573 consecutive
non-trauma patients >18 years presented to our ED and underwent
head CT scan. Three hundred sixty eight patients were excluded for his-
tory of trauma in the previous month, known cerebral tumor or intra-
cranial pathology. Forty nine more patients were excluded because of
insufficient clinical data in medical reports, thus we identify a retrospec-
tive study cohort of 1156 patients. Most of patients included presented
to our ED for transient (40.1%) or persistent neurological disorders
(36.0%), new onset acute headache (37.3%), altered state of conscious-
ness (25.9%), and dizziness or vertigo (21.7%). Other clinical symptoms
of presentation are detailed in Table 1. We found 175 (15.1%) positive
CCT in our cohort. Main findings included acute or non-acute ischemia
(68 pts. — 38.8%), subdural or parenchymal hemorrhage (62 pts. -
35.4%), malignancies (37 pts. - 21.1%). Other findings (8 pts. - 4.7%) in-
cluded obstructive hydrocephalus, cerebral abscess, and nonspecific
lesions.

At univariate analysis we identified several variables statistically as-
sociated to a CCT positive scan: age > 55 years OR 2.5 (1.8-3.7); tran-
sient focal motor disorders OR 5.0 (3.5-7.1); transient focal sensitive
disorders OR 2.2 (1.5-3.2); transient speech or visual disorder OR 2.6
(1.8-3.6); any transient neurological deficit (combined) OR 3.3
(2.3-4.6); focal motor deficit 9.7 (6.8-13.8); focal sensitive deficit 5.4
(3.6-8.1); focal speech or visual deficit 7.8 (5.4-11.5); presence of any
neurological deficit at physical examination (combined) OR 11.1
(7.4-16.6); new onset acute headache OR 1.7 (1.2-2.3); postural insta-
bility and/or gait disorders OR 4.5 (3.1-6.5); new onset seizures OR 3.2
(1.8-5.8); altered state of consciousness OR 2.8 (2.0-4.0); seizures and/
or altered state of consciousness OR 4.0 (2.9-5.6); confusion OR 5.4
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Table 1

Demographic, symptoms and sign at ED presentation, and clinical history data of patients
included in study. The two populations were mainly comparable. Percentage of patients
presenting each factors considered in the study.

Table 2
0Odds ratio and 95% confidence interval for each factor evaluated with respect to positive
cranial CT findings. Total positive CT scans were 175/1156 (15.1%).

Variable 0dds ratio (95% confidence  x p
Variable Retrospective  Prospective interval) for value
cohort (1156 cohort (508 each clinical condition
pts.) pts.) (1156 patients)
Age (mean = sd) 589 + 19.8 61.1 + 19.9 Age > 55 years 2.5(1.7-3.7) 0.000
Age > 55 years 685 (59.3%) 314 (61.8%) Sex (male) 0.7 (0.5-0.9) 0.030
Sex (M) 523 (45.2%) 243 (47.8%) o . .
Clinical signs/simphtoms
Clinical signs/simphtoms Acute headache 1.7 (1.2-24) 0.001
Acute headache 431 (37.3%) 170 (33.5%) Transient focal motor disorders 5.0 (3.5-7.1) 0.000
Transient focal motor disorders 210 (18.2%) 109 (21.5%) Transient focal sensitive disorders 2.2 (1.5-3.2) 0.000
Transient focal sensitive disorders 182 (15.7%) 56 (11.0%) Transient speech or visual disorders 2.6 (1.8-3.6) 0.000
Transient speech or visual disorders 306 (26.5%) 122 (24.0%) Focal motor deficit 9.7 (6.8-13.8) 0.000
Focal motor deficit 229 (19.8%) 102 (20.1%) Focal sensitive deficit 5.4 (3.6-8.1) 0.000
Focal sensitive deficit 123 (10.6%) 28 (5.5%) Persistent speech or visual deficit 7.8 (5.4-11.5) 0.000
Persistent speech or visual deficit 215 (18.6%) 88 (17.3%) New onset seizures 3.2(1.8-5.8) 0.000
New onset seizures 52 (4.5%) 16 (3.4%) Altered state of consciousness 2.8 (2.0-4.0) 0.000
Altered state of consciousness 299 (25.9%) 121 (23.9%) Nuchal stiffness 13.2 (4.0-43.5) 0.000
Nuchal stiffness 13 (1.1%) 2 (0.4%) Confusion 5.4 (3.7-7.8) 0.000
Confusion 162 (14.0%) 52 (10.3%) Postural instability e/o gait disorder 4.5 (3.1-6.5) 0.000
Postural instability e/o gait disorder 175 (15.1%) 42 (8.3%) Dizziness/vertigo 0.3 (0.1-0.5) 0.000
Dizziness/vertigo 251 (21.7%) 110 (21.7%) Sincope/presincope 0.3 (0.2-0.6) 0.000
Sincope/presincope 192 (16.6%) 77 (15.2%) Vomit 0.8 (0.5-1.3) 0.462
Vomit 180 (15.6%) 98 (19.3%) Combined: any transient neurological 3.3(2.3-4.6) 0.000
Combined: any transient neurological disorders 463 (40.1%) 210 (41.3%) disorders
Combined: any neurological deficit at physical 416 (36.0%) 175 (34.4%) Combined: any neurological deficit at 11.1 (7.4-16.6) 0.000
examination physical examination
Combined: new onset seizures and altered state of ~ 345 (30.2%) 130 (25.6%) Combined: new onset seizures and altered 4.0 (2.9-5.6) 0.000
consciousness state of consciousness
Clinical history data Clinical history data
Hypertension 559 (48.5%) 242 (47.6%) Hypertension 1.7 (1.2-24) 0.001
History of malignancies 174 (15.1%) 73 (14.4%) History of malignancies 1.9 (1.2-3.1). 0.009
Dyslipidemia 129 (11.2%) 71 (14.0%) Dyslipidemia 0.9 (0.5-1.5) 0.699
Atrial fibrillation history 82 (7.1%) 54 (10.6%) Atrial fibrillation history 1.2 (0.6-2.1) 0.612
Diabetes 145 (12.6%) 56 (11.1%) Diabetes 0.9 (0.6-1.5) 0.844
Chronic kidney disease on dyalisis 31 (2.7%) 19 (3.8%) Chronic kidney disease on dyalisis 1.1 (0.4-2.8) 0.870
Coagulopathy history 11 (1.0%) 18 (3.5%) Coagulopathy history 3.2 (0.9-11.2) 0.051
Oral anticoagulant therapy 70 (6.1%) 49 (9.6%) Oral anticoagulant therapy 1.7 (0.9-3.1) 0.061
Aspirin/clopidogrel therapy 233 (20.2%) 99 (19.5%) Aspirin/clopidogrel therapy 1.0 (0.7-1.5) 0.859
Oral estroprogestinic therapy 30 (2.6%) 8 (1.6%) Oral estroprogestinic therapy 0.8 (0.3-2.5) 0.780

(3.7-7.8); nuchal stiffness OR 13.2 (4.0-43.5); hypertension OR 1.7
(1.2-2.4); history of malignancies OR 1.9 (1.2-3.1). The rate of positive
CCT among patients with syncope or dizziness/vertigo was significantly
low: syncope OR 0.3 (0.2-0.6); dizziness/vertigo OR 0.3 (0.1-0.5)
(Table 2).

When entered into a logistic regression model, several variables
showed redundancy at our analysis. To reduce redundancy and improve
goodness of fit of the model we combined some variable. Accordingly to
our analysis we combined together presence of any transient neurolog-
ical disorder in a single variable; similarly we combined any focal neu-
rological deficit at physical examination in a single variable, and new
onset seizures and altered state of consciousness in a single factor for
the analysis. At our best fitted logistic regression model we identified
4 variables to be independent predictors of positive CCT scan finding:
any neurological deficit at physical examination OR 10.4 (5.9-18.3),
new onset acute headache OR 6.8 (4.2-10.0), combined new onset sei-
zures and altered state of consciousness OR 3.6 (2.1-6.2), any transient
neurological disorder OR 1.8 (1.1-3.1) (Table 3).

Each of the four independent predictor of positive CCT scan was
given a +1 value. Thus our 4 points score (ECHS) divided population
in 5 subgroups. When applied to retrospective cohort we found that
higher ECHS was associated to a larger percentage of positive CCT. No
positive CCT scan were found in the 209 ECHS 0 patients; 24 positive
CCT were found in the 466 ECHS 1 patients (5.2%); 49 positive CCT
were found in the 271 ECHS 2 patients (18.1%); 90 positive CCT scan
were found in the 193 ECHS 3 patients (46.6%) and 12 positive CCT

were found in the 17 ECHS 4 patients (70.6%). ECHS >0 sensitivity was
100% (CI 95% 97.9-100) and specificity was 21.3% (CI 95% 18.8-24.0).
Area under ROC of ECHS in this cohort was 0.831 (CI 95% 0.808-0.852).

To validate our score we prospectively observed, in a month period
from January 1st to 31st 2017, 526 consecutive non-trauma patients
presented to our ED for the same clinical condition of retrospective co-
hort. Eighteen patients were excluded because they refused CCT, thus
we included in the prospective study cohort 508 patients. Patients in-
cluded presented at our ED for new onset acute headache (33.5%), per-
sistent neurological disorders (34.4%), transient neurological disorders
(24.0%), altered state of consciousness (25.6%), and dizziness or vertigo
(21.7%). Clinical symptoms of presentation of this prospective cohort
are detailed in Table 1. We had 58 (11.3%) positive CCT scan in these pa-
tients. Main findings included acute or non-acute ischemia (22 pts. -
37.9%), subdural or parenchymal hemorrhage (20 pts. - 34.5%), malig-
nancies (12 pts. - 20.7%). Other findings (4 pts. - 6.9%) including ob-
structive hydrocephalus, nonspecific lesions, and atheromatous
disease with basilar artery augmented density in absence of acute
ischemia.

Demographic and clinical data of this validation prospective popula-
tion were quite similar to retrospective one. However when comparing
the two populations we found a significant higher number of patients
older than 55 years in the prospective group (45% in retrospective co-
hort vs 52.5% in prospective one, p = 0.047), and the two study popula-
tions also differed in history of atrial fibrillation (6.1% in the
retrospective group vs 9.6% in the prospective group; p = 0.016) and
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Table 3

Significant variables for positive CCT at univariate analysis were entered into a logistic re-
gression model. Some variable were combined to increase goodness of fit of the model. Fi-
nal logistic regression model had an overall predictive value of 88%; Model x> was 297.5 (p
<0.001); —2 log likelihood was 677.4. Goodnees of fit (Hosmer-Lemeshow) y? was 8.7 (p
= 0.365). Constant was included into the model. Only focal neurological deficit at physical
examination, new onset acute headache, combined new onset seizures and alterated state
of consciousness, and transient neurological disorder were independent predictors of pos-
itive CT scan in our population.

Variable p B SE B
value

0Odds ratio
(C195%)

10.4 (5.9-18.3)

Any neurological deficit at physical 0.000 235 0.28
examination
New onset acute headache
New onset seizures and/or alterated
state of consciounsness
Any transient neurological disorder 0.020 0.62 026 1.8(
Age > 55 years 0.051 0.40 028 1.5(0.9-2.0)
Sex 0.235 0.28 024 1.3(0.8-2.1)
Nuchal stiffness 0334 0.65 0.67 1.9 (0.5-7.1)
1.0 (
1.5¢(
1.1 (

0.000 1.92 0.25
0.000 1.28 0.27

6.8 (4.2-1.0)
36 (2.1-6.2)

1.1-3.1)

Postural instability and/or gait disorder 0.990 0.01 0.25 0.5-1.5)

Confusion 0.155 0.42 0.29 0.8-2.7)
Hypertension 0.758 0.07 0.23 0.7-1.7)
Constant 0.000 —5.27 036

oral anticoagulation therapy consumption (7.1% in the retrospective
group vs 10.6% in the prospective group; p = 0.010).

When applied to validation population we found that our score per-
formed well. No positive CCT scan were found in the 82 ECHS 0 patients;
9 positive CCT were found in the 226 ECHS 1 patients (4.0%); 31 positive
CCT were found in the 147 ECHS 2 patients (21.1%); 12 positive CCT scan
were found in the 47 ECHS 3 patients (25.5%); 5 positive CCT were
found in the 6 ECHS 4 patients (83.3%) (Table 3). In this population
ECHS >0 sensitivity was 100% (CI 95% 93.7-100) and specificity was
18.2% (C1 95% 14.7-22.1). Area under curve (AUC) ROC was 0.787 (CI
95% 0.748-0.822) (Table 4).

When compared to previously proposed criteria, ECHS performed
better than Harris and Rothrock criteria: ROC AUC ECHS 0.787
(0.748-0.822); vs. Harris criteria 0.633 (0.590-0.675), p < 0.001; vs.
Rothrock criteria ROC AUC 0.574 (0.530-0.618), p < 0.001 (Fig. 1). Our
score showed a ROC AUC similar to Bent score ROC AUC 0.782
(0.744-0.817), p = 0910, and Wang score ROC AUC 0. 745
(0.705-0.782), p = 0.332 (Fig. 1). However while ECHS sensitivity for
positive CT scan was 100%, same as Bent score, both Harris and Wang
score showed a lower sensitivity, respectively 98.2 (90.6-99.7) and
94.7 (85.4-98.8).

10

—ECHS

—- Bent Score

- —Wang Score
--- Rothrock Rule
- Harris Rule
""" Referral

Sensitivity

00 32 04 06 08 10

1 - Specificity

Fig. 1. Receiver operating characteristic area under curve (ROC AUC) comparison between
ECHS and previously proposed criteria by Bent [15], Wang [16], Rothrock [13], and Harris
[14]. ROC AUC ECHS 0.787 (0.748-0.822); vs. Harris rule ROC AUC 0.633 (0.590-0.675), p <
0.001; vs. Rothrock rule ROC AUC 0.574 (0.530-0.618), p < 0.001; vs. Bent score ROC AUC
0.782 (0.744-0.817), p = 0.910; vs. Wang score ROC AUC 0.745 (0.705-0.782), p = 0.332.

4. Discussion

The question of the appropriate indications to CCT in the ED setting
is still object of debate. A wide range of clinical conditions and signs per-
suade emergency physicians to order CCT, even in scarcely symptomatic
patients. As a result of such an uncertainty, and of the increased avail-
ability, the use of CCT has increased exponentially in the last years
[25]. Most of the previous studies published with the aim to suggest re-
liable guidelines to support emergency physicians' decision to order CCT
examined mixed trauma and non-trauma patients [17,18] or included
patients presenting only with a specific neurological disorder, such as
headache [22,23], seizures [24], or syncope and dizziness [19,20]. In
our experience patients presenting to ED often complain several symp-
toms at the same time and have heterogeneous clinical condition.
Therefore clinical decision rules for CCT request based on “pure” clinical
presentation are of reduced clinical effectiveness in the ED setting. To
the best of our knowledge, only few studies have been published till
now with the aim to identify clinical criteria for ordering CCT in the gen-
eral non-trauma ED population [13-16]. These studies suggest that a risk
stratification of patients with suspect of intra-cranial pathology could
reduce CT request up to 30% with a minimal loss of positive results.
There are obvious advantages to defining a single set of parameters to

Table 4
ECHS and previously proposed algorithm performance if applied to our validation population. Percentage of positive CT scan for each score group. Positive CT scans were 57 on 508 patients
(11.2%).
ECHS Bent score Wang corrected Rothrock rule Harris rule
Score value 0 positive scan 0% 0% 1.6% 0% 0.8%
Score value 1 positive scan 4% 4.5% 12.1% 12.9% 14.8%
Score value 2 positive scan 21.1% 10% 33.9% / /
Score value 3 positive scan 25.5% 22.7% 28.6% / /
Score value 4 positive scan 83.3% 35.0% / / /
ROC AUC 0.787 0.782 0.745 0.574 0.633
(0.748-0.822) (0.744-0.817) (0.706-0.782) (0.530-0.618) (0.590-0.675)
Possibly saved CT scan 82 (16%) 89 (17%) 182 (36%) 67 (13%) 129 (25%)
Sensitivity for score >0 100.0 100 94.7 100.0 98.2
(93.7-100.0) (93.7-100) (85.4-98.8) (93.7-100.0) (90.6-99.7)
Specificity for score > 0 18.2 19.7 39.7 14.9 284
(14.7-22.1) (16.2-23.7) (35.1-44.4) (11.7-18.5) (24.3-32.8)

ECHS: +1 for each of the following: transient neurological deficit; focal neurological deficit at physical examination, new onset acute headache; new onset seizures and/or altered state of

consciousness.

Bent score: +2 for focal neurological deficit; +1 for each: altered mental status; nausea and/or vomiting; coagulopathy; history of malignancies; age > 55 [15].
Wang corrected: +1 for each: focal neurological deficit; altered mental status; nausea and/or vomiting; coagulopathy; history of malignancies; age > 55 [16].
Rothrock rule: any of the following: age > 60 years, focal neurologic deficit, headache with vomiting, or altered mental status [13].

Harris rule: any of the following: focal neurologic deficit, headache with vomiting, Glasgow coma score < 14 [14].
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help identify high or low risk patients for radiology requests. These ad-
vantages include improved clinical utility, as well as memorization and
ready implementation into everyday clinical practice [13]. This is espe-
cially true in small first aid services, where there is no possibility of
performing CCT, and patients have to be transferred to a referring center
to make the procedure, or in an overcrowding situation, so common in
any ED of referring teaching hospitals, where stratifying patient's risk is
mandatory to establish the priority in the execution of CCT.
Moreover, the stratification of the risk could allow avoiding a large
number of CCT and consequent concerns about medical radiation expo-
sure and increasing costs [2,3]. Nevertheless it is evident that the score
should be enough specific to reduce at maximum the number of missed
results.

On the base of preceding experiences, the first goal we tried to
achieve in our study was to build an effective score to identify patients
that surely need CCT in ED. We tried also to keep sensitivity at maxi-
mum to avoid missed diagnosis, even at the cost of some extra negative
CT scan. In our retrospective cohort we found that 175 patients (15.2%)
had a positive CCT finding, a result similar to what evidenced in previ-
ous series [13-16]. At multivariate analysis we found that acute head-
ache, transient neurological disorders, presence of any neurological
deficit at physical examination and combined seizures and altered con-
sciousness, resulted independently predictive of positive CCT scan in
our population. We created a score (ECHS), varying from O to 4, giving
to each independent variable at multivariate analysis a +1 value if pres-
ent, with the aim to give to the emergency physician of a simple tool to
predict the risk of detecting pathological findings at CCT for each pa-
tient. Differently from other proposed algorithms, our score include
only clinical signs and does not take in account clinical history data
and age. We think that this kind of score fits better to emergency physi-
cians that often are lacking of anamnestic data in their first approach to
patients.

On the validation population of 508 patients our score performed
well (Table 4). Avoiding CT in ECHS 0 patients would have saved 16%
of CCT without any loss in term of sensitivity in this cohort. Although
ECHS had a very good performance, and no positive CCT were found
in ECHS 0 group, the number of positive CCT rapidly increase from
score 1 to 4, ranging from 4% in ECHS group 1 to 83% of ECHS 4
(Table 4). These data suggests that while in ECHS 0 group CCT could
be avoided, ECHS group 1 or higher should be considered only for risk
stratification and patients triage to radiology.

Our score perform quite similar to other clinical decision rules pro-
posed for head trauma patients, although these findings are yet to be
validated in larger cohort [10-12]. In non-trauma populations, our
data confirm that, as previously reported, CT scan is of poor utility in
the investigation of syncope, dizziness and vertigo, in absence of focal
neurological deficit [19,20]. Other data derived from a cohort of patients
presenting with delirium, confirmed that main predictor of head CT
findings are new neurological deficits and deterioration of conscious-
ness [21]. The routine use of CCT in ED for patients presenting with sei-
zures is still debated [24]. However most of these patients are at high
risk of intracranial pathologic findings. Our data confirms that both sei-
zures and altered consciousness patients should undergo a head radio-
logical examination.

The question of head CCT scan in patients presenting to the ED with
headache requests further discussion. There is large consensus that pa-
tients presenting to ED with headache and new onset neurological find-
ings should undergo CCT [22,23]. However it is well known that up to
half of subarachnoid hemorrhage patients could show no neurological
signs at time of presentation [26-28]. There is some evidence that
time from onset to peak of headache could predict presence of sub-
arachnoid acute hemorrhage in these patients [26]. However further
data are needed to better stratify the risk in headache patients. At this
time our data support the use of CCT scan on adult patients presenting
to ED with new onset acute headache even in absence of new onset
other neurological signs.

Comparing the performance of ECHS to previously proposed criteria
we found that the number of possibly avoided CT is similar to what
could be obtained applying Bent score [15] or Rothrock rule [13] that
would reduce scan respectively by 17.5% and 13.2%. Both these algo-
rithms would not have missed any positive scan, such as ECHS. Applying
more restrictive criteria such as Harris rule [14] or Wang score [16], the
number of CT scan avoided could have been much greater, respectively
25.4% and 35.9%. However both these algorithms would miss some pos-
itive scan (respectively 0.8% and 1.6%), that on annual basis could led to
up 30 missed positive scan in a high volume ED such ours, that is obvi-
ously hardly acceptable.

The identification of a simple tool to support emergency physicians'
decision to request CCT in non-trauma patients is highly desirable. The
range of the potential intracranial disorders that can be defined by
CCT is wide, it is probable that a single set of criteria will not ever be
100% sensitive in the detection of clinically significant pathology [13].
Not missing any positive CCT is extremely difficult and this is hardly ac-
ceptable in our opinion. Although this objective limitation, the goal of
reducing the high number of CCT requested in the ED seems easily
achievable making risk stratification analysis using sets of clinical
criteria or a simple clinical score as the one proposed by the authors.

Our data confirm that risk stratification could reasonably reduce CT
utilization in the emergency department patients, keeping high stan-
dard of sensitivity. As expected, and suggest by most of preceding expe-
riences, presence of focal neurological deficit is the key element for risk
stratification [14-18,29]. Adult patients presenting with new onset
acute headache remain a great challenge for the emergency physician,
but the wisest choice at this point could be obtaining a head CT scan
in all cases. To propose a guide line to CCT scan's request in ED based
on ECHS, we could suggest that in ECHS 0 patients CCT should be
avoided, ECHS 1 patients could be considered for further clinical obser-
vation, while a CCT should be recommended to ECHS 2-4 patients. We
believe that the ECHS is a very simple, reliable and useful tool for the
emergency physician in order to consistently save CCT scan requests
in the ED setting.

Limitation of this study includes the single center design, and the re-
duced sample observed. An independent validation of the score is obvi-
ously necessary, possibly by prospective controlled trials, prior to
consider it in common clinical practice.

References

[1] National Centre for Health Statistics. U.S. Department of Health and Human Services
web site; Health, United States, 2009 with special feature on medical technology.
http://www.cdc.gov/nchs/data/hus/hus09.pdf.

[2] Larson DB, Johnson LW, Schnell BM, Salisbury SR, Forman HP. National trends in CT
use in the emergency department: 1995-2007. Radiology 2011;258(1):164-73.

[3] Brenner DJ, Hall EJ. Computed tomography—an increasing source of radiation expo-
sure. N Engl ] Med 2007;357(22):2277-84.

[4] Huang YS, Syue Y], Yen YL, Wu CH, Ho YN, Cheng FJ. Physician risk tolerance and
head computed tomography use for patients with isolated headaches. ] Emerg
Med 2016 Nov;51(5):564-71.

[5] Smith-Bindman R, Lipson J, Marcus R, et al. Radiation dose associated with common
computed tomography examinations and the associated lifetime attributable risk of
cancer. Arch Intern Med 2009;169:2078-86.

[6] National Council of Radiation Protection and Measurements: 2009. Bethesda, MD.
NRCP 160-inozining radiation exposure to the population of the United States.
https://ncrponline.org/publications/reports/ncrp-report-160/

[7] Venkatesh AK, Schuur JD. A “Top Five” list for emergency medicine: a policy and re-
search agenda for stewardship to improve the value of emergency care. Am ] Emerg
Med 2013 Oct;31(10):1520-4.

[8] Stiell IG, Wells GA, Vandemeheen K, et al. The Canadian CT Head Rule for patient
with minor head injury. Lancet 2001;357:1391-6.

[9] Haydel M]J, Preston CA, Mills TJ, et al. Indications for computed tomography in pa-
tients with minor head injury. N Engl ] Med 2000;343:100-5.

[10] Stell IG, Clement CM, Rowe BH, et al. Comparison of the Canadian CT Head Rule and
the New Orleans Criteria in patients with minor head injury. JAMA 2005;294:
1511-8.

[11] Osmond MH, Klassen TP, Wells GA, et al. CATCH: a clinical decision rule for the use of
computed tomography in child with minor head injury. CMAJ 2010;182:341-8.

[12] Papa L, Stiell IG, Clement CM, et al. Performance of the Canadian CT Head Rule and
the New Orleans Criteria for predicting any traumatic intracranial injury on


http://www.cdc.gov/nchs/data/hus/hus09.pdf
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0005
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0005
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0010
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0010
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0015
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0015
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0015
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0020
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0020
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0020
https://ncrponline.org/publications/reports/ncrp-report-160/
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0025
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0025
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0025
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0030
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0030
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0035
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0035
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0040
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0040
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0040
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0045
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0045
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0050
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0050

1284 M. Covino et al. /| American Journal of Emergency Medicine 37 (2019) 1279-1284

computed tomography in a United States level I trauma center. Acad Emerg Med
2012;19:2-10.

[13] Rothrock SG, Buchanan C, Green SM, Bullard T, Falk JL, Langen M. Cranial computed
tomography in the emergency evaluation of adult patients without a recent history
of head trauma: a prospective analysis. Acad Emerg Med 1997;4(7):654-61 Jul.

[14] Harris JE, Draper HL, Rodhes Al et al. High yield criteria for emergency cranial com-
puted tomography in adult patients with no history of head injury. J Accid Emerg
Med 2000;17:15-7.

[15] Bent C, Lee SP, Shen PY, Bang H, Bobinski M. Clinical scoring system may improve
yield of head CT on non-trauma emergency department patients. Emerg Radiol
2015;22(5):511-6.

[16] Wang W, You JJ. Head CT for non-trauma patients in the emergency department:
clinical predictors of abnormal findings. Radiology 2013;266:783-90.

[17] Ml Millis, Russo LS, Ross BA. High-yield criteria for urgent cranial computed tomog-
raphy scans. Ann Emerg Med 1986;15:1167-72.

[18] Reinus WR, Zwemer FL. Clinical prediction of emergency cranial computed tomogra-
phy results. Ann Emerg Med 1994;23:1271-8.

[19] Wasay M, Dubey N, Bakshi R. Dizziness and yield of emergency CT scan: is it cost ef-
fective? Emerg Med 2007;2:46-9.

[20] Grossman SA, Fischer C, Bar JL, et al. The yield of head CT in syncope: a pilot study.
Intern Emerg Med 2007;2(1):46-9.

[21] Lai MM, Wong Tin Niam DM. Intracranial cause of delirium: computed tomography
yield and predictive factors. Intern Med ] 2012;42(4):422-7.

[22] Breen DP, Duncan CW, Pope AE, et al. Emergency department evaluation of sudden,
severe headache. QJM 2008;101(6):435-43.

[23] Edlow JA, Panagos PD, Godwin SA, et al. Clinical policy: critical issues in the evalua-
tion and management of adult patients presenting to the emergency department
with acute headache. ] Emerg Nurs 2009;35:e43-71.

[24] Jagoda A, Gupta K. The emergency department evaluation of the adult patient who
presents with a first-time seizure. Emerg Med Clin North Am 2011;29(1):41-9.

[25] Larson DB, Johnson LW, Scnell BM, et al. National trends in CT use in the emergency
department: 1985-2007. Radiology 2011;258:164-73.

[26] Perry J], Stiell LG, Sivilotti ML, et al. High risk clinical characteristics for subarachnoid
hemorrhage in patients with acute headache: prospective cohort study. BMJ 2010;
341:¢5204.

[27] Baraff L], Byyny RL, Probst MA, Salamon N, Linetsky M, Mower W. Prevalence of her-
niation and intracranial shift on cranial tomography in patients with subarachnoid
hemorrhage and a normal neurologic examination. Acad Emerg Med 2010;17:
423-8.

[28] Perry J], Sivilotti MLA, Sutherland ], et al. Validation of the Ottawa Subarachnoid
Hemorrhage Rule in patients with acute headache. CMA]J 2017 Nov 13;189(45):
E1379-85.

[29] Narayanan V, Keniston A, Albert RK. Utility of emergency cranial computed tomog-
raphy in patients without trauma. Acad Emerg Med 2012;19:1055-60.


http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0050
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0050
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0055
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0055
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0055
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0060
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0060
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0060
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0065
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0065
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0065
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0070
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0070
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0075
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0075
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0080
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0080
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0085
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0085
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0090
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0090
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0095
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0095
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0100
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0100
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0105
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0105
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0105
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0110
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0110
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0115
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0115
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0120
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0120
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0120
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0125
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0125
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0125
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0125
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0130
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0130
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0130
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0135
http://refhub.elsevier.com/S0735-6757(18)30767-8/rf0135

	A new clinical score for cranial CT in ED non-�trauma patients: Definition and first validation
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Radiologic requests
	2.3. Sample size, statistical analysis and score's elaboration

	3. Results
	4. Discussion
	References


