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Abstract
Purpose  Fifty percent of cranial CT scans performed achieve no benefit and entail risks. Our aim is to determine the yield 
of non-traumatic urgent cranial-CT and develop a pretest clinical probability scale approach.
Methods  Adult patients seen in our emergency department between 2017–2021 and referred for urgent cranial-CT for non-
traumatic reasons were retrospectively recruited and randomly selected. Presenting complaint (PC), demographic variables, 
Relevant radiological findings (RRF) on the urgent cranial-CT and Relevant clinical-radiological findings (RCRF: admission 
need or RRF detection on the urgent cranial-CT or cranial CT/MRI in the following three months) were recruited.
Results  We recruited 702 patients, with median age 62 [47–76] years, 363 (51.7%) females. RCRF were observed in 404 
(57.55%); of these, 352 (50.1%) required admission. RRF were detected in 190 (27.06%): 36 acute ischemic and 27 acute 
hemorrhagic lesions, 115 masses, 9 edema, and 27 hydrocephalus. Predictive PC for urgent cranial-CT were motor, speech, 
sensory deficits, sudden alteration of mental status, epileptic seizure, cognitive impairment, neurological symptoms in cancer 
patients, acute headache without a prior history and with meningeal signs; nausea, vomiting, or hypertensive crisis; visual 
deficits, and dizziness. This algorithm provided sensitivity, specificity, positive predictive value, and negative predictive value 
(NPV, 95%CI in brackets) of 92.1% (89–94.5%), 27.5% (22.5–33.0%), 63.3% (59.2–67.2%), and 71.9% (62.7–80.0%), to 
diagnose RCRF, and 97.4% (93.4–99.1%), 21.3% (17.8–25.1%), 31.5% (27.7–35.4%), and 95.6% (90.1–98.6%), to diagnose 
RRF. In patients not requiring admission (n = 350), the NPV for RRF was 98.8% (93.6–100%); the negative likelihood ratio 
0.08 (0.01–0.57), and sensitivity remained at 97.8% (82.2–99.9%). Applying it would have avoided performing 85/350 urgent 
cranial-CT (24.29%). To find one RRF, we would have gone from performing 7.8 (350/45) to 5.9 (265/45) CTs, failing to 
diagnose 1/45 (2.2%) RRF.
Conclusions  This proposed clinical scale could potentially decrease 24% of urgent cranial-CT.
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Introduction

Low-value medical care includes services that yield little 
or no benefit to patients, are potentially dangerous, and 
represent an unnecessary expense [1]. In radiology, these 
are imaging tests with lower diagnostic value because they 
lack relevant findings, or because their impact on the clini-
cal decision is negligible at best [1], while increasing the 
expense and doses of unnecessary radiation and contrast 
agents [2, 3]. Such is the case in 20–50% of radiological 
examinations, surpassing 50% of cranial CT [1] (Supple-
mentary file 1). Relevant findings in cranial CT appeared 
in < 11% of consultations for headache (2–8%), delirium 
(3–11%), syncope (4%) [4], hepatic encephalopathy (4%), 
or the need for admission to medical services (4%) [5]. 
While we hypothesize that predicting the diagnosis perfor-
mance of cranial CT based on neurological presenting com-
plaints (PC) may decrease unnecessary testing, the impact 
of that information and other recommendations, such as 
those of the National Institute for Health and Care Excel-
lence’s (NICE’s) “Do-not-do list,” iRefer, iGuide, and The 
international Choosing Wisely has been scant [1], and it is 
likely that the solutions can derive from local spheres. Our 
main objective is to determine the diagnosis performance 
of Urgent non-traumatic cranial CT in adults without a his-
tory of trauma in our setting. The secondary objective is to 
develop an algorithm that can serve as a pretest scale for 
diagnostic prediction.

Material and methods

Design

This cross-sectional retrospective study was approved by the 
Research Committee (registration number CETI 02/22) and 
complies with the STARDS guidelines [6] (Supplementary 
file 2). Patients’ informed consent was not required. Patients 
were not involved in the design and conduct of this research.

Participants

The sample was randomly selected and comprised: 1) 
patients > 18 years old; 2) cranial CT performed for non-
traumatic cause, between January 2017 and January 2022, 
in the emergency department of our second level hospital, 
a healthcare area referral; 3) clinical data at the time of CT 
and follow-up were available in the information systems.

Individuals were excluded if they presented the follow-
ing: 1) history of cranial trauma in the month prior to the 
urgent CT; 2) known cerebral neoplasms; 3); clinically 

monitored brain abscess or recent cerebritis; 4) hydrocepha-
lus with ventricular shunt, and 4) intracranial hemorrhage 
or ischemia radiologically diagnosed in the previous three 
months.

Test methods

Variables for setting up the algorithm

Clinical variables  In addition to age, sex, and personal 
history, we analyzed the PC detailed in Supplementary 
file 3. They were collected in a standardized manner in 
the emergency department discharge report and classified 
dichotomously as present/absent.

Radiological variables  The diagnoses of acute ischemia, 
acute hemorrhage, intra/extracerebral mass, edema, and 
unknown hydrocephalus were deemed relevant acute 
radiological findings (RRF). These variables were collected 
in the radiological reports issued by emergency department 
radiologists, on-call radiologists, or residents in radiology 
with at least three months of neuroradiology training. Most 
of the CT with reports issued between 3:00 pm and 8:00 am 
were reviewed the next day by a neuroradiologist with more 
than 30 years’ experience who added the RRF that may not 
have been detected to the report.

Follow‑up variables  To establish the severity and nature 
of the clinical symptoms and possible undetected lesions 
on the CT of the first consultation (hereinafter “first CT”), 
we recorded: 1) type of medical care provided following 
the first consult, dichotomized as hospital admission or 
home discharge, and 2) if the patient underwent a new 
cranial CT or cranial MRI during the three months following 
the first consult, whether in the emergency department, 
outpatient services, or hospitalization. In this case, note 
was taken if there were undetected RRF on the first CT. 
When the subject underwent CT for a new consultation in 
the emergency department after three months of the first CT, 
it was considered a new case.

Reference standard  The main objective was to safely lower 
the number of CT scans without RRF. However, given 
that no test is free of false negatives and in the presence of 
neurological conditions for which CT may not be diagnostic 
or may be so later, we regarded limiting our outcome 
variable to RRF as insufficient. To minimize false negatives 
and achieve the maximum sensitivity of the algorithm, we 
considered Urgent non-traumatic cranial CT to be indicated 
for all patients who required hospital admission, and in 
whom a new finding was detected on follow-up testing (CT 
or MRI) in the three months following the first CT. Thus, 
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our main outcome variable was a combined variable called 
Relevant Clinical or Radiological Findings (RCRF) that 
was deemed positive when at least one of the following 
three conditions was met: 1) a RRF on the first consult 
CT; 2) hospitalization, and 3) a RRF on cranial CT or MRI 
performed in the three months following a normal first CT. 
The RRF variable was the second outcome variable.

Operators  Five operators, three second year and two third-
year radiology residents collected the data with no blinding 
as to clinical, follow-up, or radiological variables. Clinical 
and follow-up variables were extracted from the clinical 
history and the radiological variables from the radiological 
reports on the CT or, when appropriate, the MRI. When any 
clinical variable in the report was unclear, it was considered 
absent.

Statistical analysis

In order to calculate the sample size, considering a pro-
portion of 20% of positive findings on the cranial CT, the 
minimum theoretical initial sample of 685 was needed to 
be able to estimate this proportion with 3% accuracy.

The variables derived from the sample have been rep-
resented as absolute and relative frequencies (qualitative 
variables), and means and standard deviation, or median 
and interquartile range, according to distribution (quantita-
tive variables).

The statistical differences regarding the RRF based on 
each clinical variable was analyzed by Chi2 or t-Student 
tests.

To establish the diagnosis performance of the Urgent 
non-traumatic cranial CT with the different PC, binary 
logistic regression models were performed considering 
RCRF and RRF as dependent variables and predictive of 
each PC. We also included sex, age, oncological patient, 
and operator to avoid ruling out possible confounding fac-
tors. We considered that a PC was associated with a RCRF 
or RRF when its Odds Ratio (OR) was significant accord-
ing to the Wald test [7]; and that performing the cranial 
CT would be useful (diagnostic advantage) if the OR > 1, 
and not (diagnostic disadvantage) if the OR < 1.

With the statistical PC that were predictive and non-pre-
dictive of the usefulness of the cranial CT, a pretest scale 
model of the probability of RCRF and RRF was created 
that reported on the usefulness of the test. Its sensitivity, 
specificity, predictive values (PV), and likelihood coef-
ficients (LC) would be found.

Statistical significance was deemed when p < 0.05. The 
IBM SPSS version 20, MedCalc 12.7.0.0, and Excel 365 
were used.

Results

Sample analysis

The sample consisted of 702 subjects; median age of 
62  years and interquartile range of 47–76  years; 363 
(51.7%) were female, and 202 (28.8%) had a history of 
cancer (Supplementary file 4–5).

Five hundred and seventy-two (81.5%) CT scan without 
intravenous contrast were performed and 130 (18.5%) with 
intravenous contrast, who may or may not have undergone 
CT scanning without intravenous contrast.

Four hundred and four (57.55%) had RCRF; of them, 
352 (50.1%) required hospitalization, and 190 (27.06%) 
had some kind of RRF. To detect a RRF, 3.7 CT were 
conducted in the whole sample (702/190) and 7.8 CT in 
individuals not requiring admission (350/45). The RRF 
were a) 36 (5.1%) acute ischemias; b) 27 (3.8%) acute 
hemorrhages (10 intra-axial, 8 subarachnoid, 5 subdural, 
and 4 several); c) 115 (16.4%) brain masses, 52 with 
cerebral edema and 10 with hydrocephalus; d) 9 (1.3%) 
edema cerebral with no mass, and e) 27 (3.8%) unknown 
hydrocephalus with no associated mass. The reason for 
admission was neurological in 240/352 (68.18%) and non-
neurological in 113/352 (32.10%).

One patient with an acute ischemic cerebellar lesion 
with hydrocephalus was diagnosed later by a CT scan two 
days after the first  CT.

The most common PC were headache (193, 27%), sud-
den change in mental status (164, 23.4%), speech deficit 
(110, 15.7%), motor deficit (107; 15.2%), and postural 
instability or gait disturbance (100, 14.2%). A total of 256 
subjects (36.5%) consulted for a single PC, 443 (63.10%) 
for more than one, and 3 (0.4%) for none.

RCRF predictive capacity of PC

Considering RCRF and RRF as dependent variables and 
PC as independent variables, we performed a Chi2 analysis 
(Supplementary file 6) and a binary logistic regression 
analysis for each PC.

1.	 We initially analyzed the whole sample (Table 1; Fig. 1). 
Based on the statistical significance of the OR for each 
PC, the following groups were established:

Group 1 (predictive PC)  Variables that increased the 
risk of RCRF (OR > 1; p < 0.05, Fig.  1a) were: motor 
deficit, speech deficit, seizure, cognitive impairment, 
sensory deficit, oncological history and sudden disturbance 
of mental status. Motor deficit, speech deficit, epileptic 
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seizure, and prior history of oncological disease were also 
PC predictive of RRF (Fig. 1b). In 383 cases (54.56%), 
one or more predictive PC were present.
Group 2  Variables bearing no influence on RCRF or RRF 
in the whole sample (OR includes the value 1; p > 0.05; 
Figs. 1a and b) were: visual deficit; postural instability or 
gait disturbance; delirium-psychiatric symptoms; fever; 
hypertensive crisis; weakness in both legs, and signs of 
intracranial hypertension.

Group 3 (protective PC)  Variables that decreased the risk of 
RCRF (OR < 1; p < 0.05; Fig. 1a) were: dizziness, nausea-
vomiting (OR 0.594; 95%CI 0.385–0.917; p = 0.019); 
syncope-presyncope (OR 0.580; 95%CI 0.357–0.941; 
p = 0.027); acute headache (OR 0.528; 95%CI 0.368–0.756; 
p = 0.001), and vertigo (OR 0.267; 95%CI 0.142–0.505; 
p < 0.001). The PC syncope-presyncope and vertigo also 
resulted in a reduced likelihood of RRF (Fig. 1b). There 
were 169 subjects (24.07%) with one or more protective PC, 
with no predictive PC.

2.	 Second, to keep biases from canceling the predictive 
capacity of the PC acute headache, particularly for the 
RRF of acute hemorrhage, the variable Combined Acute 
Headache was created: acute headache with no history 
of headache and at least one other PC among stiff neck 
or other meningeal sign, neck pain, hypertensive crisis, 
or nausea-vomiting. On the binary logistic regression 
adjusted for age, sex, and operator, Combined Acute 
Headache failed to predict RCRF (OR 1.268; 95%CI 
0.561–2.869; p = 0.568), but succeeded in predicting 
RRF (OR 2.966; 95%CI 1.097–8.017; p = 0.032), 
specifically acute hemorrhage (OR 37.345; 95%CI 
5.912–235.912; p < 0.001).

3.	 Finally, to avoid ruling out PC with discriminatory 
capacity that could have been hidden by the strength 
of association of the PC in Group 1, the binary logistic 
regression was repeated, excluding patients who pre-
sented for any one of them. Considering only the PC in 
Groups 2 and 3 as independent variables, adjusted for 
age, sex, and operator, visual deficit increased the risk 

Table 1   Results of the predictive ability of relevant clinical and/or radiological findings of the different presenting complaint using the binary 
logistic regression test

a:  Each row represents a binary logistic regression model that includes the presenting complaint as a predictor of outcome findings (yes vs. no) 
adjusted for sex, age, cancer patient and operator. The odds ratio (OR) indicates a higher chance of finding relevant CT findings when presenting 
the presenting complaint over not presenting it
Nagelkerke R2 on the goodness-of-fit of the model for each predictor variable “presenting complaint”
Statistically significant ORs (P value < 0.05) are in bold. Predictor variables with no relevant CT findings cases are not shown

Relevant clinical-radiological findings Relevant radiological findings

Presenting complaint ORa CI95% P R2 ORa CI95% P R2

Motor deficit 5.09 2.89 8.94  < .001 0.13 2.42 1.68 3.48  < .001 0.10
Speech deficit 5.04 2.87 8.85  < .001 0.13 2.85 1.84 4.42  < .001 0.10
Epileptic seizure 4.69 2.11 10.44  < .001 0.09 2.89 1.54 5.43 0.001 0.08
Cognitive impairment 2.64 1.32 3.85 0.003 0.08 1.72 0.98 3.02 0.06 0.07
Sensory deficit 2.25 1.30 3.80 0.003 0.08 1.20 0.69 2.07 0.524 0.06
History of cancer 1.75 1.24 2.48 0.002 0.06 2.28 1.60 3.26  < .001 0.06
Sudden change in mental status 1.55 1.06 2.29 0.026 0.07 1.25 0.84 1.86 0.282 0.06
Delirium or other psychiatric symptoms 1.58 0.84 2.97 0.161 0.06 0.88 0.45 1.74 0.71 0.06
Fever 1.51 0.80 2.88 0.207 0.06 0.78 0.39 1.60 0.502 0.06
Weakness in both lower limbs 1.36 0.68 2.73 0.386 0.06 0.81 0.38 1.76 0.598 .063
Visual deficit 1.26 0.72 2.22 0.416 0.06 1.18 0.63 2.23 0.604 0.06
Postural instability or gait disorder 1.07 0.68 1.68 0.76 0.06 1.56 0.98 2.46 0.061 0.07
Signs of intracranial hypertension 0.72 0.04 11.70 0.818 0.06 - - - - -
Hypertensive crisis 0.42 0.15 1.17 0.098 0.06 0.89 0.28 2.84 0.849 0.06
Dizziness 0.65 0.45 0.94 0.023 0.07 0.89 0.58 1.36 0.591 0.06
Nausea or vomiting 0.59 0.39 0.92 0.019 0.06 0.72 0.43 1.20 0.21 0.07
Syncope or presyncope 0.58 0.36 0.94 0.027 0.07 0.54 0.30 0.99 0.05 0.07
Acute headache 0.53 0.37 0.76 0.001 0.08 0.93 0.61 1.41 0.73 0.06
Vertigo 0.27 0.14 0.51  < .001 0.09 0.36 0.16 0.84 0.02 0.08
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of RCRF (OR 2.500; 95%CI 1.201–5.202; p = 0.014) 
and tended to increase that of RRF (OR 2.707; 95%CI 
0.993–7.377; p = 0.052). Presenting with dizziness 
increased the risk of RRF (OR 3.979; 95%CI 1.218–
12.996; p = 0.022).

The PC of postural instability or gait disturbance cor-
related with a higher risk of RRF in the Chi2 analysis of 
the whole sample (Supplementary file 6), but displayed no 
predictive ability in the binary logistic regression of the 
whole sample (Fig. 1b) or in the subgroups described in 
subsections 2 and 3.

4.	 The sample size of PC of intracranial hypertension 
(n = 2), hypertensive crisis (n = 17), and lower limb 
weakness (n = 39) limited the ability to analyze their 
predictive capacity.

Algorithm

Considering the aforementioned results, we developed 
an algorithm to indicate Urgent non-traumatic cranial 
CT in individuals without trauma (Fig. 2), including as 
suitable the group 1 PC, history of cancer, combined acute 
headache, visual deficit, and  dizziness. Its sensitivity, 
specificity, positive PV and negative PV were 92.1% (95%CI 
89–94.5%), 27.5% (95%CI 22.5–33.0%), 63.3% (95%CI 
59.2–67.2%), and 71.9% (95%CI 62.7–80.0%), to diagnose 
RCRF, and 97.4% (95%CI 93.4–99.1%), 21.3% (95%CI 
17.8–25.1%), 31.5% (95%CI 27.7–35.4%), and 95.6% 
(95%CI 90.1–98.6%) to diagnose RRF.

In our sample, the algorithm would have reduced the 
number of CT by 16.2%, with the risk of not diagnosing 
five cases with RRF (1 acute subarachnoid hemorrhage and 
4 masses, one of them with edema and hydrocephalus), 
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Fig. 1   (a) Graphical representation of Table 1 of the binary logistic 
regression analysis in the full sample for the relevant clinical-
radiological findings dependent variable. In the bars, the central value 
corresponds to the odds ratio and the limits  (upper -UL- and lower 
level -LL-), to their 95% confidence intervals. Value 1 is highlighted 
on the y-axis to detect those presenting complaints for consultation 
with odds ratio above 1 (Group 1, predictor presenting complaint, 
all with P-value < 0.05), including value 1 (Group 2) and below 1 
(Group 3, protective presenting complaints, all with P-value < 0.05). 

(b) Graphical representation of Table  1 of the binary logistic 
regression analysis in the full sample for the relevant radiological 
findings dependent variable. In the bars, the central value corresponds 
to the odds ratio and the limits, to their 95% confidence intervals. 
Value 1 is highlighted on the y-axis to detect those presenting 
complaints for consultation with odds ratio above 1 (Group 1, 
predictor presenting complaint, all with P-value < 0.05), including 
value 1 (Group 2) and below 1 (Group 3, protective presenting 
complaints, all with P-value < 0.05)
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corresponding to 0.71% (5/702) of the whole sample and 
2.6% (5/190) of all RRF. The patient with the undiagnosed 
cerebellar infarction would have undergone CT if the 
algorithm were to be applied.

In subjects not requiring hospitalization (n = 350), 
the algorithm’s negative PV for RRF was 98.8% (95%CI 
93.6–100%) and the negative LR 0.08 (95%CI 0.01–0.57), 
with 97.8% sensitivity (95%CI 82.2–99.9%). Among them, 
85/350 CT (24.29%) could have been avoided and 1/45 
(2.2%) RRF would have not been diagnosed RRF (a mass).

Using the algorithm, we would have gone from 3.7 
(702/190) to 3.1 (588/190) CT to find one RRF in the whole 
sample and from 7.8 (350/45) to 5.9 (265/45) in home 
discharges.

Discussion

The main benefit of the algorithm proposed is to discour-
age unnecessary cranial CT in non-traumatic emergencies. 
It enables acute ischemia, acute hemorrhage, mass, cere-
bral edema, and hydrocephalus to be detected with sensi-
tivity > 97%, negative PV > 95%, and negative LR < 0.13; 
lower Urgent non-traumatic cranial CT by 16% in the whole 
sample and by 24% in home discharges and avoid two CT for 
each RRF in home discharges. The risk of underdiagnosing 

any of the previously named conditions was 2.6%, < 1% of 
the full group of subjects who underwent CT.

Radiological test ordering patterns may be informed 
not just by risk, but also perception of medicolegal risk, 
patient preferences, and institutional/practice culture factors. 
However, the exponential growth in radiological testing 
without an associated increase in relevant findings [8] carries 
risks such as iatrogenesis secondary to the ionizing radiation, 
intravenous contrast medium, incidental findings, and delays 
in necessary diagnostic tests [9], often downplayed by the 
prescribing physician and unknown by the patient [8, 10]. It is 
therefore urgent that these low-value tests be safely decreased. 
In our study, the present complain that, lacking any other 
neurological signs or symtoms, lower the probability of RRF 
are: nausea-vomiting, vertigo, syncope-presyncope, delirium 
or psychiatric symptoms, and fever. This is consistent with 
earlier publications and clinical guidelines [11], albeit these 
guidelines seek to establish indications for CT and not when 
“not to perform” [11–14]. As for acute headache, several meta-
analyses have revealed that radiological testing for a simple 
headache doubled between the years of 2000 (6.7%) and 2010 
(13.9%) [10, 15]. In our sample, headache is the most common 
PC and one of the ones that decreases the possibility of RRF 
to almost half when there are no associated threatening 
signs and symptoms. Previous works indicate that a normal 
neurological examination in individuals with headache lower 
the risk of positive findings by 30% [16]. In contrast, CT is 
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Fig. 1   (continued)



Emergency Radiology	

indicated if there is an associated focal neurological deficit; 
altered mental status; cognitive impairment; if the headache 
is different, sudden, and intense, or a new kind of headache 
in HIV-positive individuals (level of recommendation B 
[16]). The approach to the issue must be multidisciplinary. 
For instance, restructuring the medical record in emergency 
departments would reduce scarcely beneficial testing (from 
31.3 to 13.9 low-value tests performed per-100 patient visits 
[10]). For our part, we will attempt to prospectively validate 
the algorithm derived from this research (Fig. 3).

Our work has several limitations. First, it is a single-
center, retrospective study without external validation and, 
as such, must be taken with caution; however, it can serve as 
the basis for prospective analyses in other centers. Second, 
PC depend on how comprehensive the requesting physi-
cians have been in taking patients’ clinical histories. There-
fore, we have not taken these physicians to be a variable 
that may have impacted our results. Third, the radiological 
reports were issued by emergency radiologists, on-call, or, 
exceptionally, on-call resident with at least three months of 
neuroradiological training. Nevertheless, an expert neurora-
diologist reviewed the afternoon and night shift reports and 
their modifications were considered. Even so, only 5% of the 

double readings changed the medical approach. Fourth, we 
did not enquire as to whether other CT were performed at 
other centers after the first one, but very few would probably 
have gone unnoticed. Given how our healthcare system is 
organized, it is unlikely that people cared for in other cent-
ers would not have later returned to ours. Fifth, in an ear-
lier work, we probed into the issues we face when a CT is 
requested without a suitable examination [17] and we cannot 
rule out the possibility that the CT findings influenced the 
PC later included in the medical record or whether the RRF 
may have then prompted a detailed neurological examina-
tion. This possible bias can be assessed in a future prospec-
tive study. Sixth, considering all the RRF as a single vari-
able in the model may have limited the ability to determine 
the predictive capacity of certain PC for each type of RRF. 
However, our aim was to evaluate the diagnosis performance 
of each PC for any relevant, acute finding on the CT. Seven, 
when setting up the RCRF result variable, we did not distin-
guish between patients who were hospitalized or not for neu-
rological causes. Nevertheless, to minimize false negatives 
with the algorithm and considering the potential severity of 
the symptoms when the patient ended up being hospitalized, 
we felt it was fitting to consider the CT to be adequate in all 
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Fig. 2   Proposed algorithm for performing Urgent non-traumatic 
cranial CT scans: Odds ratios of presenting complaint with predictive 
ability of Relevant clinical-radiological findings and/or Relevant 
radiological findings calculated by binary logistic regression adjusted 
for (a) age, sex, oncological patient, and operator and for (b) age, sex 
and operator. Percentage on the whole sample (c) and percentage on 

the endpoint (d). [Abbreviations: LR: likelihood ratio, PV: predictive 
value, RCRF: Relevant clinical-radiological findings (patient 
requiring admission or any relevant radiological findings is found 
on first CT scan or CT or MRI within the next three months), RRF: 
Relevant radiological findings (acute infarction, acute haemorrhage, 
mass, edema, unknown hydrocephalus)]
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those cases. This strategy has probably been detrimental to 
the discriminatory capacity of the algorithm to predict RRF, 
meaning that the safe margin to decrease the number of CT 
is likely to be greater than the one observed in patients hos-
pitalized for non-neurological reasons. Finally, it is not clear 
what the acceptable level of risk or cost-effectiveness is for 
performing urgent cranial CTs. Although future develop-
ments will be needed to improve the results of the algorithm 
in terms of sensitivity and specificity, we thought worthy to 
make it known as a possible starting point for a better pretest 
clinical probability scale.

In short, our algorithm can be an approach to a pre-
test clinical prediction scale for RRF on urgent cranial 
CT requested for non-traumatic causes. Its sensitivity and 
negative PV > 95% can contribute to significantly reducing 
unnecessary CT. While strategies must be applied in each 
local area after scrutinizing their own data [18], our results 
can be a valid starting point for others.
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