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ARTIGO ORIGINAL/ORIGINAL ARTICLE

Headache in the Emergency Department: Which “Red Flags” Predict Head 
CT Scan Abnormal Findings?
Cefaleia no Serviço de Urgência: Que “Sinais de Alarme” Predizem Alterações na  
TC-CE?

Abstract

Introduction: Headache accounts for 4% of all Emergency Department (ED) visits 
and head-computer tomography scan (H-CT) is usually the first method to approach 
a suspected secondary headache. Screening tools using “red flags” for the appro-
priate identification of these patients in the ED are of major importance. We aim to 
identify the differences between headache patients with normal and abnormal H-CT; 
to describe the final diagnosis and abnormal H-CT findings; and to recognize which 
“red flags” could be clinical predictors of abnormal H-CT.

Methods: Retrospective study including adult patients who performed H-CT due 
to “headache” complaint in the ED. All H-CT were reviewed by two blinded inde-
pendent neuroradiologists and inter-rater agreement level was determined by Co-
hen’s Kappa coefficient (κ). Binary logistic regression was performed. 

Results: A total of 547 patients were included. Age, female gender and previous 
history of headache were significantly different between patients with normal versus 
abnormal H-CT. The presence of any “red flag”, thunderclap headache, papilledema 
and history of malignancy were independent predictors of abnormal H-CT. The most 
frequent final diagnosis was migraine. Only 15.5% of H-CT revealed an abnormality 
that explain a secondary cause of headache. There was a good level of interobserver 
agreement in the evaluation of H-CT (κ=0.96, CI95%=0.99–0.92, p<0.001). 

Conclusion: The presence of any “red flag”, thunderclap headache, papilledema 
and history of malignancy help to select the appropriate patients with headache for 
neuroimaging in the ED, avoiding unnecessary exams and optimizing resources in a 
restricted health care system.

Resumo

Introdução: A cefaleia é o sintoma responsável por cerca de 4% das admissões 
hospitalares no Serviço de Urgência (SU) e a tomografia computorizada crânio-
encefálica (TC-CE) é normalmente o primeiro meio complementar de diagnóstico 
utilizado na suspeita de uma cefaleia secundária. Testes de screening recorrendo à 
presença de “sinais de alarme” para adequadamente identificar estes doentes são 
de importância fulcral. O nosso objetivo é identificar as diferenças entre doentes 
com cefaleia com e sem alterações na TC-CE; descrever os diagnósticos finais pos-
síveis dos doentes com cefaleia e os quais os achados em TC-CE; reconhecer que 
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Introduction
On a global scale, 66% of the adult population experi-

ence a life-long headache disorder1 and it accounts for 
approximately 4% of all Emergency Department (ED) 
visits, making it one of the most frequent neurological 
complaints.2-7 Headache disorders are divided into two 
subgroups - primary and secondary - according to the 
Headache Classification Committee of the International 
Headache Society (IHS).8 Secondary headaches can be 
due to neurological (e.g. tumours, aneurysms, subarach-
noid haemorrhage (SAH), cerebral venous thrombosis 
(CVT), subdural hematomas, infections, stroke, hydro-
cephalus) or non-neurological (e.g. systemic infection 
and acute hypertension) diseases.5,9 Although relatively 
common, an headache can be the main symptom of a 
life-threatening intracranial pathology, emphasizing the 
need to distinguish the small number of patients with sec-
ondary headaches from the overwhelming majority with 
benign conditions, especially in the ED. Neuroimaging 
may have an essential role in this process and should be 
performed in all the suspected patients.1-4,7,10-12 Magnetic 
resonance imaging (MRI) is preferred and usually yields 
more specific information, but head-computer tomogra-
phy scan (H-CT) due to its diagnostic performance, avail-
ability, non-invasive nature and efficiency is the method 

of choice to the first approach in the ED.13 Although pub-

lished data included various types of headache, the preva-

lence of detecting a clinically significant abnormality on 

neuroimaging is usually below 10%, being higher in acute 

than non-acute headache patients.2,11,14 The paradigmatic 

diagnosis is the SAH, in which H-CT presents a sensitivity 

of 92.9% and specificity of 100%.15

The current management of headache patients focuses 

on the identification of evidence-based “red flags” - signs 

or symptoms which suggest a significant risk of a second-

ary etiology and the need for additional workup.1,16-19 

These “red flags” have been established by clinical ex-

perience and large case series, with substantial practice 

variability among physicians and without clear consen-

sus, with the exception of thunderclap headache.1,11,18,20 

Other clinical features independently associated with high 

prevalence of H-CT abnormalities were an acute onset 

headache, associated symptoms, older age and focal 

neurologic deficits.13,21,22 An expert panel on Neurologic 

Imaging from American College of Radiology23 proposed 

recently an evidence-based guideline to manage neuro-

imaging in headache patients at specific clinical conditions. 

H-CT is considered appropriate for initial imaging in pa-

tients with sudden, severe headache or worst headache 

of their life; patients with new headache and papilledema 

“sinais de alarme” podem ser preditores clínicos da presença de TC-CE anormal.
Métodos: Estudo retrospetivo, incluindo doentes adultos a quem foi realizada 

uma TC-CE por “cefaleia” no SU. Todos os estudos de imagem foram revistos por 
dois neurorradiologistas independentes cegos e o nível de concordância inter-ob-
servador foi determinado pelo coeficiente Kappa de Cohen (κ). Foi realizada re-
gressão logística binária.

Resultados: Foram incluídos 547 doentes. Idade, género feminino e história prévia 
de cefaleia foram significativamente diferentes entre doentes com TC-CE norma 
versus anormal. A presença de qualquer “sinal de alarme”, cefaleia tipo “thunder-
clap”, papiledema e antecedentes de neoplasia foram preditores independentes 
de achados anormais na TC-CE. O diagnóstico final mais frequente foi enxaqueca. 
Apenas 15,5% das TC-CE revelaram alterações que pudessem explicar uma causa 
secundária de cefaleia. Houve um bom nível inter-observador na avaliação das TC-
CE (κ=0,96, CI95%=0,99–0,92, p<0,01).

Conclusão: A presença de qualquer “sinal de alarme”, cefaleia tipo “thunder-
clap”, papiledema e antecedentes de neoplasia auxiliam na seleção apropriada de 
doentes com cefaleia a realizar neuroimagem em contexto de urgência, evitando 
meios complementares desnecessários e permitindo otimizar recursos num sistema 
de saúde limitado. 
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and those with new or progressively worsening headache 
with one or more of the following warning signs - suba-
cute head trauma, related activity or event, neurological 
deficit, known or suspected malignancy, immunosup-
pressed or immunocompromised state, age of 50 years 
or older. However, their applicability should be adapted 
to the routine clinical practice of the ED since it is es-
timated that up to 35% of patients were imaged con-
trary to what is formally indicated.18,24 A commonly used 
screening tool for secondary headaches based on “red 
flags” is SNOOP4 (systemic symptoms/signs and disease, 
neurologic symptoms or signs, sudden onset or older age 
at onset, papilledema, postural, precipitated by Valsalva 
maneuver, and progressive headache or substantial pat-
tern change), which was published in 200325-27 and up-
dated recently to SNNOOP10 with more items.20

Accordingly, our aims were: to identify the differ-
ences between headache patients with and without ab-
normal H-CT performed in the ED; to describe the final 
diagnosis and the abnormal H-CT findings in these pa-
tients; and to recognize which “red flags” could be clini-
cal predictors of the abnormal findings on neuroimaging.

Methods 
1. Participants 

Retrospective transversal study, including consecutive 
adult patients who performed H-CT due to “headache” 
complaint in the ED, in a 6-month period (from July to De-
cember 2019). All the requests for H-CT were included 
without regarding the medical specialty where the patient 
was observed. Patient demographics, clinical data related 
to headache and medical history were collected. We con-
sidered the headache as acute if it lasted up to 3 days, sub-
acute for 4-7 days or chronic for 8 days or more. The “red 
flags” were collected from clinical history and/or physical 
examination. The “red flags” considered were: thunder-
clap headache, altered consciousness status, syncope, 
fever, change in pattern of headache, night awakening, 
worsening to Valsalva/decubitus, headache not responding 
to routine therapy, onset in patients >50 years, history of 
immunosuppression, malignancy, anticoagulation or recent 
head trauma (last week) and presence of neurological signs 
(meningism, papilledema and focal signs). The list of “red 
flags” used in this study was adapted from Do et al, 2019.20

2. Head CT scan 
All H-CT were obtained using a 64-slice CT scanner 

(LightSpeed VCT, GE, CT, USA), with the patient in the 

supine position, with or without contrast according to 

clinical information. All H-CT were reviewed and inter-

preted by two experienced independent neuroradiolo-

gists with the initial clinical information, blinded for the 

final diagnosis. Neuroimaging were classified as normal 

or abnormal based on-site visual assessment, and the re-

spective pathology was identified.

3. Final diagnosis 

The final diagnosis was made using 10th edition of the 

International Classification of Disease (ICD10) and accord-

ing to The International Classification of Headache Disor-

ders, 3rd edition (ICHD3), based on retrospective chart 

review performed by a neurologist. If a headache did not 

clearly meet criteria for a primary headache and there was 

no secondary cause, it was classified as headache not oth-

erwise specified (NOS). The secondary causes of headache 

were considered as extra or intracranial pathologies.

4. Statistical Analysis

Demographic and clinical characteristics are pre-

sented as frequency and percentage for dichotomous 

variables and mean ± standard deviation (SD) for 

quantitative variables. Comparisons between groups 

were performed with the Chi-square test (differences 

between categorical variables), Student&#39;s t-test 

(continuous variables when normally distributed), and 

Mann-Whitney U test (non-normally distributed con-

tinuous variables) when appropriate. Inter-rater agree-

ment level between the two neuroradiologists was de-

termined by Cohen’s Kappa coefficient (κ).

Univariate correlations between the altered H-CT and 

the “red flags” and appropriate clinical parameters were 

determined with Spearman correlation. All variables show-

ing a correlation with abnormal findings at CT scan with 

p<0.05 were included in the multivariable analysis. Binary 

logistic regression was used to identify variables inde-

pendently associated with the presence of altered H-CT, 

showed by odds ratio and its 95% confidence interval.

Statistical significance was set for p<0.05. All the sta-

tistical analyses were made in IBM SPSS Statistics soft-

ware, version 25.

5. Ethics

The study was approved by the local ethics committee.
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Results 
During the study period, a total of 547 patients were 

included, 330 individuals were females (60.3%), with a 

mean age of 52.7±20.2 years. The baseline characteris-

tics are shown in Table 1. Age (51.4 vs 59.8, p=0.001), 

female gender (62.6% vs 48.2%, p=0.013) and previous 

history of headache (24.7% vs 10.6%, p=0.004) were 

significantly different between groups with normal vs. ab-

normal H-CT. On the contrary, there were no significant 

differences concerning sudden onset headache, accom-

panying clinical symptoms (phono-photophobia, nausea/

vomiting), headache localization and progression. Most 

patients had a normal neurological examination regard-

less the H-CT result (82.9% vs 74.1%, p=0.055).

“Red flags” were observed in a total of 496 patients 

(90.7%), most of them provided only from clinical history 

(N=373, 68.2%), 20.3% (N=111) showed in clinical his-

tory and physical examination and 2.2% (N=12) of the 

patients showed abnormal findings only at physical exami-

nation. The presence of at least one “red flag” was signifi-

cantly different between patients without or with abnormal 

H-CT findings (89.6% vs 96.5%, p=0.046). No response 

to routine therapy was the most common “red flag” in both 

groups, followed by head trauma in last week and changes in 

pattern of headache. Thunderclap headache (0.6% vs 4.7%, 

p=0.002), history of malignancy (4.8% vs 21.2% p<0.001), 

the presence of papilledema (0.6% vs 3.5%, p=0.019) and 

focal signs (13.0% vs 21.2%, p=0.047) were statistically dif-

ferent between patients with normal vs. abnormal neuro-

imaging. We also verified that there were significant differ-

Table 1. Baseline characteristics of the studied patients.

With normal H-CT 
(N=462)

With abnormal H-CT 
findings (N=85) p-value

Age, y, mean (±SD) 51.4 (20.4) 59.8 (17.6) 0.001

Female gender, N (%) 289 (62.6) 41 (48.2) 0.013

Previous history of headache, N (%) 114 (24.7) 9 (10.6) 0.004

Sudden onset of headache, N (%) 180 (39.0) 30 (35.3) 0.523

Phono-photophobia, N (%) 122 (26.4) 16 (18.8) 0.139

Nausea/vomiting, N (%) 174 (37.7) 23 (27.1) 0.062

Localized headache, N (%) 212 (45.8) 39 (45.9) 0.869

Headache progression, N (%)
acute

sub-acute
chronic

227 (49.1)
126 (27.3)
108 (23.4)

40 (47.1)
39 (45.9)

6 (7.1)

0.387
0.678
0.245

Normal neurological examination, N (%) 383 (82.9) 63 (74.1) 0.055

Presence of any “red flag”, N (%)

“Red flags”, N (%)
Thunderclap headache

Altered consciousness status
Syncope 

Fever 
Change in pattern of headache

Night awakening
Worsening to Valsalva/decubitus

Headache not responding to routine therapy
Onset >50 years

History of immunosuppression
Recent head trauma (last week) 

History of malignancy
History of anticoagulation

Neurological signs 
meningism 

papilledema
focal signs

414 (89.6)

3 (0.6)
12 (2.6)
42 (9.1)
23 (5.0)

102 (22.1)
24 (5.2)
34 (7.4)

122 (26.4)
63 (26.7)
11 (2.4)

121 (26.2)
22 (4.8)
29 (6.3)

2 (0.4)
3 (0.6)

60 (13.0)

82 (96.5)

4 (4.7)
5 (5.9)
4 (4.7)
4 (4.7)

23 (27.1)
5 (5.9)
4 (4.7)

27 (31.8)
10 (16.7)

4 (4.7)
24 (28.2)
18 (21.2)

8 (9.4)

0
3 (3.5)

18 (21.2)

0.046

0.002
0.109
0.181
0.915
0.315
0.795
0.377
0.308
0.108
0.228
0.695

<0.001
0.291

--
0.019
0.047

Number of total “red flags”, N (%)
0
1
2
3

>3

48 (10.4)
174 (37.7)
125 (27.0)
59 (12.8)
56 (12.1)

3 (3.5)
23 (27.1)
22 (25.9)
24 (28.2)
13 (15.3)

0.046
0.062
0.854

<0.001
0.419
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ences between groups according to the number of total “red 

flags”: patients without “red flags” and normal H-CT versus 

abnormal H-CT findings (10.4% vs 3.5%, p=0.046) and pa-

tients with 3 “red flags” and normal H-CT versus abnormal 

H-CT findings (12.8% vs 28.2%, p<0.001).

Overall, the most frequent final diagnoses were mi-

graine (N=103, 18.8%), headache NOS (N=89, 16.3%) 

and acute headache attributed to mild head traumatic in-

jury (N=77, 14.1%). Supplementary table). Only 15.5% 

(N=85) of H-CT revealed an abnormality that explain a 

secondary cause of headache. All the findings and respec-

tive frequency are showed in Table 2. Acute rhinosinusitis 

was responsible for 31.7% of the cases (N=27); space-

occupying lesion was the second most frequent (N=17, 

20.0%). The pathological findings on H-CT were more 

frequent at older ages (Fig. 1). There was a good level of 

interobserver agreement in the evaluation of H-CT with 

κ=0.96 (CI95%=0.99–0.92, p<0.001).

Multivariable analysis (Fig. 2) showed thunderclap 

headache (OR: 7.78, CI95%=1.709-35.427, p=0.002), 

papilledema (OR: 5.76, CI95%=1.143-39.055, p=0.017) 

and history of malignancy (OR: 4.38, CI95%=2.212-

8.666, p<0.001) as independent predictors of abnormal 

H-CT. Also, the presence of any “red flag” was a signifi-

cant predictor for abnormal findings in H-CT (OR: 3.17, 

CI95%=0.964-10.419, p=0.046).

Figure 1. Age distribution of patients without and with 
abnormal H-CT findings.

Table 2. Abnormal H-CT findings. 

Abnormal H-CT findings (N=85)

Acute rhinosinusitis 27 (31.7%)

Space-occupying lesion 17 (20.0%)

ASDH + traumatic SAH 15 (17.6%)

Subgaleal hematoma 10 (11.8%)

Facial structures fracture 3 (3.5%)

Acute hydrocephalus 3 (3.5%)

Non-traumatic intracerebral haemorrhage 3 (3.5%)

Non-traumatic SAH 3 (3.5%)

Pos-surgery suboccipital CSF collection 2 (2.4%)

Chiari malformation type 1 1 (1.2%)

CVT 1 (1.2%)

ASDH: acute subdural haemorrhage; SAH: subarachnoid 
haemorrhage; CSF: cerebrospinal fluid; CVT: cerebral ve-
nous thrombosis.

Figure 2. Multivariable analysis for predictors of abnormal H-CT findings. 



Sinapse®  |  Volume 21  |  N.º 1  |  January-March 2021

16

Discussion 
In our study, we identified the differences between 

headache patients with normal vs. abnormal H-CT, high-
lighting the respective “red flags” that can predict aber-
rant H-CT findings, to contribute to the improvement 
of the current management of these patients in the ED.

Patients with normal H-CT were younger, mainly 
female and presented a previous history of headache 
more frequently. According to previous published stud-
ies, primary headaches (migraine or tension-type head-
ache) are the most frequent causes of headache in the 
ED, affects more women and younger population, and 
need recurrent episodes to fulfill ICHD3 diagnostic cri-
teria.2,7,15,17 Although an abnormal neurological exami-
nation is more likely to be associated to the presence 
of a significant brain pathology detected by neuroimag-
ing,10,15 in our study we did not find significant differenc-
es between patients with and without normal H-CT. It is 
important to emphasize that the neurological evaluation 
was not standardized, and the patients included in our 
study were evaluated by physicians with different clini-
cal expertise and could have an incomplete examination. 
However, similar results have already been reported by 
other authors, showing that this is not a linear relation-
ship. Goldstein et al, 201812 showed that a normal neu-
rologic examination, even when performed by a neurol-
ogist, does not rule out a significant secondary cause for 
headache. Also, Munoz-Ceron et al, 20197 referred that 
an abnormal neurological examination was not different 
between primary and non-primary headache etiologies.

Globally, the most frequent final diagnoses were epi-
sodic migraine and headache NOS, like the majority of 
the published cohorts.2,7,11,24 Interestingly, only 15.5% 
of H-CT revealed a secondary cause that justified the 
headache complaint. Our study found a higher variability 
in the imagiological causes of secondary headache com-
paring to that documented by other authors, with acute 
rhinosinusitis being the most frequent.2,9,10,21

Despite the low percentage of abnormal H-CT re-
sults, our results suggest that in the presence of a “red 
flag” neuroimaging should be performed to a patient 
with headache in the ED, since it was a significant pre-
dictor of abnormalities in H-CT. Among the “red flags”, 
thunderclap headache, papilledema and history of ma-
lignancy were independent predictors of abnormal 
H-CT findings. These data reinforce the paramount im-
portance of the prompt identification of these red flags 

in the clinical practice in the ED. Indeed, thunderclap 
headache is the most frequent described “red flag” in 
literature and is known for its link to SAH.10,11,18,20 Oth-
er important “red flags” described in previous studies, 
which complement our results, are focal neurologic 
deficits,9,13,19,21,22 headache with acute onset,13,21,22 as-
sociated symptoms (nausea and/or vomiting),13,21 de-
rangements in coagulation profile,13 and new-onset in 
immunosuppressed patients.7,10 Locker et al, 200428 
also described systolic blood pressure greater than 160 
mmHg, abnormal respiratory examination, pain with a 
stabbing headache and pain in the orbit as clinical fea-
tures that increase the probability of the presence of a 
secondary etiology. Although a headache with onset af-
ter 50 years old was not a predictor for abnormal H-CT 
findings, pathological findings on H-CT were more fre-
quent at older ages, as it is widely referred in published 
data,1,2,7,10,11,13,21,22 which makes neuroimaging strongly 
recommended in these age groups. In fact, Starling et 
al, 201826 indicate a higher risk of secondary headaches 
in older adults, with a potentially life-threatening causes 
being increased 10-fold in those 65 years and older.

Validated screening tools based on “red flags” for a 
reliable identification of a secondary headache are es-
sential in the ED. We hope that our findings will con-
tribute to refine these screening tools, increasing their 
applicability in routine clinical practice. Future progress 
of clinical practice will build on the use of algorithms to 
predict which patients will benefit from H-CT. Bent et al, 
201522 proposed that only patients with focal neurologic 
deficit (major risk factor) or 2 or more of the five minor 
risk factors (altered mental status, nausea/vomiting, his-
tory of malignancy, coagulopathy and age) will benefit of 
H-CT, reducing its utilization by 34% with only a small 
decrease in sensitivity (98%). The selective use of H-CT 
in headache patients is relevant since it carry some risks, 
including false reassurance from an inadequate study, a 
potential reaction to contrast if it was necessary (allergic 
reaction and renal dysfunction), radiation exposure and 
a limited cost-efficacy.10,14,17

There are some limitations to the present study. First, 
it is a retrospective and a single center study and did not 
include ED patients with headache complaint who did 
not undergo H-CT. Furthermore, patient assessment, 
the registration of the clinical data, including headache 
characteristics, and physical examinations were not 
standardized and were obtained by distinct providers 



Sinapse®  |  Volume 21  |  N.º 1  |  January-March 2021

17

with different clinical expertise. The size of the study 
population was smaller comparing to other published 
cohorts.2,10,13,21 There was no follow-up of the included 
patients, so we cannot exclude a diagnosis of secondary 
headache posterior to the assessment moment. Among 
diseases that can be missed on H-CT, the most relevant 
are an arterial dissection, an arteriovenous malforma-
tion, a SAH (before 72 hours), a central nervous system 
vasculitis, a posterior fossa neoplasm, a meningeal carci-
nomatosis or idiopathic hypertrophic pachymeningitis.27 
This study was not designed to determine the positive 
predictive value of individual “red flags”.

In conclusion, it is fundamental the correct recog-
nition of “red flags” in the clinical history and physical 
examination of patients with headache in the ED. Thun-
derclap headache, papilledema and history of malignancy 
are clinical predictors of secondary causes of headache, 
and may help to select the appropriate patients for neu-
roimaging, avoiding unnecessary exams and optimizing 
resources in a restricted health care system. 
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