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INTRODUC TION

Headache disorders are the commonest neurological problems glob-
ally and a major public health problem.1 It is a common reason for 
presentation to emergency departments (EDs) around the world. 
The proportion of ED attendances attributed to headache varies ac-
cording to geographical regions, ranging from 1.35% in Australia2 to 
2.5% in the United States,3 2.9% in Italy, and 3.5% in Austria.4

There are a wide range of possible causes of headache includ-
ing primary headaches (migraine, tension-type headache, trigeminal 
autonomic cephalalgias, etc.) and secondary headaches including 
those attributable to trauma, a cranial or cervical vascular disorder, 
nonvascular intracranial disorders, infection, substance/substance 
withdrawal, and disorders of the head/neck structures.5 In previous 
studies, most cases had a benign cause, and the vast majority of pa-
tients were discharged home.2,6,7

Little is known about the epidemiology of nontraumatic head-
ache in patients attending EDs internationally. Diagnoses, pat-
terns of investigation, treatment, and outcome may vary across 
countries or regions. For example, the proportion of patients with 
headache in the ED who undergo head computed tomography (CT) 
varies considerably, with studies reporting rates between 14.0% 
and 53.2%.4,6 National and international guidelines for neuroimag-
ing in headache disorders rely on clinical judgment, International 
Headache Society diagnostic criteria, focal neurological signs, and 
the so-called “red flag” features to guide decision-making about the 
need for neuroimaging and the mode of neuroimaging.8–10

Data on treatment provided to people presenting to the ED with 
headache are limited, although there is known variation in prac-
tice.1–13 Whether this variation is at the clinician, hospital, or regional 
level, or a combination of these factors is unknown. It is also un-
known whether the variation in practice is due to lack of evidence 
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variation in the use of neuroimaging and treatments. Further work is needed to under-
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with respect to effective treatment options. There is also interna-
tional concern about the use of opioids (especially codeine and peth-
idine/meperidine) and their negative health and societal impacts.14 
Headache is one condition implicated in this debate.13,15

The assessment of headache in the ED is complicated by a mul-
tiplicity of guidelines and rules. These may be general such as the 
Australasian College for Emergency Medicine guidelines on diagnos-
tic imaging (including head CT),9 the American College of Emergency 
Physicians clinical policy in the evaluation and management of acute 
headache,10 and UK guidelines such as those produced by the Royal 
College of Emergency Medicine and the National Institute for Health 
and Care Excellence.16,17 There are also condition-specific clinical 
decision rules (such as the Ottawa Subarachnoid Hemorrhage (SAH) 
Rule18) and treatment guidelines for individual conditions.19

This study aims to describe the real-world epidemiology of 
nontraumatic headache in adults presenting to the ED internation-
ally, including clinical features, investigations, treatment, diagnosis, 
and outcome and to describe associations between clinical features 
and a defined serious secondary headache diagnosis.

METHODS

Design and settings

This multicenter, observational, cross-sectional study was conducted 
over one calendar month in 2019 (for most sites in March 2019; the 
last site was in October 2019). There were minor variations in the 
data collection period because of ethical approval process delays. 
Participating sites were recruited from ED research networks es-
tablished for previous studies in Europe, Asia, Australasia, and by 
contact with emerging research groups. Sites vary in size from small 
rural centers to large tertiary hospitals.

Participants and recruitment

Participants were adult patients (age ≥18 years) who reported (either 
individually or via a carer) nontraumatic headache as their main pre-
senting complaint, irrespective of the presence of acute neurological 
features. Exclusion criteria were history of trauma to the head within 
48  h of presentation, missing records, interhospital transfers, re-
presentation with the same headache as a recent previous visit, and 
headache as an associated symptom rather than the main complaint. 
Determination of whether headache was the primary complaint was 
at the discretion of the local researcher based on all available data. 
Except in jurisdictions where consent was required (see below), par-
ticipating institutions were instructed to include all patients present-
ing with headache within the enrolment period.

Qualifying adult patients presenting during the study period 
were identified from ED data management systems. Patients were 
identified prospectively but, depending on site resources, some data 
were collected retrospectively. There was a need for data collection 

flexibility because some sites did not have the research support in-
frastructure to collect truly prospective data, especially if the local 
ethics committee required informed consent. We considered that 
the advantages, particularly generalizability, of including as many 
EDs as possible, outweighed the limitations associated with retro-
spective data collection.

Data collected and data collection process

Data collected included patient characteristics, clinical assessment, 
investigation, treatment, diagnosis, disposition, and outcome. Data 
were collected from clinical records by local researchers onto pi-
loted data forms or directly into the study database (depending 
on local processes and resources). Study data were collected and 
managed using Research Electronic Data Capture (REDcapTM) 
tools.20 A copy of the data collection tool is included as Appendix 
1. Hospitals were also asked to complete an online survey that in-
cluded data on total ED presentations and disposition for the study 
period and availability of CT and magnetic resonance imaging (MRI) 
scans at their site.

Outcomes of interest

Our main aims were to describe the epidemiology and clinical out-
comes of patients presenting to the ED with nontraumatic headache 
and associations between clinical features and a defined serious sec-
ondary headache diagnosis. We also aimed to describe neuroimaging 
rates, the proportion of patients with a defined serious secondary 
cause for headache, the distribution of patient characteristics and 
clinical features, the distribution of physician-based ED diagnoses, 
treatment patterns, disposition from the ED, in-hospital mortality, 
the proportion of headache patients in the ED, hospital and inten-
sive care unit patient loads, and between-hospital and between-
country variation of investigation rates. Note, we have chosen to 
report migraine and nonmigraine primary headache separately be-
cause of potentially different therapeutic approaches.

Definitions

Severe headache was defined as pain score 7–10. Thunderclap onset 
headache was defined as headache peaking instantly or almost in-
stantly and lasting at least 5 min. This was distinguished from head-
ache that reached peak intensity within 1 h but not instantly. New 
neurological signs on examination were neurological signs not known 
to be pre-existing based on all available data including patient/carer 
report. We defined important findings on head CT as SAH, intrac-
ranial hemorrhage/hematoma (acute or chronic), signs suggestive 
of intracranial hypertension, venous thrombosis, stroke, neoplasm 
(benign or malignant), vascular abnormality without bleeding (aneu-
rysm, arteriovenous malformation, etc.), hydrocephalus, and signs 
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suggestive of intracranial infection, irrespective of their relation-
ship to final diagnosis. We defined nonmigraine benign headache as 
the composite of those classified as primary, tension-type, cluster, 
or musculoskeletal headache. Migraine is reported separately. We 
defined serious secondary headache as the composite of headache 
due to SAH, intracranial hemorrhage, meningitis, encephalitis, cer-
ebral abscess, neoplasm, hydrocephalus, vascular dissection, stroke, 
hypertensive crisis or pregnancy-related hypertension, temporal 
arteritis, idiopathic intracranial hypertension, or ventriculoperito-
neal shunt complications. We chose to use physician-based diagno-
sis rather than International Classification of Headache Disorders 
(ICHD) classification because most ED data management systems 
have coding that does not map to ICHD classifications and they are 
rarely used in the ED.

Analysis and sample size

This is the primary analysis of these data. Analyses were predomi-
nantly descriptive in nature (median, interquartile range [IQR], 
frequency, percent). Comparison of proportions was made by the 
chi-squared test (one-sided) or Fisher's exact test (two-sided), as ap-
propriate. Assumptions were verified using histograms. Confidence 
intervals were calculated using the Wilson method without conti-
nuity correction. Statistical significance was defined as p  <  0.05. 
The level of missing data for variables is reported. Cases with miss-
ing data for a variable were excluded from analyses related to that 
variable but included in other analyses. Intraclass correlations were 
calculated to identify similarities (if any) between patient outcomes, 
specifically whether an investigation was performed. A multilevel 
binary logistic regression analysis was performed to explore vari-
ations in investigations between hospitals and between countries. 

Analyses were performed using Stata v16 (College Station, TX) and 
included intraclass correlation. Formal sample size calculation was 
not performed due to the descriptive nature of the study.

RESULTS

We enrolled 4536 patients from 67  hospitals in 10 countries 
(Australia 28, New Zealand 9, Turkey 9, United Kingdom 7, Singapore 
4, Belgium 4, France 3, Romania 1, Hong Kong 1, and Israel 1). The 
largest contributing country was Australia (39.2% of cases), followed 
by Turkey (21.7%), New Zealand (13.1%), and Singapore (12.8%). All 
other countries contributed <10% of cases (Online Appendix 2).

Patient demographics, comorbidity, and chronic 
medications

The median age was 41 (IQR: 29–55) years with a predominance of 
female patients (64.1%, 95% CI: 62.7%–65.5%) (Table 1). Most pa-
tients (65.2%, 95% CI: 63.8%–66.6%) self-presented to the ED with-
out any physician referral or ambulance conveyance. Headache had 
been present for <24 h in 45.4% of patients (95% CI: 44.0%–46.9%). 
Past medical history and chronic medications are shown in Online 
Appendix 3. A large proportion (43.1%, 95% CI: 41.6%–44.5%) of 
patients had no relevant past medical history, and 72.7% (95% CI: 
71.3%–73.9%) did not take regular medications. Of note, 21% of 
patients (95% CI: 19.9%–22.2%) had previous physician-diagnosed 
migraine, and a further 14.1% (95% CI: 13.1%–15.1%) had a history 
of nonmigraine recurrent headache. A variety of preventive medi-
cations were taken (Online Appendix 3). Long-term codeine prepa-
rations were taken by 1.4% of patients (95% CI: 1.1%–1.8%). Some 

Variable

Result (total N = 4536)

Missing dataN, % IQR/95% CI

Age (years) 41 29–55 0

Age >50 years 1451, 32% 30.7%−33.4% 0

Sex (male) 1627, 35.9% 35.4%–37.3% 1

Duration of symptoms 70

<24 h 2060, 45.4% 44.0%−46.9%

1–3 days 1021, 22.5% 21.3%−23.8%

>3 days 1385, 30.5% 29.2%−31.9%

Referral by a doctor 788, 17.4% 16.3%−18.5% 0

Arrival by ambulance 791, 17.4% 16.4%−18.6% 0

Triage category 0

Immediate 77, 1.7% 1.4%−2.1%

Urgent 2294, 50.6% 49.1%−52.0%

Nonurgent 2165, 47.7% 46.3%−49.2%

Note: Data are reported as median (interquartile range) or N, % (95% confidence interval). 95% CI 
were estimated using http://vassa​rstats.net/prop1.html Method Wilson, no continuity correction.

TA B L E  1  Patient characteristics

http://vassarstats.net/prop1.html


    |  1543HEADACHE

patients (35.5%, 95% CI: 34.1%–36.9%) had taken medication be-
fore attending the ED, the most common being paracetamol (70.7%, 
95% CI: 68.4%–72.9%) and nonsteroidal anti-inflammatory drugs 
(NSAIDs) (38.1%, 95% CI: 35.8%–40.5%).

Clinical features

More than half (54.8%, 95% CI: 53.4%–53.6%) of the patients had 
gradual onset of symptoms (Table 2). “Thunderclap onset headache” 
accounted for 14.2% of cases (95% CI: 13.2%–15.3%), with a further 
8.1% of patients (95% CI: 7.3%–8.9%) reporting peak intensity within 
1 h on headache onset. Pain was rated as severe (pain score >7) in 
27.2% (95% CI: 26.0%–28.5%). Nausea and/or vomiting was present 
in 40.7% of patients (95% CI: 39.2%–42.1%). New neurological find-
ings on examination were uncommon (3.2%, 95% CI: 2.8%–3.8%). 
An extended report of the clinical features is available in Online 
Appendix 4.

Investigations

Investigations are summarized in Table 3. Overall, 36.6% of patients 
(95% CI: 35.2%–38.0%) underwent noncontrast head CT, of which 
9.9% showed important pathology (95% CI: 8.6%–11.5%). MRI was 
performed in 3.3% of cases (95% CI: 2.9%–3.9%), whereas 4.8% 
(95% CI: 4.2%–5.5%) underwent CT angiography (CTA). There was 
considerable variation in CT rates by country, ranging from 15.9% in 
Romania to 75.0% in Israel (p < 0.001, omnibus chi-squared, Online 
Appendix 5 and Online Figures 1 and 2). A plot of CT scan rate 
versus the proportion of scans with serious pathology is shown in 
Figure 1. Lumbar puncture was performed in 3.8% of patients (95% 
CI: 3.3%–4.4%) and of these, 67.3% (95% CI: 59.9%–73.8%) were 
reported as normal and another 11.1% (95% CI: 7.2%–16.7%) were 
inconclusive. On multilevel binary logistic regression analysis with 
country and hospital modeled as random effects, there was greater 
variation between hospitals than between countries for rates of CT 
scan but conversely greater variation between countries than be-
tween hospitals for lumbar puncture (Online Appendices 6 and 7). 
Fundoscopy was performed infrequently (7.4%, 95% CI: 6.7%–8.2%), 
of which 88.4% (95% CI: 84.5%–91.4%) were normal.

Diagnosis, treatment, and outcome

There was a wide variety of diagnoses made in the ED (Table  4). 
Nonmigraine benign headache (primary, nonmigraine, tension-type, 
musculoskeletal, cluster) accounted for almost half of the cases 
(45.4%, 95% CI: 43.9%–46.8%). Headache was classified as migraine 
in a further 24.3% (95% CI: 23.0%–25.5%). A serious secondary 
cause for headache was found in 7.1% of patients (95% CI: 6.4%–
7.9%), of which SAH, stroke, neoplasm, non-SAH intracranial hemor-
rhage/hematoma, and meningitis accounted for about 1% each.

Seventy-six percent of patients were treated with medication in 
the ED (95% CI: 74.8%–77.3%). The most commonly administered 
initial medications were paracetamol (34.7%, 95% CI: 33.4%–36.1%) 
followed by NSAIDs, including aspirin (33.2%, 95% CI: 31.9%–
34.6%). Opioids were administered in 18.3% of cases (95% CI: 
17.3%–19.5%). Antiemetics (prochlorperazine, metoclopramide, or 
ondansetron) were administered in 27.5% of cases (95% CI: 26.1%–
29.0%). Triptans were used rarely (1%, 95% CI: 0.8%–1.4%). Rescue 
medication was administered to 27.5% of patients (95% CI: 26.1%–
29.0%) who had received an initial therapy, of whom 38.0% received 
opioids (95% CI: 35.0%–41.2%) (Table 5 and Online Appendix 8).

In terms of disposition, the vast majority of participants were 
discharged home either directly from the ED or from an ED observa-
tion unit (3792/4526, 83.8%, 95% CI: 82.7%–84.8%). A total of 633 
(14%, 95% CI: 13.0%–15.0%) patients were admitted to a noncritical 
care ward, whereas a further 33 (0.7%, 95% CI: 0.5%–1.0%) were 
admitted to a critical care unit. Only three patients (0.07%, 95% CI: 
0.02%–0.2%) were transferred directly from the ED to an operating 
theater, and one (0.02%, 95% CI: 0%–0.1%) proceeded directly to 
interventional radiology. Eleven patients died in the ED or during 
their index hospital visit (0.2%, 95% CI: 0.1%–0.4%).

Imaging availability and contribution to ED caseload

Sixty-four sites provided data on imaging availability. Regarding CT 
availability, 62 hospitals reported 24/7 availability (96.9%, 95% CI: 
89.3%–99.1%), with one hospital having CT available in office hours 
only and one on call. Regarding MRI availability, 36  hospitals re-
ported that an MRI could be obtained 24/7 (56.3%, 95% CI: 44.1%–
67.7%) but there were a variety of limitations on after-hours MRI. 
Nineteen hospitals reported office hours MRI only (29.7%, 95% CI: 
19.9%–41.8%), and eight had no onsite MRI compatibility (12.5%, 
95% CI: 6.5%–22.8%).

Sixty-two hospitals provided detailed ED caseload data (covering 
3728 enrolled patients, 82%). Overall, headache patients accounted 
for 1% of ED caseload (3728/352,514, 95% CI: 1%–1.1%). The pro-
portion of ward admissions attributable to headache is 0.84% 
(640/76,379, 95% CI: 0.78%–0.91%). Headache accounted for 1% of 
critical care admissions (37/3639, 95% CI: 0.7%–1.4%).

DISCUSSION

This study describes the clinical characteristics, epidemiology, and out-
come of a large international cohort of patients presenting to the ED 
with nontrauma-related headache as their main presenting symptom. 
The primary role of the ED physician is to exclude serious pathology.21 
The so-called “red flags” have been described to help identify second-
ary headaches.22 These include systemic symptoms including fever; a 
history of neoplasm; neurologic deficit (including decreased conscious-
ness); sudden or abrupt onset; older age (onset after 65 years); pat-
tern change or recent onset of new headache; positional headache, 
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precipitated by sneezing, coughing, or exercise; papilledema, progres-
sive headache and atypical presentations; pregnancy or puerperium; 
painful eye with autonomic features; posttraumatic onset of headache; 
pathology of the immune system such as HIV; and painkiller overuse 
or new drug at onset of headache.22 Severe, persistent headache that 
rapidly reaches maximum intensity has been associated with SAH, vas-
cular dissections, venous sinus thrombosis, and reversible cerebral va-
soconstriction syndromes.23,24 Our results suggest that these features 
are common (sudden onset 14.2%, severe pain 27.2%, worst headache 

ever 12.8%). A serious secondary cause for headache was found in 
7.1% of cases. Less than 10% of patients reporting severe headache 
were found to have a serious secondary cause, challenging the validity 
of this “red flag” in isolation. This highlights the diagnostic challenge 
faced in the ED by patients with nontraumatic headache, which is fur-
ther supported by the myriad of possible diagnoses we identified to 
explain this primary symptom (Table 4).

Extensive diagnostic workup and imaging in the ED are generally 
not required for the majority of patients presenting with headache.10 

TA B L E  3  Investigations

Investigations (N, %)

Total sample 4536

Missing data/not takenN, % 95% CI

Lumbar puncture performed 171, 3.8% 3.3%−4.4% 0

Normal 115, 67.3% 59.9%−73.8% 0

Suggestive of infection 27, 15.8% 11.1%−22% 0

Suggestive of subarachnoid hemorrhage 5, 2.9% 1.3%−6.7% 0

Suggestive of raised intracranial pressure 5, 2.9% 1.3%−6.7% 0

Inconclusive 19, 11.1% 7.2%−16.7% 0

Head CT performed 1661, 36.6% 35.2%−38.0% 0

Normal 1366, 82.2% 80.3%−84.0%

Subarachnoid hemorrhage 31, 1.9% 1.3%−2.6%

Other bleed 61, 3.7% 2.9%−4.7%

Abscess or intracranial infection 2, 0.1% 0.03%−0.4%

Neoplasm 35, 2.1% 1.5%−2.9%

Stroke 16, 1% 0.6%−1.6%

Sinusitis 40, 2.4% 1.8%−3.3%

Suggestive of intracranial hypertension 2, 0.1% 0.03%−0.4%

Venous thrombosis (acute or chronic) 7, 0.4% 0.2%−0.9%

Vascular abnormality without acute complication 
(including aneurysm)

10, 0.6% 0.3%−1.1%

Hydrocephalus 1, 0.06% 0.01%−0.3%

Other (including chronic changes, extracranial findings) 90, 5.4% 4.4%−6.6%

Combined acute clinically important abnormality 
(excluding sinusitis and other)

165, 9.9% 8.6%−11.5%

MRI performed 151, 3.3% 2.9%−3.9% 0

Normal 89, 58.9% 51.0%−66.5%

Intracranial bleed 3, 2% 0.7%−5.7%

Abscess 1, 0.7% 0.1%−3.7%

Neoplasm 16, 10.6% 6.6%−16.5%

CT angiography performed 219, 4.8% 4.2%−5.5% 0

Normal 158, 72.1% 65.9%−77.7%

Aneurysm with bleed 19, 8.7% 5.6%−13.2%

Aneurysm without bleed 8, 3.7% 1.9%−7%

Arterial dissection 3, 1.4% 0.5%−4.0%

CT plus MRI 114, 2.5% 2.1%−3.0%

CT plus CTA 196, 4.3% 3.8%−5.0%

Note: 95% CI were estimated using http://vassa​rstats.net/prop1.html Method Wilson, no continuity correction. Note patients may have had more 
than one investigation and investigations may have been sequential.
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.

http://vassarstats.net/prop1.html
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Imaging tests, typically head CT, are warranted in those presenting 
with high-risk features.25 Several decision analyses have been for-
mulated to rationalize the use of head CT.26,27 That said, imaging can 
fail to diagnose serious secondary causes such as meningitis.

Fundoscopic examination has been proposed to assist in the de-
termination of head CT requirement. A very low number of patients 
in our cohort underwent fundoscopy (7.4%). This suggests that fun-
doscopy is no longer a standard test in the ED. Reasons for this might 
include lack of training, resources or time, the ED environment, lack 
of confidence in the test, and ready availability of neuroimaging.28 
Research also suggests that fundoscopy in the ED is inaccurate for 
detection of some serious conditions.29 In the research team's expe-
rience, fundoscopy has little influence on decision-making regarding 
investigation and treatment. In the wake of the COVID-19 pandemic 
and the close proximity required for this test, fundoscopy may be 
considered a high-risk procedure and inadvisable. In the future, por-
table retinal cameras in the ED may change the way that patients 
with headache are assessed. They have been shown to impact diag-
nostic accuracy in the ED with headaches and common neurological 
symptoms.30,31

Despite availability of guidelines, the possibility of missing 
a serious diagnosis may lead to the performance of noncontrast 
head CT scans in a relatively high proportion of ED patients with 
headache. Previous research found head CT to be negative in 
more than 90% of patients with headache suspected to have SAH 
as an indication for the scan.32 Our data suggest a similar trend 
with overall 82.2% of head CT scans found to be normal. However, 
considerable variations in proportions of positive CT abnormalities 
(range from 7.1% to 34.3%) exist between different regions of our 
study cohort. There is no accepted definition of an “acceptable” 
yield for head CT. Our study was not designed to explore reasons 

for any variation in head CT rates, but this is a question worthy 
of further research. If neuroimaging is overused it comes with 
considerable cost to the system, radiation, and inconvenience for 
patients. Guidelines do not seem to be effective in managing neu-
roimaging use and, at least theoretically, could increase the use of 
CT. Further research to better define the best balance between 
the rate of neuroimaging and missing serious diagnosis is needed. 
Other strategies such as empowering patients with knowledge re-
garding unwarranted testing may also be useful as part of a shared 
decision-making approach.33

Although over one-third of patients were referred by their pri-
mary care physicians (17.4%) or arrived by ambulance (17.4%), only 
1.7% were triaged to immediate care in the ED (by relevant national 
triage scales). High numbers of ambulatory patients could contribute 
to overcrowding, unnecessary testing, and increased cost.34  That 
said, 7.1% of patients were found to have a serious secondary cause 
for headache, 27% reported severe pain, and 40% reported nau-
sea or vomiting that precluded oral analgesia. The yield of a serious 
secondary cause is only marginally less than that for major adverse 
events in patients with chest pain.35 Whether some headache pa-
tients could be treated in an ambulatory care area rather than the ED 
is worthy of further evaluation.

Working diagnosis and severity of symptoms generally guide 
the types of medication prescribed.36  Paracetamol and NSAIDs 
were the most commonly administered medications during our 
study, in line with almost 60% of patients reporting mild to mod-
erate severity of headache. Of interest was the frequent use of 
opioids in our cohort (17.6%), which are associated with a high risk 
of medication overuse headache. Our study was not designed to 
determine whether opioid prescription was appropriate; however, 
overuse of opioids for headache in EDs has been suggested to 

F I G U R E  1  CT rate versus proportion of CT with clinically important abnormality by country [Color figure can be viewed at 
wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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have negative effects.37 Overprescription has been attributed to 
factors including lack of physician education.38  The current opi-
oid crisis has prompted heightened interest in curbing inappropri-
ate use including tightening of regulations through government 
legislations.39,40

The proportion of patients reporting the so-called thunderclap 
onset headache in our study cohort who had a final diagnosis of 
SAH is significantly lower than previously reported. Some studies 
have reported that up to 40% of patients with this symptom have a 
SAH.41 The difference may lie in study design including selection bias 
toward patients admitted to specialist units with suspected SAH. It 
could also represent under-investigation in the ED. This study was 
not designed to address this issue.

The finding that only 27% of patients reporting new speech 
difficulty had a serious secondary cause for their headache identi-
fied might seem surprising. In fact, only 15 (15/152; 9.9%, 95% CI: 
6.1%–15.7%) had speech deficit identified on examination. Of these, 
66.7% (10/15; 95% CI: 41.7%–84.8%) had a serious secondary cause 
identified. This highlights that there is sometimes a mismatch be-
tween people's perception of their symptoms and objective clinical 
findings. This is consistent with the finding that 66.7% of patients 
with new neurological signs on examination had a serious secondary 
cause for their headache identified in the ED. It is also possible that 
a serious secondary cause was identified after the ED phase of care.

The finding that viral meningitis was more common than bacte-
rial meningitis is also noteworthy. It may reflect high immunization 
rates in the participating countries.

TA B L E  4  Emergency department (ED) diagnosis

ED diagnosis 
(total sample 4536) Number, % Percent (95% CI)

Presumed primary 
nonmigraine headache 
(not otherwise classified)

1598, 35.2% 33.9%−36.6%

Migraine 1101, 24.3% 23.0%−25.5%

Tension-type headache 317, 7.0% 6.3%−7.8%

Viral illness (nonmeningitis) 204, 4.5% 3.9%−5.1%

Sinusitis 141, 3.1% 2.6%−3.7%

Post traumatic headache 76, 1.7% 1.3%−2.1%

Musculoskeletal 72, 1.6% 1.2%−2.0%

Cluster headache 71, 1.6% 1.3%−2.0%

Stroke/TIA

All 68, 1.5% 1.2%−1.9%

Stroke 50, 1.1% 0.8%−1.5%

TIA 18, 0.4% 0.3%−0.6%

Hypertension

All 64, 1.4% 1.1%−1.8%

Hypertension crisis/
urgency/malignant 
hypertension

11, 0.2% 0.1%−0.4%

Pregnancy-related 
hypertension

5, 0.1% 0.05%−0.3%

Hypertension-other 48, 1.1% 0.8%−1.4%

Non-SAH intracranial 
hemorrhage/hematoma

57, 1.3% 1%−1.6%

Meningitis (all)

All 48, 1.1% 0.8%−1.4%

Viral 40, 0.9% 0.7%−1.2%

Bacterial 3, 0.07% 0.02%−0.2%

Unknown 5, 0.1% 0.05%−0.3%

Subarachnoid hemorrhage 44, 1.0% 0.7%−1.3%

Neoplasm 43, 1.0% 0.7%−1.3%

Trigeminal neuralgia/cranial 
neuralgia

34, 0.8% 0.5%−1.1%

Noncranial sepsis (e.g., 
pneumonia, UTI, 
tonsillitis, etc.)

32, 0.7% 0.5%−1%

Intracranial hypertension 27, 0.6% 0.4%−0.9%

Vertigo/BPPV 23, 0.5% 0.3%−0.8%

Post lumbar puncture 
headache

13, 0.3% 0.2%−0.5%

Ventriculoperitoneal shunt 
issues

12, 0.3% 0.2%−0.5%

Temporal arteritis 11, 0.2% 0.1%−0.4%

Dental cause 10, 0.2% 0.1%−0.4%

Anxiety or psychogenic 9, 0.2% 0.1%−0.4%

Alcohol-related hangover 8, 0.2% 0.09%−0.4%

Post coital headache 8, 0.2% 0.09%−0.4%

Aneurysm/vascular 
malformation

8, 0.2% 0.09%−0.4%

ED diagnosis 
(total sample 4536) Number, % Percent (95% CI)

Toxicity 6, 0.1% 0.06%−0.3%

Hyponatremia 6, 0.1% 0.06%−0.3%

Herpes zoster of head and 
neck

6, 0.1% 0.06%−0.3%

Encephalitis 6, 0.1% 0.06%−0.3%

Vascular dissection 4, 0.09% 0.04%−0.2%

Hydrocephalus 4, 0.09% 0.04%−0.2%

Seizure 3, 0.07% 0.02%−0.2%

Analgesia overuse syndrome 2, 0.04% 0.01%−0.2%

Glaucoma 2, 0.04% 0.01%−0.2%

Cerebral abscess 1, 0.02% 0%−0.1%

Other 157, 3.5% 3.0%−4.0%

Unclear 240, 5.3% 4.7%−6%

Aggregate nonmigraine 
benign cause

2058, 45.4% 43.9%−46.9%

Aggregate serious secondary 
cause

323, 7.1% 6.4%−7.9%

Note: 95% CI were estimated using http://vassa​rstats.net/prop1.html 
Method Wilson, no continuity correction.
Abbreviations: BPPV, benign paroxysmal positional vertigo; SAH, 
subarachnoid hemorrhage; TIA, transient ischemic attack; UTI, urinary 
tract infection.

TA B L E  4  (Continued)

http://vassarstats.net/prop1.html
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LIMITATIONS

Our study has several strengths. We report the real-world snapshot 
on what is happening to EDs around the world. The large sample size 
across wide-ranging geographical regions with different health-care 
systems provides a valuable insight into the international variations 
in patient characteristics and clinical practice. Sites participating in-
cluded small regional hospitals, metropolitan general hospitals, and 
tertiary referral centers and thus are likely to be representative of 
hospitals in the countries studied. The incidence rates of serious 
secondary cause of headaches are consistent with previous stud-
ies, suggesting face validity to our methodology.32 We specifically 
designed the standardized case report form to include as much sub-
jective and objective data related to headache as possible, to allow 
assessment of presenting symptoms, signs, and investigations for 
diagnostic importance.

There are some limitations that should be considered in in-
terpreting the results. The classification of headache as the main 
symptom and ED diagnosis were based on clinician judgment. 
This has been shown to be difficult to classify accurately in the 
ED.42 Although patients were identified prospectively, some data 
were collected retrospectively with the inherent risks that im-
poses, including missing data for some items such as prehospital 

medication use.42  With the exception of some Queensland sites 
and the United Kingdom where some form of consent was re-
quired, participating institutions were instructed to include all 
patients presenting with headache within the enrolment period. 
Resources did not allow verification of this. That said, given the 
high number of participating patients, it is unlikely that missed 
patients at individual EDs would have introduced systematic bias. 
We chose to exclude patients representing with the same head-
ache as a recent episode. We are aware that there are arguments 
for and against this approach. Including them could have inflated 
the numbers and characteristics of patients with benign headache. 
Excluding them runs the risk of missing patients with a different 
final diagnosis. We felt that the former risk had potentially greater 
risk to data validity and utility. The wide variation in reporting (e.g., 
12 patients in Israel vs. 1777 patients in Australia) made certain 
comparisons between countries difficult or inappropriate and will 
have skewed results toward practice in the countries with higher 
patient numbers. The design of the study and resource limitations 
precluded assessment of inter-rater reliability of data collection. 
We are unable to quantify the proportion of missing records; how-
ever, in similar studies, it has been found to be low, ≤1%. This is 
unlikely to have significantly biased the results. Diagnosis was as 
determined by the ED physician at the end of the ED phase of care. 

TA B L E  5  Initial treatment

Initial treatment—within 30 min of medical assessment (total sample 4536)

Missing dataAny medication given 3449, 76.0% (74.8%−77.3%)

Note: More than one medication is possible Total (N, %, 95% CI) 95% CI Oral Parenteral (IM/IV) 1

Paracetamol 1575, 34.7% 33.4%−36.1% 1275 300

Aspirin 141, 3.1% 2.6%−3.7% 140 1

NSAID (non-aspirin) 1367, 30.1% 28.8%−31.5% 634 733

Any opioid 832, 18.3% 17.3%−19.5%

Codeine-containing medication 298, 6.6% 5.9%−7.3% 285 14

Oxycodone 231, 5.1% 4.5%−5.8% 228 3

Pethidine/meperidine 8, 0.2% 0.09%−0.4% 2 6

Other opioid 295, 6.5% 5.8%−7.3% 101 194

Triptan 48, 1.0% 0.8%−1.4% 32 16

Chlorpromazine 145, 3.2% 2.7%−3.8% 11 134

Prochlorperazine 282, 6.2% 5.6%−7% 66 216

Droperidol/haloperidol 22, 0.5% 0.3%−0.7% 6 16

Metoclopramide 451, 9.9% 9.1%−10.8% 101 350

Ondansetron 412, 9.1% 8.3%−10% 281 131

Ergots 5, 0.1% 0.05%−0.3% 5 0

Corticosteroid 38, 0.8% 0.06–1.1% 12 26

Antibiotic/antiviral agent 62, 1.4% 1%−1.8% 19 43

Other treatments

Oxygen 54, 1.2% 0.09%−1.6%

Acupuncture 1, 0.02% 0%−0.1%

IV fluids 548, 12.1% 11.2%−13.1%

Note: 95% CI were estimated using http://vassa​rstats.net/prop1.html Method Wilson, no continuity correction.

http://vassarstats.net/prop1.html
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It is possible that some patients may have had further investiga-
tions after the ED phase of care (particularly those transferred to 
another hospital for further imaging and specialist consultation). 
This may have identified an alternative diagnosis. Similarly, the na-
ture of ED practice precludes validation of diagnoses. Some cases 
of serious secondary headache may have been missed, resulting 
in underestimation of its prevalence. We were unable to capture 
these. The hospitals were mostly located in developed countries, 
so findings may not be generalizable to the developing world.

CONCLUSION

Diagnosis and management of headache in the ED is challenging. 
About 1 in 14 patients (7.1%) has a serious secondary cause for their 
headache identified in the ED. There is wide variation in the use of 
neuroimaging and treatments. Further work is needed to understand 
the variation in practice and to better inform international guidelines 
regarding emergent neuroimaging and treatment.
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