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Headache is one of the most common reported complaints in the 
general adult population and it accounts for between 1% and 3%
of admissions to an Emergency Department (ED).

It has been found to be the fifth most common reason for visiting
the ED in the USA.

Italian data suggest that the prevalence of headache visits in 
Italian EDs is anywhere from 0.6 to 1.2 %.

Other Italian data (Cortelli et .al, Headache 2004; 44:587-595) 
suggest a prevalence from 1.7 to 4.5%.



In this study carried out in Italy, headache was the second most common reason for neurological consultation in the ED, 
representing 22 % of all ED consultations to neurology.



There is evidence that patients presenting to the ED with headache may be undertreated. 

This US study found that just over one-third of patients visiting the ED for headache received neither an intravenous line 
nor any medication, and that only 21.8 % of the patients were headache-free at discharge.

Many patients leave without a discharge diagnosis, outpatient medications, or instructions. 

ED physicians could help identify the migraineurs and channel them toward appropriate outpatient treatment.



There is a very expensive

cluster of patients, accessing

the ED more than three times

in a period of six months. 

In the US experience, these are 

10% of the total population, 

accounting for about 50% of 

headache-related visits to the 

ED. 

Using the same parameters, the 

percentage of repeaters in 

Italian population, was

11.8%.



Prescription utilization during the previous 12 months for 52 “repeaters” of total number of doses for each medication category.



EPIDEMIOLOGY OF HEADACHE IN EMERGENCY DEPARTMENT

Whereas primary headaches are the most common cause of headache in the adult ED, secondary, non-lifethreatening causes, 
such as headaches associated with viral illnesses, underlie most headaches in the pediatric ED. 



Primary headaches are the most common cause of headache in the 
adult ED patient.

There is a tendency to label a large proportion of primary headache
patients with a diagnosis of “headache not otherwise specified.”
Although it can be challenging, ED clinicians should always strive to 
make a specific headache diagnosis, as identifying the specific headache
disorder is more likely to lead to more specific and optimal management 
and outcome.



The use of migraine prophylactic medications and triptans is
inversely related to the frequency of ED visits for migraine.

In this study, the addition of migraine prophylactic medications to 
a regimen of sumatriptan for acute migraine relief resulted in an 
81.8 % decrease in ED migraine visits.



This study, carried out in the United States, reported that
the proportion of ED headache patients undergoing
neuroimaging increased from 12.5 % to 31% over a 
ten-year (1998-2008) period, whereas the proportion of 
neuroimaging studies uncovering pathology dropped from 
10.1 % to 3.5 % over the same period suggesting a role for 
clinical decision support to guide more judicious use of 
imaging.



This US study examined the use of CT among adult patients presenting to the ED with 
non-focal, atraumatic headaches without neurological symptoms, immunocompromised
status, nor prior history of neurosurgery. 

In this group of patients, although 31.9 % had abnormal CT findings, the vast majority

were incidental and did not alter management (old infarcts, chronic ischemic changes, 

encephalomalacia, and sinusitis), with only 1.02 % resulting in management changes. 

The mean cost of each ED headache visit was $764 when accounting for the cost of CT. 

The authors compared this with the cost of an outpatient visit for headache of similar

presentation, and found that the ED cost was triple the cost of an outpatient visit.



The fourth most common cause of all unplanned revisits within 72 
hours in a retrospective analysis from a secondary teaching referral
hospital in Taiwan was headache, at 2.1 % (following abdominal pain
[12.9 %], fever [12.6 %], and vertigo [4.5 %]).

The Commonality of Headache Recurrence

In an ED-based prospective observational study of patients with primary headache disorders, headache recurrence was found to be common: 
almost one-third of migraine patients, 
one-fifth of tension-type headache patients, and 
over one-quarter of other headache patients
had moderate or severe head pain within 24 hours of discharge from the ED.



This trials assessing the efficacy of 10 
mg i.v. dexamethasone for persistent
pain freedom at 24 hours found that
the subgroup of patients presenting to 
the ED with prolonged migraine, defined

as migraine lasting 72 hours or 
greater, were more likely to achieve this
outcome than those with shorter
durations of migraine at presentation.





Neurologic causes account for 5–15 % of headache cases, with a higher percentage (27.9%) resulting when post-traumatic
headaches are included in this category. Approximately 2.1– 13 % of adult patients presenting to the ED with headache have a 
serious underlying secondary etiology, such as meningitis, intracranial hemorrhage, or elevated intracranial pressure.



Approach to History Taking and the Physical
Examination

Headache is a common reason for patients to present to the ED. 
Most will have a non-life-threatening cause for their headache and require
therapeutic intervention to reduce their pain, and words of assurance to relieve
their concerns. 

A careful history and focused physical examination is essential to identify
those few patients who may have more serious and potentially fatal underlying
causes for headache. 

Time spent up-front obtaining a meticulous headache history will
ultimately save time and money by allowing the physician to avoid
unnecessary testing.

Why the patient has presented to the ED ? 

• Is it because he/ she can no longer tolerate their usual headaches or is this a 
new headache ?

• If it is a new headache, is it a first severe headache or is it sufficiently
different from the usual headache ?



Questions

The first two questions to ask the patient are the following:

1. How quickly did this headache peak in intensity? (Thunderclap – maximal intensity within 60 seconds).

2.    Have you ever had this same type of headache before, and if so, when did they begin to occur?
(An unusual headache or an attack different from their known headache pattern.)

• If the patient is able to say that he/she has already suffered from several similar headaches for months or years, a primary headache
disorder is the most likely cause.

• If the patient may deny a previous headache history and report having headaches for the first time in his/her life for some hours, days, 

weeks, or months. In such cases, a secondary headache has to be excluded.

• If the patient reports a history of definite primary headaches but states that his/her acute headache is different from his/her

usual headaches attacks. In such cases, a secondary headache has to be suspected and investigations are noteworthy. 

This is especially true if the headache began and peaked suddenly (less than 60 seconds – i.e., thunderclap headache) .



Identifying any red flags in the clinical
assessment of an ED patient with 
headache necessitates further diagnostic
investigation to guide therapeutic
interventions and optimize outcomes.



Primary Thunderclap Headache
Primary thunderclap headache is a controversial diagnosis of exclusion. 

Though in the ICHD classification since 2004, most headache specialists question its existence and believe that secondary
causes were missed due to insensitive, incomplete, or poor timing of investigations. 

Vasoconstrictions may not be observed in the early stage of RCVS. For this reason, probable primary thunderclap headache
is not a diagnosis that should be made even temporarily.

A better terminology suggested would be “thunderclap headache of undefined origin.”

Pain lasts from minutes to hours, and can linger for days to weeks. They can recur over the next two weeks, and less commonly
over months to years.

Graphical network of the top 20 diseases related to Thunderclap Headache



Thunderclap Headache in the 
Emergency Department

A thunderclap headache is normally defined as severe in character and reaching
maximum severity within seconds to minutes of onset. An even more restrictive
definition states that it must be of instantaneous onset, reaching maximum
intensity within one minute.

A person presenting with a thunderclap headache is at high risk of a 
life-threatening condition – 4 – 5 times greater risk than those who are in the 
“rule- out MI” or “rule-out pulmonary embolism” category. 

Of those who do have a high-risk condition, 30 – 50 % will not have a 
subarachnoid hemorrhage (SAH). 

Many emergency physicians discharge people with thunderclap headaches after a 
computed tomography (CT) and a lumbar puncture (LP) have ruled out an SAH, 
but this strategy needs to change and encompass consultation and additional
imaging if that first series of investigations is negative. 

There are many other conditions (different from SAH) that can present
with a thunderclap headache.



It is important to recognize that thunderclap headaches are neither sensitive nor specific

for the diagnosis of SAH – about 50 % of patients with SAH present with a 
thunderclap headache, while SAH is the identified cause in only 11– 21 % of 
patients who present with thunderclap headache.

Approximately 25 to 30 % of patients presenting to an emergency department with a 
thunderclap headache will be suffering from a lifethreatening condition, making this
one of the most high-risk symptoms emergency physicians encounter.

A significant proportion of these life-threatening conditions will not be an SAH .

CAN’T MISS CONDITIONS
SAH
Arterial Dissection
Cerebral Venous Sinus Thrombosis
Posterior Reversible Encephalopathy Syndrome (PRES)

NON-LIFE-THREATENING CONDITIONS
Reversible Cerebral Vasoconstriction Syndrome (RCVS)
Intracranial Hypotension



Subarachnoid hemorrhage (SAH) can be devastating, yet its initial presentation may be limited to common symptoms and 

subtle signs, potentially leading to misdiagnosis.

Authors studied persons admitted with a nontraumatic SAH to all Ontario hospitals over 3 years (April 2002 to March 2005).

Of 1507 patients diagnosed with SAH, 5.4% (95% CI, 4.3 to 6.6) had a missed diagnosis. The risk was significantly higher
among patients triaged as low acuity (odds ratio 2.65; 95% CI, 1.46 to 4.80).

About 1 in 20 SAH patients are missed during an ED visit. Lower acuity patients are at higher risk of misdiagnosis, suggesting
the need for heightened suspicion among patients with minimal clinical findings.

Warning, or sentinel leaks associated with aneurysmal expansion, may precede major, clinically devastating SAH in up to 
half of cases. 
Typically the thunderclap headache is the only symptom in such sentinel events, and can resolve within hours to days. 
It is important to recognize that a thunderclap headache related to a sentinel bleed may have resolved by the time the 
patient is seen in the ED – such patients must not be ignored despite their normal appearance and absence of headache at
the time of their evaluation.



Of the 2131 enrolled patients, 132 (6.2%) had SAH. 

The decision rule including any of age 40 years or older, 
neck pain or stiffness, witnessed loss of consciousness, or 
onset during exertion had 98.5%(95%CI, 94.6%-99.6%) 
sensitivity and 27.5%(95%CI, 25.6%-29.5%) specificity for 
subarachnoid hemorrhage. 

Adding “thunderclap headache” (ie, instantly peaking
pain) and “limited neck flexion on examination” resulted

in the Ottawa SAH Rule, with 100% (95%CI, 97.2%-

100.0%) sensitivity and 15.3% (95%CI, 13.8%-16.9%) 
specificity.





In this case-control study performed in 21 emergency departments over a 12-year period (2000-2011), 55 cases of SAH 
subarachnoid hemorrhage were identified, 34 (62%) of which were attributed to cerebral aneurysms. 

Negative CT result for tests performed within 6 hours of headache onset does not rule out subarachnoid hemorrhage; so 
this study failed to validate the six-hour rule.

Head CT performed within six hours demonstrated a sensitivity of 97.1%, a specificity of 22.7%, and a negative likelihood
ratio of 0.13 for a diagnosis of subarachnoid hemorrhage. 

11 of 55 subarachnoid hemorrhage cases (20%) had negative cranial CT results for tests performed within 6 hours of 
headache onset.



In a prospective study of nearly 600 patients, the combination of CT followed by LP was found to have a sensitivity of 100 
percent and a negative likelihood ratio of 0 for SAH.

This study validates current clinical practice that a negative CT result with a negative lumbar puncture
result is sufficient to rule out SAH subarachnoid hemorrhage in patients presenting to the ED with an acute 

headache.



In the right clinical setting, the presence of xanthochromia or red blood cells in the CSF raises concern for SAH.  The absence of both of these findings excludes the 
diagnosis. However, relying on presence of red blood cells results in false positive rates as high as one in three.

The sensitivity of xanthochromia is time-dependent: if fewer than six hours have elapsed since the headache began, xanthochromia is frequently not present and 
one must rely on the presence of red blood cells to exclude disease .



In evaluating the results of lumbar puncture (LP), a decrease in the number of red blood cells (RBCs)/mm3 between the first and fourth tubes collected (clearing) 
has often been assumed to indicate a traumatic puncture rather than the presence of subarachnoid hemorrhage (SAH).

There are reports of patients who were ultimately diagnosed with aneurysmal SAH with clear CSF and as few as 100 red cells in tube 4.

A 25% reduction in RBC concentration between the first and fourth tubes of CSF in patients with suspected SAH but negative CT findings occurs even in cases of 
ruptured aneurysms. Formal evaluation for the presence of an aneurysm is still necessary in this scenario.



Sensitivity for aneurysm of the neurovascular imaging modalities, CTA (computed tomography angiography), MRA (magnetic
resonance angiography) and angiography, varies by aneurysm size. 

Using Angiography as the gold standard, for aneurysms ≥ 5 mm, CTA has a sensitivity of 95– 100 %, while for aneurysms
< 5 mm, sensitivity ranges between 64 and 83 %. 

For non-contrast time-of-flight MRA (magnetic resonance angiography), sensitivity for aneurysms ≥ 5 mm is 85–100 %, 
while for aneurysms < 5 mm sensitivity is 56 %.



If the CT + LP are negative, the job is not done: 

consultation with a neurologist or radiologist should be the next step, in 
order to discuss which form of cervicocephalgic vascular imaging should
be performed.

In a patient presenting with a thunderclap headache the data showing
that at least 30–40 % of these conditions will not be identified with a CT + 
LP approach.



In patients with thunderclap headache who have no evidence of hemorrhage on CT or in CSF, vascular imaging is indicated to exclude other
serious vascular causes which are often or always undetectable on CT/ CSF. 

These include RCVS (reversible cerebral vasoconstriction syndrome), which has emerged as one of the most common causes of 

thunderclap headache. 
Since RCVS may be associated with intracranial hemorrhage within the first week or ischemic stroke within the second week after onset, 
prompt diagnosis is urgent. It is important to remember that even in patients with documented RCVS, the initial non-invasive vascular
imaging is normal in up to 20 percent of patients. It is therefore important to ensure that these patients have outpatient follow-up and 
imaging is indicated within 7– 10 days. In addition, non-invasive vascular imaging (CTA/ MRA) may identify carotid or vertebral artery
dissection or cerebral venous sinus thrombosis.



Neck pain is the most prevalent symptom for vertebral or carotid artery dissection. 

It may be the presenting symptom in 50– 60 % of patients with vertebral artery dissection (VAD), and can precede any other symptom

by up to two weeks. 

Thunderclap headache as the initial symptom occurs about 20 % of the time. 

The headache is classically occipital and may be bilateral in those with unilateral VAD, often associated with vertigo. 

In those with carotid artery dissection (CAD), the pain may involve the neck, jaw, face, and periorbital and/ or temporal region on the 

ipsilateral side, and is invariably unilateral. 

Diagnosis must be rapid: the mean time from headache onset to the occurrence of ischemic stroke may be as short as 15 hours.

Carotid artery dissection often occurs after seemingly trivial trauma – hyperextension of the neck, rapidly shaking the head, even massage and 
manipulation.

Unless complicated by hemorrhagic or ischemic stroke, cervical arterial dissection will not result in abnormal findings on either noncontrast
head CT or LP .



The headache may be thunderclap in approximately
15 % of cases; headache of some form will be 
present in up to 90 % of cases and may be the sole 
manifestation of the condition in as many as 10 %.

Initial early CT (with or without contrast) may be 
normal. Non-invasive venography (CT or MR) is
often diagnostic. 

It is felt that the obstruction of venous return leads
to a rapid rise in intracranial pressure and thus an 
abrupt onset headache. 

Symptoms can be non-specific, with headache
lasting months. 
In most, however, the clinical course is fulminant, 
with rapid clinical deterioration involving focal
neurological deficits and seizures.

T1 MRI scan obtained with a hyperintense signal in the thrombosed
superior sagittal sinus (arrows). 
In Panel B, a MR venogram reveals the absence of a signal in the superior
sagittal sinus (upper arrows)



Approach to Pregnant or Lactating Patients with Headache in the ED
Migraine frequency typically decreases early in pregnancy, with approximately half of pregnant women with migraine improving during the first trimester
and up to 87 percent during the third trimester. Only 3–7 % of women note the onset of new migraine during pregnancy, typically occurring during the first trimester.

At least half of women experience recurrence of migraine attacks within the first month after delivery and at least two-thirds by six months.

Since many women limit their exposure to drugs during pregnancy or breastfeeding, a migraine may be undertreated, become severe, refractory, and result in the 
need for an ED visit.

Pregnant women with a history of migraine have a higher risk of developing hypertensive
disorders, including pre-eclampsia and stroke, than those without migraine.

Overweight or obese migraineurs (compared to lean non-migraineurs) had a 6.10- fold
increased odds of pre-eclampsia.

Late pregnancy is a hypercoagulable state: pregnant women are four times
more likely to develop venous thrombotic disease than non-pregnant women. 

Additionally, the first six weeks postpartum show a 20–80-fold higher risk of venous
thrombosis with a peak of 100-fold higher risk in the first week postpartum compared to 
the risk during pregnancy.



In this study of 140 pregnant patients presenting to a 
single acute care center with headache and receiving
neurologic consultation, 56 % of these women were in 
their third trimester and 35 % were diagnosed with 
secondary headache. 

MRI scans are preferable to CT scans. 
CT iodinated contrast dye is likely safe in pregnancy, but
gadolinium should be avoided during pregnancy unless
absolutely necessary.

Clinical suspicion for a secondary headache
should be high in the third trimester because

primary headaches typically improve but vascular risk
increases in the pregnant patient.



Until roughly ten years ago, 70 % or more of patients with thunderclap headache were felt to 
have a benign headache of unknown origin. They were often felt to occur in patients already
suffering from tension-type headache or migraine.

In 2012, a systematic review by Ducros highlighted that reversible cerebral vasoconstriction is
more common than previously thought. RCVS presents as isolated headaches in about 75 % of 
cases.

More than half the cases occur post 
partum or after exposure to adrenergic
or serotonergic drugs.

Many patients with this disorder may
have several thunderclap headaches
over several weeks. 

As would be expected, CT and 
cerebrospinal fluid (CSF) are normal in 
most, although roughly 20 % have been
found to have a small  sulcal

subarachnoid hemorrhage.



(A) CT (left) and T2*-weighted MRI (right) scans showing a bilateral occipital haematoma with 
interhemispheric subarachnoid haemorrhage in a 57-year-old-woman who also had a left
capsulothalamic haematoma (not shown).

(D) MR angiogram showing segmental narrowings (arrows) of the middle and anterior cerebral
arteries in the patient shown in (A). (E) Transfemoral angiogram showing segmental narrowings
of the branches of the anterior cerebral artery (arrows) in a 58-year-old woman with a left
frontal haematoma and SAH in several sulci. A follow-up angiogram at 2 months was normal.

(C) Diffusion-weighted MRI showing a left cerebellar infarction (top), a right occipital infarction
(bottom), and patchy small areas of restricted diffusion at the border zone between the right 
anterior and middle cerebral arteries (arrow) in a 33-year-old female cannabis smoker.

Diagnosis requires non-invasive vascular imaging (CTA/MRA) demonstrating diffuse, segmental, multifocal vasoconstriction. 

This diagnosis is often missed initially – hence the previous belief of thunderclap headache to be of unknown origin – as the vasoconstriction
may take 1– 2 weeks to appear after the first headache and usually peaks at week three. 

RCVS-associated vasoconstriction normally reverses within 12 weeks of onset .



This almost always occurs in relationship to a hypertensive crisis (eclampsia or 
hypertension emergency), though other provoking factors have been identified, 
such as certain immunosuppressive medications. 

Posterior reversible encephalopathy syndrome can also occur in normotensive 
people who develop acute hypertension from illicit drug use (cocaine), other types
of sympathomimetics (nasal decongestants containing pseudoephedrine), 
reversible cerebral vasoconstriction syndrome, or pheochromocytoma.

The treatment is symptomatic and is determined by the underlying condition. 

The overall prognosis is favorable, since clinical symptoms as well as imaging
lesions are reversible in most patients. 

However, neurological sequelae including long-term epilepsy may persist in 
individual cases.



Rapid neurological deterioration may follow the 
thunderclap headache – seizures, decreased mental status, 
and visual symptoms.



There may be segmented vasoconstriction identified on MRA. 

Axial MR image demonstrates extensive vasogenic edema in the occipital region bilaterally and right insular hemorrhage



Post-traumatic headache

Headache onset within seven days of trauma is required for the diagnosis of post-traumatic headache, though the vast majority of headaches that occur as a result
of trauma occur at the onset or within 24 hours of the head trauma.

Other physical symptoms commonly seen include nausea, photophobia and phonophobia, dizziness, and unsteadiness; difficulties concentrating, sleepiness, 
insomnia, and psychiatric symptoms including depression, anxiety, and irritability.

The prevalence of persistent/recurrent headache after traumatic brain injury varied substantially in published reports, with a weighted average of more than 50 %.

ACEP (American College of Emergency Physicians) 



Multiple studies of delayed intracranial hemorrhage have placed the risk among the patients taking warfarin at the time of head injury in the 
range of 0.6-6.0%. 
However, data regarding the risk of delayed intracranial hemorrhage in patients with Direct-Acting Oral Anticoagulants (DOACs) remains limited. 
In this study of the 314 patients, three were found to have delayed intracranial hemorrhage on the repeated head CT (0.95%). 
Two of these three patients were on concomitant antiplatelet medication. None of the three individuals required neurosurgical intervention.

Conclusion: for patients who sustain a blunt head injury while taking only DOACs, that is, without concurrent antiplatelet medication, 

admission, and repeat head CT may not be necessary after confirming a negative initial CT scan.

One normal head CT excludes intracranial hematoma in the vast majority of patients. 
Head TC does not need to be repeated, even among those using anticoagulants, if
symptoms do not progress.

The studies included data on 1,257 patients,  the incidence of delayed intracranial
hemorrhage ranged from 5.8 to 72 per 1,000 cases of patients on warfarin with minor 
head injury.



In patients with acute or chronic spinal cord injuries, and in those who have recently undergone a carotid procedure (e.g., 

endarterectomy, angioplasty/stenting), a severe, sudden-onset thunderclap headache with a paroxysmal rise in blood pressure suggests
autonomic dysreflexia or baroreceptor dysfunction.

Clinical signs may include diaphoresis, tachycardia as well as blood pressure well above
baseline. 

The usual triggers include bladder distension or infection, bowel distension,  or pressure 
ulcers. 

Reversible cerebral vasoconstriction syndrome (RCVS) has been associated with 
autonomic dysreflexia.

(a) Multiple intracranial blood vessel caliber changes on a selective cerebral angiogram in a patient with 

spastic quadriparesis from a remote C5– C6 fracture, presenting with reversible cerebral vasoconstriction

syndrome in the context of an episode of autonomic dysreflexia. 

(b) Diffusion-weighted MRI sequence performed two weeks after the patient’s admission showing acute 

ischemia in the left hemisphere. 

(c) Repeat diffusion-weighted MRI sequence three weeks after admission. 

(d) T2- weighted MRI sequence three weeks after admission showing expected evolution of the prior ischemic

changes.



Cervicogenic Headache
Neck pain is a common symptom in patients with migraine, but occasionally headache may result from cervical spine disease.

The structures of the neck innervated by the first three cervical nerves can be associated with migraine through the convergence of nociceptive afferents at the 
level of the caudal part of the trigeminal nucleus in the brainstem and sensitization of trigeminocervical neurones.

Convergence of trigeminal (dura, skin) and 
cervical (muscle, joints, skin) afferents on to the 
same nociceptive second-order neuron in the 
trigeminocervical complex at the level of C2.


