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An Evidence-Based Approach 
To Diagnosis And Management 
Of Subarachnoid Hemorrhage 
In The Emergency Department
 Abstract 

Aneurysmal subarachnoid hemorrhage accounts for a small per-
centage of strokes, but it is a significant contributor to the morbid-
ity rate. The diagnosis is challenging and has devastating conse-
quences if it is missed. Accurate initial diagnosis and management 
are critical to the outcome of the disease. The emergency clinician 
must have a high index of suspicion and a judicious approach to 
evaluating the chief complaint of patients with spontaneous sub-
arachnoid hemorrhage (ie, headache). This review evaluates the 
literature and current evidence, including controversies and recent 
American Heart Association guidelines, to support a best-practice 
approach to the diagnosis and treatment of patients with sponta-
neous subarachnoid hemorrhage.
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 Critical Appraisal Of The Literature 

The overall incidence of sSAH is relatively low 
and, therefore, the availability of high-quality 
evidence is limited. A literature search was per-
formed using Ovid MEDLINE® and PubMed from 
1950 to May 2014. Search terms included subarach-
noid hemorrhage, aneurysm, thunderclap headache, 
sentinel headache, lumbar puncture, xanthochromia, 
emergency department, head CT, CTA, angiography, 
MRI, nimodipine, risk factors, prehospital care, diag-
nosis, management, analgesia, treatment, rebleeding, 
vasospasm, hypertension, antiepileptic, and combina-
tions of these keywords. The search was limited 
to the English language and human studies. More 
than 500 articles were reviewed, which provided 
background for further literature review. During 
the literature review process, the highest value 
was placed on clinical trials, larger prospective 
cohort studies, and meta-analyses of clinical trials. 
Secondary evidence was collected from retrospec-
tive studies, case-control studies, and other meta-
analyses. Finally, expert consensus statements 
and case reports were reviewed. The Cochrane 
Database of Systematic Reviews and the National 
Guideline Clearinghouse (www.guideline.gov) 
were also consulted.

 Case Presentations 

You walk into a crowded evening shift in the ED, and 
your first patient is a middle-aged woman clutching her 
head in her hands, complaining of the "worst headache of 
her life." You are worried about a subarachnoid hemor-
rhage. After treating her pain, you order a noncontrast 
head CT, which is negative. She now says that her 
headache is better and that she needs to go home to pick 
up her kids. Does she really need a lumbar puncture? She 
eventually agrees to stay for a lumbar puncture, which is 
also negative. Can she go home now? Does she need any 
additional workup? 
	 While you are thinking about this, another patient 
with a history of migraine arrives complaining of sudden-
onset, severe headache that has lasted 12 hours. Is this 
headache her usual migraine or could this be a spontane-
ous subarachnoid hemorrhage? After further history is 
obtained, you are concerned about a subarachnoid hemor-
rhage and you obtain a CT, which is normal. You perform 
a lumbar puncture, which shows some clearing of red blood 
cells from tube 1 to tube 4. You think it may have been a 
traumatic tap, but how can you be sure? Just as you are 
pondering this, the lab calls to say there is xanthochromia. 
You make the diagnosis of spontaneous subarachnoid hem-
orrhage. After calling for neurosurgical consultation, what 
else should you do in the ED to treat this patient?

 Introduction 

Subarachnoid hemorrhage (SAH) is the extravasa-
tion of blood into the cerebrospinal fluid (CSF). It is 
usually a diffuse process that results from rupture 
of corticomeningeal vessels and from hemorrhagic 
contusions of the brain.1 Trauma is the most com-
mon cause of all SAH; however, the majority (85%) 
of nontraumatic, or spontaneous SAH (sSAH), the 
focus of this article, are related to aneurysm rup-
ture.2-4 Aneurysmal SAH (aSAH) and other forms of 
sSAH can pose diagnostic challenges in the emer-
gency department (ED).
	 Distinguishing traumatic SAH from sSAH may 
be difficult in some cases because the trauma may 
have been unwitnessed; however, this distinction is 
important. See Figure 1 for the typical appearance 
of a sSAH on noncontrast head computed tomogra-
phy (CT). The emergency clinician must be able to 
quickly and accurately identify and categorize SAH, 
and should be aware of the secondary complications 
that affect both the central nervous system and other 
major organs. Initial management and treatment deci-
sions should be made to minimize effects of the initial 
neurologic injury. This issue of Emergency Medicine 
Practice focuses on the diagnostic challenges, the 
initial management and treatment options, and some 
of the more severe complications of sSAH, using the 
best available evidence from the literature. 

Figure 1. Subarachnoid Hemorrhage On 
Noncontrast Head Computed Tomography

Note diffuse hyperdense subarachnoid blood surrounding the basal 
cisterns and extending into the Sylvian fissures bilaterally (arrow).

Image courtesy of Lisa Thomas, MD.

http://www.guideline.gov
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of Aneurysmal Subarachnoid Hemorrhage,6 (see 
Table 2) and the 2011 Neurocritical Care Society 
(NCS) Guidelines on the critical care management 
of patients with aSAH.7

	 The most relevant guidelines for emergency 
clinicians are the 2008 American College of Emer-
gency Physicians (ACEP) Clinical Policy on acute 
headache (see Table 1),5 the 2012 American Heart 
Association (AHA) Guidelines for the Management 

Table 1. 2008 ACEP Clinical Policy On Acute Headache (Subarachnoid Hemorrhage)5

Recommendation Strength of 
Recommendation

•	 Emergent head CT is the initial diagnostic study recommended in the diagnosis of any new, sudden-onset, severe head-
ache or suspected case of SAH.7-11

B

•	 Lumbar puncture is recommended for patients with suspected SAH after negative noncontrast head CT.9,12

•	 Angiography is not recommended in patients with sudden-onset, severe headache who have negative findings on head 
CT, normal opening pressure, and negative CSF findings.

•	 Patients with a negative workup including negative CT and LP can be safely discharged from the ED with outpatient follow-
up recommended.

•	 Response to analgesia should not be used as the sole indicator to the etiology of an acute headache. C

Abbreviations: ACEP, American College of Emergency Physicians; aSAH, aneurysmal subarachnoid hemorrhage; CSF, cerebrospinal fluid; CT, 
computed tomography; DSA, digital subtraction angiography; ED, emergency department; EVD, external ventricular drain; LP, lumbar puncture; SAH, 
subarachnoid hemorrhage.

Table 2. 2012 AHA Guidelines For Management Of Aneurysmal Subarachnoid Hemorrhage6

Recommendation Classification of 
Recommendation

Diagnosis of Aneurysmal Subarachnoid Hemorrhage
•	 aSAH is a medical emergency that is frequently misdiagnosed. A high level of suspicion for aSAH should exist in patients 

with acute onset of severe headache.
B

•	 Acute diagnostic workup should include noncontrast head CT, which, if nondiagnostic, should be followed by lumbar 
puncture. 

•	 CTA may be considered in the workup of aSAH. If an aneurysm is detected by CTA, this study may help guide the decision 
for type of aneurysm repair, but if CTA is inconclusive, DSA is still recommended (except possibly in the instance of classic 
perimesencephalic aSAH).

C

•	 MRI (fluid-attenuated inversion recovery, proton density, diffusion-weighted imaging, and gradient echo sequences) may 
be reasonable for the diagnosis of aSAH in patients with a nondiagnostic CT scan, although a negative result does not 
obviate the need for CSF analysis.

Management of Aneurysmal Subarachnoid Hemorrhage
•	 Between the time of aSAH symptom onset and aneurysm obliteration, blood pressure should be controlled with a titratable 

agent to balance the risk of stroke, hypertension-related rebleeding, and maintenance of cerebral perfusion pressure. 
B

•	 aSAH-associated acute symptomatic hydrocephalus should be managed by cerebrospinal fluid diversion (EVD or lumbar 
drainage, depending on the clinical scenario). 

•	 For patients with an unavoidable delay in obliteration of aneurysm, a significant risk of rebleeding, and no compelling medi-
cal contraindications, short-term (< 72 h) therapy with tranexamic acid or aminocaproic acid is reasonable to reduce the 
risk of early aneurysm rebleeding.

•	 The magnitude of blood pressure control to reduce the risk of rebleeding has not been established, but a decrease in 
systolic blood pressure to < 160 mm Hg is reasonable.

C

Patient Transfer
Low-volume hospitals (eg, < 10 aSAH cases per year) should consider early transfer of patients with aSAH to high-volume 

centers (eg, > 35 aSAH cases per year) with experienced cerebrovascular surgeons, endovascular specialists, and multidis-
ciplinary neurointensive care services.

B

Abbreviations: AHA, American Heart Association; aSAH, aneurysmal subarachnoid hemorrhage; CSF, cerebrospinal fluid; CT, computed tomography; 
DSA, digital subtraction angiography; EVD, external ventricular drain; LP, lumbar puncture; MRI, magnetic resonance imaging; SAH, subarachnoid 
hemorrhage.
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hemorrhage volume).30,31 Noncontrast CT scan is not 
sufficient to identify these patients even when there 
are characteristic perimesencephalic bleeding pat-
terns.32 These patients should all get a DSA. Other 
causes of sSAH are listed in Figure 3, page 5.4,33,34 
	 Reversible cerebral vasoconstriction syndrome 
(RCVS) is a rare but increasingly identified etiology 
of sSAH. RCVS represents a heterogeneous group of 
small vessel vasculopathy that can result in ischemic 
or hemorrhagic stroke.

Pathophysiology Of Aneurysms
It was previously thought that congenital defects 
in the tunica media at arterial bifurcations were the 
source of aneurysm formation. This has since been 
refuted and current beliefs hold that the mechanism 
for aneurysm formation is acquired, and that aneu-
rysms develop gradually over one’s lifetime due to 
interactions with modifiable and genetic factors.35,36 
In a systematic review of 23 studies that included 
over 56,000 patients, the prevalence of unruptured 
aneurysms in the general population was 2.3%. The 
rates varied from 0.4% in autopsy studies to 6% in 
angiographic studies.37 Polycystic kidney disease, 
familial predisposition, hypertension, atherosclero-
sis, smoking, excessive alcohol consumption (> 150 

 Etiology And Pathophysiology 
 
Incidence
The international incidence of SAH varies signifi-
cantly according to geographic region, ranging from 
2 to 27 cases per 100,000 people per year, with an 
international aggregate of approximately 10 per 
100,000 people per year, which is close to the United 
States incidence.13-15 Modifiable risk factors include 
cigarette smoking, hypertension, heavy alcohol use, 
cocaine abuse, caffeine use, and smokeless nicotine 
uptake; only hypertension and smoking are covered 
extensively in the literature.16-19 Nonmodifiable 
causes include family history of aSAH in a first-
degree relative, genetic disorders (eg, autosomal 
dominant polycystic kidney, sickle cell disease, 
Ehlers-Danlos syndrome, and Alpha-1-antitrypsin), 
and female sex.3,20-22 The risk posed by female sex 
varies according to parity, age of menarche, and 
menopause. Women who are primiparous, meno-
pausal, or who began menstruation early have been 
found to have a higher risk of aSAH.3,23-26

Etiology
In a retrospective study comparing 99 traumatic 
SAH patients with 114 aSAH patients, traumatic 
cases were noted to have more diffuse hemorrhage, 
earlier resolution of bleeding, and decreased rates 
of delayed complication,1 illustrating mechanistic 
differences in the onset and evolution of aSAH and 
the need for distinct management. Owing to the 
poorer prognosis of aSAH and the need for surgical 
or endovascular repair of the underlying aneurysm, 
ambiguous traumatic cases should receive addi-
tional imaging to rule out aneurysm as the cause. 
Rupture of aneurysms located on intracranial vessels 
at the base of the brain account for 85% of sSAH 
cases. The majority of aneurysms are in the ante-
rior circulation, with the remainder in the posterior 
circulation. Aneurysms of the spinal arteries or other 
vascular malformations in the spinal cord can also 
result in sSAH.20 
	 A minority of sSAH cases (10%) are categorized 
as nonaneurysmal perimesencephalic hemorrhage, a 
distinct form of sSAH with unclear etiology defined 
by a specific pattern of extravasated blood around 
the midbrain with normal angiogram. (See Figure 
2.) Venous anomalies are thought to contribute to 
the pathophysiology.27,28 Patients with this form 
of SAH have a better prognosis collectively, less 
devastating presentations, and fewer clinical compli-
cations when compared with aSAH patients during 
their initial hospital course.
	 Digital subtraction angiography (DSA) is consid-
ered the diagnostic test of choice.29 Angiogram-neg-
ative SAH with a diffuse hemorrhage pattern may 
have more significant morbidity, despite the failure 
to identify an aneurysm (due to thrombosis or large 

Figure 2. Perimesencephalic Hemorrhage 
On Noncontrast Head Computed 
Tomography

A characteristic pattern of hyperdense blood anterior to the midbrain is 
seen (arrow). No aneurysm was found on follow-up angiogram. 

Image courtesy of Lisa Thomas, MD.
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annual risk of rupture of 0.7%;19 larger aneurysms 
are 5 times more likely to rupture.37,42 Some risk 
factors predispose patients to ruptured aneurysms 
at a particular location. Within the subset of patients 
with aSAH, younger patients are more likely to have 
aneurysms of the middle cerebral artery, women are 
more likely to present with posterior communicating 
artery aneurysms, and alcoholics are more likely to 
present with basilar artery aneurysms.43

	 While it is commonly thought that Valsalva 
maneuvers or physical exertion lead to aneurysm 
rupture, this is only associated with a small subset 
of patients.44-47 A recent large systematic review 
concluded that there is insufficient evidence to link 
exertion to aneurysm rupture.48

Subarachnoid Hemorrhage Clinical Severity 
Scales 
There are multiple clinical scales to assess the 
severity of aSAH. (See Table 3, page 6.) The 2 most 
widely used are the Hunt and Hess scale49 and the 
World Federation of Neurological Surgeons (WFNS) 
scale,50 with the latter primarily used in the research 
community. The Hunt and Hess and WFNS scales 
correlate with mortality; the higher the score, the 
higher the inpatient mortality. The WFNS scale has 
a higher interobserver correlation but is still less 
utilized clinically.51

	 A third scale, the Fisher Grade, uses quantity 
of blood on CT appearance to predict the risk of 
symptomatic cerebral vasospasm, which is currently 
a relatively common complication of aSAH.52 The 
original Fisher Grade was modified by Frontera 
et al to more accurately reflect the contribution of 
intraventricular hemorrhage.53 Newer scales are 
being developed with the goal of using hemorrhage 
volume to more accurately predict vasospasm than 
the Fisher Grade.54-56

 Differential Diagnosis 

Headache is the primary complaint of patients who 
present to the ED with sSAH. It is a relatively com-
mon complaint that represents approximately 2% of 
all ED visits, with only 1% to 3% of these complaints 
attributable to sSAH.57-60 Although sudden severe 
headache is the classic presentation, patients with 
a SAH may present with a vague headache and a 
normal neurologic examination.61-66 Several reports 
suggest that the misdiagnosis rate on initial ED visit 
is as high as 5%.67-71 While the case fatality rate has 
been gradually decreasing by approximately 0.5% 
per year72 as management techniques have im-
proved, patients with missed or delayed diagnoses 
have worse outcomes.68-70,73 Overall, SAH mortality 
is approximately 40% at 1 week, with 10% to 15% 
of deaths occurring prehospital and 25% occurring 
within 24 hours of initial bleeding.72,74-76

g/wk), age > 85 years, oral contraceptive use, and 
connective tissue disorders have all been associated 
with aSAH.
	 An understanding of the pathophysiology as-
sociated with aneurysm rupture is still evolving. 
Clinical predictive markers for aneurysm rupture 
include size, location, and previous history of an 
aneurysm.38 There are some limited data emerging 
that identify the role of inflammatory markers39 and 
genetic factors such as specific polymorphisms in the 
endothelial nitric oxide synthase gene (found more 
often in patients who rupture).40 Genetic factors 
have been shown to influence the location, multi-
plicity, and size of the aneurysms.41 Factors such as 
female sex and white non-Hispanic race significantly 
contributed to the presence of multiple intracranial 
aneurysms, when compared with those without 
genetic predispositions.41 Rupture risk increases 
with the size of the aneurysm and, based on a sys-
tematic review of 9 prospective studies following 
aneurysms for 3907 patient-years, most aneurysms 
never rupture. Aneurysms < 10 mm in size have an 

Figure 3. Causes Of Spontaneous 
Subarachnoid Hemorrhage

 

Rare nonaneurysmal causes (5%)
Tumor
Coagulopathy
Venous sinus thrombosis/cortical vein thrombosis
Arterial dissection
Reversible cerebral vasoconstriction syndrome
Vascular lesion (eg, malformation, dural atrioventricular 

fistula, amyloid angiopathy, others)
Vasculitis (eg, Behcet disease, Churg-Strauss syndrome, 

Wegener granulomatosis, others)
Sickle cell disease
Mycotic aneurysm
Drugs: cocaine abuse, anticoagulants

Ruptured 
Aneurysm 
(85%)

Nonaneurysmal 
perimesencephalic 
hemorrhage (10%)
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depending on the patient’s clinical status, training 
of the prehospital emergency care provider, and 
distance to the ED. A brief neurological examination 
should be performed to assess for obvious focal neu-
rologic deficit, and a formal stroke scale should be 
used to assess severity of symptoms.77 Patients with 
focal neurological findings and suspected stroke 

	 As many as 10% to 16% of patients presenting 
with sudden-onset, intense, severe headaches that 
peak in about 60 seconds (sometimes referred to as 
”thunderclap“ headaches) and normal neurologic 
function on physical examination will have sSAH.61-

66 The differential diagnosis is quite broad and 
includes both benign and serious etiologies, as listed 
in Table 4.2,63 The emergency clinician must rapidly 
narrow the diagnosis with further history, physical 
examination, or diagnostic testing.

 Prehospital Care 

Patients with acute headache vary in presentation 
and severity, which can make initial assessment chal-
lenging. Prehospital care should begin with obtain-
ing vital signs and assessing level of consciousness, 
including the Glasgow Coma Scale (GCS) score. 
Stabilization may include airway management, 

Table 3. Subarachnoid Hemorrhage Grading 
Scales
Hunt and Hess Severity Scale49

•	 Grade 1 – Asymptomatic, mild headache
•	 Grade 2 – Moderate to severe headache, nuchal rigidity, no focal 

deficit other than cranial nerve palsy
•	 Grade 3 – Mild mental status change (drowsy or confused), mild 

focal neurologic deficit
•	 Grade 4 – Stupor or moderate to severe hemiparesis
•	 Grade 5 – Comatose or decerebrate rigidity

World Federation of Neurological Surgeons50

•	 Grade 1 – GCS score 15, no motor deficit 
•	 Grade 2 – GCS score 13-14, no motor deficit
•	 Grade 3 – GCS score 13-14, motor deficit present
•	 Grade 4 – GCS score 7-12, motor deficit may be present or 

absent
•	 Grade 5 – GCS score 3-6, motor deficit may be present or 

absent

Fisher Scale52 (CT Appearance)
•	 Group 1 – No blood
•	 Group 2 – Diffuse deposits of SAH blood, no clots, no layers of 

blood > 1 mm
•	 Group 3 – Local clots or vertical layers of blood ≥ 1 mm thick-

ness
•	 Group 4 – Diffuse or no SAH, but intracerebral or intraventricular 

clot

Modified Fisher Scale53

•	 Grade 0 – No SAH; no intraventricular blood
•	 Grade 1 – Minimal or thin subarachnoid blood but no intraven-

tricular blood
•	 Grade 2 – Minimal or thin subarachnoid blood with intraventricu-

lar blood
•	 Grade 3 – Thick or diffuse subarachnoid blood but no intraven-

tricular blood
•	 Grade 4 – Thick or diffuse subarachnoid blood with intraventricu-

lar blood

Abbreviations: CT, computed tomography; GCS, Glasgow Coma 
Scale; SAH, subarachnoid hemorrhage.

Table 4. Differential Diagnosis Of Sudden-
Onset Nontraumatic Headache
Common Benign Causes 
•	 Migraine
•	 Tension-type head-

ache
•	 Coital headache

•	 Exertional headache
•	 Benign cough headache
•	 Sinusitis

“Cannot Miss” Causes Suggestive History and Physical 
Findings

Subarachnoid hemor-
rhage

Abrupt headache, stiff neck, third nerve 
palsy 

Hypertensive encepha-
lopathy

Severe (usually chronic) hypertension, 
may have papilledema and other 
signs of end-organ damage

Cervical or cranial artery 
dissections

Neck pain, abrupt onset, variable pres-
ence of neurological deficit

Idiopathic intracranial 
hypertension (pseudotu-
mor cerebri)

Obesity, female sex, papilledema, pos-
sible sixth nerve palsy

Cerebral venous and 
dural sinus thrombosis

Hypercoagulable state of any type, 
including pregnancy

Meningitis or encephalitis Fever, stiff neck, altered mental status, 
seizure

Temporal arteritis/cen-
tral nervous system 
vasculitis

Usually aged > 50 years, symptoms 
of polymyalgia rheumatica, abnormal 
scalp vessels on examination

Acute narrow angle 
closure glaucoma

Painful red eye with midposition pupil 
and corneal edema

Spontaneous intracranial 
hypotension

Headache varies with position (worse 
when upright, relieved when supine)

Carbon monoxide poison-
ing

Cluster of cases, winter season

Acute ischemic stroke Abrupt onset and focal neurological 
deficit conforming to an arterial ter-
ritory

Reversible vasoconstric-
tion syndrome (Call-
Fleming syndrome)

Recurrent sudden-onset headaches 
with nausea, vomiting, photophobia, 
confusion, blurred vision

Pituitary apoplexy Visual acuity or field abnormalities, 
known pituitary tumor

Mass lesions, including:
•	 Tumor
•	 Abscess
•	 Parameningeal infec-

tion
•	 Intracranial hemor-

rhage 
•	 Colloid cyst 

Any neurological finding, focal or 
generalized
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Landtblom et al of 137 patients with a thunderclap 
headache demonstrated a 17% incidence of SAH, 
with the majority of patients having favorable 
outcomes.63 Approximately 85% of patients with a 
thunderclap headache may have other etiologies. 
These latter patients, with so-called benign thun-
derclap headache, have excellent outcomes, and 
their conditions are often later diagnosed as mi-
graine or other primary headache syndromes.61-66 
	 The International Cooperative Study on the 
Timing of Aneurysm Surgery, a large prospective 
multicenter study of 3521 patients, found a nor-
mal level of consciousness in 75% of patients with 
aSAH.84 Transient loss or alteration of consciousness 
has been reported in about one-fourth of patients in 
other smaller prospective studies.63,82 Vomiting is 
a nonspecific feature associated with 70% of aSAH 
patients.65,82 It is also seen in half of all benign cases 
of thunderclap headache and is quite common in 
migraine.63,82 Focal symptoms, seizures, or double 
vision may be reported and should alert the emer-
gency clinician to consider sSAH or other serious 
pathology, as these symptoms are rare in headaches 
with benign causes.82 Neck stiffness may be another 
clue to more serious pathology; in 1 prospective 
study, it was reported in 60% of 23 patients with 
SAH, compared with only 10% of 114 patients with 
benign thunderclap headache. 
	 Table 5 summarizes the key pieces of in-
formation that an emergency clinician should 
obtain during careful history taking to help 
identify sSAH. It is important to emphasize that 
in patients with normal physical examinations, 
there are no significant features of the headache 
that allow reliable distinction between SAH and 
headaches of benign etiology.65,82 This point is 
important because emergency clinicians cannot 
rely upon how well the patient looks in estimat-
ing pretest probability of sSAH.67-70 For example, 
one retrospective study of over 200 patients who 
underwent aneurysmal clipping reported that 8% 
did not have any headache at onset of sSAH, but 
instead presented with sudden onset of general 
malaise or isolated neck or back complaints.85 

should be transported rapidly to a hospital in accor-
dance with local emergency medical services (EMS) 
protocols.77 If the patient qualifies for time-sensitive 
acute stroke treatment, both the time of symptom 
onset and the time that the patient was last seen 
normal should be ascertained. Reversible causes of 
depressed mental status should be considered (ie, 
hypoglycemia and opioid ingestion/abuse). Consid-
er administering dextrose 50% (D50) for suspected 
hypoglycemia and naloxone for opioid overdose. 
There are limited data specific to the prehospital care 
of patients with sSAH, since the diagnosis is rarely 
clear until after further evaluation in the hospital. 
The authors believe that since most neurologically 
intact patients with thunderclap headache do not 
have sSAH or any other serious neurological dis-
ease, they do not necessarily require initial transport 
to a comprehensive stroke center.62,78,79

 Emergency Department Evaluation 

Whom To Evaluate? 
The patient presenting with the classically described 
acute onset of severe headache that is described as 
“worst ever,” with a time to peak of seconds and 
associated nausea, vomiting, and focal deficits is 
typically a candidate for sSAH workup. Evaluation 
of the alert patient with a normal neurologic ex-
amination or one with a vague change in his or her 
primary migraine disorder is less clear. Most worst-
of-life headaches treated in the ED will have benign 
causes. Approximately 10% to 16% will have serious 
pathology, including but not limited to sSAH.61-66

History
A thorough history should be elicited in patients 
who present with a suspected sSAH. The history 
should include timing of symptoms, any antico-
agulant medications, family history of aneurysms, 
and social history of smoking. Seventy percent of 
patients referred to a hospital with SAH presented 
with headache alone, without focal symptoms, 
as reported in a study by Harling et al.80 There is 
variability in the incidence of sSAH in patients 
with isolated headaches ranging from 11%63 to 
70%, which underscores the importance of properly 
evaluating patients with isolated, severe, sudden-
onset headache. The abrupt nature of headache 
onset is the most distinctive clinical feature of SAH 
and is seen in about three-quarters of patients, 
according to several well-designed prospective 
studies.63,65,81,82 The term thunderclap headache, first 
described by Day and Raskin in 1986, refers to an 
acute severe headache with rapid onset, which 
reaches peak intensity within seconds.83 Although 
a thunderclap headache is often considered the 
classic manifestation of a ruptured aneurysm, it 
is neither sensitive nor specific. The evaluation by 

Table 5. Key Questions For Patients With 
Acute Headache
Onset Was the onset of the headache 

abrupt?

Severity Is it the worst headache ever? “10 
out of 10?”

Quality How does this headache compare 
with prior episodes? Is it distinct or 
unique for this patient?

Associated symptoms Are there focal signs (syncope, 
seizure, neck stiffness, or double 
vision)?
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Clinical Decision Rules
A large 2013 multicenter observational study, the 
Ottawa Subarachnoid Hemorrhage Rule, developed 
and validated a clinical decision rule for sSAH. The 
multicenter Canadian study included 10 hospitals 
and 2131 patients. The methodology involved 3 
candidate rules that were assessed post hoc for 
interobserver reliability, sensitivity, and specific-
ity. The primary outcome of sSAH was defined by 
noncontrast head CT or xanthochromia. The authors 
concluded that, in patients who present within 1 
hour of their headache’s maximal intensity, the clini-
cal decision rule could exclude sSAH with a sensitiv-
ity of 98.5% and a specificity of 27.5%.101 The rule is 
shown in Table 8, page 9. This rule has been criti-
cized for its low interobserver reliability rate, and 
the one attempt made at external validation of the 
rule was unsuccessful.102 In addition, Matloob et al 
looked at a retrospective application of the rule and 
found that it would lead to an increase in evaluation 
in their cohort.103 However, the rule is instructive 
because it highlighted the features of the history and 
physical examination that may be the most useful in 
differentiating acute SAH.

Table 6 describes some distracting clinical sce-
narios in evaluating for sSAH.

Physical Examination
As always, the physical examination begins with as-
sessment of the patient's vital signs and general ap-
pearance, as well as airway, breathing, and circula-
tion. Once the patient is stabilized, a focused physi-
cal examination that includes a relevant neurologic 
examination should be performed. In patients who 
are comatose or otherwise unable to give a cogent 
history, ophthalmoscopic examination may reveal 
retinal hemorrhages, which is an important diag-
nostic clue seen in approximately 10% of all patients 
with sSAH.86 This finding may be the only clue to 
the correct diagnosis in comatose patients. Often, 
the physical examination is completely normal and, 
thus, of little help in assessing patients.58 Abnormal 
physical examination findings that may be associ-
ated with aSAH are listed in Table 7. Patterns of 
focal deficits sometimes suggest the location of the 
offending aneurysm.

Table 6. Associated Findings That May 
Distract From Diagnosis Of Subarachnoid 
Hemorrhage2

•	 Relief with pain medications: Headache may improve sponta-
neously or with analgesics.87-92

•	 Absence of headache85

•	 Nonspecific viral symptoms: Combination of headache with fe-
ver, neck pain, nausea, or vomiting may be incorrectly attributed 
to a viral syndrome.68,73,94,96 

•	 Musculoskeletal pain: Prominent neck pain may be attributed 
to arthritis or musculoskeletal diagnoses.68,73,93,94 

•	 Altered behavior or mental status: SAH may present with 
delirium, acute confusional state, or psychosis.95,96 

•	 Head injury from syncope: Transient loss of consciousness 
due to aneurysm rupture may lead to a focus on the resulting 
traumatic head injury, thus disguising the preceding sSAH.97 

Subarachnoid blood from aneurysms is typically around the 
basal cisterns* while that from trauma tends to be higher in the 
convexities† or in areas of coup and contrecoup forces.71

•	 Cardiac abnormalities: Electrocardiogram abnormalities and 
elevated cardiac markers may be present.68,73,93,94,98,99 

•	 Concomitant hypertension: Excessive focus on blood pressure 
may lead to diagnosis of hypertensive urgency or emergen-
cy.68,73,93,94,98,99 

•	 Cardiac arrest: SAH may be associated with cardiac arrest 
(reported in 3.6% of patients in one retrospective study).100

*See Figure 1, page 2.
†See Figure 4, page 10.
Abbreviations: SAH, subarachnoid hemorrhage; sSAH, spontaneous 

subarachnoid hemorrhage.

Table 7. Physical Examination Findings 
Associated With Aneurysmal Subarachnoid 
Hemorrhage
Finding Likely Location of 

Aneurysm
Mental status change 
•	 Seen in about 25% of SAH patients63,82,104

Any

Meningismus 
•	 Seen in 60% of SAH patients63

•	 Takes 3-12 h to develop and may not be 
appreciated in comatose patients105

Any

Third nerve palsy34,106 

•	 90% of patients with third nerve palsy 
due to aneurysm (versus other causes) 
have anisocoria > 2 mm

Posterior communi-
cating artery

Sixth nerve palsy107,108 

•	 Presents 3-14 days after onset of SAH 
•	 Associated with higher clot burden 
•	 Resolves gradually

Any (due to in-
creased intracranial 
pressure)

Bilateral leg weakness, abulia3,71 Anterior communi-
cating artery

Nystagmus, ataxia, dizziness3,71 Posterior circulation 

Hemiparesis with aphasia or neglect3,71 Middle cerebral 
artery

Subhyaloid (retinal) hemorrhage (Terson 
syndrome)86 

•	 Seen in about 10% of SAH patients
•	 Associated with worse clinical grades on 

presentation and poorer prognosis

Any

Abbreviation: SAH, subarachnoid hemorrhage.
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6 hours. Two retrospective studies and 1 prospec-
tive study report that CT scan alone may be suf-
ficient in ruling out SAH in patients who present 
within 6 hours of ictus.113,117,118 The largest of the 
studies was a prospective trial with a primary end 
point of developing a clinical decision rule for sSAH 
patients; a secondary outcome was the utility of CT 
scan within 6 hours of clinical symptoms.113 There 
were over 3000 patients in this multicenter study, 
which concluded that lumbar puncture (LP) did not 
add to clinical decision making. The patients in this 
study presented with their worst headache ever; 121 
of these patients underwent CT scan within 6 hours. 
The sensitivity and specificity for sSAH in this 
cohort was 100% In contrast, a case-control study de-
signed to assess the usefulness of CT within 6 hours 
(as well as to validate the Ottawa SAH rule) found 
a 20% missed SAH diagnosis rate in their cohort.118 
The case-control methodology limited sensitivity 
and specificity reporting. The editorial comments 
to this study detail the arguments in the debate 
over the value of LP in negative early CT; however, 
limited clarity leads many experts to recommend ad-
ditional evaluation with a normal CT.119 All studies 
involved had significant limitations and the current 
data do not provide enough information to warrant 
a change in the recommendations. The 2012 AHA 
guidelines still recommend LP after negative CT 
scan. More compelling data may change that recom-
mendation in the future.
	 In addition, there are special clinical scenarios 
that may impact the technical diagnostic accuracy 
of the CT scan. Patients with normal neurologic 
examinations and smaller hemorrhage volumes may 
not have CT evidence of sSAH.84,112, 120 Patients with 
anemia and hematocrit < 30% may have hemorrhage 
that is overlooked on the scan because their blood 
may be isodense with the CSF.120,121 Other consid-
erations include experience of the interpreter122 and 
technical factors, such as quality of the scanner and 
artifacts of bone or motion that may limit the study.2

 Diagnostic Studies 

There is no single test with high enough sensitivity 
and specificity for effectively diagnosing or ruling 
out sSAH. Effective diagnosis is best accomplished 
in a stepwise manner. See the Clinical Pathway For 
Emergency Evaluation Of Suspected Subarachnoid 
Hemorrhage on page 16. 

Noncontrast Computed Tomography
The initial investigative study in patients with sus-
pected sSAH is the noncontrast head CT.5 Although 
CT has great accuracy in detecting subarachnoid 
blood, the emergency clinician must understand its 
limitations, as summarized in Table 9. Most impor-
tantly, CT findings are time-dependent. There is a 
decrement in the identification of hemorrhage on the 
scan as time from symptom onset increases because 
blood is degraded and diluted by the continuous 
circulation of CSF.109 The largest prospective obser-
vational study supporting this finding used data 
collected during the 1980s from over 3500 patients 
presenting with sSAH at various times from symp-
tom onset using second-generation scanners; CT had 
a 92% sensitivity on the day of aneurysm rupture and 
sensitivity progressively decreased to 86%, 76%, and 
58% on days 1, 2, and 5 postrupture, respectively.84 
With upgrades to third-generation scanners in the 
1990s, subsequent studies (although mostly retrospec-
tive and with smaller sample sizes) reported similar 
findings, with sensitivities ranging from 90% to 98% 
in the first 24 hours64,110-112 and decreasing sensitivity 
after just 12 hours.113 Newer fifth-generation scan-
ners report sensitivities ranging from 93% to 100% if 
patients are scanned within 24 hours; however, these 
results are also based on retrospective studies and 
relatively small numbers of patients.114-116

	 Third-generation CT scanners may provide 
100% sensitivity for sSAH patients presenting within 

Table 8. Ottawa Subarachnoid Hemorrhage 
Rules

Investigate if at least 1 high-risk variable is present:	
•	 Age ≥ 40
•	 Neck pain or stiffness
•	 Witnessed loss of consciousness
•	 Onset during exertion
•	 Thunderclap headache (instantly peaking pain)
•	 Limited neck flexion on examination

For alert patients (Glasgow Coma Scale score of 15) aged >15 y with 
new, severe, nontraumatic headache reaching maximum intensity 
within 1 h. Not for patients with new neurological deficits, previous 
aneurysms, subarachnoid hemorrhage, brain tumors, hydrocephalus, 
history of recurrent headaches (≥ 3 episodes over the course of ≥ 
6 months), or papilledema on fundoscopic examination.

Table 9. Limitations Of Computed 
Tomography2 

•	 Time: Sensitivity decreases as time from symptom onset increases.
•	 Volume: Small-volume bleeds may not be detected by CT. 
•	 Interpreter experience: Less experienced radiologists or emergen-

cy clinicians/general practitioners may have decreased sensitivity 
compared with experienced neuroradiologists.

•	 Technology: Modern scanners with thinner cuts without motion 
artifact will have greater likelihood of identifying SAH compared to 
older scanners with thicker cuts or cases with motion artifact.

•	 Anemia: Patients who have a hematocrit < 30% may have a CT 
that is falsely negative due to isodense blood.

Abbreviations: CT, computed tomography; SAH, subarachnoid hemor-
rhage.
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ache. Alert patients with sSAH are more likely to 
have negative CT scans than patients with neuro-
logic deficits.84,111 This population poses a particular 
challenge for emergency clinicians, but it also has 
the greatest potential to benefit from early detection.
	 The best evidence supporting the value of LP 
comes from a 2007 prospective study of 592 neu-
rologically intact ED patients with acute headache. 
Of the 61 patients with SAH, 6 (10%) cases were 
diagnosed on the basis of positive CSF results after 
a normal cranial CT.9 Another prospective study of 
107 similar adult ED patients found a diagnosis of 
sSAH for 18 patients, 2 of which were missed by CT 
(2% miss rate but 95% confidence interval [CI] up 
to 8.8%).64 Furthermore, a 1994 prospective study 
of 27 patients with acute headache found 9 with 
SAH, 5 of which were missed by CT.81 Additional 
retrospective studies, each with more than 100 SAH 
patients, found 2% to 7% of cases were missed by 
CT but picked up by LP and confirmed by angiogra-
phy.112,115 In an in-depth evidence-based analysis of 
these studies, a neurologically normal patient with 
a negative head CT could still have as much as a 7% 
chance of having an SAH.129 The studies presented 

	 The location of blood or the hemorrhage pat-
tern on CT can be useful in predicting the presence 
and location of an aneurysm (whether traumatic or 
spontaneous) and the likelihood of an angiogram-
negative SAH. Aneurysms of the anterior communi-
cating artery, posterior communicating artery, and 
middle cerebral artery comprise approximately 70% 
of aneurysms.76 Blood from a ruptured aneurysm is 
usually located around the basal cisterns (see Figure 
1, page 2), whereas in traumatic SAH, the blood is 
typically higher in the cerebral convexities or in ar-
eas of coup or contrecoup force, such as the anterior 
portions of the middle and frontal cranial fossae.71 
(See Figure 4). This distinction may be especially 
useful in patients with SAH who may have fallen 
because of syncope at onset. Finally, there is also an 
uncommon entity of spontaneous convexity SAH 
that is almost never aneurysmal.121,123 Convexal 
SAH has been described in various case series with 
the etiologies believed to be related to reversible ce-
rebral vasoconstriction syndrome (RCVS) in patients 
< 60 years of age and cerebral amyloid angiopathy 
in patients aged > 60 years.124-126 This represents a 
cohort of nonaneurysmal SAH with diverse etiolo-
gies that may warrant different management ap-
proaches.

Lumbar Puncture
If findings on noncontrast CT are positive for 
sSAH, then the emergency clinician may shift the 
focus from diagnosis to treatment, and LP need 
not be performed. However, in patients with sus-
pected sSAH with a negative noncontrast CT, LP 
is recommended.5,7

	 The current body of literature suggests that 
there may be a role for a CT-only approach in pa-
tients who present within 6 hours of headache onset. 
However, the data are not yet robust enough to alter 
the current recommendation. Given the life-threat-
ening nature of this condition and the fact that CT is 
not 100% sensitive for SAH, LP is typically recom-
mended to increase the sensitivity of the diagnostic 
algorithm. In addition, LP may diagnose or suggest 
other conditions that cannot be detected by CT (such 
as benign intracranial hypertension, cerebral venous 
sinus thrombosis, spontaneous intracranial hypoten-
sion, and meningitis).5 However, in several reports, 
only 25% to 50% of patients with CT-negative 
worst-of-life headache actually had LP performed 
by emergency clinicians.64,127,128 Although patients 
and emergency clinicians may defer LP for various 
reasons (eg, time constraints, the patient’s general 
appearance of good health, patient discomfort, and 
patient fear of complications), there is clear evidence 
that supports the value of LP as the next step in 
diagnosis.64,66,81,112,115,129,130

	 LP is especially critical in alert, neurologically 
normal patients with sudden-onset, severe head-

Figure 4. Traumatic Subarachnoid 
Hemorrhage On Noncontrast Head 
Computed Tomography

Axial noncontrast computed tomography of a patient with a clear-
cut history of head injury without prodromal headache is shown. In 
contrast to the pattern of the aneurysmal hemorrhage seen within the 
basal cisterns in Figure 1 (page 2), subarachnoid hemorrhage due to 
trauma appears as hyperdensities in the convexities. No aneurysm 
was found on angiogram. 

Image courtesy of Jonathan Edlow, MD.
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as well as in a traumatic tap, or even a combination 
of the 2.138 Consider the case of a LP where 3000 
RBCs are present in tube 1 and 400 RBCs in tube 
4. There is no absolute cutoff for the threshold for 
RBCs to make a diagnosis of SAH, and there are 
no clear data showing average numbers of RBCs in 
patients with SAH. However, aneurysm rupture has 
been anecdotally reported with even a few hundred 
cells, although this is thought to be rare.139 Recent 
analysis provides some guidance for differentiating 
traumatic lumbar puncture from sSAH, where the fi-
nal LP tube RBC count and the percent change in RBC 
count were associated with sSAH.140 In this small 
retrospective study, patients with more than 10,000 
RBCs in the CSF were 6 times more likely than those 
with fewer than 100 RBCs to have SAH.140 In a similar 
analysis, patients with bloody CSF and negative 
cerebrovascular imaging were found to be at low risk 
for subsequent SAH.141 Further research to quantify 
and define bloody CSF may be needed. Although no 
specific guidelines exist for this situation, additional 
diagnostic steps may include performing computed 
tomography angiography (CTA)142,143 or magnetic 
resonance angiography (MRA),144,145 or obtaining 
conventional angiography in consultation with a neu-
rosurgeon. Lastly, it is important to recognize that the 
timing of the LP affects the RBC count just as it does 
CT scan sensitivity, and for the same reason. With cir-
culation of the CSF, the RBCs will diminish with time 
from symptom onset, sometimes clearing completely 
within 48 hours after the bleed.146

Xanthochromia	
Xanthochromia, literally meaning ”yellow color,“ is 
produced by the breakdown of hemoglobin in the 
CSF into pigmented byproducts including oxyhe-
moglobin, methemoglobin, and bilirubin. The first 2 
pigments may form in vitro. However, the enzyme-
dependent breakdown of hemoglobin to bilirubin 
only occurs in vivo and requires time to develop;147 
thus, the presence of xanthochromia is highly sug-
gestive of sSAH.2,139,148 Xanthochromia is unlikely 
with a traumatic tap, as experimental studies of the 
artificial addition of RBCs to clear CSF and purpose-
ful traumatic taps have demonstrated the absence of 
bilirubin and xanthochromia.147,149 False-positives 
may occur because of other apparent causes of xan-
thochromia,150 which are listed in Table 11.

used third-generation CT scanner technology with 
mean presentation times up to 60 hours from symp-
tom onset.

Interpreting The Lumbar Puncture
Even if the decision to perform a LP is clear, inter-
pretation of CSF results can still be challenging. See 
Table 10 for limitations of using LP in the diagnosis 
of sSAH. There are no set criteria for a positive LP 
in the diagnosis of SAH. When blood-stained CSF 
is obtained, the emergency clinician must decide 
whether this result is due to a traumatic tap (which 
occurs in 10% to 15% of patients131,132) or true intra-
cranial bleeding.

Opening Pressure 
The CSF pressure should be obtained in patients 
undergoing LP in the ED, if possible, as elevated 
pressures may be seen in cerebral venous thrombo-
sis or idiopathic intracranial hypertension, and low 
pressures may be seen in spontaneous intracranial 
hypotension, leading to alternative diagnosis and 
management.133-135 Opening pressure may be elevat-
ed by > 20 cm H20 in 60% of patients with sSAH.2 
For accurate measurement of opening pressure, the 
patient must be in the lateral recumbent position. Af-
ter initial fluid confirming location, the manometer 
is inserted and the column height is noted to mea-
sure the opening pressure.

Red Blood Cell Analysis
It is usual practice to collect 4 serial tubes of CSF 
and assess for constancy of red blood cells (RBCs). 
Regardless of the number of RBCs in the first 3 
tubes, if there are zero RBCs in the final tube, this 
indicates a traumatic tap. On the other hand, it is 
generally accepted that the persistence of constant 
numbers of RBCs from tube 1 to tube 4 (usually in 
the thousands) is abnormal and may be indicative of 
sSAH.18,136 Interpretation becomes ambiguous when 
there is “clearing of red cells,” or a fall in RBCs in 
serial tubes, without complete clearing down to 0.137 
This can occur in cases of aneurysmal hemorrhage, 

Table 10. Limitations Of Lumbar Puncture2

•	 Failure to perform LP when CT is negative, equivocal, or subopti-
mal.

•	 Xanthochromia may be absent very early (< 12 h) and very late     
(> 2 wk).

•	 Accurate diagnosis of xanthochromia can be difficult.
•	 Distinguishing traumatic tap from true SAH may be challenging.
•	 Red blood cell count is diluted by circulating CSF and is affected by 

timing of LP.
•	 There is no guideline for the number of red blood cells required to 

diagnose SAH.

Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography; 
LP, lumbar puncture; SAH, subarachnoid hemorrhage.

Table 11. Non-SAH Causes Of Xanthochromia

•	 Jaundice (total bilirubin > 10-15 mg/dL)
•	 Increased CSF protein (> 150 mg/dL)
•	 Rifampin use
•	 Excess dietary carotenoids

Abbreviation: CSF, cerebrospinal fluid, SAH, subarachnoid hemor-
rhage.
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compared with the water control.2 Once again, 
timing is important; xanthochromia will disappear 
after 2 weeks.146 In the absence of xanthochromia, 
there is no current approach to CSF analysis that can 
definitively distinguish between true hemorrhagic 
and traumatic blood-stained CSF. This dilemma may 
be reduced by the use of fluoroscopic guidance for 
LP,132 but this is not often readily available in the ED. 
In addition, direct imaging of the cerebral vessels in 
conjunction with a neurosurgical consultation can 
confirm the presence of an aneurysm.142,143,159

Cardiopulmonary Testing
Cardiac abnormalities are common following acute 
sSAH. Subendocardial ischemia may result from 
autonomic stimulation from the brain and circulat-
ing catecholamine surge, resulting in an abnormal 
electrocardiogram (ECG) in 50% to 100% of patients 
with aSAH in the acute phase.97,98,160,161 Common, 
benign, and usually transient, ECG changes are 
nonspecific ST wave and T wave changes, prolonged 
QRS segments, U waves, and increased QT intervals, 
but ECG changes mimicking cardiac ischemia are 
known to occur as well.98,162 Positive troponin occurs 
in 20% to 40% of acute cases99,163,164 and may lead 
to cardiopulmonary complications and worse out-
comes.99 Serious arrhythmias may occur in < 5% of 
patients and have been shown to be associated with 
worse outcomes.98 Whereas suspected myocardial 
ischemia should be treated in the usual manner, SAH 
is considered a contraindication to thrombolytic or 
anticoagulant therapy.165 Coronary angiography has 
been normal in several case reports of patients with 
SAH with ST segment elevations and/or elevated 
troponin, highlighting a neurocardiogenic mecha-
nism distinct from coronary thrombosis underlying 
this process.166-169 Neurogenic stunned myocardium 
(also known as Takotsubo cardiomyopathy) has been 
reported in patients with aSAH. This phenomenon re-
fers to acutely decreased left ventricular function170-172 
due to left ventricular apical akinesis or apical bal-
looning.171,173 This is usually in the setting of normal 
coronary arteries171 and its mechanism is believed to 
be a stress-induced cardiomyopathy. Patients may 
have an acutely depressed ejection fraction (as low 
as 20%). Most patients usually recover function over 
several weeks. This presents significant initial diag-
nostic challenges, as patients may have pulmonary 
edema and symptoms of acute cardiac ischemia.174-176 
The syndrome is considered transient and the initial 
diagnostic and management strategies should focus 
on the primary neurological insult while supporting 
the cardiac dysfunction. 

Clinical Decision Making 
Current ACEP clinical policy states that, in patients 
with negative CT and LP, the diagnosis of SAH can 
be excluded.5 There are several well-conducted pro-

	 Xanthochromia may take up to 12 hours to 
develop and it lasts at least 2 weeks. Several stud-
ies have shown that only a small fraction (20%) of 
patients with SAH who were tapped within 6 hours 
had visual xanthochromia, but all who were tapped 
between 12 hours and 2 weeks had xanthochro-
mia.146,151 Some authors have recommended waiting 
12 hours from symptom onset to obtain a LP.57,146 
However, multiple studies have shown that, in the 
absence of xanthochromia, all of these early cases 
will show bloody CSF with abundant RBCs.146,151,152 
Thus, finding normal CSF, even in the first few 
hours, successfully excludes sSAH. For all of these 
reasons, the authors of one review recommend not 
delaying LP but, instead, accepting either RBCs or 
xanthochromia as a positive finding of sSAH.71

Assessing Xanthochromia: Visual Analysis Versus 
Spectrophotometry
The best way to assess xanthochromia remains a 
topic of continued debate. Some researchers claim 
spectrophotometry is superior to visual inspec-
tion,151,153 and 1 guideline formally recommends 
this as the preferred method for CSF analysis.154 
However, visual inspection is probably highly ef-
fective; a retrospective study of about 150 patients 
reported a fairly high sensitivity of 93%, specificity 
of 95%, positive predictive value of 72%, and nega-
tive predictive value of 99% when compared with 
conventional angiography.136 One study directly 
comparing the ability of 51 emergency clinicians and 
51 students to identify xanthochromia by the visual 
method found sensitivities of 100% and 99%, respec-
tively, compared with spectrophotometry,155 indicat-
ing a minimal difference in detecting abnormal CSF 
between the 2 methods. Multiwavelength spectro-
photometric analysis for xanthochromia has recently 
been proposed as a superior method to traditional 
spectrophotometry and possibly visual analysis.156 
This method is not widely available clinically and 
has not been tested directly; regardless, the propo-
nents for spectrophotometry cite a perfect sensitiv-
ity of 100%.151,157 This must be weighed against the 
poor specificity of spectrophotometry, which ranged 
from 29% to 75% in 1 prospective and 1 retrospective 
study (each with more than 200 patients)157,158 and a 
high false-positive rate (18 of 20 patients) in another 
prospective study.64 Relying on spectrophotometry 
could lead to increased angiography, exposing pa-
tients with false-positive CSF results to unnecessary 
risk.158 From a practical standpoint, spectrophotom-
etry is not available in most (> 99%) emergency labo-
ratories in North America.148 The standard method 
of assessing visual xanthochromia involves rapidly 
centrifuging the last tube of CSF and comparing it 
with an identical tube filled with an equal volume 
of water against a white background. Xanthochro-
mia is identified by a yellowish hue in the CSF tube 
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in detecting subacute and chronic SAH, especially 
with fluid-attenuated inversion recovery (FLAIR) 
and T2-weighted imaging performed 4 to 14 days 
after aSAH.144 A 2002 study showed 100% sensitivity 
for detection of CT-proven SAH in 13 patients with 
acute presentations within 12 hours of symptom 
onset by proton density and FLAIR sequences.145 In 
contrast, another study of 12 patients with CT-nega-
tive, CSF-positive SAH showed that only 2 patients 
had positive FLAIR findings for SAH.192 These were 
also the 2 patients that had the highest RBC count 
in the CSF, suggesting that a minimum number of 
RBCs is required to cause hyperintensity on magnet-
ic resonance. MRI is of limited clinical utility in the 
ED setting owing to limited general availability (in-
stitutional and 24-hour availability) and the techni-
cal expertise required to interpret the study.160 While 
MRI is a growing technology and several studies 
report higher sensitivity detection rates depending 
on the sequence of MRI utilized,193-195 there are not 
enough clinical and feasibility data to recommend 
MRI as part of the routine evaluation for acute diag-
nosis of SAH. The 2012 AHA guidelines do recom-
mend its possible use in patients with a nondiagnos-
tic CT scan; however, a patient with suspected sSAH 
and a negative MRI still requires a LP.

spective studies to support this practice.61,63,66 The 
largest of these was a prospective cohort study that 
observed 592 patients with sudden-onset headache 
for 3 years. The study included 61 patients with 
sSAH (55 diagnosed by CT and 6 by LP) and found 
no cases of subsequent SAH in those patients with 
negative CT and LP.66 Several smaller studies have 
also observed patients with thunderclap headache 
after negative CT and negative LP results and none 
of the patients developed sSAH.62,80,177 The largest 
of these observed clinical outcomes of 71 patients 
for an average of 3.3 years.62 Furthermore, a recent 
systematic review that included 7 studies of patients 
with negative CT and LP with > 1 year of follow-up 
found a pooled proportion of 0% with sSAH.178 To-
gether, this body of evidence supports a standard of 
excluding SAH by a combination of negative CT and 
LP. It is important that the CSF analysis be complete 
and normal.

Role Of Primary Computed Tomography 
Angiography In Subarachnoid Hemorrhage
CTA is an emerging technology that has the diag-
nostic advantage of being noninvasive. The diag-
nostic accuracy of CTA varies widely and, when 
compared to the standard DSA, the sensitivity and 
specificity range from 77% to 100% and 87% to 
100%, respectively.76,179-185 There are very limited 
data to compare the CTA approach to the cur-
rent standard approach. A methodological review 
supported a CTA approach in patients presenting 
within 48 hours of symptoms and with a neurologi-
cally intact examination.186 CTA sensitivity decreas-
es with aneurysms < 4 mm in size181,187 and carries 
the risk of contrast-induced nephropathy, especially 
if DSA is performed after CTA.76 See Figure 5 for 
the appearance of an aneurysm on CTA. The use 
of CTA has not replaced the current approach but 
it has gained acceptance, although its utilization 
is center-specific and more prevalent in continued 
management than initial diagnosis.188-190 CTA may 
be part of the algorithm in the future. This is an area 
of rapid technologic growth. Newer 3-dimensional 
320-detector row CT scanners are now available and 
provide even greater detail, although they are not in 
widespread use.191 The 2012 AHA guidelines recom-
mended CTA as part of the workup for aneurysm 
but not as the primary diagnostic tool. In a patient 
diagnosed with sSAH, a nondiagnostic CTA should 
be followed up with a DSA (except possibly in the 
case of perimesencephalic hemorrhage). 

Role Of Primary Magnetic Resonance 
Imaging In Diagnosis Of Subarachnoid 
Hemorrhage
Only small studies of magnetic resonance imag-
ing (MRI) for diagnosis of SAH exist. In a study of 
41 patients, MRI was shown to be better than CT 

Figure 5. Detection Of Aneurysm By 
Computed Tomography Angiography Of The 
Head 

(A) Preoperative axial CTA for the 
patient with subarachnoid hemor-
rhage shown in Figure 1 (page 
2) identified a small right middle 
cerebral artery aneurysm (arrow). 
(B) Coronal view of right middle 
cerebral artery aneurysm (arrow). 
(C) CTA 3D reconstruction better 
characterized the same aneu-
rysm. Patient underwent surgical 
clipping for repair. 

Abbreviation: CTA, computed tomography angiography.
Image courtesy of Lisa Thomas, MD.
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to 2.6% risk of neurologic complications, more than 
half of which were transient. 
	 CTA is becoming increasingly popular since 
it is fast and noninvasive, and a growing body of 
evidence reports a sensitivity and specificity that 
is comparable to conventional cerebral angiogra-
phy.184,185,204-208 This has led to several prospective 
studies that support using only CTA for preopera-
tive planning.159,209-212 See Figure 5, page 13, for an 
example of an aneurysm detected by CTA.
	 MRA is available but less well studied.213,214 The 
majority of the limited data for comparison to DSA 
is in unruptured aneurysms, where MRA has sensi-
tivity and specificity ranging from 69% to 99%. The 
smallest aneurysm that can be detected is likely a 
function of the equipment available and the experi-
ence of the neuroradiologist. The choice of angiog-
raphy type should be made in consultation with the 
neurosurgeon or interventionalist. This is important, 
since endovascular treatment is being used with 
increasing frequency and involves conventional an-
giography and intravenous contrast. Ideally patients 
should be spared sequential dye loads and, in some 
cases, the initial diagnostic angiogram will be done 
at the same time as the endovascular intervention.

Monitoring And Preventing Complications
Rebleeding 
Rebleeding is one of the most devastating sources of 
morbidity and mortality after aSAH. The cumula-
tive incidence of rebleeding after SAH during the 
first 72 hours has been estimated to range from 8% 
to 23%.215 Studies have shown that 50% to 90% of 
rebleeding episodes occur within the first 6 hours 
after the primary bleed.12,215 Predictors of rebleeding 
include patients with high-grade SAH, larger aneu-
rysms, prolonged time to surgery, sentinel bleeds, 
and those who undergo catheter angiography. 12,215 
Clinically, rebleeding may manifest as an acute or 
worsening headache, a decrease in the level of con-

 Management 

Initial Management
Once a patient’s acute SAH is diagnosed, emergency 
neurosurgical consultation should be obtained 
to arrange for definitive therapy for the ruptured 
aneurysm. In many cases, this will require transfer 
to a tertiary care facility. ED management should 
focus on airway management, close hemodynamic 
monitoring, supportive care, and prevention and 
treatment of complications. The numbers of clinical 
interventions are limited for SAH patients; however, 
outcomes have been shown to be best when care is 
provided by multidisciplinary teams in specialized 
centers.196 Few interventions for SAH management 
are unequivocally proven to be effective; rather, 
most are based on tradition and expert consensus. 
Table 12 depicts a sample protocol for SAH manage-
ment based on the practices outlined in the AHA 
and NCS guidelines. Details should be discussed 
with the consulting neurosurgical team, as specific 
management practices may vary among hospitals 
and treating specialists or according to patient cir-
cumstances.

General Care Measures
Bed rest is recommended, although it has not been 
proven to improve outcomes or prevent compli-
cations.7,8 Adequate analgesia, antiemetics, and 
judicious sedation should be administered to ensure 
patient comfort. Serial neurological examinations 
should be performed to monitor for deterioration. 
The airway should be managed, if necessary.7 Car-
diac monitoring should be performed to evaluate for 
arrhythmias.98 The head of the bed may be kept at a 
30º angle to facilitate venous drainage.9 The patient 
should have nothing by mouth until a surgical or 
endovascular treatment plan is decided.

Cerebrovascular Imaging
After the diagnosis is made, further imaging of 
cerebral vasculature should be obtained to identify 
the ruptured aneurysm in conjunction with neuro-
surgical consultation. Typically, this will be per-
formed at the same center that will provide defini-
tive management. 
	 Cerebral DSA has traditionally been the gold-
standard imaging technique for preoperative plan-
ning, as it accurately elucidates vascular anatomy, 
identifies the bleeding site, and outlines the size and 
location of the aneurysm.197 Angiography may be 
negative in 10% to 20% of patients with SAH be-
cause of perimesencephalic hemorrhage, vasospasm, 
thrombosed aneurysm, or other rare causes.198-200 
The risk of complication from this procedure is con-
sidered to be very low. Two large prospective series 
of almost 3000 procedures201,202 and a retrospective 
study of almost 20,000 procedures203 report a 0.4% 

Table 12. Emergency Department 
Management Of Subarachnoid Hemorrhage

•	 Consult neurosurgery or other cerebrovascular specialist.
•	 Obtain additional cerebrovascular imaging in consultation with 

neurosurgery.
•	 Patient should have nothing by mouth except medication.
•	 Administer analgesia and sedation as needed.
•	 Manage blood pressure:

l	 Discuss target blood pressure goals with consulting neurosurgi-
cal team.

l	 Consider commonly used intravenous agents: labetalol and 
nicardipine.

l	 Monitor for hypotension.
•	 Avoid nitroprusside (may increase intracranial pressure).
•	 Consider short-term seizure prophylaxis (treat seizures if they have 

occurred).
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esmolol.7,9 Clevidipine, an intravenous dihydropyri-
dine with a pharmacokinetic profile similar to that 
of nicardipine, has not been extensively studied in 
SAH patients. Due to the addition of an ester link-
age, it has a half-life of less than 1 minute and may 
therefore require less titration.224,225 Availability of 
this agent may be increasing for management of 
acute hypertension of various etiologies. Nitroprus-
side should be avoided because of its tendency to in-
crease intracranial pressure and potential for toxicity 
with prolonged infusion.7 If the patient is expected 
to remain in the ED for a long time, an arterial cath-
eter may be inserted to facilitate continuous blood 
pressure monitoring.8

Preventing Vasospasm
Cerebral vasospasm is a delayed complication that 
may develop several days up to 2 weeks post aSAH, 
peaking 7 to 10 days after the event.2,19 Vasospasm 
may be asymptomatic or may lead to delayed 
neurologic deterioration, which can cause signifi-
cant morbidity related to aSAH.225 Nimodipine, a 
calcium-channel blocker, has been shown to reduce 
the occurrence of secondary ischemia with a favor-
able trend towards reducing case fatality. In a recent 
Cochrane Review of 16 trials of calcium antagonists, 
it had a risk ratio of 0.67; 95% CI, 0.55-0.81.226 The 
mechanism for this improvement is unclear but is 
not mediated by vasospasm and is not demonstrated 
in other calcium-channel–blocking agents The 
statistical significance of this review rests heavily 
on the largest randomized controlled trial of 554 
patients, from which comes the standard dosing 
regimen.227 It is thus appropriate to administer 60 
mg of nimodipine orally every 4 hours, even start-
ing in the ED.7,8,226 If the patient is unable to swal-
low, the nimodipine should be crushed and given 
via a nasogastric tube, as there is no evidence for the 
efficacy of intravenous nimodipine.226 Nimodipine 
should be given in hemodynamically stable patients 
and in consultation with the specialist team. Note that 
nimodipine is part of the comprehensive stroke center 
core measures (although not necessarily administered 
in the ED). Nicardipine, another calcium channel 
blocker, has also been shown to decrease vasospasm 
in a randomized trial but without any improvement 
in outcome.228 
	 Intravenous magnesium sulfate226,229 has shown 
no difference in vasospasm prophylaxis.230 Statins 
have shown some promise in early literature for pre-
venting vasospasm.230-232 Recent larger trials have 
been inconclusive. Some trials have shown decreases 
in vasospasm incidence with no improvement in 
delayed cerebral ischemia or mortality.233-235 Cur-
rently, high-dose statin therapy is being evaluated in 
comparison with normal-dose statin therapy.236,237 
Ultimately, the data are not conclusive enough to 
make firm recommendations for statin use, espe-
cially in the ED.238

sciousness, a loss of brainstem reflexes, posturing, 
respiratory arrest, or seizures. There are no robust 
randomized trials to guide the best management 
approach to preventing rebleeding. The NCS guide-
lines identify early repair as the primary strategy 
for preventing rebleeding. Judicious administration 
of antifibrinolytics and blood pressure manage-
ment may also be beneficial.12 In the past, when 
aneurysm surgery was delayed for days to weeks 
after the SAH, antifibrinolytics were used to prevent 
rebleeding during that interval. Because this strategy 
often resulted in cerebral ischemia, the practice has 
fallen out of favor.216 However, in the current age of 
early intervention, new data suggest that very short 
courses of antifibrinolytics may reduce rebleeding 
without causing ischemia.7,217-219 The administration 
of antifibrinolytics should be discussed with the ac-
cepting neurosurgical team. Rapid diagnosis of SAH 
followed by early definitive repair probably remains 
the best strategy for prevention.

Blood Pressure Management
In theory, higher pressures may increase the risk of 
rebleeding, whereas lower pressures may compro-
mise cerebral perfusion pressure, leading to cere-
bral ischemia. This balance was demonstrated by a 
retrospective study of 134 patients with SAH, 80 of 
whom had systolic blood pressure reduced to < 100 
mm Hg.195 While rebleeding occurred in 15% of pa-
tients treated with antihypertensives, compared with 
33% in the untreated group, the rates of cerebral in-
farction were doubled (40%) in the treatment group 
compared with the nontreatment group (22%). 
Whether acute hypertension definitively increases 
rebleeding risk is still a controversial subject, based 
on the conflicting results of recent studies.220,221 
	 Although there are conflicting data on the causal 
relationship of hypertension in SAH patients, there 
may be some relationship between premorbid hy-
pertension and poor prognosis and higher severity 
of disease on presentation.222 Acute management, 
however, has not been clearly demonstrated to alter 
clinical outcome. There are no conclusive data point-
ing to a target blood pressure or the ideal antihyper-
tensive agent in the management of SAH, so these 
choices should be left to the established practices 
of the consulting neurosurgical or neurointensive 
care team. The authors recommend the collaborative 
development and utilization of regional protocols 
to help guide the management of these patients at 
every point in the system of care. The 2012 AHA 
guidelines recommended that, from the time of 
symptom onset to obliteration of the aneurysm, the 
blood pressure be controlled with a titratable agent, 
with a goal systolic blood pressure of 160 mm Hg.6 
The guidelines note that an evidence-based goal has 
yet to be identified but that 160 mm Hg systolic is 
a reasonable target.6 Titratable intravenous agents 
may include labetalol, nicardipine, clevidipine, and 
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*ED Management Considerations
•	 Admit to specialized neurosciences ICU. (Class I)
•	 Order bed rest and nothing by mouth.
•	 Manage blood pressure. (Class II) 
•	 Administer nimodipine for vasospasm prophylaxis. (Class I)
•	 Implement seizure prophylaxis. (Class III)
•	 Perform reversal of anticoagulated patients. (Class II)

•	 Clinical presentation suspicious for SAH
•	 First, worst, abrupt-onset, or unusual headache
•	 Any focal neurologic deficit/disorientation

Perform noncontrast head CT (Class I) 
•	 Is there subarachnoid blood?

Positive for SAH

Provide further 
care per 

consultant for 
nonaneurysmal 

etiology

Perform early 
aneurysm re-
pair (Class II)

•	 Initiate urgent neurosurgical         
consultation

•	 Transfer to ICU/neurosurgical care 
(Class I)

•	 Begin ED management* 
•	 Perform cerebrovascular imaging 

(Class I) 
•	 Ruptured aneurysm found?

Negative for SAH or limited study

Perform lumbar puncture (Class I)

Xanthochromia or 
persistently bloody CSF?

•	 Ambiguous traumatic tap?
•	 Unable to obtain CSF?
•	 High pretest probability?
•	 Presentation > 2 wk?

Normal CSF

•	 Consider workup for alternative 
diagnosis

•	 Provide analgesia and reassurance
•	 Discharge with outpatient follow-up 

(Class II)

Positive for SAH

•	 Perform CTA/MRA
•	 Consider neurosurgical consultation

NO

NO

NO

NO

YES

YES

YES

YES

Clinical Pathway For Emergency Department Management Of Multiple 
Shocks

Clinical Pathway For Emergency Evaluation 
Of Suspected Subarachnoid Hemorrhage

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and effectiveness

Level of Evidence:
• One or more large prospective studies 

are present (with rare exceptions)
• High-quality meta-analyses
• Study results consistently positive and 

compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of evidence
• Nonrandomized or retrospective studies: 

historic, cohort, or case control studies
• Less robust randomized controlled trials
• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative treat-

ments

Level of Evidence:
• Generally lower or intermediate levels 

of evidence
• Case series, animal studies, 	

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until further 

research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

 Class Of Evidence Definitions

Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions. 

Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography; CTA, computed tomography angiography; ED, emergency department; ICU, inten-
sive care unit; MRA, magnetic resonance angiography; SAH, subarachnoid hemorrhage.
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proaches and found improved outcomes for patients 
who underwent endovascular coiling.249,250 However, 
not all aneurysms are suitable for each approach, 
and clipped patients had an increased risk of seizure 
whereas coiled patients had a slightly increased risk 
of rebleeding.250 Each patient is best evaluated by a 
multidisciplinary team. The choice of clipping or coil-
ing is based on a variety of factors, including anatom-
ical characteristics of the aneurysm, expertise of the 
clinicians, and the patient's clinical status, comorbidi-
ties, and preference.251-253

Prognosis
Even with transfer to specialized neurosurgical 
intensive care in high-volume centers, inhospital 
mortality after SAH is still > 30%.254,255 Historically, 
patients with grade 4 or 5 aSAH (Hunt and Hess) 
had poor outcomes, with mortality reports of 70% to 
90%.256 With improvements in management strate-
gies, mortality is still high in patients with severe 
aSAH but it is significantly better than historical 
reports.257 Aggressive approaches may still be war-
ranted. Outcome in surviving patients depends 
on several factors, including the patient's age and 
comorbidities, SAH grade at time of presentation, 
and perioperative complications during hospitaliza-
tion.17,258 Rebleeding carries the highest mortality 
rate; however, early repair has decreased the inci-
dence of rebleeding significantly.259 In contrast to 
patients with confirmed aneurysmal hemorrhage, 
patients who have SAH that is angiogram-negative 
due to perimesencephalic hemorrhage have an ex-
cellent prognosis; 98% survive without deficits.200

 Special Circumstances 

Pregnant And Postpartum Women
Acute headache in pregnant or postpartum women 
requires additional understanding and expansion 
of the differential diagnosis. As pregnancy and the 
acute postpartum period represent hypercoagu-
lable states, emergency clinicians should strongly 
consider ischemic stroke and cerebral venous 
thrombosis. Other etiologies more common in the 
peripartum period that may present with headache 
are reversible cerebral vasoconstriction syndrome, 
pre-eclampsia, and posterior reversible encepha-
lopathy syndrome.

Anticoagulated Patients
Some patients with sSAH may be taking antithrom-
botic medications (including warfarin and antiplate-
let agents) at the time of presentation. There are very 
few case series that comment specifically on reversal 
in SAH cases;260 however, general consensus sup-
ports reversal in the acute setting.261,262 There are 
more data in the symptomatic intracranial hemor-
rhage population, but these data are also limited. 

Seizure Prophylaxis
Less than 20% of patients have a seizure during or 
soon after aSAH.239 Some advocate prophylactic 
emergency antiepileptic drug use in all patients 
with aSAH,240 based on older data collected when 
the rates of seizure after aSAH were thought to be 
higher and management was often delayed. This 
has become controversial,241 but there is likely a 
high-risk subset that may benefit from it, as pa-
tients with a higher clinical grade are likely to 
deteriorate after a seizure.8,242,243 
	 Although it is not clear why, phenytoin has 
been associated with worse outcomes, especially 
with prolonged use.244,245 Data from 4 multicenter 
randomized controlled trials of aSAH were pooled 
together to identify associations in antiepileptic drug 
use in aSAH. The analysis consisted of 3552 patients 
admitted with aSAH and found increased inhospital 
complications and worse outcomes after antiepileptic 
therapy, based on GCS score, neurologic deteriora-
tion, and vasospasm.244 Another prospective study of 
527 patients with SAH found that higher serum phe-
nytoin levels were associated with functional decline 
and cognitive disability at 2 weeks and 3 months.245 
A review of 7000 aSAH patients given antiepileptic 
drugs found a 2.2% early seizure rate and 5.5% late 
seizure rate, with no difference between the patients 
who received some course of antiepileptic drugs and 
those who received no antiepileptic drugs.246 Com-
mon practice may include a short course (< 3 days) 
of an antiepileptic drug, based on data showing that 
short courses have the same benefit of low inhospital 
postoperative seizure rate (< 2%) when compared 
with longer courses, without the accumulating ad-
verse effects of the drugs.242,247 In a patient who has 
not already seized, it is reasonable to defer antiepi-
leptic drug initiation to the inpatient management 
service due to the high variability in antiepileptic 
drug use and the limited data to support efficacy in 
the early phase. This is best done in accordance with 
protocol developed at local institutions. 

Acute Clinical Deterioration
In patients who experience an early deterioration 
in neurological status, there are several potential 
causes, and it is important to repeat the CT to dis-
tinguish among them. Some, such as rebleeding or 
cerebral infarction, have poor prognosis; however, 
others, such as acute hydrocephalus or extension 
into the subdural space, are treatable and may not 
adversely affect long-term outcomes.2

Definitive Aneurysm Repair
The 2 main approaches to aneurysm repair are micro-
vascular neurosurgical clipping or endovascular coil-
ing. Early treatment (within 72 hours) is a common 
approach.141,248 The largest trial comparing clipping to 
coiling randomized 2143 patients suitable for both ap-
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Lumbar Puncture–First Strategy
Since most alert, neurologically intact patients with 
acute-onset headache have benign etiologies with 
negative workup, some experts have advocated LP 
as the first diagnostic test for such patients.263 Under 
this rationale, patients with normal CSF results 
could be discharged, thus decreasing the number of 
CT scans performed at the cost of a minimal increase 
in the number of LPs. As previously described, 
many emergency clinicians often omit the LP;64,127,128 
this strategy would force the LP to be completed. 
Although a LP-first strategy may be safe in certain 
patients who are neurologically normal without 
signs of increased intracranial pressure, removing 
CSF from patients with SAH with unrecognized 
intracranial hematoma may precipitate rebleed-
ing or herniation; this can occur even without focal 
neurological findings.264,265 Concerns about hernia-
tion have arisen from pre-CT retrospective reports 
of sudden neurologic deterioration and death in 
1 patient just after the procedure in a series of 129 
patients with papilledema or increased intracranial 
pressure,266 and 1 death among 401 patients with 
brain tumors.267 Also commonly cited is a case series 
of 74 patients with suspected intracranial hemato-
mas, 44 of whom had LP prior to imaging.264 All 44 
were drowsy, confused, or had neurologic deficits, 
and 7 had clinical deterioration at the time of LP. All 
7 of these patients had intracranial hematomas, but 
the relative contribution to the deterioration from LP 
versus the natural clinical course of the hematoma is 
unknown. Adverse outcomes due to space-occupy-
ing lesions are likely much lower than depicted by 
the former study. Support comes from a 1988 study 
of 38 patients with intracranial mass seen on CT, of 
whom 34 had evidence of mass effect and 37 under-
went LP without neurologic deterioration.268 Over-
all, the risk of herniation is small, even in patients 
with mass lesions. 
	 Apart from alleviating concerns of herniation 
in patients with unknown mass lesions or signs of 
elevated intracranial pressure, obtaining the noncon-
trast CT may be valuable in identifying or excluding 
other conditions (such as a venous sinus thrombo-
sis or acute paranasal sinusitis) in the differential 
diagnosis. There are no prospective data on safety, 
feasibility, or suitable patient selection for the LP-
first approach and, thus, CT followed by LP remains 
the standard order for diagnostic testing.

Role Of Warning Headache
In some patients later found to have a diagnosis 
of SAH, a so-called sentinel or warning headache 
occurs days to weeks before the SAH and can thus 
be diagnosed only in retrospect. These episodes 
are sudden, severe headaches that resolve. These 
warning headaches occur in roughly 10% to 43% of 
SAH patients.269 The etiology for this phenomenon 

In the absence of data to inform a clear path, the 
authors recommend that regional protocols be de-
veloped to address management of patients on anti-
coagulant or antiplatelet therapy who present with 
a SAH. There are several newer agents but fewer 
reversal options; the risks and benefits should be 
discussed and policy may be influenced by regional 
availability of reversal agents. 

 Controversies And Cutting Edge 

Computed Tomography Angiography
Whether CTA can be used for the primary diagnosis 
of sSAH, eliminating the need for LP, is a topic of 
current debate. A common practice is to obtain a LP 
for all patients with suspected SAH after a nega-
tive noncontrast CT. However, only 25% to 50% of 
patients with CT-negative, worst-of-life headache 
actually underwent LP in the ED,64,127,128 likely 
because this test is burdensome for the patient and 
the provider. If CTA could improve the diagnostic 
capability of noncontrast CT, perhaps it could reduce 
the need for LP. Only 2 small studies comparing 
CTA with noncontrast CT and LP for primary SAH 
diagnosis exist.142,143 The best evidence comes from 
a prospective study of 106 patients in whom CTA 
detected 6 cases of aneurysm that were not seen on 
noncontrast CT.142 All of these patients had positive 
LP results and were picked up by routine workup. 
However, there were 3 cases of negative CT and 
spinal fluid that had a positive CTA, likely owing to 
detection of unruptured aneurysms. 
	 Implementation of the CTA strategy may lead to 
unnecessary angiography or surgical risk in the 2% 
of the population harboring incidental aneurysms.37 
However, many of these incidental aneurysms can 
be managed conservatively with observation. Thus, 
discovery by CTA may not lead to additional pro-
cedural risks, but this decision involves multiple 
factors, including characteristics of the aneurysm, 
expertise of the surgeon, and preferences of the pa-
tient. Unnecessary angiography may also occur with 
the current use of LP in cases of equivocal CSF results 
or false-positive xanthochromia identified by spectro-
photometry.158 There may be some benefit to identi-
fying or treating these incidental aneurysms (if they 
are actually causing the symptoms of presentation) as 
symptomatic aneurysms have 8 times the risk of rup-
ture compared with incidental aneurysms identified 
without symptoms.37 Finally, the risk of intravenous 
contrast to patients with iodine dye allergy or renal 
insufficiency also needs to be considered.
	 As of 2014, although the results are promising 
for CTA in the diagnosis of ruptured aneurysm, the 
current diagnostic strategy for sSAH should not be al-
tered without larger prospective trials examining test 
characteristics, risks, benefits, and cost-effectiveness.
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to missed diagnoses. This article summarizes the 
evidence supporting the diagnostic workup begin-
ning with noncontrast CT and, if negative, LP. The 
emergency clinician must understand the limitations 
of each study and, when in doubt, obtain neuro-
surgical consultation. Because of the potential for 
significant morbidity and mortality, it is important 
to make the diagnosis quickly. Once the diagnosis 
is established, the next steps include neurosurgical 
consultation and transfer of patients to high-volume 
centers with the full range of treatment capabilities. 
Cerebrovascular imaging to detect the aneurysm 
should be arranged after discussion with the treating 
neurosurgeon. Emergency clinicians should address 
acute management issues, including basic cardiore-
spiratory and neurologic monitoring, nimodipine to 
improve outcomes related to vasospasm, and sup-
portive care.

 Case Conclusions 

The middle-aged woman who initially seemed so uncom-
fortable felt much better after receiving 1 g of acetamino-
phen. You were both reassured by this, but you knew that 
patients with SAH can have pain that resolves spontane-
ously or is alleviated with medication. At this point, she 
wanted to go home, but you explained the need for her to 
stay for a LP. After the negative LP and CT, you appropri-
ately sent her home with primary care follow-up for her 
benign headache. 
	 The other patient with migraine history had described 
this episode as being worse than her usual migraines, 
and you were concerned because she said she usually saw 
flashing lights prior to headache onset and this time she 
had no aura. Your excellent history-taking led you to 
work the patient up for SAH. You performed the correct 
diagnostic steps but initially had some question about 
the CSF results. Luckily, the laboratory technician was 
able to visualize xanthochromia, confirming the diagno-
sis. Based on these findings, you called for neurosurgical 
consultation and got a CTA to further assess for ruptured 
aneurysm. In coordination with neurosurgery, you began 
acute supportive care in the ED. You placed the patient 
on continuous monitoring and treated her pain as needed, 
watching for excessive blood pressure elevations. You 
ordered frequent nursing checks to ensure no deteriora-
tion in the patient’s clinical status. On CTA, she had a 
large aneurysm of the anterior communicating artery. She 
was ordered to have nothing by mouth except medications 
prior to definitive repair. While you were awaiting the 
patient’s bed on the neurosciences ICU, you began treat-
ment with nimodipine. Shortly thereafter, the patient was 
transferred to the neurosciences ICU in stable condition 
to be cared for by a highly specialized team.

is undetermined; it may be caused by minor leakage 
from a cerebral aneurysm before impending com-
plete rupture,120 misdiagnosis,269,270 or recall bias.270 
Regardless of the explanation, observational data 
suggest that patients experiencing these warning 
symptoms have worse outcomes. In a prospective 
study of over 200 patients with SAH, 17% had a sen-
tinel headache and suffered a 10-fold higher risk of 
rebleeding compared with those without a sentinel 
headache.271 Another smaller retrospective study 
found that about 40% of patients with SAH had a 
warning leak; these patients had worse outcomes 
and a staggering 53% mortality.120 
	 Whatever the explanation and occurrence, this 
phenomenon will be moot if emergency clinicians 
carefully evaluate patients with acute headache and 
pursue the appropriate diagnostic workup. 

 Disposition 

Patients with acute SAH should be admitted to 
an intensive care unit, preferably a neuroscience 
intensive care unit, for continual supportive care 
and monitoring until definitive repair of the an-
eurysm.9,240,272 Numerous studies now show that 
patients with SAH have better outcomes when 
treated in high-volume centers with specialized 
units and options for both surgical and endovascular 
repair. A recent meta-analysis that used data from 4 
studies and included over 36,000 patients showed a 
reduction in inhospital mortality in patients treated 
in high-volume centers (odds ratio, 0.77; 95% CI, 
0.60-0.97).196 
	 Patients can be safely transferred to these centers. 
One recent prospective multicenter study on emer-
gent neurosurgical transfers, one-third of which were 
for SAH, found an average of 5.2 hours from time of 
diagnosis to the patient’s arrival at the neurosurgical 
center without significant clinical deterioration of the 
GCS score in 90% of patients.273 Emergency air trans-
portation of patients with spontaneous acute intracra-
nial hemorrhage has also been found to be safe and 
effective in facilitating early diagnosis and operative 
intervention.274 Prearranged interfacility agreements 
may be useful for the efficient and appropriate trans-
fer of patients to tertiary care hospitals. 
	 Well-appearing patients with normal neurologic 
examinations, normal CT, and normal CSF analysis 
may be safely discharged from the ED with outpa-
tient followup.5

 Summary 

When a patient presents to the ED with an abrupt-
onset, unusual, or worst-ever headache, the emer-
gency clinician must consider the diagnosis of SAH. 
There is a wide spectrum of complaints for patients 
with SAH, and atypical presentations can lead 
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1.	 “I thought it was a migraine, so I did not order 
a head CT.” 
A head CT should be considered even in 
patients with a primary headache disorder, like 
migraine, if the characteristics of the headache 
are substantially different from their usual 
symptoms.

2.	 “Her symptoms were suggestive of the flu.” 
Emergency clinicians should be aware of the 
wide spectrum of clinical symptoms that may 
present as SAH. Patients may have nonspecific 
symptoms, including neck pain, myalgia, and 
mild headache, which may be misdiagnosed 
as a viral syndrome. Consider CT and, if 
negative, LP.

3.	 “His symptoms improved with antiemetics and 
analgesics.” 
Patients with SAH may have symptoms that 
completely resolve with pain medications 
and sometimes even without treatment. The 
decision to work up a patient for SAH should 
not be solely influenced by response to pain 
medications.

4.	 “He was from a nursing home, delirious, and 
had a urinary tract infection, so I thought it 
was urosepsis.” 
Patients with delirium or a change in mental 
status should be carefully evaluated, as SAH 
may be in the differential. Studies have shown 
that psychiatric diagnoses and delirium are 
common misdiagnoses for SAH.

5.	 “Her pain was atypical and she had chest pain 
with an abnormal ECG.” 
Patients with SAH may have an abnormal ECG 
and/or positive cardiac markers due to effects 
of a catecholamine surge from brain injury. 
Focusing on these cardiac findings may distract 
the emergency clinician from diagnosing the 
underlying etiology, which may be SAH.

6.	 “The head CT was negative and the patient 
clinically improved and wanted to go home.” 
CT may be negative in 2% to 7% of patients with 
SAH, and sensitivity is highly time-dependent. 
In a patient with suspected SAH, LP is required 
to rule out the diagnosis, regardless of other 
circumstances. However, patients’ autonomy is 
important and should be respected as long as 
they are informed.

Risk Management Pitfalls For Subarachnoid Hemorrhage

7.	 “The patient did not mention taking antico-
agulants, so I did not check anticoagulation 
tests.” 
Basic laboratory tests (including prothrombin 
time and partial thromboplastin time) should 
be checked in all patients with intracranial 
hemorrhage. Some patients may not be able to 
provide an accurate history. When patients on 
therapeutic anticoagulants are diagnosed with 
SAH, the clotting deficiency should be reversed 
quickly with intravenous vitamin K and clotting 
factor.

8.	 “The number of RBCs decreased from the first 
tube to the fourth tube so I presumed it was a 
traumatic tap.”
There is no cutoff for the minimum number 
of RBCs required to diagnose SAH, and it has 
been reported with even a few hundred cells. 
Despite serial clearing of red cells, if there is 
ambiguity between a traumatic tap and possible 
SAH, further neuroimaging and neurosurgical 
consultation should be obtained to rule out the 
diagnosis. Also, remember that the number 
of RBCs diminishes with time after onset of 
headache.

9.	 “I did not transfer the patient because…” 
Any patient whose condition is diagnosed as 
SAH should be transferred to a facility with 
neurosurgical, endovascular, and advanced 
neuroimaging capabilities. Data show better 
outcomes for patients treated quickly at these 
specialized centers.

10.	 “I diagnosed the SAH and the patient was 
waiting to transfer when she became disori-
ented.” 
Patients with SAH should have careful 
cardiorespiratory monitoring and serial 
neurological examinations. They are at risk for 
developing complications such as rebleeding, 
vasospasm, and hydrocephalus. Intubation 
may need to be performed if the patient is 
unable to protect the airway. Repeated head 
CT should be considered, because clinical 
deterioration from acute hydrocephalus can be 
reversed with treatment.



Copyright © 2014 EB Medicine. All rights reserved.	 22 www.ebmedicine.net • October 2014

of rupture of intracranial aneurysms: a systematic review. 
Stroke. 1998;29(1):251-256. (Systematic review and meta-
analysis; 23 studies, 56,304 patients)

38.	 Wiebers DO, Whisnant JP, Huston J 3rd, et al. Unruptured 
intracranial aneurysms: natural history, clinical outcome, 
and risks of surgical and endovascular treatment. Lancet. 
2003;362(9378):103-110. (Prospective; 4060 patients)

39.	 Kataoka K, Taneda M, Asai T, et al. Structural fragility and 
inflammatory response of ruptured cerebral aneurysms. A 
comparative study between ruptured and unruptured cere-
bral aneurysms. Stroke. 1999;30(7):1396-1401. (Comparative 
study; 71 patients)

40.	 Khurana VG, Meissner I, Meyer FB. Update on genetic 
evidence for rupture-prone compared with rupture-
resistant intracranial saccular aneurysms. Neurosurg Focus. 
2004;17(5):E7. (Prospective; 197 patients)

41.	 Mackey J, Brown RD Jr, Moomaw CJ, et al. Unruptured 
intracranial aneurysms in the Familial Intracranial Aneu-
rysm and International Study of Unruptured Intracranial 
Aneurysms cohorts: differences in multiplicity and location. 
J Neurosurg. 2012;117(1):60-64. (Prospective; 983 patients)

42.	 Morita A, Fujiwara S, Hashi K, et al. Risk of rupture as-
sociated with intact cerebral aneurysms in the Japanese 
population: a systematic review of the literature from Japan. 
J Neurosurg. 2005;102(4):601-606. (Systematic review, 13 
Japenese studies; 3801 patient-years)

43.	 Lindner SH, Bor AS, Rinkel GJ. Differences in risk factors 
according to the site of intracranial aneurysms. J Neurol 
Neurosurg Psychiatry. 2010;81(1):116-118. (Prospective; 304 
patients)

44.	 Schievink WI, Karemaker JM, Hageman LM, et al. Circum-
stances surrounding aneurysmal subarachnoid hemorrhage. 
Surg Neurol. 1989;32(4):266-272. (Retrospective; 500 patients)

45.	 Fann JR, Kukull WA, Katon WJ, et al. Physical activity and 
subarachnoid haemorrhage: a population based case-control 
study. J Neurol Neurosurg Psychiatry. 2000;69(6):768-772. 
(Retrospective; 149 patients)

46.	 Anderson C, Ni Mhurchu C, Scott D, et al. Triggers of 
subarachnoid hemorrhage: role of physical exertion, smok-
ing, and alcohol in the Australasian Cooperative Research 
on Subarachnoid Hemorrhage Study (ACROSS). Stroke. 
2003;34(7):1771-1776. (Retrospective; 432 patients)

47.	 Matsuda M, Watanabe K, Saito A, et al. Circumstances, 
activities, and events precipitating aneurysmal subarachnoid 
hemorrhage. J Stroke Cerebrovasc Dis. 2007;16(1):25-29. (Retro-
spective; 513 patients)

48.	 Clarke M. Systematic review of reviews of risk factors for 
intracranial aneurysms. Neuroradiology. 2008;50(8):653-664. 
(Systematic review of 46 systematic reviews)

49.	 Hunt WE, Hess RM. Surgical risk as related to time of inter-
vention in the repair of intracranial aneurysms. J Neurosurg. 
1968;28(1):14-20. (Retrospective; 275 patients)

50.	 Teasdale GM, Drake CG, Hunt W, et al. A universal sub-
arachnoid hemorrhage scale: report of a committee of the 
World Federation of Neurosurgical Societies. J Neurol Neu-
rosurg Psychiatry. 1988;51(11):1457. (Prospective evaluation; 
3521 patients)

51.	 Degen LA, Dorhout Mees SM, Algra A, et al. Interobserver 
variability of grading scales for aneurysmal subarachnoid 
hemorrhage. Stroke. 2011;42(6):1546-1549. (Prospective 
evaluation; 50 patients)

52.	 Fisher CM, Kistler JP, Davis JM. Relation of cerebral vaso-
spasm to subarachnoid hemorrhage visualized by comput-
erized tomographic scanning. Neurosurgery. 1980;6(1):1-9. 
(Retrospective; 47 patients)

53.	 Frontera JA, Claassen J, Schmidt JM, et al. Prediction of 
symptomatic vasospasm after subarachnoid hemorrhage: the 
modified fisher scale. Neurosurgery. 2006;59(1):21-27. (Meta-
analysis; 1355 patients)

54.	 Wilson DA, Nakaji P, Abla AA, et al. A simple and quan-

18.	 Stampfer MJ, Colditz GA, Willett WC, et al. A prospec-
tive study of moderate alcohol consumption and the risk 
of coronary disease and stroke in women. N Engl J Med. 
1988;319(5):267-273. (Prospective; 87,526 subjects, 334,382 
person-years)

19.	 Donahue RP, Abbott RD, Reed DM, et al. Alcohol and 
hemorrhagic stroke. The Honolulu Heart Program. JAMA. 
1986;255(17):2311-2314. (Prospective; 8006 patients)

20.	 van Gijn J, Rinkel GJ. Subarachnoid haemorrhage: diagno-
sis, causes and management. Brain. 2001;124(Pt 2):249-278. 
(Review)

21.	 Okamoto K, Horisawa R, Kawamura T, et al. Family history 
and risk of subarachnoid hemorrhage: a case-control study 
in Nagoya, Japan. Stroke. 2003;34(2):422-426. (Prospective; 
195 patients)

22.	 Wang PS, Longstreth WT Jr, Koepsell TD. Subarachnoid 
hemorrhage and family history. A population-based case-
control study. Arch Neurol. 1995;52(2):202-204. (Prospective; 
149 patients)

23.	 Mhurchu CN, Anderson C, Jamrozik K, et al. Hormonal 
factors and risk of aneurysmal subarachnoid hemorrhage: an 
international population-based, case-control study. Stroke. 
2001;32(3):606-612. (Prospective; 268 patients)

24.	 Gaist D, Pedersen L, Cnattingius S, et al. Parity and risk 
of subarachnoid hemorrhage in women: a nested case-
control study based on national Swedish registries. Stroke. 
2004;35(1):28-32. (Retrospective; 887 cases)

25.	 Yang CY, Chang CC, Kuo HW, et al. Parity and risk of death 
from subarachnoid hemorrhage in women: evidence from 
a cohort in Taiwan. Neurology. 2006;67(3):514-515. (Vital 
statistics database review; 1,292,462 patients)

26.	 Qureshi AI, Suri MF, Yahia AM, et al. Risk factors for 
subarachnoid hemorrhage. Neurosurgery. 2001;49(3):607-612. 
(Retrospective; 323 patients).

27.	 Watanabe A, Hirano K, Kamada M, et al. Perimesencephalic 
nonaneurysmal subarachnoid haemorrhage and variations 
in the veins. Neuroradiology. 2002;44(4):319-325. (Retrospec-
tive; 6 patients)

28.	 Yamakawa H, Ohe N, Yano H, et al. Venous drainage pat-
terns in perimesencephalic nonaneurysmal subarachnoid 
hemorrhage. Clin Neurol Neurosurg. 2008;110(6):587-591. 
(Retrospective; 18 patients)

29.	 Greebe P, Rinkel GJ. Life expectancy after perimesencephalic 
subarachnoid hemorrhage. Stroke. 2007;38(4):1222-1224. 
(Prospective; 160 patients)

30.	 Hui FK, Tumialan LM, Tanaka T, et al. Clinical differences 
between angiographically negative, diffuse subarachnoid 
hemorrhage and perimesencephalic subarachnoid hemor-
rhage. Neurocrit Care. 2009;11(1):64-70. (Retrospective; 94 
patients)

31.	 Lin N, Zenonos G, Kim AH, et al. Angiogram-negative 
subarachnoid hemorrhage: relationship between bleeding 
pattern and clinical outcome. Neurocrit Care. 2012;16(3):389-
398. (Retrospective; 352 patients)

32.	 Rinkel GJ, Wijdicks EF, Vermeulen M, et al. The clinical 
course of perimesencephalic nonaneurysmal subarachnoid 
hemorrhage. Ann Neurol. 1991;29(5):463-468. (Prospective; 65 
patients)

33.	 Rinkel GJ, van Gijn J, Wijdicks EF. Subarachnoid hemor-
rhage without detectable aneurysm. A review of the causes. 
Stroke. 1993;24(9):1403-1409. (Review)

34.	 van Gijn J, Kerr RS, Rinkel GJ. Subarachnoid haemorrhage. 
Lancet. 2007;369(9558):306-318. (Review)

35.	 Heiskanen O. Ruptured intracranial arterial aneurysms of 
children and adolescents. Surgical and total management 
results. Childs Nerv Syst. 1989;5(2):66-70. (Retrospective; 16 
patients)

36.	 Stehbens WE. Etiology of intracranial berry aneurysms. J 
Neurosurg. 1989;70(6):823-831. (Review)

37.	 Rinkel GJ, Djibuti M, Algra A, et al. Prevalence and risk 



23	 Reprints: www.ebmedicine.net/empissuesOctober 2014 • www.ebmedicine.net

subarachnoid hemorrhage. N Engl J Med. 2000;342(1):29-36. 
(Review)

72.	 Hop JW, Rinkel GJ, Algra A, et al. Case-fatality rates and 
functional outcome after subarachnoid hemorrhage: a sys-
tematic review. Stroke. 1997;28(3):660-664. (Review)

73.	 Neil-Dwyer G, Lang D. ‘Brain attack’--aneurysmal sub-
arachnoid haemorrhage: death due to delayed diagnosis. J 
R Coll Physicians Lond. 1997;31(1):49-52. (Retrospective; 136 
patients)

74.	 Broderick JP, Brott TG, Duldner JE, et al. Initial and recurrent 
bleeding are the major causes of death following subarach-
noid hemorrhage. Stroke. 1994;25(7):1342-1347. (Review)

75.	 Feigin VL, Lawes CM, Bennett DA, et al. Stroke epidemiol-
ogy: a review of population-based studies of incidence, 
prevalence, and case-fatality in the late 20th century. Lancet 
Neurol. 2003;2(1):43-53. (Review)

76.	 Brisman JL, Song JK, Newell DW. Cerebral aneurysms. N 
Engl J Med. 2006;355(9):928-939. (Review)

77.	 Acker JE 3rd, Pancioli AM, Crocco TJ, et al. Implementa-
tion strategies for emergency medical services within stroke 
systems of care: a policy statement from the American Heart 
Association/American Stroke Association Expert Panel on 
Emergency Medical Services Systems and the Stroke Coun-
cil. Stroke. 2007;38(11):3097-3115. (Policy statement)

78.	 Dodick DW. Thunderclap headache. J Neurol Neurosurg 
Psychiatry. 2002;72(1):6-11. (Review)

79.	 Linn FH, Rinkel GJ, Algra A, et al. Follow-up of idio-
pathic thunderclap headache in general practice. J Neurol. 
1999;246(10):946-948. (Prospective; 93 patients)

80.	 Harling DW, Peatfield RC, Van Hille PT, et al. Thunderclap 
headache: is it migraine? Cephalalgia. 1989;9(2):87-90. (Pro-
spective; 16 patients)

81.	 Lledo A, Calandre L, Martinez-Menendez B, et al. Acute 
headache of recent onset and subarachnoid hemorrhage: a 
prospective study. Headache. 1994;34(3):172-174. (Prospec-
tive; 27 patients)

82.	 Linn FH, Rinkel GJ, Algra A, et al. Headache characteris-
tics in subarachnoid haemorrhage and benign thunderclap 
headache. J Neurol Neurosurg Psychiatry. 1998;65(5):791-793. 
(Prospective; 102 patients)

83.	 Day JW, Raskin NH. Thunderclap headache: symptom of 
unruptured cerebral aneurysm. Lancet. 1986;2(8518):1247-
1248. (Case report)

84.	 Kassell NF, Torner JC, Haley EC, Jr., et al. The International 
Cooperative Study on the Timing of Aneurysm Surgery. Part 
1: Overall management results. J Neurosurg. 1990;73(1):18-36. 
(Prospective observational multicenter; 3521 patients)

85.	 Naganuma M, Fujioka S, Inatomi Y, et al. Clinical character-
istics of subarachnoid hemorrhage with or without head-
ache. J Stroke Cerebrovasc Dis. 2008;17(6):334-339. (Retrospec-
tive; 224 patients)

86.	 Fountas KN, Kapsalaki EZ, Lee GP, et al. Terson hemorrhage 
in patients suffering aneurysmal subarachnoid hemorrhage: 
predisposing factors and prognostic significance. J Neuro-
surg. 2008;109(3):439-444. (Prospective; 174 patients)

87 .	 Pope JV, Edlow JA. Favorable response to analgesics 
does not predict a benign etiology of headache. Headache. 
2008;48(6):944-950. (Systematic review; 5 case reports)

88.	 Rothrock J. The perils of misinterpreting a treatment 
response. Headache. 2005;45(5):599-600. (Case report; 1 in-
cluded)

89.	 Barclay CL, Shuaib A, Montoya D, et al. Response of 
non-migrainous headaches to chlorpromazine. Headache. 
1990;30(2):85-87. (Case report: 1 patient)

90.	 Rosenberg JH, Silberstein SD. The headache of SAH re-
sponds to sumatriptan. Headache. 2005;45(5):597-598. (Case 
report; 1 patient)

91.	 Seymour JJ, Moscati RM, Jehle DV. Response of headaches 
to nonnarcotic analgesics resulting in missed intracranial 
hemorrhage. Am J Emerg Med. 1995;13(1):43-45. (Case report; 

titative method to predict symptomatic vasospasm after 
subarachnoid hemorrhage based on computed tomography: 
beyond the Fisher scale. Neurosurgery. 2012;71(4):869-875. 
(Prospective evaluation; 250 patients)

55.	 Sato T, Sasaki T, Sakuma J, et al. Quantification of subarach-
noid hemorrhage by three-dimensional computed tomogra-
phy: correlation between hematoma volume and symptom-
atic vasospasm. Neurol Med Chir (Tokyo). 2011;51(3):187-194. 
(Prospective evaluation; 50 patients)

56.	 Ko SB, Choi HA, Carpenter AM, et al. Quantitative analysis 
of hemorrhage volume for predicting delayed cerebral isch-
emia after subarachnoid hemorrhage. Stroke. 2011;42(3):669-
674. (Prospective evaluation; 160 patients)

57.*	 Goldstein JN, Camargo CA, Jr., Pelletier AJ, et al. Headache 
in United States emergency departments: demographics, 
work-up and frequency of pathological diagnoses. Cephalal-
gia. 2006;26(6):684-690. (Retrospective; 21 million ED visits)

58.	 Ramirez-Lassepas M, Espinosa CE, Cicero JJ, et al. Predic-
tors of intracranial pathologic findings in patients who 
seek emergency care because of headache. Arch Neurol. 
1997;54(12):1506-1509. (Retrospective case-control; 468 
patients)

59.	 Dhopesh V, Anwar R, Herring C. A retrospective assess-
ment of emergency department patients with complaint of 
headache. Headache. 1979;19(1):37-42. 

60.	 Leicht MJ. Non-traumatic headache in the emergency de-
partment. Ann Emerg Med. 1980;9(8):404-409. (Retrospective; 
872 patients)

61.	 Linn FH, Wijdicks EF, van der Graaf Y, et al. Prospective 
study of sentinel headache in aneurysmal subarachnoid 
haemorrhage. Lancet. 1994;344(8922):590-593. (Prospective; 
148 patients)

62.	 Wijdicks EF, Kerkhoff H, van Gijn J. Long-term follow-up of 
71 patients with thunderclap headache mimicking subarach-
noid haemorrhage. Lancet. 1988;2(8602):68-70. (Prospective; 
71 patients)

63.	 Landtblom AM, Fridriksson S, Boivie J, et al. Sudden-onset 
headache: a prospective study of features, incidence and 
causes. Cephalalgia. 2002;22(5):354-360. (Prospective; 137 
patients)

64.	 Morgenstern LB, Luna-Gonzales H, Huber JC Jr, et al. Worst 
headache and subarachnoid hemorrhage: prospective, 
modern computed tomography and spinal fluid analysis. 
Ann Emerg Med. 1998;32(3 Pt 1):297-304. (Prospective; 107 
patients)

65.	 Bo SH, Davidsen EM, Gulbrandsen P, et al. Acute headache: 
a prospective diagnostic work-up of patients admitted to a 
general hospital. Eur J Neurol. 2008;15(12):1293-1299. (Pro-
spective; 433 patients)

66.	 Perry JJ, Spacek A, Forbes M, et al. Is the combination of 
negative computed tomography result and negative lumbar 
puncture result sufficient to rule out subarachnoid hemor-
rhage? Ann Emerg Med. 2008;51(6):707-713. (Prospective; 592 
patients)

67.	 Vermeulen MJ, Schull MJ. Missed diagnosis of subarach-
noid hemorrhage in the emergency department. Stroke. 
2007;38(4):1216-1221. (Retrospective; 1507 patients)

68.*	 Kowalski RG, Claassen J, Kreiter KT, et al. Initial misdiag-
nosis and outcome after subarachnoid hemorrhage. JAMA. 
2004;291(7):866-869. (Retrospective; 482 patients)

69.	 Mayer PL, Awad IA, Todor R, et al. Misdiagnosis of symp-
tomatic cerebral aneurysm. Prevalence and correlation with 
outcome at four institutions. Stroke. 1996;27(9):1558-1563. 
(Retrospective; 217 patients)

70.	 Vannemreddy P, Nanda A, Kelley R, et al. Delayed diagno-
sis of intracranial aneurysms: confounding factors in clinical 
presentation and the influence of misdiagnosis on outcome. 
South Med J. 2001;94(11):1108-1111. (Retrospective; 270 
patients)

71.*	 Edlow JA, Caplan LR. Avoiding pitfalls in the diagnosis of 



Copyright © 2014 EB Medicine. All rights reserved.	 24 www.ebmedicine.net • October 2014

1996;3(9):827-831. (Retrospective; 140 patients)
112.	 van der Wee N, Rinkel GJ, Hasan D, et al. Detection of sub-

arachnoid haemorrhage on early CT: is lumbar puncture still 
needed after a negative scan? J Neurol Neurosurg Psychiatry. 
1995;58(3):357-359. (Retrospective; 175 patients)

113.	 Perry JJ, Stiell IG, Sivilotti ML, et al. Sensitivity of computed 
tomography performed within six hours of onset of head-
ache for diagnosis of subarachnoid haemorrhage: prospec-
tive cohort study. BMJ. 2011;343:d4277. (Prospective; 3132 
patients)

114.	 Boesiger BM, Shiber JR. Subarachnoid hemorrhage diagnosis 
by computed tomography and lumbar puncture: are fifth 
generation CT scanners better at identifying subarachnoid 
hemorrhage? J Emerg Med. 2005;29(1):23-27. (Retrospective; 
177 patients

115.	 Byyny RL, Mower WR, Shum N, et al. Sensitivity of non-
contrast cranial computed tomography for the emergency 
department diagnosis of subarachnoid hemorrhage. Ann 
Emerg Med. 2008;51(6):697-703. (Retrospective; 177 patients)

116.	 Lourenco AP, Mayo-Smith WW, Tubbs RJ, et al. Does 
16-detector computed tomography improve detection of 
non-traumatic subarachnoid hemorrhage in the emergency 
department? J Emerg Med. 2009;36(2):171-175. (Retrospective; 
61 patients)

117.*	Backes D, Rinkel GJ, Kemperman H, et al. Time-dependent 
test characteristics of head computed tomography in patients 
suspected of nontraumatic subarachnoid hemorrhage. Stroke. 
2012;43(8):2115-2119. (Prospective; 250 patients)

118.	 Mark DG, Hung YY, Offerman SR, et al. Nontraumatic sub-
arachnoid hemorrhage in the setting of negative cranial com-
puted tomography results: external validation of a clinical 
and imaging prediction rule. Ann Emerg Med. 2013;62(1):1-10. 
(Prospective; 55 patients)

119.	 Mark DG, Vinson DR, Ballard DW. In reply. Ann Emerg Med. 
2013;62(4):436-437. (Author reply)

120.	 Leblanc R. The minor leak preceding subarachnoid hemor-
rhage. J Neurosurg. 1987;66(1):35-39. (Retrospective; 87 
patients)

121.	 Refai D, Botros JA, Strom RG, et al. Spontaneous isolated 
convexity subarachnoid hemorrhage: presentation, radio-
logical findings, differential diagnosis, and clinical course. J 
Neurosurg. 2008;109(6):1034-1041. (Retrospective case series; 
12 patients)

122.	 Schriger DL, Kalafut M, Starkman S, et al. Cranial computed 
tomography interpretation in acute stroke: physician ac-
curacy in determining eligibility for thrombolytic therapy. 
JAMA. 1998;279(16):1293-1297. (Prospective; 103 physicians)

123.	 Patel KC, Finelli PF. Nonaneurysmal convexity subarach-
noid hemorrhage. Neurocrit Care. 2006;4(3):229-233. (Retro-
spective case series; 12 patients)

124.	 Beitzke M, Gattringer T, Enzinger C, et al. Clinical presen-
tation, etiology, and long-term prognosis in patients with 
nontraumatic convexal subarachnoid hemorrhage. Stroke. 
2011;42(11):3055-3060. (Retrospective; 131 patients)

125.	 Kumar S, Goddeau RP Jr, Selim MH, et al. Atraumatic 
convexal subarachnoid hemorrhage: clinical presentation, 
imaging patterns, and etiologies. Neurology. 2010;74(11):893-
899. (Retrospective; 460 patients)

126.	 Mas J, Bouly S, Mourand I, et al. [Focal convexal subarach-
noid hemorrhage: clinical presentation, imaging patterns 
and etiologic findings in 23 patients]. Rev Neurol (Paris). 
2013;169(1):59-66. (Retrospective; 23 patients)

127.	 O’Neill J, McLaggan S, Gibson R. Acute headache and sub-
arachnoid haemorrhage: a retrospective review of CT and 
lumbar puncture findings. Scott Med J. 2005;50(4):151-153. 
(Retrospective; 116 patients)

128.	 Perry JJ, Stiell I, Wells G, et al. Diagnostic test utilization in 
the emergency department for alert headache patients with 
possible subarachnoid hemorrhage. CJEM. 2002;4(5):333-337. 
(Retrospective; 891 patients)

2 patients)
92.	 Pfadenhauer K, Schonsteiner T, Keller H. The risks of sumat-

riptan administration in patients with unrecognized sub-
arachnoid haemorrhage (SAH). Cephalalgia. 2006;26(3):320-
323. (Case report; 3 patients)

93.	 Kassell NF, Kongable GL, Torner JC, et al. Delay in referral 
of patients with ruptured aneurysms to neurosurgical atten-
tion. Stroke. 1985;16(4):587-590. (Retrospective; 150 patients)

94.	 Adams HP Jr, Jergenson DD, Kassell NF, et al. Pitfalls 
in the recognition of subarachnoid hemorrhage. JAMA. 
1980;244(8):794-796. (Retrospective; 182 SAH patients)

95.	 Reijneveld JC, Wermer M, Boonman Z, et al. Acute confu-
sional state as presenting feature in aneurysmal subarach-
noid hemorrhage: frequency and characteristics. J Neurol. 
2000;247(2):112-116. (Retrospective; 646 patients)

96.	 Caeiro L, Menger C, Ferro JM, et al. Delirium in acute sub-
arachnoid haemorrhage. Cerebrovasc Dis. 2005;19(1):31-38. 
(Retrospective; 68 patients)

97.	 Sakas DE, Dias LS, Beale D. Subarachnoid haemorrhage pre-
senting as head injury. BMJ. 1995;310(6988):1186-1187. (Case 
report; 4 patients)

98.	 Frontera JA, Parra A, Shimbo D, et al. Cardiac arrhythmias 
after subarachnoid hemorrhage: risk factors and impact on 
outcome. Cerebrovasc Dis. 2008;26(1):71-78. (Prospective; 580 
patients)

99.	 Naidech AM, Kreiter KT, Janjua N, et al. Cardiac troponin 
elevation, cardiovascular morbidity, and outcome after sub-
arachnoid hemorrhage. Circulation. 2005;112(18):2851-2856. 
(Prospective; 253 patients)

100.	 Toussaint LG 3rd, Friedman JA, Wijdicks EF, et al. Survival 
of cardiac arrest after aneurysmal subarachnoid hemorrhage. 
Neurosurgery. 2005;57(1):25-31. (Retrospective; 305 patients, 
11 with cardiac arrest)

101.*	Perry JJ, Stiell IG, Sivilotti ML, et al. Clinical decision rules 
to rule out subarachnoid hemorrhage for acute headache. 
JAMA. 2013;310(12):1248-1255. (Prospective; 2131 patients)

102.	 Specogna AV. Subarachnoid hemorrhage diagnosis. JAMA. 
2014;311(2):201. (Response)

103.	 Matloob SA, Roach J, Marcus HJ, et al. Evaluation of the im-
pact of the Canadian subarachnoid haemorrhage clinical de-
cision rules on British practice. Br J Neurosurg. 2013;27(5):603-
606. (Retrospective; 112 patients)

104.	 Brilstra EH, Rinkel GJ, Algra A, et al. Rebleeding, second-
ary ischemia, and timing of operation in patients with 
subarachnoid hemorrhage. Neurology. 2000;55(11):1656-1660. 
(Prospective; 346 patients)

105.	 Vermeulen M, van Gijn J. The diagnosis of subarachnoid 
haemorrhage. J Neurol Neurosurg Psychiatry. 1990;53(5):365-
372. (Review)

106.	 Woodruff MM, Edlow JA. Evaluation of third nerve palsy in 
the emergency department. J Emerg Med. 2008;35(3):239-246. 
(Review)

107.	 Akagi T, Miyamoto K, Kashii S, et al. Cause and prognosis 
of neurologically isolated third, fourth, or sixth cranial nerve 
dysfunction in cases of oculomotor palsy. Jpn J Ophthalmol. 
2008;52(1):32-35. (Retrospective; 221 patients)

108.	 Munakata A, Ohkuma H, Nakano T, et al. Abducens nerve 
pareses associated with aneurysmal subarachnoid hem-
orrhage. Incidence and clinical features. Cerebrovasc Dis. 
2007;24(6):516-519. (Retrospective; 101 patients)

109.	 van Gijn J, van Dongen KJ. The time course of aneurysmal 
haemorrhage on computed tomograms. Neuroradiology. 
1982;23(3):153-156. (Prospective; 100 patients)

110.	 Sames TA, Storrow AB, Finkelstein JA, et al. Sensitivity of 
new-generation computed tomography in subarachnoid 
hemorrhage. Acad Emerg Med. 1996;3(1):16-20. (Retrospec-
tive; 181 patients)

111.	 Sidman R, Connolly E, Lemke T. Subarachnoid hemor-
rhage diagnosis: lumbar puncture is still needed when the 
computed tomography scan is normal. Acad Emerg Med. 



25	 Reprints: www.ebmedicine.net/empissuesOctober 2014 • www.ebmedicine.net

S Livingstone Ltd; 1956. (Textbook)
147.	 Barrows LJ, Hunter FT, Banker BQ. The nature and clinical 

significance of pigments in the cerebrospinal fluid. Brain. 
1955;78(1):59-80. (Prospective experimental; 7 samples)

148.	 Edlow JA, Bruner KS, Horowitz GL. Xanthochromia. Arch 
Pathol Lab Med. 2002;126(4):413-415. (Survey; 3500 laborato-
ries)

149.	 Tourtellotte WW, Somers JF, Parker JA, et al. A study on 
traumatic lumbar punctures. Neurology. 1958;8(2):129-134. 
(Prospective experimental study)

150.	 Fishman R. Composition of the Cerebrospinal Fluid. 2nd ed. 
Philadelphia, PA: WB Saunders; 1992. (Textbook)

151.	 Vermeulen M, Hasan D, Blijenberg BG, et al. Xanthochromia 
after subarachnoid haemorrhage needs no revisitation. J 
Neurol Neurosurg Psychiatry. 1989;52(7):826-828. (Retrospec-
tive; 11 patients)

152.	 MacDonald A, Mendelow AD. Xanthochromia revisited: a 
re-evaluation of lumbar puncture and CT scanning in the 
diagnosis of subarachnoid haemorrhage. J Neurol Neurosurg 
Psychiatry. 1988;51(3):342-344. (Retrospective; 100 patients)

153.	 Soderstrom CE. Diagnostic significance of CSF spectropho-
tometry and computer tomography in cerebrovascular dis-
ease. A comparative study in 231 cases. Stroke. 1977;8(5):606-
612. (Retrospective; 231 patients)

154.	 Cruickshank A, Auld P, Beetham R, et al. Revised national 
guidelines for analysis of cerebrospinal fluid for bilirubin 
in suspected subarachnoid haemorrhage. Ann Clin Biochem. 
2008;45(Pt 3):238-244. (Practice guidelines)

155.	 Linn FH, Voorbij HA, Rinkel GJ, et al. Visual inspection 
versus spectrophotometry in detecting bilirubin in cerebro-
spinal fluid. J Neurol Neurosurg Psychiatry. 2005;76(10):1452-
1454. (Prospective; 102 patients)

156.	 Smith A, Wu AH, Lynch KL, et al. Multi-wavelength 
spectrophotometric analysis for detection of xanthochromia 
in cerebrospinal fluid and accuracy for the diagnosis of 
subarachnoid hemorrhage. Clin Chim Acta. 2013;424:231-236. 
(Prospective; 70 patients)

157.	 Wood MJ, Dimeski G, Nowitzke AM. CSF spectrophotom-
etry in the diagnosis and exclusion of spontaneous sub-
arachnoid haemorrhage. J Clin Neurosci. 2005;12(2):142-146. 
(Retrospective; 253 patients)

158.	 Perry JJ, Sivilotti ML, Stiell IG, et al. Should spectrophotom-
etry be used to identify xanthochromia in the cerebrospinal 
fluid of alert patients suspected of having subarachnoid 
hemorrhage? Stroke. 2006;37(10):2467-2472. (Prospective; 220 
patients)

159.	 Hoh BL, Cheung AC, Rabinov JD, et al. Results of a prospec-
tive protocol of computed tomographic angiography in place 
of catheter angiography as the only diagnostic and pretreat-
ment planning study for cerebral aneurysms by a combined 
neurovascular team. Neurosurgery. 2004;54(6):1329-1340. 
(Prospective; 223 patients)

160.	 Andreoli A, di Pasquale G, Pinelli G, et al. Subarachnoid 
hemorrhage: frequency and severity of cardiac arrhythmias. 
A survey of 70 cases studied in the acute phase. Stroke. 
1987;18(3):558-564. (Prospective; 70 patients)

161.	 Brouwers PJ, Wijdicks EF, Hasan D, et al. Serial electrocar-
diographic recording in aneurysmal subarachnoid hemor-
rhage. Stroke. 1989;20(9):1162-1167. (Prospective; 61 patients)

162.	 Mayer SA, LiMandri G, Sherman D, et al. Electrocardio-
graphic markers of abnormal left ventricular wall motion in 
acute subarachnoid hemorrhage. J Neurosurg. 1995;83(5):889-
896. (Prospective; 57 patients)

163.	 Tung P, Kopelnik A, Banki N, et al. Predictors of neuro-
cardiogenic injury after subarachnoid hemorrhage. Stroke. 
2004;35(2):548-551. (Prospective; 223 patients)

164.	 Deibert E, Barzilai B, Braverman AC, et al. Clinical signifi-
cance of elevated troponin I levels in patients with nontrau-
matic subarachnoid hemorrhage. J Neurosurg. 2003;98(4):741-
746. (Prospective; 43 patients)

129.	 Edlow JA, Wyer PC. Evidence-based emergency medicine/
clinical question. How good is a negative cranial computed 
tomographic scan result in excluding subarachnoid hemor-
rhage? Ann Emerg Med. 2000;36(5):507-516. (Systematic 
review)

130.	 Pines JM, Szyld D. Risk tolerance for the exclusion of poten-
tially life-threatening diseases in the ED. Am J Emerg Med. 
2007;25(5):540-544. (Prospective; risk assessment modeling)

131.	 Shah KH, Richard KM, Nicholas S, et al. Incidence of trau-
matic lumbar puncture. Acad Emerg Med. 2003;10(2):151-154. 
(Retrospective; 786 samples)

132.	 Eskey CJ, Ogilvy CS. Fluoroscopy-guided lumbar punc-
ture: decreased frequency of traumatic tap and implica-
tions for the assessment of CT-negative acute subarachnoid 
hemorrhage. AJNR Am J Neuroradiol. 2001;22(3):571-576. 
(Retrospective; 1489 bedside procedures, 723 fluoroscopic 
procedures)

133.	 Schievink WI, Wijdicks EF, Meyer FB, et al. Spontaneous in-
tracranial hypotension mimicking aneurysmal subarachnoid 
hemorrhage. Neurosurgery. 2001;48(3):513-516. (Prospective; 
28 patients)

134.	 Schievink WI. Misdiagnosis of spontaneous intracranial 
hypotension. Arch Neurol. 2003;60(12):1713-1718. (Retrospec-
tive; 18 patients)

135.	 Quattrone A, Bono F, Oliveri RL, et al. Cerebral venous 
thrombosis and isolated intracranial hypertension without 
papilledema in CDH. Neurology. 2001;57(1):31-36. (Prospec-
tive; 114 patients)

136.	 Dupont SA, Wijdicks EF, Manno EM, et al. Thunderclap 
headache and normal computed tomographic results: 
value of cerebrospinal fluid analysis. Mayo Clin Proc. 
2008;83(12):1326-1331. (Retrospective; 152 patients)

137.	 Buruma OJ, Janson HL, Den Bergh FA, et al. Blood-stained 
cerebrospinal fluid: traumatic puncture or haemorrhage? J 
Neurol Neurosurg Psychiatry. 1981;44(2):144-147. (Prospective; 
25 patients)

138.	 Heasley DC, Mohamed MA, Yousem DM. Clearing of red 
blood cells in lumbar puncture does not rule out ruptured 
aneurysm in patients with suspected subarachnoid hemor-
rhage but negative head CT findings. AJNR Am J Neuroradiol. 
2005;26(4):820-824. (Retrospective; 123 patients)

139.	 Shah KH, Edlow JA. Distinguishing traumatic lumbar 
puncture from true subarachnoid hemorrhage. J Emerg Med. 
2002;23(1):67-74. (Review)

140.	 Czuczman AD, Thomas LE, Boulanger AB, et al. Interpret-
ing red blood cells in lumbar puncture: distinguishing true 
subarachnoid hemorrhage from traumatic tap. Acad Emerg 
Med. 2013;20(3):247-256. (Retrospective; 4496 patients)

141.	 Thomas LE, Czuczman AD, Boulanger AB, et al. Low risk 
for subsequent subarachnoid hemorrhage for emergency 
department patients with headache, bloody cerebrospinal 
fluid, and negative findings on cerebrovascular imaging. J 
Neurosurg. 2014. (Prospective; 4641 patients)

142.	 Carstairs SD, Tanen DA, Duncan TD, et al. Computed 
tomographic angiography for the evaluation of aneurysmal 
subarachnoid hemorrhage. Acad Emerg Med. 2006;13(5):486-
492. (Prospective; 116 patients)

143.	 Nijjar S, Patel B, McGinn G, et al. Computed tomographic 
angiography as the primary diagnostic study in spontaneous 
subarachnoid hemorrhage. J Neuroimaging. 2007;17(4):295-
299. (Retrospective; 243 patients)

144.	 Mitchell P, Wilkinson ID, Hoggard N, et al. Detection of sub-
arachnoid haemorrhage with magnetic resonance imaging. J 
Neurol Neurosurg Psychiatry. 2001;70(2):205-211. (Prospective; 
41 patients)

145.	 Wiesmann M, Mayer TE, Yousry I, et al. Detection of 
hyperacute subarachnoid hemorrhage of the brain by using 
magnetic resonance imaging. J Neurosurg. 2002;96(4):684-689. 
(Retrospective; 13 patients)

146.	 Walton J. Subarachnoid Hemorrhage. Edinburgh, Scotland: E & 



Copyright © 2014 EB Medicine. All rights reserved.	 26 www.ebmedicine.net • October 2014

182.	 Harrison MJ, Johnson BA, Gardner GM, et al. Preliminary 
results on the management of unruptured intracranial aneu-
rysms with magnetic resonance angiography and computed 
tomographic angiography. Neurosurgery. 1997;40(5):947-955. 
(Prospective; 10 patients)

183.	 Uysal E, Yanbuloglu B, Erturk M, et al. Spiral CT angiogra-
phy in diagnosis of cerebral aneurysms of cases with acute 
subarachnoid hemorrhage. Diagn Interv Radiol. 2005;11(2):77-
82. (Prospective; 32 patients)

184.	 White PM, Teasdale EM, Wardlaw JM, et al. Intracranial 
aneurysms: CT angiography and MR angiography for 
detection prospective blinded comparison in a large patient 
cohort. Radiology. 2001;219(3):739-749. (Prospective; 142 
patients)

185.	 White PM, Wardlaw JM, Easton V. Can noninvasive imag-
ing accurately depict intracranial aneurysms? A systematic 
review. Radiology. 2000;217(2):361-370. (Systematic review; 
38 studies)

186.	 McCormack RF, Hutson A. Can computed tomography 
angiography of the brain replace lumbar puncture in the 
evaluation of acute-onset headache after a negative noncon-
trast cranial computed tomography scan? Acad Emerg Med. 
2010;17(4):444-451. (Review)

187.	 Anderson GB, Findlay JM, Steinke DE, et al. Experience with 
computed tomographic angiography for the detection of 
intracranial aneurysms in the setting of acute subarachnoid 
hemorrhage. Neurosurgery. 1997;41(3):522-527. (Prospective; 
40 patients)

188.	 Delgado Almandoz JE, Crandall BM, Fease JL, et al. 
Diagnostic yield of catheter angiography in patients with 
subarachnoid hemorrhage and negative initial noninva-
sive neurovascular examinations. AJNR Am J Neuroradiol. 
2013;34(4):833-839. (Prospective; 55 patients)

189.	 Jethwa PR, Punia V, Patel TD, et al. Cost-effectiveness of 
digital subtraction angiography in the setting of computed 
tomographic angiography negative subarachnoid hemor-
rhage. Neurosurgery. 2013;72(4):511-519. (Retrospective)

190.	 MacKinnon AD, Clifton AG, Rich PM. Acute subarachnoid 
haemorrhage: is a negative CT angiogram enough? Clin 
Radiol. 2013;68(3):232-238. (Prospective; 200 patients)

191.	 Wang H, Li W, He H, et al. 320-detector row CT angiogra-
phy for detection and evaluation of intracranial aneurysms: 
comparison with conventional digital subtraction angiog-
raphy. Clin Radiol. 2013;68(1):e15-e20. (Retrospective; 52 
patients)

192.	 Mohamed M, Heasly DC, Yagmurlu B, et al. Fluid-
attenuated inversion recovery MR imaging and subarach-
noid hemorrhage: not a panacea. AJNR Am J Neuroradiol. 
2004;25(4):545-550. (Retrospective; 12 patients)

193.	 Pierot L, Portefaix C, Rodriguez-Regent C, et al. Role of 
MRA in the detection of intracranial aneurysm in the 
acute phase of subarachnoid hemorrhage. J Neuroradiol. 
2013;40(3):204-210. (Prospective; 84 patients)

194.	 Verma RK, Kottke R, Andereggen L, et al. Detecting sub-
arachnoid hemorrhage: comparison of combined FLAIR/
SWI versus CT. Eur J Radiol. 2013;82(9):1539-1545. (Prospec-
tive; 25 patients)

195.	 Woodfield J, Rane N, Cudlip S, et al. Value of delayed MRI 
in angiogram-negative subarachnoid haemorrhage. Clin 
Radiol. 2014;69(4):350-356. (Prospective; 1023 angiograms)

196.	 Boogaarts HD, van Amerongen MJ, de Vries J, et al. Case-
load as a factor for outcome in aneurysmal subarachnoid 
hemorrhage: a systematic review and meta-analysis. J Neuro-
surg. 2014;120(3):605-611. (Systematic review; meta-analysis; 
4 articles; 36,600 patients)

197.	 Anxionnat R, Bracard S, Ducrocq X, et al. Intracranial aneu-
rysms: clinical value of 3D digital subtraction angiography 
in the therapeutic decision and endovascular treatment. 
Radiology. 2001;218(3):799-808. (Prospective; 22 ruptured 
aneurysms)

165.	 Menon V, Harrington RA, Hochman JS, et al. Thrombolysis 
and adjunctive therapy in acute myocardial infarction: the 
Seventh ACCP Conference on Antithrombotic and Thrombo-
lytic Therapy. Chest. 2004;126(3 Suppl):549S-575S. (Practice 
guidelines)

166.	 Lee VH, Abdelmoneim SS, Daugherty WP, et al. Myocardial 
contrast echocardiography in subarachnoid hemorrhage-
induced cardiac dysfunction: case report. Neurosurgery. 
2008;62(1):E261-E262. (Case report)

167.	 Chang PC, Lee SH, Hung HF, et al. Transient ST eleva-
tion and left ventricular asynergy associated with normal 
coronary artery and Tc-99m PYP myocardial infarct scan in 
subarachnoid hemorrhage. Int J Cardiol. 1998;63(2):189-192. 
(Case report)

168.	 de Chazal I, Parham WM 3rd, Liopyris P, et al. Delayed 
cardiogenic shock and acute lung injury after aneurysmal 
subarachnoid hemorrhage. Anesth Analg. 2005;100(4):1147-
1149. (Case report)

169.	 Yasu T, Owa M, Omura N, et al. Transient ST elevation and 
left ventricular asynergy associated with normal coronary 
artery in aneurysmal subarachnoid hemorrhage. Chest. 
1993;103(4):1274-1275. (Case report)

170.	 Mayer SA, Fink ME, Homma S, et al. Cardiac injury associ-
ated with neurogenic pulmonary edema following subarach-
noid hemorrhage. Neurology. 1994;44(5):815-820. (Prospec-
tive; 5 patients)

171.	 Zaroff JG, Rordorf GA, Newell JB, et al. Cardiac outcome in 
patients with subarachnoid hemorrhage and electrocardio-
graphic abnormalities. Neurosurgery. 1999;44(1):34-39. (Retro-
spective; 439 patients)

172.	 Kilbourn KJ, Levy S, Staff I, et al. Clinical characteristics and 
outcomes of neurogenic stress cadiomyopathy in aneu-
rysmal subarachnoid hemorrhage. Clin Neurol Neurosurg. 
2013;115(7):909-914. (Retrospective; 299 patients)

173.	 Kono T, Morita H, Kuroiwa T, et al. Left ventricular wall 
motion abnormalities in patients with subarachnoid hemor-
rhage: neurogenic stunned myocardium. J Am Coll Cardiol. 
1994;24(3):636-640. (Prospective; 12 patients)

174.	 Hamann G, Haass A, Schimrigk K. Beta-blockade in acute 
aneurysmal subarachnoid haemorrhage. Acta Neurochir 
(Wien). 1993;121(3-4):119-122. 

175.	 McLaughlin N, Bojanowski MW, Girard F, et al. Pulmonary 
edema and cardiac dysfunction following subarachnoid 
hemorrhage. Can J Neurol Sci. 2005;32(2):178-185. (Retrospec-
tive; 178 patients)

176.	 Tung PP, Olmsted E, Kopelnik A, et al. Plasma B-type 
natriuretic peptide levels are associated with early car-
diac dysfunction after subarachnoid hemorrhage. Stroke. 
2005;36(7):1567-1569. (Prospective; 57 patients)

177.	 Markus HS. A prospective follow up of thunderclap 
headache mimicking subarachnoid haemorrhage. J Neurol 
Neurosurg Psychiatry. 1991;54(12):1117-1118. (Prospective; 16 
patients)

178.	 Savitz SI, Levitan EB, Wears R, et al. Pooled analysis of pa-
tients with thunderclap headache evaluated by CT and LP: 
is angiography necessary in patients with negative evalua-
tions? J Neurol Sci. 2009;276(1-2):123-125. (Systematic review; 
7 studies, 813 patients)

179.	 Agid R, Lee SK, Willinsky RA, et al. Acute subarachnoid 
hemorrhage: using 64-slice multidetector CT angiography to 
“triage” patients’ treatment. Neuroradiology. 2006;48(11):787-
794. (Prospective; 73 patients)

180.	 Bederson JB, Awad IA, Wiebers DO, et al. Recommendations 
for the management of patients with unruptured intracranial 
aneurysms: a statement for healthcare professionals from the 
Stroke Council of the American Heart Association. Stroke. 
2000;31(11):2742-2750. (Guidelines)

181.	 Dammert S, Krings T, Moller-Hartmann W, et al. Detec-
tion of intracranial aneurysms with multislice CT: com-
parison with conventional angiography. Neuroradiology. 
2004;46(6):427-434. (Prospective; 50 patients)



27	 Reprints: www.ebmedicine.net/empissuesOctober 2014 • www.ebmedicine.net

214.	 Sato M, Nakano M, Sasanuma J, et al. Preoperative cerebral 
aneurysm assessment by three-dimensional magnetic reso-
nance angiography: feasibility of surgery without conven-
tional catheter angiography. Neurosurgery. 2005;56(5):903-
912. (Retrospective; 108 total patients, 59 SAH patients) 

215.	 Larsen CC, Astrup J. Rebleeding after aneurysmal sub-
arachnoid hemorrhage: a literature review. World Neurosurg. 
2013;79(2):307-312. (Review) 

216.	 Roos YB, Rinkel GJ, Vermeulen M, et al. Antifibrinol-
ytic therapy for aneurysmal subarachnoid haemorrhage. 
Cochrane Database Syst Rev. 2003(2):CD001245. (Systematic 
review, 9 randomized controlled trials; 1399 patients)

217.	 Leipzig TJ, Redelman K, Horner TG. Reducing the risk of 
rebleeding before early aneurysm surgery: a possible role 
for antifibrinolytic therapy. J Neurosurg. 1997;86(2):220-225. 
(Prospective; 307 patients)

218.	 Hillman J, Fridriksson S, Nilsson O, et al. Immediate admin-
istration of tranexamic acid and reduced incidence of early 
rebleeding after aneurysmal subarachnoid hemorrhage: a 
prospective randomized study. J Neurosurg. 2002;97(4):771-
778. (Prospective multicenter randomized controlled trial; 
505 patients)

219.	 Starke RM, Kim GH, Fernandez A, et al. Impact of a protocol 
for acute antifibrinolytic therapy on aneurysm rebleeding 
after subarachnoid hemorrhage. Stroke. 2008;39(9):2617-2621. 
(Prospective nonrandomized trial; 248 patients)

220.	 Ohkuma H, Tsurutani H, Suzuki S. Incidence and signifi-
cance of early aneurysmal rebleeding before neurosurgical 
or neurological management. Stroke. 2001;32(5):1176-1180. 
(Prospective; 273 patients)

221.	 Naidech AM, Janjua N, Kreiter KT, et al. Predictors and 
impact of aneurysm rebleeding after subarachnoid hemor-
rhage. Arch Neurol. 2005;62(3):410-416. (Prospective; 574 
patients)

222.	 De Marchis GM, Lantigua H, Schmidt JM, et al. Impact 
of premorbid hypertension on haemorrhage severity and 
aneurysm rebleeding risk after subarachnoid haemorrhage. J 
Neurol Neurosurg Psychiatry. 2014;85(1):56-59. (Retrospective; 
1312 patients)

223.	 Bekker A, Didehvar S, Kim S, et al. Efficacy of clevidipine 
in controlling perioperative hypertension in neurosurgical 
patients: initial single-center experience. J Neurosurg Anesthe-
siol. 2010;22(4):330-335. (Prospective; 22 patients)

224.	 Smith WB, Marbury TC, Komjathy SF, et al. Pharmaco-
kinetics, pharmacodynamics, and safety of clevidipine 
after prolonged continuous infusion in subjects with mild 
to moderate essential hypertension. Eur J Clin Pharmacol. 
2012;68(10):1385-1394. (Prospective; 61 patients)

225.	 Rabinstein AA, Friedman JA, Weigand SD, et al. Predictors 
of cerebral infarction in aneurysmal subarachnoid hemor-
rhage. Stroke. 2004;35(8):1862-1866. (Retrospective; 143 
patients)

226.	 Dorhout Mees SM, Rinkel GJ, Feigin VL, et al. Calcium 
antagonists for aneurysmal subarachnoid haemorrhage. 
Cochrane Database Syst Rev. 2007(3):CD000277. (Systematic 
review, 16 randomized controlled trials; 3361 patients)

227.	 Pickard JD, Murray GD, Illingworth R, et al. Effect of 
oral nimodipine on cerebral infarction and outcome after 
subarachnoid haemorrhage: British aneurysm nimodipine 
trial. BMJ. 1989;298(6674):636-642. (Prospective multicenter 
double-blind randomized controlled trial; 554 patients)

228.	 Haley EC Jr, Kassell NF, Torner JC. A randomized controlled 
trial of high-dose intravenous nicardipine in aneurysmal 
subarachnoid hemorrhage. A report of the Cooperative An-
eurysm Study. J Neurosurg. 1993;78(4):537-547. (Prospective 
multicenter randomized double-blind placebo-controlled 
trial; 283 patients)

229.	 van den Bergh WM, Algra A, van Kooten F, et al. Magne-
sium sulfate in aneurysmal subarachnoid hemorrhage: a 
randomized controlled trial. Stroke. 2005;36(5):1011-1015. 

198.	 Topcuoglu MA, Ogilvy CS, Carter BS, et al. Subarachnoid 
hemorrhage without evident cause on initial angiography 
studies: diagnostic yield of subsequent angiography and 
other neuroimaging tests. J Neurosurg. 2003;98(6):1235-1240. 
(Retrospective; 806 patients)

199.	 Jung JY, Kim YB, Lee JW, et al. Spontaneous subarachnoid 
haemorrhage with negative initial angiography: a review of 
143 cases. J Clin Neurosci. 2006;13(10):1011-1017. (Prospec-
tive; 143 SAH patients with negative angiograms)

200.	 Andaluz N, Zuccarello M. Yield of further diagnostic work-
up of cryptogenic subarachnoid hemorrhage based on bleed-
ing patterns on computed tomographic scans. Neurosurgery. 
2008;62(5):1040-1046. (Retrospective; 719 patients)

201.	 Willinsky RA, Taylor SM, TerBrugge K, et al. Neurologic 
complications of cerebral angiography: prospective analysis 
of 2,899 procedures and review of the literature. Radiology. 
2003;227(2):522-528. (Prospective; 2899 procedures)

202.	 Dawkins AA, Evans AL, Wattam J, et al. Complications 
of cerebral angiography: a prospective analysis of 2,924 
consecutive procedures. Neuroradiology. 2007;49(9):753-759. 
(Prospective; 2924 procedures)

203.	 Kaufmann TJ, Huston J 3rd, Mandrekar JN, et al. Compli-
cations of diagnostic cerebral angiography: evaluation of 
19,826 consecutive patients. Radiology. 2007;243(3):812-819. 
(Retrospective; 19,826 patients)

204.	 Chen W, Wang J, Xing W, et al. Accuracy of 16-row mul-
tislice computerized tomography angiography for assess-
ment of intracranial aneurysms. Surg Neurol. 2009;71(1):32-
42. (Prospective; 152 patients)

205.	 Chen W, Wang J, Xin W, et al. Accuracy of 16-row multislice 
computed tomographic angiography for assessment of small 
cerebral aneurysms. Neurosurgery. 2008;62(1):113-121. (Pro-
spective; 192 patients)

206.	 El Khaldi M, Pernter P, Ferro F, et al. Detection of cerebral 
aneurysms in nontraumatic subarachnoid haemorrhage: role 
of multislice CT angiography in 130 consecutive patients. 
Radiol Med. 2007;112(1):123-137. (Prospective; 130 patients)

207.	 Chappell ET, Moure FC, Good MC. Comparison of com-
puted tomographic angiography with digital subtraction 
angiography in the diagnosis of cerebral aneurysms: a meta-
analysis. Neurosurgery. 2003;52(3):624-631. (Meta-analysis; 21 
studies, 1251 patients)

208.	 Kokkinis C, Vlychou M, Zavras GM, et al. The role of 3D-
computed tomography angiography (3D-CTA) in investiga-
tion of spontaneous subarachnoid haemorrhage: comparison 
with digital subtraction angiography (DSA) and surgical 
findings. Br J Neurosurg. 2008;22(1):71-78. (Prospective; 198 
patients)

209.	 Westerlaan HE, Gravendeel J, Fiore D, et al. Multislice CT 
angiography in the selection of patients with ruptured intra-
cranial aneurysms suitable for clipping or coiling. Neuroradi-
ology. 2007;49(12):997-1007. (Prospective; 224 patients)

210.	 Pechlivanis I, Schmieder K, Scholz M, et al. 3-Dimensional 
computed tomographic angiography for use of surgery plan-
ning in patients with intracranial aneurysms. Acta Neurochir 
(Wien). 2005;147(10):1045-1053. (Prospective; 100 patients)

211.	 Caruso R, Colonnese C, Elefante A, et al. Use of spiral com-
puterized tomography angiography in patients with cerebral 
aneurysm. Our experience. J Neurosurg Sci. 2002;46(1):4-9. 
(Prospective; 31 patients) 

212.	 Boet R, Poon WS, Lam JM, et al. The surgical treatment of 
intracranial aneurysms based on computer tomographic 
angiography alone--streamlining the acute mananage-
ment of symptomatic aneurysms. Acta Neurochir (Wien). 
2003;145(2):101-105. (Prospective; 90 patients) 

213.	 Westerlaan HE, van der Vliet AM, Hew JM, et al. Magnetic 
resonance angiography in the selection of patients suitable 
for neurosurgical intervention of ruptured intracranial aneu-
rysms. Neuroradiology. 2004;46(11):867-875. (Prospective; 205 
patients)



Copyright © 2014 EB Medicine. All rights reserved.	 28 www.ebmedicine.net • October 2014

doubleblind placebo-controlled trials; 3552 patients)
245.	 Naidech AM, Kreiter KT, Janjua N, et al. Phenytoin exposure 

is associated with functional and cognitive disability after 
subarachnoid hemorrhage. Stroke. 2005;36(3):583-587. (Pro-
spective; 527 patients)

246.	 Raper DM, Starke RM, Komotar RJ, et al. Seizures after aneu-
rysmal subarachnoid hemorrhage: a systematic review of 
outcomes. World Neurosurg. 2013;79(5-6):682-690. (System-
atic review; meta-analysis; 25 studies and 7002 patients)

247.	 Chumnanvej S, Dunn IF, Kim DH. Three-day phenytoin 
prophylaxis is adequate after subarachnoid hemorrhage. 
Neurosurgery. 2007;60(1):99-102. (Retrospective; 79 patients)

248.	 Whitfield PC, Kirkpatrick PJ. Timing of surgery for aneu-
rysmal subarachnoid haemorrhage. Cochrane Database Syst 
Rev. 2001(2):CD001697. (Systematic review; 1 randomized 
controlled trial)

249.	 Molyneux A, Kerr R, Stratton I, et al. International Sub-
arachnoid Aneurysm Trial (ISAT) of neurosurgical clip-
ping versus endovascular coiling in 2143 patients with 
ruptured intracranial aneurysms: a randomised trial. Lancet. 
2002;360(9342):1267-1274. (Prospective multicenter random-
ized trial; 2143 patients)

250.	 van der Schaaf I, Algra A, Wermer M, et al. Endovascular 
coiling versus neurosurgical clipping for patients with aneu-
rysmal subarachnoid haemorrhage. Cochrane Database Syst 
Rev. 2005(4):CD003085. (Systematic review; 3 randomized 
trials, 2272 patients)

251.	 Johnston SC, Higashida RT, Barrow DL, et al. Recom-
mendations for the endovascular treatment of intracranial 
aneurysms: a statement for healthcare professionals from 
the Committee on Cerebrovascular Imaging of the American 
Heart Association Council on Cardiovascular Radiology. 
Stroke. 2002;33(10):2536-2544. (Practice guidelines)

252.	 Qureshi AI, Janardhan V, Hanel RA, et al. Comparison 
of endovascular and surgical treatments for intracranial 
aneurysms: an evidence-based review. Lancet Neurol. 
2007;6(9):816-825. (Systematic review)

253.	 Britz GW. ISAT trial: coiling or clipping for intracranial 
aneurysms? Lancet. 2005;366(9488):783-785. (Editorial)

254.	 Bardach NS, Zhao S, Gress DR, et al. Association between 
subarachnoid hemorrhage outcomes and number of cases 
treated at California hospitals. Stroke. 2002;33(7):1851-1856. 
(Retrospective; 12,804 patients)

255.	 Cross DT 3rd, Tirschwell DL, Clark MA, et al. Mortality rates 
after subarachnoid hemorrhage: variations according to 
hospital case volume in 18 states. J Neurosurg. 2003;99(5):810-
817. (Retrospective; 16,399 patients)

256.	 Hijdra A, van Gijn J, Nagelkerke NJ, et al. Prediction of de-
layed cerebral ischemia, rebleeding, and outcome after aneu-
rysmal subarachnoid hemorrhage. Stroke. 1988;19(10):1250-
1256. (Prospective; 176 patients)

257.	 Weir RU, Marcellus ML, Do HM, et al. Aneurysmal sub-
arachnoid hemorrhage in patients with Hunt and Hess grade 
4 or 5: treatment using the Guglielmi detachable coil system. 
AJNR Am J Neuroradiol. 2003;24(4):585-590. (Retrospective; 
27 patients)

258.	 Rosengart AJ, Schultheiss KE, Tolentino J, et al. Prognostic 
factors for outcome in patients with aneurysmal subarach-
noid hemorrhage. Stroke. 2007;38(8):2315-2321. (Retrospec-
tive pooled analysis of 4 multicenter prospective random-
ized controlled trials; 3567 patients)

259.	 Roos YB, de Haan RJ, Beenen LF, et al. Complications and 
outcome in patients with aneurysmal subarachnoid haemor-
rhage: a prospective hospital based cohort study in the 
Netherlands. J Neurol Neurosurg Psychiatry. 2000;68(3):337-
341. (Prospective; 110 patients)

260.	 Wijdicks EF, Schievink WI, Brown RD, et al. The dilemma 
of discontinuation of anticoagulation therapy for patients 
with intracranial hemorrhage and mechanical heart valves. 
Neurosurgery. 1998;42(4):769-773. (Retrospective; 39 patients 

(Prospective randomized placebo-controlled trial; 283 
patients)

230.	 Lynch JR, Wang H, McGirt MJ, et al. Simvastatin reduces va-
sospasm after aneurysmal subarachnoid hemorrhage: results 
of a pilot randomized clinical trial. Stroke. 2005;36(9):2024-
2026. (Prospective randomized placebo-controlled trial; 39 
patients)

231.	 Tseng MY, Hutchinson PJ, Czosnyka M, et al. Effects of acute 
pravastatin treatment on intensity of rescue therapy, length 
of inpatient stay, and 6-month outcome in patients after an-
eurysmal subarachnoid hemorrhage. Stroke. 2007;38(5):1545-
1550. (Prospective randomized placebo-controlled trial; 80 
patients)

232.	 Chou SH, Smith EE, Badjatia N, et al. A randomized, double-
blind, placebo-controlled pilot study of simvastatin in aneu-
rysmal subarachnoid hemorrhage. Stroke. 2008;39(10):2891-
2893. (Prospective double blind randomized placebo-con-
trolled trial; 39 patients)

233.	 Sanchez-Pena P, Nouet A, Clarencon F, et al. Atorvastatin 
decreases computed tomography and S100-assessed brain 
ischemia after subarachnoid aneurysmal hemorrhage: a com-
parative study. Crit Care Med. 2012;40(2):594-602. (Retrospec-
tive; 278 patients)

234.	 Tseng MY. Summary of evidence on immediate statins 
therapy following aneurysmal subarachnoid hemorrhage. 
Neurocrit Care. 2011;15(2):298-301. (Review)

235.	 Vergouwen MD, de Haan RJ, Vermeulen M, et al. Effect of 
statin treatment on vasospasm, delayed cerebral ischemia, 
and functional outcome in patients with aneurysmal sub-
arachnoid hemorrhage: a systematic review and meta-anal-
ysis update. Stroke. 2010;41(1):e47-e52. (Systematic review; 
meta-analysis; 190 patients)

236.	 Wong GK, Liang M, Tan H, et al. High-dose simvastatin 
for aneurysmal subarachnoid hemorrhage: a multicenter, 
randomized, controlled, double-blind clinical trial protocol. 
Neurosurgery. 2013;72(5):840-844. (Prospective; 240 patients)

237.	 Garg K, Sinha S, Kale SS, et al. Role of simvastatin in preven-
tion of vasospasm and improving functional outcome after 
aneurysmal sub-arachnoid hemorrhage: a prospective, 
randomized, double-blind, placebo-controlled pilot trial. Br J 
Neurosurg. 2013;27(2):181-186. (Prospective; 38 patients)

238.	 Dorhout Mees SM. Magnesium in Aneurysmal Subarach-
noid Hemorrhage (MASH II) phase III clinical trial MASH-II 
study group. Int J Stroke. 2008;3(1):63-65. (Prospective ran-
domized controlled trial, ongoing; 1200 patients expected)

239.	 Lin CL, Dumont AS, Lieu AS, et al. Characterization of 
perioperative seizures and epilepsy following aneurysmal 
subarachnoid hemorrhage. J Neurosurg. 2003;99(6):978-985. 
(Retrospective; 217 patients)

240.	 Mayberg MR, Batjer HH, Dacey R, et al. Guidelines for the 
management of aneurysmal subarachnoid hemorrhage. A 
statement for healthcare professionals from a special writing 
group of the Stroke Council, American Heart Association. 
Stroke. 1994;25(11):2315-2328. (Practice guidelines, system-
atic review)

241.	 Rinkel GJ. Medical management of patients with aneurysmal 
subarachnoid haemorrhage. Int J Stroke. 2008;3(3):193-204. 
(Review)

242.	 Baker CJ, Prestigiacomo CJ, Solomon RA. Short-term periop-
erative anticonvulsant prophylaxis for the surgical treatment 
of low-risk patients with intracranial aneurysms. Neurosur-
gery. 1995;37(5):863-870. (Retrospective; 387 patients) 

243.	 Butzkueven H, Evans AH, Pitman A, et al. Onset seizures 
independently predict poor outcome after subarachnoid 
hemorrhage. Neurology. 2000;55(9):1315-1320. (Retrospective; 
412 patients)

244.	 Rosengart AJ, Huo JD, Tolentino J, et al. Outcome in patients 
with subarachnoid hemorrhage treated with antiepileptic 
drugs. J Neurosurg. 2007;107(2):253-260. (Retrospective 
pooled analysis of 4 multicenter prospective randomized 



29	 Reprints: www.ebmedicine.net/empissuesOctober 2014 • www.ebmedicine.net

 CME Questions

Take This Test Online!

Take This Test Online!

Current subscribers receive CME credit absolute-
ly free by completing the following test. Each 
issue includes 4 AMA PRA Category 1 CreditsTM, 4 
ACEP Category I credits, 4 AAFP Prescribed 
credits, and 4 AOA Category 2A or 2B credits. 
Monthly online testing is now available for 
current and archived issues. To receive your free 
CME credits for this issue, scan the QR code 
below with your smartphone or visit  
www.ebmedicine.net/E1014.

1. 	 All of the following are proven risk factors for 
spontaneous SAH EXCEPT: 
a. 	 Smoking 
b. 	 Polycystic kidney disease 
c. 	 Hypertension 
d. 	 Obesity 

2. 	 When is a noncontrast CT most sensitive in 
diagnosing SAH? 
a. 	 Within 6 hours of symptom onset 
b. 	 24 hours after symptom onset 
c. 	 2 days after symptom onset 
d. 	 1 week after symptom onset 

3. 	 Factors that may compromise the sensitivity 
of the noncontrast CT for diagnosing SAH 
include:
a. 	 Volume of hemorrhage 
b. 	 Experience of the radiologist 
c. 	 Thickness of CT slices
d. 	 Anemia
e. 	 All of the above

4. 	 How many RBCs in the CSF are required to 
make the diagnosis of SAH? 
a. 	 500 
b. 	 1000 
c. 	 5000 
d. 	 No specific cut-off value exists. 

5. 	 When is LP most sensitive in diagnosing SAH? 
a. 	 Within 1 hour of symptom onset 
b. 	 6 hours after symptom onset 
c. 	 12 hours after symptom onset 
d. 	 12 days after symptom onset 
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6. 	 In cases of suspected SAH in patients with 
familial risk factors, what test is needed after 
negative noncontrast CT and negative CSF 
results to exclude the diagnosis? 
a. 	 Repeat noncontrast CT after 6 hours 
b. 	 Cerebral angiography 
c. 	 Transcranial Doppler 
d. 	 MRI 
e. 	 No further testing is needed

7. 	 Which of the following approaches to blood 
pressure management may increase mortality 
in hypertensive patients with SAH? 
a. 	 Nitroprusside for a goal blood pressure of 	
	 < 110/50 mm Hg 
b. 	 Nicardipine for a goal blood pressure of 		
	 < 140/80 mm Hg 
c. 	 Esmolol for a goal blood pressure of 		
	 < 160/80 mm Hg 
d. 	 Labetalol for a goal of reducing blood 		
	 pressure by about 25%

8. 	 Which of the following medications is given to 
improve outcomes related to vasospasm? 
a. 	 Nimodipine 
b. 	 Nitroprusside 
c. 	 Phenytoin 
d. 	 Aspirin 

9. 	 A neurologically intact patient has just been 
diagnosed with SAH based on noncontrast CT 
and then has a sudden change in mental status, 
what is the next appropriate step? 
a. 	 Lumbar puncture 
b. 	 Anticonvulsant 
c. 	 Nimodipine 
d. 	 Repeat head CT

10.	 Which etiology of spontaneous SAH has the 
best prognosis? 
a. 	 Arteriovenous malformation 
b. 	 Perimesencephalic hemorrhage 
c. 	 Ruptured aneurysm 
d. 	 Cocaine abuse
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