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EVIDENCE-BASED APPROACH TO EMERGENCY MEDICINE

Evidence-Based Approach

To Diagnosis And Management
Of Aneurysmal Subarachnoid
Hemorrhage In The Emergency
Department

You walk into a crowded evening shift in the emergency department (ED).
Your first patient is a middle-aged woman lying with her hands clutching
her head, complaining of the “worst headache of her life.” You are worried
about a subarachnoid hemorrhage (SAH). You treat her pain and order a
noncontrast head computed tomography (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 (LP)? She eventually agrees
to stay for an LP, 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 an
SAH? After further history is obtained, you are concerned about an SAH
and you obtain a CT, which is normal. You perform an LP, which shows
some clearing of red blood cells (RBCs) from tube 1 to tube 4, and you think
it may have been a traumatic tap, but how can you be sure? Just as you are
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pondering this, the lab calls to say there is xanthochromia. You make the
diagnosis of SAH. After calling for neurosurgical consultation, what else

should you do in the ED to treat this patient?
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Headache is the presenting complaint in roughly
2% of ED visits.! Of all those with headache,
about 1% will have SAH,** meaning 99% of ED
headache patients do not have SAH. This makes
selecting those patients a major diagnostic challenge.
Among those with sudden-onset, severe headache
with normal neurologic examination, 10% to 16%°10
have SAH. Diagnosing and accurately managing
SAH remain pressing challenges for emergency
clinicians. Estimates of misdiagnosis, previously as
high as 32%, are now thought to be lower but still
range from 5% to 15%."""1° Patients with delayed
diagnosis have worse outcomes, highlighting the
importance of early recognition.'*'*1® Unfortunately,
SAH claims the lives of 40% of its victims and leaves
30% with substantial neurological disability.'”

When a patient presents with a classic “worst-
of-life headache” and maximal symptoms at onset,
the next steps of management, including CT fol-
lowed by LP, are straightforward. However, pa-
tients often present with vague headaches or with
underlying primary headache disorders, which
make diagnosis more challenging. Although an
extensive workup of every headache patient is im-
practical and not called for, the diagnosis is unlike-
ly to be made if not considered. Deciding who to
evaluate for SAH is difficult. Once the decision has
been made, translating the CT and LP results may
be challenging, as the sensitivity for subarachnoid
bleeding depends on several factors, including the
emergency clinician’s accurate testing interpreta-
tion and knowledge of test limitations.®

The emergency clinician must be able to quickly
and accurately identify SAH in order to optimize
outcome. This issue of Emergency Medicine Practice
focuses on the challenge of diagnosing and manag-
ing SAH, using the best available evidence from the
literature.

Abbreviations Used In This Article

ABC: Airway, Breathing, Circulation
AHA: American Heart Association

BP: Blood Pressure

CI: Confidence Interval

CSF: Cerebrospinal Fluid

CT: Computed Tomography

CTA: Computed Tomographic Angiography
DSA: Digital Subtraction Angiography
ECG: Electrocardiogram

ED: Emergency Department

GCS: Glasgow Coma Scale

ICP: Intracranial Pressure

ICU: Intensive Care Unit

INR: International Normalized Ratio
IV: Intravenous

LP: Lumbar Puncture

MR: Magnetic Resonance

MRI: Magnetic Resonance Imaging
MRA: Magnetic Resonance Angiography
PCC: Prothrombin Complex Concentrates
PT: Prothrombin Time

PTT: Partial Thromboplastin Time

RBC: Red Blood Cell

RCT: Randomized Controlled Trial

SAH: Subarachnoid Hemorrhage

SBP: Systolic Blood Pressure

Critical Appraisal Of The Literature

A literature search was performed using Ovid MED-
LINE and PubMed from 1950 to December 2008.
Search terms included subarachnoid hemorrhage,
aneurysm, thunderclap headache, sentinel headache,
lumbar puncture, xanthochromia, emergency de-
partment, head CT, CTA, angiography, MRI, nimo-
dipine, risk factors, prehospital care, diagnosis, man-
agement, analgesia, treatment, rebleeding, vasos-
pasm, hypertension, antiepileptic, and combinations
of these keywords. The search was limited to the
English language and human studies. More than 250
articles were reviewed, which provided background
for further literature review. During the final editing
phase, the American Heart Association (AHA) pub-
lished updated 2009 guidelines pertaining to SAH,
which were incorporated into this article.

During the literature review process, the high-
est value was placed on scientific articles, especially
clinical trials, larger prospective cohort studies, and
meta-analyses of clinical trials. Secondary evidence
was collected from retrospective studies, case-control
studies, and other meta-analyses. Finally, expert con-
sensus and case reports were reviewed. The Cochrane
Database of Systematic Reviews and the National
Guideline Clearinghouse (www.guidelines.gov) were
also consulted.

Guidelines helpful for the practicing emergency
clinician are presented in Table 1. Some guidelines
are supported by many organizations, as indicated
by multiple citations. The most relevant guidelines
for emergency clinicians are the 2008 American Col-
lege of Emergency Physician’s (ACEP) clinical policy
on acute headache (Table 1A)'° and the most recent
2009 AHA guidelines (Table 1B).%

Etiology And Pathophysiology

Incidence

The international incidence of SAH varies ac-
cording to region but affects approximately 7 to

9 of 100,000 people per year.?*?’ Although classic
teaching is that women are more likely than men to
suffer from SAH,*?" newer epidemiologic research

reveals that this difference occurs only after the
sixth decade.?®3'%

Emergency Medicine Practice © 2009
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Et'°'°9,V 5 Figure 1. Subarachnoid Hemorrhage On
Trauma is the most common cause of all SAH.” It Noncontrast Head Computed Tomography

is usually a diffuse process that results from rupture
of corticomeningeal vessels and from hemorrhagic
contusions of the brain.* Most spontaneous cases are
related to aneurysm rupture,*® which is the focus of
this article. See Figure 1 for the typical appearance of
a spontaneous SAH on noncontrast head CT. Distin-
guishing traumatic from spontaneous SAH may be dif-
ficult in some cases because the trauma may have been
unwitnessed; however, this distinction is important.
One retrospective study comparing 99 patients
with traumatic SAH and 114 patients with aneu-
rysmal SAH found traumatic cases to have more
diffuse hemorrhage, earlier resolution of bleed, and
decreased delayed complication rates,* illustrat-
ing mechanistic differences leading to the onset and
evolution of SAH and the need for distinct man-
agement. When in doubt, cerebrovascular imaging
should be obtained to determine if an underlying
aneurysm is present, since this finding is important
for definitive repair. There is diffuse hyperdense subarachnoid blood surrounding the basal
Rupture of saccular aneurysms located on in- cisterns and extending into the Sylvian fissures bilaterally. (Reprinted
tracranial vessels at the base of the brain account for with permission from Lisa Thomas, MD.)

Table 1. Clinical Practice Guidelines On Subarachnoid Hemorrhage

A. 2008 American College Of Emergency Physicians Clinical Policy On Acute Headache (Evidence-Based Recommendations)'®

e

. Emergent head computed tomography IS the initial diagnostic test recommended in the diagnosis of any new, sudden-onset, severe headache or
suspected case of subarachnoid hemorrhage* (Class I, Level B recommendation).?°2¢

2. Lumbar puncture IS recommended for patients with suspected subarachnoid hemorrhage after negative noncontrast head computed tomography*
(Class I, Level B recommendation).?>-?

3. Angiography is NOT recommended in patients with sudden-onset, severe headache who have negative findings on head computed tomography,
normal opening pressure, and negative cerebrospinal fluid findings (Class Il, Level B recommendation).

4. Patients with a negative workup including negative computed tomography and lumbar puncture CAN be safely discharged from the emergency
department, with outpatient follow-up recommended (Class I, Level B recommendation).

5. Response to analgesia should NOT be used as the sole indicator to the etiology of an acute headache (Class Ill, Level C recommendation).

*Also supported by 2009 American Heart Association guidelines.

B. 2009 American Heart Association Guidelines For Management Of Subarachnoid Hemorrhage (Evidence-Based Recommendations)®

Recommendations for diagnostic studies

1. Once subarachnoid hemorrhage is diagnosed, urgent cerebral angiography IS needed to detect the underlying cerebral aneurysm (Class I, Level B
recommendation).?°2!

2. When conventional angiography cannot be performed in a timely fashion, magnetic resonance angiography and computed tomographic angiography
MAY be considered (Class I, Level B recommendation).?°

Recommendations for management

1. Patients with subarachnoid hemorrhage should be treated in an intensive care unit setting with cardiac and blood pressure monitoring (Class I, Level
B recommendation).?°225

2. Control of elevated blood pressure IS recommended to balance the risk of stroke, rebleeding, and maintenance of cerebral perfusion pressure (Class
Il, Level B recommendation).?*2®

3. Oral nimodipine IS strongly recommended to reduce poor outcome from vasospasm (Class I, Level A recommendation).2°2!

. Prophylactic anticonvulsant therapy MAY be considered in the immediate posthemorrhage period (Class Ill, Level B recommendation).?2!:25

5. Early surgery IS recommended for most patients (Class I, Level B recommendation).2°2'

N

Recommendations for transfer
1. Early referral to high-volume centers with cerebrovascular surgeons and endovascular services IS recommended (Class Il, Level B recommenda-

ﬁon) _20,21 27
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85% of spontaneous SAH. (See Table 2.) Approxi-
mately 80% to 85% of aneurysms are in the anterior
circulation, and the rest are in the posterior circula-
tion. Aneurysms of the spinal arteries can also result
in SAH.¥ A minority of cases are due to nonaneu-
rysmal perimesencephalic hemorrhage (Figure 2),

a benign form of SAH defined by a specific pattern
of extravasated blood around the midbrain with
normal angiogram, and other rare nonaneurysmal
causes.’*?%% (See Table 2.)

Figure 2. Perimesencephalic Hemorrhage
On Noncontrast Head Computed
Tomography

A characteristic pattern of hyperdense blood anterior to the midbrain
is seen. No aneurysm was found on follow-up angiogram. (Reprinted
with permission from Lisa Thomas, MD.)

Table 2. Causes Of Spontaneous
Subarachnoid Hemorrhage

® Ruptured aneurysm (85%)
® Nonaneurysmal causes (15%)
© Perimesencephalic hemorrhage (10% of total)
© Other rare causes (5% of total)
® Tumor
® Coagulopathy
® Venous sinus thrombosis
® Arterial dissection
B Vascular lesion
O Arteriovenous malformation, dural arteriovenous fistula,
amyloid angiopathy, others
B Vasculitis
O Behcet’s disease, Churg-Strauss, Wegener’s granulo-
matosis, others
® Sickle cell disease
® Mycotic aneurysm
® Drugs
0O Cocaine abuse, anticoagulants

Pathophysiology Of Aneurysms

Although once thought to be congenital, retrospec-
tive studies of patients undergoing aneurysm surgery
found that aneurysms are very rare in children and
even rarer in neonates.*’ Previous theories of con-
genital muscle wall weakness have been disproved
because equal gaps in muscle wall have been found
in patients with and without aneurysms.*' The cur-
rent theory is that aneurysms develop gradually over
one’s lifetime due to acquired arterial wall changes,
with a prevalence of 2.3% in an average adult without
specific risk factors, based on a systematic review

of 23 studies including over 56,000 patients. Lowest
rates were reported in retrospective autopsy studies
(0.4%), and highest rates were found in prospective
angiography studies (6%).*? Factors that increase the
risk of aneurysm formation and SAH are listed in
Table 3 and were recently reviewed.*

What Leads To Aneurysm Rupture?

Rupture risk increases with size, and based on a
systematic review of 9 prospective studies following

Table 3. Risk Factors For Subarachnoid
Hemorrhage

Feature Relative Risk | 95% Reference(s)
Confidence
Interval
Autosomal domi- 4.4 2.7-7.2 42,43
nant polycystic
kidney disease
Familial predispo- 4.0 2.7-6.0 42,44,45
sition
Hypertension 25 2.0-3.1 46-48
Atherosclerosis 2.3 1.7-3.1 42
Smoking 2.2 1.3-3.6 46-49
Excessive alcohol 2.1 1.5-2.8 47
use (> 150 grams/
week)
Age > 85 1.61 1.24-2.07 28
Oral contraceptive Controversial 47,50,51
Use*
Connective tissue Insufficient 52,53
disorders¥ data

*Oral contraceptives were found to have a minimal increase in the
risk of subarachnoid hemorrhage, risk ratio of 1.42 (95% confidence
interval, 1.12-1.80), based on a 1998 meta-analysis,®' but this was not
replicated by a newer 2005 meta-analysis with more stringent study
inclusion criteria.*®

¥Ehlers-Danlos type 1V, Marfan’s syndrome, and neurofibromatosis
type | are some examples of connective tissue disorders that have
been reported to be associated with subarachnoid hemorrhage, but
data are limited to reviews®>% and small case series.

Emergency Medicine Practice © 2009
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aneurysms for 3907 patient-years, most aneurysms
do not rupture. Whereas aneurysms < 10 mm in
size have an annual risk of rupture of 0.7%, larger
aneurysms are 5 times more likely to rupture.**>*
The exact mechanisms leading to aneurysm rupture
are still unclear. A common belief is that aneurysm
rupture may be precipitated by activity. Increases in
arterial blood pressure (BP) due to valsalva maneu-
vers or physical exertion in activities ranging from
sneezing to sexual intercourse are associated with
only a small subset (< one-third) of patients with
SAH.>8 In fact, a recent large systematic review
concluded that there is insufficient evidence to link
exertion to aneurysm rupture.30

Grading Severity Of SAH

There are multiple clinical scales to assess the extent
of rupture and severity of SAH. (See Table 4.) The

2 most widely used scales are the Hunt and Hess*
and the World Federation of Neurological Sur-
geons.®’ Higher numbers in both scales correlate
well with worse patient outcomes. A third scale,

the Fisher classification,® uses quantity of blood on
CT appearance to predict the risk of symptomatic
cerebral vasospasm, a dreaded complication of SAH.
The grading systems should be used in conjunction
with the patient’s overall condition and characteris-
tics of the ruptured aneurysm, such as location and
size, to grade severity and approach to treatment.

Table 4. Subarachnoid Hemorrhage Grading
Scales

A. Hunt And Hess Severity Scale

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

B. World Federation Of Neurological Surgeons

Grade 1- Glasgow Coma Scale 15, no motor deficit

Grade 2- Glasgow Coma Scale 13-14, no motor deficit

Grade 3- Glasgow Coma Scale 13-14, motor deficit present

Grade 4- Glasgow Coma Scale 7-12, motor deficit may be present or
absent

Grade 5- Glasgow Coma Scale 3-6, motor deficit may be present or
absent

C. Fisher Scale (Computed Tomography Appearance)

Group 1- No blood

Group 2- Diffuse deposits of subarachnoid hemorrhage blood, no
clots, no layers of blood > 1 mm

Group 3- Local clots or vertical layers of blood =1 mm thickness

Group 4- Diffuse or no subarachnoid hemorrhage, but intracerebral or
intraventricular clot

Differential Diagnosis

Up to 10% to 16% of patients presenting with
sudden-onset, intense headache or “thunderclap”
headache and normal neurologic function on physi-

Table 5. Differential Diagnosis Of Sudden-
Onset Headache

“Cannot Miss” Causes Suggestive History And Physi-

cal Findings

Subarachnoid hemorrhage Abrupt headache, stiff neck,
third nerve palsy (see text and

Table 7)

Hypertensive emergencies Severe (usually chronic) hyper-
tension, may have papilledema

and other signs of end-organ

damage
Cervical or cranial artery dis- Neck pain, abrupt onset, variable
sections presence of neurological deficit

Idiopathic intracranial hyper- Obese, female patient, papille-
tension (pseudotumor cerebri) | dema, possible sixth nerve palsy

Cerebral venous and dural Hypercoagulable state of any
sinus thrombosis type

Meningitis or encephalitis Fever, stiff neck, altered mental

status, seizure

Temporal arteritis Usually age > 50 years, symp-
toms of polymyalgia rheumatica,
abnormal scalp vessels on

examination

Acute narrow angle closure Painful red eye with midposition
glaucoma pupil and corneal edema

Spontaneous intracranial
hypotension

Headache varies with position:
worse when upright, relieved
when supine

Carbon monoxide poisoning Cluster of cases, winter season

Acute stroke (hemorrhagic or Abrupt onset and focal neuro-
ischemic) logical deficit conforming to an
arterial territory

Pituitary apoplexy Visual acuity or field abnormali-
ties, known pituitary tumor

Mass lesions Any neurological finding, focal or

1. Tumor generalized

2. Abscess

3.  Parameningeal infection

4. Intracranial hematoma

5.  Colloid cyst of third

ventricle

Common Benign Causes

A. Migraine

B. Tension-type headache

C. Coital headache

D. Exertional headache

E. Benign-cough headache

F. Sinusitis

G. Segmental reversible vasospasm (Call-Fleming syndrome)
H. Other causes

July 2009 - EBMedicine.net

Emergency Medicine Practice © 2009



cal examination will have SAH.” " For the remain-
der, the differential diagnosis is quite broad and
includes both benign and serious etiologies, as listed
in Table 5.7, The emergency clinician must rapidly
narrow the diagnosis with further history, physical
examination, and/or diagnostic testing.

In studies of misdiagnosis, all of the diagnoses
on the list are sometimes found. Although there are
no convincing data to suggest which are missed
more commonly, diseases that often present with a
severe headache but associated with a normal neuro-
logical examination (eg, cervical artery dissection or
cerebral venous sinus thrombosis) are more easily
missed. Furthermore, some of these same problems
are associated with a normal noncontrast brain CT
scan. Identifying and managing SAH still remain
challenging and will be further discussed in greater
detail.

Prehospital Care

Initial prehospital care should begin with obtain-
ing vital signs and assessing level of consciousness,
including the Glasgow Coma Scale (GCS) score. Sta-
bilization may include airway management depend-
ing on the patient’s clinical status, training of the
prehospital emergency care provider, and distance
to the ED. A brief neurologic examination should

be performed to assess for obvious focal neurologic
deficit, and a formal stroke scale should be used to
assess severity of symptoms.®? Patients with focal
neurological findings and suspected stroke should
be rapidly transported to a hospital in accordance
with local EMS protocols.®? Time that the patient was
last seen normal and time of symptom onset should
be ascertained in case the patient qualifies for time-
sensitive acute stroke treatment. Reversible causes of
depressed mental status should be considered, such
as checking a fingerstick glucose. Consider admin-
istering naloxone if opiate overdose is suspected.
There are limited data specific to prehospital care

of patients with SAH, 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 SAH or any other serious neurological disease,
they do not require initial transport to a specialized
center from the prehospital setting.

ED Evaluation

Whom To Evaluate?

Of the 2% of all ED patients that present with head-
ache,! deciding which of these should be evaluated for
SAH is particularly challenging. Someone with a clas-
sic thunderclap worst-of-life headache without a previ-
ous headache history or with focal neurologic deficits
is typically a candidate for an SAH workup. However,

evaluation of the alert patient with a normal neurologic
examination or one with a vague change in his or her
primary migraine disorder is less clear.

Of all patients who present with worst-of-life
headache, most will have benign causes. Only 10%
to 16% will have serious pathology such as SAH.>!?
Thus, a thorough clinical history and physical exam-
ination is imperative in determining which patients
require more rigorous diagnostic evaluation.

There are no data on how to best triage neurologi-
cally intact patients with severe, abrupt-onset head-
ache. A more urgent triage level that puts these pa-
tients into a queue to be seen (and thus CT scanned)
sooner rather than later would appear logical.

Clinical History

Seventy percent of patients with SAH present with
headache alone, without focal symptoms, as reported
in 1 prospective study of 137 sudden-onset headache
patients.” This simple fact underscores the importance
of properly evaluating patients with isolated, severe,
sudden-onset headache. The abrupt nature of head-
ache onset is the most distinctive clinical feature of
SAH and is seen in about three-quarters of patients,
according to several well-designed prospective stud-
ies.”?%364 The term “thunderclap” headache, first
coined by Day and Raskin in 1986, describes an acute
severe headache with rapid onset, which reaches peak
intensity within seconds.®> Although a thunderclap
headache is often considered the classic description

of a ruptured aneurysm, it is neither sensitive nor
specific. If 10% to 15% of patients with thunderclap
headache have SAH and other serious causes, it fol-
lows that 85% to 90% do not.

These latter patients—with so-called benign
thunderclap headache—have excellent outcomes,
and their conditions are often later diagnosed as mi-
graine and other primary headache syndromes.”
Based on prospective data of acute headache pa-
tients, the abrupt nature of symptom onset is equally
seen in these benign cases and is not specific to
patients with SAH. In a series of 102 acute headache
patients, more than half of the patients in the SAH
group as well as the benign thunderclap headache
group reported symptom-onset within seconds.®*

The International Cooperative Study on the
Timing of Aneurysm Surgery, a large prospective
multicenter study of 3521 patients, found a normal

Table 6. Important Historical Questions To
Distinguish Subarachnoid Hemorrhage*

1. Onset: Is headache abrupt?

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

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

4. Associated Symptoms: Are there focal symptoms, syncope,
seizure, neck stiffness, or double vision?

Emergency Medicine Practice © 2009
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level of consciousness in three-quarters of patients
with SAH.*! Transient loss or altered level of con-
sciousness has been reported in about one-fourth of
patients in other smaller prospective studies.”®*

Vomiting is a nonspecific feature associated with
70% of patients with SAH.”®* It is also seen in half
of all benign cases of thunderclap headache and
is quite common in migraine.”** Focal symptom:s,
seizures, or double vision may be reported® and
should alert the emergency clinician to consider
SAH or other serious pathology, as these symptoms
are rare with benign causes of headache. Neck stiff-
ness may be another clue to more serious pathology,
which was reported in 60% of 23 patients with SAH
in 1 prospective study compared with only 10% of
114 benign thunderclap headache patients.”

Table 6 summarizes the key features that an
emergency clinician may obtain from careful his-
tory taking to help identify SAH. However, there are
no published prospective trials to date specifically
identifying a clinical prediction model for SAH. It is
important to emphasize that in patients with normal
physical examinations, there are no significant fea-
tures of the headache that allow reliable distinction
between SAH and headaches of benign etiology.”*
This point is important because emergency clinicians
cannot use “how well the patient looks” in estimat-
ing pretest probability of an SAH.

Physical Examination

As always, the physical examination begins with
the vital signs, general appearance, and assess-
ment of airway, breathing, and circulation (ABCs).
Once the patient is stabilized, a focused physical
examination should be performed that includes a

relevant neurologic examination. In patients who
are comatose or otherwise unable to give a cogent
history, ophthalmoscopic examination may reveal
an important diagnostic clue—retinal hemorrhages,
which are seen in approximately 10% of all patients
with SAH.® 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.? Abnormal
physical examination findings that may be associ-
ated with SAH are listed in Table 7. Patterns of focal
deficits sometimes suggest the location of the offend-
ing aneurysm.

Understanding A Spectrum Of Deviations
From The Classic Presentation

Although the most common presentations of SAH
are described above, there is no pathognomonic sign
or symptom that can help to exclude or to establish
the diagnosis. Headache may not even be part of the
presentation at all. A recent retrospective study of
over 200 patients who underwent aneurysmal clip-
ping reported that 8% did not have any headache

at onset of SAH, but instead presented with sudden
onset of general malaise or isolated neck or back
complaints.”? The study has obvious limitations due
to possible recall bias from retrospective data col-
lection by mail questionnaire. The important point
is that emergency clinicians must have a high index
of suspicion for this condition even with atypical
presentations, as SAH is not diagnosed in one-fourth
of patients with this condition on initial presenta-
tion.""** Consult Table 8 (page 8) to help identify
distracting clinical scenarios in evaluating for SAH.

Table 7. Physical Examination Findings To Help Identify Subarachnoid Hemorrhage'>*

Finding Likely Location Of Aneurysm
Mental status change Any

Seen in about one-fourth of patients” 6467
Meningismus Any

Seen in 60% of patients with subarachnoid hemorrhage’

Takes 3-12 hours to develop and may not be appreciated in comatose patients®

Third nerve palsy39¢®

90% of patients with third nerve palsy due to aneurysm (versus other causes of third

nerve palsy) have anisocoria > 2 mm’

Posterior communicating artery

Sixth nerve palsy7”!
Presents 3-14 days after onset of subarachnoid hemorrhage
Associated with higher clot burden
Gradually resolves

Any (due to increased intracranial pressure)

Bilateral leg weakness, abulia'®®

Anterior communicating artery

Nystagmus, ataxia, dizziness'®3®

Posterior circulation

Hemiparesis with aphasia or neglect's3%

Middle cerebral artery

Subhyaloid (retinal) hemorrhage (Terson syndrome)®
Seen in about 10% of patients with subarachnoid hemorrhage

Associated with worse clinical grades on presentation and poorer prognosis

Any
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Diagnostic Studies

Noncontrast Head CT

The initial investigative study in patients with
suspected SAH is the noncontrast head CT." Refer
to Figure 1 (page 3) for the appearance of a typical
SAH on a CT scan. Although CT has great accuracy
in detecting subarachnoid blood, the emergency
clinician must understand its many limitations, as
summarized in Table 9.

Most importantly, CT findings are time depen-
dent. There is a decrement in identifying hemor-
rhage on the scan as time from symptom onset
increases because blood is degraded and diluted
as cerebrospinal fluid (CSF) is continuously circu-
lated.®” The largest prospective observational study
supporting this used data collected during the 1980s
from over 3500 patients with SAH on second-gen-
eration scanners presenting at various times from
symptom onset; CT had a 92% sensitivity on the day
of aneurysm rupture and progressively decreased to
86%, 76%, and 58% on days 1, 2, and 5 postrupture,
respectively.’! With upgrades to third-generation
scanners in the 1990s, subsequent studies, although
mostly retrospective and with smaller sample sizes,
reported similar findings with sensitivities rang-

Table 8. Associated Findings That May
Distract From Diagnosis Of Subarachnoid
Hemorrhage®?

1. Relief with pain medications
Headache may improve spontaneously or with analgesics.”7®

2. Absence of headache™

3. Nonspecific viral symptoms
Combination of headache with fever, neck pain, nausea, or vomiting
may be prematurely attributed to a viral syndrome.216.79.80

4. Musculoskeletal pain
Prominent neck pain may be attributed to arthritis or musculoskel-
etal diagnoses. 2167980

5. Altered behavior/mental status
Subarachnoid hemorrhage may present with delirium, acute confu-
sional state, or psychosis.?'#2

6. Head injury from syncope
Transient loss of consciousness due to aneurysm rupture may lead
to a focus on resulting traumatic head injury, thus disguising the
preceding spontaneous subarachnoid hemorrhage.®® Subarachnoid
blood from aneurysms is typically around the basal cisterns (Figure
1), whereas that from trauma tends to be higher in the convexities
(Figure 3) or in areas of coup and contrecoup forces.'®

7. Cardiac abnormalities
Electrocardiogram abnormalities and elevated cardiac markers may
be present. 21679808485

8. Concomitant hypertension
Excessive focus on blood pressure may lead to a diagnosis of
hypertensive urgency or emergency.'213.16.79.80

9. Cardiac arrest
Subarachnoid hemorrhage may be associated with cardiac arrest
(reported in 3.6% of patients in 1 retrospective study).®

ing from 90% to 98% in the first 24 hours,*** with
decreasing sensitivity even after 12 hours.* Newer
“fifth-generation scanners” report sensitivities rang-
ing from 93% to 100% if scanned early, within 24
hours; however, these are also based on retrospective
studies and relatively small numbers of patients.”!"*>

Another important caveat in using CT to detect
SAH is spectrum bias; patients with normal neuro-
logic examinations and smaller volumes of hemor-
rhage may not have CT abnormalities.’*** Patients
with anemia and hematocrit < 27% to 30% may have
hemorrhage that is overlooked on the scan because
their blood may be isodense with the brain.***
Other considerations include experience of the
interpreter”® and technical factors such as quality of
the scanner and artifacts of bone or motion that may
limit the study.®

The location of the blood on CT can be useful.
Blood from a ruptured aneurysm is usually located
around the basal cisterns (see Figure 1, page 3),
whereas in traumatic SAH, the blood is typically
higher in the cerebral convexities or in areas of coup
or contrecoup force, such as the anterior portions
of the middle and frontal cranial fossae (see Figure
3)."> This distinction may be especially useful in pa-
tients with SAH who may have fallen from syncope
at onset. Finally, there is also an uncommon entity
of spontaneous convexity SAH that is almost never
aneurysmal.””%®

LP

If findings on noncontrast CT are positive for SAH,
then the emergency clinician may shift the focus
from diagnosis to treatment, and LP need not be
performed. However, in all patients with suspected
SAH with a negative noncontrast CT, LP is recom-
mended."?

Evidence Supporting The Need For LP After Negative
Noncontrast CT

Given the life-threatening nature of this condi-

tion and the fact that CT is not 100% sensitive for

Table 9. Limitations Of Computed
Tomography3?

1. Time: Sensitivity decreases as time increases from symptom onset.

2. Volume: Small volume bleeds may not be detected by computed
tomography.

3. Interpreter experience: Less experienced radiologists or emergen-
cy clinicians/general practitioners may have decreased sensitivity
compared with experienced neuroradiologists.

4. Technology: Modern scanners with thinner cuts without motion
artifact will have greater likelihood of identifying subarachnoid hem-
orrhage compared with older scanners with thicker cuts or cases
with motion artifact.

5. Anemia: Patients who have a hematocrit < 30% may have a com-
puted tomography that is falsely negative due to isodense blood.
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Table 10. Limitations Of Lumbar Puncture3

g

. Clinicians may be falsely reassured if the computed tomography is
negative, equivocal, or suboptimal.

2. Xanthochromia may be absent very early (< 12 hours) and very late
(> 2 weeks).

3. Accurate diagnosis of xanthochromia may be difficult.

4. Distinguishing traumatic tap from true subarachnoid hemorrhage
may be challenging.

5. Red blood cell count is diluted by circulating cerebrospinal fluid and
is affected by the timing of lumbar puncture.

6. There is no guideline for the number of red blood cells required to

diagnose subarachnoid hemorrhage.

SAH, LP is typically recommended to detect small
amounts of blood that may have been missed by
CT. 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.19 However, in several reports,
only 25% to 50% of patients with CT-negative
worst-of-life headache actually had LP performed
by emergency clinicians.***!% Although patients
and emergency clinicians may defer LP for various
reasons, such as time, benign patient general ap-
pearance, patient discomfort, and refusal because
of fear of complications, there is clear evidence that
supports the value of LP as the next step in diagno-
sis.810,6390,92,101,102

The LP is especially critical in alert, neurologically
normal patients with sudden-onset, severe headache.
Alert patients with SAH are more likely to have nega-
tive CT scans than are patients with neurologic defi-
cits.>'® This is the population that poses a particular
challenge for emergency clinicians but also has the
greatest potential for benefit if detected early.

The best evidence supporting the value of LP
comes from a recent prospective study of 592 neuro-
logically intact ED patients with acute headache; of
the 61 patients with SAH, 6 (10%) cases were diag-
nosed on the basis of positive CSF results after a nor-
mal cranial CT."” Another prospective study of 107
similar adult ED patients found a diagnosis of SAH
for 18 patients, of which 2 cases were missed by CT
(2% miss rate but 95% confidence interval [CI] up to
8.8%).® Furthermore, an older prospective study of
27 patients with acute headache found 9 with SAH,
of which 5 were missed by CT.®® Additional retro-
spective studies, each with more than 100 patients
with SAH, found 2% to 7% of cases were missed by

Table 11. Other Causes Of Xanthochromia

1. Jaundice (total bilirubin > 10-15 mg/dL)

2. Increased cerebrospinal fluid protein (> 150 mg/dL)
3. Rifampin

4. Excess dietary carotenoids

CT but picked up by LP and confirmed by angiog-
raphy.”>? 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.'™ This posttest probabil-
ity is relatively high, confirming the importance of
following the head CT with an LP.

Interpreting The LP

Even if the decision to perform LP is clear, inter-
pretation of CSF results can still be challenging. See
Table 10 for limitations of using LP in the diagnosis
of SAH. 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 patients,'®!% or due to true
intracranial bleeding.

Opening Pressure

Opening pressure may be elevated, > 20 cm H,0,

in 60% of patients with SAH.'® The CSF pressure
should be obtained in patients undergoing LP in the
ED, if possible, as elevated pressures may be seen
in cerebral venous thrombosis or idiopathic intrac-
ranial hypertension, and low pressures may be seen
in spontaneous intracranial hypotension, leading to
alternative diagnosis and management.'%6-1%8

RBC Count Analysis
It is usual practice to collect 4 serial tubes of CSF

Figure 3. 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, subarachnoid hemorrhage due to trauma
appears as hyperdensities in the convexities. No aneurysm was found
on angiogram. (Reprinted with permission from Jonathan Edlow, MD.)
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and assess for constancy of red cells. Regardless of
the number of RBCs in the first 3 tubes, if there are 0
RBCs in the final tube, this indicates a traumatic tap,
and the emergency clinician can confidently con-
clude that the CSF is normal. 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
SAH.'"®1% Interpretation becomes ambiguous when
there is “clearing of red cells,” or a fall in RBCs in
serial tubes.'” This can occur in both cases of aneu-
rysmal hemorrhage as well as in traumatic tap.'!!
Consider the case of an 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 show-
ing 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."®!'® Thus, based on the lat-
ter CSF cell count result, an aneurysmal hemorrhage
can be neither confirmed nor excluded, and further
testing must be considered. (See the “Xanthochro-
mia” section.) Although no specific guidelines exist
for this situation, additional diagnostic steps may
include performing computed tomographic angiogra-
phy (CTA)"*115 or magnetic resonance angiography
(MRA)"617 or obtaining conventional angiography
in consultation with a neurosurgeon.

Last, it is important to recognize that the tim-
ing of the LP affects the RBC count just as it does
CT scan sensitivity — and for the same reason. With
circulation of the CSF, the RBCs will diminish with
time from symptom onset, sometimes clearing com-
pletely within 48 hours after the bleed.'®

Xanthochromia
Xanthochromia, meaning literally “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 heme to bilirubin only oc-
curs in vivo and requires time to develop,''® thus the
presence of xanthochromia is highly suggestive of
SAH, and the patient should have continued evalu-
ation. ¥ 1319 Traumatic tap is unlikely in these cases
because experimental studies of artificially added
RBCs to clear CSF and purposeful traumatic taps
have demonstrated the absence of bilirubin and xan-
thochromia.''31% False positives may occur because
of other apparent causes of xanthochromia,'*! which
are listed in Table 11.

Xanthochromia may take up to 12 hours to
develop and 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 to 2 weeks had xantho-

chromia.'®!?? Some authors have recommended
waiting for 12 hours from symptom onset to obtain
an LP.%!% However, multiple studies have shown
that in the absence of xanthochromia, all of these
early cases will show bloody CSF with abundant
RBCs.105122123 Thys, finding normal CSF, even in the
first few hours, successfully excludes SAH. For all of
these reasons, the authors of 1 review recommend
not delaying LP, but instead accepting either RBCs
or xanthochromia as a positive finding of SAH."

Assessing Xanthochromia: Visual Analysis Versus
Spectrophotometry
The best way to assess xanthochromia remains a topic
of continued debate. Some researchers claim spec-
trophotometry is superior to visual inspection'*—as
supported by a peripheral finding of 32 CSF samples
with xanthochromia by spectrophotometry in a larger
study of 231 patients with cerebrovascular injuries
on CT scans, only half were identified by the naked
eye'?’—and 1 guideline formally recommends this as
the preferred method for CSF analysis.'* However,
visual xanthochromia is a simple valuable test for
detecting aneurysmal bleeding; 1 retrospective study
of about 150 patients reported a fairly high sensitivity
of 93%, specificity of 95%, positive predictive value
of 72%, and negative predictive value of 99% when
compared with conventional angiography.'” Further-
more, a recent study directly comparing the ability of
51 emergency clinicians and 51 students to identify
xanthochromia by the visual method found sensitivi-
ties of 100% and 99%, respectively, compared with
spectrophotometry,'?® indicating a minimal difference
in detecting abnormal CSF between the two methods.

Regardless, the proponents for spectrophotom-
etry cite a perfect sensitivity of 100%.'%>'* This must
be weighed against the poor specificity of spectro-
photometry, ranging from 29% to 75% in a prospec-
tive and retrospective study, each with more than
200 patients,'?'?® and high false positive rate (18 of
20 patients) in another prospective study.® Relying
on spectrophotometry could lead to increased an-
giography, exposing patients with false positive CSF
results to unnecessary risk.'?® From a practical stand-
point, spectrophotometry is not available in most (>
99%) emergency laboratories in North America.''’
The standard method of assessing visual xantho-
chromia 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. Xanthochromia is identified by a yel-
lowish hue in the CSF tube compared with the water
control.*® Once again, timing is important; xantho-
chromia will disappear after 2 weeks.'®

In the absence of xanthochromia, there is no cur-
rent approach to CSF analysis that can definitively
distinguish between true hemorrhagic and traumatic
bloodstained CSF. This dilemma may be reduced by
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Table 12. Laboratory Studies For
Subarachnoid Hemorrhage

1. Chemistry panel

2. Complete blood count

3. Prothrombin time/partial thromboplastin time (PT/PTT)
4. Blood typing and screening

5. Troponin

the use of fluoroscopic guidance for LP,'* 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. 411129

Laboratory Testing
See Table 12 for laboratory studies that may be help-
ful in cases of suspected SAH.

ECG

Cardiac abnormalities are common following acute
SAH. Subendocardial ischemia may result from
autonomic stimulation from the brain and circulating
catecholamine surge, resulting in an abnormal ECG
in 50% to 100% of patients with SAH in the acute
phase.##513713 Common benign, and usually tran-
sient, ECG changes are nonspecific ST- and T-wave
changes, prolonged QRS-segments, U-waves, and
increased QT-intervals, but ECG changes mimick-
ing cardiac ischemia are known to occur as well 2%
Positive troponin occurs in 20% to 40% of acute
cases® 4014 and may lead to cardiopulmonary com-
plications and worse outcomes.® Serious arrhythmias
may occur in < 5% of patients and have been shown
to be associated with worse outcomes.® Whereas sus-
pected myocardial ischemia should be treated in the
usual manner, SAH is considered a contraindication
to thrombolytic or anticoagulant therapy.'*> Coronary
angiography has been normal in several case reports

Table 13. Emergency Department
Management Of Subarachnoid Hemorrhage

1. Page neurosurgery.
2. Obtain some form of cerebrovascular imaging in consultation with
neurosurgery.
3. Order bed rest and nothing by mouth except medications.
4. Provide analgesia and sedation as needed.
5. Manage blood pressure.
A. Discuss target blood pressure goals with consulting neurosurgi-
cal team.
B. Commonly used intravenous agents include labetalol and nicar-
dipine.
C. Monitor for hypotension.
D. Avoid nitroprusside (may increase intracranial pressure).
6. Consider seizure prophylaxis.
7. Provide nimodipine 60 mg by mouth (or by nasogastric tube if un-
able to swallow) every 4 hours.

of patients with SAH with ST-elevations and/or
elevated troponin, highlighting a neurocardiogenic
mechanism distinct from coronary thrombosis under-
lying this process.!#*146

Clinical Decision Making

Are Negative CT And Negative LP Sufficient
To Rule Out SAH?

Current ACEP clinical policy states that in patients
with negative CT and LP, the diagnosis of SAH can
be excluded.”” There are several well-conducted
prospective studies to support this practice.””'* The
largest of these was a prospective cohort study that
observed 592 patients with sudden-onset headache,
including 61 patients with SAH (55 diagnosed by
CT, 6 by LP), for 3 years and found no cases of
subsequent SAH in those patients with negative CT
and LP.'? Several smaller studies have also observed
patients with “thunderclap” headache after negative
CT and negative LP results and none of the patients
developed SAH.51*13! The largest observed clinical
outcomes of 71 patients for an average of 3.3 years.®
Furthermore, a recent systematic review that in-
cluded 7 studies of patients with negative CT and LP
with > 1 year follow-up found a pooled proportion
of 0% with SAH." Together, this body of evidence
supports a standard of excluding SAH by a combi-
nation of negative CT and LP. It is important that the
CSF analysis be complete and normal.

Figure 4. Detection Of Aneurysm By
Computed Tomographic Angiography Of
The Head

(A) Preoperative axial computed
tomography angiography for the
patient with subarachnoid hemor-
rhage shown in Figure 1 identified
a small right middle cerebral
artery aneurysm. (B) Coronal view [
of right middle cerebral artery
aneurysm. (C) Three-dimensional reconstruction of the computed
tomographic angiography better characterized the same aneurysm.
Patient underwent surgical clipping for repair. (Reprinted with permis-
sion from Lisa Thomas, MD.)
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Clinical Pathway
Emergency Evaluation Of Suspected Subarachnoid Hemorrhage

Clinical Presentation Suspicious For SAH?
(First, worst, abrupt-onset, or unusual headache and/or
any focal neurologic deficit/disorientation.)

Negative for SAH¥
or limited study

<= NO —

]

Lumbar puncture (Class I)

v

Xanthochromia or persistently bloody
CSF?

NO

¥

Ambiguous, traumatic tap?
Unable to obtain CSF?

High pretest probability?
Presentation > 2 weeks?

T
NO

¥

Normal CSF

v

Consider workup for alternative
diagnoses, provide analgesia and
reassurance, and discharge with
outpatient followup.

Class Of Evidence Definitions

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

Positive for SAH

v

Positive for SAH

Initiate urgent neurosurgical

consultation.

+  Transfer for ICU/neurosurgical care
(Class I).

+  Begin ED management.*

+ Perform cerebrovascular imaging
(Class I).

*  Ruptured aneurysm found?

NO

Perform CTA/MRA, and consider
neurosurgical consultation.

\

Provide further
care per consul-
tant for nonaneu-
rysmal etiology.

Perform early
aneurysm repair.
(Class II)

¥Abbreviations: CSF, Cerebrospinal
Fluid; CT, Computed Tomography;
CTA, Computed Tomographic Angiog-
raphy; ED; Emergency Department;
ICU, Intensive Care Unit; MRA, Mag-
netic Resonance Angiography; SAH,
Subarachnoid Hemorrhage

*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)
Provide seizure prophylaxis. (Class Il

Perform reversal of anticoagulated patients. (Class Il)

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

Class |

+ Always acceptable, safe

« Definitely useful

+ Proven in both efficacy and
effectiveness

Class Il

« Safe, acceptable
« Probably useful

Level of Evidence:

Class lll

« May be acceptable

« Possibly useful

- Considered optional or alterna-
tive treatments

+ Generally higher levels of

Level of Evidence: evidence
+ One or more large prospective
studies are present (with rare

exceptions)

+ High-quality meta-analyses

+ Study results consistently posi-
tive and compelling

+ Non-randomized or retrospec-
tive studies: historic, cohort, or
case control studies

+ Less robust RCTs

+ Results consistently positive

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, contradic-
tory

* Results not compelling

Significantly modified from: The
Emergency Cardiovascular Care
Committees of the American
Heart Association and represen-

tatives from the resuscitation
councils of ILCOR: How to De-
velop Evidence-Based Guidelines
for Emergency Cardiac Care:
Quality of Evidence and Classes
of Recommendations; also:
Anonymous. Guidelines for car-
diopulmonary resuscitation and
emergency cardiac care. Emer-
gency Cardiac Care Committee
and Subcommittees, American
Heart Association. Part IX. Ensur-
ing effectiveness of community-
wide emergency cardiac care.
JAMA. 1992;268(16):2289-2295.

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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Role Of Primary CTA In The Diagnosis Of SAH

LP can be difficult in some patients and is associ-
ated with known risks. Most common complica-
tions include postdural puncture headache and low
back pain, but other complications such as infec-
tion, bleeding, neuropathies, and, very rarely, even
cerebral herniation have been reported.'*>'** CTA
has the potential to be a rapid, easy, and noninvasive
alternative to detect ruptured aneurysms. See Figure
4 for the appearance of an aneurysm on CTA and
refer to the “Controversies” section to read more
about the potential role for this imaging modality in
the primary diagnosis of SAH.

Role Of Primary Magnetic Resonance
Imaging (MRI) In Diagnosis Of SAH

Only small studies of magnetic resonance (MR) for di
agnosis of SAH exist. MRI has been shown to be bet-
ter than CT in detecting subacute and chronic SAH,
especially with fluid-attenuated inversion recovery
(FLAIR) and T2-weighted imaging performed 4 to 14
days after SAH in 1 study of 41 patients."'® Another
recent study showed 100% sensitivity for detection of
CT-proven SAH in 13 patients with acute presenta-
tions within 12 hours of symptom onset by proton
density and FLAIR sequences.” In contrast, another
study of 12 patients with CT-negative, CSF-positive
SAH showed that only 2 patients who had positive
FLAIR findings for SAH." These were also the 2 pa-
tients that had the highest RBC count in the CSF, in-
dicating that a minimum number of RBCs is required
to cause hyperintensity on MR. Thus MR has not yet
demonstrated its value as the primary diagnostic tool
for acute SAH. On a practical note, this modality is of
limited use in the typical ED owing to limited avail-
ability in the acute setting.'*®

Initial Management

Once a patient’s acute SAH is diagnosed, emergency
neurosurgical consultation should be obtained to
arrange for definitive therapy for the ruptured an-
eurysm. In many cases, this will require transfer to

a tertiary care facility. ED management should focus
on close hemodynamic monitoring, supportive care,
and prevention and treatment of complications. Few
interventions for SAH management are unequivo-
cally proven but rather are based on tradition and
expert consensus. Table 13 depicts a sample protocol
for SAH management based on the practices of the
authors’ institution. Details should be discussed with
the consulting neurosurgical team, as specific manage-
ment practices may vary among hospitals and treating
specialists and based on patient circumstances.

General Care Measures

Bed rest is recommended, although it has not been
proven to improve outcomes or prevent complica-

tions.?*?! Adequate analgesia and judicious sedation
should be administered to ensure patient comfort.
Serial neurologic examinations should be performed
to monitor for deterioration. The airway should be
managed if necessary.?’ Cardiac monitoring should be
performed to evaluate for arrhythmias.* The head of
the bed can be kept at 30° to facilitate venous drain-
age.” The patient should have nothing by mouth un-
til surgical or endovascular treatment plan is decided.

Cerebrovascular Imaging

After the diagnosis is made, further imaging of cere-
bral vasculature should be obtained to identify the
ruptured aneurysm in conjunction with neurosurgical
consultation. Typically, this will be performed at the
same center that will provide definitive management.

Cerebral digital subtraction angiography (DSA)
has traditionally been the gold standard imaging
technique for preoperative planning, as it accurately
elucidates vascular anatomy, identifies the bleed-
ing site, and outlines the size and location of the
aneurysm.'¥” Angiography may be negative in 10%
to 20% of patients with SAH because of perimes-
encephalic hemorrhage, vasospasm, thrombosed
aneurysm, or other rare causes.'**'*" The risk of
complication from this procedure is considered to be
very low. Two large prospective series of almost 3000
procedures™1°2 and 1 retrospective study of almost
20,000 procedures'®® report a neurologic complica-
tion risk of only 0.4% to 2.6%, of which more than
half are 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 cerebral angiography.'>*1%’ See Figure 4 for an ex-
ample of an aneurysm detected by CTA. This has led
to several prospective studies that support using only
CTA for preoperative planning.!?161-164

Finally, MRA is available but less well stud-
ied.'6>1% The smallest aneurysm that can be detected
is likely a function of the equipment available and
the experience of the neuroradiologist. The choice
of angiography type should be made in consulta-
tion with the neurosurgeon or interventionalist. This
is important since endovascular treatment is being
used with increasing frequency and involves con-
ventional angiography and intravenous (IV) con-
trast. 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 en-
dovascular intervention.

Monitoring And Preventing Complications
Rebleeding

Rebleeding is a significant source of morbidity and
mortality, affecting up to 15% of patients within the
first few hours,'® and has a cumulative mortality
risk of 40% without intervention.'®® One study of
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574 patients suggested that a higher Hunt and Hess
score and larger aneurysm size were associated with a
higher likelihood of rebleeding.'® Two potential strat-
egies to reduce the occurrence of rebleeding are BP
control (see next section) and antifibrinolytic therapy.

In the past, when aneurysm surgery was de-
layed for days to weeks from the SAH, antifibrin-
olytics were used to prevent rebleeding during that
interval. Because this strategy often resulted in cere-
bral ischemia, the practice has fallen out of favor.'”
However, in the current age of early intervention,
new data suggest that very short courses of antifi-
brinolytics may reduce rebleeding without causing
ischemia.?!”*17% Rapid diagnosis of SAH and early
definitive repair probably remains the best strategy
for prevention.

BP Management
In theory, higher pressures may increase the risk of
rebleeding, whereas lower pressures may compro-
mise cerebral perfusion pressure, leading to cerebral
ischemia. This balance was demonstrated by a retro-
spective study of 134 patients with SAH, 80 of whom
had systolic BPs reduced to < 100 mm Hg.'”* While
rebleeding occurred only in 15% of patients treated
with antihypertensives, compared with 33% in the
nontreated group, the rates of cerebral infarction
were doubled (40%) in the treatment group com-
pared with the nontreatment group (22%). Whether
acute hypertension definitively increases rebleeding
risk is still controversial based on conflicting results
of recent studies.'® 1%

There are no conclusive data for the target BP
in the management of SAH or the ideal antihy-
pertensive agent, so these choices should be left to
practices of the consulting neurosurgical team. The
most recent AHA guidelines recommend that “blood
pressure be monitored and controlled to balance the
risk of stroke, hypertension-related bleeding, and
maintenance of cerebral perfusion pressure.”? If
needed, labetalol, nicardipine, and esmolol are com-
monly used IV agents.’* Nitroprusside should be
avoided because of its tendency to increase intrac-
ranial pressure (ICP) and potential for toxicity with
prolonged infusion.?’ If the patient is expected to
remain in the ED for a long time, an arterial catheter
may be inserted for continuous BP monitoring.?'

Preventing Vasospasm

Cerebral vasospasm is a delayed complication that
may develop from several days up to 2 weeks post-
SAH, peaking 7 to 10 days after the event.*® Vasos-
pasm may be asymptomatic or may lead to delayed
cerebral ischemic infarcts, which can cause significant
morbidity related to SAH.'> Nimodipine, a calcium
channel blocker, has been shown to improve out-
comes (risk ratio 0.67; 95% CI, 0.55-0.81) of death or
dependence in a recent Cochrane Review of 16 trials

of calcium antagonists.'”® The mechanism for this
improvement is unclear. The statistical significance of
this review rests heavily on the largest randomized
controlled trial (RCT) of 554 patients, from which
comes the standard dosing regimen.'”” Thus, it is
appropriate to administer 60 mg of nimodipine orally
every 4 hours, even starting in the ED.2?17¢ If the
patient is unable to swallow, the nimodipine should
be crushed and given via a nasogastric tube, as there
is no evidence for the efficacy of IV nimodipine.”® Ni-
cardipine, another calcium channel blocker, has also
been shown to decrease vasospasm in a randomized
trial but without any improvement in outcome.'”®

IV magnesium sulfate'”®”” and statin thera-
py '8 are alternate agents that have shown im-
proved outcomes in a small number of prospective
trials; but further study is needed, and larger trials
are currently underway.'®

Role For Seizure Prophylaxis
Less than 20% of patients have a seizure during
or soon after SAH.'®* Some advocate prophylactic
emergency antiepileptic drug use in all patients with
SAH' based on older data when the rates of seizure
after SAH were thought to be higher and manage-
ment was often delayed. This has become controver-
sial,'® but there is likely a high-risk subset who may
benefit from it, as those with a higher clinical grade
are likely to deteriorate after a seizure.?!'87/188
Although it is not clear why, phenytoin is com-
monly used but has been associated with worse
outcomes, especially with prolonged use.'®'** One
pooled retrospective analysis of 4 multicenter RCTs
including 3552 patients admitted with aneurysmal
SAH found increased in-hospital complications and
worse outcomes after antiepileptic therapy based on
the GCS score, neurologic deterioration, and vasos-
pasm.'® Another prospective study of 527 patients
with SAH found that higher serum phenytoin levels
were associated with functional decline and cogni-
tive disability at 2 weeks and 3 months.'”
It is now common practice to give a short course (< 3
days) of an antiepileptic drug based on data show-
ing that short courses have the same benefit of low
in-hospital postoperative seizure rate (< 2%) when
compared with longer courses, but without accumu-
lating adverse effects of the drugs.'"®'*! In a patient
who has not already seized, discuss the administra-
tion of an antiepileptic with the accepting cerebro-
vascular specialist.

Hyperglycemia Management

Intensive insulin therapy in critically ill patients

in the Intensive Care Unit (ICU), including those
with neurovascular emergencies, has been shown
to improve morbidity and mortality.'*> Many have
thought that patients with SAH would similarly
benefit, as hyperglycemia is known to be neurotoxic
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and associated with poor outcome.'**1*” However,
a recent RCT of patients with neurovascular emer-
gencies'” and the only existing prospective RCT
of insulin therapy in postoperative patients with
SAH"” showed no such benefit. No similar studies
have been done on preoperative ED patients with
acute SAH and hyperglycemia.

Therefore, although hyperglycemia is common in
SAH, and it is often closely managed in the ICU, it is
not clear that intensive insulin therapy in the ED is of
substantial benefit, and this can be deferred until the
ICU. However, given the benefits of glucose control in
critically ill patients in general,' sliding scale insulin
should be considered for those patients who will have
a longer stay in the ED while awaiting an ICU bed.

Acute Clinical Deterioration: Consider Repeating the
Head CT

In patients who experience an early deterioration

in neurological status, there are several potential
causes, and repeating the CT scan is important to
distinguish 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 the long-term outcomes.®

Definitive Aneurysm Repair: Clipping Versus Coiling
The 2 main approaches to aneurysm repair are mi-
crovascular neurosurgical clipping or endovascular
coiling. Early treatment, within 72 hours, is a com-
mon approach.'®2% The largest trial comparing clip-
ping to coiling randomized 2143 patients suitable for
both approaches and found improved outcomes for
patients who underwent endovascular coiling.?"12%
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.’”®> Each patient is best
evaluated by a multidisciplinary team. The choice

of clipping or coiling is based on a variety of factors,
including anatomical characteristics of the aneurysm
and expertise of the clinicians as well as the patient’s
clinical status, comorbidities, and prefe1rer1ce.204'206

Prognosis

Even with transfer to specialized, neurosurgical ICU
care in high-volume centers, in-hospital mortality
after SAH is still > 30%.272%® Outcome in surviving
patients depends on several factors, including age,
grade at time of presentation, comorbidities, and pe-
rioperative complications during hospitalization.*?%
The dreaded complication of rebleeding is the most
important cause of mortality and poor outcome,’! as
up to 80% of patients with rebleeding die or remain
disabled.”"” More than half of all SAH survivors have
permanent neurologic disability, including deficits
from rebleeding, cerebral infarction resulting from

vasospasm, epilepsy, and cognitive impairment.*!!

In stark contrast to those with confirmed aneu-
rysmal hemorrhage, patients with SAH with nega-
tive angiogram due to perimesencephalic hemor-
rhage have an excellent prognosis; 98% survive
without deficits.'

Special Circumstances

Anticoagulated Patients

Some patients with SAH are taking antithrombotic
medications including warfarin and antiplatelet
agents at the time of presentation. For patients on
warfarin, rapid reversal is recommended in the set-
ting of intracranial bleeding with IV vitamin K and
clotting factor complements.?>*'>215 Fresh frozen
plasma (FFP) is most commonly used in the United
States but is associated with a delay in international
normalized ratio (INR) reversal in comparison

with prothrombin complex concentrates (PCC),
which work more rapidly but are of limited avail-
ability.*!* Recombinant Factor VIIa is an alternative
that successfully reverses the INR but restores only
one-fourth of the missing factors.?'? For patients
taking antiplatelet agents, some have advocated
platelet transfusion.?'® The risk to benefit ratio of this
intervention is unclear, and this should be done in
conjunction with specialty consultation.

There are very few case series that comment spe-
cifically on reversal in SAH cases,?!” but rebleeding
is so common that general consensus supports rever-
sal in the acute setting.”'®?!” This is recommended
regardless of the indication for anticoagulation
because the risk of death from intracranial bleed-
ing is much higher than the risk of thrombosis from
conditions such as atrial fibrillation or a mechanical
valve.”?15 A recent literature review of several small
retrospective series reporting reversal of warfarin-
associated intracerebral hemorrhage found that
reversal was safe and effective in preventing hema-
toma expansion without increased adverse events,
even in patients with mechanical valves.”?

Controversies

Can Primary CTA Replace LP In The
Diagnosis Of SAH?

Whether CTA can be used for the primary diagnosis
of SAH, which would eliminate the need for LP, is

a topic of current debate. A common practice is to
obtain an LP for all patients with suspected SAH
after a negative noncontrast CT. However, only 25%
to 50% of patients with CT-negative, worst-of-life
headache actually had LP performed by emergency
clinicians,?°%1%0 likely because this test is burden-
some for the patient and the provider. If CTA could
improve the diagnostic capability of noncontrast CT,
perhaps it could reduce the need for LP.
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Risk Management Pitfalls For Subarachnoid Hemorrhage I

Delayed or missed diagnosis of SAH may lead to
malpractice litigation for emergency clinicians.””
Well-appearing patients with nonfocal examination
findings are more likely to be misdiagnosed.!" Most
common misdiagnoses are primary headache disor-
ders such as migraine, followed by meningitis, viral
syndromes, cerebral ischemia, hypertension, cardiac
abnormalities, sinusitis, musculoskeletal neck pain,
and psychiatric diagnoses.'® See Table 8 to avoid
possible distractions from diagnosing SAH and the
following risk management pearls.

1. “Even though she said her headache was worse
than usual and felt different, I thought it was
just a migraine, so I didn’t get a head CT.”
Ahead CT should be considered even in pa-
tients with a primary headache disorder, like
migraine, if the characteristics of the headache
are substantially different from their usual
symptoms.

2. “I thought she just had 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, myalgias, and
mild headache that may be misdiagnosed as
a viral syndrome. Consider working up these
patients with CT and, if negative, LP.

3. “But the patient’s pain completely resolved
with prochlorperazine, so I just didn’t think it
could be an SAH.”

Patients with SAH may have symptoms that
completely resolve with narcotic or nonnarcotic
medications and sometimes even without treat-
ment. The decision to work up a patient for SAH
should not be solely influenced by response to
pain medications.

4. “But he was just an old confused nursing home
patient; I thought he had delirium from a uri-
nary tract infection.”

Patients with delirium or change in mental sta-
tus 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. “Ithought he had had a heart attack.”
Patients with SAH may have abnormal ECGs
and/or positive cardiac markers due to effects of
a catecholamine surge from brain injury. Focus-
ing on these cardiac findings may distract the

10.

provider from diagnosing the underlying etiol-
ogy, which may be SAH.

“But the head CT was negative, symptoms re-
solved, and the patient didn’t want to stay for
the LP.”

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.

“I did not check coagulation tests and the pa-
tient did not tell me he was taking warfarin.”
Basic laboratory tests including INR/PT and
PTT 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 diag-
nosed with SAH, the clotting deficiency should
be reversed quickly with IV vitamin K and clot-
ting factor.

“There were only 400 RBCs in the fourth tube
and it cleared from 4000 in the first tube, so I
assumed 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 ambigu-

ity between traumatic tap and possible SAH,
further neuroimaging and neurosurgical consul-
tation should be obtained to rule out the diag-
nosis. Also, remember that the number of RBCs
diminish with time after onset of headache.

“I didn’t 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.

“I diagnosed the SAH, but the patient became
disoriented all of a sudden.”

Patients with SAH should have careful cardio-
respiratory 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 her
or his airway. Repeated head CT should be con-
sidered because clinical deterioration from acute
hydrocephalus can be reversed with treatment.
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Only 2 small studies exist'*!"> comparing CTA
with noncontrast CT and LP for primary SAH diag-
nosis, as identified by a recent systematic review.*!
The best evidence comes from a prospective study
of 116 patients in which CTA detected 6 cases of
aneurysm that were not seen on noncontrast CT.1
All 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, and these were likely owing to detec-
tion of unruptured aneurysms.

Implementation of the CTA strategy may lead to
unnecessary angiography or surgical risk in roughly
2% of the population harboring these incidental
aneurysms.*” Some of these incidental aneurysms
may be managed conservatively with observation.
Thus, discovery by CTA may not lead to additional
procedural risks, but this decision involves multiple
factors, including characteristics of the aneurysm,
expertise of the surgeon, and preferences of the
patient. Unnecessary angiography may also occur
with the current use of LP in cases of equivocal CSF
results or false positive xanthochromia identified
by spectrophotometry.'?® However, with CTA, there
may be some benefit to identifying or treating these
incidental aneurysmes, if they are actually causing
the symptoms of presentation, as symptomatic an-
eurysms have 8 times the risk of rupture compared
with incidental aneurysms identified without symp-
toms.*? Another limitation of CTA, the risk of IV
contrast to those with iodine dye allergy and renal
failure, also needs to be considered.

As of 2009, although the results are promising
for CTA in the diagnosis of ruptured aneurysm,
the current diagnostic strategy for SAH cannot be
altered at this time without larger prospective trials
examining test characteristics, risks, benefits, and the
cost-effectiveness of this strategy.

LP-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.””? 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,3%1%
and this strategy would force the LP to be complet-
ed. Although an LP-first strategy may be safe in cer-
tain patients who are neurologically normal without
signs of increased ICP, removing CSF from patients
with SAH with unrecognized intracranial hematoma
may precipitate rebleeding or herniation; this can oc-
cur even without focal neurological findings.?*>?%*
Concerns about herniation have arisen from pre-

CT retrospective reports of 1 sudden neurologic
deterioration and death just after the procedure in a
series of 129 patients with papilledema or increased
ICP?* and 1 death among 401 patients with brain
tumors.??® Also commonly cited is a case series of
74 patients with suspected intracranial hematomas,
of whom 44 had LP prior to imaging.?*> 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 hema-
toma is unknown. Thus, adverse outcomes due to
space-occupying 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 underwent LP without neurologic deteriora-
tion.?”” Overall, 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 ICP, obtaining the noncontrast CT may be
valuable in identifying or excluding other condi-
tions, such as a venous sinus thrombosis 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 The “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 thus can
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.””® The etiology for this phenomenon
is controversial and may be caused by minor leaking
from a cerebral aneurysm before impending com-
plete rupture,’ misdiagnosis,”****° or recall bias.”*’
Regardless of the explanation, observational data
suggest that patients experiencing these “warning”
symptoms have worse outcome. 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.”?® 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.”*

Whatever the explanation and occurrence, this
phenomenon will be moot if emergency clinicians care-
fully evaluate patients with acute headache and pursue
the diagnostic workup described in this article.
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Disposition

Patients with acute SAH should be admitted to an
ICU, preferably a neuroscience ICU, for continual
supportive care and monitoring until definitive re-
pair of the aneurysm.*?185 Numerous studies now
show that patients with SAH have better outcomes
when treated in high-volume centers with special-
ized units and options for both surgical and endo-
vascular repair.207208,231.232

Patients can be safely transferred to these
centers. One recent prospective multicenter study
on emergent neurosurgical transfers, of which
one-third were for SAH, found an average of 5.2
hours from time of diagnosis to patient’s arrival at
the neurosurgical center without significant clinical
deterioration of the GCS score in 90% of patients.”
Emergency air transportation of patients with
nontraumatic acute intracranial hemorrhage has
also been found to be safe and effective in facilitat-
ing early diagnosis and operative intervention.”*
Prearranged interfacility agreements may be useful
for the efficient and appropriate transfer of patients
to tertiary care hospitals.

Well-appearing patients with normal neuro-
logic examinations who are suspected of having an
SAH with normal CT and normal CSF analysis may
be safely discharged from the ED with outpatient
follow-up."

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

to missed diagnoses. This article summarizes the
evidence supporting the diagnostic workup begin-
ning with noncontrast CT and, if negative, LP. The
practicing emergency clinician must understand
the limitations of each study and, when in doubt,
obtain neurosurgical consultation. Because of the
potential for substantial morbidity and mortality, it
is important to make the diagnosis quickly. Once the
diagnosis is established, the next steps include neu-
rosurgical 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 cardiorespiratory and neurologic monitoring,
nimodipine to improve outcomes related to vasos-
pasm, and supportive care.

Case Conclusion

The middle-aged woman who seemed so uncomfortable
initially felt much better after receiving 1 g of acetamino-
phen. You and she were reassured by this, but patients
with SAH can have pain that resolves spontaneously or
is alleviated with medication. At this point, she wanted to
go home. Regardless of the improvement in her symptoms,
a patient with suspected SAH should have an LP because
of the limitations of a CT scan. After a negative noncon-
trast CT, she could still have up to a 7% chance of having
an SAH, so you did the right thing by explaining the
need for her to stay for an LP. After the negative LP and
CT, you appropriately sent her home with primary care
follow-up for her benign headache. You can be confident
about your decision since you have now reviewed the
extensive prospective evidence to support that no cases of
missed SAH have occurred with this strategy.

The other patient with migraine history described this
episode as being worse than her usual migraines, and you
were concerned because the patient said she usually sees
flashing lights prior to headache onset and this time she
had no aura. Diagnosing SAH in patients with primary
headache disorders can be challenging, but changes in
their usual pattern can be a clue. Your excellent his-
tory 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. Traumatic taps can
occur in 10% of patients, and you found no guidelines for
the minimum number of red cells needed to diagnose SAH
by CSF analysis. Luckily, the laboratory technician was
able to visualize xanthochromia, confirming the diagno-
sis. Based on these findings, you call for neurosurgical
consultation and get a CTA to further assess for ruptured
aneurysm. In coordination with neurosurgery, you begin
acute supportive care in the ED. You place the patient
on continuous monitoring and treat her pain as needed,
watching for excessive BP elevations. You have frequent
nursing checks to ensure no deterioration in the patient’s
clinical status. On CTA, she has a large aneurysm of the
anterior communicating artery. She is ordered to have
nothing by mouth except medications prior to definitive
repair. While you are awaiting the patient’s bed on the
neurosciences ICU, you begin treatment with nimo-
dipine, since you know that this calcium channel blocker
improves outcomes in acute SAH. Shortly thereafter, the
patient is transferred to the neurosciences ICU in stable
condition to be cared for by a highly specialized team.

Cost-Effective Strategies

1. In patients with suspected SAH, make sure to
get an LP if the noncontrast CT is negative.
The cost of a missed SAH in terms of finances,
clinical outcome, and possible litigation is much
more than initial workup, as patients are often
much sicker and have worse outcomes when
they re-present after a rebleed.'?
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Use the visual method to assess CSF for xan-
thochromia. It is what is most widely available
in U.S. laboratories and does not require a spec-
trophotometer. Also owing to the low specificity
of spectrophotometry, false positives with that
method could lead to unnecessary cost and risk
of angiography or further testing.'?®

Use nimodipine in confirmed cases of SAH. It
is cost-effective.?

Transfer patients with SAH to regional hos-
pitals with high-volume and specialized
neuroscience ICU care. It is worth the benefit
in clinical outcome. Patients with SAH admit-
ted from the ED to low-volume hospitals had
1.4 times the odds of dying in the hospital (95%
CI, 1.2-1.6) as those admitted to high-volume
hospitals.?® It is also feasible and cost-effective
to establish such regional centers.?*’

Use teleradiology, if available, to discuss any
questions about transfer patients with the
nearest neurosurgical center. Remote neurora-
diology capability at neurosurgical centers may
reduce costs by decreasing futile or unnecessary
transfers.?

Implementation of education programs may
improve early diagnosis and outcomes of SAH.
Alocal teaching program to referring doctors in
1 prospective study was implemented at a low
cost, reducing diagnostic error by 77% while
improving overall management outcome.”’
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CME Questions

1.

Among those ED patients with sudden-onset,
severe headache and normal neurologic exami-
nations, what percent will have subarachnoid

hemorrhage?
a. 1%

b. 10%

c. 40%

d. 60%
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Which of the following medications is given to
improve outcomes related to vasospasm?

a0 oe

Nimodipine
Nitroprusside
Phenytoin
Aspirin

All of the following are proven risk factors for
nontraumatic SAH EXCEPT?

©op o

Smoking

Polycystic kidney disease
Hypertension

Obesity

Age > 85

Which symptom is pathognomonic for SAH?

a0 oe

Sudden-onset, severe headache
Vomiting

Neck stiffness

One symptom alone cannot be used to
diagnose SAH

What is the first diagnostic test that should be
obtained in suspected cases of SAH in the ED?

a0 oe

LP

Complete blood count
Noncontrast head CT
Cerebral angiography

How many RBCs in the CSF are required to
make the diagnosis of SAH?

©op o

50

500

1000

5000

No specific cutoff value exists

After an SAH is diagnosed in the ED, what is
the next step in management?

a0 oe

Admit to medicine

Obtain a neurosurgical consultation.
MRI

Intubation
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EVIDENCE-BASED PRACTICE RECOMMENDATIONS

Evidence-Based Approach To Diagnosis And Management Of Aneurysmal Subarachnoid

Hemorrhage In The Emergency Department

Thomas LE, Edlow J, Goldstein JN. July 2009; Volume 11, Number 7

This issue of Emergency Medicine Practice focuses on the challenge of diagnosing and managing SAH, using the best available evidence
from the literature. For a more detailed discussion of this topic, including figures and tables, clinical pathways, and other considerations
not noted here, please see the complete issue at www.ebmedicine.net/topics.

Key Points

Comments

Evaluate all patients with classic “worst-of-life” sudden-onset
headache as well as those with suspicious changes in usual headache
history for SAH.

Only 10% to 16% of patients who present with worst-of-life
headache will have serious pathology such as SAH.>!° A thorough
clinical history and physical examination will help determine which
patients require more rigorous diagnostic evaluation.

Begin the diagnosis with a noncontrast head CT. If the head CT is
negative perform LP.8,10,19,20,63,90,92,101,102

Both noncontrast CT and LP have limitations in interpretation. Alert
patients with SAH are more likely to have negative CT scans than
are patients with neurologic deficits.*!'*

If patients suspected of having SAH have a fully negative workup,
including negative CT and negative LP, they can be safely dis-
charged."”

There is sufficient prospective evidence (Class II, Level B recom-
mendation by the American College of Emergency Physicians)
showing that there are no missed cases of SAH with this strategy."”
Angiography or other additional testing is not needed, but outpatient
follow-up should be arranged.

Once SAH is diagnosed, collaborate with neurosurgical colleagues
and perform cerebral angiography to detect the underlying cerebral
aneurysm.??!

This is a Class I, Level B recommendation from the American

Heart Association. Consider magnetic resonance angiography and
computed tomographic angiography when conventional angiography
cannot be performed in a timely fashion.?

Transfer patients with SAH early to a high-volume hospital with
advanced endovascular, neurosurgical, and ICU services.?**!-7

Even with transfer to specialized, neurosurgical ICU care in high-
volume centers, in-hospital mortality after SAH is still > 30%.207208
Outcome in surviving patients depends on several factors, including
age, grade at time of presentation, comorbidities, and perioperative
complications during hospitalization.3!2%

Perform continuous cardiorespiratory monitoring, including blood
pressure monitoring, in patients with SAH.

There are no set protocols for specific management of blood pres-
sure in SAH. Elevated blood pressure should be controlled to bal-
ance the risk of stroke and rebleeding as well as to maintain cerebral
perfusion pressure.’*? This is a Class II, Level B recommendation
from the American Heart Association.?*?

Give oral nimodipine to patients with SAH.?!

This is a Class I, Level A recommendation from the American Heart
Association?*?! and has been proven to decrease poor outcome from
vasospasm. If a patient is unable to tolerate oral intake, the nimo-
dipine should be crushed and given by nasogastric tube.

Discuss the need for anticonvulsant treatment with the treating
Neurosurgeons.

Prophylactic anticonvulsant therapy in the immediate posthemor-
rhage period is a Class III, Level B recommendation from the
American Heart Association and may be considered useful in some
patients.?%2!25

Reverse coagulopathy in anticoagulated patients by providing emer-
gent clotting factor and vitamin K 2512215

Rapid reversal is recommended to prevent hematoma expansion,
regardless of indication for anticoagulation.

* See reverse side for reference citations.
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