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To respond to the growing call for more evidenced-based
medicine, the American Heart Association (AHA) com-

missions guidelines on various clinical topics and endeavors
to keep them as current as possible. The prior aneurysmal
subarachnoid hemorrhage (aSAH) guidelines, sponsored by
the AHA Stroke Council, were previously issued in 19941 and
2009.2 The 2009 guidelines covered literature through No-
vember 1, 2006.2 The present guidelines primarily cover
literature published between November 1, 2006, and May 1,
2010, but the writing group has strived to place these data in
the greater context of the prior publications and recommen-
dations. In cases in which new data covered in this review
have resulted in a change in a prior recommendation, this is
explicitly noted.

aSAH is a significant cause of morbidity and mortality
throughout the world. Although the incidence of aSAH varies
widely among populations, perhaps because of genetic dif-
ferences, competing burden of disease, and issues of case
ascertainment, at the very least, a quarter of patients with
aSAH die, and roughly half of survivors are left with some
persistent neurological deficit. That said, case-fatality rates
appear to be falling, and increasing data suggest that early
aneurysm repair, together with aggressive management of
complications such as hydrocephalus and delayed cerebral
ischemia (DCI), is leading to improved functional outcomes.
These improvements underscore the need to continually
reassess which interventions provide the greatest benefit to
patients.

Although large, multicenter, randomized trial data con-
firming effectiveness are usually lacking for many of the
interventions discussed, the writing group did its best to
summarize the strength of the existing data and make prac-
tical recommendations that clinicians will find useful in the
day-to-day management of aSAH. This review does not
discuss the multitude of ongoing studies. Many of these can
be found at http://www.strokecenter.org/trials/. The mecha-
nism of reviewing the literature, compiling and analyzing the
data, and determining the final recommendations to be made
is identical to the 2009 version of this guideline.2

The members of the writing group were selected by the
AHA to represent the breadth of healthcare professionals who
must manage these patients. Experts in each field were
screened for important conflicts of interest and then met by
telephone to determine subcategories to evaluate. These
subcategories included incidence, risk factors, prevention,
natural history and outcome, diagnosis, prevention of re-
bleeding, surgical and endovascular repair of ruptured aneu-
rysms, systems of care, anesthetic management during repair,
management of vasospasm and DCI, management of hydro-
cephalus, management of seizures, and management of med-
ical complications. Together, these categories were thought to
encompass all of the major areas of disease management,
including prevention, diagnosis, and treatment. Each subcat-
egory was led by 1 author, with 1 or 2 additional coauthors
who made contributions. Full MEDLINE searches were
conducted independently by each author and coauthor of all
English-language papers on treatment of relevant human
disease. Drafts of summaries and recommendations were
circulated to the entire writing group for feedback. A confer-

ence call was held to discuss controversial issues. Sections
were revised and merged by the writing group chair. The
resulting draft was sent to the entire writing group for
comment. Comments were incorporated into the draft by the
writing group chair and vice chair, and the entire writing
group was asked to approve the final draft. The chair and vice
chair revised the document in response to peer review, and
the document was again sent to the entire writing group for
additional suggestions and approval.

The recommendations follow the AHA Stroke Council’s
methods of classifying the level of certainty of the treatment
effect and the class of evidence (Tables 1 and 2). All Class I
recommendations are listed in Table 3. All new or revised
recommendations are listed in Table 4.

Incidence and Prevalence of aSAH
Considerable variation in the annual incidence of aSAH
exists in different regions of the world. A World Health
Organization study found a 10-fold variation in the age-
adjusted annual incidence in countries in Europe and Asia,
from 2.0 cases per 100 000 population in China to 22.5 cases
per 100 000 in Finland.3 A later systematic review supported
a high incidence of aSAH in Finland and Japan, a low
incidence in South and Central America, and an intermediate
incidence of 9.1 per 100 000 population in other regions.4 In
a more recent systematic review of population-based studies,
the incidence of aSAH ranged from 2 to 16 per 100 000.5 In
that review, the pooled age-adjusted incidence rate of aSAH
in low- to middle-income countries was found to be almost
double that of high-income countries.5 Although some reports
have suggested the incidence of aSAH in the United States to
be 9.7 per 100 000,6 the 2003 Nationwide Inpatient Sample
provided an annual estimate of 14.5 discharges for aSAH per
100 000 adults.7 Because death resulting from aSAH often
occurs before hospital admission (an estimated 12% to 15%
of cases),8,9 the true incidence of aSAH might be even higher.
Although a number of population-based studies have indi-
cated that the incidence of aSAH has remained relatively
stable over the past 4 decades,5,10–16 a recent review that
adjusted for age and sex suggested a slight decrease in
incidence between 1950 and 2005 for regions other than
Japan, South and Central America, and Finland.4 These data
are consistent with studies that show that the incidence of
aSAH increases with age, with a typical average age of onset
in adults �50 years of age.3,7,17,18 aSAH is relatively uncom-
mon in children; incidence rates increase as children get
older, with incidence ranging from 0.18 to 2.0 per
100 000.4,19 The majority of studies also indicate a higher
incidence of aSAH in women than in men.7,11–13,20–22 Most
recent pooled figures report the incidence in women to be
1.24 (95% confidence interval, 1.09–1.42) times higher than
in men.4 This is lower than a previous estimate of 1.6 (95%
confidence interval, 1.1–2.3) for the years 1960 to 1994.23

Evidence of a sex-age effect on aSAH incidence has emerged
from pooled study data, with a higher incidence reported in
younger men (25–45 years of age), women between 55 and
85 years of age, and men �85 years of age.4 Differences in
incidence of aSAH by race and ethnicity appear to exist.
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Blacks and Hispanics have a higher incidence of aSAH than
white Americans.6,24,25

Risk Factors for and Prevention of aSAH
Behavioral risk factors for aSAH include hypertension, smok-
ing, alcohol abuse, and the use of sympathomimetic drugs
(eg, cocaine). In addition to female sex (above), the risk of
aSAH is increased by the presence of an unruptured cerebral
aneurysm (particularly those that are symptomatic, larger in
size, and located either on the posterior communicating artery
or the vertebrobasilar system), a history of previous aSAH
(with or without a residual untreated aneurysm), a history of

familial aneurysms (at least 1 first-degree family member
with an intracranial aneurysm, and especially if �2 first-
degree relatives are affected) and family history of aSAH,26,27

and certain genetic syndromes, such as autosomal dominant
polycystic kidney disease and type IV Ehlers-Danlos syn-
drome.28,29 Novel findings reported since publication of the
previous version of these guidelines include the following:
(1) Aneurysms in the anterior circulation appear to be more
prone to rupture in patients �55 years of age, whereas
posterior communicating aneurysms ruptured more fre-
quently in men, and basilar artery aneurysm rupture is
associated with lack of use of alcohol.30 (2) The size at which

Table 1. Applying Classification of Recommendation and Level of Evidence

A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the guidelines
do not lend themselves to clinical trials. Although randomized trials are unavailable, there may be a very clear clinical consensus that a particular test or therapy is
useful or effective.

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history of prior
myocardial infarction, history of heart failure, and prior aspirin use.

†For comparative effectiveness recommendations (Class I and IIa; Level of Evidence A and B only), studies that support the use of comparator verbs should involve
direct comparisons of the treatments or strategies being evaluated.
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aneurysms rupture appears to be smaller in those patients
with the combination of hypertension and smoking than in
those with either risk factor alone.31 (3) Significant life events
such as financial or legal problems within the past month may
increase the risk of aSAH.32 (4) Aneurysm size �7 mm has
been shown to be a risk factor for rupture.33 (5) There does
not appear to be an increased risk of aSAH in pregnancy,
delivery, and puerperium.34,35

Inflammation appears to play an important role in the
pathogenesis and growth of intracranial aneurysms.36 Prom-
inent mediators include the nuclear factor �-light-chain en-
hancer of activated B cells (NF-�B),37 tumor necrosis factor,
macrophages, and reactive oxygen species. Although there
are no controlled studies in humans, 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors (statin”)38

and calcium channel blockers may retard aneurysm forma-
tion through the inhibition of NF-�B and other pathways.
Among the risk factors for aSAH, clearly attributable and
modifiable risks are very low body mass index, smoking,
and high alcohol consumption.31,39,40 Yet, despite marked
improvements in the treatment of hypertension and hyper-
lipidemia and the decrease in rates of smoking over time,
the incidence of aSAH has not changed appreciably in 30
years.16

It is possible that diet increases the risk of stroke in general
and aSAH in particular. In an epidemiological study of
Finnish smokers who were monitored for �13 years, in-
creased consumption of yogurt (but not all dairy products)
was associated with a higher risk of aSAH.41 Greater vege-
table consumption is associated with a lower risk of stroke
and aSAH.42 Higher coffee and tea consumption43 and higher
magnesium consumption44 were associated with reduced risk
of stroke overall but did not change the risk of aSAH.

Predicting the growth of an individual intracranial aneu-
rysm and its potential for rupture in a given patient remains
problematic. When followed up on magnetic resonance im-
aging, larger aneurysms (�8 mm in diameter) tended to grow
more over time,45 which implies a higher risk of rupture.
Several characteristics of aneurysm morphology (such as a
bottleneck shape46 and the ratio of size of aneurysm to parent
vessel47,48) have been associated with rupture status, but how
these might be applied to individual patients to predict future
aneurysmal rupture is still unclear.33 Variability within each
patient is unpredictable at this time, but such intraindividual
variability markedly changes the risk of aneurysm detection
and rupture and may attenuate the benefits of routine screen-
ing in high-risk patients.49

Given such uncertainties, younger age, longer life expec-
tancy, and higher rate of rupture all make treatment of
unruptured aneurysms more likely to be cost-effective and
reduce morbidity and mortality.50 Two large observational
studies of familial aneurysms suggest that screening these
patients may also be cost-effective in preventing aSAH and
improving quality of life.26,27 Smaller studies have suggested
that screening of those with 1 first-degree relative with aSAH
may be justified as well, but it is far less clear whether
patients who underwent treatment for a previous aSAH
require ongoing screening.51,52 In the Cerebral Aneurysm
Rerupture After Treatment (CARAT) study, recurrent aSAH
was predicted by incomplete obliteration of the aneurysm and
occurred a median of 3 days after treatment but rarely after 1
year.53 Repeated noninvasive screening at later times may not
be cost-effective, increase life expectancy, or improve quality
of life in unselected patients.54 Patients with adequately
obliterated aneurysms after aSAH have a low risk of recurrent
aSAH for at least 5 years,55,56 although some coiled aneu-
rysms require retreatment.57

Risk Factors for and Prevention of aSAH:
Recommendations

1. Treatment of high blood pressure with antihyper-
tensive medication is recommended to prevent ische-
mic stroke, intracerebral hemorrhage, and cardiac,
renal, and other end-organ injury (Class I; Level of
Evidence A).

2. Hypertension should be treated, and such treatment
may reduce the risk of aSAH (Class I; Level of
Evidence B).

3. Tobacco use and alcohol misuse should be avoided to
reduce the risk of aSAH (Class I; Level of Evidence B).

Table 2. Definition of Classes and Levels of Evidence Used in
AHA Stroke Council Recommendations

Class I Conditions for which there is evidence for
and/or general agreement that the
procedure or treatment is useful and
effective.

Class II Conditions for which there is conflicting
evidence and/or a divergence of opinion
about the usefulness/efficacy of a
procedure or treatment.

Class IIa The weight of evidence or opinion is in
favor of the procedure or treatment.

Class IIb Usefulness/efficacy is less well established
by evidence or opinion.

Class III Conditions for which there is evidence
and/or general agreement that the
procedure or treatment is not
useful/effective and in some cases may
be harmful.

Therapeutic recommendations

Level of Evidence A Data derived from multiple randomized
clinical trials or meta-analyses

Level of Evidence B Data derived from a single randomized
trial or nonrandomized studies

Level of Evidence C Consensus opinion of experts, case
studies, or standard of care

Diagnostic recommendations

Level of Evidence A Data derived from multiple prospective
cohort studies using a reference
standard applied by a masked evaluator

Level of Evidence B Data derived from a single grade A study,
or �1 case-control studies, or studies
using a reference standard applied by
an unmasked evaluator

Level of Evidence C Consensus opinion of experts
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4. In addition to the size and location of the aneurysm
and the patient’s age and health status, it might be
reasonable to consider morphological and hemody-
namic characteristics of the aneurysm when discuss-
ing the risk of aneurysm rupture (Class IIb; Level of
Evidence B). (New recommendation)

5. Consumption of a diet rich in vegetables may lower
the risk of aSAH (Class IIb; Level of Evidence B).
(New recommendation)

6. It may be reasonable to offer noninvasive screening
to patients with familial (at least 1 first-degree
relative) aSAH and/or a history of aSAH to evaluate

Table 3. Class I Recommendations

Level of Evidence Recommendation

A 1. Treatment of high blood pressure with antihypertensive medication is recommended to prevent ischemic stroke, intracerebral
hemorrhage, and cardiac, renal, and other end-organ injury.

A 2. Oral nimodipine should be administered to all patients with aSAH. (It should be noted that this agent has been shown to
improve neurological outcomes but not cerebral vasospasm. The value of other calcium antagonists, whether administered
orally or intravenously, remains uncertain.)

B 1. Hypertension should be treated, and such treatment may reduce the risk of aSAH

B 2. Tobacco use and alcohol misuse should be avoided to reduce the risk of aSAH.

B* 3. After any aneurysm repair, immediate cerebrovascular imaging is generally recommended to identify remnants or recurrence
of the aneurysm that may require treatment.

B 4. The initial clinical severity of aSAH should be determined rapidly by use of simple validated scales (eg, Hunt and Hess, World
Federation of Neurological Surgeons), because it is the most useful indicator of outcome after aSAH.

B 5. The risk of early aneurysm rebleeding is high and is associated with very poor outcomes. Therefore, urgent evaluation and
treatment of patients with suspected aSAH is recommended.

B 6. 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 7. Acute diagnostic workup should include noncontrast head CT, which, if nondiagnostic, should be followed by lumbar
puncture.

B* 8. DSA with 3-dimensional rotational angiography is indicated for detection of aneurysm in patients with aSAH (except when
the aneurysm was previously diagnosed by a noninvasive angiogram) and for planning treatment (to determine whether an
aneurysm is amenable to coiling or to expedite microsurgery).

B* 9. 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 10. Surgical clipping or endovascular coiling of the ruptured aneurysm should be performed as early as feasible in the majority
of patients to reduce the rate of rebleeding after aSAH.

B 11. Complete obliteration of the aneurysm is recommended whenever possible.

B† 12. For patients with ruptured aneurysms judged to be technically amenable to both endovascular coiling and neurosurgical
clipping, endovascular coiling should be considered.

B* 13. In the absence of a compelling contraindication, patients who undergo coiling or clipping of a ruptured aneurysm
should have delayed follow-up vascular imaging (timing and modality to be individualized), and strong consideration
should be given to retreatment, either by repeat coiling or microsurgical clipping, if there is a clinically significant
(eg, growing) remnant.

B† 14. 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
multidisciplinary neuro-intensive care services.

B† 15. Maintenance of euvolemia and normal circulating blood volume is recommended to prevent DCI.

B† 16. Induction of hypertension is recommended for patients with DCI unless blood pressure is elevated at baseline or cardiac
status precludes it.

B† 17. aSAH-associated acute symptomatic hydrocephalus should be managed by cerebrospinal fluid diversion (EVD or lumbar
drainage, depending on the clinical scenario).

B* 18. Heparin-induced thrombocytopenia and deep venous thrombosis, although infrequent, are not uncommon occurrences after
aSAH. Early identification and targeted treatment are recommended, but further research is needed to identify the ideal
screening paradigms.

C† 1. Determination of aneurysm treatment, as judged by both experienced cerebrovascular surgeons and endovascular specialists,
should be a multidisciplinary decision based on characteristics of the patient and the aneurysm.

C† 2. aSAH-associated chronic symptomatic hydrocephalus should be treated with permanent cerebrospinal fluid diversion.

aSAH indicates aneurysmal subarachnoid hemorrhage; CT, computed tomography; DSA, digital subtraction angiography; DCI, delayed cerebral ischemia; and EVD,
external ventricular drainage.

*A new recommendation.
†A change in either level of evidence or strength of the recommendation from previous guidelines.
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Table 4. New or Revised Recommendations

New or
Revised Recommendation

Class of
Recommendation/
Level of Evidence

New 1. In addition to the size and location of the aneurysm and the patient’s age and health status, it might be reasonable
to consider morphological and hemodynamic characteristics of the aneurysm when discussing the risk of aneurysm
rupture.

Class IIb, Level B

New 2. Consumption of a diet rich in vegetables may lower the risk of aSAH. Class IIb, Level B

New 3. After any aneurysm repair, immediate cerebrovascular imaging is generally recommended to identify remnants or
recurrence of the aneurysm that may require treatment.

Class I, Level B

New 4. After discharge, it is reasonable to refer patients with aSAH for a comprehensive evaluation, including cognitive,
behavioral, and psychosocial assessments.

Class IIa, Level B

New 5. CTA may be considered in the workup of aSAH. If an aneurysm is detected by CTA, this study may help guide the
decision for the type of aneurysm repair, but if CTA is inconclusive, DSA is still recommended (except possibly in
the instance of classic perimesencephalic SAH).

Class IIb, Level C

New 6. Magnetic resonance imaging (fluid-attenuated inversion recovery, proton density, diffusion-weighted imaging, and
gradient echo sequences) may be reasonable for the diagnosis of SAH in patients with a nondiagnostic CT
scan, although a negative result does not obviate the need for cerebrospinal fluid analysis.

Class IIb, Level C

New 7. DSA with 3-dimensional rotational angiography is indicated for detection of aneurysm in patients with aSAH (except
when the aneurysm was previously diagnosed by a noninvasive angiogram) and for planning treatment (to
determine whether an aneurysm is amenable to coiling or to expedite microsurgery).

Class I, Level B

New 8. 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.

Class I, Level B

New 9. 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.

Class IIa, Level C

New 10. In the absence of a compelling contraindication, patients who undergo coiling or clipping of a ruptured aneurysm
should have delayed follow-up vascular imaging (timing and modality to be individualized), and strong consideration
should be given to retreatment, either by repeat coiling or microsurgical clipping, if there is a clinically significant
(eg, growing) remnant.

Class I, Level B

New 11. Microsurgical clipping may receive increased consideration in patients presenting with large (�50 mL)
intraparenchymal hematomas and middle cerebral artery aneurysms. Endovascular coiling may receive increased
consideration in the elderly (�70 y of age), in those presenting with poor-grade WFNS classification (IV/V) aSAH,
and in those with aneurysms of the basilar apex.

Class IIb, Level C

New 12. Stenting of a ruptured aneurysm is associated with increased morbidity and mortality. Class III, Level C

New 13. Annual monitoring of complication rates for surgical and interventional procedures is reasonable. Class IIa, Level C

New 14. A hospital credentialing process to ensure that proper training standards have been met by individual physicians
treating brain aneurysms is reasonable.

Class IIa, Level C

New 15. Prophylactic hypervolemia or balloon angioplasty before the development of angiographic spasm is not
recommended.

Class III, Level B

New 16. Transcranial Doppler is reasonable to monitor for the development of arterial vasospasm. Class IIa, Level B

New 17. Perfusion imaging with CT or magnetic resonance can be useful to identify regions of potential brain ischemia. Class IIa, Level B

New 18. Weaning EVD over �24 hours does not appear to be effective in reducing the need for ventricular shunting. Class III, Level B

New 19. Routine fenestration of the lamina terminalis is not useful for reducing the rate of shunt-dependent hydrocephalus
and therefore should not be routinely performed.

Class III, Level B

New 20. Aggressive control of fever to a target of normothermia by use of standard or advanced temperature modulating
systems is reasonable in the acute phase of aSAH.

Class IIa, Level B

New 21. The use of packed red blood cell transfusion to treat anemia might be reasonable in patients with aSAH who are
at risk of cerebral ischemia. The optimal hemoglobin goal is still to be determined.

Class IIb, Level B

New 22. Heparin-induced thrombocytopenia and deep venous thrombosis are relatively frequent complications after aSAH.
Early identification and targeted treatment are recommended, but further research is needed to identify the ideal
screening paradigms.

Class I, Level B

Revised 1. For patients with an unavoidable delay in obliteration of aneurysm, a significant risk of rebleeding, and no
compelling medical contraindications, short-term (�72 hours) therapy with tranexamic acid or aminocaproic acid is
reasonable to reduce the risk of early aneurysm rebleeding.

Class IIa, Level B

Revised 2. Determination of aneurysm treatment, as judged by both experienced cerebrovascular surgeons and endovascular
specialists, should be a multidisciplinary decision based on characteristics of the patient and the aneurysm.

Class I, Level C

(Continued)
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for de novo aneurysms or late regrowth of a treated
aneurysm, but the risks and benefits of this screen-
ing require further study (Class IIb; Level of Evi-
dence B).

7. After any aneurysm repair, immediate cerebrovas-
cular imaging is generally recommended to identify
remnants or recurrence of the aneurysm that may
require treatment (Class I; Level of Evidence B).
(New recommendation)

Natural History and Outcome of aSAH
Although the case fatality of aSAH remains high world-
wide,5 mortality rates from aSAH appear to have declined
in industrialized nations over the past 25 years.9,11,15,58,59

One study in the United States reported a decrease of �1%
per year from 1979 to 1994.60 Others have shown that case
fatality rates decreased from 57% in the mid-1970s to 42%
in the mid-1980s,11 whereas rates from the mid-1980s to
2002 are reported to be anywhere from 26% to
36%.6,12,13,18,20,61,62 Mortality rates vary widely across
published epidemiological studies, ranging from 8% to
67%.59 Regional variations become apparent when num-
bers from different studies are compared. The median
mortality rate in epidemiological studies from the United
States has been 32% versus 43% to 44% in Europe and
27% in Japan.59 These numbers are based on studies that
did not always fully account for cases of prehospital death.
This is an important consideration because the observed
decrease in case fatality is related to improvements in
survival among hospitalized patients with aSAH.

The mean age of patients presenting with aSAH is increas-
ing, which has been noted to have a negative impact on
survival rates.59 Sex and racial variations in survival may also
play a role in the variable rates, with some studies suggesting
higher mortality in women than in men9,11,60 and higher

mortality in blacks, American Indians/Alaskan Natives, and
Asians/Pacific Islanders than in whites.63

Available population-based studies offer much less infor-
mation about the functional outcome of survivors. Rates of
persistent dependence of between 8% and 20% have been
reported when the modified Rankin Scale is used.59 Although
not population based, trial data show a similar picture, with
12% of patients in the International Subarachnoid Aneurysm
Trial (ISAT) showing significant lifestyle restrictions (mod-
ified Rankin Scale 3) and 6.5% being functionally dependent
(modified Rankin Scale score of 4–5) 1 year after aSAH.
Furthermore, scales that are relatively insensitive to cognitive
impairment, behavioral changes, social readjustment, and
energy level may substantially underestimate the effect of
aSAH on the function and quality of life of surviving patients.
Multiple studies using diverse designs have consistently
demonstrated that intellectual impairment is very prevalent
after aSAH. Although cognitive function tends to improve
over the first year,64 global cognitive impairment is still
present in �20% of aSAH patients and is associated with
poorer functional recovery and lower quality of life.65 Cog-
nitive deficits and functional decline are often compounded
by mood disorders (anxiety, depression), fatigue, and sleep
disturbances.66 Therefore, scales assessing well-being and
quality of life can be particularly useful in the integral
assessment of patients with aSAH, even among those who
regain functional independence.67,68 Behavioral and psycho-
social difficulties, as well as poor physical and mental
endurance, are some of the most commonly encountered
factors accounting for the inability of otherwise independent
patients to return to their previous occupations.66,68

Much remains to be learned about the causes of cognitive
and functional deficits after aSAH and the best methods to
assess intellectual outcome and functional recovery in these
patients. The severity of clinical presentation is the strongest
prognostic indicator in aSAH. Initial clinical severity can be

Table 4. Continued

New or
Revised Recommendation

Class of
Recommendation/
Level of Evidence

Revised 3. For patients with ruptured aneurysms judged to be technically amenable to both endovascular coiling and
neurosurgical clipping, endovascular coiling should be considered.

Class I, Level B

Revised 4. 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 multidisciplinary neuro-intensive care services.

Class I, Level B

Revised 5. Maintenance of euvolemia and normal circulating blood volume is recommended to prevent DCI. Class I, Level B

Revised 6. Induction of hypertension is recommended for patients with DCI unless blood pressure is elevated at baseline or
cardiac status precludes it.

Class I, Level B

Revised 7. Cerebral angioplasty and/or selective intra-arterial vasodilator therapy is reasonable in patients with symptomatic
cerebral vasospasm, particularly those who are not rapidly responding to hypertensive therapy.

Class IIa, Level B

Revised 8. aSAH-associated acute symptomatic hydrocephalus should be managed by cerebrospinal fluid diversion (EVD or
lumbar drainage, depending on the clinical scenario).

Class I, Level B

Revised 9. aSAH-associated chronic symptomatic hydrocephalus should be treated with permanent cerebrospinal fluid
diversion.

Class I, Level C

aSAH indicates aneurysmal subarachnoid hemorrhage; CTA, computed tomography angiography; DSA, digital subtraction angiography; CT, computed tomography;
DSA, digital subtraction angiography; EVD, external ventricular drainage; DCI, delayed cerebral ischemia; and WFNS, World Federation of Neurological Surgeons.
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reliably categorized by use of simple validated scales, such as
the Hunt and Hess and World Federation of Neurological
Surgeons scales.69,70 Aneurysm rebleeding is another major
predictor of poor outcome, as discussed in a later section.
Other factors predictive of poor prognosis include older age,
preexisting severe medical illness, global cerebral edema on
computed tomography (CT) scan, intraventricular and intra-
cerebral hemorrhage, symptomatic vasospasm, delayed cere-
bral infarction (especially if multiple), hyperglycemia, fever,
anemia, and other systemic complications such as pneumonia
and sepsis.71–77 Certain aneurysm factors, such as size,
location, and complex configuration, may increase the risk of
periprocedural complications and affect overall prognosis.78

Treatment in high-volume centers with availability of neuro-
surgical and endovascular services may be associated with
better outcomes.79–81

Natural History and Outcome of aSAH:
Recommendations

1. The initial clinical severity of aSAH should be deter-
mined rapidly by use of simple validated scales (eg,
Hunt and Hess, World Federation of Neurological
Surgeons), because it is the most useful indicator of
outcome after aSAH (Class I; Level of Evidence B).

2. The risk of early aneurysm rebleeding is high, and
rebleeding is associated with very poor outcomes.
Therefore, urgent evaluation and treatment of pa-
tients with suspected aSAH is recommended (Class
I; Level of Evidence B).

3. After discharge, it is reasonable to refer patients
with aSAH for a comprehensive evaluation, in-
cluding cognitive, behavioral, and psychosocial
assessments (Class IIa; Level of Evidence B). (New
recommendation)

Clinical Manifestations and Diagnosis
of aSAH

The clinical presentation of aSAH is one of the most
distinctive in medicine. The hallmark of aSAH in a patient
who is awake is the complaint “the worst headache of my
life,” which is described by �80% of patients who can give
a history.82 This headache is characterized as being extremely
sudden and immediately reaching maximal intensity (thun-
derclap headache). A warning or sentinel headache that
precedes the aSAH-associated ictus is also reported by 10%
to 43% of patients.83,84 This sentinel headache increases the
odds of early rebleeding 10-fold.85 Most intracranial aneu-
rysms remain asymptomatic until they rupture. aSAH can
occur during physical exertion or stress.86 Nevertheless, in a
review of 513 patients with aSAH, the highest incidence of
rupture occurred while patients were engaged in their daily
routines, in the absence of strenuous physical activity.87 The
onset of headache may be associated with �1 additional signs
and symptoms, including nausea and/or vomiting, stiff neck,
photophobia, brief loss of consciousness, or focal neurolog-
ical deficits (including cranial nerve palsies). In a retrospec-
tive study of 109 patients with proven aSAH, headache was
present in 74%, nausea or vomiting in 77%, loss of con-

sciousness in 53%, and nuchal rigidity in 35%.88 As many as
12% of patients die before receiving medical attention.

Despite the classic presentation of aSAH, individual find-
ings occur inconsistently, and because the type of headache
from aSAH is sufficiently variable, misdiagnosis or delayed
diagnosis is common. Before 1985, misdiagnosis of aSAH
occurred in as many as 64% of cases, with more recent data
suggesting a misdiagnosis rate of �12%.89,90 Misdiagnosis
was associated with a nearly 4-fold higher likelihood of death
or disability at 1 year in patients with minimal or no
neurological deficit at the initial visit.89 The most common
diagnostic error is failure to obtain a noncontrast head CT
scan.89,91–93 In a small subset of patients, a high degree of
suspicion based on clinical presentation will lead to the
correct diagnosis despite normal head CT and cerebrospinal
fluid test results, as shown in a recent study in which 1.4% of
patients were diagnosed with aSAH only after vascular
imaging techniques were used.94

Patients may report symptoms consistent with a minor
hemorrhage before a major rupture, which has been called a
sentinel bleed or warning leak.83,84 The majority of these
minor hemorrhages occur within 2 to 8 weeks before overt
aSAH. The headache associated with a warning leak is
usually milder than that associated with a major rupture, but
it may last a few days.95,96 Nausea and vomiting may occur,
but meningismus is uncommon after a sentinel hemorrhage.
Among 1752 patients with aneurysm rupture from 3 series,
340 (19.4%; range, 15%–37%) had a history of a sudden
severe headache before the event that led to admission.82,95,97

The importance of recognizing a warning leak cannot be
overemphasized. Headache is a common presenting chief
complaint in the emergency department, and aSAH accounts
for only 1% of all headaches evaluated in the emergency
department.92 Therefore, a high index of suspicion is war-
ranted, because diagnosis of the warning leak or sentinel
hemorrhage before a catastrophic rupture may be lifesaving.93

Seizures may occur in up to 20% of patients after aSAH, most
commonly in the first 24 hours and more commonly in aSAH
associated with intracerebral hemorrhage, hypertension, and
middle cerebral and anterior communicating artery
aneurysms.98,99

Noncontrast head CT remains the cornerstone of diagnosis
of aSAH; since publication of the previous version of these
guidelines,1,2 there have been only minor changes in imaging
technology for this condition. The sensitivity of CT in the
first 3 days after aSAH remains very high (close to 100%),
after which it decreases moderately during the next few
days.2,100 After 5 to 7 days, the rate of negative CT increases
sharply, and lumbar puncture is often required to show
xanthochromia. However, advances in magnetic resonance
imaging of the brain, particularly the use of fluid-attenuated
inversion recovery, proton density, diffusion-weighted imag-
ing, and gradient echo sequences,101–103 can often allow the
diagnosis of aSAH to be made when a head CT scan is
negative and there is clinical suspicion of aSAH, possibly
avoiding the need for lumbar puncture. The role of magnetic
resonance imaging in perimesencephalic aSAH is controver-
sial.104 Indications for magnetic resonance angiography in
aSAH are still few because of limitations with routine

1718 Stroke June 2012

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 14, 2020



availability, logistics (including difficulty in scanning acutely
ill patients), predisposition to motion artifact, patient compli-
ance, longer study time, and cost. Aneurysms �3 mm in size
continue to be unreliably demonstrated on computed tomo-
graphic angiography (CTA),105,106 and this generates contin-
ued controversy in the case of CTA-negative aSAH.107 In
cases of perimesencephalic subarachnoid hemorrhage (SAH),
some authors claim that a negative CTA result is sufficient to
rule out aneurysmal hemorrhage and that cerebral angiogra-
phy is not required, but this is controversial. In 1 study, the
overall interobserver and intraobserver agreement for nonan-
eurysmal perimesencephalic hemorrhage was good, but there
was still a level of disagreement among observers, which
suggests that clinicians should be cautious when deciding
whether to pursue follow-up imaging.108 In another study,109

a negative CTA result reliably excluded aneurysms when
head CT showed the classic perimesencephalic SAH pattern
or no blood. Digital subtraction angiography (DSA) was
indicated if there was a diffuse aneurysmal pattern of aSAH,
and repeat delayed DSA was required if the initial DSA
findings were negative, which led to the detection of a small
aneurysm in 14% of cases. When the blood is located in the
sulci, CTA should be scrutinized for vasculitis, and DSA is
recommended for confirmation.109 Others have shown that
CTA may not reveal small aneurysms and that 2- and
3-dimensional cerebral angiography should be performed,
especially when the hemorrhage is accompanied by loss of
consciousness.110 In cases of diffuse aSAH pattern, most
agree that negative CTA should be followed by 2- and
3-dimensional cerebral angiography. In older patients with
degenerative vascular diseases, CTA can replace catheter
cerebral angiography in most cases if the image quality is
excellent and analysis is performed carefully.111 Overlying
bone can be problematic with CTA, especially at the skull
base. A new technique, CTA-MMBE (multisection CTA
combined with matched mask bone elimination), is accurate
in detecting intracranial aneurysms in any projection without
superimposed bone.112 CTA-MMBE has limited sensitivity in
detecting very small aneurysms. The data suggest that DSA
and 3-dimensional rotational angiography can be limited to
the vessel harboring the ruptured aneurysm before endovas-
cular treatment after detection of a ruptured aneurysm with
CTA. Another new technique, dual-energy CTA, has diag-
nostic image quality at a lower radiation dose than digital
subtraction CTA and high diagnostic accuracy compared with
3-dimensional DSA (but not 2-dimensional DSA) in the
detection of intracranial aneurysms.113

Cerebral angiography is still widely used in the investiga-
tion of aSAH and the characterization of ruptured cerebral
aneurysms. Although CTA is sometimes considered suffi-
cient on its own when an aneurysm will be treated with
surgical clipping,114 substantial controversy remains about
the ability of CTA to determine whether or not an aneurysm
is amenable to endovascular therapy.115–120 In 1 series,115

95.7% of patients with aSAH were referred for treatment on
the basis of CTA. In 4.4% of patients, CTA did not provide
enough information to determine the best treatment, and those
patients required DSA; 61.4% of patients were referred to
endovascular treatment on the basis of CTA; and successful

coiling was achieved in 92.6%. The authors concluded that
CTA with a 64-slice scanner is an accurate tool for detecting
and characterizing aneurysms in acute aSAH and that CTA is
useful in deciding whether to coil or clip an aneurysm.115

Partial volume averaging phenomena may artificially widen
the aneurysmal neck and may lead to the erroneous conclu-
sion that an aneurysm cannot be treated by endovascular
coiling. This controversy is likely caused by the different
technological specifications (16- versus 64-detector rows),
slice thickness, and data processing algorithms of various CT
systems, which have different spatial resolutions. Three-
dimensional cerebral angiography is more sensitive for de-
tecting aneurysms than 2-dimensional angiography.121,122 The
combination of 3- and 2-dimensional cerebral angiography
usually provides the best morphological depiction of aneu-
rysm anatomy with high spatial resolution, and it is, of
course, always used in preparation for endovascular therapy.

Flat-panel volumetric CT is a relatively recent develop-
ment that allows the generation of CT-like images from a
rotational 3-dimensional spin of the x-ray gantry in the
angiography room. For the moment, it has no substantial role
in the initial diagnosis of aSAH because its spatial and
contrast resolutions are not high enough123; however, this
technology can be used intraprocedurally during emboliza-
tions to rule out hydrocephalus.124 Recently, radiation dose
has emerged as an important and worrisome consideration for
patients with SAH.125,126 The combination of noncontrast
head CT for the diagnosis of aSAH, confirmation of ventric-
ulostomy placement, investigation of neurological changes,
CTA for aneurysmal diagnosis, CTA and CT perfusion for
recognition of vasospasm, and catheter cerebral angiography
for aneurysm embolization and then for endovascular therapy
of vasospasm can result in substantial radiation doses to the
head, with possible risk of radiation injury, such as scalp
erythema and alopecia. Although some or all of these radio-
logical examinations are often necessary, efforts need to be
made to reduce the amount of radiation exposure in patients
with aSAH whenever possible.

Clinical Manifestations and Diagnosis of aSAH:
Recommendations

1. 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 (Class I; Level of Evidence B).

2. Acute diagnostic workup should include noncontrast
head CT, which, if nondiagnostic, should be followed
by lumbar puncture (Class I; Level of Evidence B).

3. 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 perimesen-
cephalic aSAH) (Class IIb; Level of Evidence C).
(New recommendation)

4. Magnetic resonance imaging (fluid-attenuated inver-
sion recovery, proton density, diffusion-weighted
imaging, and gradient echo sequences) may be rea-
sonable for the diagnosis of aSAH in patients with a
nondiagnostic CT scan, although a negative result
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does not obviate the need for cerebrospinal fluid
analysis (Class IIb; Level of Evidence C). (New
recommendation)

5. DSA with 3-dimensional rotational angiography is
indicated for detection of aneurysm in patients
with aSAH (except when the aneurysm was previ-
ously diagnosed by a noninvasive angiogram) and
for planning treatment (to determine whether an
aneurysm is amenable to coiling or to expedite
microsurgery) (Class I; Level of Evidence B). (New
recommendation)

Medical Measures to Prevent Rebleeding
After aSAH

Aneurysm rebleeding is associated with very high mortality
and poor prognosis for functional recovery in survivors. The
risk of rebleeding is maximal in the first 2 to 12 hours, with
reported rates of occurrence between 4% and 13.6% within
the first 24 hours.127–130 In fact, more than one third of
rebleeds occur within 3 hours and nearly half within 6 hours
of symptom onset,131 and early rebleeding is associated with
worse outcome than later rebleeding.132 Factors associated
with aneurysm rebleeding include longer time to aneurysm
treatment, worse neurological status on admission, initial loss
of consciousness, previous sentinel headaches (severe head-
aches lasting �1 hour that do not lead to the diagnosis of
aSAH), larger aneurysm size, and possibly systolic blood
pressure �160 mm Hg.87,129,130 Genetic factors, although
related to the occurrence of intracranial aneurysms, do not
appear to be related to an increased incidence of rebleed-
ing.133 Early treatment of the ruptured aneurysm can reduce
the risk of rebleeding.71 Among patients who present in a
delayed manner and during the vasospasm window, delayed
obliteration of aneurysm is associated with a higher risk of
rebleeding than early obliteration of aneurysm.134

There is general agreement that acute hypertension should
be controlled after aSAH and until aneurysm obliteration, but
parameters for blood pressure control have not been defined.
A variety of titratable medications are available. Nicardipine
may give smoother blood pressure control than labetalol135

and sodium nitroprusside,136 although data showing different
clinical outcomes are lacking. Although lowering cerebral
perfusion pressure may lead to cerebral ischemia, a cohort
study of neurologically critically ill patients did not find an
association between use of nicardipine and reduced brain
oxygen tension.137 Clevidipine, a very short-acting calcium
channel blocker, is another option for acute control of
hypertension, but data for aSAH are lacking at this time.

Antifibrinolytic therapy has been shown to reduce the
incidence of aneurysm rebleeding when there is a delay in
aneurysm obliteration. One referral center instituted a policy
of short-term use of aminocaproic acid to prevent rebleeding
during patient transfer. Such use led to a decreased incidence
in rebleeding without increasing the risk of DCI, but 3-month
clinical outcomes were not affected.138 There was an in-
creased risk of deep venous thrombosis but not pulmonary
embolism. Neither aminocaproic acid nor tranexamic acid is
approved by the US Food and Drug Administration for
prevention of aneurysm rebleeding.

Medical Measures to Prevent Rebleeding After
aSAH: Recommendations

1. 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 (Class I;
Level of Evidence B). (New recommendation)

2. 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 (Class IIa; Level of Evidence C). (New
recommendation)

3. For patients with an unavoidable delay in oblitera-
tion of aneurysm, a significant risk of rebleeding,
and no compelling medical contraindications, short-
term (<72 hours) therapy with tranexamic acid or
aminocaproic acid is reasonable to reduce the risk of
early aneurysm rebleeding (Class IIa; Level of Evi-
dence B). (Revised recommendation from previous
guidelines)

Surgical and Endovascular Methods for
Treatment of Ruptured Cerebral Aneurysms

Microsurgical clip obliteration of intracranial aneurysms was
the primary modality of treatment before 1991, when Gug-
lielmi first described occlusion of an aneurysm by an endo-
vascular approach with electrolytically detachable coils.139

With advancements in both microsurgical and endovascular
approaches, algorithms to determine the proper patient pop-
ulation and aneurysmal characteristics for each treatment are
continually undergoing refinement. The only multicenter
randomized trial comparing microsurgical and endovascular
repair, ISAT, randomized 2143 of 9559 screened patients
with aSAH across 42 neurosurgical centers.140 For a patient to
be considered eligible for the trial, neurosurgeons and inter-
ventionalists had to agree that the aneurysm was comparably
suitable for treatment with either modality. Primary outcomes
included death or dependent living, and secondary outcomes
included risk of seizures and risk of rebleeding. Initial 1-year
outcomes revealed a reduction in death and disability from
31% in the microsurgery arm to 24% in the endovascular arm
(relative risk reduction, 24%).141 This difference was mainly
driven by a decrease in the rate of disability among survivors
16% in the endovascular arm and 22% in the craniotomy arm)
and was likely attributable at least in part to the greater
incidence of technical complications in the clipping (19%)
versus the coiling (8%) arms and the longer time needed to
secure the aneurysm.142,143 The risk of epilepsy and signifi-
cant cognitive decline was also reduced in the endovascular
group, but the incidence of late rebleeding (2.9% after
endovascular repair versus 0.9% after open surgery) was
higher in the endovascular arm, and only 58% of coiled
aneurysms were completely obliterated compared with 81%
of clipped aneurysms.140 A large retrospective analysis found
that the rate of incomplete occlusion and subsequent aneu-
rysm recurrence depended critically on neck diameter and
dome size.139 It can also be difficult to achieve complete
obliteration in very small aneurysms (�3 mm), with 1 study
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reporting no coils deployed in 5% of cases, residual dome
filling or a neck remnant in 30%, and a higher procedural
complication rate than in larger aneurysms.144

Although the complete obliteration rate can be increased
by the addition of a high-porosity stent, this has been
associated with an increased risk of complications, especially
in patients with SAH, in large part because of the need for
periprocedural dual-antiplatelet therapy to prevent arterial
thromboembolism.145 Whether low-porosity flow-diverting
stents with or without coils represent a better option for many
or most of those presenting with SAH from saccular aneu-
rysms remains to be studied, but these stents make more
conceptual sense for use in the patient with a dissecting
aneurysm, in whom vessel sacrifice is not an option and
microsurgical solutions carry higher risk.

Another approach to increasing complete obliteration rates
involves the deployment of biologically active rather than
pure platinum coils.146 Although uncontrolled studies suggest
a potential reduction in the risk of recurrence, these data are
preliminary and have yet to be confirmed in prospective
controlled trials.147,148 Thus, although the short-term efficacy
of endovascular coil obliteration is well established compared
with microsurgical approaches, close long-term surveillance
continues to be warranted, because durability remains a
significant concern.149

Given this delicate balance between safety and durability,
there have been multiple efforts to identify subgroups of
patients who might be best treated with endovascular or
microsurgical techniques. Although the quality of the data is
modest, most agree that with current endovascular technol-
ogy, middle cerebral artery aneurysms can be difficult to treat
with coil embolization, and in this location, surgical treatment
has tended to yield more favorable results.146,150–152 Although
some have suggested that older patients are ideal candidates
for coiling rather than clipping, data on this population are
sparse and at times conflicting.141,153,154 Although patients
presenting with an intraparenchymal hematoma �50 mL
have a higher incidence of unfavorable outcome, hematoma
evacuation within �3.5 hours has been shown to improve
outcome in this subgroup and argues in favor of microsurgery
for most patients with large parenchymal clots.155 By con-
trast, patients presenting during the vasospasm period, espe-
cially those with confirmed vasospasm, may be better treated
with endovascular techniques, depending on the anatomy of
the aneurysm and its relationship to the spasm.150 Patients
presenting with poor clinical grade appear to benefit more from
endovascular coiling, especially if they are also elderly, because
advanced age renders long-term durability less important.156

Still, it is critical that patients with poor clinical grade be treated
in centers where both modalities are available.157

Endovascular treatment of posterior circulation aneurysms
has been gaining widespread acceptance based on several
observational studies. A meta-analysis revealed that the
mortality from coiling of a basilar bifurcation aneurysm was
0.9%, and the risk of permanent complications was 5.4%.158

More recently, with regard to treatment of posterior circula-
tion aneurysms, the mortality and morbidity in 112 ruptured
aneurysms was 3.7% and 9.4%, respectively.159 These data
have led to an increasing tendency toward coiling ruptured

posterior circulation aneurysms. One study that compared
clipping versus coiling of basilar apex aneurysm (44 patients
in each treatment arm) found a poor outcome rate of 11% in
the endovascular treatment group versus 30% in the surgical
group. In that study, the main difference was the rate of
ischemia and hemorrhage during the surgical intervention.
The rates of recurrent hemorrhage and delayed ischemia were
actually similar in both groups.159

Incomplete aneurysm occlusion and recurrent aneurysm
filling from progressive coil compaction are particularly
difficult challenges encountered with endovascular treatment
of basilar artery aneurysms. In a study of 41 posterior
circulation aneurysms, 35 (85%) had complete or near-
complete immediate angiographic occlusion. The follow-up
time frame for this study was 17 months, and of the 29
patients for whom follow-up was obtained, those with com-
pletely occluded aneurysms did not reveal any compaction. In
the remaining patients who had near-complete occlusion,
47% had experienced recanalization, with 1 patient experi-
encing a rehemorrhage.160 On the basis of these findings,
closer follow-up with sequential DSA is needed in patients
who undergo coiling of posterior circulation aneurysms,
particularly those who do not exhibit complete occlusion on
immediate follow-up angiography.

Surgical and Endovascular Methods of Treatment
of Ruptured Cerebral Aneurysms:
Recommendations

1. Surgical clipping or endovascular coiling of the rup-
tured aneurysm should be performed as early as
feasible in the majority of patients to reduce the rate of
rebleeding after aSAH (Class I; Level of Evidence B).

2. Complete obliteration of the aneurysm is recom-
mended whenever possible (Class I; Level of Evi-
dence B).

3. Determination of aneurysm treatment, as judged by
both experienced cerebrovascular surgeons and en-
dovascular specialists, should be a multidisciplinary
decision based on characteristics of the patient and
the aneurysm (Class I; Level of Evidence C). (Revised
recommendation from previous guidelines)

4. For patients with ruptured aneurysms judged to be
technically amenable to both endovascular coiling
and neurosurgical clipping, endovascular coiling
should be considered (Class I; Level of Evidence B).
(Revised recommendation from previous guidelines)

5. In the absence of a compelling contraindication,
patients who undergo coiling or clipping of a rup-
tured aneurysm should have delayed follow-up vas-
cular imaging (timing and modality to be individu-
alized), and strong consideration should be given to
retreatment, either by repeat coiling or microsurgi-
cal clipping, if there is a clinically significant (eg,
growing) remnant (Class I; Level of Evidence B).
(New recommendation)

6. Microsurgical clipping may receive increased con-
sideration in patients presenting with large (>50
mL) intraparenchymal hematomas and middle cere-
bral artery aneurysms. Endovascular coiling may
receive increased consideration in the elderly (�70
years of age), in those presenting with poor-grade
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(World Federation of Neurological Surgeons classi-
fication IV/V) aSAH, and in those with aneurysms of
the basilar apex (Class IIb; Level of Evidence C).
(New recommendation)

7. Stenting of a ruptured aneurysm is associated with
increased morbidity and mortality, and should only
be considered when less risky options have been
excluded (Class III; Level of Evidence C). (New
recommendation)

Hospital Characteristics and Systems of Care
In a US study of 31 476 nontraumatic cases of aSAH from
2003, definitive aneurysm repair was delivered in fewer than
one third of cases. That said, the adjusted odds of definitive
repair were significantly higher in urban teaching hospitals
than in urban nonteaching hospitals (odds ratio, 1.62) or rural
hospitals (odds ratio, 3.08).7 In another study from 1993 to
2003, teaching status and larger hospital size were associated
with higher charges and longer stay but also with better
outcomes (P�0.05) and lower mortality rates (P�0.05),
especially in patients who underwent aneurysm clipping
(P�0.01). Endovascular treatment, which was more often
used in the elderly, was also associated with significantly
higher mortality rates in smaller hospitals (P�0.001) and
steadily increasing morbidity rates (45%). Large academic
centers were associated with better results, particularly for
surgical clip placement.161 Prior studies have also indi-
cated that 82% of US hospitals admitted �19 patients with
aSAH annually, and the 30-day mortality rate was signif-
icantly higher in hospitals that admitted �10 patients with
aSAH versus �35 patients with aSAH (39% versus 27%;
odds ratio, 1.4).80

Two factors associated with better outcomes were greater
use of endovascular services and a higher percentage of
patients transferred from other hospitals.79–81 Institutions that
used endovascular coil embolization more frequently had
lower in-hospital mortality rates, a 9% reduction in risk for
every 10% of cases treated. In addition, there was a 16%
reduction in risk of in-hospital death at institutions that used
interventional therapies such as balloon angioplasty to treat
arterial vasospasm.2,81,162 Therefore, hospital treatment vol-
umes and availability of both endovascular and neurological
intensive care services at hospitals are important determinants
of improved outcomes in aSAH.163 In addition, a cost-utility
analysis estimated that transferring a patient with aSAH from
a low- to a high-volume hospital would result in a gain of 1.6
quality-adjusted life-years at a cost of $10 548.162,163

Although 1 study suggested that care was uniformly
delivered within an institution when weekend and weekday
admissions were compared,164 others have shown that inten-
sive care specialists followed evidence-based recommenda-
tions very inconsistently, and these variations in practice did
not depend on the quality of the supporting data.165 Signifi-
cant practice differences were noted between respondents
from North America and Europe and between those working
in high- and low-volume centers. Thus, the study demon-
strated that the practices of intensive care unit physicians
treating aSAH are heterogenous and often at variance with
available evidence.165

One recent effort to increase the uniformity of care is the
development of an Accreditation Council on Graduate Med-
ical Education–approved fellowship training program for
endovascular surgical neuroradiology.166 Another effort is
legislation or regulation in �10 states that defines elements
of comprehensive stroke centers and their role in networks
and stroke systems of care. The Brain Attack Coalition paper
that proposed the establishment of these centers included
management of aSAH in its scope.167 From the endovascular
perspective, this expertise includes the ability to treat patients
with intracranial aneurysms, SAH-induced vasospasm, brain
arteriovenous malformations, and ischemic stroke. Other
important required elements of these centers are vascular
neurosurgical expertise, dedicated intensive care units, and
24/7 access to advanced neuroimaging. The rationale for
comprehensive stroke centers is based on the success of
similar models for trauma.

Hospital Characteristics and Systems of Care:
Recommendations

1. 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 sur-
geons, endovascular specialists, and multidisci-
plinary neuro-intensive care services (Class I; Level
of Evidence B). (Revised recommendation from previ-
ous guidelines)

2. Annual monitoring of complication rates for surgical
and interventional procedures is reasonable (Class
IIa; Level of Evidence C). (New recommendation)

3. A hospital credentialing process to ensure that
proper training standards have been met by indi-
vidual physicians treating brain aneurysms is
reasonable (Class IIa; Level of Evidence C). (New
recommendation)

Anesthetic Management During Surgical and
Endovascular Treatment

The general goals of anesthetic management involve hemo-
dynamic control to minimize the risk of aneurysm rerupture
and strategies to protect the brain against ischemic injury.
Although induced hypotension has been used in the past to
prevent aneurysm rupture, data suggest that there could be
potential harm, with an increased risk of early and delayed
neurological deficits.168,169 A retrospective study suggests
that a decrease in mean arterial pressure of �50% is associ-
ated with poor outcome; however, after adjustment for age,
this association was no longer statistically significant.170 In
patients undergoing cerebral aneurysm surgery, intraopera-
tive hyperglycemia has been associated with long-term de-
cline in cognition and gross neurological function.171 These
associations are seen at levels of hyperglycemia commonly
encountered in practice, with increased risk of alterations in
cognition with glucose concentrations �129 mg/dL and
neurological deficits with glucose concentrations �152 mg/
dL.171 Numerous pharmacological agents have been used to
promote cerebral protection during cerebral aneurysm sur-
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gery,172–181 but none have been clearly shown to improve
outcome.

Systemic hypothermia has been used in several clinical
settings, including head injury, ischemic stroke, and circula-
tory arrest, to protect the brain against ischemic injury.182–188

Use of hypothermia during craniotomy for the treatment of
ruptured cerebral aneurysm was evaluated in a multicenter
randomized, controlled trial. The study showed that hypother-
mia was relatively safe but was not associated with a
beneficial effect in mortality or neurological outcome among
patients with good-grade aSAH.189 In addition, intraoperative
hypothermia had no beneficial effect on neuropsychological
function after SAH.190 Of note, the power of these 2 studies
was not sufficient to detect more modest benefits from
hypothermia, and there were some trends in favor of hypo-
thermia for secondary end points.

Temporary clipping is frequently used to improve surgical
conditions and prevent intraoperative rupture during the
surgical dissection of aneurysms. In a retrospective study,
outcome was not affected by temporary vascular occlusion.191

Induced hypertension can be considered when the duration of
temporary clipping is expected to be �120 seconds, but the
value of this strategy has not been well studied in aneurysm
surgery. In selected patients with giant aneurysms, deep
hypothermia with circulatory arrest under cardiopulmonary
extracorporeal circulation has been shown to be a feasible
and possibly useful technique, but outcome data are
lacking.192–196 Transient cardiac pause induced by adenosine
has been used to control bleeding from intraoperative aneu-
rysm rupture or to decompress large aneurysms and facilitate
aneurysm clip application197,198; however, controlled studies
are needed to validate this intervention.

There is little information in the literature about anesthetic
management of patients undergoing endovascular treatment
of ruptured cerebral aneurysms.199–201 Generally, the anes-
thetic principles that apply to open surgical treatment of
ruptured cerebral aneurysms also apply to endovascular
treatment. The choice of anesthetic technique varies depend-
ing on the institution, with the most common techniques
being conscious sedation and general anesthesia.202–204 There
have been no studies comparing these 2 techniques. One of
the main goals of the anesthetic technique is keeping the
patient motionless to optimize the quality of the images used
to perform the endovascular procedure; hence, general anes-
thesia with endotracheal intubation is often preferred for
these procedures.

Intraprocedural aneurysm rupture during endovascular
treatment presents a major challenge unlike that encountered
with open craniotomy. There may be a sudden and massive
rise in blood pressure with or without bradycardia attributable
to an elevation in intracranial pressure. Hyperventilation and
osmotic diuresis may be required to control the intracranial
hypertension. Aggressive treatment of surges in blood pres-
sure may induce ischemia; therefore, antihypertensive ther-
apy should be reserved for patients with extreme elevations in
blood pressure.

Endovascular procedures differ from open procedures in
that anticoagulation with heparin is frequently administered
during the embolization of aneurysms. Patients who have

undergone anticoagulation require rapid reversal with prota-
mine if intraprocedural aneurysm rupture occurs. With the
increasing use of intravascular stents, the administration of
antiplatelet agents (aspirin, clopidogrel, and glycoprotein
IIb/IIIa receptor antagonists) during these procedures has
become more common. In case of intraprocedural rupture,
rapid reversal of antiplatelet activity can be attempted by
platelet transfusion.

Anesthetic Management During Surgical and
Endovascular Treatment: Recommendations

1. Minimization of the degree and duration of intraop-
erative hypotension during aneurysm surgery is
probably indicated (Class IIa; Level of Evidence B).

2. There are insufficient data on pharmacological strate-
gies and induced hypertension during temporary ves-
sel occlusion to make specific recommendations, but
there are instances when their use may be considered
reasonable (Class IIb; Level of Evidence C).

3. Induced hypothermia during aneurysm surgery is not
routinely recommended but may be a reasonable op-
tion in selected cases (Class III; Level of Evidence B).

4. Prevention of intraoperative hyperglycemia during
aneurysm surgery is probably indicated (Class IIa;
Level of Evidence B).

5. The use of general anesthesia during endovascular
treatment of ruptured cerebral aneurysms can be
beneficial in selected patients (Class IIa; Level of
Evidence C).

Management of Cerebral Vasospasm and DCI
After aSAH

Narrowing (vasospasm) of the angiographically visible cere-
bral arteries after aSAH is common, occurring most fre-
quently 7 to 10 days after aneurysm rupture and resolving
spontaneously after 21 days. The cascade of events culminat-
ing in arterial narrowing is initiated when oxyhemoglobin
comes in contact with the abluminal side of the vessel.205 The
pathways leading to arterial narrowing have been the focus of
extensive basic research, but no effective preventive therapy
has been developed to date. Part of the reason for this lack of
success likely stems from the fact that vasospasm occurs at
multiple levels in the arterial and arteriolar circulation. Large
artery narrowing seen in angiographically visible vessels only
results in ischemic neurological symptoms in 50% of cases,
and although there is a correlation between the severity of
large artery spasm and symptomatic ischemia, there are patients
with severe large artery spasm who never become symptomatic
and others with quite modest spasm who not only develop
symptoms but go on to develop infarction.206 Probably many
factors contribute to the development of ischemia and infarction,
including but not limited to distal microcirculatory failure, poor
collateral anatomy, and genetic or physiological variations in
cellular ischemic tolerance.207,208

DCI, especially that associated with arterial vasospasm,
remains a major cause of death and disability in patients with
aSAH. The management of aSAH-induced vasospasm is
complex. Many significant advances in the understanding of
aSAH-induced vasospasm and DCI have been made since
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publication of the previous version of these guidelines, which
focused on prevention with oral nimodipine and maintenance
of euvolemia, as well as treatment with triple-H therapy
(hemodynamic augmentation therapy) and/or endovascular
therapy with vasodilators and angioplasty balloons. First, the
case for nimodipine is even stronger, with a recent compre-
hensive meta-analysis confirming improved neurological out-
comes by preventing processes other than large-vessel nar-
rowing.209,210 Although there have been sparse new important
data on the lack of benefit for prophylactic hypervolemia
compared with maintenance of euvolemia, new data show
that both prophylactic angioplasty of the basal cerebral
arteries and antiplatelet prophylaxis are ineffective in reduc-
ing morbidity.211–213 Similarly, the only supportive data for
the use of lumbar drainage come from a single case-control
study,214 although there is ongoing investigation on the value of
this intervention to reduce arterial spasm and DCI.214

The data are a bit better for intrathecal thrombolytic
infusions, with a recent meta-analysis of 5 randomized,
controlled trials suggesting a benefit despite some method-
ological weaknesses.215,216 There are also emerging data for
several novel methods to reduce the incidence and ischemic
consequences of aSAH-induced vasospasm. These new ap-
proaches are based on robust experimental data that indicate
a critical role for endothelial dysfunction, particularly at the
microcirculatory level.217

Several recent clinical trials have investigated the utility of
statins, endothelin-1 antagonists, and magnesium sulfate.218

Statin agents have been studied in several small, single-center
randomized trials with variable results. Although a recent
meta-analysis reported no evidence for clinical benefit,219 a
larger phase 3 trial (SimvasTatin in Aneurysmal Subarach-
noid Hemorrhage [STASH]) is in progress. Clazosentan, an
endothelin-1 receptor antagonist, had been shown to be
associated with a dose-dependent reduction in the incidence
of angiographic vasospasm in a phase IIb trial (Clazosentan
to Overcome Neurological iSChemia and Infarct OccUrring
after Subarachnoid hemorrhage [CONSCIOUS-1]).220 A ben-
efit for clinical outcomes was not initially apparent but then
was judged present when a stricter definition of vasospasm-
related stroke was used. However, a subsequent trial
(CONSCIOUS-2) that tested the drug in patients treated with
aneurysm clipping found no improvement in clinical outcome
in the clazosentan group.221 A similar study in patients treated
with coiling (CONSCIOUS-3) was then stopped before com-
pletion. Magnesium sulfate has been studied in several pilot
trials. Although there is some suggestion of reduction in
delayed ischemic deficits associated with magnesium infusion, a
benefit has not been conclusively shown in a meta-analysis.222 A
phase 3 trial (Intravenous Magnesium sulfate for Aneurysmal
Subarachnoid Hemorrhage [IMASH]) did not support any clin-
ical benefit from magnesium infusion over placebo in aSAH.223

A larger randomized trial is under way.
With regard to the diagnosis of DCI, which can often be

problematic, it is increasingly clear that although serial
neurological examinations are important, they are of limited
sensitivity in patients with poor clinical grade. Therefore, the
diagnostic approach needs to be tailored to the clinical
situation. Various diagnostic tools are commonly used to

identify (1) arterial narrowing and/or (2) perfusion abnormal-
ities or reduced brain oxygenation. These different tools have
advantages and disadvantages. Although comparative studies
of diagnostic accuracy for large arterial narrowing have been
performed for some modalities, no randomized trials have
compared the impact of the use of different diagnostic
methods on patient outcomes. That said, there are emerging
data that perfusion imaging, demonstrating regions of hypo-
perfusion, may be more accurate for identification of DCI
than anatomic imaging of arterial narrowing or changes in
blood flow velocity by transcranial Doppler, for which the
data are best for the middle cerebral artery territory.224–226

Perfusion CT is a promising technology, although repeat
measurements are limited by the risks of dye load and
radiation exposure.226

When DCI is diagnosed, the initial treatment is the induc-
tion of hemodynamic augmentation to improve cerebral
perfusion. No randomized trials of this intervention have been
performed, but the rapid improvement of many patients with
this therapy and their worsening when it is stopped prema-
turely are convincing proof of efficacy. The exact mechanism
of benefit is unclear. In some patients, increased mean arterial
pressures may increase cerebral blood flow in the setting of
autoregulatory dysfunction. In others, there may be some direct
transluminal pressure effect that leads to arterial dilation.227

Traditionally, hemodynamic augmentation has consisted of he-
modilution (a common occurrence in this population), hypervol-
emia, and hypertensive therapy. Accumulating literature has
shifted the focus from this triple-H therapy to the maintenance of
euvolemia and induced hypertension.228

One novel method of hemodynamic augmentation under
investigation is an aortic balloon device, approved under a
humanitarian device exemption.229 Endovascular intervention
is often used in patients who do not improve with hemody-
namic augmentation and those with sudden focal neurological
deficits and focal lesions on angiography referable to their
symptoms.230 Interventions generally consist of balloon an-
gioplasty for accessible lesions and vasodilator infusion for
more distal vessels. Many different vasodilators are in use. In
general, these are calcium channel blockers, but nitric oxide
donors have been used in small series as well.231 Papaverine
is used less frequently because it can produce neurotoxic-
ity.232 The primary limitation of vasodilator therapy is the
short duration of benefit. As with hemodynamic augmenta-
tion, there have been no randomized trials of these interven-
tions, but large case series have demonstrated angiographic
and clinical improvement.233

Management of Cerebral Vasospasm and DCI
After aSAH: Recommendations

1. Oral nimodipine should be administered to all patients
with aSAH (Class I; Level of Evidence A). (It should be
noted that this agent has been shown to improve neuro-
logical outcomes but not cerebral vasospasm. The value of
other calcium antagonists, whether administered orally or
intravenously, remains uncertain.)

2. Maintenance of euvolemia and normal circulating
blood volume is recommended to prevent DCI (Class
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I; Level of Evidence B). (Revised recommendation
from previous guidelines)

3. Prophylactic hypervolemia or balloon angioplasty
before the development of angiographic spasm is not
recommended (Class III; Level of Evidence B). (New
recommendation)

4. Transcranial Doppler is reasonable to monitor for
the development of arterial vasospasm (Class IIa;
Level of Evidence B). (New recommendation)

5. Perfusion imaging with CT or magnetic resonance
can be useful to identify regions of potential brain
ischemia (Class IIa; Level of Evidence B). (New
recommendation)

6. Induction of hypertension is recommended for pa-
tients with DCI unless blood pressure is elevated at
baseline or cardiac status precludes it (Class I; Level
of Evidence B). (Revised recommendation from previ-
ous guidelines)

7. Cerebral angioplasty and/or selective intra-arterial
vasodilator therapy is reasonable in patients with
symptomatic cerebral vasospasm, particularly those
who are not rapidly responding to hypertensive
therapy (Class IIa; Level of Evidence B). (Revised
recommendation from previous guidelines)

Management of Hydrocephalus Associated
With aSAH

Acute hydrocephalus occurs in 15% to 87% of patients with
aSAH.234–240 Chronic shunt-dependent hydrocephalus, on
the other hand, occurs in 8.9% to 48% of patients with
aSAH.234–238,240–244 There is only 1 randomized, controlled
trial pertaining to the management of hydrocephalus associ-
ated with aSAH245 and 2 meta-analyses236,243; the rest of the
literature consists of nonrandomized case-control, case series,
or case reports. Acute hydrocephalus associated with aSAH is
usually managed by external ventricular drainage (EVD) or
lumbar drainage. EVD for patients with aSAH-associated
hydrocephalus is generally associated with neurological im-
provement.246–249 The risk of aneurysm rebleeding with EVD
has been studied in 3 retrospective case series, 1 of which
found a higher risk of rebleeding with EVD,250 whereas the
other 2 studies found no increased risk.239,251

Lumbar drainage for the treatment of aSAH-associated
hydrocephalus has been reported to be safe (no increase in the
risk of rebleeding), but it has only been examined in retro-
spective series,214,252–255 1 of which specifically evaluated
intraoperative lumbar drainage for brain relaxation.256 The
theoretical risk of tissue shift after placement of a lumbar
drain in patients with severe intracranial hypertension should
be considered when deciding what method of cerebrospinal
fluid diversion to use, particularly in patients with associated
intraparenchymal hematomas. When obstructive hydroceph-
alus is suspected, an EVD should be preferred. Preliminary
data have suggested that lumbar drainage is associated with
reduced incidence of vasospasm.214,255 Serial lumbar punc-
tures to manage acute aSAH-associated hydrocephalus have
been described as safe, but this strategy has only been
assessed in small retrospective series.239,257

Chronic hydrocephalus associated with aSAH is usually
treated with ventricular shunt placement. Only a proportion of
patients with aSAH-associated acute hydrocephalus develop

shunt-dependent chronic hydrocephalus. The method of deter-
mining which patients require ventricular shunt placement was
studied in a single-center, prospective, randomized, controlled
trial in which 41 patients were randomized to rapid weaning of
EVD (wean period �24 hours) and 40 patients were randomized
to gradual EVD weaning (wean period 96 hours).245 There was
no difference in the rate of shunt placement (63.4% rapid versus
62.5% gradual), but the gradual wean group had 2.8 more days
in the intensive care unit (P�0.0002) and 2.4 more days in the
hospital (P�0.0314).245

A number of retrospective series have attempted to identify
factors predictive of aSAH-associated shunt-dependent
chronic hydrocephalus.235,236,240,242 A meta-analysis236 of 5
nonrandomized studies236,258–261 with 1718 pooled patients
(1336 who underwent clipping, 382 who underwent coiling)
found a lower risk of shunt dependency in the clipping group
(relative risk, 0.74; 95% confidence interval, 0.58–0.94) than
in the coiling group (P�0.01); however, only 1 of the 5
studies showed an independent significant difference.258

Three other nonrandomized series not included in the meta-
analysis showed no significant difference between clipping
and coiling in shunt-dependent chronic hydrocepha-
lus.237,244,262 Fenestration of the lamina terminalis has been
suggested to reduce the incidence of shunt-dependent chronic
hydrocephalus, yet a meta-analysis243 of 11 nonrandomized
studies234,260,263–271 pooled 1973 patients (975 who had un-
dergone fenestration and 998 who had not) and found no
significant difference in shunt-dependent hydrocephalus be-
tween patients who had undergone fenestration of the lamina
terminalis and those who had not (10% in the fenestrated
cohort versus 14% in the nonfenestrated cohort; P�0.09). A
nonrandomized study not included in the meta-analysis com-
pared 95 patients who underwent aneurysm clipping, cisternal
blood evacuation, and lamina terminalis fenestration with 28
comparable, non– blood-cleansed, endovascular therapy–
treated patients and found that shunt-dependent hydrocepha-
lus occurred in 17% of surgical patients versus 33% of
patients treated with endovascular therapy (statistical signif-
icance not reported).237

Management of Hydrocephalus Associated With
aSAH: Recommendations

1. aSAH-associated acute symptomatic hydrocephalus
should be managed by cerebrospinal fluid diversion
(EVD or lumbar drainage, depending on the clinical
scenario) (Class I; Level of Evidence B). (Revised
recommendation from previous guidelines)

2. aSAH-associated chronic symptomatic hydrocepha-
lus should be treated with permanent cerebrospinal
fluid diversion (Class I; Level of Evidence C). (Re-
vised recommendation from previous guidelines)

3. Weaning EVD over >24 hours does not appear to be
effective in reducing the need for ventricular shunt-
ing (Class III; Level of Evidence B). (New
recommendation)

4. Routine fenestration of the lamina terminalis is not
useful for reducing the rate of shunt-dependent
hydrocephalus and therefore should not be routinely
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performed. (Class III; Level of Evidence B). (New
recommendation)

Management of Seizures Associated
With aSAH

The incidence, future implications, and management of sei-
zures associated with aSAH are controversial. At present, no
randomized, controlled trials are available to guide decisions
on prophylaxis or treatment of seizures.2,272 A relatively high
percentage of aSAH patients (as many as 26%) experience
seizure-like episodes,99,272,273 but it remains unclear whether
these episodes are verifiably epileptic in origin.99,274 More
recent retrospective reviews suggest a lower seizure inci-
dence of 6% to 18%,275–278 and 2 of these studies276,278 found
that the majority of such patients reported onset of seizure
occurring before medical evaluation. Delayed seizures occurred
in 3% to 7% of patients.276,278 Retrospective studies have
identified several risk factors for the development of early
seizures associated with aSAH, including aneurysm in the
middle cerebral artery,279 thickness of aSAH clot,276 associated
intracerebral hematoma,280–282 rebleeding,276 infarction,283 poor
neurological grade,276 and history of hypertension.98

The mode of treatment for patients with ruptured aneu-
rysms also appears to influence the subsequent development
of seizures. One study of patients treated by endovascular
means reported no periprocedural seizures and a delayed
seizure rate of 3%.284 Moreover, extended follow-up of
patients enrolled in the ISAT demonstrated a significantly
lower incidence of seizures in patients treated with endovas-
cular coiling.140 The association between seizures and func-
tional outcome remains unclear. Some studies have reported
no impact on outcome,276,278 whereas others found seizures to
be independently associated with worse outcome.275 Two
recent large, retrospective, single-institution studies of pa-
tients with aSAH found that nonconvulsive status epilepticus
is a very strong predictor of a poor outcome.285,286 Although
high-quality evidence for routine anticonvulsant use in aSAH
is lacking, short-term prophylactic antiepileptic therapy is
still commonly used in patients with aSAH,274,276,278 based on
the argument that seizures in acutely ill patients with aSAH
could lead to additional injury or rebleeding from an unse-
cured aneurysm. Evidence from a few relatively small non-
randomized studies of craniotomy patients supports this
position,281,282,287 but the efficacy of routine use of anticon-
vulsants in patients with aSAH managed with microsurgical
techniques remains unproven.288–290

Any purported benefit of routine anticonvulsant use in
aSAH must be tempered by a consideration of the potential
risks of such use. In 1 large single-institution study in which
anticonvulsants were used routinely, adverse drug effects
were seen in 23% of patients.276 Another single-center retro-
spective study found that the use of prophylactic phenytoin
was independently associated with a worse cognitive out-
come at 3 months after aSAH.291 Data pooled from trials of
the impact of other therapies also suggest a worse outcome in
those treated with anticonvulsants, but use of anticonvulsants
was also associated with vasospasm, DCI, and fever, which
suggests that there may have been bias in who was treated
with antiepileptic drugs.292 Although retrospective studies

have not demonstrated a benefit for use of prophylactic
anticonvulsants after aSAH,273,288 the studies were small and
hampered by limitations (eg, anticonvulsant levels were not
routinely monitored).2,273,288

Management of Seizures Associated With aSAH:
Recommendations

1. The use of prophylactic anticonvulsants may be
considered in the immediate posthemorrhagic pe-
riod (Class IIb; Level of Evidence B).

2. The routine long-term use of anticonvulsants is not
recommended (Class III; Level of Evidence B) but
may be considered for patients with known risk
factors for delayed seizure disorder, such as prior
seizure, intracerebral hematoma, intractable hyper-
tension, infarction, or aneurysm at the middle cere-
bral artery (Class IIb; Level of Evidence B).

Management of Medical Complications
Associated With aSAH

Both hypernatremia and hyponatremia are frequently ob-
served in the acute phase after aSAH.293,294 The reported
incidence of hyponatremia in this disease ranges from 10% to
30%. Hyponatremia has been chronologically associated with
the onset of sonographic and clinical vasospasm.295,296 Hy-
ponatremia can develop from different mechanisms after
aSAH. The syndrome cerebral salt wasting is produced by
excessive secretion of natriuretic peptides and causes hypo-
natremia from excessive natriuresis, which may also provoke
volume contraction.297 The diagnosis of cerebral salt wasting
is more common in patients with poor clinical grade, ruptured
anterior communicating artery aneurysms, and hydrocepha-
lus, and it may be an independent risk factor for poor
outcome.298–300 Uncontrolled studies using crystalloid or
colloid agents suggest that aggressive volume resuscitation
can ameliorate the effect of cerebral salt wasting on the risk
of cerebral ischemia after aSAH.301,302 One retrospective
study has suggested that 3% saline solution is effective in
correcting hyponatremia in this setting.303 In addition, use of
hypertonic saline solution appears to increase regional cere-
bral blood flow, brain tissue oxygen, and pH in patients with
high-grade aSAH.304

Two randomized, controlled trials have been performed to
evaluate fludrocortisones to correct hyponatremia and fluid
balance. One trial found that it helped to correct the negative
sodium balance, and the other reported a reduced need for
fluids and improved sodium levels using this mineralocorti-
coid.305,306 A similar randomized, placebo-controlled trial
showed reduced natriuresis and a lower rate of hyponatremia
in aSAH patients treated with hydrocortisone.307 The value of
albumin as an efficient volume expander during the vasospasm
phase in aSAH has been suggested in uncontrolled studies, but
there is no clear evidence of its superiority over crystalloids in
patients with aSAH.308

Fever is the most common medical complication in
aSAH.309 The presence of fever of noninfectious (central)
origin has been associated with severity of injury, amount of
hemorrhage, and development of vasospasm, and it may
represent a marker of a systemic inflammatory state triggered
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by blood and its byproducts.310–312 Analysis of data from a
prospectively collected registry of aSAH indicated that fever
was independently associated with worse cognitive outcome
in survivors of aSAH.313,314 Improved functional outcome
with effective control of fever has been reported.315

Both animal studies and human case series have demonstrated
an association between elevated blood glucose concentration and
poor outcome after ischemic brain injury.316–323 The mecha-
nisms explaining such an association in human beings are
unclear. Data obtained from consecutive patients with aSAH
using historical controls to compare aggressive versus stan-
dard management of hyperglycemia suggest that effective
glucose control after aSAH can significantly reduce the risk
of poor outcome in these patients.324 Nevertheless, even
serum glucose levels within the normal range may be asso-
ciated with brain energy metabolic crisis and lactate-pyruvate
ratio elevation in patients with poor-grade aSAH.325

Anemia is common after aSAH and may compromise brain
oxygen delivery.326 Transfusion of red blood cells in anemic
patients with aSAH results in a significant rise in cerebral
oxygen delivery and a reduction in oxygen extraction ratio.327

Data obtained from prospective registries of patients with aSAH
suggest that higher hemoglobin values are associated with
improved outcomes after aSAH.328,329 Nevertheless, thresholds
for blood transfusion have been dictated in a nonsystematic
manner and have therefore varied widely. Furthermore, red
blood cell transfusions, as used in daily practice, have been
associated with worse outcomes in aSAH in some series.330,331

Recently, a prospective randomized trial has shown the safety
and feasibility of keeping a higher hemoglobin goal in patients
with aSAH who are at high risk of vasospasm.332 The optimal
hemoglobin goal after aSAH is not yet known, however.

Two additional medical complications are heparin-induced
thrombocytopenia333–335 and deep venous thrombosis. With
regard to the former, the incidence, based on 3 single-center
series, is likely �5% and does not appear to be related to the
use of heparin for deep venous thrombosis prophylaxis, but
rather to the number of angiographic procedures performed.
Patients with heparin-induced thrombocytopenia type II appear
to have higher rates of thrombotic complications and symptom-
atic vasospasm/DCI, more deaths, and significantly less favor-
able outcomes. It is currently unclear whether there is a practical
means of preventing heparin-induced thrombocytopenia, given
the need for heparin in many angiographic procedures, but it is
clearly important to recognize this complication to avoid further
heparin exposure and to use instead a nonheparin alternative
under the guidance of a hematologist.336 By comparison, deep
venous thrombosis has long been recognized as a relatively
frequent occurrence after aSAH, especially in patients immobi-
lized because of poor mental status.337,338 Nevertheless, in
examining cohorts in which routine prophylaxis (subcutaneous

heparinoids and external pneumatic compression sleeves) was
used, recent data suggest that although screening protocols may
identify additional cases of asymptomatic thrombosis, there is no
significant difference in the incidence of pulmonary embolism
between those screened and those not screened.

Management of Medical Complications Associated
With aSAH: Recommendations

1. Administration of large volumes of hypotonic fluids
and intravascular volume contraction is not recom-
mended after aSAH (Class III; Level of Evidence B).

2. Monitoring volume status in certain patients with
recent aSAH by some combination of central venous
pressure, pulmonary wedge pressure, and fluid bal-
ance is reasonable, as is treatment of volume con-
traction with crystalloid or colloid fluids (Class IIa;
Level of Evidence B).

3. Aggressive control of fever to a target of normothermia
by use of standard or advanced temperature modulat-
ing systems is reasonable in the acute phase of aSAH
(Class IIa; Level of Evidence B). (New recommendation)

4. Careful glucose management with strict avoidance
of hypoglycemia may be considered as part of the
general critical care management of patients with
aSAH (Class IIb; Level of Evidence B).

5. The use of packed red blood cell transfusion to treat
anemia might be reasonable in patients with aSAH
who are at risk of cerebral ischemia. The optimal
hemoglobin goal is still to be determined (Class IIb;
Level of Evidence B). (New recommendation)

6. The use of fludrocortisone acetate and hypertonic
saline solution is reasonable for preventing and cor-
recting hyponatremia (Class IIa; Level of Evidence B).

7. Heparin-induced thrombocytopenia and deep ve-
nous thrombosis are relatively frequent complica-
tions after aSAH. Early identification and targeted
treatment are recommended, but further research is
needed to identify the ideal screening paradigms
(Class I; Level of Evidence B). (New recommendation)

Summary and Conclusions
The management of aSAH is a complex undertaking, and the
current state of knowledge is in rapid evolution. This update,
which is based on a mere 42 months of publications,
identified 22 new recommendations (Table 4), 5 of which
were Class I recommendations. There were also 9 changes in
prior recommendations. In total, there are now 22 Class I
recommendations (Table 3). Although these data show that
frequent revision of these guidelines is clearly needed, the data
presented here only begin to scratch the surface of the burgeon-
ing knowledge in this fast-developing field. Those faced with
managing these patients will thus do well to use these guidelines
as merely the starting point for doing everything possible to
improve the outcomes of patients with aSAH.
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Martin N, Viñuela F. Guglielmi detachable coil embolization of cerebral
aneurysms: 11 years’ experience. J Neurosurg. 2003;98:959–966.

140. Molyneux AJ, Kerr RS, Yu LM, Clarke M, Sneade M, Yarnold JA,
Sandercock P; International Subarachnoid Aneurysm Trial (ISAT) Col-
laborative Group. International Subarachnoid Aneurysm Trial (ISAT) of
neurosurgical clipping versus endovascular coiling in 2143 patients with
ruptured intracranial aneurysms: a randomised comparison of effects on
survival, dependency, seizures, rebleeding, subgroups, and aneurysm
occlusion. Lancet. 2005;366:809–817.

141. Karamanakos PN, Koivisto T, Vanninen R, Khallaf M, Ronkainen A,
Parviainen I, Manninen H, von und zu Fraunberg M, Morgan MK,
Jaaskelainen JE, Hernesniemi J, Rinne J. The impact of endovascular
management on the outcome of aneurysmal subarachnoid hemorrhage in
the elderly in Eastern Finland. Acta Neurochir (Wien). 2010;152:
1493–1502.

142. Bakker NA, Metzemaekers JD, Groen RJ, Mooij JJ, Van Dijk JM.
International Subarachnoid Aneurysm Trial 2009: endovascular coiling
of ruptured intracranial aneurysms has no significant advantage over
neurosurgical clipping. Neurosurgery. 2010;66:961–962.

143. Risselada R, Lingsma HF, Bauer-Mehren A, Friedrich CM, Molyneux
AJ, Kerr RS, Yarnold J, Sneade M, Steyerberg EW, Sturkenboom MC.
Prediction of 60 day case-fatality after aneurysmal subarachnoid haem-
orrhage: results from the International Subarachnoid Aneurysm Trial
(ISAT). Eur J Epidemiol. 2010;25:261–266.

144. Ioannidis I, Lalloo S, Corkill R, Kuker W, Byrne JV. Endovascular
treatment of very small intracranial aneurysms. J Neurosurg. 2010;112:
551–556.

1732 Stroke June 2012

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 14, 2020



145. Piotin M, Blanc R, Spelle L, Mounayer C, Piantino R, Schmidt PJ,
Moret J. Stent-assisted coiling of intracranial aneurysms: clinical and
angiographic results in 216 consecutive aneurysms. Stroke. 2010;41:
110–115.

146. Deng J, Zhao Z, Gao G. Periprocedural complications associated with
endovascular embolisation of intracranial ruptured aneurysms with
matrix coils. Singapore Med J. 2007;48:429–433.

147. Brisman JL, Niimi Y, Song JK, Berenstein A. Aneurysmal rupture
during coiling: low incidence and good outcomes at a single large
volume center. Neurosurgery. 2005;57:1103–1109.

148. Ishii A, Murayama Y, Nien YL, Yuki I, Adapon PH, Kim R, Jahan R,
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vascular treatment of basilar artery trunk aneurysms with Guglielmi
detachable coils: clinical experience with 41 aneurysms in 39 patients.
J Neurosurg. 2001;95:624–632.

161. Andaluz N, Zuccarello M. Recent trends in the treatment of cerebral
aneurysms: analysis of a nationwide inpatient database. J Neurosurg.
2008;108:1163–1169.

162. Bardach NS, Zhao S, Gress DR, Lawton MT, Johnston SC. Association
between subarachnoid hemorrhage outcomes and number of cases
treated at California hospitals. Stroke. 2002;33:1851–1856.

163. Varelas PN, Schultz L, Conti M, Spanaki M, Genarrelli T, Hacein-Bey
L. The impact of a neuro-intensivist on patients with stroke admitted to
a neurosciences intensive care unit. Neurocrit Care. 2008;9:293–299.

164. Crowley RW, Yeoh HK, Stukenborg GJ, Ionescu AA, Kassell NF,
Dumont AS. Influence of weekend versus weekday hospital admission
on mortality following subarachnoid hemorrhage: clinical article. J Neu-
rosurg. 2009;111:60–66.

165. Stevens RD, Naval NS, Mirski MA, Citerio G, Andrews PJ. Intensive
care of aneurysmal subarachnoid hemorrhage: an international survey.
Intensive Care Med. 2009;35:1556–1566.

166. Accreditation Council on Graduate Medical Education. ACGME
program requirements for fellowship education in endovascular
surgicalneuroradiology.http://www.acgme.org/acWebsite/RRC_160/
160_prIndex.asp. Accessed October 26, 2010.

167. Alberts MJ, Latchaw RE, Selman WR, Shephard T, Hadley MN, Brass
LM, Koroshetz W, Marler JR, Booss J, Zorowitz RD, Croft JB, Magnis
E, Mulligan D, Jagoda A, O’Connor R, Cawley CM, Connors JJ,
Rose-DeRenzy JA, Emr M, Warren M, Walker MD; Brain Attack
Coalition. Recommendations for comprehensive stroke centers: a con-
sensus statement from the Brain Attack Coalition. Stroke. 2005;36:
1597–1616.

168. Farrar JK, Gamache FW Jr, Ferguson GG, Barker J, Varkey GP, Drake
CG. Effects of profound hypotension on cerebral blood flow during
surgery for intracranial aneurysms. J Neurosurg. 1981;55:857–864.

169. Hitchcock ER, Tsementzis SA, Dow AA. Short- and long-term
prognosis of patients with a subarachnoid haemorrhage in relation to
intra-operative period of hypotension. Acta Neurochir (Wien). 1984;70:
235–242.

170. Hoff RG, Van Dijk GW, Mettes S, Verweij BH, Algra A, Rinkel GJ,
Kalkman CJ. Hypotension in anaesthetized patients during aneurysm
clipping: not as bad as expected? Acta Anaesthesiol Scand. 2008;52:
1006–1011.

171. Pasternak JJ, McGregor DG, Schroeder DR, Lanier WL, Shi Q,
Hindman BJ, Clarke WR, Torner JC, Weeks JB, Todd MM; IHAST
Investigators. Hyperglycemia in patients undergoing cerebral aneurysm
surgery: its association with long-term gross neurologic and neuropsy-
chological function. Mayo Clin Proc. 2008;83:406–417.

172. Batjer HH, Frankfurt AI, Purdy PD, Smith SS, Samson DS. Use of
etomidate, temporary arterial occlusion, and intraoperative angiography
in surgical treatment of large and giant cerebral aneurysms. J Neurosurg.
1988;68:234–240.

173. Bendtsen AO, Cold GE, Astrup J, Rosenørn J. Thiopental loading during
controlled hypotension for intracranial aneurysm surgery. Acta Anaes-
thesiol Scand. 1984;28:473–477.

174. Chen L, Gong Q, Xiao C. Effects of propofol, midazolam and thiopental
sodium on outcome and amino acids accumulation in focal cerebral
ischemia-reperfusion in rats. Chin Med J (Engl). 2003;116:292–296.

175. Cheng MA, Theard MA, Tempelhoff R. Intravenous agents and intra-
operative neuroprotection: beyond barbiturates. Crit Care Clin. 1997;
13:185–199.

176. Lei B, Popp S, Cottrell JE, Kass IS. Effects of midazolam on brain injury
after transient focal cerebral ischemia in rats*. J Neurosurg Anesthesiol.
2009;21:131–139.

177. McDermott MW, Durity FA, Borozny M, Mountain MA. Temporary
vessel occlusion and barbiturate protection in cerebral aneurysm
surgery. Neurosurgery. 1989;25:54–61.

178. McGregor DG, Lanier WL, Pasternak JJ, Rusy DA, Hogan K, Samra S,
Hindman B, Todd MM, Schroeder DR, Bayman EO, Clarke W, Torner
J, Weeks J; Intraoperative Hypothermia for Aneurysm Surgery Trial
Investigators. Effect of nitrous oxide on neurologic and neuropsycho-
logical function after intracranial aneurysm surgery. Anesthesiology.
2008;108:568–579.
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280. Cabral NL, Gonçalves AR, Longo AL, Moro CH, Costa G, Amaral CH,
Fonseca LA, Eluf-Neto J. Incidence of stroke subtypes, prognosis and
prevalence of risk factors in Joinville, Brazil: a 2 year community based
study. J Neurol Neurosurg Psychiatry. 2009;80:755–761.

281. Kvam DA, Loftus CM, Copeland B, Quest DO. Seizures during the
immediate postoperative period. Neurosurgery. 1983;12:14–17.

282. Matthew E, Sherwin AL, Welner SA, Odusote K, Stratford JG. Seizures
following intracranial surgery: incidence in the first post-operative
week. Can J Neurol Sci. 1980;7:285–290.

283. Kotila M, Waltimo O. Epilepsy after stroke. Epilepsia. 1992;33:
495–498.

284. Byrne JV, Boardman P, Ioannidis I, Adcock J, Traill Z. Seizures after
aneurysmal subarachnoid hemorrhage treated with coil embolization.
Neurosurgery. 2003;52:545–552.

285. Dennis LJ, Claassen J, Hirsch LJ, Emerson RG, Connolly ES, Mayer
SA. Nonconvulsive status epilepticus after subarachnoid hemorrhage.
Neurosurgery. 2002;51:1136–1143.

286. Little AS, Kerrigan JF, McDougall CG, Zabramski JM, Albuquerque
FC, Nakaji P, Spetzler RF. Nonconvulsive status epilepticus in patients
suffering spontaneous subarachnoid hemorrhage. J Neurosurg. 2007;
106:805–811.

287. North JB, Penhall RK, Hanieh A, Frewin DB, Taylor WB. Phenytoin
and postoperative epilepsy: a double-blind study. J Neurosurg. 1983;
58:672–677.

288. O’Laoire SA. Epilepsy following neurosurgical intervention. Acta Neu-
rochir Suppl (Wien). 1990;50:52–54.

289. Sbeih I, Tamas LB, O’Laoire SA. Epilepsy after operation for aneu-
rysms. Neurosurgery. 1986;19:784–788.

290. Shaw MD. Post-operative epilepsy and the efficacy of anticonvulsant
therapy. Acta Neurochir Suppl (Wien). 1990;50:55–57.

291. Naidech AM, Kreiter KT, Janjua N, Ostapkovich N, Parra A, Com-
michau C, Connolly ES, Mayer SA, Fitzsimmons BF. Phenytoin
exposure is associated with functional and cognitive disability after
subarachnoid hemorrhage. Stroke. 2005;36:583–587.

292. Rosengart AJ, Huo JD, Tolentino J, Novakovic RL, Frank JI, Gold-
enberg FD, Macdonald RL. Outcome in patients with subarachnoid
hemorrhage treated with antiepileptic drugs. J Neurosurg. 2007;107:
253–260.

293. Disney L, Weir B, Grace M, Roberts P. Trends in blood pressure,
osmolality and electrolytes after subarachnoid hemorrhage from aneu-
rysms. Can J Neurol Sci. 1989;16:299–304.

294. James IM. Electrolyte changes in patients with subarachnoid haemor-
rhage. Clin Sci. 1972;42:179–187.

295. Chandy D, Sy R, Aronow WS, Lee WN, Maguire G, Murali R. Hypo-
natremia and cerebrovascular spasm in aneurysmal subarachnoid hem-
orrhage. Neurol India. 2006;54:273–275.

296. Nakagawa I, Kurokawa S, Takayama K, Wada T, Nakase H. Increased
urinary sodium excretion in the early phase of aneurysmal subarachnoid
hemorrhage as a predictor of cerebral salt wasting syndrome [in
Japanese]. Brain Nerve. 2009;61:1419–1423.

297. Rahman M, Friedman WA. Hyponatremia in neurosurgical patients:
clinical guidelines development. Neurosurgery. 2009;65:925–935.

298. Brouwers PJ, Dippel DW, Vermeulen M, Lindsay KW, Hasan D, van
Gijn J. Amount of blood on computed tomography as an independent
predictor after aneurysm rupture. Stroke. 1993;24:809–814.

299. Qureshi AI, Suri MF, Sung GY, Straw RN, Yahia AM, Saad M,
Guterman LR, Hopkins LN. Prognostic significance of hypernatremia
and hyponatremia among patients with aneurysmal subarachnoid hem-
orrhage. Neurosurgery. 2002;50:749–755.

300. Sayama T, Inamura T, Matsushima T, Inoha S, Inoue T, Fukui M. High
incidence of hyponatremia in patients with ruptured anterior communi-
cating artery aneurysms. Neurol Res. 2000;22:151–155.

301. Harrigan MR. Cerebral salt wasting syndrome. Crit Care Clin. 2001;
17:125–138.

302. Naval NS, Stevens RD, Mirski MA, Bhardwaj A. Controversies in the
management of aneurysmal subarachnoid hemorrhage. Crit Care Med.
2006;34:511–524.

303. Suarez JI, Qureshi AI, Parekh PD, Razumovsky A, Tamargo RJ,
Bhardwaj A, Ulatowski JA. Administration of hypertonic (3%) sodium
chloride/acetate in hyponatremic patients with symptomatic vasospasm
following subarachnoid hemorrhage. J Neurosurg Anesthesiol. 1999;11:
178–184.

304. Al-Rawi PG, Tseng MY, Richards HK, Nortje J, Timofeev I, Matta BF,
Hutchinson PJ, Kirkpatrick PJ. Hypertonic saline in patients with
poor-grade subarachnoid hemorrhage improves cerebral blood flow,
brain tissue oxygen, and pH. Stroke. 2010;41:122–128.

305. Hasan D, Lindsay KW, Wijdicks EF, Murray GD, Brouwers PJ, Bakker
WH, van Gijn J, Vermeulen M. Effect of fludrocortisone acetate in
patients with subarachnoid hemorrhage. Stroke. 1989;20:1156–1161.

306. Mori T, Katayama Y, Kawamata T, Hirayama T. Improved efficiency of
hypervolemic therapy with inhibition of natriuresis by fludrocortisone in
patients with aneurysmal subarachnoid hemorrhage. J Neurosurg. 1999;
91:947–952.

307. Katayama Y, Haraoka J, Hirabayashi H, Kawamata T, Kawamoto K,
Kitahara T, Kojima J, Kuroiwa T, Mori T, Moro N, Nagata I, Ogawa A,
Ohno K, Seiki Y, Shiokawa Y, Teramoto A, Tominaga T, Yoshimine T.
A randomized controlled trial of hydrocortisone against hyponatremia in
patients with aneurysmal subarachnoid hemorrhage. Stroke. 2007;38:
2373–2375.

308. Mayer SA, Solomon RA, Fink ME, Lennihan L, Stern L, Beckford A,
Thomas CE, Klebanoff LM. Effect of 5% albumin solution on sodium
balance and blood volume after subarachnoid hemorrhage. Neuro-
surgery. 1998;42:759–767.

309. Kilpatrick MM, Lowry DW, Firlik AD, Yonas H, Marion DW. Hyper-
thermia in the neurosurgical intensive care unit. Neurosurgery. 2000;
47:850–855.

310. Dorhout Mees SM, Luitse MJ, van den Bergh WM, Rinkel GJ. Fever
after aneurysmal subarachnoid hemorrhage: relation with extent of
hydrocephalus and amount of extravasated blood. Stroke. 2008;39:
2141–2143.

1736 Stroke June 2012

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 14, 2020



311. Stevens RD, Nyquist PA. The systemic implications of aneurysmal
subarachnoid hemorrhage. J Neurol Sci. 2007;261:143–156.

312. Rabinstein AA, Sandhu K. Non-infectious fever in the neurological
intensive care unit: incidence, causes and predictors. J Neurol Neu-
rosurg Psychiatry. 2007;78:1278–1280.

313. Fernandez A, Schmidt JM, Claassen J, Pavlicova M, Huddleston D,
Kreiter KT, Ostapkovich ND, Kowalski RG, Parra A, Connolly ES,
Mayer SA. Fever after subarachnoid hemorrhage: risk factors and
impact on outcome. Neurology. 2007;68:1013–1019.

314. Zhang G, Zhang JH, Qin X. Fever increased in-hospital mortality after
subarachnoid hemorrhage. Acta Neurochir Suppl. 2011;110:239–243.

315. Badjatia N, Fernandez L, Schmidt JM, Lee K, Claassen J, Connolly ES,
Mayer SA. Impact of induced normothermia on outcome after subarach-
noid hemorrhage: a case-control study. Neurosurgery. 2010;66:
696–700.

316. Bruno A, Levine SR, Frankel MR, Brott TG, Lin Y, Tilley BC, Lyden
PD, Broderick JP, Kwiatkowski TG, Fineberg SE; NINDS rt-PA Stroke
Study Group. Admission glucose level and clinical outcomes in the
NINDS rt-PA Stroke Trial. Neurology. 2002;59:669–674.

317. Krinsley JS. Effect of an intensive glucose management protocol on the
mortality of critically ill adult patients [published correction appears in
Mayo Clin Proc. 2005;80:1101]. Mayo Clin Proc. 2004;79:992–1000.

318. Lanier WL, Stangland KJ, Scheithauer BW, Milde JH, Michenfelder JD.
The effects of dextrose infusion and head position on neurologic
outcome after complete cerebral ischemia in primates: examination of a
model. Anesthesiology. 1987;66:39–48.

319. Longstreth WT Jr, Diehr P, Inui TS. Prediction of awakening after
out-of-hospital cardiac arrest. N Engl J Med. 1983;308:1378–1382.

320. Longstreth WT Jr, Inui TS. High blood glucose level on hospital
admission and poor neurological recovery after cardiac arrest. Ann
Neurol. 1984;15:59–63.

321. Wass CT, Lanier WL. Glucose modulation of ischemic brain injury:
review and clinical recommendations. Mayo Clin Proc. 1996;71:
801–812.

322. Weir CJ, Murray GD, Dyker AG, Lees KR. Is hyperglycaemia an
independent predictor of poor outcome after acute stroke? Results of a
long-term follow up study. BMJ. 1997;314:1303–1306.

323. Young B, Ott L, Dempsey R, Haack D, Tibbs P. Relationship between
admission hyperglycemia and neurologic outcome of severely brain-
injured patients. Ann Surg. 1989;210:466–472.

324. Schlenk F, Vajkoczy P, Sarrafzadeh A. Inpatient hyperglycemia fol-
lowing aneurysmal subarachnoid hemorrhage: relation to cerebral me-
tabolism and outcome. Neurocrit Care. 2009;11:56–63.

325. Helbok R, Schmidt JM, Kurtz P, Hanafy KA, Fernandez L, Stuart RM,
Presciutti M, Ostapkovich ND, Connolly ES, Lee K, Badjatia N, Mayer
SA, Claassen J. Systemic glucose and brain energy metabolism after
subarachnoid hemorrhage. Neurocrit Care. 2010;12:317–323.

326. Giller CA, Wills MJ, Giller AM, Samson D. Distribution of hematocrit
values after aneurysmal subarachnoid hemorrhage. J Neuroimaging.
1998;8:169–170.

327. Dhar R, Zazulia AR, Videen TO, Zipfel GJ, Derdeyn CP, Diringer MN.
Red blood cell transfusion increases cerebral oxygen delivery in anemic
patients with subarachnoid hemorrhage. Stroke. 2009;40:3039–3044.

328. Naidech AM, Drescher J, Ault ML, Shaibani A, Batjer HH, Alberts MJ.
Higher hemoglobin is associated with less cerebral infarction, poor
outcome, and death after subarachnoid hemorrhage. Neurosurgery.
2006;59:775–779.

329. Naidech AM, Jovanovic B, Wartenberg KE, Parra A, Ostapkovich N,
Connolly ES, Mayer SA, Commichau C. Higher hemoglobin is asso-
ciated with improved outcome after subarachnoid hemorrhage. Crit
Care Med. 2007;35:2383–2389.

330. Kramer AH, Gurka MJ, Nathan B, Dumont AS, Kassell NF, Bleck TP.
Complications associated with anemia and blood transfusion in patients
with aneurysmal subarachnoid hemorrhage. Crit Care Med. 2008;36:
2070–2075.

331. Smith MJ, Le Roux PD, Elliott JP, Winn HR. Blood transfusion and
increased risk for vasospasm and poor outcome after subarachnoid
hemorrhage. J Neurosurg. 2004;101:1–7.

332. Naidech AM, Shaibani A, Garg RK, Duran IM, Liebling SM, Bassin SL,
Bendok BR, Bernstein RA, Batjer HH, Alberts MJ. Prospective, ran-
domized trial of higher goal hemoglobin after subarachnoid hemorrhage.
Neurocrit Care. 2010;13:313–320.

333. Alaraj A, Wallace A, Mander N, Aletich V, Charbel FT, Amin-Hanjani
S. Risk factors for heparin-induced thrombocytopenia type II in aneu-
rysmal subarachnoid hemorrhage. Neurosurgery. 2011;69:1030–1036.

334. Kim GH, Hahn DK, Kellner CP, Komotar RJ, Starke R, Garrett MC,
Yao J, Cleveland J, Mayer SA, Connolly ES. The incidence of heparin-
induced thrombocytopenia type II in patients with subarachnoid hem-
orrhage treated with heparin versus enoxaparin. J Neurosurg. 2009;110:
50–57.

335. Hoh BL, Aghi M, Pryor JC, Ogilvy CS. Heparin-induced thrombocy-
topenia type II in subarachnoid hemorrhage patients: incidence and
complications. Neurosurgery. 2005;57:243–248.

336. Lassila R, Antovic JP, Armstrong E, Baghaei F, Dalsgaard-Nielsen J,
Hillarp A, Holme PA, Holmstrom M, Johnsson H, Joutsi-Korhonen L,
Sandset PM. Practical viewpoints on the diagnosis and management of
heparin-induced thrombocytopenia. Semin Thromb Hemost. 2011;37:
328–336.

337. Ray WZ, Strom RG, Blackburn SL, Ashley WW, Sicard GA, Rich KM.
Incidence of deep venous thrombosis after subarachnoid hemorrhage.
J Neurosurg. 2009;110:1010–1014.

338. Mack WJ, Ducruet AF, Hickman ZL, Kalyvas JT, Cleveland JR, Mocco
J, Schmidt M, Mayer SA, Connolly ES Jr. Doppler ultrasonography
screening of poor-grade subarachnoid hemorrhage patients increases the
diagnosis of deep venous thrombosis. Neurol Res. 2008;30:889–892.

Connolly et al Management of Aneurysmal Subarachnoid Hemorrhage 1737

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 14, 2020


