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The publication of the update of the AHA Guidelines for
the Management of Aneurysmal Subarachnoid Hemor-
rhage (SAH) had been long awaited. The previous version
of the guidelines dated back to 1994 [1]. Hence, the writing
group had to take on the colossal task of reviewing the
literature on SAH spanning from 1994 to 2006. It is no
surprise that the resulting document is long and boasts over
500 references. These guidelines are a great resource to
review what we know about aneurysmal SAH and an even
better framework to discuss and highlight what we still
need to learn to improve the care of SAH patients.

The purpose of this succinct comment on the AHA SAH
guidelines will not be to criticize its deficiencies. The
authors should actually be commended for their courage
and dedication. Writing these guidelines must have been a
tremendously challenging and time-demanding chore.
Instead, I will try to concentrate on the main messages of
the document and point out the gaps on our knowledge
which become readily apparent after reading the guidelines
and should be the focus of future research.

Guidelines must be based on a careful review of the
evidence. However, there are few areas in the management
of SAH for which we have conclusive evidence from
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rigorous randomized, controlled clinical trials, or large
prospective cohort studies. In the absence of level of evi-
dence A (i.e., data from multiple randomized trials for
treatment or from multiple prospective cohort studies using
a reference standard applied by a masked evaluator), the
recommendations of the authors need to be cautious. If the
questions are not clearly resolved by undeniable evidence,
different interpretations of lesser quality studies and the
positions of experts on the field have to be weighed in
proposing those recommendations. Satisfying all of those
positions, which are often encountered albeit based on
reasonable arguments, may be extremely difficult. This
caveat accounts for the paucity of Class I recommendations
and may explain why the writing group chose a relatively
open language in the wording of various recommendations
(for example when referring to coiling versus clipping of
the ruptured aneurysm, the use of intraoperative hypo-
thermia during aneurysm clipping, or the early, short-term
administration of antifibrinolytics in selected patients at
high risk of rebleeding).

Despite its length, these guidelines cannot be fully
comprehensive. A whole book would be required to
address all the topics that pertain to the management of
aneurysmal SAH patients in detail. But even with that
consideration in mind, it is notable to realize that the
document is clearly more solid when discussing the epi-
demiology of SAH than it is when referring to the
management of vasospasm, despite the fact that the timely
diagnosis and effective treatment of vasospasm constitutes
one of the most important goals in the neurocritical care of
these patients. The reason for this discrepancy is simple.
The literature on the epidemiology of SAH is far stronger
than the information on the diagnosis and treatment of
vasospasm. The guidelines merely reflect the deficiencies
in our scientific knowledge.
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The following two sections will summarize the most
important recommendations provided in the guidelines
based on available evidence and outline some of the areas
in which quality information is lacking and further research
is needed.

The Present Evidence
Risk Factors for Aneurysmal SAH

Hypertension, smoking, heavy alcohol use, consumption of
sympathomimetic drugs (such as cocaine), certain inherited
conditions (autosomal dominant polycystic kidney disease,
Ehlers Danlos type IV), and familial intracranial aneurysms
are associated with increased risk of SAH. Also, patients
with a previous ruptured aneurysm who have other aneu-
rysms may be at increased risk.

Prevention of SAH

Treatment of hypertension and smoking cessation are rea-
sonable but their value in reducing the risk of SAH has not
been determined. Screening individuals at high-risk for
harboring intracranial aneurysms is given a Class IIb rec-
ommendation (i.e., usefulness less well-established by
evidence or opinion), but there is very limited data to
evaluate if screening these individuals is cost-effective and
to assess the risk-benefit ratio of treating those individuals
with documented aneurysms.

Natural History and Outcome

It is clear that the severity of the hemorrhage as gauged by
the initial clinical presentation is the most important
determinant of outcome. Patients suspected of having SAH
must be evaluated emergently because the risk of reblee-
ding is highest in the first few hours after aneurysm rupture
[2, 3].

Diagnosis of SAH

SAH is too often misdiagnosed [4]. Head CT scan must
always be done when SAH is part of the differential
diagnosis and lumbar puncture should follow when the CT
scan is negative. Catheter cerebral angiography should be
performed in patients with SAH (Class I, Level of
Evidence B). Non-invasive vascular imaging techniques
(MR angiography or CT angiography) can be considered
when conventional angiography cannot be performed in a
timely manner (Class IIb, Level of Evidence B). These
non-invasive techniques are quite sensitive for the detec-
tion of aneurysms >5 mm in maximal diameter, but their

sensitivity remains lower (albeit improving) for smaller
aneurysms.

Emergency Evaluation and Preoperative Care

Bedrest is useful but certainly not sufficient to prevent
rebleeding. Blood pressure should be monitored and con-
trolled balancing the possible risk of hypertension inducing
rebleeding versus hypotension compromising cerebral
perfusion. Short-term use of antifibrinolytics started very
promptly after aneurysm rupture “may be reasonable” in
selected patients deemed to be at particularly high risk of
rebleeding, as long as this practice is combined with early
treatment of the aneurysm and measures to prevent volume
contraction and hypotension.

Systems of Care

Early referral to high-volume centers with access to cere-
brovascular surgeons and endovascular specialists is
recommended (Class Ila, Level of Evidence B) [5-8].

Treatment of the Ruptured Aneurysm

This was the longest section of the guidelines and tried to
balance the results of ISAT (the only international, mul-
ticenter, prospective, randomized study of endovascular
versus surgical treatment of ruptured aneurysms) [9, 10]
against other relevant studies. The writing group reason-
ably concluded that surgical clipping or endovascular
coiling need to be performed to secure the ruptured
aneurysm to prevent rebleeding and pointed out that
complete obliteration of the aneurysm should be the goal.
Wrapped, coated, and incompletely coiled or clipped
aneurysms have persistent risk of recurrent rupture. Early
aneurysm treatment should be pursued, at least in the
majority of cases.

Regarding the relative merits of coiling versus clipping
the recommendation reads: “For patients with ruptured
aneurysms judged by an experienced team of cerebrovas-
cular surgeons and endovascular practitioners to be
technically amenable to endovascular coiling and neuro-
surgical clipping, endovascular coiling could be beneficial
(Class I, Level of Evidence B).” In other words, when
either procedure is feasible, coiling may be preferred.
However, the writing group emphasized the importance of
considering individual characteristics and reaching the
decision by consensus. Although this was not specifically
mentioned in the recommendations per se, the question of
the durability of coiling and the delayed risk of recurrent
hemorrhage after incomplete coiling is discussed in detail
in the text of the guidelines, and careful angiographic
monitoring of coiled aneurysms is strongly advised.
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Anesthetic Management

The main recommendation is to minimize the degree and
duration of intraoperative hypotension. Although the
practices of induced hypertension during vessel clamping
and intraoperative hypothermia have not been proven
valuable by available evidence, they are presented as rea-
sonable options in some cases (albeit as Class IIb and IIT
recommendations, respectively).

Management of Vasospasm

Oral nimodipine is recommended based on level of evi-
dence A indicating improved functional outcomes in
patients treated with this calcium channel blocker; yet, the
writing group recognizes that the mechanism responsible
for the modest benefit is unclear. The rest of the recom-
mendations are presented using a language that denotes the
problems generated by the profound gaps between evi-
dence and practice. Maintaining euvolemia and avoiding
hypovolemia are “probably indicated,” triple H therapy is
a “reasonable approach” to treat symptomatic vasospasm,
and angioplasty and super-selective intra-arterial infusion
of vasodilators is also “reasonable” as an alternative
therapy. Needless to say, all these practices are considered
standard of care by most of us treating patients with
vasospasm from SAH [11, 12]. However, there is
remarkably little rigorous scientific data supporting their
use.

Management of Hydrocephalus

Temporary or permanent CSF diversion is recommended
for patients with symptomatic hydrocephalus (Class I,
Level of Evidence B). In patients with ventriculomegaly
and diminished level of consciousness ventriculostomy
“may be beneficial.”

Management of Seizures

The guidelines state that the administration of prophylactic
anticonvulsants may be considered in the immediate post-
hemorrhagic period (Class IIb), although acknowledging
that there is very little data to support this practice. Long-
term use of anticonvulsants is discouraged, except in
selected cases. A study indicating deleterious effects from
the use of phenytoin is presented in the text of the guide-
lines [13].

Management of Hyponatremia

The guidelines underscore that hyponatremia is often
associated with volume contraction and recommend
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avoiding administration of large volumes of hypotonic
fluids and hypovolemia (Class I, Level of Evidence B)
[14]. Fludrocortisone and hypertonic saline are presented
as reasonable treatment options.

Future Research Needed

As I was reading the guidelines, I started writing down
various unresolved questions which I believe should be
addressed by future research. I am sure this is only a partial
list but it will hopefully serve to illustrate the many aspects
of SAH management in which further progress needs to
occur.

— Who should be screened for intracranial aneurysms and
how?

— What are the mechanisms of acute brain injury at the
time of SAH?

— What would be the most important variables to be
incorporated in a tool designed to help paramedics and
Emergency Department personnel recognize SAH?

— What constitutes the best emergent care of patients with
SAH? For example, what should be the target blood
pressure?

— Should SAH care be regionalized?

— What is the true value of newer endovascular tech-
niques (e.g., stent-assisted coiling, bioactive coils)?

— What is the best protocol to monitor coiled aneurysms
(how often should angiograms be repeated? for how
long? using what imaging technique?)

— Is intraoperative hypothermia actually valuable in
certain cases? How about intraoperative induced
hypertension?

— What is the added value of caring for these patients in a
neurological ICU and what are the practices which
afford greater benefit?

— Is outcome improved by using standardized protocols
for SAH care?

— What is the value of invasive multi-modality brain
monitoring in poor-grade patients?

— What is the role of newer diagnostic techniques (e.g.,
CT perfusion, vasoreactivity studies, brain tissue oxy-
gen probes) for the timely detection of vasospasm and
cerebral hypoperfusion?

— What is the value of novel treatment strategies for the
prevention of delayed ischemia (e.g., endothelin antag-
onists, statins, magnesium, lumbar drainage,
prophylactic angioplasty, nitric oxide donors)?

— What is the best way to implement hemodynamic
augmentation?

— What is the value of albumin in SAH?

— Should poor-grade patients be kept hypothermic?
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What other mechanisms in addition to vasospasm cause
secondary brain damage after SAH?

Is profound anemia worse than transfusions?

Are anticonvulsants useful if one avoids phenytoin?
What is the best timing and method for discontinuation
of wventricular drainage in patients with early
hydrocephalus?

What is the best functional outcome endpoint for future
studies? Are there reliable surrogate endpoints? Should
we standardize functional outcome assessment tools
across SAH studies?

These questions and many others demand answers. Hard

cooperative work and increased funding for research in
SAH will be necessary to acquire them.
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