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ABSTRACT

Subarachnoid hemorrhage (SAH) remains a serious condition with high mortality and disability. In the past decades,
there have been improvements in the techniques to secure aneurysms both surgical and endovascular techniques
aimed at reducing the risk of future bleeding events. Nevertheless, securing the aneurysm is only the starting point
in the care of SAH patients. Intracranial and extracranial complications following SAH are common and impact
long-term outcomes. Intensive care management of patients with SAH offers the opportunity to reduce morbidity
by reducing secondary insults and preventing complications. (Minerva Anestesiol 2011;77:74-84)
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ubarachnoid hemorrhage (SAH) accounts

for 6% of total strokes and has an estimated
incidence of 8-10 cases per 100000 people per
year. In Italy, the most recent available data from
the Health Ministry (hospitalizations in year
2005), recorded 5300 SAH hospital admissions,
with an incidence of 10.9/100000/year. The
most common cause (85%) of non-traumatic
SAH is the rupture of an intracranial aneurysm.!
Aneurysms are saccular or fusiform arterial de-
formities that are the result of protrusion of the
intima through a structural defect in the arterial
muscular layer.

It is not completely understood how aneu-
rysms form and grow or when and why subse-
quent rupture occurs. Recent theories recognize
endoglin, an angiogenic growth factor, as one of
the factors involved,? but the entire process is
probably multifactorial. Established risk factors
for SAH are smoking, alcohol or cocaine abuse,
hypertension and history of SAH in first-degree
relatives.> Moreover, mechanical stress on the ar-
terial wall plays a role; aneurysms usually devel-
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op at vascular bifurcation because of turbulent
flow, which most frequently (80-90%) occurs in
the anterior portion of the circle of Willis.4

Outcome

Overall mortality rate remains very high at
approximately 45%. At least 15% of patients
die before reaching medical attention, 40% die
within 7 days and survivors are often affected by
severe disability. Over the past years, intensive
care treatment of patients affected by SAH, al-
though different across countries,’ has led to im-
proved outcomes even in cases previously con-
sidered fatal.6 Survivors with severe neurological
disability may rate their quality of life as accept-
able and preferable to death,” therefore with-
holding aggressive treatment from these patients
should always be evaluated carefully.

Several factors influence survival and disabil-
ity. A recent retrospective analysis of more than
2000 cases shows severity of initial hemorrhage,
clinically graded by the World Federation of
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Neurosurgical Societies (WFNS) score, as the
major determinant of case fatality at 60 days.8
Other factors are size and location of aneurysm,
extent of bleeding and clot thickness (assessed by
Fisher CT grading scale), comorbidities and oc-
currence of secondary complications.® Cerebral
edema due to cerebral hypoperfusion has also
been proposed as a factor associated with poor
outcome.!0

Additionally, age plays an important role.
Elderly patients have a less favorable outcome
compared to younger patients. In patients over
65 years of age, there is a higher mortality rate
and a trend towards less independent functional
outcome. Additionally, institutional factors and
volume load can influence outcome. A cohort
study of approximately 13000 patients showed a
significant difference in mortality rate when com-
paring lower with higher case-volume hospitals
(<8 vs. >19 SAH cases per year).!! Similar results
were obtained after adjusting for age, sex, volume
load per year and comorbid conditions.!2 In Italy,
patients are often treated in regional low-volume
centers; improvement of care could be obtained
through centralization in high-volume centers.!3
For example, during a one-year observation in
Lombardia, only 9 neurosurgical centers from a
total of 24 throughout the region received more
than 35 cases/year. Consequently, more than 40%
of cases are treated in low-volume centers.

Management

After diagnosis of acute subarachnoid hem-
orrhage, monitoring of patients’ vital signs and
neurological status is advisable due to the pos-
sibility of sudden deterioration.

In a recent Italian data set on SAH,!4 neu-
rological deterioration was frequent (24%)
and mainly occurred in patients with extensive
bleeding (i.e., a high Fisher classification) and
with pretreatment rebleeding. Neuroworsening
has been associated with an unfavorable out-
come (46%, 36/78, vs. 33%, 83/251). Intensity
of care is typically predicted by the severity of
neurological dysfunction at the time of presen-
tation [commonly assessed with the Hunt-Hess
(HH) Scale 5 or with the WFNS Grading Sys-
tem for Subarachnoid Hemorrhage scale]. ICU
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admission is highly suggested for patients with
23 HH or 23 WENS scores. Less severe patients
(1-2 HH) can be managed either in wards or in
the ICU depending on the hospital setting.

Management in the ICU setting in the early
phase is mainly characterized by prevention of
rebleeding, management of hydrocephalus and
elevated intracranial pressure (ICP), systemic
monitoring and treatment of early physiological
derangements. Later, after the aneurysm has been
secured, patients require intensive monitoring
for identification and treatment of vasospasm,
the most risky complication that often leads to
delayed cerebral ischemia (DCI) and infarction.

In the past, efforts to improve outcome have
been mainly directed at prevention of rebleed-
ing, treatment of acute hydrocephalus and de-
layed ischemia from vasospasms. In the last
decade, SAH was revealed to be a multisystem
disease, and medical complications have been
identified as factors that can contribute to worse
outcomes, thereby expanding intensivists’ aware-
ness of this multisystem disease.!¢ The specific
role of neurointensivists in the management of
SAH has been recently examined.!” A report by
Josephson ez al.17 discusses a health care system
which markedly differs from our Italian system,
where SAH patients are managed in intensive
care units by trained intensivists. In the analyzed
setting, patients had previously been managed
by neurosurgeons; initiation of a strategy of rou-
tine involvement of a neurointensivist, respon-
sible for managing all aspects of a patient’s care,
resulted in a significantly reduced length of ICU
stay for neurosurgical SAH patients. This ap-
proach of involving neurointensivists to manage
neurosurgical SAH patients is already standard
in our health care system. Nevertheless, in other
settings, it merits further consideration as a suc-
cessful model of care.

Cardiac and pulmonary care

Cardiac abnormalities are common after SAH,
even in non coronary-disease patients. Some pa-
tients (20-30%) present with acute cardiac en-
zyme elevation, and an increase in troponin I,
which occurs in more severe patients, correlates
with poor outcome.!® Patients with high tro-
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Figure 1.—Cardiopulmonary modifications of subarachnoid hemorrhage (modified from Macmillan er a/.22).

ponin I are more prone to left ventricular (LV)
dysfunction, which may lead to congestive heart
failure and pulmonary edema that resembles Ta-
ko-Tsubo syndrome, a transient cardiac dysfunc-
tion first described in the Japanese population.1

Oxygenation is impaired in many patients,
often without an identified cause.20 Pulmonary
edema is documented in up to 10% of patients
but is not always classifiable as cardiogenic be-
cause pulmonary capillary pressure can be nor-
mal. The underlying mechanism of non cardio-
genic pulmonary edema in SAH patients can
be an alteration in vascular permeability. These
patients are at risk for the so-called “neurogenic
stunned myocardium”, a reversible impairment
of the left ventricle that worsens 19-60 hours
after the onset of edema that rarely presents re-
gional wall-motion abnormalities.2!

Current theories recognize catecholamine re-
lease as the main cause of cardiopulmonary se-
quelae after SAH.22 An increase in pulmonary
capillary pressure results in pulmonary edema,
and acute myocardial stress leads to microscopic
alteration of myocardial fibrillae known as “con-
traction-band necrosis”. This type of damage,
typically subsequent to intracranial bleeding,
may be responsible for release of troponin that
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is related to a decrease in pulmonary function in
the absence of cardiogenic edema;?3 its resolu-
tion can explain why LV impairment resolves in
a few days without sequelae (Figure 1).

Transient arrhythmias are also frequent (25-
75%); within one day of surgery bradycardia, ST
and T-wave abnormalities are typically present.24
Clinically important arrhythmias such as ven-
tricular tachycardia and atrial tachyarrhythmias
are present in 5% of cases and are associated with
increased length of stay and poor outcome after
SAH.»

Practical hints:

— At admission, a chest x-ray and an ECG
should be recorded along with plasma troponin
levels.

— If cardiac enzymes are positive, then
echocardiographic evaluation of ventricular
function should be considered.

— ECG, pulse oximetry and arterial blood
pressure monitoring is prudent for all patients,
even if they are admitted to a ward.

Fever

Fever (body temperature >38.5 °C) is com-
mon (40%) in SAH patients, particularly in
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the postoperative period. Fever is frequently
non-infectious. The most common cause of
non-infectious fever in the neuro-ICU setting
is SAH,26 which is due to a local inflammatory
response following hemorrhage that leads to dys-
regulation of hypothalamic temperature control
centers and systemic activation of inflammatory
pathways.

There is some evidence that fever can be as-
sociated with increased risk of vasospasm and
poor outcome,!¢ but it remains to be elucidated
if it is a worsening factor per se or if it repre-
sents a marker of other unfavorable factors.?’ In
any case, aggressive control of fever in SAH pa-
tients seems appropriate. There are several ways
to reduce fever, such as non steroidal anti-in-
flammatory drugs (NSAIDs) (e.g., paracetamol/
acetaminophen), catheter-based methods and
cooling blankets. During treatment for fever, it
is recommended that the patient avoid shiver-
ing, a clinical sign related to reduction in tissue
oxygenation.28 In our institution. we instituted
a fever control strategy with Diclofenac sodium
(maximum daily dose 75 mg by continuous in-
fusion, titrated according to the temperature tar-
get) with very good fever control.2?

Practical hints:

— Body temperature should be monitored.

— If the patient becomes febrile, then stand-
ard microbiological screening along with C-
reactive protein (CRP) measurements should
be considered. If an infection is identified, then
appropriate antibiotic therapy should be started.

— Fever requires prompt symptomatic treat-
ment with cooling, NSAIDs or physical treat-
ments.

Glycemia and metabolism

Persistent severe hyperglycemia, as is well
known in ischemic stroke, is associated with in-
creased medical and neurological complications,
length of stay, death and severe disability.30 Hy-
perglycemia is frequent in patients with a high
HH score, which probably represents one aspect
of the generalized homeostatic changes after
SAH.10

Maintaining blood glucose between 130-140
mg/dL is therefore reasonable in SAH patients
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to avoid hypoglycemia, a life-threatening factor
associated with poor outcome.3!

Practical hints:

— Target blood glucose at 130-140 mg/dL,

and infusing insulin when needed.

Fluids

Maintaining normovolemia after SAH is
important to avoid cerebral hypoperfusion.
It is widely accepted that hypovolemia is as-
sociated with DCI and poor outcome3? and
typically presents with electrolyte disturbances.
Hyponatremia,33 34 often due to cerebral salt
wasting syndrome, is frequent (about 30%)
and it is related to longer hospital stay3> and in-
creased rates of cerebral ischemia. Useful treat-
ments are sodium replacement and steroids with
mineralocorticoid properties.34

Practical hints:

— Evaluate fluid and electrolyte balance dai-
ly in the first week.

— Avoid hypovolemia and negative fluid bal-
ance in the first week.

— Maintain a normal, stable natremia with
sodium infusion if needed.

Surgical treatment - The treatment of choice

After rupture, rebleeding is one of the most
important independent determinants of out-
come.3¢ It is a common complication that main-
ly occurs in the first few days and in approxi-
mately 40% of patients within the first month if
the aneurysm is left untreated. Occlusion of the
aneurysm is usually performed within the first
days after admission (<24-72 hours), although
there is no evidence from clinical trials that early
occlusion results in better outcome than delayed
treatment.3” Options for treatment of ruptured
aneurysms are surgical (clipping) or the endovas-
cular (coiling) approach. Coiling is generally
considered to be associated with lower periop-
erative mortality and morbidity than clipping.
After five years, relative risk of death is less for
patients who have undergone coiling treatment,
but no difference is demonstrated in the prob-
ability of good neurological status.38 Risk of re-
intervention with coiling is higher than clipping
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Figure 2.—Events following subarachnoid hemorrhage (modified from Macmillan ez a/.22).

(10%),3° primarily because of incomplete occlu-
sion due to the anatomic shape and dimension of
the aneurysm.40 Conversely, risk of rebleeding at
eight years does not appear to be dependent on
the type of treatment.4! In summary, endovascu-
lar treatment, when feasible, seems to perform
better than clipping in terms of outcome. The
optimal approach requires the availability of
both treatment strategies and expertise (surgical
and endovascular) in the same institution. The
treatment choice for the individual patient is
principally dependent on the anatomic proper-
ties of the aneurysm and its position. A discus-
sion of the case by neurosurgeons, interventional
neuroradiologists and intensivists should pro-
vide the optimal treatment plan for the patient.
If the patient is awake and cooperative, then the
options should be presented to the patient.

Practical hints:

— A prompt neurosurgical evaluation af-
ter the first CT scan and angiography (digital
subtraction angiography or CT angiography) is
mandatory to plan the best treatment strategy
for the aneurysm.

— Availability of both endovascular and neu-
rosurgical procedures, tailored to the individual
case, offers a better possibility of successful treat-
ment of the aneurysm.
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Elevated intracranial pressure

Intracranial pressure (ICP) can be elevated
after SAH due to cerebral edema or infarction,
impaired cerebrospinal fluid (CSF) reabsorption
and residual hematomas (Figure 2). Positioning
of external ventricular drainage is reccommended
in patients with a higher WENS score or acute
hydrocephalus,® both for ICP monitoring and
control by CSF withdrawal (Figure 3).

The usual treatment of increased ICP is based
on head elevation, sedation, mechanical ven-
tilation (aimed at maintaining a PaCO, of 35
mmHg), control of temperature and electrolytes,
and administration of intravenous osmotic fluids
(Figure 4). Second level therapy includes hypo-
thermia, high dose barbiturates and decompressive
hemicraniectomy. Decompression may prolong
short-term survival42 and improve cerebral glucose
utilization;#3 however, even if it appears promising,
differences in outcome have not yet been estab-
lished. Therefore, timely cerebral decompression,
i.e., immediately upon evidence of untreatable
increased ICP or impending herniation, seems a
reasonable option for controlling elevated ICP in
patients with a favorable attended outcome.

Practical hints:

— In severe patients (WFNS23), ICP moni-
toring is required.
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Figure 3.—Management of ventricular drainage during intracranial hypertension.

— A ventricular catheter is the recommend-
ed ICP monitoring device, offering the possibil-
ity of treating hydrocephalus by draining CSE

— Controlling elevated ICP in intensive care
patients is the standard of care.

Vasospasm and ischemia

Cerebral vasospasm, a phenomenon occurring
in up to half of treated patients (usually 3 to 14
days after SAH) consists of intracranial vessel
narrowing. As a consequence, regional cerebral
blood flow (rCBF) is reduced, leading to neuro-
logical deficits and cerebral infarction visible on
a CT scan. This phenomenon is known as DCI.
The molecular mechanisms responsible for this
process are not completely understood, although
the by-products of hemoglobin breakdown, en-
dothelin and nitric oxide are likely factors.44

Delayed cerebral ischemia can worsen prog-
nosis in SAH patients after the early phase, ac-
counting for about a quarter of deaths.24 At on-
set, cerebral ischemia presents clinically with a
decrease in the level of consciousness, typically
occurring 4 to 12 days after hemorrhage. Spe-
cific neurological signs can be followed by cer-
ebral infarction shown on CT scans some days
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later. Therefore, early diagnosis is important but
remains difficult.

Diagnosis of vasospasm

Diagnosis of vasospasms is usually made when
neurological deterioration occurs or when CT
scans reveal DCI. This diagnosis is somewhat
belated because damage is already present and
sometimes irreversible. In a cohort of 508 pa-
tients, DCI with neurological deterioration was
the only factor related to worsening of quality
of life at three months.45 Thus, great attention is
needed to diagnose vasospasms early. Several risk
factors can have an effect in leading to spasms:
a retrospective study“® found that occurrence of
vasospasms is associated with higher Fisher and
WENS scores.

Transcranial Doppler (TCD) is commonly
used to assess early alterations in vascular diam-
eter. It is an operator-dependent technique, and
although sensitivity and specificity are variable
and dependent on the vessel under investigation,
the Expert Committee of the American Academy
of Neurology supports the use of TCD on the
basis that severe spasms can be identified with
fairly high reliability.#” In a retrospective study of
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199 patients, independent factors related to the
occurrence of DCI were alteration of Doppler
velocity within 48 hours from hemorrhage and
poor HH grade at admission.8 In another study
of nearly 450 patients, increased TCD flow ve-
locities were related to a mild incremental risk of
DCI with maximal sensitivity by day 8. In that
study, nearly 40% of patients with DCI never
attain a mean blood flow velocity higher than
120 cm/s during the course of monitoring.49
Doppler is widely used to monitor SAH pa-
tients, particularly for median cerebral artery,?
because of its feasibility. However, it cannot be
considered the gold standard diagnostic tool for
identifying vasospasms.

Angiography is commonly considered the im-
aging technique of choice to detect vasospasms.
Angiography also allows for local endovascular
treatment. Intra-arterial drug injection or bal-
looning is used to increase vessel diameter, but
the latter technique carries significant risk of vas-
cular dissection or vessel rupture and requires an
expert neuroradiologist. Moreover, this proce-
dure is only feasible for large vessels, while vasos-
pasms often expand distally. Use of intra-arterial
injection of nicardipine or papaverine to dilate
peripheral regions has been reported.>0 Endovas-
cular treatment of vasospasms is currently in-
creasing, and its use should be considered where
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available.5! Nevertheless, available literature re-
fers mainly to cases reports, and studies on the
efficacy of these procedures are not available.

Electroencephalographic monitoring has been
suggested for early diagnosis of brain sufferance
after SAH, but its use remains limited.>2

Because tissue damage seems dependent on
regional ischemia, attention is now focused on
novel techniques that reveal impairment in cer-
ebral blood flow (rCBF). Emerging evidence
shows CT perfusion (CTP) as the imaging tech-
nique of choice for early assessment of vasos-
pasms.>3 CTP has been proven to be superior to
non-contrast CT and CT angiography in diag-
nosing DCIL,>4 and unlike TCD, CTP is predic-
tive of secondary cerebral infarction.> CTP is
also useful for the diagnosis of altered cerebral
blood flow in zones close to the ventricles due to
acute hydrocephalus.56

Since 2006, after the diagnosis of SAH on the
first emergency non contrast CT, both CT an-
giography to aneurysm detection and CTP are
performed at admission in our institution. CTP
is repeated on days 5-7 and CT angiography af-
ter securing the aneurysm.

Regional cerebral blood flow (rCBF) moni-
toring using thermal-diffusion (TD) flowmetry,
a novel tool for the real time bedside evaluation
of regional blood flow, appears promising.5
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Bedside monitoring of TD-rCBF and cerebrov-
ascular resistances, calculated as the ratio be-
tween rCBF and CPP, allows for the detection
of symptomatic vasospasms. In ten patients
with vasospasms, the TD-rCBF decreased from
21+4 to 9+1 mL/100 g/min, whereas in the four
other patients, the TD-rCBF value remained
unchanged (mean TD-rCBF=25t4 compared
with 21+4 m/100 g/min). A comparison of the
results of TD-rCBF and Xe-enhanced CT stud-
ies, as well as the calculation of sensitivities, spe-
cificities, predictive values, and likelihood ratios,
identified a TD-rCBF value of 15 ml/100 g/min
as a reliable cutoff for the diagnosis of sympto-
matic vasospasms. In addition, TD flowmetry
is characterized by a more favorable diagnostic
reliability than transcranial Doppler ultrasonog-
raphy. Therefore, thermal-diffusion flowmetry
represents a promising method for bedside mon-
itoring of patients with SAH to detect sympto-
matic vasospasms.

Medical treatment for vasospasm
TrirLe H

Classic therapy for vasospasm relies on the
so-called triple-H: hypertension, hypervolemia,
hemodilution.58 Since the middle of the 1970s,
triple-H therapy in an intensive-care setting
has been shown to improve outcome and is an
accepted means of treatment, although a ran-
domized controlled trial has never been under-
taken. Recommendations from the literature are
not conclusive; prolonged hypotension and hy-
povolemia are to be avoided, but there is no evi-
dence that prophylactic hyperdynamic therapy
or hemodilution are helpful.®

Hypertensive hypervolemic therapy is widely
accepted. Because autoregulation is often im-
paired in SAH patients, CBF can become pas-
sively dependent on blood pressure and intravas-
cular volume. It was recently demonstrated that
vasopressor-induced elevation of mean arterial
pressure causes a significant increase in regional
cerebral blood flow®® and brain tissue oxygenation
in all patients with subarachnoid hemorrhages.
Volume expansion resulted in a slight effect on
regional cerebral blood flow only but reversed the
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effect on brain tissue oxygenation. In view of the
questionable benefit of hypervolemia on regional
cerebral blood flow and the negative consequenc-
es on brain tissue oxygenation together with the
increased risk of complications, hypervolemic
therapy as part of triple-H therapy should be ap-
plied with the utmost caution.6

Severe vasospasms can be refractory to stand-
ard therapy: in a recent retrospective study, a
lack of response after administration of fluids or
pressors was related to a higher risk of death and
disability, suggesting urgent endovascular inter-
vention in non-responders.6!

NIMODIPINE

Currently, only nimodipine, a dihydropy-
ridine, has been shown to affect the clinical
outcome of patients with SAH. Randomized
trials have demonstrated that treatment with ni-
modipine is effective in reducing the incidence
of DCI and cerebral infarctions.62 Even if intra-
venous administration permits more reliable and
stable plasma concentration of nimodipine, a
randomized trial in 106 patients showed no dif-
ference in terms of outcome depending on the
route of administration (oral vs. intravenous).63
Experimental models also suggest the effective-
ness of intra-arterial administration.®4

CLAZOSENTAN

Endothelin has been proposed to be one of
the molecules involved in the development of
vasospasms. In view of these pathogenetic con-
siderations, Clazosentan, an endothelin recep-
tor antagonist, has been studied as a promising
new drug for the prevention of vasospasms. A
randomized double-blind trial in 413 patients®>
showed a dose-dependent reduction in angi-
ographic vasospasms in comparison with a pla-
cebo. Together with a relative risk reduction, the
treatment group had more side effects (anemia,
hypotension, pulmonary complications). Two
trials (CONSCIOUS II and III) are ongoing
in SAH patients to confirm early results and to
evaluate the efficacy of this medication in this
setting.
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