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Recent advances in the management of
post‑operative intracerebral vasospasm
Harihar Dash

Abstract
Postoperative intracerebral vasospasm is one of the leading causes of morbidity and mortality following clipping of
intra cranial aneurysm. Early diagnosis, prompt and effective management helps in salvaging these patients. Umpteen
modalities of treatment strategies are available to achieve good neurologic recovery. Intraarterial nimodipine, nicardipine
and milrinon provide good neurologic recovery. Stellate ganglion block on the affected side is also a treatment modality
which needs to be investigated.
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INTRODUCTION
Symptomatic vasospasm, commonly known as
delayed ischaemic neurological deficit, is one of the
most common complications after aneurysmal clipping
and is the leading cause of death in patients who
survive the rupture. Vasospasm‑induced narrowing of
cerebral vessels is estimated to occur in 70% of patients
hospitalised for subarachnoid haemorrhage (SAH).[1]
Vasospasm is symptomatic in 46% of these patients.
In survivors, it is the major cause of disability, with a
25% decrease in excellent outcome.[2,3] Despite better
understanding of the pathophysiology of vasospasm,
its management still remains a great challenge.

CLINICAL PRESENTATION
The onset of new or worsening neurological signs
or symptoms in the absence of dyselectrolytemia,
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hydrocephalus or any intracranial haematoma is the
most reliable indicator of vasospasm that classically
starts around 3rd day post‑ictus and may last up to
14 days. Intermittent disorientation, which can progress
to focal neurological deficits such as hemiparesis and
speech dysfunction, can manifest as a predominant
clinical feature of intracerebral vasospasm. If untreated,
it may result in permanent disability and even death.

PATHOPHYSIOLOGY
The aetiology and pathophysiology of cerebral
vasospasm after SAH is complex. Oxyhaemoglobin plays
a primary role in the development of cerebral vasospasm
associated with aneurysmal SAH. Erythrocytes trapped
in the subarachnoid cisterns slowly haemolyse,
releasing oxyhaemoglobin and other by‑products of
red cell lysis (e.g., bilirubin and methaemoglobin)
to circulate within the subarachnoid space. These
spasminogens increase the influx of calcium into the
vascular smooth muscle, altering myocyte function and
causing prolonged contraction and vessel constriction.
Oxyhaemoglobin also contributes to release of free
radicals and peroxidation of lipids. These changes
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promote the synthesis of vasoactive eicosanoids
and endothelin and inhibit endothelium‑dependent
relaxation of the arterial wall, resulting in arterial spasm.

DIAGNOSIS
Various modalities available for diagnosis of intracerebral
vasospasm are clinical, transcranial Doppler (TCD)
and intracerebral angiography. TCD is a non‑invasive
method for monitoring cerebral vasospasm. Elevated
flow velocities of the middle cerebral artery (MCA)
on TCD >120 cm/s correlate well with angiographic
narrowing of cerebral vessels. Mean flow velocity of the
MCA of 200 cm/s or greater indicates severe cerebral
vasospasm and correlate with >50% or greater narrowing
of cerebral vessels on cerebral angiography.

LINDEGAARD RATIO

nimodipine has been shown to reduce the incidence of
ischaemic complications following SAH.[4] Although most
randomised studies have focused on the effect of the oral
administration of nimodipine, intravenous infusion is an
alternative and the preferred mode of treatment in many
centres. A recent clinical trial carried out on 106 patients
with acute aneurysmal SAH was randomised to receive
either peroral or intravenous nimodipine treatment.
There was no significant difference in the incidence of
delayed ischaemic neurologic deficits (DINDs) or MCA
blood flow velocities. Clinical outcome according to the
Glasgow Outcome Scale (GOS) was the same in both
groups. Both routes can be used safely for administering
nimodipine to treat intracerebral vasospasm following
SAH.[5]

TRIPLE H THERAPY

Clipping the aneurysm or using an endovascular
intervention (e.g., coiling, stenting or angioplasty) within
48 h of the initial haemorrhage is imperative to minimise
the occurrence and aggravation of both vasospasm and
rebleeding. In addition, early surgical clot removal limits
the amount of oxyhaemoglobin released, reducing the
incidence of vasospasm. Administration of calcium
channel blockers and use of triple H therapy are both
widely accepted interventions after clipping or coiling
to treat vasospasm.

The three components of triple H therapy are
hypertension, hypervolaemia and haemodilution.
Importantly, these interventions affect the symptoms
of vasospasm rather than the underlying cause.[6] A
hypertensive state is maintained through the use of
vasopressors (20%–30% of the basal value of systolic blood
pressure). Hypervolaemia is obtained by using volume
expansion, which subsequently produces haemodilution.
These manoeuvres are all designed to increase cerebral
perfusion pressure, improve blood flow to the brain and
decrease the risk of ischaemia. Importantly, despite the
apparent reversal of neurological deficits, no evidence
indicates that morbidity or mortality is reduced after
triple H therapy. The complications include pulmonary
oedema, myocardial ischaemia, congestive heart failure,
electrolyte imbalances, coagulopathies and rupture of
unsecured aneurysms. Costs associated with triple H
therapy are substantial and are related to additional
nursing care requirements, extended critical care unit
lengths of stay, aggressive fluid management, frequent
complications and expenses associated with placement
and monitoring of pulmonary artery catheters.[6,7]

GENERAL CARE

ANGIOPLASTY

Assessment of airway, breathing and taking care of
the circulatory status of the patient is of paramount
importance. To maintain the blood pressure of the
patient, intravenous infusion of normal saline is usually
preferred. If the patient is diabetic, the blood sugar control
is imperative and sliding scale management is ideal.

Balloon angioplasty directly treats narrowed cerebral
vessels by widening the stenotic segment. The balloon
causes functional impairment of smooth muscle in the
vessel wall, reducing or eliminating further vasospasm.
An important limitation of balloon angioplasty is that
it can be used to widen only larger vessels. The most
devastating complication associated with angioplasty
is vessel rupture.

Lindegaard ratio is the ratio of mean blood flow velocity
of the MCA to ipsilateral internal carotid artery flow
velocity which did not improve the predictive value of
TCD monitoring. Normal ratio is 3.0. Ratio of 3.1–5.9
suggests moderate‑to‑severe vasospasm and more than
6.0 suggests severe vasospasm. However, it is operator
dependent, and multiple systemic factors can alter flow
velocities.

MANAGEMENT

NIMODIPINE
A calcium channel blocker decreases spasm in the cerebral
vascular bed and can lead to improvement in long‑term
outcomes after SAH. Patients are prophylactically
given oral nimodipine at a dosage of 60 mg, for every
4 h, for 21 days following SAH. The calcium antagonist

PAPAVERINE
Selective intra‑arterial (IA) injection of papaverine
directly into spastic vessels can reverse the spasm. The
main advantage of papaverine is that it can be used
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to treat distal vessels, those beyond the reach of an
angioplasty balloon. Use of this agent is controversial;
significant increases in intracranial pressure and
disruption of the blood brain–barrier[8] can occur after
instillation. Recurrence of spasm is another major
concern. Intrathecal papaverine has also been used to
treat vasospasm by some researchers.

EFFECTS OF INTRA‑ARTERIAL
NICARDIPINE INFUSION
Intra‑arterial nicardipine infusion on the cerebral
haemodynamics of patients with clinical and TCD
findings suggestive of vasospasm was evaluated
by computed tomography (CT) angiography and
quantitative cine CT perfusion (CTP). In five of the six
patients, both cerebral blood flow (CBF) and maps of
mean transit time (MTT) improved significantly. The
authors have concluded that IA nicardipine improves
CBF and MTT in ischaemic regions in patients with
SAH‑induced vasospasm, and cine CTP may provide a
surrogate marker for monitoring the success of treatment
strategies in patients with SAH‑induced vasospasm.[9]

MAGNESIUM
Magnesium, a physiological calcium antagonist, has
shown comparable efficacy to nimodipine in preventing
neurological deficits.[10] Large multicentric trial is going
on and the results are awaited.

STATINS
Statins have shown to decrease the level of markers of
brain injury and decrease the incidence of vasospasm
and neurological deficit. Among the statins, simvastatin
has been observed to be more useful.[11]

MILRINONE
Milrinone, a phosphodiesterase III inhibitor and an
inodilator, has been used both intravenously and
intraarterially to treat intracerebral vasospasm following
aneurysmal SAH.[12] IA milrinone has been found to be
more useful.[13,14] Intracisternal milrinone has been used
experimentally to treat intracerebral vasospasm in dogs
with a good result.

SYMPATHETIC GANGLION BLOCKADE
Cervical sympathetic block has shown to improve
cerebral perfusion in aneurysmal SAH. [15] Stellate
ganglion block has shown to improve cerebral perfusion
pressure in healthy individuals.[16] In two patients, with
refractory cerebral vasospasm, stellate ganglion block
significantly improved the clinical condition as well as
S58

cerebral haemodynamics.[17] A trial is currently being
conducted for its efficacy in patients with aneurysmal
SAH.[18]

CERVICAL SPINAL CORD STIMULATION
Cervical spinal cord stimulation (SCS) increases global
cerebral blood flow (CBF) and ameliorates cerebral
ischaemia according to a number of experimental models
as well as some anecdotal reports in humans. A recent
study carried out on rats with SAH has shown that SCS
can reverse basilar artery combination and improve
global CBF.[19] Let us wait for human trials.

EFFECT OF N2O ON INTRACEREBRAL
VASOSPASM
Laboratory studies suggest that N2O augments brain
injury after ischaemia or hypoxia.[20] Recently, the
Intraoperative Hypothermia for Aneurysm Surgery
Trial study group has examined the relation between
N2O and outcomes of patients after aneurysm surgery.
Out of 1000 patients, 373 patients received N2O. There
was no difference between groups in the development
of DIND. At 3 months after surgery, there were no
significant differences between groups in any outcome
variable (GOS, NIH stroke scale, Rankin disability score,
Barthel activities and neuropsychological testing). The
authors have concluded that in a population of patients
at risk of ischaemic brain injury, N2O use had no overall
beneficial or detrimental impact on neurologic or
neuropsychological outcomes.[21]

GENE AND STEM CELL THERAPY
Continuing research in gene and stem cell therapy may
unravel the management strategies of intracerebral
vasospasm in the foreseeable future.

CONCLUSION
Though a plethora of treatment modalities are available
to manage intracerebral vasospasm, none has been found
to be very useful. Still the search for a magic bullet
continues.
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