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Abstract

Background: Cerebral vasospasm is a major cause of morbidity and
mortality in patients with subarachnoid hemorrhage. Vasospasm is
managed with triple H and vasodilators but sometimes, patients do not
respond. Intra-arterial vasodilator infusion has been shown to improve
outcome in such patients. In this study, we try to evaluate the efficacy
of intra-arterial nimodipine therapy in 43 patients of post-aneurysmal
subarachnoid hemorrhage refractory cerebral vasospasm.

Methods: It is a prospective observational study of a group of 43 patients
presenting with refractory cerebral vasospasm as per the inclusion criteria.
Pre-procedure neurological assessment and Transcranial Doppler (TCD)
monitoring were done. Endovascular spasmolysis was conducted and
post-operative morbidity and outcomes were noted. Follow up of the
patients was done at the time of discharge and at 6 months according to the
Modified Rankin Scale and NCCT head.

Results: Most of the patients developing refractory cerebral vasospasm
belonged to Hunt and Hess Grade 2 and 3 and Fisher grade 3 and 4.
87.5% of the patients showed clinical recovery following endovascular
spasmolysis and 58% of the patients showed complete angiographic
recovery. Outcome after 6 months was good in 76%, moderate in 12% and
poor in 12% patients. NCCT head showed no infarct in 58%, minor infarct
in 28% and major vascular territorial infarct in 14% patients.

Conclusion: Intra-arterial nimodipine infusion is a safe and effective
therapy with minimum risk of complications if adhered to standard
endovascular practice. By timely intervention, major ischemic insult to the
brain can be averted, thereby significantly improving the prognosis.
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Introduction

Cerebral vasospasm is a major cause of morbidity and mortality in patients
of Subarachnoid Hemorrhage (SAH), occurring in 30-50% of the patients.
It is an important factor to determine the prognosis and eventual outcome
of the patient. It results in a decrease in cerebral blood flow, disturbance in
autoregulation and delayed cerebral ischaemia.

Pathogenesis of vasospasm after SAH has been related to hemolysis of
the subarachnoid blood [1]. Contraction of vessels also occurs in response
to vasoactive substances released from erythrocyte hemosylate, the key
components being haemoglobin and other vasoactive factors including serotonin,
norepinephrine, bradykinins, angiotensin, prostaglandin, thromboxanes and free
radicals [2,3].
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Vasospasm can be diagnosed by clinical examination,
Doppler ultrasound or by angiography. Transcranial Doppler
uses low frequency ultrasound (1-2 MHz) to assess the blood
flow velocity in the cerebral vessels. It is a safe, inexpensive
and readily available method, that promptly identifies vessels
in spasm. Angiography is the main modality of investigation
and offers combined advantage of a diagnostic as well
as therapeutic tool, in the form of mechanical (balloon
angioplasty) and pharmacological angioplasty.

Management of vasospasm requires double or triple H
therapy as hypervolemia is not recommended nowadays [4].
In addition, calcium channel blockers are particularly useful
in vasospasm management. Nimodipine is most commonly
used agent in view of its cerebro-selective nature. Jan et al. [5]
reported a 36% reduction in bad outcome in patients treated
with nimodipine. Other calcium channel blockers including
nicardipine and verapamil, free oxygen radical scavengers,
statins, endothelin receptor antagonists and nitric oxide donor
drugs have also been used in the vasospasm management.

In patients with cerebral vasospasm, not responding
to medical management, cerebrospinal fluid drainage and
endovascular intervention remain viable options. Balloon
angioplasty has shown promising results in dilatation of
proximal major cerebral arteries but has no effect in distal
cerebral artery vasospasm. In cases of distal vessel spasm,
pharmacological dilatation of the vessels intra-arterially is
useful. Authors attempt to study the efficacy and complications
of intra-arterial instillation of nimodipine in patients with
refractory cerebral vasospasm.

Materials and Methods

It is a single institutional observational prospective
study wherein, 43 patients were analyzed for efficacy and
complications of intra-arterial nimodipine from December
2013 to June 2017. Patients considered were those who
developed cerebral vasospasm in post-aneurysmal rupture
subarachnoid hemorrhage, not responding to medical
management. Patients excluded from the study were those
with traumatic SAH, children, pregnant or lactating women
or patients with well-developed infarct.

A detailed history and thorough physical examination was
done on patients, along with their clinical grading according
to Hunt and Hess scale Non Contrast Computed Tomography
(NCCT) head was done for confirmation of SAH along with
grading according to Fisher grade. Angiography was done for
confirmation of aneurysm and Transcranial Doppler (TCD)
was performed for baseline mean velocity of intracranial
vessels. Definitive treatment of the aneurysm (clipping/
coiling) was done according to variable aneurysm and patient
factors.

Post-procedure, patient was monitored and managed
under strict guidelines on triple H therapy. Intravenous or
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oral nimodipine was initiated post-procedure to prevent
vasospasm. Intravenous fluids were given to the patients to
maintain the central venous pressure. Regular monitoring
of these patients was done and daily detailed neurological
examination as well as Transcranial Doppler monitoring was
conducted.

In patients who developed delayed neurological deficits
clinically, alternative causes of neurological deterioration like
hydrocephalus, re-bleeding, hyponatraemia or seizure were
investigated for and managed accordingly. After excluding
such causes, mean blood pressure was raised upto 110 mm
Hg. With persistence of neurological deficit or showing TCD
mean velocity of greater than 150 cm/sec or an increase
of 40 cm/s or more from the established baseline, patients
were considered in refractory vasospasm and were taken up
for Angiography. Vasospasm was classified as mild (<25%
decrease in vessel lumen), moderate (25-50% decrease in
vessel lumen) and severe (>50% decrease in vessel lumen).

After taking the informed consent, patient underwent
check cerebral DSA and intra-arterial nimodipine infusion
using microcatheter. Upto 3 mg of Nimodipine per vascular
territory was given slowly at the rate 0of 0.15 to 0.3 mg per hour.
In case of hypotension during nimodipine infusion, inotropic
support was added. However, in case of inability to maintain
blood pressure, nimodipine infusion was discontinued. The
details of the procedure were noted.

The outcome of the patient, post-procedure, was noted
angiographically, clinically and radiologically (Figure 1).

Angiographic response was classified into mild, moderate
and complete depending on the circulation time and dilation
of the vessel previously in spasm, i.e.,

* Mild if only the circulation time is improved with no
change in spastic vessel caliber.

* Moderate if partial dilation of the vessels previously in
spasm.

*  Complete if complete dilation of the vessels previously
in spasm.

Clinical outcome was noted in terms of improvement
in focal deficit, improvement in clinical status and post-
procedure TCD mean velocity in the affected vessels. Any
requirement of repeat procedure was noted depending on the
outcome of the patient or in case of continued deterioration of
the above parameters.

Radiological outcome was noted on the presence or
absence of any infarct (major arterial territory or minor) post-
procedure done at the time of discharge and after 6 months
of follow up (Figure 2). Follow up of the patient was done
at the time of discharge and 6 months clinically, in terms of
Modified Rankin Scale. Outcome was considered as:
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Figure 1: a: Antero-posterior projection of digital subtraction angiography of brain showing spasm in anterior and middle cerebral arteries b: Antero-posterior
projection of digital subtraction angiography of brain showing post-spasmolysis dilatation in anterior and middle cerebral arteries c: Lateral projection of digital
subtraction angiography of brain showing spasm in anterior and middle cerebral arteries d: Lateral projection of digital subtraction angiography of brain showing

post-spasmolysis dilatation in anterior and middle cerebral arteries.

Figure 2: Non-contrast computed tomography image showing minor infarct
in left frontal region.

¢ Good with mRS score of 0 to 2

¢ Moderate with mRS score of 3 to 4

¢ Poor with mRS score 5to 6

Statistical Analysis

Data entry was done in Microsoft excel and Data analysis
was done using stata [6]. Demographic and clinical data were
described as percentages. Comparison of pre-procedural and
post-procedural neurological status was analyzed using paired
t test. A p-value of less than 0.05 was considered significant.

Results

43 patients were evaluated in the study, whose demographic
and clinical profiles are illustrated in Table 1. Male to female
ratio was 20:23, with average age or presentation being 53
years and range from 20 to 73 years. 58% of the patients

presented with Glasgow Coma Scale (GCS) above 14 with
51% of the patients presenting with focal neurological deficit.
Majority of the patients belonged to Hunt and Hess grade 11
and III (67%); and Fisher grade III and IV (47% and 32%,
respectively). 56% of the patients underwent coiling and 44%
underwent clipping as definitive treatment of the aneurysm.

49% of the patients developed vasospasm on post-ictal
day 9 with earliest ranging from day 4 to latest on day 13 as
depicted in Graph 1. Details about the cerebral vasospasm
development and its management are illustrated in Table 2.
56% of the patients presented with clinical deterioration while
88% of the patients were found to be developing vasospasm
on the basis of elevated flow velocity on TCD. 54% of the
patients were found to have vasospasm in unilateral vessels
while severity of vasospasm was found to be moderate and
severe in 37% and 37% patients, respectively.

As per the protocol, all patients were locally administered
intra-arterial nimodipine infusion up to a maximum dosage
of 3 mg per vascular territory. 58% of the patients showed
complete angiographic recovery while 87.5% of the patients
showed clinical recovery after the intervention. Post-
procedural TCD velocity was found to decrease in accordance
with angiographic recovery in the patients with the mean
difference of 40.46 cm/sec (Graph 2). Out of all the patients,
5 patients (12%) needed a repeat procedure at a later date in
view of inadequate recovery.

Final Outcome has been illustrated in Table 3. At the time
of discharge, 72% of patients had good outcome, 16% had
moderate with 12% had poor outcome. On NCCT head, 58%
had no infarcts while 28% had minor infarcts. On follow-up
after 6 months, 76% patients had good clinical outcome while
12% patient died before the follow up period. NCCT head
findings remained the same as at the time of discharge.

Discussion

Cerebral vasospasm is one of the most common treatable
complication with aneurysmal subarachnoid hemorrhage,
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Total number of Patients 43
Sex (Male : Female) 20:23
Age in years (Range, Mean) 20-73; 53
Glasgow coma scale (GCS), no. (%)

Greater than equal to 14 25(58)
Nov-13 13(30)
0-10 5(12)
Focal Deficits at admission, no. (%) 21 (49)
Hunt & Hess grade, no. (%)

| 9(21)
Il 16 (37)
1] 13 (30)
\Y 5(12)
\Y 0(0)
Fisher grade, no. (%)

| 0 (0)
Il 9 (21)
1] 20 (47)
\Y 14 (32)
Location of Aneurysm, no. (%)

Anterior communicating artery 13 (30)
Middle cerebral artery 9 (21)
Posterior communicating artery 5(12)
Vertebro-basilar artery 7 (16)
Internal carotid artery 4(9)
Anterior choroidal artery 3(7)
Distal anterior cerebral artery 2 (5)
Treatment of anueryms, no. (%)

Clipping 19 (44)
Coiling 24 (56)

Table 1: 43 patients were evaluated in the study, whose demographic and
clinical profiles are illustrated in the table.

causing death and disability in 12-17% of SAH patients
[7-10]. Clinical features of vasospasm depends on the
vascular territory being affected. Although, other causes
of neurological deterioration must be ruled out including
electrolyte disturbance (hyponatremia), infection (meningitis
and sepsis), hydrocephalus and seizures. TCD provides
a cheap, reliable, repeatable and portable test for early
diagnosis of vasospasm. Sensitivity and specificity of TCD
in detecting vasospasm is high and is reported to be 84-85%
and 89-98% respectively [11]. Angiography remains the gold
standard for the diagnosis of vasospasm. CT head can be used
for prognostication but is not a useful technique for early
diagnosis of vasospasm.

Management of vasospasm requires good intensive care
including measurement of central venous pressure, cardiac
output monitoring along with good neuro-nursing care. Triple
H therapy is targeted at increasing Cerebral Blood Flow
(CBF) and decreasing hematocrit, improving the rheological
properties of blood. Solomon et al. [12] suggested that
immediate aneurysm surgery and aggressive post-operative
prophylactic volume expansion in all patients can substantially
reduce re-bleeding and delayed cerebral ischaemia, potential
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cause of morbidity after aneurysmal SAH. According to latest
international guidelines, hypervolaemia is not recommended
anymore and HH therapy is preferred nowadays [4].

Among pharmacological prevention of vasospasm,
calcium channel antagonist are drugs of choice. Nimodipine
has selective Central Nervous System (CNS) action and
blocks dihydropyridine sensitive (L-type) calcium channels.

Table 2: Details about the cerebral vasospasm development and its
management are illustrated in the table.

Patients with delayed neurological deficit, no. (%) 24 (56)
Site of Vasospasm, no. (%)

Middle cerebral artery 21 (49)
Anterior cerebral artery 16 (47)
Internal carotid artery 21 (49)
Posterior cerebral artery 3(7)
Bilateral vessels 20 (46)
Degree of vasospasm, no. (%)

Mild 11 (26)
Moderate 16 (37)
Severe 16 (37)
Dosage of nimodipine (mg) instilled, no. (%)

3 10 (23)
6 24 (56)
7 1(2)
8 2 (5)
9 6 (14)
Angiographic recovery, no. (5%)

Mild 9 (21)
Moderate 9 (21)
Complete 25 (58)
Clinical recovery, no. (%) 21 (87.5)
Repeat spasmolysis, no. (%) 5(12)

Table 3: Final outcome has been illustrated in the table.

Clinical outcome on discharge, no. (%)

Good 31(72)
Moderate 7(16)
Poor 5(12)
Vasospasm related infarction on discharge, no. (%)

No infarct 25 (58)
Minor infarct 12 (28)
Major Discharge 6 (14)
Mortality, no. (%) 5(12)
Clinical outcome at 6 moths follow up, no. (%)

Good 33 (76)
Moderate 5(12)
Poor 0(0)
Vasospasm related infarction at 6 months follow up, no. (%)

No infarct 25 (58)
Minor infarct 12 (28)
Major infarct 1(3)
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It blocks calcium influx in smooth muscle cell and leads to
reduced vascular smooth muscle constriction and consequent
improved cerebral perfusion. Other possible mechanisms
having direct neuroprotective effects include decrease in
the release of vasoactive substances from endothelium and
platelets, blockage of free-radical attack on the intra neuronal
mitochondria, and improvement of CO, reactivity and
cerebral oxygen metabolism, or a reduction of tissue damage
caused by calcium overload at reperfusion. Its short half-
life requires frequent dosing in order to maintain sustained
concentration. Recently, several trials have been conducted
to assess efficacy of statins, endothelin-1 antagonists and
magnesium sulfate [13].

Patients who fail to respond adequately, endovascular
therapy including balloon angioplasty and chemical
vasodilatation, have been shown to play crucial role.
Mechanical angioplasty has demonstrated permanent
reversal of vasospasm in treated vessels, but it can be applied
to only proximal vessel segments [14,15]. Numaguchi et al.
[16] demonstrated successfully that pharmacologic dilation
by means of intra-arterial papaverine has the advantage of
also acting on smaller distal branches and diffuse vasospasm.
However, its beneficial effects are transient, and repeat
treatment sessions are often necessary. Use of papaverine
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for intra-arterial infusion has largely been abandoned in view
of limited success, frequent dosing and serious side effects
including exacerbation of vasospasm [17], thrombocytopenia
[18] and increase in intracranial pressure [19]. Milrinone
was shown to have recurrence rate of cerebral vasospasm
more than 20% following intra-arterial bolus injection
[20,21] Other drugs used for intra-arterial infusion include
nicardipine, verapamil, colforsin daropate, but no studies have
shown significant advantage of these drugs over nimodipine.

There have been several studies performed to assess
efficacy of intra-arterial nimodipine infusion in management
of refractory cerebral vasospasm [6,22-29] It was observed
that majority of the patients developing cerebral vasospasm
belonged to Hunt and Hess Grade II and III along with Fisher
grade III and IV. The number of patients in refractory cerebral
vasospasm were found to be more in the coiling group (56%)
in the present study however, this does not suggest that
patients who undergo coiling have more chances of going into
cerebral vasospasm as it was evaluated in the study. Out of 43
patients, 24 patients (56%) developed delayed neurological
deficits at the onset of vasospasm while 40 patients (93%)
were detected on the basis of increased flow velocity on TCD.
TCD velocity corroborated with clinical deterioration in 21
off 24 patients (88%). This stresses over the importance of
regular TCD monitoring and clinical examination as effective
means of early detection and management of vasospasm.

In our study, local administration of intra-arterial
nimodipine was done at a dosage of 3 mg/territory. Total
nimodipine dose used in 43 patients ranged from a minimum
of 3 mg to a maximum of 9 mg. Inotropic support was
started intra-procedure to maintain hemodynamic status of
the patient. In 5 patients (12%), we were not able to give
nimodipine sufficiently in view of inability to maintain
hemodynamic status. In a study conducted by Biondi et al.
[23], 1-3 mg of nimodipine was given per vessel. The total
dose of nimodipine injected intra-arterially for a given patient
was maintained within 5 mg. Cho et al. [24] kept the dose
of nimodipine from 3 to 6 mg at a rate of 6 mg/h per vessel.
When transient hypotension occurred during procedure,
infusion was stopped temporarily until blood pressure became
normalized.

In our study, 25 patients off 43 (58%) showed complete
angiographic recovery and 9 patients (21%) showed
moderate angiographic recovery. 21 off 24 patients (87.5%)
who had developed neurological deficits, clinically improved
after spasmolysis while 3 patients (12.5%) did not show any
improvement. When compared with Bondi et al. [23], only
7% showed excellent angiographic response, 37% showed
good and 57% showed poor response. 76% patients showed
substantial and stable clinical improvement in their clinical
condition. On the other hand, in study conducted by Cho
et al. [24], 83% cases showed good angiographic response
post-intervention while neurological deficits improved in
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69% of the patients after spasmolysis. A correlation can be
established with the dosage of nimodipine infused intra-
arterially with better response being seen in studies where
high dosage was used.

On discharge and follow up, it was observed in our study
that by timely intervention, mortality of refractory cerebral
vasospasm was reduced to 12% as compared to 14-26%
without endovascular intervention as reported by Kassell et
al. [30] Patient with good clinical outcome was comparable
to other studies assessing efficacy of intra-arterial nimodipine
therapy. Most of the patients tolerated intra-arterial
nimodipine infusion well with only 12% of the patients
developing systemic hypotension. No other systemic side
effect was noticed in any of the patient following intra-arterial
nimodipine therapy. There was no procedural complication
found in any of the patients.

Authors are of the opinion that the study conducted
was of small sample size and a larger study is required to
really assess the effect of alteration in dosage of nimodipine
during intra-arterial instillation for a better outcome. Also,
with intra-arterial nimodipine infusion, 58% of the patients
showed complete angiographic recovery while 87.5% showed
clinical recovery. This warrants additional investigation in
combination of nimodipine with alternative pharmaceutical
agents like milrinone and fasudil for better outcome in
patients.

Conclusion

Cerebral vasospasm remains the major cause of
morbidity and mortality in post-subarachnoid period and
one should be watchful for timely detection and intervention
of vasospasm for good outcome. With regular detailed
neurological examination and TCD monitoring, it is possible
to timely diagnose and manage cerebral vasospasm. Intra-
arterial nimodipine infusion is safe and effective therapy
with minimum risk of complications if adhered to standard
endovascular practice. By timely intervention, major
ischaemic insult to the brain can be averted as seen by low
number of large infarcts in follow up CT scan and thereby
significantly improving the prognosis.
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