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BACKGROUND AND PURPOSE: Cerebral vasospasm remains a major problem in patients
recovering from aneurysmal subarachnoid hemorrhage despite advances in medical, surgical,
and endovascular care. Our purpose was to assess the efficacy of intra-arterial nimodipine, a
calcium-channel blocker acting mainly on cerebral vessels, in preventing delayed neurologic
deficits in patients with symptomatic vasospasm.

METHODS: Clinical charts of 25 consecutively treated patients were retrospectively reviewed.
A multifactorial decision tree was used to determine the indication for angiography and
subsequent endovascular treatment. Nimodipine was infused intra-arterially via a diagnostic
catheter in the internal carotid artery or vertebral artery at a rate of 0.1 mg/min. Angiographic
vasospasm before endovascular treatment, immediate vessel caliber modifications, and short-
and long-term clinical efficacy of the procedure were assessed.

RESULTS: Thirty procedures were performed in 25 patients. Clinical improvement was
observed in 19 (76%), 16 of whom improved after the first endovascular procedure, two after the
second intra-arterial treatment, and one after the third. Of these 19 patients, only 12 (63%) had
notable vascular dilatation at postprocedural angiography. Dilatation of infused vessels oc-
curred in only 13 (43%) of 30 procedures. After follow-up of 3–6 months, 18 (72%) of 25 patients
had a favorable outcome (Glasgow outcome scale score of 1–2 and modified Rankin scale score
of 0–2). No complications were observed.

CONCLUSION: Intra-arterial nimodipine is effective and safe for the treatment of symptom-
atic vasospasm after subarachnoid hemorrhage. Further prospective randomized studies of
cerebral blood flow are needed to confirm these results.

Cerebral vasospasm is one of the main causes of
mortality and morbidity following aneurysmal sub-
arachnoid hemorrhage (SAH) (1). Neurocritical care
has been greatly improved over the past decades and
the use of both medical and surgical measures has
reduced the incidence of clinical deficits in patients
recovering from SAH (2). However, poor outcome
attributed to secondary ischemia remains a major

problem. For this reason, endovascular treatment of
refractory cerebral vasospasm has become part of the
standard treatment protocol in many neurosurgical
centers (3). The most frequently used techniques aim
to achieve arterial vessel dilatation by means of me-
chanical balloon angioplasty, local intra-arterial ad-
ministration of papaverine, or a combination of the
two.

Mechanical angioplasty has demonstrated perma-
nent reversal of vasospasm in treated vessels, but it
can be applied to only proximal vessel segments, and
it must be performed by experienced interventional
neuroradiologists (4, 5). 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 tran-
sient, and repeat treatment sessions are often neces-
sary (6). Moreover, both techniques are frequently
associated with considerable risks, and reports have
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demonstrated that their superiority to medical man-
agement for symptomatic cerebral vasospasm is ques-
tionable (7–9). Evidence from a rat model indicates
that reperfusion of parenchyma injured by an isch-
emic insult may lead to further injury (10). This phe-
nomenon could be one of the reasons why the use of
angioplasty and intra-arterial papaverine are in some
instances associated with unsatisfactory clinical re-
sults despite substantial vessel dilatation.

Nimodipine is a calcium antagonist that reduces
the influx of calcium in the smooth muscle cell
through the blockage of the voltage-operated calcium
channels. This may lead to reduced vascular smooth
muscle constriction and a decrease in the release of
vasoactive substances from endothelium and platelets
(11). It has also been hypothesized that nimodipine
may have direct neuroprotective properties (10, 12–
14). Many previous studies have proved the efficacy
of prophylactic oral or intravenous nimodipine in
reducing the evidence of cerebral infarction and im-
proving outcomes after SAH (15–18). Results of a
study analyzing the effect of clinically relevant doses
of nimodipine on cerebral blood flow and mean arterial
pressure confirmed the absence of adverse effects and a
maintained cerebral blood flow regulation (19).

Another calcium antagonist, verapamil, has re-
cently been demonstrated to be safe when adminis-
tered intra-arterially for the treatment of cerebral
vasospasm; it also has short-term beneficial effects in
some patients (20). The administration of nimodipine
by the arterial route has previously been reported for
the treatment of symptomatic vasospasm only in small
groups of patients. No complication following this
treatment has been reported (2, 21–23). However, the
long-term clinical efficacy of intra-arterial nimodipine
has not yet been assessed. On the basis of anecdotal
experience concerning the resolution of vasospasm
during endovascular procedures, we have used intra-
arterial nimodipine for symptomatic cerebral vaso-
spasm due to a ruptured aneurysm for the past 4
years. The purpose of our study was to review the
clinical charts of patients treated with intra-arterial
nimodipine in our institution over an 18-month pe-
riod to determine the safety and clinical benefits of
this treatment for cerebral vasospasm.

Methods

Patient Population
In our department, all patients admitted for SAH, as con-

firmed by CT or lumbar puncture, are examined by means of
four- or six-vessel angiography or, in rare cases, CT angiogra-
phy. During the 18 months between July 2000 and January
2002, 181 patients presented with SAH due to a ruptured
intracranial aneurysm. Endovascular treatment was performed
in 119 aneurysms, and surgical treatment was given in 62.
Among the 181 patients, 32 (17.7%) had findings compatible
with symptomatic cerebral vasospasm. Therefore, these pa-
tients underwent cerebral angiography for intra-arterial nimo-
dipine treatment. Seven patients had no signs of angiographic
vasospasm despite clinical or transcranial Doppler (TCD) find-
ings, and endovascular vasospasm treatment was not per-
formed. Twenty-five patients treated with intra-arterial nimo-

dipine for symptomatic aneurysmal cerebral vasospasm were
included in the study. We retrospectively reviewed their clinical
records, procedural reports, and anesthesiologic charts.

In 14 (56%) of 25 patients, the aneurysm was treated by
surgical clipping, whereas 11 patients (44%) underwent coil
endovascular treatment. Aneurysm treatment was performed
within the first 48 hours after hemorrhage in all patients except
three who were referred from other institutions. In these three
patients, endovascular vasospasm treatment was performed
before the aneurysm was treated. In two of these patients, the
aneurysm was treated by endovascular occlusion in the same
session, and in one patient, it was treated with surgical clipping
after the spasm resolved.

Thirty endovascular treatments were performed in 25 pa-
tients (19 female, six male) aged 32–63 years (mean, 47 � 8
years). Patients experienced symptomatic vasospasm from day
4 through day 15 after SAH (mean number of days after SAH,
7 � 3 days).

At admission, the patients’ neurologic condition was as-
sessed by using the World Federation of Neurologic Surgeons
(WFNS) grading scale. Eight patients (32%) had a grade I
condition; eight, grade II (32%); two, grade III (8%); five,
grade IV (20%); and two, grade V (8%).

CT scans were evaluated according to the Fisher classifica-
tion (24), as follows: 14 patients (56%) had group 3 SAH; eight
(32%), group 4 SAH; and three (12%), group 2 SAH. Twenty-
three aneurysms were located in the anterior circulation, and
two were in the posterior circulation. Patient characteristics are
summarized in Table 1.

In the neurosurgical intensive care unit, standard medical
management included preventive, well-monitored hyperten-
sive, hypervolemic, and hemodilution (triple-H) therapy maxi-

TABLE 1: Patient characteristics

Patient/
Sex/

Age, y

WFNS
Grade at

Admission
Fischer
Score

Location
of

Aneurysm*
Aneurysm
Treatment

1/F/42 II 3 R Pcom Endovascular
2/M/48 IV 4 L MCA Surgery
3/M/50 III 3 Acom Surgery
4/F/48 I 2 L MCA Surgery
5/F/46 V 4 Acom Endovascular
6/F/37 V 4 L MCA Surgery
7/M/55 II 3 L MCA Endovascular
8/F/38 I 3 L Pcom Surgery
9/F/47 IV 3 Acom Surgery

10/M/51 III 2 Acom Endovascular
11/M/44 I 4 R MCA Surgery
12/F/51 I 3 BA Endovascular
13/F/53 II 3 R MCA Surgery
14/F/46 I 3 R PCA Endovascular
15/F/43 II 4 Acom Endovascular
16/F/32 II 4 R Pcom Endovascular
17/F/34 IV 2 R MCA Endovascular
18/F/55 II 3 Acom Surgery
19/M/57 II 3 Acom Endovascular
20/F/32 IV 3 L Pcom Endovascular
21/F/39 I 3 AchoA Surgery
22/F/63 IV 4 Acom Surgery
23/F/51 I 3 R Pcom Surgery
24/F/52 I 4 Acom Surgery
25/F/57 II 3 L MCA Surgery

* AchoA indicates anterior choroidal artery; Acom, anterior com-
municating artery complex; BA, basilar artery apex; MCA, middle
cerebral artery; PCA, posterior cerebral artery (P1 segment); and
Pcom, posterior communicating artery.
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mized to the point of elevating systolic arterial pressure to
150–170 mm Hg. Triple-H therapy was implemented just after
surgical or endovascular treatment of the aneurysm. All pa-
tients received intravenous nimodipine (Nimotop, Bayer AG,
Leverkusen, Germany) with a dose of 2 mg of nimodipine per
hour by means of continuous infusion beginning when the
diagnosis of aneurysmal SAH was established. This treatment
was continued until the 21st day in patients developing vaso-
spasm. The drug was temporarily suspended only if refractory
hypotension or hypoxemia developed.

Arterial blood pressure, central venous pressures, intracra-
nial pressure, and cerebral perfusion pressures were measured
continuously in patients with grade III or IV conditions via
arterial, central venous, Swan-Ganz, and ventricular catheters.
TCD study was performed at least once every 2 days through a
transtemporal approach for 12–18 days. Mean flow velocities in
the supraclinoid internal carotid artery (tICA), middle cerebral
arteries (MCAs), and ipsilateral extracranial internal carotid
arteries (eICAs) were measured.

Indication for Treatment
Patients were considered eligible for angiography and phar-

macologic angioplasty if they showed at least one of the fol-
lowing conditions: 1) altered consciousness or clinical worsen-
ing based on Glasgow Coma Scale scores, 2) new motor deficits
(monohemiparesis or cranial nerve palsy), 3) speech distur-
bances (aphasia-dysphasia), 4) Mean flow velocity in the MCA
�140 cm/s and/or mean flow velocity in the anterior cerebral
artery (ACA) � 120 cm/s with a ratio of MCA- to-eICA mean
flow velocities greater than 3 (ie, Lindegaard ratio), or 5)
increase in blood velocity above 50 cm/s/day. A body temper-
ature of over 38°C without other explanation or EEG abnor-
malities suggesting brain ischemia, were also part of the mul-
tifactorial decision tree to perform angiography (2). Increased
flow velocity suggesting vasospasm, a criterion used to select
patients for treatment, was adapted from other publications
reporting the correlations between elevation of mean arterial
flow velocity and vasospasm (25–27). Another criterion used to
select patients for possible treatment was the presence of fever;
this was based on the fact that, in SAH, fever is associated with
vasospasm and poor outcome independent of hemorrhage se-
verity or presence of infection (28). In addition, fever, which is
probably caused by vasospasm, can potentiate vasospasm-me-
diated brain injury.

When vasospasm was suspected, cerebral CT scanning was
first performed to exclude other causes of clinical deficits, such
as hydrocephalus or rebleeding. Afterward, the patient under-
went diagnostic angiography to confirm vasospasm. If the pa-
tient was not under deep sedation and receiving assisted me-
chanical ventilation because of his or her clinical state, a
systemic opioid and local anesthesia were given before obtain-
ing transfemoral arterial access with a 4F, or rarely a 5F,
sheath. Intra-arterial nimodipine was administered only in pa-
tients with angiographic evidence of spasm in a territory com-
patible with the neurologic deficit or in those with substantially
elevated mean flow velocity, as determined with TCD study.

Fifteen of the 25 patients presented with clinical worsening,
based on Glasgow Coma Scale scores, which usually included a
decreased level of consciousness and/or disorientation. Four
had hemiparesis, two had other motor disturbances, and two
had speech disturbances. In two patients, a mean flow velocity
above 150 cm/s was the only indication for angiography. All
patients with a poor clinical condition at admission—five pa-
tients with a grade IV condition and two with a grade V
condition based on the WFNS scale—improved within a few
days after SAH but subsequently deteriorated because of va-
sospasm.

In three patients, the selective intra-arterial infusion of ni-
modipine was performed twice, and in one patient, it was done

three times. Their clinical and TCD findings, which were un-
changed after endovascular treatment, continued to worsen the
following day. Therefore, a total of 30 endovascular procedures
were performed.

Velocities of the affected vessels within 24 hours before and
after endovascular nimodipine treatment were available in 25
of 30 procedures. In two patients, reliable assessment could not
be performed because of poor transtemporal windows. TCD
values were the main indication for treatment in two cases and
were significantly elevated in 14 of the patients treated.

The mean TCD-measured blood flow velocity in the proxi-
mal MCA increased from an admission reference value of 78 �
12 cm/s to 154 � 31 cm/s in the 24 hours preceding treatment.

Angiographic Findings and Endovascular Treatment
of Vasospasm

Diagnostic angiography and subsequent treatment was per-
formed within 24 hours of the onset of symptomatic vasospasm
in all cases and the mean delay time after the occurrence of
symptoms was 18 � 6 hours.

As in previous studies (6, 7, 29), a spasm on pretreatment
angiograms was assessed semiquantitatively and subjectively by
two neuroradiologists (A.B., G.K.R.). Spasm was graded as
mild when arterial narrowing was �25%, moderate when 25–
50% constriction was present, and severe when narrowing was
�50%. In 23 patients, the initial admission arteriograms, with-
out obvious vasospasm, were used as a reference and were
compared with pretreatment and post-treatment angiograms.
The initial angiograms in the remaining two patients were not
available for review. Both readers separately evaluated all an-
giograms and then compared their findings. In cases of dis-
agreement, another neuroradiologist, blinded to the findings of
both readers, evaluated the angiograms, and disagreements in
grading were resolved by consensus.

The degree of vasospasm was severe in 11 cases, moderate in
16, and mild in three. In 10 patients (13 procedures), substan-
tial vasospasm of tICA, MCA, and ACA was found. Vasospasm
involved the tICA and MCA in three patients and the tICA and
ACA in other three. Vasospasm involved only the ACA in
three cases, only the MCA in one case, and both the MCA and
ACA in another one. Both the anterior and posterior circula-
tions were diffusely affected in three cases (four procedures),
whereas isolated posterior circulation vasospasm was found in
one patient (two procedures). Distal vasospasm (arterial
branches distal to the circle of Willis) was also present in nine
patients (36%).

The internal carotid artery on the side of vasospastic cere-
bral vessels was the only vessel infused in 21 of 30 procedures
(Figs 1 and 2). Nimodipine was injected into both right and left
internal carotid arteries in seven procedures, and in three of
these, one vertebral artery was also injected because of associ-
ated posterior circulation vasospasm (Fig 3). In one patient
(two procedures), the left vertebral artery was the only vessel
infused (Table 2).

The procedure was performed via a 4F, or in rare cases a 5F,
diagnostic catheter placed into the cervical internal carotid
artery or the vertebral artery. A dose of 1–3 mg of nimodipine
(5–15 mL of Nimotop) per vessel was infused after it was
diluted with physiologic saline (15–45 mL) to obtain a 25%
dilution. Slow continuous infusion of the solution at a rate of 2
mL/min (0.5 mL/min Nimotop, 0.1 mg/min nimodipine) was
achieved by means of an electric pump. Consequently, the
intra-arterial administration of nimodipine lasted 10–30 min-
utes per vessel. The total dose of nimodipine injected intra-
arterially for a given patient was maintained within 5 mg and was
determined by judging the severity of initial spasm, the degree of
vessel dilatation, and the initial systemic blood pressure.

Because of the reported undesirable effects of some vaso-
active drugs on systemic blood pressure and intracranial pres-
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sure, routine neurophysiologic monitoring was always per-
formed while the patients were being treated. Arterial blood
pressure was continuously monitored to record the maximum
systolic blood pressure and the total decrease from the begin-
ning of the procedure. Recording continued for at least 20
minutes after the intra-arterial injection was over. Continuous
intravenous infusion of nimodipine was not suspended during
the procedure unless the patient’s systolic blood pressure
dropped below 110 mm Hg or decreased by more than 40 mm
Hg. Direct monitoring of intracranial pressure was performed
only in those patients who, because of their severe neurologic
condition, had a ventricular catheter. In the other patients,
indirect signs of increased intracranial pressure (eg, sudden rise
in blood pressure, bradycardia, or rapid neurologic deteriora-
tion) were monitored instead.

In no case was systemic heparinization or additional seda-
tion necessary to perform the treatment. To assess the angio-

graphic effects of intra-arterially administered nimodipine, an-
giography was repeated 10 minutes after the end of the
injection.

Post-Treatment Angiographic Evaluation
In all cases, two neuroradiologists (A.B., G.K.R.) separately

evaluated the angiographic results of nimodipine treatment.
The angiographic response was graded as poor if there was no
improvement or only mild improvement in vessel caliber, good
if all or most of the treated vessels improved by at least one
angiographic grade (eg, severe to moderate or moderate to
mild), and excellent if vessels with marked spasm improved by
two grades or if it normalized. Worsening of vasospasm after
the procedure was graded as a negative response. As in the
pretreatment evaluation, disagreements in grading between the
two neuroradiologists were resolved by consensus and included

FIG 1. Case 25. This patient presented
with a decreased level of consciousness
and was treated with intra-arterial nimo-
dipine for symptomatic cerebral vaso-
spasm following SAH.

A and B, Anteroposterior (A) and lateral
(B) angiograms of the left internal carotid
artery show vasospasm at the level of the
carotid siphon, the terminal internal ca-
rotid artery, the A1 segment of the ACA,
and the MCA.

C and D, Anteroposterior (C) and lateral
(D) angiograms obtained after intra-arte-
rial injection of nimodipine 3 mg into the
internal carotid artery demonstrate an in-
creased diameter of the vessels. The pa-
tient’s clinical condition rapidly improved
after treatment.

FIG 2. Case 4. This patient with right
hemiparesis was treated with intra-arterial
nimodipine for symptomatic cerebral va-
sospasm following SAH. This patient had
moderate vasospasm of tICA, ACA and
MCA on the left side.

A, Lateral angiogram of the left internal
carotid artery shows vasospasm involving
also the distal cerebral branches (arrows).

B, Lateral angiogram of the left internal
carotid artery obtained after the intra-ar-
terial injection of nimodipine 2 mg shows
a slight increase in the size of the distal
arteries (arrows) and the internal carotid
system. Despite the poor angiographic re-
sults, the patient’s condition improved
significantly within 12 hours, and no recur-
rence of symptoms was observed.
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an evaluation by another neuroradiologist blinded to the find-
ings of both readers.

Post-Treatment Clinical Evaluation
After the procedure, all patients returned to the neurosur-

gical intensive care unit, and standard parameters were contin-
uously monitored. Clinical assessments were performed every 3
hours for the first 24 hours. Triple-H therapy was continued
after nimodipine intra-arterial infusion. All patients remained
in the neurosurgical intensive care unit until they recovered or
their clinical and TCD criteria stabilized. They were then trans-
ferred to the neurosurgical ward. Clinical follow-up data were
obtained from the case notes for each patient on their dis-
charge from the hospital and at the first postdischarge clinical
assessment, which was usually 3–6 months later.

The anesthesiologic records of all patients were analyzed for
undesired systemic effects due to intra-arterial nimodipine.
Clinical improvement, determined within 24 hours after nimo-
dipine therapy, was defined as the disappearance of findings or
an improvement in the clinical condition that had led to endo-
vascular treatment. Improvement included an increase in mo-
tor power (Substantial improvement was defined as increase of
motor power by two grades), improvement in mental status, the
possibility of reducing sedative drugs or antiedematous treat-
ments, and a reduction of mean velocities at TCD in those
cases in which this was the indication for treatment. Anesthe-
siologists, who were not blinded to the patient’s therapy, per-
formed the neurologic examination. The level of consciousness
and the neurologic status were evaluated by using the Glasgow
Coma Scale.

The patients were discharged from hospital and then clini-
cally reassessed within 3–6 months by the neurosurgeon or
interventional neuroradiologist in charge, whether their aneu-
rysm had been treated surgically or endovascularly. Long-term
outcomes were assessed by using the Glasgow Outcome Scale
(GOS) (30) and the modified Rankin scale (Oxford Handicap
Scale) (31). A favorable outcome consisted of a GOS score
indicating good recovery or moderate disability (grades 1 and
2). Unfavorable outcomes were severe disability, a vegetative
state, and death (grades 3, 4, and 5). According to the modified
Rankin scale, 0 indicated no symptoms; 1, minor symptoms; 2,
some restriction in lifestyle; 3, significant restriction in lifestyle;
4, partial dependence; 5, full dependence; and 6, death.

Post-Treatment TCD Evaluation
Assessment of flow velocity in major intracerebral vessels by

means of TCD monitoring was performed in all 25 patients as
part of our standard management, but complete results were
available for review in only 18.

Data Collection and Analysis
We entered all data into a database, taking care to maintain

patient anonymity. The results were analyzed by using a commer-
cially available statistical package (InStat version 3; GraphPad
Software, Inc, San Diego, CA). Statistical analysis was performed
by using paired and unpaired t tests; significance was set at a P
value of �.05. All data were presented as mean � SD.

Results

Angiographic Results
Notable vascular dilatation was observed in 13

(43%) of 30 procedures. The angiographic response,
as previously assessed, was excellent in two (7%) and
good in 11 (37%) of the 30 endovascular procedures.
Angiographic responses were judged as poor in the
remaining 17 procedures (57%) (Fig 1–3). Vaso-
spasm never worsened after the selective injection of
intra-arterial nimodipine. Systolic blood pressure did
not decrease by more than 40 mm Hg during nimo-
dipine infusion (mean �18 � 11 mm Hg) and was
never below 100 mm Hg. Pressure decrease rapidly
normalized within a short time (5–10 minutes) after
the end of the procedure. In no case did a notable
elevation of intra-arterial pressure occur during or
immediately after the endovascular treatment.

In five cases, the patient presented with a patent
aneurysm (three ruptured and two unruptured). No
modifications of the aneurysmal diameter were ob-
served after the vasospasm endovascular treatment. No
changes of the intracranial pressure was observed dur-
ing the treatment in 12 patients who, because of their
neurologic condition, had a ventricular catheter. There
were no clinically evident complications or deaths that
could be linked to the procedure (Table 2).

Clinical Results
Nineteen (76%) of 25 patients had substantial and

stable improvement in their clinical condition during
the 24 hours following vasospasm treatment with in-
tra-arterial nimodipine. Clinical improvement was
observed after the first endovascular procedure in 16
patients, after the second procedure in two patients,
and after the third in one patient. Consequently,
three of the four patients who had multiple proce-

FIG 3. Case 12. Patient presenting with
left hemiparesis and diffuse and severe
vasospasm. After an intra-arterial injection
of 3 mg of nimodipine into both carotid ar-
teries and the basilar artery, angiographic
and clinical results were poor. A second
session with injection of 5 mg of nimodipine
into the same vessels achieved good angio-
graphic results and clinical improvement.

A, This angiogram obtained before the
intra-arterial injection of nimodipine shows a
moderate vasospasm of the left vertebral
artery. (Vasospasm was severe in the other
vessels, not shown.)

B, After nimodipine therapy, this left
vertebral artery angiogram shows in-
creased size of the basilar artery. Despite
these results, the patient later died from
cardiopulmonary complications.
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dures improved. Six patients (five of the patients
treated only once and one with two treatments) re-
mained clinically unchanged after the procedure.

After follow-up of 3–6 months, 18 patients (72%)
had a good GOS score (nine with a score of 1, and
nine had a GOS score of 2) and a good modified
Rankin scale score (seven patients with a score of 0,
two with score of 1, and nine with a score of 2). Five
patients had severe disability, while two patients died.

One patient (case 18) had a WFNS grade of II at
admission and had a poor long-term outcome, with a
GOS score of 3 and a modified Rankin scale score of
3; this patient had an impairment of memory and
superior functions most likely caused by vasospasm
developing after surgical treatment of the aneurysm.
There were no cases of vegetative survival.

Among the 19 patients with clinical improvement
after nimodipine treatment, 17 (89.5%) had good

TABLE 2: Data in 25 patients treated with intra-arterial nimodipine for symptomatic cerebral vasospasm after SAH

Pt/No.

of Tx

Indication for

Angiography

Days

after

SAH

Symptom

Onset after

Spasm, h

Vessel with

Spasm Side

Spasm

Severity

Vessel

Infused

Nimodipine

Dose per

Session, mg

SAP

Change,

mm Hg

Angio-

graphic

Results

Clinical

Results

GOS

Score

Modified

Rankin

Score

1/1 Decreased LOC 6 18 tICA, MCA R Moderate ICA R 1.0 0 Good Improved 2 2

2/1 Decreased LOC 7 18 tICA, MCA,

ACA

L Severe ICA L 1.0 �10 Excellent Improved 1 1

3/1 Decreased LOC 6 24 tICA, MCA,

ACA

R/L Moderate ICA R/L 3.0 �15 Poor Unchanged 3 3

4/1 R hemiparesis 7 18 tICA, MCA,

ACA

L Moderate ICA L 2.0 �10 Poor Improved 1 0

5/1 L hemiparesis 8 24 ACA R Mild ICA R 1.0 0 Good Improved 2 2

6/2 L MCA � 200 cm/s 7 6 tICA, MCA,

ACA

L Severe ICA L 2.0 �20 Poor Unchanged

6* R hemiparesis 9 24 tICA, MCA,

ACA

L Severe ICA L 3.0 �20 Good Unchanged* 3 3

7/1 Dysphasia 10 12 MCA L Mild ICA L 3.0 �15 Poor Improved 1 0

8/1 Disorientation 9 24 tICA, MCA,

ACA

L Severe ICA L 2.0 �20 Poor Improved 1 0

9/1 Decreased LOC 5 18 tICA, MCA L Moderate ICA L 1.0 10 Good Improved 3 3

10/1 R-leg monoparesis 15 18 ACA L Mild ICA L 2.0 �15 Good Improved 1 0

11/1 Decreased LOC 6 24 tICA, ACA R Moderate ICA R 2.0 �30 Good Improved 2 2

12/2 L hemiparesis 7 12 Diffuse R/L Severe ICA R/L,

VA L

3.0 �20 Poor Unchanged

12* L hemiparesis 8 24 Diffuse R/L Severe ICA R/L,

VA L

5.0 �30 Good Improved* 5 6

13/1 Decreased LOC 4 12 tICA, MCA,

ACA

R/L Moderate ICA R/L 3.0 �30 Poor Unchanged 5 6

14/2 Cranial nerve III paresis 11 18 BA, PCA R Moderate VA L 3.0 �20 Poor Unchanged

14* Cranial nerve III paresis 12 24 BA, PCA R Moderate VA L 2.0 �25 Poor Improved* 1 0

15/1 Dysphasia, temp �38°C 7 12 MCA, ACA R/L Moderate ICA R/L 2.0 �10 Poor Unchanged 2 2

16/1 Decreased LOC,

disorientation

5 12 Diffuse R/L Severe ICA R/L, VA 3.0 �20 Good Improved 2 2

17/1 Decreased LOC

disorientation

10 24 tICA, MCA,

ACA

R Moderate ICA R 2.0 0 Good Improved 1 1

18/1 R/L MCA � 190 cm/s 11 18 tICA, MCA,

ACA

L Moderate ICA L 2.0 �20 Poor Unchanged 3 3

19/1 Decreased LOC 10 24 Diffuse R/L Severe ICA R/L VA 5.0 �35 Excellent Improved 2 2

20/3 Decreased LOC 4 12 tICA, MCA,

ACA

L Moderate ICA L 2.0 �30 Poor Unchanged

20* Decreased LOC, L MCA

� 140 cm/s

5 24 tICA, MCA,

ACA

L Moderate ICA L 3.0 �25 Poor Unchanged*

20† Decreased LOC, L MCA

� 160 cm/s

6 48 tICA, MCA,

ACA

L Severe ICA L 3.0 �40 Poor Improved† 1 0

21/1 L hemiparesis 8 24 tICA, MCA R Moderate ICA R 3.0 �10 Poor Improved 2 2

22/1 Decreased LOC 5 12 ACA R Severe ICA R 3.0 �15 Good Improved 2 2

23/1 Decreased LOC 6 6 tICA, ACA R Moderate ICA R 3.0 �25 Poor Improved 1 0

24/1 Decreased LOC 10 24 tICA, ACA L Moderate ICA L 2.0 �30 Poor Unchanged 3 3

25/1 Decreased LOC 5 12 tICA, MCA,

ACA

L Severe ICA L 3.0 �20 Good Improved 2 2

Note.—ACA indicates anterior cerebral artery; BA, basilar artery; GOS, Glasgow Outcome Scale (5 indicates death); ICA, internal carotid artery;
LOC, level of consciousness; PCA, posterior cerebral artery; SAP, systolic artery pressure; Tx, treatment; and VA, vertebral artery.

* Second treatment.
† Third treatment.
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long-term outcomes. In the six patients without clin-
ical improvement after treatment, only one patient
had a good outcome (16.5%) (Table 2).

Angiographic-Clinical Correlation
Of 19 patients with clinical improvement after ni-

modipine infusion, only 12 (63%) had notable vascu-
lar dilatation on postprocedural angiograms. Seven
patients (37%) had no vascular dilatation. Of six pa-
tients who remained unchanged after treatment; one
had vascular dilatation. Among the 18 patients with
good long-term outcomes, 17 (94%) experienced clin-
ical improvement after the procedure (10 with vessel
dilatation and seven without vessel dilatation). Only
one patient (6%) with no clinical improvement and
no angiographic dilatation had a good outcome (Ta-
ble 2).

TCD Results
After the 30 procedures, mean velocities decreased

by at least 20 cm/s in seven cases, changed only
slightly after 20, and increased by at least 20 cm/s in
three. Velocities decreased to 142 � 31 cm/s during
the 24 hours following selective intra-arterial nimo-
dipine. Flow-velocity modifications were not corre-
lated with either angiographic modifications of vas-
cular caliber or with immediate clinical effects of the
treatment.

Discussion
We investigated the clinical effects of intra-arterial

nimodipine on ischemic deficits in patients with symp-
tomatic vasospasm after aneurysmal SAH. In many
institutions, angioplasty and intra-arterial papaverine,
performed either alone or together, are the primary
methods of endovascular treatment of vasospasm
when maximized medical therapy fails to reverse
symptoms (3). The main aim of both techniques is to
improve cerebral blood flow by reversing angio-
graphically visible vessel vasospasm.

Angioplasty is widely considered to be the most
effective endovascular procedure because of the ex-
cellent, and nearly always permanent, angiographi-
cally confirmed reversal of vasospasm, which is often
followed by high rates of clinical improvement (4).
Although the safety of the procedure has greatly in-
creased with greater experience and better technical
devices, a potential for severe complications still ex-
ists (8). These include vessel rupture, branch occlu-
sion, displacement of surgical clips, and rebleeding of
unclipped aneurysms. Moreover, angioplasty is appli-
cable to only proximal, segmental vasospasm in the
ICA, the M1 segment of the MCA, and (more rarely)
the A1 segment of the ACA. In addition, because
angioplasty is technically demanding, it should be
performed only in centers with experience in endo-
vascular procedures (32).

Because of fewer technical difficulties, intra-arte-
rial administration of papaverine has long been an

attractive approach as the only endovascular treat-
ment. In addition, it is more effective than angioplasty
in cases of distal vasospasm. However, to prevent
complications during the procedure, current proto-
cols require close monitoring and heparinization of
patients. Moreover, many teams intubate their pa-
tients and monitor intracranial pressure before the
procedure (32, 33). Reported complications include
monocular blindness, brain stem dysfunction (includ-
ing respiratory arrest), transient focal neurologic def-
icits, and formation of crystal emboli (34, 35). In
addition, many studies have demonstrated that pa-
paverine infusion often does not provide permanent
reversal of vasospasm, and a rebound effect can oc-
cur. Consequently, repeated procedures, which have
associated risks with each catheterization, are re-
quired (7, 9, 32).

Other treatments, such as the intra-arterial infusion
of milrinone (36) and verapamil (20), the intrathecal
delivery of nitric-oxide donors, the systemic adminis-
tration of endothelin receptors antagonists or various
inhibitors of phosphodiesterase enzymes, are also un-
der intensive investigation, but their clinical efficacy
has not yet been demonstrated (37).

In our department, nimodipine has been used for
the last 5 years in the treatment of catheter-induced
vasospasm during the endovascular treatment of an-
eurysms and arteriovenous malformations. Our anec-
dotal experience has shown that catheter-induced va-
sospasm resolves rapidly after the local injection of
0.5–1 mg of nimodipine from the guiding catheter. In
addition, in difficult vascular procedures, the inci-
dence of vasospasm is greatly reduced when nimodip-
ine was preventively injected intra-arterially as soon
as the catheter is placed in the internal carotid artery
or vertebral artery. At present, to prevent vasospasm
and to make the endovascular procedure easier, we
preventively inject 0.5–1 mg of nimodipine from the
guiding catheter before and during the treatment of
ruptured intracranial aneurysms.

Four years ago, we also started treating postaneu-
rysmal SAH vasospasm with nimodipine and, for the
last 2 years, the intra-arterial injection of nimodipine
has been the elective endovascular treatment per-
formed in our department in cases of cerebral vaso-
spasm refractory to medical treatment. Balloon an-
gioplasty is more rarely performed and was never
used in this series of consecutive 25 patients.

The utility of injecting nimodipine intra-arterially
in patients already receiving a continuous intravenous
administration of the same drug may be questionable.
Nevertheless, the cerebral concentration of nimodip-
ine may be higher when injected locally, and this
could allow the persistence of therapeutic drug con-
centration for longer periods than through the intra-
venous route. As in the case of intravenous injection,
the systemic effects of intra-arterial nimodipine are
short-lived, as evidenced by the rapid recovery of
decreases in blood pressure experienced by all pa-
tients in this study.

Although the efficacy of prophylactic intravenous
nimodipine in improving outcomes after SAH and in
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reducing the frequency of secondary neurologic def-
icits has been repeatedly demonstrated (16), the in-
termediate factors by which nimodipine exerts its
beneficial effects remain uncertain. There have been
many hypotheses about possible mechanism by which
nimodipine exerts its positive effects. The effects may
be due to direct neuroprotective properties induced
by the blockage of free-radical attack on the intran-
euronal mitochondria (11, 12), an improvement of
CO2 reactivity and cerebral oxygen metabolism (13),
or a reduction of tissue damage caused by calcium
overload at reperfusion (10).

One meta-analysis failed to show a statistically sig-
nificant reduction in angiographically detected cere-
bral vasospasm among patients treated with intrave-
nous nimodipine (17); this was confirmed with an in
vitro study in which nimodipine failed to promote
relaxation in the spastic vascular smooth muscle (38).
On the other hand, previous studies have demon-
strated that, after nimodipine, the magnitude of va-
sodilatation in isolated rat arterioles was greater, and
the duration of dilation after washout longer in intra-
cerebral penetrating arterioles than in pial arterioles
(39). This finding may lead to the hypothesis that, in
humans, nimodipine could be more effective in dilat-
ing small perforating branches than angiographically
visible larger arteries (14). In our study, a significant
reduction of angiographic cerebral vasospasm was
found only in 13 (52%) of 25 patients (43% of pro-
cedures), and this effect was visible in both the prox-
imal and distal vessels (Fig 2). We were not able to
assess modifications in parenchymography or cere-
bral circulation time, which would have required spe-
cific data collection. Another aspect to be considered
is the utility of intra-arterial nimodipine infusion in
patients in whom vasospasm is suspected but not
confirmed by angiography. Although seven of 32 pa-
tients in our series did not receive intra-arterial ni-
modipine, the cause of delayed deterioration in these
cases was thought to be vasospasm of small vessels;
consequently, intra-arterial nimodipine could have
been beneficial.

Zygmunt and Delgado-Zygmunt (40) demon-
strated, in a small group of patients, that high-dose
continuous intravenous nimodipine (4 mg/h) may im-
prove clinical outcomes and promote the angio-
graphic resolution of vasospasm. Roda et al (10)
found that a maximized dose of intra-arterially in-
jected nimodipine given just before and during reper-
fusion reduced the cortical infarct volume in rats sub-
jected to partially reversible focal cerebral ischemia. On
the basis of data from previous studies and ours, it
could be hypothesized that a supplementary dose of
nimodipine injected directly into the territories where
vasospasm has developed improves the survival of
patients with hypoperfused cerebral parenchyma.

Regarding a possible rebound effect after intra-
arterial nimodipine, we did not observe clinical dete-
rioration (due to vasospasm) following an improve-
ment after intra-arterial nimodipine. Consequently,
further angiographic study, which could have demon-
strated an angiographic rebound effect, was not per-

formed. On the other hand, in some cases we ob-
served no angiographic findings of dilatation after
intra-arterial nimodipine, with or without clinical im-
provement.

In the six patients who remained clinically un-
changed after intra-arterial nimodipine administra-
tion (only one with vessel dilatation), the treatment
was not repeated. Multiple treatments were per-
formed in four patients whose conditions were un-
changed after endovascular treatment and who pre-
sented with progressive worsening the following day
despite the first infusion of nimodipine. The treat-
ment was repeated in an attempt to prevent progres-
sive deterioration.

Because ethyl alcohol is an excipient used by the
manufacturer of Nimotop, the presence of a local
effect of alcohol must be considered. The alcoholic
titer of the drug is of 23.5% V/V (0.185 g of alcohol
per milliliter of Nimotop). However, we diluted the
mediation in normal saline at 25%; consequently,
the dose of ethyl alcohol was 0.046 g/mL of solution.
The dose administered to our patients was 0.9–2.7 g
per vessel, and the infusion lasted 10–30 minutes. The
total dose never exceeded 4.5 g per procedure. These
doses are negligible and, with slow infusion of the
solution at a rate of 2 mL/min (0.092 g of ethyl alcohol
per min), the alcohol did not cause vascular injury. In
the treatment of vascular malformations, only a high
dose of absolute ethyl alcohol (98%) is reported to be
harmful to the vascular endothelium (41).

Our study was limited to some extent: 1) data
collection was retrospective; 2) the number of pa-
tients was relatively small; 3) no control group was
treated concurrently with placebo infusions or other
methods. However, only 31 and 38 patients were
enrolled in the two multicenter studies of the efficacy
of intra-arterial papaverine (7) and angioplasty (8),
respectively. The investigators retrospectively evalu-
ated findings in a series of patients who were part of
a prospective, multicenter, clinical trial designed for
other purposes, not primarily to investigate these
treatment methods. The authors pointed out that a
long time would be required to gather enough pa-
tients at a single institution or a small group of insti-
tutions to achieve adequate statistical power.

Another possible problem in our study is that we
assessed only the immediate and long-term clinical
efficacy of the treatment. Immediate clinical results
suggest that intra-arterial nimodipine is effective in
the treatment of these patients. Long-term clinical
efficacy may be influenced by many factors, so the
positive trend toward symptom reversal and good
outcome is not sufficient to claim efficacy of treat-
ment. Ideally, cerebral blood flow should be contin-
uously monitored, before and after treatment, in pa-
tients recovering from aneurysmal SAH to optimize
the timing and indication of the endovascular procedure
and to assess the real efficacy of the treatment in pre-
venting cerebral ischemia (9). However, the patients in
the present study were monitored with the standard
tools currently used at our institution; these tools do
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not include the routine assessment of cerebral perfu-
sion.

TCD values were the main indication for treatment
in two cases and were significantly elevated in 14 of
the patients treated. However, modifications in flow
velocity after treatment were not correlated with ei-
ther the angiographic results or the immediate clini-
cal picture. Different studies have recently high-
lighted this problem in assessing results of patients
treated with papaverine or angioplasty (7, 9, 29). One
explanation may be that this technique does not as-
sess tissue microcirculation and, even in presence of
indexes aimed at correcting for systemic modifica-
tions, it is unpredictably influenced by hyperdynamic
treatment strategies. Furthermore, velocity measure-
ments truly reflect flow only if the diameter of the
conductance vessels does not change at the same
time. Consequently, TCD study is no longer an accu-
rate tool to measure flow if the diameter of the
conductance and resistance vessels change concomi-
tantly.

In conclusion, although our data have some limits,
results of this retrospective analysis suggest that intra-
arterial nimodipine is effective and safe in select cases
of vasospasm following aneurysmal SAH. Prospec-
tive, randomized studies evaluating cerebral blood
flow are needed to confirm these results and to de-
termine whether this therapy is truly cost-effective
and superior to intensive medical care.
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