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Preliminary Experience with Intra-Arterial
Nicardipine as a Treatment for

Cerebral Vasospasm

Neeraj Badjatia, Mehmet A. Topcuoglu, Johnny C. Pryor, James D. Rabinov,
Christopher S. Ogilvy, Bob S. Carter, and Guy A. Rordorf

BACKGROUND AND PURPOSE: Papaverine is the primary intra-arterial (IA) treatment for
vasospasm after aneurysmal subarachnoid hemorrhage (SAH); however, is it limited in effect
and by adverse effects. We prospectively studied the use of IA nicardipine as a treatment for
vasospasm.

METHODS: Over 12 months, all patients with SAH who required interventional treatment for
vasospasm were given IA nicardipine with or without angioplasty. Vasospasm was determined
by serial clinical assessments and/or daily transcranial Doppler (TCD) imaging and confirmed
by angiography. Doses of IA nicardipine per vessel were 0.5–6 mg. All patients were monitored
for increased intracranial pressure (ICP) and change in cardiovascular or neurologic status.

RESULTS: Forty-four vessels in 18 patients with vasospasm were treated with IA nicardipine
alone. TCD data for 38 vessels (15 cases) were available. All vessels demonstrated immediate
angiographic dilatation after IA nicardipine. No sustained cardiovascular changes were after
treatment. ICP was transiently elevated in five patients and persistently elevated in one. Mean
peak systolic velocities at TCD imaging were significantly reduced from pretreatment values in
all treated vessels for 4 days after infusion (268.9 � 77.8 vs 197.6 � 74.1 cm/s, P < .001).
Neurologic improvement after IA nicardipine occurred in eight (42.1%) patients. No clinical
deterioration was noted.

CONCLUSION: As shown by TCD imaging, IA nicardipine has an immediate and sustained
effect on vasospasm. It does not appear to have sustained effect on ICP or cardiovascular
status. This treatment warrants further study to determine its safety and efficacy.

Vasospasm is one of the leading causes of mortality
and morbidity in patients who survive the initial 24
hours after aneurysmal subarachnoid hemorrhage
(SAH) (1). An estimated two-thirds of patients un-
dergoing angiography between days 4 and 14 after
hemorrhage have some degree of vasospasm. Of
these patients, approximately one-third develop
symptoms related to vasospasm (1), primarily through
arterial narrowing leading to severe restriction of ce-
rebral blood flow and multifocal infarctions of the
brain. Approximately 5–10% of hospitalized SAH pa-
tients die from vasospasm (1). Current treatment of
patients with SAH is therefore primarily focused on
the prevention and treatment of vasospasm. The most

widely used approaches include oral nimodipine ther-
apy; induced hypertension, hemodilution, and hyper-
dynamic (triple-H) therapy; intra-arterial (IA) papav-
erine treatment; and balloon angioplasty.

In 1984, Zubkov et al (2) first described the use of
balloon angioplasty as a treatment for cerebral vaso-
spasm after SAH, and subsequent studies have vali-
dated this technique as an effective treatment of prox-
imal vessel vasospasm (3–6) However, significant
risks are associated with angioplasty, and it is there-
fore not indicated in every case (7–10). Moreover,
certain patients have delayed cerebral ischemia due
to distal vessel vasospasm for which mechanical treat-
ment is not feasible. In these cases, IA infusions with
numerous pharmacologic agents have been studied,
with variable effectiveness.

Of these agents, IA papaverine has been most
widely studied (11–16). Papaverine is an alkaloid de-
rivative of an opioid that has been shown to result in
vasodilatation of cerebral arteries through what is
believed to be direct inhibitory effect on smooth mus-
cle contraction (16). Experimental and clinical trials
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have shown that the effect of papaverine is short-lived
(17–19) and that it has notable adverse effects, includ-
ing hemodynamic compromise, increased intracranial
pressure (ICP) (20, 21), seizures (22), and even par-
adoxical worsening of vasospasm (19). Kaku et al (12)
reported that an IA infusion of papaverine resulted in
a sustained treatment of vasospasm; they believed
that the early timing of treatment was crucial in
achieving optimal effectiveness. Results of subse-
quent experimental models have been consistent with
this concept. However, each of the vessels in the study
by Kaku et al was also treated with 0.5–1.0 mg of IA
nicardipine. Although the authors noted no angio-
graphic dilatation when 0.5 mg of nicardipine was
administered alone, the effect of combined therapy
on the vessels is not known.

Because of the lack of definitive effect of IA pa-
paverine reported in the literature, we decided to use
high-dose IA nicardipine as a treatment for vaso-
spasm after SAH. Our hypothesis was that the admin-
istration of IA nicardipine at a dose higher than that
previously reported results in angiographic dilatation
and decreases transcranial Doppler (TCD) velocities
without substantially increasing ICP or lowering
blood pressure.

Methods

Subjects
During the 12 months from January 2002 to January 2003,

all patients aged 18 years or older with SAH-induced vaso-
spasm were considered for IA nicardipine therapy. As part of
standard practice at our institution, endovascular treatment of
vasospasm is reserved for patients who either do not show
improvement or who worsen neurologically despite optimal
medical care. We define optimal medical care as the imple-
mentation of triple-H therapy, in which patients undergo in-
duced hypertension and volume resuscitation. Therefore, IA
nicardipine was considered only in medically refractory pa-
tients and did not serve as a substitute for our standard clinical
care. This treatment was withheld from patients who had a
history of allergic reaction to or an intolerance of calcium
antagonist drugs.

Management of Vasospasm

In addition to close neurologic monitoring, all patients with
SAH in our neurointensive care unit undergo bedside TCD
sonography. We have established TCD criteria for vasospasm,
which are as follows: Mild vasospasm is defined as time-aver-
aged peak systolic velocities (PSVs) of 200–249 cm/s and/or a
Lindegaard ratio (LR) of 3–3.9 (23). Moderate vasospasm is
defined as PSV of 250–299 cm/s and/or an LR of 4.0–4.9.
Severe vasospasm is defined as PSV of �300 cm/s and/or an
LR � 5. Intensive care of any patient who had either an onset
of clinical symptoms or TCD velocities suggestive of vasospasm
included triple-H therapy. The decision to perform angiography
was based on criteria just noted. Once in the angiography suite,
patients underwent four-vessel angiography, during which a neu-
rointerventionalist (J.A.D. or J.C.P.) evaluated vasospasm. The
degree of mild (�40%), moderate (40%–75%), or severe (�75%)
vasospasm was determined by evaluating the lumen of the vessel
in comparison with more normal segments of artery proximal and
distal to the narrowing or with estimated normal tapering of
branches versus the cavernous carotid artery. Angiograms or CT
angiograms obtained at the time of initial presentation were used
as baselines in comparing relative vascular size. Also, normal

variation was taken into account; that is, in the A1 segments where
one side may be dominant compared with the contralateral side.
The final element was the delay in the relative transit time.
Proximal vasospasm was treated with IA nicardipine and/or trans-
luminal angioplasty, while distal vessel vasospasm was treated with
IA nicardipine alone.

Administration of IA Nicardipine

In one subject (case 1), nicardipine (Cardene IV; ESP
Pharma, Inc; Edison, NJ) was diluted in normal sodium chlo-
ride solution (0.9% NaCl) to a concentration of 0.1 mg/mL and
administered in 1-mL aliquots through the microcatheter. In all
the subsequent administrations, nicardipine was diluted in
0.9% NaCl to a concentration of 0.1 mg/mL and administered
in 1-mL aliquots through a microcatheter to a maximal dose of
5 mg per vessel. This dosage was derived from the accepted
intravenous bolus-dosing schedule for the treatment of hyper-
tension (24). Dose per vessel was also based on the angio-
graphic effect observed. Administration was believed to be
adequate when vasospasm was no longer appreciable in the
vessel receiving nicardipine. All patients undergoing angiogra-
phy had a ventriculostomy in place. Their ICP was carefully
monitored during the administration of IA nicardipine. If ICP
increased substantially (�20 mm Hg), the ventriculostomy was
opened and allowed to drain to lower the ICP. ICP was re-
corded at the beginning of angiography and at the end of the
procedure.

Transluminal Angioplasty

Transluminal angioplasty was performed with the use of a
angioplasty balloon 3.5 � 10 mm (Commodore [Cordis, Miami,
FL], 1.2-mL volume), which was prepared with half-strength
contrast material (Berlex, Wayne, NJ) and advanced through a
guide catheter over the microwire (Agility 10; Cordis). The
angioplasty catheter was then advanced into the proximal vas-
cular segment, where dilations were performed in succession,
moving distally in the vessel. Control angiograms were done
through the guide catheter after this procedure. Following IA
nicardipine and/or transluminal angioplasty treatments, pa-
tients were monitored. The decision to perform angioplasty was
based on the ability to perform this procedure without substan-
tial risk of dissection or perforation. The final decision of
feasibility and safety of balloon angioplasty was at the discre-
tion of the treating interventional neuroradiologist.

Post-Treatment Neurologic Examinations

Each patient underwent neurologic assessment by one of the
members of the neurointensive care service (N.B., G.R.) before
and after treatment for vasospasm. Given the lack of an appli-
cable standardized examination score for patients with SAH,
post-treatment examinations were simply determined to be
improved, unchanged, or worse. For each patient, neurologic
examination findings were noted after each interventional
treatment. As a result, in patients undergoing interventional
treatments on multiple days, more than one post-treatment
neurologic examination was recorded.

Data Analysis

To understand a true effect of IA nicardipine, only data
from patients receiving IA nicardipine alone were analyzed.
Mann-Whitney U and paired-sample t tests were used to com-
pare baseline, before and after treatment PSV and mean ve-
locities (Vmean) values, and to compare PSV and Vmean
changes after treatment (before � after). Daily TCD PSV
changes were evaluated with an analysis of variance (ANOVA)
for repeated measures or ANOVA with the Friedman method,
followed by Wilcoxon or paired t tests, as appropriate. Signif-
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icance was set at P � .05. All calculations were performed by
using SPSS version 8.02 (SPSS, Chicago, IL).

Results
For 48 vessels in 24 cases, IA nicardipine was used

as treatment for vasospasm; IA nicardipine was used
as monotherapy in only 18 cases (38 vessels). In five
cases, angioplasty was used in addition to IA nicardi-
pine, and in one case, IA papaverine was used a day
before IA nicardipine and angioplasty. Because mo-
dalities other than or in addition to IA nicardipine
were used in these cases, they were excluded from
subsequent analysis. Thirteen (72.2%) of 18 patients
in the IA-nicardipine only group were female, with a
mean age of 49.8 � 9.5 years. Table 1 presents the
clinical characteristics of the patients, including size
and location of aneurysm, Hunt-Hess classification,
and Fisher group. All vessels that were treated with
IA nicardipine demonstrated angiographic improve-
ment in the degree of vasospasm. Vasospasm treat-
ment occurred 4–14 days after SAH (Table 2).

Hemodynamic Response to IA Nicardipine
In six patients, ICP increased in relation to the

administration of IA nicardipine. In five patients,
transiently increased ICP quickly returned to baseline
on opening of the ventriculostomy drain, and ICP
remained at baseline at the end of the treatment. In
one patient (case 2), angiography had to be aborted
because of a sustained rise in ICP that did not re-
spond to ventricular drainage; however, a postproce-
dural CT scan demonstrated an intracerebral hemor-
rhage along the tract of the ventriculostomy that was

placed during the procedure. There were no notable
changes in the mean arterial pressure or an increase
in the vasopressor requirements to maintain hyper-
tensive therapy in the cases treated with IA nicardi-
pine alone. None of the patients showed signs or
symptoms consistent with pulmonary edema, and no
laboratory findings consistent with azotemia were
noted after treatment.

TCD Data
Although 44 vessels in 18 cases were treated with

IA nicardipine alone, baseline and follow-up TCD
data were available for only 15 cases. In cases with IA
nicardipine administered into the internal carotid ar-
tery, we analyzed TCD data of the ipsilateral middle
cerebral artery and anterior cerebral artery. In two
cases (4 and 5), pretreatment TCD data were not
available for the vertebrobasilar circulation. At our
institution, when the ruptured aneurysm is in the
anterior circulation and when the predominant col-
lection of subarachnoid blood is away from the brain
stem cisterns, the posterior circulation is not routinely
assessed with TCD. In case 19, a single vessel (right
internal carotid artery) was treated at the time of
diagnostic angiography before any TCD data could be
obtained. None of the four vessels (right middle ce-
rebral artery and anterior cerebral artery for case 19)
developed TCD evidence of vasospasm rebound dur-
ing post-treatment follow-up. In case 20, no ultra-
sonographic bone windows could be found to in-
sonate the intracranial arteries, two of which later
underwent severe vasospasm. Subsequent analyses in-
cluded only 38 vessels with both baseline and fol-
low-up data. The LR was not included in follow-up

TABLE 1: Clinical characteristics of IA nicardipine patients

Case/Age (y)/
Sex Medical History

Hunt-Hess
Grade Fisher Group Aneurysm Location Size (mm)

2/60/M Hypertension 2 2 R Pcomm 10
R ICA, unruptured 7

4/42/F Hypertension 4 3 L ICA 20
Migraines

5/50/F None 3 3 L Pcomm 6
6/50/F Hypertension 3 3 BA 6
7/45/F Migraines 4 3 BA 9

Tobacco abuse L ICA, unruptured 3
R PICA, unruptured 6–7

9/49/F Hypercholesterolemia 2 3 L ICA 8
10/40/F Alcohol abuse 4 3 L Pcomm 8
11/41/F Hypertension 3 3 L MCA 6
12/67/F 4 3 R MCA 5
13/49/M Hypertension, hypercholesterolemia 5 3 L Pcomm 3
14/59/M Tobacco abuse, CAD, hypertension 4 3 L PICA 8
15/65/F None 4 3 Acomm 5
19/55/F Polysubstance abuse, depression, migraine 1 2 R ICA 8
20/53/F None 4 3 L ICA 8
21/44/M Tobacco abuse 4 3 BA 10
22/42/M Tobacco abuse, hypertension 3 3 Acomm 4
23/28/F None 4 3 L MCA 6
24/64/F Hypertension, TIA, hypercholesterolemia 1 2 L Pcomm 3

Note.—Acomm � anterior communicating artery, BA � basilar artery, CAD � coronary artery disease, ICA � internal carotid artery, MCA �

middle cerebral artery, Pcomm � posterior communicating artery, PICA � posterior inferior cerebellar artery, TIA � transient ischemic attack.
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TABLE 2: Physiologic response to vasospasm treatment

Case
Postbleeding

Day Vessel Nicardipine (mg)

ICP (cm H2O) Mean Arterial Pressure (mm Hg)

Pretreatment Post-Treatment Pretreatment Post-Treatment

2 7
R
MCA 3 20 26* 131 132
R
ACA 2

4 7 BA 5 15 8 109 107

5 4
R
ICA 5 7 7† 136 129
L
ICA 5
L
Vert 5

6 7
L
ICA 5 8 8† 111 108

7 6
R
ICA 5 14 13 110 117
BA 3

9 12
R
ACA 5 14 11 113 111
L
ACA 5

10 4
L
ICA 5 14 14 105 105

11 6
L
MCA 5 NA NA 130 136

12 6
R
ICA 2 11 11† 93 88
L
ICA 3

13 13
R
ICA 5
L
ICA 2.5 12 10 95 100

14 11
L
Vert 5 18 13 95 100

15 14
L
ICA 2.5 15 12 110 115

19 6
R
ICA 2 18 18† 118 118

20 10
L
ACA 4 7 7 120 116
L
MCA 4
R
MCA 4

21 4
R
ACA 4 15 15† 120 123
L
MCA 3
L
ACA 3

6
R
ICA 4 13 11 110 112

22 8
L
ICA 2
L
PCA 1 12 10 96 112

23 9
R
ACA 3 14 14 100 105

24 7
L
ICA 4 20 15 95 95

Note.—ACA � anterior cerebral artery, BA � basilar artery, MCA � middle cerebral artery, NA � not applicable, PCA � posterior cerebral
artery, Vert � vertebral artery.

* Treatment was aborted as a result of sustained elevated ICP.
† ICP was transiently elevated but returned to baseline with opening of the ventriculostomy drain.
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TABLE 3: Neurologic response to IA nicardipine with or without angioplasty

Case* Postbleeding Day Vessel Nicardipine (mg) Vasospasm
Post-Treatment Neurologic

Examination

2 7 R
MCA

3 Mild Yes

R
ACA

2 Mild

4 7 BA 5 Moderate No
5 4 R

ICA
5 Mild Yes

L
ICA

5 Moderate

L
Vert

5 Moderate

6 7 L
ICA

5 Severe No

7 6 R
ICA

5 Moderate No

BA 3 Moderate
9 12 R

ACA
5 Moderate No

L
ACA

5 Moderate

10 4 L
ICA

5 Moderate Yes

11 6 L
MCA

Moderate Yes

12 6 R
ICA

2 Moderate No

L
ICA

3 Moderate

13 13 R
ICA

5 Moderate

L
ICA

2.5 Mild

14 11 L
Vert

5 Mild No

15 14 L
ICA

2.5 Mild No

19 6 R
ICA

2 Mild Yes

L
ACA

4 Severe

20 10 L
ACA

4 Severe Yes

L
MCA

4 Severe

R
MCA

4 Severe

R
ACA

4 Severe

21 4 L
MCA

3 Mild No

L
MCA

3 Mild

L
ACA

3 Mild

6 R
ICA

4 Severe No

L
ICA

2 Mild

22 8 L
ICA

2 Mild No

L
PCA

1 Moderate

23 9 R
ACA

3 Mild Yes

24 7 L
ICA

4 Mild Yes

Note.—ACA � anterior cerebral artery, BA � basilar artery, MCA � middle cerebral artery, PCA � posterior cerebral artery, Vert � vertebral artery.
* Case 1 involved the use of papaverine and was not included.
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TCD analysis because, at our institution, the LR is
used as an additional measure in assessing the sever-
ity of vasospasm when the PSV is 200 cm/s or greater.
Because post-treatment PSV was 200 cm/s or less in
most cases, the LR was not available for analysis.

According to our institutional criteria, all of the
vessels demonstrated a PSV increase from baseline to
the day of treatment (day 0) with velocities consistent
with moderate or severe vasospasm. Absolute TCD
velocity changes after treatment (before � after)
showed a significant tendency to be more prominent
if transluminal angioplasty was performed in addition
to IA nicardipine therapy. PSVs at baseline were
161.9 � 61.9 cm/s and rose to 277.4 � 80.8 cm/s on
the day of treatment and subsequently dropped to
212.8 � 65.7 cm/s on the day following treatment (P �
.001). Similarly, baseline Vmean rose from 105.6 � 43.9
cm/s to 201.3 � 65.8 cm/s on the day of IA nicardipine
treatment and subsequently dropped to 145.1 � 54.1
cm/s the day afterward (P � .001) (Fig 1).

In all patients treated with IA nicardipine, post-
treatment TCD velocities were significantly de-
creased on all subsequent days, except for post-treat-
ment day 5, compared with highest values before
treatment (Fig 2). The number of vessels reported
decreased from 38 on day 0 to 22 on day 6. This
decline was due to either a withdrawal of care that
was unrelated to any effects of vasospasm treatment
or complete resolution of symptoms and stable post-
treatment TCD velocities. As a result, statistical anal-
yses were performed in only 31 and 26 vessels from
days 4 and 5, respectively.

Post-Treatment Neurologic Examinations
Of 18 patients, one underwent treatment on mul-

tiple days, which resulted in 19 post-treatment neu-
rologic examinations. Seven examinations were per-
formed in patients receiving IA nicardipine and
angioplasty, and the remaining 23 were for patients
receiving only IA nicardipine. Overall, eight (42.1%)
of 19 examinations showed an improvement after
treatment (Table 3).

Discussion
The pathway by which SAH-induced arterial spasm

occurs is not yet fully understood; however, both in
vitro and clinical evidence suggest the efficacy of
calcium antagonists in treating vasospasm (25–28).
The oral dihydropyridine calcium-antagonist nimo-
dipine has been demonstrated to reduce the inci-
dence of vasospasm-induced cerebral infarction by
34% and the rate of poor outcomes by 40% (29). This
drug, however, has been limited by a lack of tolerance
or effectiveness in certain patients (30–32).

Nicardipine is also a dihydropyridine calcium an-
tagonist that, similar to nimodipine, has more selec-
tive effects on vascular smooth muscle than on car-
diac muscle. Unlike nimodipine, nicardipine has the
advantage of parenteral administration in North
America. Initial dose-escalation studies demonstrated
that intravenous nicardipine resulted in notable im-
provement in angiographic and symptomatic vaso-
spasm at a dose of 0.15 mg/kg/h (33). A subsequent,
prospective, multicenter, randomized, double-blind,
placebo-controlled study was conducted to determine
the efficacy of high-dose intravenous nicardipine in
the prevention of vasospasm. Results from this and a
second study with low-dose intravenous nicardipine
(0.075 mg/kg/h) demonstrated that the nicardipine-
treated groups had a significantly lower incidence of
symptomatic, angiographic, and TCD vasospasm (34–
36). However, each of the dosing schedules was lim-
ited in its effectiveness by prolonged hypotension,
pulmonary edema, and renal dysfunction.

Kasuya et al (37) reported that angiographic vaso-
spasm is prevented in arteries with the placement of
nicardipine prolonged-release implants at the time of
surgery. The effectiveness of this intrathecal admin-
istration is limited by rates of diffusion and appears to
prevent vasospasm only in the arteries adjacent to the
implants.

Improvement shown in 42.1% of post-treatment
neurologic examinations is encouraging, but objective

FIG 1. Comparison of PSV and Vmean at baseline on the
treatment day (Before) and on post-treatment day 1 (After). *
indicates P � .001.

FIG 2. PSV in all vessels treated in relation to vasospasm on
the treatment day (day 0). B indicates baseline. * indicates P �
.001. ** indicates .001 � P � .001.
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data to prove any long-term benefits are insufficient.
Intermediate assessments by daily TCD demonstrate
a potential for beneficial effects. Only one of the
patients (5.6%) treated with IA nicardipine required
multiple treatments. This sustained effect is greater
than what has been previously reported for papaver-
ine (15). Moreover, unlike in the intravenous nicar-
dipine trial, our study of IA nicardipine was not as-
sociated with any hemodynamic effect, azotemia, or
pulmonary edema. The main adverse effect was in-
creased ICP in six patients. Although ICP quickly
returned to baseline with opening of the ventriculos-
tomy drain in five patients, one patient did not re-
spond and had to be treated with mannitol. This
patient had a notable intracranial hematoma and dif-
ficult-to-control ICPs before entering the angiogra-
phy suite. We believe that the subsequent, sustained
high ICP was the result of poor intracranial compli-
ance that resulted from the hematoma and not a
direct consequence of IA nicardipine infusion. A sub-
stantial rise in ICP has been one of the limiting
consequences of IA papaverine therapy, and there-
fore, this potential adverse effect of IA nicardipine
must be further evaluated in future studies.

Conclusions
Although this study included a small number of

patients, we believe that this initial experience indi-
cates a potentially effective pharmacologic treatment
for vasospasm, especially in vessels not amenable to
angioplasty. Future studies should continue focusing
on safety and better define the optimal dosing and
overall efficacy of this therapy.
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