AJNR Am J Neuroradiol 23:1284–1290, September 2002

Intraarterially Administered Verapamil as
Adjunct Therapy for Cerebral Vasospasm:
Safety and 2-Year Experience
Lei Feng, Brian-Fred Fitzsimmons, William L. Young, Mitchell F. Berman, Erwin Lin,
Beverly D. L. Aagaard, Hoang Duong, and John Pile-Spellman

BACKGROUND AND PURPOSE: Despite the widespread use of angioplasty, adjunct chemical
therapy is often needed to treat patients with cerebral vasospasm. In this study, we examined
the safety of intraarterial administration of verapamil to patients with cerebral vasospasm. We
herein summarize our 2-year experience with this treatment.
METHODS: We retrospectively reviewed the procedure reports, anesthesia records, clinical
charts, and brain images of 29 patients who received intraarterially administered verapamil in
34 procedures for the treatment of vasospasm after subarachnoid hemorrhage from July 1998
to June 2000. The average changes in mean arterial pressure and heart rate were used to
measure cardiovascular side effects. The neurologic effects were assessed by angiographic
findings, the results of neurologic examinations performed before and after the procedure, and
findings of CT of the head.
RESULTS: The average dose of verapamil per patient was 3 ⴞ 0 mg or 44 ⴞ 5 mcg/kg. The
average changes in mean arterial pressure at 10 and 20 minutes were ⴚ5 ⴞ 1 mm Hg and ⴚ2 ⴞ
1 mm Hg or ⴚ3.8 ⴞ 1.0% and ⴚ1.7 ⴞ 1.1%, respectively. No significant change of heart rate was
observed at 10 minutes. The patients showed no sign of increased intracranial pressure by
hemodynamic parameters, neurologic examination, or CT of the head. On 10 occasions, when
the effect of verapamil infusion was assessed angiographically, there was 44 ⴞ 9% increase of
vessel diameter in the spastic segment. Neurologic improvement was noted after five of 17
procedures when verapamil was used as the sole treatment.
CONCLUSION: Low dose verapamil is safe when administered intraarterially to patients with
cerebral vasospasm. Beneficial effects are achieved in some patients, prompting further study
of its efficacy.
Delayed cerebral ischemia due to vasospasm is a
major cause of morbidity and mortality for patients
with subarachnoid hemorrhage (1). Although recent
studies have shown that balloon angioplasty can alleviate the stenosis of proximal cerebral arteries and
significantly improve the clinical outcome of patients
with cerebral vasospasm (2–5), some vessels are not
reachable with a balloon catheter because of the tortuosity of the aorta and carotid arteries. The distal
pial arteries and the penetrating arteries can also

have vasospasm and are too small to undergo angioplasty (6 –9). Intraarterially administered papaverine
has been widely used as an adjunct therapy with
mixed results (10 –14). Some case series showed temporary dilatation of the spastic vessels (11, 13, 15),
whereas other groups reported paradoxical vasospasm, worsening ischemia, and profound neurologic
deterioration (16 –18). Cerebral blood flow studies
have shown that intraarterially administered papaverine could temporarily increase cerebral blood flow
but had detrimental or no effect on clinical outcome
(19 –21). Another intraarterially administered vasodilator, nitroglycerin, has been shown to increase intracranial pressure, presumably by dilating the veins and
thereby decreasing cerebral perfusion pressure (22,
23). Other classes of intraarterially administered vasodilators need to be evaluated for their safety and
efficacy in the treatment of cerebral vasospasm.
Several lines of evidence suggest that intraarterially
administered verapamil, a calcium channel blocker,
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may be beneficial for patients with cerebral vasospasm. Randomized, placebo-controlled clinical trials
have shown that an orally administered calcium channel blocker, nimodipine, can improve the clinical outcome of vasospasm (24, 25). As a result, oral nimodipine has become a standard medical therapy for
patients with subarachnoid hemorrhage. Verapamil,
an injectable calcium channel blocker, has been
widely used to treat coronary vasospasm (26 –28). The
cerebral arteries are similar in size to coronary arteries and may have a similar response to intraarterially
administered verapamil. A study of patients undergoing balloon test occlusion found that these patients
tolerated ⱕ7.5 mg of verapamil administered into the
carotid arteries without significant systemic effects
(29). Increased cerebral blood flow was observed,
showing the potential of verapamil to alleviate cerebral ischemia. Further study with superselective intraarterial infusion of verapamil into normal arteries
adjacent to cerebral arteriovenous malformations
supported its safety and vasodilatory effects (30). Finally, an animal study showed that verapamil caused
little rise of intracranial pressure compared with nitroprusside (31). There was no clinical sign of intracranial hypertension after intraarterial infusion of verapamil in the aforementioned clinical studies (29,
30), suggesting that intraarterially administered verapamil may be safer than other vasodilators.
On the basis of these encouraging results, we
started to use verapamil for patients with cerebral
vasospasm, either as an adjunct therapy to angioplasty or as the sole treatment. This retrospective
study examines the cardiovascular and neurologic
side effects, angiographic effects, and immediate clinical effects for patients who received intraarterial administration of verapamil from July 1998 to June
2000.

Methods
We retrospectively reviewed angiography reports, anesthesia
records, findings of CT of the head, and results of neurologic
examinations of all patients who received intraarterial administration of verapamil as a treatment for vasospasm after subarachnoid hemorrhage from July 1998 to June 2000. Verapamil
was intraarterially administered to 33 patients during that period. Four patients were excluded from the study: two did not
have acute subarachnoid hemorrhage and two received papaverine as well as verapamil. Thirty-four procedures were performed in the remaining 29 patients (eight men and 21 women;
average age, 56 ⫾ 2 years) (Table 1). Eighteen patients had
Hunt and Hess grades of I to III, and 11 patients had Hunt and
Hess grades of IV and V. The treatment was repeated in five
patients ⬎3 days after the first treatment. Four of the five
patients experienced vasospasm in different territories during
the repeat treatment. Twenty-three procedures were performed with the patients under general anesthesia, and 11
patients received treatment under conscious sedation with midazolam and fentanyl.
Verapamil was administered in three settings: 1) before
balloon angioplasty to prevent catheter-induced vasospasm
(n ⫽ 16); 2) for treatment of mild vasospasm that did not
warrant angioplasty (n ⫽ 13); and 3) for treatment of moderate
to severe vasospasm that could not be safely treated with
balloon angioplasty (n ⫽ 5). In the first setting, 1 to 2 mg of
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verapamil was infused as a bolus through a 6F guiding catheter
in the internal carotid or vertebral arteries, immediately before
the introduction of an angioplasty balloon catheter. In the
second scenario, a bolus of 2 mg of verapamil was infused
through a 5F diagnostic catheter in the internal carotid or
vertebral artery after angiography was performed. For the third
indication, verapamil was used as substitute therapy, because
the spastic vessels could not be catheterized with the balloon
catheter because of vessel tortuosity or distal location. These
patients tended to receive higher doses of verapamil. For patients who received multiple doses of verapamil, if successive
doses were delivered within 30 minutes, the doses were combined and counted as one dose and the largest effect was
chosen as the representative effect. If successive doses were
delivered more than 30 minutes apart, the average dose and
effect were used.
Because the major reported undesirable effects of IV administered verapamil are hypotension and severe bradycardia
(32), blood pressure and heart rate were used as parameters for
systemic side effects. The anesthesia records of all patients
were analyzed. The average blood pressure and heart rate
measured within 5 minutes before verapamil injection were
used as baseline measures. Special attention was also paid to
the anesthesia record to look for notes of bradycardia and
atrioventricular nodal block. The hemodynamic parameters at
10 minutes were used as the measurement of the systemic
effect of verapamil, whereas those at 20 minutes were used to
assess the recovery of this effect. The data were analyzed
statistically with a paired Student t test.
The patients’ medical records and CT scans of the head
obtained before and after treatment were reviewed for signs of
neurologic complications, such as increased intracranial pressure, cerebral edema, and hemorrhage. Although Bedford et al
(33) reported a 60% rise of intracranial pressure in patients
with brain tumor when verapamil was used during anesthesia
induction, a previous animal study and several clinical studies
did not reveal evidence of clinically significant intracranial
hypertension after verapamil infusion. Therefore, we did not
directly monitor intracranial pressure in patients with ventriculostomy, because we thought the risk was small. Among the 13
patients who had ventriculostomy before the procedure, 10 had
their ventriculostomies opened to a level between 5 and 15 cm
H2O, and the other three had their ventriculostomies clamped.
We thus used the output of ventriculostomy as indirect indication of intracranial pressure. We also analyzed the anesthesia
record for secondary signs of increased intracranial pressure,
such as sudden rise of blood pressure and bradycardia. For the
11 patients who were treated under conscious sedation, we
examined the procedure reports and patient charts for any
record of altered consciousness after verapamil infusion. In
addition, CT scans of the head obtained before and after
treatment were compared to identify unexpected neurologic
complications, such as cerebral edema, ventricular dilatation,
herniation, and hemorrhage. All patients underwent CT of the
head within 24 hours before the procedure. The average interval until follow-up CT of the head was 3.4 ⫾ 0.5 (n ⫽ 34) days.
Neuroradiologists unaware of the treatment interpreted the CT
scans.
To assess the angiographic effects of intraarterially administered verapamil, repeat angiography was performed 10 to 15
minutes later on 10 occasions. The sex, clinical grade, and
degree of vasospasm of these patients are indicated in Table 1.
Six of the patients received intraarterial administration of verapamil as the sole treatment of vasospasm. The 10 angiograms
were reviewed. The frontal projections of the arterial phase of
these angiograms were digitized by using a Nikon Coolpix 990
digital camera with a fixed magnification. The digital images
were imported into MetaMorph 4.6r8 (an image analysis software by Universal Imaging Corp., Downingtown, PA) and were
magnified 400%, and the diameters of the treated paraclinoid
internal carotid artery, M1 segment, and A1 segment were

1286

FENG

AJNR: 23, September 2002

TABLE 1: Summary of patients in this study

Patient

Age (y)

1
2

58
56

3
4†‡
4†‡
5
6
7
8
9‡

Sex

H&H

Aneurysm

F
F

III
III

60
63
63
48
51
39
65
39

F
F
F
F
F
F
F
F

I
III
III
IV
V
I
III
I

Left PCOM
Right SCA, vermian
AVM
ACOM
Right MCA
Right MCA
Basilar
ACOM
Right PCOM
Right ACOM
Basilar

10

53

M

III

11
11†
12‡
12†‡
13‡
14
15‡
16‡
17‡
18
19‡
20
21
22
22†
23

45
45
41
41
60
65
17
60
43
42
48
78
69
56
56
47

F
F
F
F
M
F
F
F
M
F
F
F
F
F
F
F

V
V
V
V
I
III
III
III
III
V
V
III
IV
IV
IV
I

23†

47

F

I

24
25
26

69
39
69

M
M
F

III
III
III

27‡
28
29

65
63
58

M
M
M

IV
V
IV

Right vertebral
dissection
ACOM
ACOM
ACOM
ACOM
Left MCA
ACOM
Left ACOM
Basilar
Basilar
Left MCA
Left PICA
Left PICA
ACOM
Left MCA
Left MCA
Basilar,
bilateral MCA
Basilar,
bilateral MCA
Right MCA
Right MCA
Left choroidal,
bilateral MCA
ACOM
ACOM
Left SCA

Vasospasm

HHH

Post-treatment
Examination*

Clipped
NBCA glued

Mild
Moderate

No
Yes

Better
Unchanged

Clipped
Clipped
Clipped
Coiled
Clipped
Clipped
Clipped
Failed clipping and
coiling
Coiled

Mild
Mild
Mild
Moderate
Severe
Moderate
Mild
Severe

Yes
No
Yes
No
Yes
Yes
No
No

Better
Unchanged
Better
Better
Worse
Unchanged
Unchanged
Worse

Severe

Yes

Unchanged

Clipped
Clipped
Coiled
Coiled
Clipped
Clipped
Clipped
Clipped
Clipped
Clipped
Coiled
Coiled
Clipped
Clipped
Clipped
Clipped

Severe
Severe
Severe
Severe
Severe
Mild
Moderate
Severe
Moderate
Severe
Severe
Mild
Moderate
Mild
Mild
Severe

Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Unchanged
Unchanged
Unchanged
Better
Better
Better
Unchanged
Unchanged
Unknown
Unchanged
Unchanged
Unknown
Unchanged
Unchanged
Unchanged
Worse

Clipped

Severe

Yes

Better

Clipped
Clipped
L choroidal clipped,
L MCA wrapped
Clipped
Clipped
Clipped

Moderate
Mild
Moderate

No
Yes
Yes

Unchanged
Unchanged
Unchanged

Mild
Severe
Moderate

Yes
No
Yes

Better
Unknown
Better

Treatment

Note.—H&H indicates Hunt and Hess grade; HHH, hypertension, hypervolemia, and hemodilution treatment; F, female, M, male; PCOM,
posterior communicating artery; SCA, subclavian artery; AVM, arteriovenous malformation; ACOM, anterior communicating artery; MCA, middle
cerebral artery; PICA, posterior inferior cerebellar artery; NBCA, N-butyl-cyanoacrylate.
* Post-treatment neurologic examinations were reviewed by an independent stroke neurologist.
† Patients who underwent repeat treatment with verapamil.
‡ Patients who underwent repeat control angiography 10 to 15 minutes after verapamil infusion.

measured by pixels by using the line measurement tool. The
projection of a 1-cm marker on the film was used as an internal
standard. In four cases, when the markers were not included in
the field of view, the ratios of the above vessels to the ophthalmic artery were used to calculate the percent change of vessel
diameter after verapamil treatment. The change of the most
spastic vessel in each patient was used to calculate the average
change among these 10 patients.
To evaluate the immediate clinical effects of intraarterially
administered verapamil, the results of the neurologic examinations were compared before and after the procedures among 15
patients who received intraarterial administration of verapamil
as the sole treatment during 17 procedures. A stroke neurologist (B.-F.F.) who did not directly participate in the care of
these patients reviewed the clinical charts. All patients were
admitted to the neurologic intensive care unit after the proce-

dures and underwent daily neurologic examinations by both
neurology and neurosurgery teams. The neurologic examinations were determined as better, unchanged, or worse by the
stroke neurologist.

Results
The average dose of verapamil per patient was 3 ⫾
0 mg or 44 ⫾ 5 mcg/kg (Table 2). There was no
correlation between the dose and the degree of vasospasm. On average, two vessels were treated in each
patient. The largest single dose per vessel was 8 mg
(89 mcg/kg). The average dose per vessel was 2 ⫾ 0
mg (29 ⫾ 2 mcg/kg).
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TABLE 2: Change of mean blood pressure and heart rate after verapamil infusion

Number of
Treatments
Not on vasopressor
On vasopressor
Overall

11
23
34

Dose of Verapamil
3.4 ⫾ 0.5 mg (51 ⫾ 9 mcg/kg)
3.0 ⫾ 0.4 (42 ⫾ 6 mcg/kg)
3.1 ⫾ 0.3 mg (44 ⫾ 5 mcg/kg)

Percent Change
of MAP at
10 Min*

Percent Change
of MAP at
20 Min*

Percent Change
of Heart Rate at
10 Min†

Percent Change
of Heart Rate at
20 Min†

⫺3.1 ⫾ 1.5
⫺4.1 ⫾ 1.3
⫺3.8 ⫾ 1.0

⫺0.6 ⫾ 1.7
⫺2.2 ⫾ 1.4
⫺1.7 ⫾ 1.1

2.4 ⫾ 2.3
1.0 ⫾ 1.2
1.5 ⫾ 1.1

4.0 ⫾ 2.6
1.0 ⫾ 1.6
2.0 ⫾ 1.4

* The baseline mean arterial pressure of these patients was 112 ⫾ 3 mm Hg †(mean ⫾ standard error of the mean).
† The average pretreatment heart rate was 79 ⫾ 3 bpm. (mean ⫾ standard error of the mean).

FIG 1.
Frontal projection angiograms of
the right internal carotid artery.
A, Before treatment with verapamil. Before verapamil infusion, moderately severe
vasospasm can be seen in the right anterior cerebral, middle cerebral, and distal
internal carotid arteries. Better and more
rapid opacification of the right posterior
cerebral artery through the right posterior
communicating artery can be seen, suggesting high resistance in the anterior circulation.
B, After treatment with verapamil. The
diameters of the right distal internal carotid artery, right M1 section, and right A1
section increase by 6%, 12%, and 68%,
respectively. Normal opacification of the
right middle and anterior cerebral arteries
is restored, even though there is no significant change of the diameters of the distal
internal carotid and right middle cerebral
arteries.

Intraarterial administration of verapamil had very
little systemic effect (Table 2). Typically, the mean
arterial pressure decreased by a few millimeters of
mercury within minutes after the verapamil injection
and gradually returned to baseline level. The average
changes of mean arterial pressure at 10 and 20 minutes were ⫺5 ⫾ 1 mm Hg and ⫺2 ⫾ 1 mm Hg,
respectively, or ⫺3.8 ⫾ 1.0% and ⫺1.7 ⫾ 1.1% of
baseline (112 ⫾ 3 mmHg), respectively. The changes
were statistically significant (P ⬍ .05 by paired Student t test) but were clinically irrelevant. After the
administration of verapamil, the heart rate did not
change, allowing for normal physiological fluctuation.
The average changes in heart rate at 10 and 20 minutes were 1 ⫾ 1 and 1 ⫾ 1 bpm, respectively, or 1.5 ⫾
1.2% and 2.0 ⫾ 1.4% of pretreatment heart rate
(79 ⫾ 3 bpm) (P ⬍ .55 by paired t test). There was no
severe bradycardia that warranted treatment. Patients
who were receiving triple-H therapy had a similar
response to verapamil as that of patients who were
not receiving triple-H therapy (Table 2). There was
no precipitous increase of systemic effect at the
higher doses.
A review of the anesthesia records of all patients
did not reveal any secondary sign of increased intracranial pressure, such as a sudden rise of blood pressure and bradycardia. For patients who had a ventriculostomy open during the procedure, there was no

change of CSF output from the ventriculostomy.
Among the 11 patients who received the treatment
under conscious sedation, we did not observe sudden
deterioration of consciousness or other neurologic
changes to suggest elevation of intracranial pressure
after verapamil administration. A comparison of CT
scans of the head before and after treatment with
verapamil revealed no evidence of worsening cerebral
edema, increased hydrocephalus, or new hemorrhage.
On the 10 occasions when repeat angiograms were
obtained 10 to 15 minutes after the administration of
verapamil, the average change of diameter of the
spastic vessel segments was 44 ⫾ 9%. The most dramatic effects were observed in patients with severe
vasospasm. In comparison, the effect on nonspastic
vessel segments was minimal (6 ⫾ 3%). One example
is shown in Figure 1. This patient had moderately
severe vasospasm in the right supraclinoid internal
carotid, right middle cerebral, and right anterior cerebral arteries. In addition, there seemed to be high
resistance in the anterior circulation, such that the
middle cerebral artery and anterior cerebral artery
branches were poorly opacified compared with the
posterior communicating and posterior cerebral arteries. Because the patient had left-sided weakness,
endovascular treatment was indicated. However,
there was a loop in her right cervical carotid artery,
which would have made placement of a balloon cath-

1288

FENG

AJNR: 23, September 2002

TABLE 3: Change in Results of Neurologic Examination After Verapamil Infusion
Clinical Grade
(Hunt & Hess)
I, II, III

IV, V

Total

Neurologic Examination Results

Vasospasm

Number of
Treatments

Better

Unchanged

Worse

Mild
Moderate
Severe
Mild
Moderate
Severe
Mild
Moderate
Severe
Total

8
3
1
3
1
1
12
4
2
17

3
0
1
1
0
0
4
0
1
5

5
3
0
2
1
1
8
4
1
12

0
0
0
0
0
0
0
0
0
0

eter very difficult. Therefore, 2 mg of verapamil was
infused into her right internal carotid artery. Fifteen
minutes later, the right anterior cerebral artery was
visibly dilated (68% increase in diameter in the midsegment). Although there was only a slight increase in
the diameter of the right distal internal carotid artery
and middle cerebral artery, normal opacification of
the anterior circulation was restored and contrast was
seen to opacify the distal middle cerebral artery
branches before the posterior cerebral artery
branches. This latter finding suggests that verapamil
may dilate angiographically invisible small resistance
arterioles.
There was no deterioration revealed by the neurologic examinations of the 17 patients treated with
verapamil alone (Table 3). Five of them had improved results of their neurologic examinations immediately after the procedure and did not require
additional intervention.

Discussion
This study showed that low dose verapamil intraarterially administered to patients with vasospasm has
no significant effects on blood pressure or heart rate
that would compromise the treatment of vasospasm.
In our patients, there was no change in hemodynamic
parameters, findings of CT of the head, or results of
neurologic examinations that would suggest an increase in intracranial pressure. A small number of
patients experienced immediate angiographic and
clinical improvement. These data support the safety
of intraarterially administered verapamil to patients
with vasospasm and prompt further study of its efficacy.
Although the exact effect of intraarterially administered verapamil on intracranial pressure is not
known without direct monitoring of intracranial pressure, it is likely to be small and transient, not significant enough to cause any secondary sign or clinical
consequence. The animal study of rats showed only a
9% increase of intracranial pressure by intravenous
administration of verapamil compared with 77% by
nitroprusside (34). When verapamil was administered
intraarterially to patients undergoing balloon test occlusion or embolization for cerebral arteriovenous

malformations (29, 30), there was no clinical manifestation of intracranial hypertension. The observation by Bedford et al (33) may not be generalized to
patients with vasospasm because their patients had
compromised cerebral compliance from the mass effect and edema of large brain tumors and altered
autoregulation from chronic hypertension. In our
study, most patients with vasospasm had normal cerebral compliance. A small increase of cerebral blood
flow and cerebral blood volume after verapamil treatment could have been well tolerated without significant elevation of intracranial pressure. For patients
who had ventriculostomy, the lack of significant displacement of CSF suggested that there was no dramatic or prolonged elevation of intracranial pressure.
In this study, we used intraarterially administered
verapamil as a treatment for vasospasm caused by
subarachnoid hemorrhage and as a preventive measure for potential catheter-induced vasospasm. Transient vasospasm can occur at the tip of the guiding
catheter or in the intracranial vessels in response to
manipulation of guidewires and catheters. In addition
to the vasospasm from subarachnoid hemorrhage,
catheter-induced vasospasm can occasionally cause
flow arrest. We first noticed the potential benefit of
verapamil in the treatment of vasospasm during the
treatment of catheter-induced vasospasm in the external carotid artery and its branches, which are more
prone to vasospasm. Our anecdotal experiences
showed that catheter-induced vasospasm occurred
approximately one quarter of the time when the external carotid branches were catheterized for treatment of epistaxis or dural AVF. This frequency could
be lower with new hydrophilically coated catheters
and wires. The catheter-induced vasospasm resolved
rapidly (usually within 5–10 minutes) after the infusion of 1 to 2 mg of verapamil, and the spasm was
virtually prevented in vessels pretreated with verapamil. We currently routinely administer 1 to 2 mg of
verapamil after the placement of the guiding catheter
before navigation of microcatheters for angioplasty,
and we rarely see catheter-induced vasospasm.
The improved clinical examination and angiographic findings in a small number of patients are
encouraging but far from proving the beneficial effects of intraarterially administered verapamil. As
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represented in Figure 1, in addition to the improvement of proximal vessel diameter, there is better and
more rapid opacification of the distal branches. These
findings are consistent with a microvascular component of cerebral vasospasm, as suggested by several
animal studies (6 – 8, 35). Measurement of cerebral
hemodynamics with position emission tomography
also indicates failure of autoregulatory vasodilation of
the parenchymal vessels in patients with vasospasm
(9). The smaller resistance arterioles, which cannot be
treated by angioplasty, may be more responsive to
calcium channel blockers. Furthermore, like nimodipine, we do not know whether the beneficial effect of
verapamil in this small number of patients is due to
improved vasospasm or cerebral metabolic effects.
These issues may be resolved by cerebral blood flow
studies of patients receiving intraarterial administration of verapamil.
As reported in a dose-escalating study of patients
undergoing carotid balloon test occlusion (30), verapamil is more effective in the 6 to 8 mg per vessel
range, which is the highest dose used in that study. To
assure a large safety margin, we used a low dose of
verapamil in the current study, which might not be
optimal for patients with cerebral vasospasm. Four
patients with severe vasospasm that could not be
treated by angioplasty received 4 – 8 mg of verapamil
in one internal carotid artery delivered within 30
minutes. They did not experience a precipitous
change of hemodynamics or signs of intracranial hypertension, suggesting that higher doses of verapamil
could be safe. Since this study, we have encountered
anecdotal experiences of dramatic relief of severe
vasospasm and sustained clinical improvement when
an 8-mg bolus of verapamil was infused into one
internal carotid artery. A dose-escalating study with
direct monitoring of intracranial pressure is underway
to determine the safety and efficacy of higher doses of
verapamil for patients with vasospasm.
The duration of the effect of intraarterially administered verapamil is not known at present. Its systemic
effect is short, as evidenced by the rapid recovery of
the small blood pressure drop. However, its effect on
cerebral blood vessels could be longer (7). When intraarterially administered, the local concentration of
verapamil is much larger than when intravenously administered; it may take longer for local drug concentrations to fall below the therapeutic range. Verapamil is
an amphiphilic drug, which may have a large distribution in brain tissue (36). Verapamil may thus be slowly
released from brain and exert a prolonged effect. The
pharmacokinetics of intraarterially administered verapamil need to be addressed in future studies.

Conclusion
Low dose intraarterially administered verapamil is
safe and well tolerated by patients with cerebral vasospasm after subarachnoid hemorrhage. Beneficial
effects are achieved in some patients. A prospective
study using cerebral blood flow as a surrogate end
point is under way to further evaluate the safety and
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efficacy of intraarterially administered verapamil for
patients with cerebral vasospasm.
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