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The effects of interventional endovascular treatment of cerebral vasospasm with
balloon angioplasty or papaverine infusion were evaluated by single-photon emission computed tomography (SPECT) and transcranial Doppler (TCD) in 44 patients
whose cerebral vasospasm was refractory to medical management. SPECT revealed
blood flow improvements in 42% of patients with papaverine treated vessels and
70% of patients with balloon angioplasty (P = .037). TCD correlated with SPECT in
71% of patients in the papaverine group and 73% of patients in the balloon
angioplasty group. TCD showed 93% of segments improved by angioplasty, whereas
43% of segments were improved with papaverine (P < .001). Disagreements were
largely represented by patients with TCD velocity improvements in which SPECT
blood flow imaging was unchanged or worsened. Balloon angioplasty seems
superior to papaverine infusion for treatment of vasospasm. SPECT and TCD are
complementary tests in the evaluation of vasospasm and effect of interventional therapy.
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Interventional treatment of cerebral vasospasm was
first described in 1984 w h e n Zubkov et al. used a microballoon catheter for dilatation of constricted cerebral arteries. 1 Since then, this technique has p r o v i d e d a successful
treatment option for patients with vasospasm remaining
refractory to medical management. 2 More recently, intraarterial papaverine has been used for direct pharmacological dilatation of arteries affected b y vasospasm. 3 We have
previously evaluated the effect of balloon angioplasty or
papaverine treatment using single-photon emission com-

p u t e d t o m o g r a p h y (SPECT) to evaluate changes in cerebral blood flow. 4,s The present s t u d y was performed to
compare a group of patients w h o had subarachnoid
h e m o r r h a g e - i n d u c e d vasospasm solely treated with balloon angioplasty versus a similar group solely treated
with intra-arterial papaverine via study with cerebral
blood flow imaging with SPECT and vascular monitoring
with transcranial Doppler (TCD).

Patients and M e t h o d s
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Between February 1989 and June 1995, 44 patients with
cerebral vasospasm secondary to subarachnoid hemorrhage received interventional treatment with either balloon angioplasty or intraarterial papaverine after failure
of medical treatment. 6,7 These patients had symptomatic
vasospasm based on neurological worsening during the
period of vasospasm. There were no new findings of
abnormality on noncontrast head computed t o m o g r a p h y
(CT), such as hydrocephalus, rehemorrhage, or new low-
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density areas, to explain the neurological decline. If
hydrocephalus was present, it was treated promptly, yet
neurological decline persisted despite therapy. Informed
consent was obtained before treatment from patient or
patient representative. After diagnostic angiography, proximal intracranial vessels showing significant angiographic
vasospasm were treated with either balloon angioplasty
or intraarterial papaverine. Treatment using balloon angioplasty consisted of balloon dilatation of the vasospastic
segments that were the intracranial supraclinoid internal
carotid arteries, and M1 and M2 segments of the middle
cerebral artery (MCA).
For balloon angioplasty, a transfemoral approach was
used for placement of introducer catheter in the internal
carotid artery after heparinization. A low pressure silicone angioplasty balloon (Target Therapeutics Corporation, San Jose, CA) was attached to a microcatheter of
variable stiffness. With high resolution digital fluoroscopy
and digital road mapping, the balloon was inflated and
deflated in less than 5-second intervals along the course of
the vessel in spasm, moving from proximal to distal along
the artery. Heparinization was reversed after intervention
with protamine sulfate. Normally, the anterior cerebral
arteries are not treated using balloon angioplasty due to
the difficulty in placing the guide wire and balloon in the
proximal anterior cerebral artery. For papaverine infusion, the microcatheter was placed proximally to the
vessel in spasm. Three hundred milligrams of papaverine
were infused with intracranial pressure and hemodynamic monitoring for 20 minutes to I hour. 8 Patients were
chosen for endovascular therapy with balloon angioplasty if they had vessels that were accessable by the
microballoon and for treatment with papaverine if they
had vessels that were not likely to be approached by
balloon as judged by the interventional neuroradiologist.
All 44 patients underwent brain scans before and after
endovascular treatment using SPECT with Tc-99m HMPAO (Ceretec; Amersham, Arlington Heights, IL) and
rotating gamma camera (n = 44 scans on GE 400AT; GE
Medical Systems, Milwaukee, WI; n = 44 scans on Picker
Prism 3000; Picker International Cleveland, OH) for a
total 88 scans. Images were produced via step and shoot
acquisition at i hour or more after intravenous administrafion of 30 rnCi Tc-99m HMPAO with radiopharmaceutical
purity of at least 80% by thin layer chromatography. Data
were reconstructed via filtered back-projection with attenuation correction via the Chang boundary method. 9 Images
were added to slice thicknesses comparable to the full
width at half maximum of the instrument and displayed
in transverse, coronal, and sagittal planes. Scans were
obtained within 24 hours before or after treatment.
SPECT was interpreted by two observers via consensus
reading by visual comparison of radiopharmaceutical
uptake in the supratentorial cortex to uptake in cerebel-
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lum simultaneously on both the pre- and post-intervenfional studies to determine the following: (0) worsened
perfusion in MCA territory; (1) no change in perfusion in
MCA territory; or (2) improved perfusion in MCA territory for each vascular territory treated.
Patients were scanned via TCD with Transpect TCD
probe (Medasonics, Mountain View, CA). One patient had
no TCD data in both vessels treated with papaverine and
one had data from one of two vessels that were treated
with balloon angioplasty. All others had comparable TCD
velocity information from the middle cerebral arteries
before and after interventional treatment. The highest
velocity (cm/s) at each vessel segment was recorded
before and after angioplasty or papaverine therapy within
24 hours. Mean velocity was used for diagnostic purposes. Other TCD criteria such as puIsatility were not
factored in because of the possible complex effects of
angioplasty or papaverine on these measurements.

Results
SPECT

In 18 patients treated with intraarterial papaverine, 24
vessels were infused with 300 mg. Twenty-two of 24
vascular beds had hypoperfusion on initial SPECT (92%).
Ten of 24 had improved blood flow on follow-up SPECT
(42%), 9 of 24 had no change (38%), and 4 of 16 had blood
flow deterioration on the second scan (20%) (Fig 1).
Of 26 patients treated with balloon angioplasty, 37 of 43
vascular beds had hypoperfusion on the initial scan (86%,
P = ns c o m p a r e d with papaverine group). Thirty of 43
segments had improvement of blood flow on follow-up
scan (70%, P = .037 compared with papaverine group,
Fisher Exact test), 6 of 43 had no change (14%), and 7 of 43
had worsened perfusion on the second scan (16%).
TCD

TCD data were available for all patients except i in the
papaverine group (n = 2 vessels) and 2 patients (n = 2
vessels) in the balloon group (Table 1). Vasospasm was
described as velocity increase greater than 120 cm/s. The
mean velocity of the vessels before treatment was 160
cm/s. Improvement was described as change on second
scan after intervention to lower velocity. No improvement
was less than 10 c m / s change and worsening was change
to higher velocity by more than 10 cm/s.
Of 18 patients treated with intraarterial papaverine, 9 of
21 (43%) had improvement of velocities, 4 of 21 (19%) had
no change, and 8 of 21 vessel segments (38%) showed
adverse velocity change.
Of 26 patients treated with balloon angioplasty, 38 of 41
vessel segments (93%) showed improvement of velocities
(v papaverine, P < .001 Fisher Exact test), 1 of 41 showed
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Figure 1. Tc 99m HMPAO transverse axial SPECT images bLf~)re(top) and qfler (bottom) treatment qf ri@[ middle cerebral vasospasm by balloon angioplasty.
Note hypoper&sion in right hemisphere denoted by arrow that resolves on second scalt.
no significant change (3%), and 2 of 41 were adversely
changed (5%).
SPECT Versus TCD
Comparing TCD to SPECT, there was agreement in 15
of 21 vessel segments treated with papaverine (71%,
P < .1, chi square test) with the disagreements reflecting
3 cases in which vessel velocity declined but SPECT was
unchanged in 2 and worse in i and 3 other cases in which
velocities increased but SPECT showed improvement.
Comparing TCD to SPECT, there was agreement in 30
of 41 vessel segments treated with balloon angioplasty
(73%, P < .1, chi square test). Six vascular beds h a d

Table 1. Results s u m m a r y
Papaverine Balloon
(%)
(%)
SPECT hypo pre-Rx vessels in spasm
Improved blood flow on SPECT
Improved velocity on TCD
Agreement between TCD/SPECT

92
42
43
71

Abbreviations: hypo, hypoperfusion; Rx, treatment.
*P = .037 Fisher Exact test.
t P < .001 Fisher Exact test.

86
70*
93 t
73

normal SPECT before treatment, and after intervention, 4
had no change and 2 had worsening perfusion, whereas 6
vessel segments had improved velocities on TCD. The
other 5 vascular beds had hypoperfusion on SPECT that
was unchanged (n - 1) or worsened (n = 4) in the setting
of improved velocities on TCD in 4 and worsened in 1.
Comparing the results of TCD with SPECT in each
group, there was no significant difference between the
rate of agreement, 71% versus 73%.

Discussion
In this study, balloon angioplasty was compared with
papaverine infusion as treatment for cerebral vasospasm
after subarachnoid hemorrhage in 44 patients. Balloon
angioplasty of the proximal intracranial arteries improved brain perfusion in 70% b y SPECT and improved
velocities in 93% by TCD. Intraarterial papaverine improved brain perfusion in 42% by SPECT and velocities in
43% by TCD. Time delay of 12 hours between intervention
and these studies m a y have affected the results. The effect
of papaverine m a y be sustained only in some patients.
SPECT and TCD most often were in agreement (in 71%
of cases or more) regarding improvement versus no
improvement as ascertained by both methods. Previous
w o r k has shown that SPECT and TCD have a high rate of
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agreement in the evaluation of vasospasm. 1~ In most of
the disagreements between TCD and SPECT in this study,
TCD showed improved velocities in the setting of no
change or worsened perfusion on SPECT. This finding
relates either to persistent distal vessel vasospasm, which
is not monitored well by T C D , 12,13 o r by prolonged ischemia
that has caused permanent tissue injur~ even though the
vessel may have responded well to the mechanical or pharmacologic dilatation and maintained patency.
Other techniques are available for monitoring of cerebral hemodynamics after subarachnoid hemorrhage, including xenon CT and positron emission tomography24,1s
However, the wide availability of SPECT and TCD imaging equipment makes these technologies much more
accessable in most centers. The single drawback to Tc-99m
HMPAO SPECT is that it does not yield absolute blood
flow values that xenon CT or Xe-133 SPECT can generate. 14,16 Nevertheless, with the use of baseline SPECT
imaging after surgery for aneurysm clipping, the subsequent SPECT images and changes in cerebral blood flow
that may accompany them are well used for important
patient management decisions at our center, n,12 Also, the
Tc-99m radiopharmaceutical injection is without side
effects and the scan can be performed at any time without
need for immediate scanning as would be the case with
xenon CT or Xe-133 SPECT. SPECT is also safer and less prone
to artifacts than diffusion/perfusion magnetic resonance imaging for intubated and mechanically ventilated patients on
life support with intracranial pressure monitors in place
and/or with ventrieulostomies. There am no contraindications to internal metal objects including pacemakers or
other internal or external devices with use of SPECT. 17,18
Although, this and other studies, 19 have demonstrated
that balloon angioplasty is the favored technique for
improving blood flow in delayed ischemia due to cerebral
vasospasm that is refractory to medical treatment, there is
still a role for papaverine in treating distal vessel vasospasm (which is unapproachable by balloon catheter) as
well as providing improved access of the vessel for the
microballoon catheter. Based on previous experience,
TCD velocities decrease after successful balloon angioplasty of proximal vessels. We have previously evaluated
the ratios of the intracranial to extracranial internal
carotid artery velocities before and after intervention,
which takes into account flow changes29 These ratios are
lower after balloon angioplasty, indicating that vessel
dilatation has a more pronounced effect on velocities than
the moderate increase in flow that it produces. We have
occasionally observed persistent high velocities in distal
vessels not treated adequately by proximal vascular
dilatation. This work has shown that SPECT and TCD are
complementary in the evaluation of vasospasm and in the
assessment of interventional therapy. The combination of
these techniques provides a noninvasive and safe ap-

proach to the monitoring of the complex and changing nature
of cerebral hemodynamics after subarachnoid hemorrhage,
before and after treatment for cerebral vasospasm.
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