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PURPOSE: To measure the mean cerebral circulation time (CCT) in patients with symptomatic
vasospasm stemming from subarachnoid hemorrhage and to determine any change after papav-
erine treatment. METHODS: We studied 27 patients who received intraarterial papaverine from
November 1992 to August 1995 to determine the CCT in 59 carotid territories. CCT was measured
from the first image in which contrast was seen above the supraclinoid internal carotid artery to the
peak filling of parietal cortical veins. Angiograms at the time of presentation were examined in 19
of the 27 patients. A control population of 19 patients (30 carotid territories) was also studied.
RESULTS: The mean CCT on presentation was 6.8 seconds 6 1.1. The prepapaverine mean CCT
was 6.1 seconds 6 1.2. The immediate postpapaverine mean CCT was 3.8 seconds 6 0.8. CCT
decreased in 58 of 59 territories treated with papaverine; the mean change was 235.7%. In eight
of these patients, CCT rose on the following day to 6.1 seconds 6 1.1. In the control group, mean
CCT was 5.9 seconds 6 0.8. The mean CCT in patients with subarachnoid hemorrhage was slightly
prolonged on presentation relative to that in control subjects. CONCLUSION: Intraarterial papav-
erine produces a consistent decrease in CCT in patients with vasospasm.
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Ischemia resulting from vasospasm is a ma-
jor source of morbidity and mortality in patients
with subarachnoid hemorrhage (SAH) after rup-
ture of a cerebral aneurysm. Vasospasm usually
begins on the third day after SAH, peaks at 6 to
8 days, and resolves by about the 12th day (1).
After a ruptured aneurysm is protected by clip-
ping or coiling, most patients with symptomatic
vasospasm are treated with hypertensive-hy-
pervolemic-hemodilution (triple-H) therapy and
calcium channel blockers (2, 3). Symptomatic
vasospasm resistant to such medical therapy
may respond to endovascular balloon angio-
plasty and intraarterial papaverine. The success
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of endovascular therapy has been gauged by
reports of increased arterial diameter on prepro-
cedural and postprocedural angiograms and of
improvement in the clinical grade of treated pa-
tients (4).

We noted somewhat prolonged angiographic
cerebral circulation times (CCT) in many pa-
tients with SAH and shorter CCTs after papav-
erine infusion. This observation was of interest,
as mean CCT is related to cerebral blood flow
(CBF). If papaverine causes consistent changes
in CCT, this may give further insight into blood
flow dynamics and optimal treatment strategies
in patients with vasospasm. The purpose of this
study was to measure the mean CCT in patients
with SAH on presentation and at the time of
endovascular vasospasm treatment to deter-
mine whether the CCT changed significantly af-
ter papaverine infusion and, if so, the duration of
response.

Materials and Methods
We conducted a retrospective study of all patients who

received intraarterial papaverine therapy at our institution
1



for treatment of clinical vasospasm from November 1992
to August 1995. Symptomatic vasospasm was diagnosed
if patients had new neurologic deficits or a decreased level
of consciousness after exclusion of hydrocephalus, cere-
bral edema, infection, or metabolic disturbances. All pa-
tients had vasospasm resulting from SAH associated with
rupture of a saccular aneurysm. All patients received tri-
ple-H therapy and calcium channel blockers before under-
going angiography, and these measures were continued
after papaverine infusion. Patients who received both pa-
paverine and angioplasty during the same procedure were
excluded. Patients whose angiograms did not include
proper venous phase images were also excluded. Appli-
cation of both these criteria resulted in exclusion of 24
treatments in 13 patients.

CCT for this study was modified from that of Greitz (5)
and was defined as the interval between the first image in
which contrast was visible above the supraclinoid internal
carotid artery to the venous image with the highest con-
centration of contrast in the parietal cortical veins. In dig-
ital subtraction angiography, numerous frames are ac-
quired for each angiographic run, but all images are not
filmed. By convention at our institution, early and peak
arterial filling as well as capillary and peak venous filling
are filmed. This filming sequence occasionally requires
interpolation of frame numbers to measure CCT. To blind
the readings, all identifying data on the films were covered
so only the angiographic images were displayed. The films
were selected and organized on a different day from the
CCT readings. The data were collected as absolute CCT,
and the percentage of change was also calculated.

CCTs were calculated for all angiograms obtained at
presentation and before and after papaverine infusion. We
measured CCTs for 59 cerebral hemispheres in 27 patients
(17 women and 10 men) who ranged in age from 33 to 81
years (mean age, 58 years). Some of the patients had a
single carotid artery infused while others had bilateral in-
fusions. Repeat infusions were also performed in some
patients. The initial angiogram obtained at the time of
presentation was available in 19 of these patients. The
initial angiograms in the remaining eight patients were
obtained at other institutions and were unavailable for re-
view. Eight of the patients had repeat angiograms the day
after papaverine infusion, and these were also examined.

Papaverine was infused into the cervical internal carotid
artery at the C1–2 junction, typically initiated at a rate of
300 mg over 15 minutes. The average total dose in each
carotid territory was 304 mg, with a range of 100 to 600
mg. The rate of infusion was adjusted according to the
change in intracranial pressure, which is monitored con-
tinuously in all patients receiving papaverine at our insti-
tution. The cerebral perfusion pressure (mean arterial
pressure 2 intracranial pressure) was kept greater than 60
mm Hg by slowing the infusion if the rise in intracranial
pressure compromised cerebral perfusion pressure. All
angiography was performed with digital subtraction imag-
ing acquired at two frames per second. Nonionic contrast
material was used in all cases.
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For a control population, we studied 17 consecutive
patients undergoing cerebral angiography at our institu-
tion. Most patients were being examined for carotid ath-
erosclerotic disease. Excluded were patients with evidence
of ipsilateral extracranial or intracranial carotid stenosis
greater than 30%, intracranial hemorrhage, tumor, aneu-
rysm, or vascular malformation. Application of these ex-
clusion criteria left 30 carotid territories for the control
group. These patients included 11 females and six males
who ranged in age from 15 to 78 years (mean age, 46
years).

Exploratory data analysis of CCTs consisted of plotting
the data and constructing box plots to display the general
trends (Fig 1). Differences between the groups as a whole
were tested using analysis of variance (ANOVA). Means
and standard deviations were calculated as a basis for
comparing the CCTs of groups in a pairwise fashion.

Measurement reproducibility was evaluated using test-
retest analysis by repeating the CCT measurements in 25
carotid territories. Pearson’s correlation coefficient for the
original and repeat measurements was r 5 .95. The aver-
age difference was 1.3% with a standard deviation of
13.8%.

Results

The control patients had a mean CCT of 5.9
seconds 6 0.8. The patients with SAH had a

Fig 1. Average CCTs (in seconds) in the control group and in
patients with SAH on presentation (Dx) and before (Pre) and after
(Post) papaverine treatment. The middle bar represents the
mean; the top and bottom of the box represent the 75th and 25th
percentiles, respectively. There is a statistically significant differ-
ence between the patients on presentation and the control group,
and between the prepapaverine and postpapaverine groups.
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mean CCT of 6.8 seconds 6 1.1 at initial pre-
sentation. For patients in whom symptomatic
vasospasm developed that was resistant to
medical therapy, the prepapaverine CCT was
6.1 seconds 6 1.2 and the postpapaverine CCT
was 3.8 seconds 6 0.8. CCT decreased after 58
of 59 papaverine infusions with a mean change
of 235.7% (Fig 2).

The ANOVA model showed that the CCT in
the four groups differed from one another when
considered together (P , .001). Post hoc com-
parisons showed statistically significant differ-
ences in CCT between the patients at presenta-
tion and the control group, and between
patients before and after papaverine treatment
(P , .05).

We also recorded findings in the subset of
patients treated with papaverine who had repeat
angiography the next day to assess for recurrent
vasospasm. There were eight carotid territories
in this group. Papaverine infusion was repeated
in five of these patients, and a similar decrease
in CCT was observed. The mean CCT before
papaverine on day 1 was 6.3 seconds 6 1.2,
with a decrease in CCT to 3.8 seconds 6 0.5
after papaverine. The next day, mean CCT in
these carotid territories had increased to 6.1
seconds 6 1.1. The increase from postpapav-
erine CCT on day 1 and CCT the next day was
statistically significant (paired t test, P , .01),
while prepapaverine CCT on day 1 was statisti-
cally indistinguishable from CCT the next day.

Discussion

CCT was defined by Greitz in 1956 (5) as the
interval between the maximum opacification of

Fig 2. Proportion of patients relative to the percentage of
change in CCT. Fifty-eight of 59 treatments resulted in a decrease
in CCT. The greatest proportion of patients had a decrease be-
tween 40% and 50%.
the carotid siphon and the maximum opacifica-
tion of the parietal veins. Using Triurol contrast
agent, he found the mean CCT to be 4.13 sec-
onds 6 0.78. Leeds and Taveras (6) later used
Hypaque and found CCT to be 4.37 seconds 6
0.83. Greitz (7) repeated his work with Urogra-
fin and found a CCT of 3.43 seconds 6 0.51.
Normal circulation time in the vertebrobasilar
system is different from CCT, so the data from
these treatments was not included in this study
(8).

Vasospasm is a leading cause of morbidity
and mortality after SAH from aneurysmal rup-
ture. Its presence is detected in up to 70% of
angiograms obtained 4 to 12 days after the
hemorrhage. Clinical vasospasm with ischemic
neurologic deficits occurs in 20% to 30% of pa-
tients. Of these, half will either die or be left with
serious neurologic deficits (9).

The goal of vasospasm treatment is to in-
crease CBF to prevent infarction. Medical mea-
sures include triple-H therapy and administra-
tion of calcium channel blocking agents.
Papaverine infusion and balloon angioplasty
performed alone or in combination may be use-
ful in the treatment of vasospasm resistant to
these measures. Although angioplasty has
gained considerable popularity as the primary
interventional method at many institutions, pa-
paverine adds the potential benefit of treating
both large and small intracranial arteries. Many
authors have described the use of papaverine
infusion (4, 10, 11) and angioplasty (12, 13) for
the treatment of symptomatic vasospasm.

Both angioplasty and papaverine therapy
have associated risks of complications. Arterial
rupture is a known risk of angioplasty (13, 14),
and rapidly increasing intracranial pressure can
occur during papaverine infusion (15)(E. E.
Angtuaco, C. J. Moran, D. T. Cross, “The Role
of Intracranial Pressure Monitors in Papaverine
Therapy,” presented at the annual meeting of
the American Society of Neuroradiology, Chi-
cago, Ill, April 1995); thus, at our institution, all
procedures are accompanied by continuous
monitoring of intracranial pressure. Mydriasis
has been reported (16) as well as a depressive
effect on respiration with vertebrobasilar infu-
sion (17, 18). Thrombocytopenia has also been
reported (19).

Several methods have been used to measure
cerebral hemodynamics in patients with vaso-
spasm. Transcranial Doppler sonography has
been used after SAH to identify vasospasm at



an early stage to initiate prompt treatment (20).
Positron emission tomography (21) and xenon
computed tomography (CT) (22) provide a
quantitative assessment of regional blood flow
in patients with vasospasm, but these methods
are available only at a few institutions. Single-
photon emission computed tomography may
reveal qualitative evidence of regional ischemia
produced by vasospasm (23). This last method
has the advantage of more widespread avail-
ability.

Angiographic measurement of CCT can be
used to evaluate cerebral hemodynamics. Gado
et al (24) showed CCT to be proportional to
mean transit time using C15O-labeled hemoglo-
bin. This relationship is useful, as mean transit
time is equal to the ratio of cerebral blood vol-
ume/CBF. Therefore, CCT may be used to ob-
serve changes in CBF if cerebral blood volume
is known.

The goal of papaverine therapy in patients
with symptomatic vasospasm is to increase
CBF to reverse ischemia and prevent infarction.
We have shown a consistent decrease in CCT
after papaverine infusion in these patients, and
although we have only measured CCT for this
study, the information can be useful for evalu-
ating changes in blood flow. If one assumes the
cerebral blood volume has increased as a result
of papaverine infusion (papaverine is a potent
vasodilator), a decrease in CCT indicates a
large increase in CBF. If we assume that cere-
bral blood volume remains constant, a mea-
sured decrease in CCT also indicates an in-
crease in CBF. It is highly unlikely that cerebral
blood volume decreases with the infusion (25).

Other factors may have an effect on CBF and
consequently CCT. Changes in PaCO2 and PaO2
can have a significant effect. Most patients were
intubated and ventilator settings were not
changed. Pulse oximeter readings were likewise
stable. Finally, prepapaverine and postpapav-
erine angiograms were usually obtained within
20 to 30 minutes of each other, so the PaCO2
and PaO2 probably did not change significantly.
Mean arterial pressure and intracranial pressure
may also affect CBF. If changes in either mean
arterial pressure or intracranial pressure cause
cerebral perfusion pressure to fall outside the
autoregulatory range of 50 to 160 mm Hg, CBF
will either decrease or increase. In each of our
papaverine infusions included in this study, ce-
rebral perfusion pressure remained between 60
and 150. Changes in CCT have been described

1084 MILBURN
with different arteriographic contrast media (5,
7). All arteriography in this study was done with
nonionic contrast material, so contrast selection
was not a factor in CCT measurement. Vasoac-
tive metabolites, central neuronal mechanisms,
and blood viscosity can also affect CBF (26).

The CCT findings in the subset of patients
who underwent cerebral angiography the day
after papaverine therapy add insight into the
duration of the effect of papaverine. These data
suggest the greatest papaverine effect may last
less than 1 day. However, we must consider that
this small subset of patients is biased toward
those suspected of having recurrent vaso-
spasm, and in other patients the effect may
have been longer. The CCT at repeat angiogra-
phy was less than that at presentation and be-
fore infusion the previous day, and it was only
slightly longer than that of control subjects.
However, these differences did not reach statis-
tical significance.

The CCTs measured in our study were higher
in control, prepapaverine, and postpapaverine
groups than that reported in historical data (5–
7). This is in part explained by our choice of an
earlier arterial measurement point. Our mea-
surements began with the first image in which
contrast was seen above the supraclinoid inter-
nal carotid artery rather than from the point of
maximum opacification of the carotid siphon,
as this image is more routinely filmed at our
institution. In addition, our patient population
was older than the patients studied by Greitz.
His patients had a mean age of 33 years (5) and
40 years (7), compared with a mean of 46 years
in our control subjects and 58 years in our
treated population. The use of nonionic contrast
material may also be a factor, as previous au-
thors have reported variations with different
types of contrast media.

In conclusion, we have shown that intraarte-
rial papaverine causes a decrease in CCT in
patients with symptomatic vasospasm. From
other studies, this should be an indicator of in-
creased blood flow to the brain. While our sub-
set of patients receiving papaverine the next
day suggests that the duration of the physiolog-
ical effect may be temporary, it may be suffi-
cient to protect the patient from an infarction
during the period of greatest risk. Evaluation of
CCT may prove to be helpful in predicting the
clinical response to papaverine, although fur-
ther studies are needed to compare these data
with clinical outcome.
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