
Transient Severe Brain Stem Depression during Intraarterial 
Papaverine Infusion for Cerebral Vasospasm 

John D. Barr, John M. Mathis, and Joseph A. Horton 

Summary: A 63-year-old woman had severe, symptomatic cer
ebral vasospasm secondary to subarachnoid hemorrhage. We 

initiated simultaneous infusions of papaverine into her left 
vertebral and left internal carotid arteries. Twenty-five minutes 
after the infusions had begun, the patient had a transient 

reaction of respiratory arrest followed by rapid, progressive loss 
of brain stem function. 

Index terms: Vasospasm; Drugs, reaction; Interventional neu
roradiology, complications of; Iatrogenic disease or disorder 

Symptomatic cerebral vasospasm after sub
arachnoid hemorrhage may be refractory to con
ventional therapy. Intraarterial papaverine infu
sion has been used rarely to treat cerebral vaso
spasm. While infusing papaverine into the 
anterior cerebral and vertebral arteries, we ob
served a reaction of severe transient brain stem 
depression with respiratory arrest. 

Case Report 

A 63-year-old woman presented to another institution 
with headache, nausea, and emesis. Subarachnoid hemor
rhage from an anterior communicating artery aneurysm 
was diagnosed. The patient was neurologically intact when 
transferred to our institution on day 8 and rebled on day 
9. Surgery was performed on day 10. It was not possible 
to clip the aneurysm because it had a very broad base, but 
a clip was placed across the left side of the anterior 
communicating artery to occlude the dominant arterial 
inflow. 

The next day (postoperative day 1) the patient was 
lethargic with minimal response to verbal commands. She 
had no right lower extremity movement. A xenon com
puted tomographic cerebral blood flow examination 
showed regional cerebral blood flow to be less than 15 ml/ 
100 g per minute in the right frontal and both occipital 
lobes. The left frontal lobe could not be evaluated because 
of motion artifact. Middle cerebral artery distribution flows 
were approximately 25 ml/1 OOg per minute bilaterally. 
Bilateral internal carotid and left vertebral artery arteria-

grams were performed . The right internal carotid artery 
injection revealed a 5-mm-diameter aneurysm remnant and 
minimal anterior cerebral artery distribution vasospasm (Fig 
1A). The left internal carotid artery injection showed severe 
anterior cerebral artery and minimal middle cerebral artery 
distribution vasospasm (Fig 1 B). The left vertebral artery 
injection showed moderate vertebrobasilar vasospasm (Fig 
1C). 

Because the right lower extremity paresis was the main 
clinical concern , we were asked to restrict infusion of 
papaverine to the left internal carotid artery . We placed a 
Tracker 18 catheter (Target Therapeutics, Fremont, Calif) 
just distal to the posterior communicating artery origin and 
infused papaverine (300 mg in 100 ml normal saline) at 3 
mL/min. An immediate follow-up arteriogram showed de
creased, but still severe, anterior cerebral artery vasospasm 
(Fig 1 D). A repeat xenon computed tomographic cerebral 
blood flow study was again difficult to interpret because of 
patient motion , but there were no definite changes. The 
patient's neurologic status remained unchanged. 

On the next day (postoperative day 2) , the patient was 
more lethargic, responding only to pain . She had minimal 
spontaneous movement and was ventilator dependent but 
spontaneously initiated respiration . Bilateral internal carotid 
artery and left vertebral artery arteriograms were repeated. 
The right internal carotid artery injection showed no 
change. The left internal carotid artery injection showed 
recurrent anterior cerebral artery vasospasm almost as 
severe as the prepapaverine arteriogram from the previous 
day (Fig 1 E). The left vertebral artery injection showed 
slightly decreased vertebrobasilar vasospasm with more 
reflux into the right vertebral artery (Fig 1 F). 

This time, we planned to infuse papaverine into both 
the left internal carotid artery and the vertebrobasilar sys
tem. We placed a second 5-F sheath into the other common 
femoral artery and a 5-F base catheter within the left 
internal carotid artery . We then positioned a Tracker 18 
catheter into the proximal left A-1 segment, attempting to 
improve selective perfusion of the anterior cerebral artery 
distribution. We placed a second Tracker 18 catheter into 
the left vertebral artery at the C-2 level , with the base 
catheter positioned within the subclavian artery. The left 
vertebral artery origin was tortuous, and infusion through 
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the base catheter itself was not feasible. The spaces be
tween the base and microcatheters were perfused with 
heparinized saline (6000 U/ L) . Systemic heparinization was 
not used . We began to infuse papaverine (300 mg in 100 
mL normal saline) into the left vertebra l artery . We started 
the left A-1 infusion (150 mg in 50 mL normal saline) 
approximately 5 minutes later , with both infusions at 3 
mL/m in. 

7\pproximately 25 minutes after the left vertebral artery 
infusion had begun, the patient's oxygen saturation fell 
rapidly . We found that the patient had stopped initiating 

respiration and that she had no spontaneous movement. 
The mean systemic b lood pressure fell approximately 20 
to 30 mm Hg during this time. The patient had rapid, 
progressive loss of brain stem function during the next 1 0 
minutes, with fixed , dilated pupils , absent corneal reflexes , 
and no doll's-eye response. The left vertebral artery infu
sion was stopped (245 mg papaverine had been infused), 
and both Tracker catheters were withdrawn. The left A-1 
infusion had been completed just before her event. 

After the patient was stabilized, we obtained left internal 
carotid artery and left vertebral artery arteriograms, which 
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Fig. 1. A, Right internal carotid artery arteriogram shows filling of a small aneurysm 

remnant (arrow) and minimal anterior cerebral artery distribution vasospasm. 
B, Left internal carotid artery arteriogram shows severe anterior cerebral artery and 

minimal middle cerebral artery distribution vasospasm. An aneurysm clip occludes the 
left side of the anterior communicating artery. 

C, Left vertebral artery arteriogram shows moderate vertebrobasilar vasospasm. 
D, Immediately after papaverine infusion into the left internal carotid artery, a left 

internal carotid artery arteriogram shows decreased, but still severe, anterior cerebral 
artery distribution vasospasm. 

£ , One day after papaverine infusion into the left internal carot id artery , a left internal 
carotid artery arteriogram shows recurrent vasospasm almost as severe as the prepa
paverine baseline arter iogram. 

F. One day after the initial arteriogram, a repeat left vertebral artery arteriogram 
shows slightly decreased vertebrobasilar vasospasm with more reflux into the right 
vertebral artery. 

G, After papaverine infusion into the left vertebral artery, a repeat left vertebral artery 
arteriogram shows markedly diminished vasospasm. 

c 

F 



AJNR: 15, April 1994 

showed markedly decreased vertebrobasilar vasospasm 
(Fig 1 G). The left anterior cerebral artery was unchanged. 
A computed tomographic scan showed no evidence of 
hemorrhage or other significant change. The patient's neu
rologic status returned to her preinfusion baseline within 3 
hours. She was discharged on postoperative day 26 with 
intermittent eye opening to verbal or painful stimuli and 
moving all four extremities on painful stimulation. Her 
corneal and gag reflexes were intact. She was no longer 
ventilator dependent. 

Discussion 

Vasospasm remains a significant cause of mor
bidity and mortality after subarachnoid hemor
rhage. Although angiographic vasospasm is seen 
in 40% to 70% of patients, only 20% to 30% 
have neurologic deficits; approximately 14% of 
patients develop permanent or fatal deficits (1 ). 
Prophylaxis with nimodipine (2) and treatment 
with hypertensive hypervolemic therapy (3) have 
improved the outcome of patients with subarach
noid hemorrhage but have not completely elimi
nated the effects of vasospasm. Balloon angio
plasty has proved effective in some cases (4-7), 
but it is not without risk (8, 9) and has limited 
availability because of the required expertise. It is 
also not possible to treat the distal arteries with 
angioplasty. 

Although the mechanism of vasospasm re
mains poorly understood, there does seem to be 
an early period during which pharmacologic re
versal is possible (10-14). Pharmacologic reversal 
of vasospasm has been described in humans, in 
animals, and in vitro ( 10-13, 15- 17). The use of 
oral papaverine has been described for treatment 
of chronic cerebrovascular ischemia (18), and the 
effects of oral and intravenous papaverine on 
cerebral blood flow in healthy persons have been 
reported (19). Intraarterial papaverine has shown 
some promise as a potential treatment for vaso
spasm (16, 20-22). 

Two complications were described during intra
arterial papaverine infusion for treatment of cer
ebral vasospasm in 12 patients (20). In one pa
tient, transient hemiparesis occurred during the 
infusion. The transient hemiparesis was tempo
rally related to distal migration of the microcath
eter into a middle cerebral artery branch and may 
not have been related to the papaverine itself 
(conversation with C. D. Phillips, October 1992). 
Ipsilateral pupil dilatation was noted in a second 
patient during infusion of the supraclinoid internal 
carotid artery; this resolved within 15 minutes 
after the infusion was stopped. No complication 
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was reported from use of papaverine to free a 
microcatheter lodged in the pericallosal artery 
because of iatrogenic vasospasm ( 16). In a series 
of 10 patients treated with superselective intra
arterial papaverine infusion , no serious side ef
fects were observed (21). 

The mechanism of transient brain stem depres
sion in our patient is unknown. Possible causes 
include an effect of the papaverine itself or brain 
stem ischemia caused by catheter-induced vaso
spasm, mechanical flow restriction , or emboli. 
Our patient had been premedicated with topical 
nitropaste, which reliably prevents catheter-in
duced vasospasm (23); angiography revealed 
only intracranial vasospasm attributed to sub
arachnoid hemorrhage. Only the Tracker 18 mi
crocatheter was placed into the left vertebral 
artery because of its tortuous origin ; this should 
not have produced any significant flow reduction, 
because the extracranial vertebral artery was 
much larger than the microcatheter. There was 
no evidence of an embolus on the follow-up 
arteriograms obtained approximately 30 minutes 
after the onset of neurologic changes. We cannot 
exclude the possibility that an embolus occurred 
during the infusion and resolved before the arte
riogram, but the patient's clinical course was not 
consistent with this. Given the angiographic and 
clinical findings, we may reasonably exclude all 
but two causes: transient occlusion of angie
graphically invisible perforators by microemboli , 
and an effect of the papaverine itself. 

Microemboli could have formed from precipi
tation of the papaverine solution or interaction 
with the patient's blood. Precipitation is observed 
when papaverine is mixed with heparinized saline 
(6000 U/L) but is not visually apparent when 
nonheparinized saline is used. The papaverine 
solution infused into this patient was prepared 
with nonheparinized saline. Microscopic exami
nation of an identically prepared solution revealed 
no evidence of precipitation. In vitro evaluation 
of blood mixed with the papaverine solution was 
not feasible because clotting could not be pre
vented. Although we cannot entirely exclude in 
vivo embolus formation , the small amount of 
heparinized saline perfusing the spaces between 
the base and microcatheters should not have 
caused such precipitation , particularly because 
one base catheter was in the subclavian artery 
quite proximal to the tip of the microcatheter in 
the vertebral artery . 

A direct effect of the papaverine itself may 
have produced the observed neurologic changes. 
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Central nervous system depression is described 
with "very large" doses of papaverine, but the 
dose and mechanism are not documented (24). 
Unlike the observed loss of ventilatory drive, 
respiratory stimulation has been reported, but the 
mechanism is unknown (24). There is a case 
report of transient coma after intramuscular in
jection of papaverine; 2 hours after injection of 
80 mg of papaverine, the patient lapsed into a 
coma which resolved 3 hours later (25). Transient 
respiratory arrest during vertebral artery infusion 
of papaverine proximal to posterior inferior cer
ebellar artery has occurred in another patient, but 
we were unable to obtain a detailed description 
of this procedure. One patient in the previously 
described series did have vertebral artery infusion 
proximal to posterior inferior cerebellar artery 
without apparent complication (18). 

We found no description of the dose-response 
characteristics of papaverine infused into the cer
ebral arteries, but we may reasonably assume 
that a lower dose of papaverine would be required 
to produce central nervous system depression 
when infused directly into the cerebral vascula
ture than when administered systemically. In ad
dition, this patient's baseline status was lethargy 
and her arterial supply impaired by vasospasm; 
both factors might further lower the threshold 
dose to produce central nervous system depres
sion. We have not infused two arteries simulta
neously before or after this procedure, and this 
technique has not, to our knowledge, been used 
by anyone else. This technique increased the rate 
of systemic papaverine infusion but did not 
change the total dose administered and had min
imal effect on the local concentration of papav
erine within the perfused territories. 

When infused intraarterially, the local dose of 
papaverine seems to be more important than the 
total systemic dose. We have treated patients 
with doses up to 450 mg and have observed 
significant blood pressure changes in only one 
patient, suggesting the blood pressure changes in 
this patient were secondary to brain stem depres
sion rather than systemic vasodilatation. Large 
oral doses of papaverine (600 mg) given to 
healthy volunteers produced no central nervous 
system depression (19). Papaverine has hepatic 
metabolism with a half-life of 0.5 to 2.0 hours 
(26, 27). A prolonged half-life has been reported 
after cardiopulmonary bypass, apparently sec
ondary to decreased hepatic perfusion (28). 

We have subsequently observed mild, transient 
sedation in a 77-year-old woman during infusion 
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of papaverine into the right internal carotid artery. 
We infused 300 mg of papaverine into the right 
internal carotid artery over 30 minutes. Approx
imately 10 minutes after beginning the infusion, 
her level of consciousness decreased slightly and 
then returned to baseline within 1 0 minutes after 
the infusion had been completed. Because a fol
low-up angiogram showed only partial relief of 
vasospasm, we elected to infuse an additional 
150 mg of papaverine over 15 minutes. We again 
noted transient sedation, which resolved shortly 
after the infusion was completed. No significant 
blood pressure changes were observed during the 
procedure. The findings in this patient support 
direct central nervous system depression caused 
by the papaverine. The significantly shorter du
ration of sedation in this patient may represent 
differences in regional blood flow or sensitivity of 
different central nervous system structures. 

Intraarterial papaverine infusion, particularly in 
the posterior circulation, should be performed 
with caution and careful patient monitoring. 
Placement of the infusion catheter beyond the 
posterior inferior cerebellar artery origin may be 
beneficial. If the patient is not already intubated, 
appropriate personnel and equipment should be 
on hand, should the need arise. Intermittent con
trast injection to demonstrate relief of vasospasm 
may be useful to keep the dose of papaverine to 
the minimum required. Although these reactions 
are alarming, they are outweighed by the benefits 
of relieving vasospasm. 
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