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Treatment of Traumatic Arterial Vasospasm with Intraarterial
Papaverine Infusion

Arnold B. Vardiman, Thomas A. Kopitnik, Phillip D. Purdy, H. Hunt Batjer, and Duke S. Samson
Summary: We report a case of severe posttraumatic arterial
vasospasm treated with repetitive intraarterial papaverine infu-
sions. The salient features of the mechanism of action of papav-
erine are included.

Index terms: Vasospasm; Head, injuries; Drugs, intraarterial
injection

Head injury commonly results in some de-
gree of subarachnoid hemorrhage. If significant,
the hemorrhage may play a role in the develop-
ment of posthemorrhagic arterial vasospasm
similar to that seen with aneurysmal subarach-
noid hemorrhage. McCullough reported a direct
correlation between the magnitude of basal sub-
arachnoid blood and the degree of arterio-
graphic vasospasm in a monkey head injury
model (1). Therapy directed at vasospasm
treatment, namely hyperdynamic volume ex-
pansion, is hazardous with an underlying head
injury because of the presence of mass lesions,
contusions, or diffuse edema. We present a case
of angiographically documented vasospasm af-
ter traumatic subarachnoid hemorrhage and its
treatment with intraarterial infusions of papav-
erine hydrochloride.

Case Report
An unconscious 61-year-old white man was trans-

ported to the hospital for evaluation. Examination upon
arrival revealed multiple facial contusions, abrasions, and
a right ocular globe disruption. The patient was lethargic
but obeying commands in all extremities. He was pro-
foundly hypothermic on presentation (temperature,
32.28C); aggressive resuscitation included peritoneal la-
vage with warmed Ringer’s lactate. During rewarming, the
patient had a respiratory arrest, and later an episode of
electromechanical dissociation responsive to medication.
After resuscitation, a head computed tomogram was ob-
tained, showing thick subarachnoid hemorrhage and a
right temporal lobe contusion (Fig 1A and B). A four-
vessel cerebral arteriogram was obtained and was unre-
markable. Although the patient remained intubated for
positive airway control, he remained awake and obeyed
commands. Intracranial pressure was monitored by ven-
tricular catheter, and treatment was directed at maintain-
ing intracranial pressure less than 20 mm Hg. His arterio-
gram was repeated on hospital day 3 and revealed mild to
moderate vasospasm. By hospital day 5 the patient was
lethargic and, despite aggressive hypervolemic and judi-
cious hyperdynamic treatment, his condition worsened to
decorticate posturing. The patient’s intracranial pressure
was not elevated and a repeat head computed tomogram
was unchanged. A cerebral arteriogram revealed diffuse
vasospasm in both the middle and anterior cerebral artery
distributions (Fig 1C). While in the angiography suite, 300
mg of papaverine diluted in 100 mL of saline was infused
over a period of 1 hour into each internal carotid artery,
with improvement in the degree of angiographic arterial
spasm (Fig 1D) and improved contrast transit time. The
patient began obeying commands in his right upper ex-
tremity 1 hour after papaverine infusion. Three days later
on hospital day 8, the patient again neurologically deteri-
orated. Arteriography revealed recurrent spasm, which
was treated with a subsequent intraarterial papaverine in-
fusion as previously described. The patient again im-
proved, obeying commands in his right upper extremity 2
hours after the infusion.

The patient underwent a fourth and final papaverine
infusion into both internal carotid arteries on hospital day
11 for recurrent clinical and angiographic vasospasm,
which again resulted in his improvement to following com-
mands in the right upper extremity. Serial transcranial
Doppler studies were performed throughout the patient’s
hospitalization, but changes in PCO2, hematocrit, and in-
tracranial pressure rendered interpretation difficult and in-
conclusive. The patient was eventually transferred to the
ward, obeying commands in his right upper extremity, with
a moderate left hemiparesis. He died late in his hospital
course secondary to a pulmonary embolism.
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Fig 1. A and B, Computed tomographic
scans show thick diffuse posttraumatic sub-
arachnoid hemorrhage.

C, Left lateral cerebral arteriogram before
papaverine infusion demonstrates vaso-
spasm in the distal anterior cerebral distri-
bution.

D, Cerebral arteriogram after papaverine
infusion demonstrates improvement in the
degree of vasospasm in the distal anterior
cerebral circulation.
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Discussion

It has long been recognized that cerebral ar-
terial vasospasm occurs in 5% to 50% of pa-
tients suffering a significant head injury (2–4).
This is undoubtedly related to the common find-
ing of subarachnoid blood after a major head
injury. The amount of blood present in the basal
cisterns is directly related to the incidence of
vasospasm in postaneurysmal hemorrhage,
and likely as well in trauma. Suwanwela ana-
lyzed 350 patients with moderate to severe
head injuries and found proximal arterial spasm
in 5% of those with moderate injuries and spasm
in 58% of those with severe head injuries (5).
The severity of brain injury associated with

the computed tomogram appearance of signif-
icant subarachnoid hemorrhage is frequently
associated with mass lesions, contusions, or dif-
fuse edema. The existence or potential for ele-
vated intracranial pressure complicates the
treatment of vasospasm with hyperdynamic
therapy of volume augmentation and blood
pressure elevation. Elevated intracranial pres-
sure despite ventricular drainage can be consid-
ered a contraindication to hyperdynamic vol-
ume therapy. This patient presented with sig-
nificant traumatic subarachnoid hemorrhage
and received maximal medical therapy for in-
tracranial pressure control as well as clinically
symptomatic vasospasm. As he continued to
worsen neurologically, we instituted our proto-
col for severe postaneurysmal vasospasm re-
fractory to medical therapy, with infusion of in-
traarterial papaverine hydrochloride.
Papaverine hydrochloride is an opium alka-

loid of which the primary pharmacological ac-
tivity is the relaxation of vascular smooth mus-
cle (6). This vasodilating effect of papaverine
results from phosphodiesterase inhibition and
resultant cyclic-adenosine monophosphate ac-
cumulation within the smooth muscle cell. In-
trathecal injection of papaverine hydrochloride
in a monkey vasospasm model has been shown
to decrease angiographic vasospasm (7). Ku-
wayama has shown that intraarterial papaver-
ine hydrochloride significantly reversed angio-
graphic vasospasm in a dog vasospasm model,
with one-half the animals experiencing vasodi-
lation back to control size (8). Unfortunately,
these experimental models as well as this pa-
tient’s course demonstrate that the effects of
papaverine are fleeting, and multiple infusions
may be necessary.
Prior reports have described the use of

“superselective” intraarterial papaverine infu-
sion for the treatment of vasospasm (9–11). In
these reports a small microcatheter (Tracker) is
typically used to deliver papaverine immedi-



ately into the spastic vascular territory. We have
used nonselective papaverine infusion tech-
niques for vasospasm related to aneurysmal
subarachnoid hemorrhage and have seen en-
couraging clinical and angiographic results. In
light of our previous experience and the pres-
ence in this patient of precavernous atheroscle-
rotic narrowing, we elected nonselective infu-
sion through a standard angiographic catheter
into the cervical internal carotid artery. The
dose of papaverine was selected empirically
and by communication with other neurosurgical
and neuroradiological centers that use this tech-
nique for treatment of aneurysmal hemorrhagic
vasospasm (N. F. Kassell, personal communi-
cation). We also considered the use of balloon
angioplasty, a technique of documented effi-
cacy (4, 12–14), but believed the distal compo-
nent of spasm and the precavernous carotid
atherosclerosis made the use of intraarterial pa-
paverine preferable.
The clinical improvement seen in this partic-

ular case was likely caused by global effects of
papaverine rather than effects in a single vas-
cular territory. The patient’s neurologic im-
provement from decorticate posturing to follow-
ing commands was most likely caused by
papaverine-laced blood perfusing the dienceph-
alon and brain stem through the posterior com-
municating and posterior cerebral arteries. Al-
though clinical improvement was transient and
angiographic improvement modest, the patient
ultimately stabilized at his improved neurologic
status.
The infusion of intraarterial papaverine into a

vascular bed actively in a state of vasospasm
proved to be a safe and useful adjunct in the
treatment of this complicated trauma patient.
The effectiveness of papaverine used in this
manner offers some unique advantages in crit-
ically injured trauma patients who are deterio-
rating neurologically and have had maximal
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medical and surgical treatment. The clinical and
angiographic results, although transient, show
promise and should be cause for further inves-
tigation.
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