
The use of radionuclides and the gamma
camera for the visualization of cerebral blood
flow is useful in the diagnosis and followup of
patients with carotid-cavernous fistula. The pro
cedure involves an intravenous injection of a
small bolus of 99mTc-pertechnetate followed by
rapid-sequence images of the flow of the label
through the cerebral vessels. This technique is
simple, safe, and may be repeated at frequent
intervals.

The standard method of diagnosing and evaluating
carotidâ€”cavernous fistulas has been x-ray cerebral
angiography using contrast media (1â€”9).However,
improvements in nuclear medicine techniques in
recent years have provided the ability to perform
radionuclide cerebral angiography with a high de
gree of accuracy (10â€”15). It is a benign procedure
that does not require catheterization or radiologic
contrast media. The technique has been used with
great success in detecting arteriovenous malforma
tions. It is ideal in cases which require frequent or
periodic analysis of cerebral blood flow before and

after treatment and has been used as a screening
test prior to x-ray contrast angiography.

This paper describes the use of radionuclide cere
brat angiography in the diagnosis and treatment
evaluation of three patients with carotidâ€”cavernous
fistulas.

METHOD

Radionuclide cerebral angiography was performed
preoperatively and postoperatively in three adult
male patients with signs suggestive of carotidâ€”cavern
ous fistula. The procedure was performed with a
Searle Radiographics Pho/Gamma III scintillation

camera. The detector was positioned over the an
terior surface of the patient's head with the upper
neck included in the field of view. Fifteen mCi of
OOmTc.pertechnetatewere administered rapidly in an

antecubital vein in a volume of less than 2 ml. The
flow of injected activity was observed on a persist
ence oscilloscope while permanent images were re
corded. Images were obtained on Polaroid film and

on 35-mm film at 2-sec intervals after the arrival of
the bolus at the carotid arteries. The Polaroid film
was exposed manually whereas the 35-mm expo
sures were obtained with a photographic camera uti
lizing a motor-operated shutter and advance mecha
nism. Images were obtained for at least 20 sec after
injection.

The patients were also studied preoperatively with
x-ray contrast angiography.

CASE REPORTS

Case1. Two weeksafter returning from Viet Nam,
a 22-year-old data processor was a passenger in a
car that was involved in a major accident. Immedi
ately after the accident, he was comatose with right
sided weakness. There were multiple lacerations of
face and neck with a compound fracture of his man

dible. X-ray films of the skull, cervical spine, and
chest were normal. Mandible x-rays showed bilateral
fractures. Bifrontal burr holes revealed a swollen
brain with very thin subdural blood collections.
Tracheostomy was done. Within 24 hr he began to
respond to simple commands.

Two days later he was lethargic. He had a short
attention span and was responsive to some auditory
stimuli but followed commands poorly. Cerebro
spinal fluid drained from his left ear; retrotympanic
blood was noted on the right. Gaze was dysconjugate
with no eye movement to command. Left corneal
response was decreased. There was left periorbital

edema. Purposeful movement was present in all four
extremities with a right Chaddock's sign.
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Five days after the accident, bilateral chemosis
with a bruit over a pulsating left eye was evident.
The left pupil remained larger than the right. There
were subhyaloid and subretinal hemorrhages in both

eyes. A loud systolic bruit was heard over both or
bits, which became inaudible with occlusion of the
left internal carotid artery. A radionuclide cerebral
angiogram was performed which revealed a left
carotid-cavernous sinus fistula. This was confirmed
by retrograde femoral catheterization of both carotid
arteries. He became disoriented, confused, and hallu
cinatory with a flattened effect and an expressionless
voice. He had surgery 6 days after the accident.

At surgery a No. 3 F. balloon catheter was placed
within the cavernous carotid under radiographic con
trol. The balloon was inflated with 0. 15 ml of Reno
graphin which permitted its visualization. The proxi
ma! catheter tubing was secured into the common

carotid wall through which it was introduced. Once
the balloon was inflated, there was immediate cessa
tion of the bruit. The left external, internal, and com
mon carotid arteries were doubly ligated. In the im
mediate postoperative period turgidity and proptosis
of both eyes decreased in association with improve
ment in the patient's level of consciousness. Over the
subsequent weeks, his cerebration and sensory and
motor function returned to normal. Bilateral third
nerve function returned although lateral gaze paresis

remained in both eyes. Restoration of visual acuity
remained incomplete, probably secondary to vitreous
hemorrhages.

Case 2. The second patient was a 77-year-old man
with advanced generalized arteriosclerosis who was
admitted for treatment of congestive heart failure
and hypertension. His blood pressure on admission
was 180/1 15. The left carotid artery had a slightly

decreased pulsation but no bruits were heard. He was
somewhat obtunded but followed simple commands.

The patient was being treated with diuretics, digi
talization, and antihypertensive agents with some
success when he suddenly developed progressive
exophthalmus of the left eye. There was a systolic
bruit over the eye but no evidence of pulsation. His

degree of obtundation became somewhat greater
than that prior to the development of the proptosis.
No distinct lateralizing neurologic findings were pres
ent.

Radionuclide cerebral angiography showed a
carotid-cavernous fistula. Radiographic angiography
showed the cause to be a large intercavernous aneu
rysm of the left internal artery, which had ruptured.

The patient underwent surgery where the left corn
mon, internal, and external carotid arteries were
ligated and small pieces of muscle embolized through
the common carotid artery. The patient subsequently
developed a right hemiparesis and aphasia. He be
came unconscious and died 4 days later.

Case 3. A 27-year-old man was involved in an
automobile accident resulting in loss of conscious
ness for 30 mm and extensive injuries to the face.
He noticed â€œswishingnoiseâ€•in the head, diminished
vision in the left eye, and diplopia. He gradually
developed proptosis of the left eye, bilateral chemo
sis, and an atrophic left optic disk. A loud, harsh,
systolic murmur was present over the entire head
and was loudest over the lateral canthus of the left
eye. It was readily abolished by compression of the
left carotid artery.

Radionuclide angiography showed increased flow
in the region of the left cavernous sinus which was

ascribed to a carotid-cavernous fistula. This diag
nosis was confirmed by transfemoral cerebral arteri

ography. The patient underwent surgery with arterio
graphic monitoring until the fistula was obliterated
by ligation of the left common, external, and internal
carotid arteries in the neck and supraclinoid clipping
of the left ophthalmic and internal carotid arteries.
Postoperative radionuclide angiography no longer
showed increased blood flow in the left parasellar
region noted in the preoperative study. Rather, it
showed a general decrease in flow to the left cerebral
hemisphere. The patient made a complete recovery
except for marked diminution of vision in the left
eye.

RESULTS

The first patient was studied shortly after the de
velopment of proptosis. The radionuclide cerebral
angiogram (Fig. 1) showed greater blood flow
through the left carotid artery than the right. This
is best seen in the early frame obtained 6â€”8sec
after injection. It also showed a marked concentra
tion of radioactivity in the vicinity of the left cavern
ous sinus with extension of activity into the right

FIG. 1. Preoperativeradionuclidecer
ebrol ongiogram on Patient No. 1 mdi
cating left carotidâ€”cavernous sinus fistula.
Note persistent increased activity at base

of brain in region of cavernoussinus and
decreased activity in major cerebral yes
sels.

6-8 Sec.
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FIG. 2. Left lateral view, subtractiontechnique, of x-ray con
trait carotid arteriogram. Study shows rupture of internal carotid
artery into cavernous sinus.

cavernous sinus. Although activity in the cerebral
hemispheres was diminished, it was symmetric. The
pattern persisted throughout the study. Arteriograms
through retrograde femoral catheterization of both
carotid arteries confirmed the left carotid-cavernous
fistula (Fig. 2).

Following the surgical procedure in which the left
carotid artery was occluded with the balloon of a
Fogarty catheter, the radionuclide angiogram showed
absence of blood flow through the left carotid artery
(Fig. 3) . The cavernous sinus activity was no longer

FIG.3. Postoperativeradionuclidecer
ebral angiogram on Patient No. 1 after
left carotid artery had been occluded.Note
absence of flow through left carotid or
tery but symmetric flow to both cerebral
hemispheres. Increased activity at base of
brain is no longer present.

FIG.4. Followupradionuclidecere
bral ongiogram on Patient No. 1 per
formed 6 weeks after occlusion of left
carotid artery. Note symmetric blood flow
to both cerebral hemispheres although
blood flow through left carotid artery is
absent.

FIG.5. Preoperativerodionuclidecer
ebrol angiogram in Patient No. 2. Study
shows decreased blood flow through major
cerebral arteries with increased blood flow
near base of brain indicating left carotid
cavernoussinus fistula.

present and blood flow to both cerebral hemispheres
was symmetric. The patient's symptoms began to
decrease at this time. He was restudied with radio
nuclide angiography 6 weeks later (Fig. 4) . At this
time the study showed continued absence of flow
through the left carotid artery although there was
some reflux filling of the distal left internal carotid.
The middle and anterior cerebral arteries were well
seen in the 6â€”8sec frame and appeared symmetric.

Flow to the cerebral hemispheres was also symmetric
in this successful case.

The second patient was also studied shortly after
the development of proptosis. The radionuclide cere
brat angiogram (Fig. 5) showed greater blood flow
through the left carotid artery and marked concen
tration of activity in the vicinity of the cavernous
sinus. In this case, the activity in the right carotid
was not as prominent and activity persisted in the

cavernous sinus region for a longer time. As in the

first case, the diagnosis of left carotid cavernous

fistula was suggested by cerebral radionuclide angi
ography and confirmed by x-ray contrast angiogra
phy. In this patient, however, bilateral carotid
catheterization through the right femoral artery re

vealed aneurysms of both internal carotid arteries.
An aneurysm of the left carotid had ruptured into
the cavernous sinus (Fig. 6).

The patient was restudied by cerebral radionuclide
angiography following his surgery. The study showed
the expected absence of blood flow through the left
carotid artery (Fig. 7) . However, there was now a
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cerebral hemisphere, the patient had no neurologic
symptoms.

COMMENT

The use of radionudides and nuclear medicine
imaging devices for the visualization of cerebral
blood flow has become widespread in clinical prac
tice in the past few years. The procedure involves an
intravenous injection of a small bolus of oemTc@per@
technetate and is usually performed at the time of

injection for routine brain scanning. The carotid

arteries and the larger vessels arising from the circle
of Willis are usually well visualized in these studies.

Although it is not possible to obtain the resolution
found in direct x-ray contrast arteriography, radio
nuclide arteriography offers many advantages. The
study is extremely easy to perform, it presents negli
gible risk to the patient, and it may be repeated at
frequent intervals. These factors make the radio

nuclide angiogram extremely useful in cases where
repeated blood flow studies are desired. An example
of the type of case for which repeated blood flow
studies are required is the carotid-cavernous sinus
fistula.

The diagnosis and treatment of carotidâ€”basilar
venous plexus fistulas has been the subject of many
studies during the past few years. This type of arterio

venous fistula can arise spontaneously or from
trauma and is often a diagnostic dilemma. We have
presented three cases in which cerebral radionuclide

angiography correctly diagnosed a carotid-cavernous
fistula. Two cases arose from trauma and were suc

FIG.6. Leftlateralviewof x-raycontrastarteriogramonPa
tient No. 2 showing aneurysm of internal carotid artery with rup
ture into cavernous sinus. Internal carotid artery is quite tortuous.

very marked decrease in blood flow to the left cere
bral hemisphere.

The third case showed a similar preoperative ra
dionuclide angiocardiogram (Fig. 8) . There was
increased blood flow through the involved left Ca
rotid artery and a pattern of increased activity in
the low frontal region. The x-ray study indicated a
traumatic carotid-cavernous fistula. The postopera
tive radionuclide study (Fig. 9) showed absence of
blood flow through the ligated left carotid artery.
Although there was delayed arterial flow in the left

FIG.7. Postoperativeradionuclidecer
ebral angiogram on Patient No. 2, mdi
cating absence of flow through left carotid
artery secondary to surgical occlusion. Note
marked decrease in blood flow to left
cerebral hemisphere. This is most evident
in frames 10â€”12,12â€”14,and 14â€”16sec.

.â€”â€˜Ir@ -
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FIG.8. Preoperativeradionuclidecer
ebral angiogram on Patient No. 3 showing
increased blood flow through left carotid
artery as compared with right, with in
creased blood flow in region of carotid

cavernousfistula.
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FIG.9. Postoperativeradionuclidecsr
ebral angiogram on Patient No. 3. Note
absent flow through ligated left carotid ar
tery. Third and fourth frames show de
creased blood flow to left cerebral hemi
sphere. However, by capillary and venous
phases,thereis symmetricactivityin both
cerebral hemispheres.

cessfully treated. The second case was of spontane

ous origin and unfortunately ended in death after an
unsuccessful attempt to repair the lesion. In all cases
the patients were also studied by x-ray contrast angi
ography of the carotid arteries through femoral ar
tery catheterization prior to surgery. The advanced
arteriosclerosis of the older patient was considered
prior to catheterization and it was performed only
after direct carotid injection failed. This considera
tion did not apply after surgery since the followup
studies were performed by cerebral radionuctide an
giography, which only requires venipuncture.

The followup studies were performed shortly after
surgery in all cases to evaluate the results of the
procedure. In the two trauma cases there was no
longer evidence of blood flow into the cavernous
sinus since the left carotid artery had been success
fully occluded. In the third patient the abnormal flow
was no longer seen but, in addition, the study also
showed a marked decrease in blood flow to the left
cerebral hemisphere. This explained the patient's
suddenly increasing symptoms and death due to left
cerebral infarction.
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