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Carotid-Cavernous Fistulas: 
Intraarterial Treatment 

The intraarterial treatment of carotid-cavernous fistulas can be carried out rationally 
by considering a number of different factors. These include the site of the fistula , its 
size, its supply, its clinical presentation, associated vascular injuries, and the tolerance 
to carotid occlusion by a direct intraarterial balloon test. Careful attention to these 
features and familiarity with a variety of catheter systems, detachable balloons, and 
tissue adhesives will allow the operator to select the best treatment for each patient. 
Seven patients are described to illustrate these considerations. 

Carotid-cavernous fistulas usually originate from the cavernous segment of the 
internal carotid artery and rarely from the external carotid artery or from the 
vertebrobasilar circu lation [1 , 2]. The intravascular treatment of this difficult 
therapeutic problem has received increased acceptance and spec ific techniques 
have been reported with encouraging results [3-8]. We used different emboli
zation techniques to successfully treat these lesions by an intravascular ap
proach, placing detachable balloons in the fistula with preservation of the arterial 
flow , balloon catheters at the fistula site without preservation of the arterial flow , 
and the injection of isobutyl-2 cyanoacrylate (lBCA) (Ethicon , Sommerville , N. 
J.) , a tissue adhesive, in lesions involving the external carotid artery. The 
technique selected depended on the anatomic factors such as the site of the 
fistula, its vascular supply, associPted vascular injuries , and the c linical presen
tation. The operator must be skilled in the use of various transarteri al techniques 
so that he may choose the appropriate catheter, balloon , and / or tissue adhesive 
for the specific problem. 

Subjects and Methods 

In seven patients, c linica l, anatomic, and hemodynamic features of the fi stulas dictated 
the use of different therapeutic techniques or modifications. Five of the seven were 
successfully treated without complications by the intraarterial approach. In one (case 1) 
the fi stula could not be reached by the balloon but a trapping procedure was successful. 
A second patient who did not tolerate arterial occlusion by the balloon required occlusion 
of the internal and external carot id arteries to effect a clinical cure . No complications 
occurred after the intraarterial approach. Blindness developed in one patient treated by the 
trapping procedure. 
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Case Reports 

Case 1 

A 67-year-old woman sustained a right occipito-temporal fracture 
after falling backward s in her home. She lost consciousness for 6 
hr, after which she was confused and amnesic and 6 weeks later 
she developed horizontal diplopia . Admission physical examination 
revealed episc leral and conjunctival injection bilaterally, worse on 
the right. A bruit was heard over both eyes, louder on the right . A 
right sixth nerve palsy was present. 

Angiog raphy demonstrated a right carot id-cavernous fistula with 
drainage into the superior and inferior divisions of the right oph
th almic vein and cross-fi lling to the left through the anterior coronary 
sinus and into th e left ophthalmic vein. Marked atheromatous 
changes were in the cavernous and suprac linoid segments of the 
internal carotid artery. The Matas test during angiography showed 
good tolerance to manual right carotid compression and good 
cross-filling from left to right. 

First operation. The right common, external, and internal carotid 
arteries were exposed in the neck . A 3 French Fogarty balloon 
catheter (Edwards Labs, Santa Ana, CaL) was introduced into the 
internal carotid lumen via an arteriotomy. The catheter was manip
ulated until its tip stopped at the prox imal part of the cavernous 
carotid artery abou t 11 mm proximal to the fistula . Carotid artery 
tortuosity preven ted further advance and correc t placement of the 
balloon at th e fistula site. Th e balloon was inf lated with Conray 60. 
The bruit decreased over the right eye and disappeared over the 
left eye. The balloon catheter was left in that position. Both the 
internal carotid and external carotid arteries were ligated in the 
neck. Th e catheter at its proximal end was bent , clipped, and 
anc hored to th e carotid sheath. The patient tolerated this procedure 
well. In th e postoperative period , there was an initial improvement 
of the eye symptoms; however, at a 3-week follow-up examination, 
all the right eye findings had recurred . The balloon deflated spon
taneously after 9 days. 

Second operation. The trapping of the right carotid artery was 
completed 5 months later. The intracranial carot id artery was hard 
and ath eroscleroti c and multiple adhesions were present at the 
trauma site. The artery was clipped between the posterior commu
nicating artery and the ophthalmic artery, effectively isolating the 
internal ca rotid artery. Th e bruit and episc leral injection disap
peared; however , the patient lost central vision in the right eye. Her 
vision was unimproved 1 '/2 years later, but no signs or symptoms of 
the fi stula were present. 

Comment. This case represents our first attempt to treat carotid
cavernous fi stulas through an intravascular approach. At that time 
th e only balloon catheter available to us that could accomplish 
c losure of a fi stula was a single- lumen small-diameter Fogarty 3 
Frenc h endarterectomy catheter [7]. This case illustrates the limi
tations of this relatively rigid cath eter in attempting to negotiate 
tortuous vessels and the necessity for other catheter designs that 
could deal with this problem. Since the bruit decreased on the 
ipsilateral side and disappeared on the contralateral side when the 
balloon was inflated, we decided to leave th e inflated balloon in 
place since it might result in amelioration of symptoms. Intracranial 
trapping of the internal carotid artery could still be done if the fistula 
persisted or recurred , as it did in this case. The loss of central 
vision was due to isolation of th e ophthalmic artery in the trapping 
procedure combined with the external carotid artery ligation in the 
neck. These occ lusions prevented collateralization to the fi stula 
through the inferolateral trunk of the cavernous carotid artery and 
also decreased collateral supply to the ophthalmic system [9, 10]. 

Case 2 

A 54-year-o ld woman sustained a fall and subsequent ly devel
oped left eye proptosis, chemosis, and a dilated nonreactive pupil. 
A diagnosis of left carot id-cavern us fistula was made and treated 
by common carot id ligation . Her eye findings did not improve and 
she was referred for further therapy. On admission the patient had 
a 20 / 30 visual acuity in the left eye with high intraocular pressure. 
Angiography demonstrated 60% stenosis of the common carotid 
artery at the ligature site, and a small low-flow fistula in the proximal 
cavernous segment of the internal carotid artery with a small aneu
rysmal dilatation of the anteroinferior compartment of the cavernous 
sinus and drainage to the superior division of the ophthalmic vein. 
Manual left carotid compression was well tolerated and good cross
filling from right to left was shown during left carotid angiography. 

Operation. The internal and external carotid arteries were ex
posed in the neck under local anesthesia , an arteriotomy was 
performed on the internal carotid artery, and a 3 French Fogarty 
catheter was manipulated up to the fistula. When the balloon was 
inflated the patient immediately became aphasic and hemiplegic , 
but these findings completely cleared 1-2 min after deflating the 
balloon. The catheter was removed . During repair of the arteriotomy, 
temporary occlusion of the internal carotid artery was well tolerated 
for 20 min . The internal carot id artery was ligated and a Selverstone 
clamp was placed on the external carot id artery. The c lamp was 
closed over a 3 day period without ill effects. The proptosis, intra
ocular pressure, and chemosis significantly improved and the pa
tient was asymptomatic 1 year later. 

Comment. Preoperative manual compression of the carotid artery 
in the neck (M atas test) was misleading , for at the time of balloon 
inflation during the operat ion a neurologic deficit developed . How
ever, proximal internal carotid ligat ion and slow progressive occlu
sion of the external carotid artery were well tolerated . It is possible 
that at catheter placement and balloon inflat ion, a temporary ligature 
on the external carotid artery had compromised external carotid 
collateral flow to the left hemisphere to an extent that internal 
carot id occlusion was not tolerated . At present we test tolerance to 
carotid occlusion in a direc t way with a double lumen balloon 
catheter in the internal caro tid artery during angiography (Medi
tech) . This maneuver is reliable and easy to perform and also 
permits easy localization of the fistula site by stopping the flow in 
the diseased vessel while filming the slow injection of contrast 
material through the distal lumen [11]. In this patient, ligat ion of the 
internal carotid and external carotid arteries in the neck brought 
relief of the symptoms consistent with the reported 20%-50% cure 
rate reported after ligation of the common carotid artery [1 2]. Most 
good results from carot id ligation occur in small, low-flow fistulas. 

Case 3 

A 30-year-old man had severe head trauma 1'/2 months before 
admission. At the time of injury he had been unconscious for 12 hr, 
after which he developed a pulsatile exophthalmos of the right eye 
associated with ptosis, conjunctival chemosis, and diplopia second
ary to a right sixth nerve paresis. He complained of a noise inside 
his head . A loud bruit cou ld be heard over the right eye . A tran sfe
moral right cerebral angiogram demonstrated a high flow internal 
carotid-cavernous sinus fi stula with drainage into the superior and 
inferior divisions of the ophthalmic vein anteriorly and into the 
inferior petrosal sinus posteriorly. An assoc iated traumatic aneu
rysm of the right petrous internal carotid artery was also demon
strated (fig. 1 A) . No direc t supply from the external carot id artery 
or other vessels was seen. Right carot id artery occlusion was well 
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A 
Fig. 1.-Case 3. A, Lateral subtraction angiog ram. Hig h-flow internal 

carotid-cavernous sinus fistula with drainage in to superior and inferior divi
sions of ophthalmic vein anteriorly and inferior petrosal sinus posteriorly. 
Assoc iated traumatic aneurysm of pe trous internal carotid artery (arrow) . B, 

tolerated with good cross-filling through the c irc le of Willi s during 
left carotid angiography. 

Operation. An attempt to occ lude the fi stula via the internal 
jugular- inferior petrosal sinus was unsuccessful. Th e patient was 
treated by placement of a 3 French Fogarty catheter through an 
arteriotomy in the cervical internal carotid artery whic h was th en 
advanced to the fi stula site (fig. 1 B) . The balloon, inflated with 
contrast material (R eno-M-60) occluded the fi stula. The balloon
inflation was well to lera ted and the cervical internal carotid artery 
was ligated at th e end of the procedure. Th e catheter was bent at 
its proximal end, secured with a silver c lip , and anchored to th e 
carotid sheath with 4-0 silk. The bruit disappeared immediately and 
the eye findings disappeared after 12 hr. The patient was c linica lly 
cured 1'/2 years later. The balloon deflated spontaneously in 3 
weeks. 

Comment. The treatment of choice in isolated carotid-cavernous 
fi stulas seems to be obliteration of the fi stulous communication with 
preservation of carotid artery fl ow. However , an associated trau
matic pseudoaneurysm of the carotid artery (fig. 1 A) is a contrain
dication to suc h therapy because c losure of the fi stula with pres
ervation of carotid flow carries the risk of aneurysm rupture. Origi
nally , we planned to occlude the fi stula from the venous site (inferior 
petrosal to posterior cavernous sinus) and stereotax ic obli teration 
of the aneurysm. However, the inferio r petrosal sinus could not be 
catheteri zed . 

Case 4 

A 27-year-old man suffered severe head trauma with numerous 
facial bone fractures 7 years before admission. There were no eye 
symptoms until 9 months before admission, when he developed 
right-sided chemosis, proptosis, ptosis, and diplopia on both med ial 
and lateral gaze. The c hemosis and proptosis resolved sponta
neously 3 weeks after onset, but he developed severe headaches 

B 
After balloon placement in carot id artery at fistula site (open arrow) . Catheter 
shaft (curved arrows) was ben t, clipped, and anchored to carotid sheath in 
neck ; internal carotid artery was ligated . 

in the right frontal area. A loud bruit synchronous with his pulse 
could be heard over the r ight eye and a right third nerve palsy was 
present. Angiograph y at another institution demonstrated a large 
fi stulous communication from the right internal carotid artery to a 
bilobed aneurysmal dilatation of the cavernous sinus that produced 
elevation of the hori zontal segment of the right midd le cerebral 
artery. Th e venous drainage was toward superfic ial corti ca l ve ins. 
There was no filling of the ophthalmic vein or the petrosal sinus (fig . 
2A) . The exact fi stulous communication could only be demonstrated 
with a double lumen balloon catheter occluding the right in ternal 
carotid artery, and the slow hand injec tion of contrast material (fi g . 
2B) [11] . There was no d irect supply from th e external carotid artery 
or any oth er vessels to th e fi stula. Tolerance to right carotid occlu
sion was tested with inflation of th e balloon catheter . A left carotid 
angiog ram (fig. 2C) with the balloon inflated demonstrated excellent 
cross-filling and the upper extent of the fistul a. 

Operation . The right common carotid artery was percu taneously 
catheterized and a Debrun detachable balloon catheter (ingenor, 
Pari s, France) was flow-guided into th e venous side of the fi stula 
with immediate d isappearance of the bruit when the balloon was 
inflated with contrast material [3, 4]. A control angiog ram showed 
occlusion of the arteriovenous shunt and preservation of carotid 
fl ow . The balloon was th en deflated, and reinflated with silicone 
fluid . After allowin g the silicone to vulcanize, the balloon was 
detached and the catheter assembly removed (fi g. 20 ). Follow-up 
angiog raphy showed preservation of carotid fl ow and complete 
occlusion of the fi stula (fig. 2E) [13]. All of the patient 's signs and 
symptoms disappeared and he was discharged on postoperati ve 
day 4 . On postoperati ve day 7, the patient complained of fronta l 
headaches and diplopia to lateral gaze. The signs and symptoms 
completely resolved in 2 weeks. The patient was c linica lly asymp
tomatic 11 months later . 

Comments. This case illustrates the ease of precise localization 
of a large arteriovenous communication with a double-lumen cath-
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c E 
eter that also tests tolerance to carotid occlusion (figs. 2B and 2C) . 
In this patient , with no other lesions or assoc iated clinical problems, 
we believe the treatment of choice is occlusion of the fistula with a 
detachable balloon and preservation of the carotid artery fl ow. The 
transient postoperative diplopia and headaches possibly were 
caused by shrinkage of the large venous aneurysm and retraction 
of the dura or direct pressure on th e abducens nerve that lies within 
the cave rnous sinus. 

Case 5 

A 51-year-old woman was admitted to another institution after 5 
months of spontaneous onset of diplopia to upward gaze, left 
retroorbital pain , periorbital swelling, partial ptosis, conjuncti val 

D 

Fig. 2. -Case 4. A , Lateral angio
gram in midarteri al phase. Bilobed ve
nous aneurysm in cavernous area and 
drainage through superfic ial co rtical 
veins and straight sinus. B, Frontal sub
traction angiog ram of ri ght intern al ca
rotid angiogram. Balloon inflated (arrow) 
to occlude carotid flow. Contrast dilution 
and jet effect at fi stula site (open arrow) . 
(Reprinted from [11].) C,Left intern al ca
rotid angiogram with complete occ lusion 
of right internal carotid artery by intra
luminal balloon (arrow). Left internal ca
rotid injecti on fill s both hemispheres and 
fistula. Elevation of right middle ce rebral 
artery by bilobed venous aneurysm. (Re
printed from [11].) D, Frontal skull film . 
Balloon (arrow) in venous side of arteri
ovenous fi stula after detachment. Bal
loon was filled with tantalum-impreg
nated silicone rubber. E, Right intern al 
carotid ang iogram after repair o f fistula. 
Detachable balloon (arrow) in venous 
side and preservation of ca rotid flow. 
(Reprinted from [1 3].) 

chemosis, tinn itus , and partial decreased sensation on the left side 
of the face. No bruit could be heard . Angiography showed a fi stula 
from the left middle meningeal artery and the accessory middle 
meningeal artery to the cavernous sinus. Th e internal carotid artery 
did not supply th e fi stula. Th e venou s drainage was through th e 
superior division of the ophthalmic vein. Th e patient underwent 
percutaneous Gelfoam embolization with good postembolization 
results and disappearance of her signs and symptom s. Left jaw 
pain was present for 15 days and then disappeared spontaneou sly. 

She was readmitted 3 weeks later because of recurrence of 
symptoms. Repeat angiography showed recanalization of the mid
dle meningeal artery and filling of th e fi stul a (fig . 3A) . The patient 
was transferred to our medical center complaining of orbital tension , 
left retroorbital pain relieved only by Demerol, and numbness of th e 
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A B C 
Fig . 3.-Case 5 . A , Lateral subtraction angiogram of distal left external 

carotid artery. Fistula between left middle meningeal artery and cavernous 
sinus (arrow). Filling of superior division of ophthalmic vein. B, Lateral skull 

left side of her face. The left eye was tender to palpation with some 
fullness and conjunctival injection; a mild sensory V2 deficit on the 
same side was noted . No bruit was heard . 

Operation. Superselective catheterizat ion of the left middle men
ingeal artery was accomplished via percutaneous puncture of the 
left common carotid artery. Isobutyl-2 cyanoacrylate (IBCA), a tis
sue adhesive mixed with tantalum oxide was injected into the fistu la, 
which was complete ly obliterated (figs. 3B and 3C). The patient's 
symptoms, with the exception of the sensory V2 deficit , disappeared 
within 3 hr. She was discharged on the postoperative day 4. At 10 
months follow-up, she was asymptomatic except for her unchanged 
V2 deficit. 

Comments. When the supply to the fistul a is from the externa, 
carotid artery, balloon catheters will not reach the fistula and 
reabsorb able embolic agents tend to allow recanalization with re
currence of the fistula . To insure c losure of the arteriovenous 
communication a non biodegradable embolic agent must occlude 
the fi stula itself and not merely occlude the feeding vessel (fig . 3B). 
For this situation we consider that a fluid agent with tissue adhesive 
propert ies should be used to prevent migration of emboli to the 
dilated venous channels [14, 15]. The fluid agent is mixed with 
tantalum powder for radiopacity (to prevent sk in discoloration, white 
tantalum oxide is used in white pat ients and black tantalum powder 
is used in black patients) [14]. 

When embolizing th e middle meningeal artery, care must be 
taken to determine whether a meningolacrimal branch, which rep
resents an anastomosis between the external carotid system and 
th e ophthalmic system is present. Embolization of this artery may 
cause blindness. If the meningolacrimal artery is visualized, a non
biodegradable solid embolic agent such as polyvinyl alcohol foam 
(Unipoint Lab , High Point, N. C.) cut in particles larger in diameter 
(200-400 J.L) than the meningolacrimal branch may be used for 
embolization . By avoiding excessive injection pressures and relying 
on the preferential flow toward the lesion, the procedure can be 
carried out safely. In add ition , occlusion of the petrous branch of 
the middle meningeal artery , which arises near the foramen spi
nosum and is the main arterial pedicle to the peripheral facial nerve 
in 25% of the cases, may produce a facial palsy. Small particles 
and liquid agents must be introduced in a manner that avoids this 
vessel if technically possible . Placement of the catheter tip 15 mm 

film after embolization. Tantalum-ox ide-impregnated ISCA at fistula site (ar
row). C, Lateral subtraction angiogram in late arterial phase after emboliza
tion. No filling of fistula . 

distal to the foramen spinosum will avoid the petrous branch. 
Technically, this is difficult to accomplish; preferen tial flow is relied 
upon to carry the emboli beyond the petrous branch. 

Case 6 

A 13-year-old boy fell from a cliff and sustained a fractured jaw, 
a left petrous bone fracture with injury to the left seven th nerve, a 
right sixth nerve palsy , and loss of vision in the right eye. Angiog
raphy performed at that time (unavailable for review) was interpreted 
as normal. At age 17, he was admitted to our center for reconstruc
tive plastic surgery for proptosis of the right eye and mild hyperte
lorism. 

His vision was 20 /200 in the right eye and 20 / 20 in the left eye. 
A right sixth nerve palsy was noted . A bruit synchronous with the 
pu lse was present over both eyes, but more prominent on the left. 
Complete angiographic investigation revealed a large left carotid
cavernous sinus fistula with filling of a large midline venous aneu
rysm (fig . 4) . Venous drainage was toward the opposite ophthalmic 
vein , the cort ica l veins, and to the superior sagittal sinus. Tolerance 
to carot id occlusion and exact localization of the fistula site was 
determined with a double-lumen balloon catheter [11 ]. 

Firs t operation. After percutaneous puncture of the left internal 
carotid artery, a 3 French Fogarty catheter was introduced, but 
could not be negotiated to the si te of the fistula due to marked 
arterial tortuosity (fig. 4C) . The cath eter assembly was withdrawn 
and the carotid artery compressed. 

Second operation. A percutaneous puncture of the left internal 
carot id artery was performed again abou t 1 week later. The intro
ducer catheter could not be advanced into the carot id lumen, 
probably due to fibrosis caused by the previous procedure . Percu
taneous puncture of the right femoral artery was performed and 
select ive cath eterizat ion of th e left internal carotid artery was ac
complished. A Kerber calibrated-leak microballoon catheter (Cook, 
Bloomington, Ind.) was introduced and flow-directed into the fi stula 
(fig . 4D). Two injections of IBCA with tantalum oxide were made 
into the fistula ; however, the rap id fl ow in the fistula prevented the 
acrylate from polymerizing at th e arteriovenous communica tion (fig . 
4E). The patient was dischaged in the hope that the foreign body 
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(lSCA) within the venous aneurysm would promote thrombosis of 
the fistula. The bruit and proptosis were unchanged 3 weeks later. 

Third operation. The left intern al carotid artery was surgically 
exposed in its cervical part 1 month later . A Debrun detachable 
balloon catheter assembly was introduced via an arteriotomy and 

c 

F 
Fig . 4. -Case 6 . Lateral (A) and frontal (8) 

subtraction angiograms. Left carotid-cavernous 
fi stula with midline venous aneurysm draining into 
contralateral ophthalmic vein , cortical ve ins, and 
sagittal sinus. C, Lateral subtracti on angiogram of 
left vertebral artery for control. 3 French Fogarty 
balloon (straight arrow) prox imal to fistula (curved 
arrow), which could not be reached due to carotid 
tortu osity. D, Lateral subtraction ang iogram. Flow
guided microballoon catheter (open arrows) be
yond fistula (curved arrow) ; opacification of oph
thalmic vein (arrow) . E, Lateral skull film after two 
ISCA injections. Tantalum-opacified ISCA (arrows) 
in venous aneurysm. F, Lateral skull film after four 
balloons were fl ow-guided to lesion, three in ve
nous side (open arrows) and fourth in ca rotid 
lumen at fistula site (arrow) . G, Lateral subtracti on 
control angiogram of left vertebral artery. Eleva
tion of left posterior communicating artery (arrow) 
and no filling of fi stula. H, Lateral subtracti on 
angiogram of left vertebral artery 3 days after 
repair. Collapse of venous aneurysms docu
mented by position of previously elevated poste
rior communicating artery (arrow) . 

th e balloon was flow-guided into the fi stula and inflated . The fistula 
remained patent. A total of four balloons was used , three of which 
were detached in the cavernous sinus. The fistula was closed by 
inflating the last balloon with Con ray 60 in the internal carotid artery 
at the fistula site (fig . 4F) . The bruit disappeared immediately . A 
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control left vertebral angiogram showed no filling of the fistula, but 
the left posterior communicating artery was still elevated by the 
venous aneurysm (fig. 4G). The catheter was left in place, bent, 
clipped, and anchored to the carotid sheath. The internal carotid 
artery was ligated in the neck (having the internal carotid artery 
exposed and the carotid lumen occluded, we opted for ligating the 
cervical internal carotid artery). During percutaneous balloon occlu
sion , when the carotid flow is not preserved, the catheter can be 
anchored subcutaneously. 

The postoperative course was uneventful until postoperative day 
3 when the patient felt a sharp midline headache while doing push
ups and sit-ups . No bruit could be heard . A left vertebral angiogram 
showed no filling of the fistula; collapse of the venous aneurysm 
was documented by the position of the left posterior communicat ing 
artery (fig. 4H). The headache resolved completely in 3 weeks and 
CT scan 2 weeks later showed no filling of the fi stula (fig . 5). At 5 
months the collapsed aneurysm had calc ified and there was no 
filling of the fistula . 

A 8 
Fig. 5.-Case 6. Contrast-enhanced scans. A , Before repair. Opacification 

of circ le of Willis and venous aneurysm. B, After repair . Good visualization of 
circle o f Willi s but no filling of venous aneurysm. Two balloons. 

A 8 
Fig. 6. -Case 7. A, Right internal carotid angiog ram. Fistula drains to 

in ferior petrosal sinus and the pterygomaxillary plexus. B, Lateral skull film . 
Two inflated and one defl ated balloon in cavernous sinus; fourth balloon fi lled 
with rad iopaque silicone is partly in cavernous sinus and partly in carotid 

Comments. In a patient with contralateral blindness in whom the 
hemodynamic balance of the intracranial and ophthalmic c ircula
tions is well compensated, a safe approach would be to occlude 
the arteriovenous communication and th e internal carotid fl ow with 
preservation of the external carotid c irculation . Th erefore, we 
started with a Fogarty catheter, for the long-term fate of th e detach
able balloon is still unc lear. Debrun (Debrun G, unpublished data) 
has demonstrated balloon shrinkage and asymptomatic " aneu
rysms" at the site of vascular repair, secondary to balloon shrink
age. The aneurysms later diminished and no ill effec ts from these 
postembolization pouches were noted. However, the follow-up is 
relatively short and the theoretica l possibility exists that these 
"aneurysms" may become the si te for thrombus formation . 

The limitations of a Fogarty and similar catheters in tortuous 
vessels is again demonstrated . A tissue adhesive such as IBCA 
does not seem to be a suitable occlusive agent in high-fl ow fi stulas 
with large venous aneurysms, although Kerber et al. [1 6] treated 
some internal carotid-cavernous sinus fistulas with this technique. 
We do not know the size of the venous component in hi s cases or 
the flow rate. Finally , this case illustrates th at more than one balloon 
may be necessary in large fi stulas. The headaches in this case and 
in Case 3 possibly represented dural retraction secondary to sh rink
age of the cavernous sinus. 

Case 7 

A 6 1-year-old woman, with a right max illary sinus carc inoma with 
extension to th e right orbit and sphenoid sinus, underwent resect ion 
of the tumor and exenteration of the right eye at another institution. 
Toward the end of the operat ion, brisk arterial bleed ing was en
countered, which stopped only after packing of the sphenoid sinus. 
A bruit cou ld be heard over the right eyelid and the patient com
plained of a continuous murmur in her head . Angiography of the 
right internal carotid artery showed a right carotid-cavernous fi stula 
with drainage to the inferior petrosal sinus and to the pterygomax
illary venous plexus (fig . 6A) . No supply from other vessels could 
be demonstrated . An attempt to place a Swan-G anz fl ow-directed 
catheter at the arteriovenous communication was unsuccessful. 
The patient was then referred to our hospita l. 

c o 
lumen (arrow). C, Angiogram of common carotid artery. Complete occ lusion 
o f internal ca rotid artery proximal to balloon . 0 , Control left vertebral injection. 
Minimal fi lling of fi stula. 
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First operation. After percutaneous catheterizat ion of the com
mon carotid artery, two flow-directed Debrun detachable balloon 

catheters were negotiated to the venous side of the fi stu la. The first 
was inflated and detached without occlusion of the fistula . The 
second was placed in the fistula, occluding the internal carotid 
lumen and 90% of the fistula with disappearance of the bruit and 
murmur. This balloon was left inflated with contrast material, de
tached, and the catheter assembly removed. The patient had re
currence of her murmur 2 hr after embolization . A plain skull film 
showed deflation of the second balloon . 

Second operation. Repeat angiography 1 week later showed the 
fi stula to be patent. After percutaneous cervical carot id cath eteri
zation, two more balloons were needed to occlude the fistu la. The 
last one was inflated with silicone fluid, which was allowed to 
vulcanize before detachment. The si licone-inflated balloon was 
partly in the fi stula and partly in the carotid artery lumen (fig. 68) 
produc ing complete occ lusion of carotid flow (fig. 6C) and 90% 
occ lusion of the fistula (fig. 60). No neurolgic signs ensued. The 
packing was removed from the sphenoid sinus on postoperative 
day 4, and the patient was asymptomatic from her fi stula 4 months 
later . 

Comments. In this case the relatively rigid Swan-Ganz catheter 
used in another insitution could not reach the site of the fistu la. An 
area of atherosclerotic narrowing of th e precavernous carotid artery 
was present at angiography . Flow-guided catheters were successful 
in negotiating the stenosis and tortuosity. More than one balloon 
was necessary to occlude the arteriovenous communication . An 
important technical consideration illustrated in this case is th at if a 
balloon is to be detached , it should be in the venous side of the 
com munication. If after the first procedure the balloon that deflated 
had been pointing intracran ially , the risk of cerebral embolization 
would have been high . If the balloon cannot be directed to the 
venous side, it should be bent , c lipped , and anchored subcutane
ously, or the internal carotid artery may be ligated at ihe end of the 
operation to prevent the theoretical possibility of vessel recanali
zation when the balloon deflates. Latex balloons (versus silicone 
balloons) are liable to deflate [1 3, 14]. At our present state of 
knowledge, silicone balloons act as semipermeable membranes, 
and when inflated with an iso-osmotic contrast agent such as 
Amipaque, stay inflated for more than 2 weeks [17 , 18]. This 

apparent advantage with silicone balloons is balanced against the 
lesser distensibility of silicone (4 :1) versus latex (7 :1). 

Discussion 

Carotid-cavernous fistulas are unique lesions due to their 
anatomic location and hemodynamic characteristics. They 
are recognized as a challenging therapeutic problem [12, 
19-22]. The risks of the untreated lesion include loss of 
vision in 25% of cases and visual impairment in another 
20% [23]. Sattler [24] reported 3% mortality as a result of 
hemorrhage from the nose or intracranial bleeding and we 
saw one such occurrence. However, spontaneous cures 
have also been reported in 6% [23] to 10% [25] of patients. 

In his monograph , Hamby [12] reviewed various surgical 
approaches to this condition and stated: " our experiences 
with the treatment of 37 cases of this condition led to the 
concl usion that this principle [carotid ligation] is incorrect 
and that the adoption of principle 3, simultaneous obstruc
tion of all of the arterial components of the complex is the 
safest most effective method. " He also states: " in the case 
of carotid cavernous fistulas, attempts at such operations 

within the cavernous sinus are not routinely feasible. " Par
kinson [21] showed that it is surgically possible to repair 
these fistulas and preserve the carotid flow; however, this is 
a complex and major surg ical technique. Morley [19] and 
Stern et al. [26] showed that the operative mortality and 
cerebral morbidity in the surgical approach to carotid-cav
ernous fistulas has been distressingly high . 

In a recent publication, Mullan [20] reported 33 fistulas 
treated by a variety of ingenious approaches through the 
venous side, using thrombogenic techniques, with apparent 
good results . Intraoperative angiography is mandatory . In 
the description of his surgical techniques, it is clear that 
great skill and experience are necessary . The transjugular
inferior petrosal approach to lesions located in the posterior 
superior compartment described by Mullan [20] is not tech
nically easy. We tried this once (case 3) but failed to 
catheterize the inferior petrosal sinus. In the cases of Mullan, 
he was able to catheterize the posterior cavernous sinus 
twice and failed twice. In the one patient in whom he 
occ luded the fistula, the patient required balloon deflation 
because of trigeminal pain ; however, the fistula was cured. 
In two of our cases, the venous return was toward cortical 
veins . In case 4 the fistula was in the posterior superior 
aspect of the C4 segment of the internal carotid artery with 
no drainage to the ophthalmic or petrosal systems. In case 
6, the fistula opening was anteromedial with drainage to 
cortical veins and the opposite ophthalmic system, which 
would have prevented catheterization by the venous site. 

In 1931, Brooks [27] was the first to show that an intraar
terial approach is possible. In 1969, Prolo and Hanbery [7] 
used a balloon catheter to successfully treat a carotid
cavernous fistula; and in 1974, Serbinenko [22] was the 
first to use flow-guided detachable balloons for the treat
ment of arteriovenous fistulas with preservation of the ca
rotid flow. However, not until Debrun et al. [3] published the 
technique of balloon detachment did it become clear that, 
due to favorable conditions in the hemodynamics of the 
fistula, the intraarterial route introduced by Brooks [27] was 
perhaps the ideal approach to carotid-cavernous fistulas. 
This is augmented by the development of percutaneous 
catheter techniques. Transarterial occlusion of the fistula 
may afford no significant morbidity; recovery is measured in 
hours to days and the procedure can be repeated with little 
risk or cost when compared with a direct surg ical approach. 
Furthermore, the treatment is definitive in that the fistula 
itself, rather than vessels at a distance from the lesion , is 
obliterated. Elimination of the fistula prec ludes recurrence 
via collateralization. 

One single transluminal technique is insufficient to treat 
the variety of anatomic, hemodynamic, or c linical presen
tations of carotid-cavernous fistulas . Versatility in tech
niques, with various materials and with balloon and nonbal
loon catheters of different design is necessary. The use of 
tissue adhesives in fistulas of the external carot id circu la
tion , where communications are small , expands the capa
bilities of intraarterial treatment. 

We believe that in the internal carotid circulation, occlu
sion of the fistula with a flow-guided balloon catheter is the 
transarterial technique of choice. Debrun et al. [4] success-
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fully occluded 17 carotid-cavernous fistulas with preserva
tion of carotid flow in 12 . All patients were cured except for 
a temporary third-nerve palsy in one patient. Flow-guided 
detachable balloon catheters can bypass marked tortuosity 
(case 6) or stenosis (case 7) which impede more rigid 
catheters. In most cases, preservation of the internal carotid 
flow should be attempted by detaching balloons on the 
venous side, thereby occluding the fistula. However, when 
an associated aneurysm (case 3) or contralateral blindness 
(case 6) is present this may not be the treatment of choice. 
In such instances, careful clinical judgment should be used 
to select the best and safest treatment for the particular 
patient. 

The physician involved in embolization techniques should 
consider transarterial treatments as a new and promising 
approach for difficult hemodynamic problems. The use of 
double-lumen balloon catheters during the investigation can 
provide the anatomic, hemodynamic, and clinical informa
tion necessary for better treatment planning . 

ADDENDUM 

Since acceptance of this manuscript, two other patients with 
carotid-cavernous fistulas have been successfully treated with pres
ervation of the carotid flow. One patient was treated with a detach
able balloon . The other was treated by the jugular-inferior petrosal 
approach, with the insertion of a 3 French Fogarty catheter that was 
left in the posterosuperior compartment of the cavernous sinus. 
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