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Delayed Effects in the Treatment of Carotid-Cavernous 
Fistulas 
Fong Y. Tsai,' Grant B. Hieshima, 2 C. Mark Mehringer,2 Verity Grinnell ,2 and Henry W. Pribram3 

Carotid-cavernous fistulas may be classified into: (1) internal 
carotid, (2) external carotid, or (3) a combination of both. They 
may result from traumatic or spontaneous rupture of the carotid 
artery into the cavernous sinus. Intravascular embolization has 
become the treatment of choice for the management of carotid 
cavernous fistulas. The authors report the delayed effects after 
the treatment of carotid-cavernous fistulas with experience of 
74 cases over the past 6 years. The delayed effects may be 
summarized as follows: (1) progressive spontaneous occlusion 
of the fistula after partial balloon embolization, (2) false aneu
rysms may decrease in size and be spontaneously sealed off, (3) 
t ransient and persistent third or sixth cranial nerve palsy may be 
seen in about 16% of 74 cases, (4) posttraumatic fibrosis with 
narrowing of the carotid artery may be apparent after total 
occlusion of the fistula, (5) a prematurely deflated balloon may 
be dislodged into the carotid artery or its branch, and (6) spon
taneous obliteration of common channels from internal carotid 
artery may occur after total occlusion of external carotid chan
nels in those cases with a combination of internal carotid- and 
external carotid-cavernous fistulas. Certainly the delayed effect 
will alter our future planning in the treatment of carotid cavern
ous fistulas. 

Carotid-cavernous fi stu las may occur as a result of a sponta
neous rupture or traumatic lacerat ion of the carot id artery into the 
cavernous sinus. Carotid-cavernous fistulas may be c lassified into 
three different types according to the site of the fi stula: external 
carotid , internal carotid , or a combination of both [1-5]. 

Many therapeutic procedures have been developed inc luding 
direct surgical or intravascular occlusive therapy [2- 34]. The tech
niques of intravascular embolizat ion have rapidly improved and it 
has become the treatment of choice for carotid-cavernous fistulas. 
The detachable balloon is for internal carot id fistula and particulate 
materials are for external carotid-cavernous fistula [3, 6-11 , 13, 
14, 17-21 , 28-34]. Numerous reports have documented the suc
cessful embolization of carotid-cavernou s fi stu las, however, the 
long-term effects of the treated carotid-cavernous fistula have re
ceived very little attention [11]. 

Over the past 6 years we have learned several important delayed 
effects in relation to the treated carotid-cavernou s fistula from 
experience with 74 cases. The delayed effec ts certainly affect our 
decision in the treatment of carot id-cavernous fistulas . We believe 
that the detail of these effects should be fully discussed in order to 
improve the resu lts of the treatment. 

Materials and Methods 

In the past 6 years 93 cases of carot id-cavernous fi stula have 
been treated in our hospi tals. Those cases treated with a fi xed 
balloon-t ip catheter are excluded from this seri es. The 74 remain ing 
cases are reviewed. (M ost cases were from Harbor-UCLA Medical 
Center.) The 74 cases are subdivided as in tab le 1. 

The materials that may be used for occlusive therapy inc lude a 
variety of particulates, balloon-tip catheters, and liquid agents. 
However, we prefer to use the Si last ic spheres and polyv iny l alcohol 
foam (lvalon) parti c les for ex ternal carotid cavernous fi stu las, and 
detachable balloons for internal carotid cavernous fi stulas [3,6-11 , 
13, 14,17-21,28- 34]. 

Results and Discussion 

The management of carot id-cavernous fi stulas is often compli
cated. Many different methods have been reported in the treatment 
of the carotid cavernous fistulas [3, 6-1 1, 13, 14, 17-21 , 28-34]. 
The spectrum of this report is not intended to cover the detai l of 
each available procedure. Yet we are reporting the delayed effects 
from our experience with detachable balloons in the treatment of 
internal carotid-cavernous fi stula and particu late material in the 
occlusion of external carotid-cavernous fistu las. The balloons in our 
series are in flated with slightly hypertonic metri zamide (earlier cases 
with oth er iodine contrast materi als) and the miter valve of the 
balloon is autosealed after the balloon is detached from the delivery 
catheter. Th is mechanism allows the detached balloons to remain 
inflated over a long period of time [1 3, 14, 2 1]. The fistulas are 
usually totally obliterated with detached balloon(s) within th e cav
ernous sinus and fistula. It may take one or more balloons to 
obliterate the fi stula. Forty-three cases with internal carotid-cavern
ous fistula were completely obli terated with balloon(s) at the time of 
treatment. However, the cavernous sinus and fi stula may not be 
completely occluded by the balloon(s). One may not be able to 
introduce a final balloon through the fistula becaue it is progres
sively partially occluded by mu ltiple balloons, which decrease th e 
shunt. On many occasions, the fi stulas were partially obliterated, 
especially in those pat ients with large cavernous sinuses and fis
tu las. We have had 20 patients with partial occlusion of in ternal 
carotid-cavernous fi stula. From our experience the part ial balloon 
embolizat ion wil l often result in total obli teration of fistula a few 
weeks or months later w ithout further treatment (figs. 1 - 3 ). Only 
those patients with large fi stulas and cavernous sinuses may require 
add itional embolizat ion to ach ieve complete occlusion of the fi stula. 
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On ly one recurrence of an internal carotid-cavernous fistula has 
been noted after total obliterat ion of the fistula . Therefore, we 
believe that total occlusion of the fistula may be postponed if there 
is difficulty wi th introduc ing add itional balloons into a fi stula. This 
may avoid the possible risks of prolonged catheter and balloon 
manipulation in the internal carotid artery or an improperl y placed 
balloon. 

The slightly hypertonic metrizamide and the autosealed miter 
valve may keep th e balloon inflated over months or years to allow 
the fistula to be permanently thrombosed [1 3, 14, 2 1]. The deflated 
balloon is retained in the cavernous sinus after total occlusion of 
the fi stu la. Occasionally the balloon may spontaneously deflate 
prematurely and a false aneurysm may be formed at the site of the 

TABLE 1: Types of Carotid-Cavernous Fistulas in Patients 
Reviewed 

Type of Caro tid-Cavernous Fistula 

Internal 
External 
Combination 

Traumatic 

58 
5 
2' 

, Bilateral carot id-cavernous fistula. 

A 

No. Patients 

Nontraumatic 

B 

5 
3 

fistula (fig. 3) [11]. A false aneurysm may also be formed in those 
patients with partial embolization with delayed occlusion of the 
fistula (fig. 1). We have seen 14 cases of false aneurysms; nine 
were due to premature deflation of balloon and five were secondary 
to partial embolization. We have not observed enlarging false aneu
rysms in our series. Those small or large false aneurysms usually 
diminish over a period of time without any further treatment. It may 
be sealed off spontaneously (fig. 1). Debrun et al. [11] reporteri 
44% of 54 cases with false aneurysm . They recommended that 
additional balloons be placed to occlude the carot id artery and ned 
of the false aneurysms to relieve pain. We have not observed th if 
problem in our series . 

The deflated balloon is retained in the cavernous sinus if the 
fistula is totally occluded. However, we have seen two unfortunatr 
patients with migration of deflated balloon to the internal carotir, 
artery system. The migration of the deflated balloon is through th, 
opening of a previously thrombosed fistula or false aneurysm (fig 
3) . One of these two patients had a delayed stroke from migratior 
of a partially inflated balloon. This is the only patient in our serie, 

with this delayed complicat ion . The early deflation of the detache·1 
balloon may be due to the material defect or malfunction of t h ,~ 

miter valve. Small defects may be difficult to recognize at the ti me 
of the procedure. 

In addition to the internal carotid artery, the third , fourth, anlj 
sixth c ranial nerves are cou rsing through the cavernous sinuf .. 
Cranial nerve injury may occur as a transient symptom and rarely 

c 
Fig . 1.-False aneurysm formation . A, Internal carotid-cavernous fistula seen with early opacification of cavernous sinus, petrosal sinus, superior ophthal r re 

vein , and sigmoid sinus. B, Several weeks later. Fistula almost completely obliterated with detachable balloon . Small false aneurysm at site of previous resid.·al 
fistu la. C, 1 month later. False aneurysm sealed off. 

A B 

Fig. 2.- Total occ lusion of fistula after po fial 
embolization and traumatic fibrosis of carotic ar
tery in patients with shotgun wounds 1 year ae
fore. A, Internal carotid-cavernous fistula ,en 
with early opacification of cavernous sinus md 
superior ophthalmic vein. Intracranial vessel, nol 
well seen. Cavernous sinus is very big, prob tbly 
due to long duration of untreated fistul a. Fi' 'ula 
was partly treated with multiple balloons in os
terior compartment . B, 2 months later wi thou' lur
ther treatment. Partial occlusion of fi stula is te ally 
obliterated. Long segmental narrowing of c8·otid 
artery from carotid canal to suprac linoid part 
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A B c 
Fig . 3.-False aneurysm form ati on due to early defl ation of balloon. A, After placement of second balloon. Only small residual fi slula with minimal venous 

opacification. B, 4 months later. False aneurysm form ed with partly deflated balloon. Another defl ated balloon migrated to middle cerebral artery and occ luded 
sylvian branch. C, Deflated migrated balloon is seen in sylvian branch. 

B 
Fig. 4.-Delayed posttraumatic fibrosis after gunshot wound 2 months before. A , Internal carotid-cavernous fistula manifested by early opac ification of 

cavernous sinus and superior ophthalmic vein. B, After placement of three detached balloons in cavernous sinus. Fistula is totally occ luded . No evidence o f 
carotid artery. C, 3 months later. Significant narrowing of suprac linoid and cavernous parts of internal carot id artery. Anterior cerebral artery is not opac ified . 

with persistent dysfunction. According to Debrun et al. [11 ] 20% of 
54 cases had transient third and a larger proportion had sixth nerve 
palsies. We have seen 12 patients with transient third or sixth 
cranial nerve palsy. Five of 12 patients had cranial nerve palsies 
before the balloon embolization, and seven of these developed 
cranial nerves palsies after balloon embolization. Eight of these 
patients recovered within a few days to weeks. However, we have 
four patients who had persistent cranial nerves palsies for 3 months 
to 2 years. Two patients have a partial cranial nerve palsy, but one 
had a complete sixth cranial nerve palsy. One patient has had 
corrective eye surgery and is now asymptomatic. 

The occurrence of carotid-cavernous fi stula mayor may not be 
associated with extensive injury to the wall of the carot id artery. 
Due to the existence of the fi stula, traumatic fibrosis of the carotid 
artery may not be appreciated because the high-fl ow shunt prevents 
the injured carotid artery from narrowing. But the narrowing of the 
internal carotid artery may begin after occlusion of the fi stula. We 

have seen signi fi cant narrowing only in the fi ve patients who suf
fe red gunshot wounds. In figure 4 , the caro tid artery was normal 
after complete embolizat ion of the fistu la from the shotgun injuries. 
However, the cavernous and supraclinoid parts of the in ternal 
carotid artery became narrowed a month later. In figure 2 , no 
significant narrowing of the proximal carotid artery was seen before 
embolization despite the narrowing of the segment of the carotid 
artery distal to the fistu la. The whole segment of the internal carotid 
artery from the carotid canal to th e supraclinoid portion was very 
narrowed . The carotid arterial flow was also compromised . 

Complex injuries inc lude a combination of external and internal 
carotid fistulas on the same side or bi laterally in the same patient. 
For bi lateral internal carotid fi stulas we usually treat the most 
symptomatic lesion first. In combined internal and extern al carotid
cavernous fistu las we will treat the external contri butions before 
using internal carot id approaches. The fi stula may c lose wi thout 
subsequent internal carot id procedures (fig. 5) . We have seen only 
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one patient with spontaneous external carotid cavernous fistula with 
recurrence after initial Silastic sphere embolization . This may be 
due to reopening of the small channels, which were not appreciated 
on the initial angiogram and not obliterated with 1 mm Silastic 
spheres. Repeat embolization with smaller particulate polyvinyl 
alcohol (lvalon sponge) powder d id successfu lly occlude the fistula. 

In summary , we have reported several delayed effects after the 
treatment of carotid-cavernous fistulas. Partial embolization of an 
internal carotid-cavernous fi stula will often progress to total occlu
sion of th e fi stula. 

Early deflation of the detached balloon may result in the formation 
of a false aneurysm or migration of a balloon . The false aneurysms 
in our series have been stable or decreasing in size. Transient 
cranial nerve palsy may be seen before or after embolization , but a 

small percentage of the patients may have perSistent dysfunction of 
third and sixth c ranial nerves. 

Posttraumatic fibrosis may be more evident after total occlusion 
of the fi stula. Spontaneous external carotid-cavernous fistulas may 
recur and require repeated embolization. 
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