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Abstract. Six teen  pa t ien t s  wi th  s y m p t o m a t i c  dura l  caro t i -  
cocave rnous  f is tulae were  t r e a t e d  by t r ansvenous  embo l i -  
zat ion,  via  the  jugu la r  ve in  and  in fe r ior  p e t r o s a l  sinus. The  
f is tula  was occ luded  by  t h r o m b o g e n i c  coils. C o m p l e t e  res-  
o lu t ion  of  s y m p t o m s  and  signs was ach ieved  in 14 pa t ien ts ,  
and  c o m p l e t e  ang iog raph ic  r e so lu t ion  was also o b t a i n e d  
in 14 pa t ien ts .  Fa i lu res  to ach ieve  ang iog raph ic  cure  were  
a t t r i bu t ed  to fa i lure  to r each  the  f is tula wi th in  the  cavern-  
ous sinus precisely.  Fac to r s  which  m a k e  p l a c e m e n t  of  the  
ca the t e r  at  the  f is tula  diff icult  a re  t r a b e c u l a e  wi thin  the  
cavernous  sinus, a specif ic  conf igura t ion  of  the  supe r io r  
o p h t h a l m i c  vein  and  venous  th rombos i s .  To i m p r o v e  the  
efficacy of  t r ansvenous  embo l i za t ion ,  every  poss ib le  ve-  
nous  rou te  to the  cave rnous  sinus t h e r e f o r e  shou ld  be  
t r ied ,  to faci l i ta te  r each ing  the  f is tula and  the  poss ib i l i ty  of  
t r ansvenous  e m b o l i z a t i o n  should  not  be  t hwar t ed  by  ve-  
nous  th rombos i s .  
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D u r a l  c a ro t i cocave rnous  f is tulae  ( D C C F )  occur  p r e d o m i -  
nan t ly  in m i d d l e - a g e d  w o m e n  [1] and  p r e s e n t  wi th  che-  
mosis ,  p rop tos i s ,  bru i t  and  o p h t h a l m o p l e g i a  [2]. The  
s y m p t o m s  and  signs are  usual ly  mi ld  and  no t  l i f e - th rea ten-  
ing, because  the  shunt  is usual ly  low-pressure  and  low- 
flow [1, 2]. The  fact  t ha t  s p o n t a n e o u s  r e so lu t ion  is not  in- 
f r equen t  [1] m a k e s  a min ima l ly  invasive fo rm of  t h e r a p y  
with  a high cure  ra te  des i rab le .  C o m p r e s s i o n  of  the  ca ro t id  
a r t e ry  has b e e n  r e p o r t e d  to be  effect ive in some  pa t ien t s  
[3]. However ,  when  the  s y m p t o m s  a re  i n to l e r ab l e  o r  the  
signs progress ive ,  m o r e  aggress ive  t h e r a p y  is wa r r an t ed .  
This  m a y  t a k e  the  fo rm of  i r r ad i a t i on  [4], su rgery  [5], elec-  
t r o t h r o m b o s i s  [6], and  t r ansa r t e r i a l  e m b o l i z a t i o n  of the  
feed ing  a r te r ies  f rom the  ex t e rna l  [7] and  in te rna l  ca ro t id  
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ar te r ies  [8]. T ransvenous  e m b o l i z a t i o n  [9-13] has r ecen t ly  
been  a d d e d  to the  range  of  t r ea tmen t s .  However ,  it still 
seems  difficult  to ob ta in  a c o m p l e t e  cure  in eve ry  pa t i en t  
[10, 12, 13]. We  r e p o r t  our  expe r i ence  of  t r ansvenous  em- 
bo l i za t ion  and discuss the  ways of  improv ing  its efficacy. 

Materials and methods  

Thirteen women and three men with a DCCF were treated with via 
a transvenous approach. Their ages ranged between 23 and 78 years, 
with an average of 54.4 years. The symptoms were chemosis (16 pa- 
tients), proptosis (16), bruit (14), deterioration of visual acuity (1), 
double vision (16) and intolerable pain (9). Seven patients had 
undergone treatment prior to transvenous embolization: external 
compression in 5, ligation of the external carotid artery and electro- 
thrombosis in 1 and embolization of the external carotid artery in 1. 

Angiography included bilateral selective injection of the external 
and internal carotid arteries and vertebral artery. The blood supply 
of the DCCF was from the external and internal carotid arteries on 
one side in 5 patients, both external and one internal carotid artery 
in 10, and both external and internal carotid arteries in 1. Venous 
drainage was to the superior and inferior ophthalmic veins in 16 pa- 
tients, the inferior petrosal sinus in 14, the contralateral cavernous 
sinus in 2, and to cortical veins in 9. Partial thrombosis of the supe- 
rior ophthalmic vein was observed in 6 patients, and stenosis of the 
inferior petrosal sinus in 3. In 2 patients, the posterior portion of the 
cavernous sinus and the inferior petrosal sinus were not demon- 
strable. The cavernous sinus was partially thrombosed in 3 patients. 

Feeding arteries from the external carotid artery were embolized 
transarterially in 8 patients prior to transvenous embolization. 

Transvenous embolization was performed via the ipsilateral 
jugular vein: under local anaesthesia, the vein was punctured and a 
5-F sheath was introduced. A 5-F catheter was placed at the junction 
of the jugular vein and inferior petrosal sinus. Through it, a Tracker- 
t8 catheter was navigated through the inferior petrosal sinus to the 
cavernous sinus. Thrombogenic coils were placed at the fistula with- 
in the cavernous sinus. Coils were first placed in the anterior portion 
of the cavernous sinus to prevent outflow to the superior ophthalmic 
vein, then in the middle and posterior portions to prevent outflow to 
cortical veins. An angiogram was obtained to check for occlusion of 
the fistula (Fig. 1). 

Angiography was repeated 1-8 months after embolization in all 
patients, who underwent ophthalmological and neurological exam- 
inations at 1- and 3-month intervals. Angiographic cure was defined 
as complete angiographic obliteration of the DCCF, and a clinical 
cure as total resolution of signs and symptoms. 
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Fig. 1. a Left internal carotid 
angiogram, lateral view, shows a 
dural caroticocavernous fistula 
b Lateral view of left external 
carotid angiogram shows a dural 
caroticocavernous fistula 
c Plain radiograph after transar- 
terial and transvenous emboliza- 
tion shows coils in the arteries and 
at the site of the fistula 
d Left internal carotid angiogram 
after embolization shows a com- 
plete obliteration of the fistula, 
i. e., an angiographic cure 
e Left external carotid angiogram 
after embolization also shows 
complete obliteration of the fistula 

Fig.2. a Right internal carotid 
angiogram, lateral view, shows a 
dural caroticocavernous fistula 
b Right external carotid angio- 
gram, lateral view, also shows the 
fistula 
c Cavernous venogram, lateral 
view, shows filling of only the 
posterior part of the sinus 

Results 

In 9 patients,  the symptoms  were  less marked  immedi-  
ately after t ransvenous embolizat ion.  Disappearance  of  
the D C C F  was shown angiographically in 14 patients. 

The follow-up per iod ranged f rom 6 to 28 months ,  
mean  15.7 months.  Clinical cure was achieved in 14 pa- 
tients, and angiographic cure in the same number.  Clinical 
cure occurred  in 1 pat ient  with a residual D C C F  on angio- 
graphy. Anisocoria ,  present  before  t reatment ,  persisted in 
1 patient,  a l though angiographic cure was achieved. 
Symptoms  were greatly alleviated in 1 pat ient  with a re- 
sidual D C C E  Recur rence  of the D C C F  was not  observed.  

Complicat ions  related to t ransvenous embolizat ion oc- 
curred in 7 patients: transient aggravation of  chemosis,  re- 

covering within 2 weeks (3 patients),  aggravat ion of  a 
sixth nerve palsy, recovering within 2 months  (2 patients),  
aggravat ion of  a third nerve palsy, recovering within 
2 months  (1 patient),  and epidural  extravasat ion f rom 
perforat ion of  the inferior petrosal  sinus, healing sponta-  
neously and for tunately  causing with no clinical manifes- 
tations (1 patient).  

Failures 

In a 23-year-old man  with right chemosis,  proptosis,  
bruit, and abducens nerve paresis, angiography revealed 
a right D C C E  fed by both  external carot id arteries and 
the right internal carot id artery, draining into the supe- 
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Fig.3. a Left internal carotid angiogram, 
lateral view, shows dural caroticocaver- 
nous fistula with anterior venous drainage 
only 
b Left external carotid angiogram, lateral 
view, after embolization of the branches 
feeding the fistula, shows residual fistula 
c Left internal carotid angiogram, after 
transvenous embolization, shows coils 
in the ophthalmic vein and the residual 
fistula 

Fig.4. a Left common carotid angiogram, 
anteroposterior view, does not show the 
left in fcri or petrosal sinus 
b Cavernous sinogram via a catheter 
passed through the non-opacified sinus 

rior ophthalmic vein and the inferior petrosal sinus: no 
venous anomalies were observed. A catheter could be 
navigated into the posterior part of the cavernous sinus 
via the inferior petrosal sinus. Injection showed opacifi- 
cation of the posterior part of the sinus (Fig. 2). Despite 
manipulation of a thin guide wire, it was impossible to ad- 
vance to the anterior part of the sinus. The feeding ar- 
teries from the external carotid arteries were occluded, 
leaving the DCCF fed by only the right meningohypo- 
physeal artery. Thrombogenic coils were then placed in 
the posterior part of the cavernous sinus. A final angio- 
gram showed the DCCF still to be patent. Clinical cure 
was obtained at 1 month later, but the DCCE fed by the 
right artery of the foramen rotundum was demonstrated 
on a 6-month follow-up angiogram. The patient declined 
further treatment. 

In a 43-year-old woman with left chemosis, proptosis, 
bruit, and abducens nerve paresis, angiography revealed a 
left DCCF fed by the left external and internal carotid ar- 
teries, draining into the superior and inferior ophthalmic 
veins; the cavernous and inferior petrosal sinuses were not 

demonstrated. The feeding arteries from the external ca- 
rotid artery were occluded. A catheter could be navigated 
into the posterior part of the cavernous sinus via the infe- 
rior petrosal sinus, but it was impossible to advance to the 
anterior part or the ophthalmic veins. A catheter was then 
navigated into the superior ophthahnic vein, through the 
superficial temporal vein from the external jugular vein. 
However, it was impossible to pass through the superior 
orbital fissure, and the thrombogenic coils were placed in 
the ophthalmic vein. A final angiogram showed the DCCF 
still patent (Fig. 3). Although greatly alleviated, the symp- 
toms were still present at a 6-month follow-up. Follow-up 
angiography has not yet been performed. 

Discussion 

The goal of transvenous embolization of DCCF is to pro- 
mote thrombosis within the cavernous sinus, which may 
be the mechanism of spontaneous cure. Transvenous em- 
bolization has been carried out via the superior ophthal- 
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mic vein [9-12] or the inferior petrosal sinus [13]. In our 
series, the inferior petrosal sinus was catheterized f rom 
the jugular vein rather than f rom the femoral  vein [13]. 
Shortening its length may have made it easier to manipu- 
late the catheter, to stabilize its position while inserting the 
thrombogenic coils, and might help to shorten the emboli- 
zation session. The role of transarterial embolization in 
our series was to decrease the flow through the shunt and 
hence to facilitate precise placement  of coils, and throm- 
bosis. All our patients benefit ted f rom the treatment,  and 
clinical and angiographic cures were each achieved in 
88 %. In reported series, clinical improvement  has been 
obtained in every patient [9-13]. Excluding one case re- 
port, angiographic cure has been obtained in 21 of 27 pa- 
tients [10-13]; our t reatment  therefore seems as effective 
as in other reported series. With other forms of treatment,  
an cure rates of 88 % have been obtained by electrothrom- 
bosis [14], and of 77 % by transarterial embolization [15]. 
Our  results do not seem inferior to those of other meth- 
ods. 

Even so, the causes of failure are somewhat  obscure, al- 
though, our experience suggests that unsatisfactory re- 
sults may be ascribed to failure to reach the fistula. Cathe- 
terization of the cavernous sinus via the inferior petrosal 
sinus was possible in all our patients, including 2 whose 
sinus was not demonstrated angiographically (Fig. 4), and 
3 patients whose sinus was stenosed. Halbach et al. [13] 
have reported similar experience and suggest that recent 
thrombosis might not make catheterization impossible. 
The inferior petrosal sinus may have no connection with 
the jugular vein (in 7 % of individuals), or may be imma- 
ture plexiform (in 24 %)  [16]. Catheterization may then be 
difficult or impossible and an alternative route should 
therefore be selected, via the contralateral inferior petro- 
sal sinus or the superior ophthalmic veins. 

It has been suggested that the anatomical charac- 
teristics of the superior ophthalmic vein, with its tortuous 
course, with abrupt angulations, in the orbit and a con- 
stant narrowing at the superior orbital fissure [17, 18], 
may make retrograde catheterization difficult [13]. How- 
ever, these anatomical features have never  been reported 
to impede catheterization [12], although fragility of the 
vein has been stressed as a cause of complications [10, 19]. 
Catheterization of the superior ophthalmic vein f rom the 
external jugular vein is feasible, but the tortuosity of the 
veins leading to the superior ophthalmic vein may have 
made it more  difficult. It  may be advisable not to proceed 
with catheterization when it is difficult, and to adopt  other 
methods, such as surgical exposure or direct puncture 
under angiographic control of the superior ophthalmic 
vein [%12]. 

Even though a catheter can be advanced to the cavern- 
ous sinus via the inferior petrosal sinus or superior oph- 
thalmic vein, it can not always reach the fistula, as shown 
in the cases described, but, this has never been reported 
previously [%13,19]. We agree that the cavernous sinus is 
an unbroken venous channel with trabeculae [20, 21]; if it 
compartmental ized by thick trabeculae, it may be difficult 
or impossible to reach the fistula from any one approach. 
Combined approaches via the superior ophthalmic vein to 
the anterior portion of the sinus and through the inferior 

petrosal sinus to its posterior portion should then be con- 
sidered. 

Progressive venous thrombosis has been suggested as a 
sign of spontaneous resolution, and conservative treat- 
ment  has been advised [7, 22]. However,  venous throm- 
bosis seems rather common in D C C F  [7, 13, 22, 23], and 
was found in our 8 patients, without signs of spontaneous 
resolution. Although advancing a catheter through the 
thrombosed inferior petrosal  sinus is successful in some 
cases [13], it is not easy, and it may be more  difficult to 
reach the fistula through the thrombosed cavernous sinus, 
as shown in the second case described. Surgical unroofing 
of the orbit may be required to expose the thrombosed su- 
perior ophthalmic vein [24]. Venous thrombosis may re- 
duce the possibility of approaching the cavernous sinus 
and the fistula. It is ironic that effective t reatment  is im- 
peded by venous thrombosis, heretofore considered 
beneficial. Careful angiographic study is therefore, con- 
sidered to be of crucial importance,  if the opportunity of 
carrying out transvenous embolization is not to be lost. 
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