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OBJECTIVE: To evaluate the safety and efficacy of stereotactic radiosurgery, either with or without transarterial

J embolization, in the treatment of patients with dural arteriovenous fistulae (DAVFs) of the cavernous sinus. 
METHODS: We reviewed the findings, from a prospectively established database, for 20 patients with cavernous 

sinus DAVFs who were treated with either radiosurgery alone (n = 7) or radiosurgery and transarterial 
* embolization (n = 13) in a 7-year period. The median follow-up period after radiosurgery was 36 months (range,

4-59 mo).
‘ RESULTS: Nineteen of 20 patients (95%) experienced improvement of their clinical symptoms. Fourteen of 15 

;aj patients (93%) experienced either total (n = 13) or nearly total (n = 1) obliteration of their DAVFs, as 
documented by angiography performed a median of 12 months after radiosurgery. No patient experienced a 

ilk recurrence of symptoms after angiography showed DAVF obliteration. Two patients developed new neurological
| deficits after embolization procedures. One patient exhibited temporary aphasia secondary to a venous infarc­

tion; another patient exhibited permanent Vlth cranial nerve weakness related to acute cavernous sinus throm­
bosis. Two patients experienced recurrent symptoms and underwent repeat transarterial embolization at 7 and 
12 months; both patients achieved clinical and angiographic cures (5 and 10 mo later, respectively). One patient 
experienced recurrent visual symptoms and underwent transvenous embolization 4 months after radiosurgery.

CONCLUSION: Staged radiosurgery and transarterial embolization provided both rapid symptom relief and long­
term cures for patients with cavernous sinus DAVFs. Radiosurgery alone was effective for patients with DAVFs 
whose arterial supply was not accessible via a transarterial approach, although the time course of symptom 
improvement was longer, compared with patients who also underwent embolization.
(Neurosurgery 45:459-467, 1999)
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B), dural branches of the ECA (Type C), or dural branches of 
both the ICA and ECA (Type D) and the cavernous sinus. 
These fistulae arise spontaneously and generally affect 
middle-aged women. Cavernous sinus DAVFs occur less fre­
quently than transverse/sigmoid sinus DAVFs (1, 4, 6) and 
have a low risk of hemorrhage, unless cortical venous drain­
age is present (1). Patients with cavernous sinus DAVFs may 
develop an alarming symptom complex consisting of propto­
sis, chemosis, extraocular muscle palsies, and, sometimes, 
threatened visual loss resulting from either increased intraoc­
ular pressure or reduced ocular perfusion pressure. For these 
patients, rapid curative treatment is necessary to prevent vi-
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sual deterioration, in addition to cosmetic and other symp­
tomatic considerations.

Management of cavernous sinus DAVFs has included ob­
servation (3), intermittent manual compression of the ICA 
(16), microsurgery (9, 13, 23, 29), transarterial or transvenous 
embolization (3, 10, 12, 14, 16, 21, 25-27, 30, 31), and stereo­
tactic radiosurgery (2, 6, 11, 19). Endovascular techniques 
have become the most common treatment for patients with 
symptomatic cavernous sinus DAVFs that do not spontane­
ously resolve, because of the high rates of cure after emboli­
zation (20). However, embolization of cavernous sinus 
DAVFs has been reported to cause at least temporary oph­
thalmoplegia in 8 to 50% of patients (16, 21, 25, 31), and 
recanalization of embolized DAVFs is well documented (7,12, 
16). Direct surgical resection has been advocated for patients 
who experience failure of endovascular attempts at oblitera­
tion (9, 29), but such surgery is difficult and is associated with 
high rates of postoperative cranial nerve deficits. Also, major 
morbidity related to occlusion of the ICA  has been reported 
after direct surgical treatment of cavernous sinus DAVFs (9).

We previously reported our experience with 29 patients, 
using a staged approach to intracranial DAVF treatment that 
involved radiosurgery followed by planned transarterial em­
bolization (19). This staging allows complete radiosurgical 
coverage of the involved dural sinus, for progressive long­
term obliteration of all abnormal fistulous connections. Sub­
sequent embolization provides rapid symptom relief and/or 
elimination of cortical venous drainage. This report outlines 
the results of this staged approach for 20 patients with symp­
tomatic Type B, C, or D cavernous sinus DAVFs who were 
treated at our center during a 7-year period.

PATIENTS AND METHODS 

Patient population
Between March 1992 and October 1997, 20 patients with 

cavernous sinus DAVFs underwent radiosurgery, using a 
Leksell Gamma Unit (Elekta Instruments, Atlanta, GA), at the 
Mayo Clinic (Rochester, MN). All clinical, neuroimaging, and 
follow-up information for the patients was entered into a 
prospectively maintained computer database. Our patients 
included 17 women and 3 men. The clinical and angiographic 
characteristics of the patients are presented in Table 1. The 
median patient age was 67 years (range, 34-80 yr). A ll patients 
exhibited symptoms resulting from the fistulae and had ex­
perienced failure of conservative management. No patient 
had experienced intracranial hemorrhage before the proce­
dure. For four patients, cortical venous drainage was noted 
during preoperative angiography.

Patient evaluation
All patients underwent a thorough ophthalmological exam­

ination, by a neuro-ophthalmologist, before radiosurgery. Ob­
jective tests of visual acuity and visual fields were performed 
to provide baseline data for comparison during follow-up 
monitoring. Because of the complexity of the DAVF cases 
referred to our institution, the available imaging results were

TABLE 1. Clinical and Angiographic Characteristics of 
20 Patients with Cavernous Sinus Dural Arteriovenous 
Fistulae before Radiosurgery

Characteristic

No. of Patients (%)
Radiosurgery

Alone
(n = 7)

Radiosurgery and
Embolization

(n = 13)

Chemosis/proptosis 6 (86) 12 (92)
Diplopia 4 (57) 9 (69)
Decreased vision 2 (29) 6(46)
Tinnitus 2 (29) 5 (38)
Headache/eye pain 2 (29) 4(31)
Prior embolization 0(0) 2 (15)
Type of DAVFa (Barrow)''

B 1 (14) 0(0)
C 1 (14) 2 (15)
D 5 (71) 11 (85)

Type of DAVF (Cognard)r
I 1 (14) 0(0)
I la 6 (86) 9 (69)
I la + b 0(0) 3 (23)rf
III 0(0) 1 (8)

a DAVF, dural arteriovenous fistula.
b According to the classification system of Barrow et al. (3). 
c According to the classification system of Cognard et al. (7). 
d One patient underwent preradiosurgical embolization, with elim­

ination of cortical venous drainage, before radiosurgery.

reviewed by an interventional neuroradiologist before man­
agement decisions were made. Bilateral selective ICA, ECA, 
and vertebral artery angiographic series were essential for 
diagnosis and identification of all arterial supplies to the 
fistulae. Some patients required superselective b r a n c h - v e s s e l  

angiography to precisely establish the exact site of a f is tu la .  In 
fact, for several patients we thought it was necessary to repeat 

angiography at our institution before decisions could b e  made 

regarding management. The final decision to proceed with 
radiosurgery and transarterial embolization was made only 
after thorough analysis of the clinical and imaging f i n d i n g s  in 
each case.

Radiosurgical dosimetry
Conventional biplanar angiography, using high-resolution 

magnification and photographic subtraction techniques, was 
performed in all cases. Selective ICA, ECA, and/or vertebral  

artery injections were performed as required to d e m o n s t r a t e  

the target for dose-planning. Superselective a n g i o g r a p h y  of 

ECA branches was also performed when necessary, in un­
usual cases. The Leksell Gamma Plan System (used after earh 
1993) permits scanning of the angiographic films, together 
with stereotactic magnetic resonance imaging results (via di­
rect network data transfer), into the dose-planning c o m p u te r -  

The ability to integrate the stereotactic angiographic and mag' 
netic resonance imaging results allows conformal dose- 
planning for the fistula and maintains the ability to o b s e n e  

the adjacent temporal lobe, pituitary gland, and optic a p p a'
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ratus. The goal was to include the entire area of the involved 
cavernous sinus in the radiosurgical dose plan.

A median of three isocenters of radiation (range, 1-10 iso­
centers) were used to cover the DAVFs of the patients in this 
series. All patients were treated at the 50% or greater isodose 
line. Because the locations of the DAVFs were usually in the 
inferior or posterior part of the cavernous sinus, the radiation 
dose to the adjacent optic apparatus was less than 10 Gy in all 
cases {Fig. 2). The median prescription isodose volume was 2.8 
cm3 (range, 0.7-7.5 cm3). The median marginal radiation dose 
was 20 Gy (range, 18-20 Gy). The median maximal radiation 
dose was 40 Gy (range, 22.2-40 Gy).

Transarterial embolization technique
Because radiosurgery involves a latency interval before 

obliteration of the fistula, the aim of combining radiosurgery 
with transarterial embolization was to provide rapid symp­
tom relief and to eliminate cortical venous drainage, if 
present. Two patients underwent embolization procedures 
before radiosurgery. One patient remained symptomatic de­
spite both transvenous and transarterial embolizations and 
was referred for further evaluation and care. She was treated 
with radiosurgery and repeat transarterial embolization at 
our center. Another patient underwent preradiosurgical em­
bolization. This patient had a bilateral cavernous sinus DAVF

with such extensive cortical venous drainage that adequate 
angiographic imaging of the fistula itself was impossible with­
out reduction of the blood flow through the fistula.

Particulate embolization was used as a planned adjunct 
after radiosurgery for 12 patients, in one (n = 10) or two (n = 2) 
sessions. Seven patients underwent radiosurgery alone because 
transarterial embolization was thought not to be technically pos­
sible with acceptable risk. Polyvinyl alcohol particles were the 
primary embolization material used in the embolization proce­
dures. In some cases, other materials (silk sutures, Gelfoam, or 
fibered microcoils) were used in conjunction with the polyvinyl 
alcohol particles. Cortical venous drainage was eliminated in all 
four patients with this angiographic finding, using either pre- or 
postradiosurgical embolization procedures. Most patients were 
monitored in the hospital overnight after their radiosurgical and 
embolization procedures.

Follow-up monitoring
Yearly clinical and angiographic assessments were at­

tempted for all patients. Routine follow-up magnetic reso­
nance imaging evaluations were not performed unless the 
patients developed symptoms thought to be related to radia­
tion injury of the adjacent brainstem or temporal lobe, because 
magnetic resonance imaging results are mostly noninforma- 
tive for this patient group. Additional treatment was consid-

-<£' ■ £ FIGURE 1. 
Radiosurgical dose 
plan for a 51-year-old 
woman with progres­
sive eye pain and dip­
lopia related to a left 
cavernous sinus 
DAVF. Five 8-mm iso­
centers of radiation 
were used to treat the 
fistula (volume, 2.3 
cm3) with a marginal 
dose of 20 Gy (maxi­
mal dose, 40 Gy). 
Note that the optic 
nerves and chiasm 
were outside the 20% 
isodose line and thus 
received less than 8 
Gy of radiation.
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ered if the patients remained symptomatic after the initial 
procedures. Clinical follow-up data were available for all 
patients for a median of 36 months after radiosurgery (range,
4-59 mo).

Statistical analyses
Nonparametric variables were analyzed using Fisher's ex­

act test; parametric variables were compared using Student's 
t test.

RESULTS 

Patient symptoms
Ocular symptoms related to venous congestion (chemosis 

or proptosis) improved significantly (n = 2) or resolved com­
pletely (n = 15) for 17 of 18 affected patients (94%). Seven of 
eight patients (88%) with decreased visual fields or acuity 
regained normal vision. One patient experienced decreased 
vision 11 months after the procedure but was found to have 
choroidal detachment with secondary-angle glaucoma. Ten of 
13 patients (77%) with preoperative diplopia experienced ei­
ther normalization (n = 8) or significant improvements (n =
2). Three patients with preoperative Vlth cranial nerve weak­
ness exhibited no change in diplopia during follow-up mon­
itoring. Tinnitus (n = 7) and eye pain/headache (n = 6) were 
resolved for all patients. Overall, improvement of some symp­
toms was experienced by 19 of 20 patients (95%). No differ­
ence in symptom improvement was noted between patients 
treated using radiosurgery alone (100%) and patients treated 
using radiosurgery and transarterial embolization (92%) (P = 
1.0). However, the median time to patient improvement was 
shorter for the patients who underwent both radiosurgery 
and embolization, compared with the patients who under­
went only radiosurgery (2 wk versus 6 mo, P < 0.001). No 
patient experienced intracranial hemorrhage during the 
follow-up period.

Neuroimaging outcomes
Thirteen of 15 patients (87%) experienced complete obliter­

ation of their DAVFs, as demonstrated in follow-up angio­
grams obtained a median of 12 months after radiosurgery 
(range, 4-33 mo). One patient with a Type D fistula (3) expe­
rienced complete resolution of her chemosis/proptosis and 
exhibited improved vision 13 months after radiosurgery. An­
giography performed at that time showed that the ECA sup­
ply was gone but a small ICA supply to the fistula persisted 
(more than 95% obliteration). The patient remains asymptom­
atic 33 months after radiosurgery and refuses to undergo 
further angiography. One patient exhibited recurrent visual 
symptoms 4 months after staged radiosurgery and emboliza­
tion. Angiography performed at the time of transvenous em­
bolization revealed recanalization of her DAVF. The remain­
ing five patients have refused follow-up angiography but are 
clinically cured.

Complications related to either stereotactic angiography 
(n = 1) or the embolization procedures (n = 2) occurred in 
three patients (15%). One patient became lethargic, with left 
hemiparesis, during stereotactic angiography; embolic occlu­
sion of the M l segment of the right middle cerebral artery was 
discovered (Fig. 2). The patient underwent immediate intra- 
arterial thrombolytic therapy, and the neurological status of 
the patient returned to baseline. Radiosurgery and two em­
bolization procedures were completed in the next several 
days. Fourteen months later, the chemosis and diplopia of the 
patient have resolved and she remains neurologically intact. 
One patient developed new Vlth cranial nerve paresis during 
preradiosurgical embolization, as a result of acute cavernous 
sinus thrombosis. Fifty-four months later, her diplopia has 
improved but she still requires prism glasses. One patient 
developed a small venous infarction during postradiosurgical 
embolization, resulting in transient aphasia, which improved 
in the months after the procedure.

Three patients who initially showed improvement after 
radiosurgery and transarterial embolization underwent addi­
tional embolization procedures because of recurrent symp­
toms. Two patients underwent repeat transarterial particulate 
embolization procedures at our center, 7 and 12 months after 
the initial procedures. The symptoms of both patients again 
improved, and the patients demonstrated complete oblitera­
tion of their DAVFs in later follow-up angiograms. One pa­
tient exhibited increasing intraocular pressure and worsening 
of her vision, as noted 4 months after staged radiosurgery and 
embolization. The patient underwent transvenous coil occlu­
sion of the cavernous sinus via a transfemoral and superior 
ophthalmic vein approach, at another center, with rapid im­
provement in her chemosis and ocular pressure. The visual 
acuity of the patient has returned to normal, but she continues 
to exhibit some diplopia. One patient underwent medial rec-

Complications and additional treatments

FIGURE 2. Right anteroposterior carotid artery angiograms 
for a 71-year-old woman with chemosis, tinnitus, and diplo­
pia resulting from bilateral cavernous sinus DAVFs. A, ICA 
injection before radiosurgery, showing embolic occlusion ot 
the M1 segment. The patient underwent immediate intra- 
arterial thrombolytic therapy, and her neurological status 
returned to baseline. B, ICA injection during embolization 
3 days after radiosurgery, showing restoration of vessel 
patency.
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tus muscle resection 34 months after radiosurgery, to improve
persistent diplopia.

ILLUSTRATIVE c a ses  

Patient 1
A 67-year-old man presented with chemosis, proptosis, diplopia, 

and eye pain resulting from a left cavernous sinus DAVF {Fig. 3). 
The Type D fistula received arterial supply from both the right and 
left ICA and ECA (3). Venous outflow was retrograde through the left 
superior ophthalmic vein, with no cortical venous drainage (Type I Ia) 
(7). The patient underwent radiosurgery alone because it was not 
thought that significant reduction of the arteriovenous shunting could 
be accomplished by transfemoral embolization with acceptable risk. 
Two months after radiosurgery, the pain, chemosis, and diplopia of 
the patient had improved. One year later, the examination results 
were normal, and angiography showed that the DAVF had been 
completely obliterated.

Patient 2
A 34-year-old woman presented with chemosis, proptosis, diplo­

pia, and eye pain resulting from a left cavernous sinus DAVF {Fig. 4). 
Despite previous transarterial and transvenous embolization proce­
dures performed at another center, the patient remained symptom­
atic. The arterial supply was from the left ECA and bilateral ICAs 
(Type D) (3). Venous outflow was through the left superior ophthal­
mic vein, without cortical venous drainage (Type Ila) (7). The patient 
underwent radiosurgery, followed by transarterial embolization 1

B
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-

D

FIGURE 3. Patient 1. Right carotid artery angiograms for a 
67-year-old man with chemosis/proptosis, diplopia, and eye 
pain resulting from a left cavernous sinus DAVF. The fistula 
also received arterial supply from the left ICA and ECA.
4 and B, lateral (A) and anteroposterior {B) ECA injections 
Performed at the time of radiosurgery. C  and D, lateral (C) 
and anteroposterior (D) common carotid artery injections 
Performed 14 months after radiosurgery, showing complete
Alteration of the DAVF.

j

/

FIGURE 4. Patient 2. Left lateral carotid artery angiograms 
for a 34-year-old woman with proptosis/chemosis, diplopia, 
and eye pain resulting from a left cavernous sinus DAVF. The 
patient had undergone an unsuccessful attempt at trans­
venous embolization 1 month earlier, at another institution. 
A, common carotid injection performed at the time of radio­
surgery. Bf ICA injection performed 11 months after radio­
surgery and transarterial embolization, showing persistence 
of the DAVF. The patient underwent repeat embolization of 
the residual left ECA supply to the DAVF. C, ICA injection 
performed 22 months after radiosurgery, showing complete 
obliteration of the DAVF.

day later. The patient showed initial improvement but remaine< 
symptomatic 12 months later. Repeat angiography showed oblitera 
tion of the right ICA supply to the fistula and reduction of the left I O  
and ECA supply. The patient underwent repeat embolization of th 
remaining left ECA arterial supply. At 20 months after radiosurger\ 
the patient experienced deterioration in her visual fields and acuit\ 
and angiography showed that the arterial supply was again de 
creased; however, the patient exhibited nearly complete thrombosi 
of her inferior and superior ophthalmic veins and significant venou 
congestion of her entire orbit. The patient began to receive aspirii 
treatment and subcutaneous low-molecular weight heparin injec 
tions. After 2 months of antiplatelet and anticoagulation therapy, th 
redness and swelling in her left eye were much improved, and he 
visual acuity and fields had returned to normal. Repeat radiosurger 
was planned; however, stereotactic angiography showed that th 
DAVF had been completely obliterated, and the head-frame wa 
removed. Because the patient continued to exhibit partial thrombosi 
of her ophthalmic veins, she is still undergoing antiplatelet therapy
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DISCUSSION
Although the clinical presentation of patients with cavern­

ous sinus DAVFs is often dramatic, the risk of intracranial 
hemorrhage for such patients is low (1, 3, 4, 6-8). Awad et al. 
(1), in their meta-analysis of reported DAVFs, found that only 
6 of 45 patients (13%) with cavernous sinus DAVFs described 
in the literature exhibited either intracranial hemorrhage or 
nonhemorrhagic focal neurological deficits other than oph­
thalmoplegia. Likewise, Davies et al. (8) found no patient with 
a cavernous sinus DAVF (among a group of 30 patients) who 
presented with intracranial hemorrhage or a nonhemorrhagic 
neurological deficit. This is consistent with our experience, in 
that none of our patients experienced intracranial hemorrhage 
before our evaluation. Supporting the perception that cavern­
ous sinus DAVFs are clinically benign lesions is the fact that 
some patients experience complete remission of their symp­
toms without any intervention. Barrow et al. (3) reported that 
six of seven patients (86%) with Type B to D fistulae who were 
conservatively treated experienced spontaneous resolution at 
a median of 6 years (range, 1-16 yr). However, patients with 
Type B, C, or D cavernous sinus DAVFs who do not respond 
to conservative measures often require treatment to preserve 
visual function and reverse the cosmetic effects of orbital 
venous congestion.

The rationale for performing radiosurgery and transarterial 
embolization in this staged fashion for patients with DAVFs 
was based on a number of considerations that together max­
imize patient outcomes. First, radiosurgery was expected to 
produce long-term obliteration of most DAVFs in the months 
or years after the procedure (2, 5, 11, 18, 19). Barcia-Salorio et 
al. (2) reported 20 patients with low-flow cavernous sinus 
fistulae who underwent stereotactic radiosurgery. In that se­
ries, 18 of 20 patients (90%) experienced complete closure of 
their fistulae, and symptomatic improvement occurred in the 
first 1 to 2 months after radiosurgery. Second, when radiosur­
gery was performed before any embolization procedures, the 
entire DAVF could be demonstrated angiographically, for 
optimal dose-planning. This avoided the problem of partial 
irradiation of the fistula because of a component being tem­
porarily occluded by embolization and thus not included in 
the radiosurgical plan (24). Third, patients with disabling 
symptoms or cortical venous drainage underwent particulate 
embolization after radiosurgery whenever possible, to pro­
vide rapid symptom improvement and early protection 
against hemorrhage during the latency period before 
radiation-induced obliteration. Similar to the experience of 
Grossman et al. (10), we found that complete relief of symp­
toms was usually obtained after partial embolization of the 
arterial supply to these complex lesions. Fourth, because 
radiation-induced obliteration of the DAVF was ongoing after 
radiosurgery, it was thought that the number of patients who 
would experience symptomatic recurrence because of recan­
alization of the embolized vessels would be low. In fact, no 
patient in our series has experienced symptomatic recurrence 
during follow-up periods extending up to 5 years after radio­
surgery. We think that this staged approach is very effective

in providing both rapid improvement of symptoms and long­
term cure of DAVFs.

W ith an approach of staged radiosurgery and transarterial 
embolization, or radiosurgery alone when transarterial embo­
lization was deemed not possible or of little benefit, 19 of 20 
patients (95%) with cavernous sinus DAVFs experienced sig­
nificant symptom improvement within weeks to several 
months after the procedures. This interval to symptom im­
provement is much shorter than the natural history of spon­
taneous symptom resolution for patients treated conserva­
tively (3). No patient has experienced a recurrence of 
symptoms during the follow-up period. Total or nearly total 
(more than 95%) obliteration was observed for all patients 
(n = 14) who underwent follow-up angiography 12 months or 
more after radiosurgery. The rates of temporary and perma­
nent neurological deficits related to this management strategy 
were 10% and 5%, respectively. These results are quite similar 
to the recently published report by Guo et al. (11). Among 
their series of patients treated using gamma knife radiosur­
gery alone, complete obliteration was observed in follow-up 
angiograms, obtained 6 to 15 months after radiosurgery, for 
12 of 15 patients (80%) with cavernous sinus DAVFs. No 
patient experienced either symptom recurrence or radiation- 
related complications after radiosurgery.

Delayed oculomotor or trigeminal nerve deficits have been 
documented for approximately 10% of patients undergoing 
radiosurgery for treatment of lesions of the cavernous sinus 
(22, 28). In our series, no patient developed diplopia or facial 
numbness, despite the use of a median marginal radiation 
dose of 20 Gy. This is probably because of the small number 
of patients in our study, and we certainly do not think that the 
risk of such deficits is zero for this group of patients. Also, no 
patient developed a new visual deficit related to the radio­
surgical procedure. Because the fistulae were usually located 
in the inferior or posterior part of the cavernous sinus, we 
were able to limit the radiation dose to the adjacent optic 
apparatus to less than 10 Gy by using multiple (median, three) 
small isocenters of radiation to conformally cover the DAVF. 
Our group and others have shown that the risk of delayed 
optic neuropathy after radiosurgery is very low with this level 
of radiation exposure (17, 22). Lastly, although we have not 
observed a case of radiation-induced arterial occlusion after 
more than 1200 radiosurgical procedures, Yamamoto et al. 
(33) recently reported an asymptomatic patient who was 
found to have stenosis of the middle cerebral artery after 
radiosurgical treatment of an adjacent arteriovenous malfor­

mation. Therefore, although there may be some degree of 
injury to the ICA after radiosurgical treatment of c a v e r n o u s  

sinus lesions, the risk of symptomatic ICA  occlusion is very 
low.

Transfemoral transvenous embolization is increasingly be' 
ing recognized as an important therapeutic alternative for 
cavernous sinus DAVFs (12, 25). We regard transfemoral 
transvenous embolization as a viable management option 
when the pertinent venous anatomic features are favorable. 
However, none of the patients in this series had an angi(V 
graphically patent inferior petrosal sinus ipsilateral to the 
cavernous sinus DAVF. In addition, transfemoral transvenous
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embolization does involve a risk of vascular perforation and 
cerebral venous infarction (15, 32). Moreover, the long-term 
effects of iatrogenic cavernous sinus occlusion are unknown.

We think that our results compare quite favorably with 
recent studies of both endovascular and microsurgical treat­
ment of patients with cavernous sinus DAVFs. Miller et al. 
(21) reported the results of 10 patients with Type B to D 
cavernous sinus DAVFs who underwent transvenous embo­
lization via the superior ophthalmic vein. W ith a median 
follow-up period of 6 years, all patients experienced symptom 
improvement. One patient required an additional transarte­
rial particulate embolization procedure for complete closure 
of the fistula. Several patients (number not specified) experi­
enced "transient worsening of ocular misalignment"; one pa­
tient developed new Vlth cranial nerve weakness, which did 
not resolve and necessitated later strabismus surgery. Roy 
and Raymond (25) treated 12 patients with cavernous sinus 
DAVFs, using either a transarterial (n = 1), transvenous (n = 
9), or combined endovascular (n = 2) approach. Eleven of 12 
patients (92%) were cured at a median time of 6 months after 
embolization. Transient Vlth cranial nerve weakness was ob­
served for five patients (42%); one patient experienced per­
manent abducens palsy. Day and Fukushima (9) performed 
microsurgery for nine patients with Type D cavernous sinus 
DAVFs who experienced failure of prior embolization at­
tempts. All patients experienced resolution of their symp­
toms, and complete obliteration was confirmed by postoper­
ative angiography. Transient diplopia and facial numbness 
occurred in all patients but resolved by 6 months after sur­
gery. One patient developed permanent hemiparesis related 
to occlusion of the ICA. A second patient experienced post­
operative stenosis of the ICA, which caused temporary hemi­
paresis. No patient experienced recurrence of symptoms dur­
ing follow-up periods that extended from 1 to 14 years. Tu et 
al- (29) surgically treated three patients with either Type C 
(n = 1) or Type D (n = 2) cavernous sinus DAVFs that could 
not be successfully embolized. The DAVFs were obliterated 
lor all three patients, and no patient experienced symptom 
recurrence during an average follow-up period of 27 months.

CONCLUSION
Staged radiosurgery and transarterial embolization, when­

ever possible, proved to be a safe and effective management 
strategy for patients with cavernous sinus DAVFs. This ap­
proach provides rapid relief of symptoms and long-term an­
giographic cure and is well tolerated by patients.
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COM M ENTS

Pollock et al. describe 13 patients who were treated using 
radiosurgery and then embolization. I do not completely un­
derstand the rationale for this study. There are no conclusive 
data indicating that reductions in flow accelerate occlusion after 
radiosurgery. In addition, the purpose of embolization be­
fore radiosurgical intervention should be to reduce nidus size, 
so that the volume is decreased and maximal radiation doses can 
be achieved. It is also known that patients with cortical venous 
drainage should be treated as soon as possible, to prevent 
subarachnoid hemorrhage. Patients 1 and 2 had very large 
superior ophthalmic veins and would be excellent candidates 
for the transvenous approach, which is associated with rela­
tively low morbidity rates. In addition, embolization was 
associated with a 15% complication rate for these patients, 
which would be considered unacceptably high in most cen­
ters. I agree that transarterial embolization of Type C and D 
lesions is often futile, and a transvenous approach is often 
required. In cases in which the transvenous approach has 
been attempted and has proven unsuccessful, radiosurgical 
intervention is certainly reasonable.

Robert H. Rosenwasser
Philadelphia, Pennsylvania

Pollock et al. report 20 patients with cavernous sinus dural 
arteriovenous fistulae. These lesions are different from trau­
matic high-flow fistulae and are associated with spontaneous 
resolution in 10 to 60% of cases.

All patients in this study were symptomatic and had expe­
rienced failure of conservative treatment. This article pro­
poses tailored radiosurgery for the entire cavernous sinus, on 
the basis of stereotactic angiography and stereotactic mag­
netic resonance imaging. Because radiosurgery involves a 
latency interval before closure of the fistula, the goal of com­
bining radiosurgery with embolization has been previously 
addressed by this group (2). The concept of using radiosur­
gery before embolization is elegant, and this approach can 
facilitate delineation of the target if the target volume is 
appropriate for radiosurgery. When the combination of the 
two techniques was possible, the time to symptom relief was 
significantly shorter (median, 2 wk versus 6 mo for radiosur­
gery alone). Nineteen of 20 patients (95%) experienced signit- 
icant symptom improvement; although the natural course is 
favorable, this interval to symptom improvement seems to be 
much shorter. The rates of temporary and permanent neuro­
logical deficits related to this management strategy were 10 
and 5%, respectively, and deficits were correlated with the 
endovascular procedures. For each patient, these manage- 
ment risks should be compared with the risk of causing 
permanent morbidity with a conservative approach.

The results from this study are promising but, because these 
lesions tend to resolve spontaneously and neurological com­
plications were observed for 15% of the patients, it is wise to 
reserve treatment for patients with visual deterioration, ob­
trusive diplopia, "malignant" proptosis, or intolerable bruit, 
as suggested by Barrow et al. (1). These indications are not 
absolute, however, and depend on the general physical con
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dition of the patient, the severity of the symptoms, and the
anatomic features of the fistula.

Lars Kihlstrom 
Iver A. Langmoen
Stockholm, Sweden

1. Barrow DL, Spector RH, Braun IF, Landman JA, Tindall SC, 
Tindall GT: Classification and treatment of spontaneous carotid- 
cavernous sinus fistulas. J Neurosurg 62:248-256, 1985.

2. Link MJ, Coffey RJ, Nichols DA, Gorman DA: The role of radio­
surgery and particulate embolization in the treatment of dural 
arteriovenous fistulas. J Neurosurg 84:804-809, 1996.

Pollock et al. report 20 patients who underwent multimo­
dality treatment of dural arteriovenous malformations of the 
cavernous sinus. Some underwent radiosurgery alone and 
some underwent both radiosurgery and transarterial emboli­
zation. The vast majority of patients experienced improve­
ment of their clinical symptoms, and many of the patients 
who were eligible for follow-up angiography showed success­
ful obliteration of their malformations. Risks were relatively

low, in terms of both new neurological symptoms and recur­
rence of the original symptoms. Many of the transient symp­
toms developed as a result of embolization techniques used in 
adjuvant treatment in the pre- or postradiosurgical periods. This 
multimodality approach, sometimes with both radiosurgery and 
embolization and sometimes with radiosurgery alone, seems to 
provide low-risk management for these difficult lesions, espe­
cially for patients with lesions that are not easily treated or cured 
by embolization alone. Radiosurgical pretreatment followed by 
embolization for symptomatic patients, during the wait for the 
development of radiosurgical benefits, seems to be the proper 
staging technique. This approach obviates the problems that 
develop because of the inability to define the target volume 
when embolization precedes radiosurgery. Radiosurgery seems 
to provide permanent obliteration, whereas embolization pro­
vides only temporary obliteration in certain cases. The symp­
toms can be temporarily controlled by embolization during the 
wait for the development of the full benefits of radiosurgery. 
This report provides longer-term documentation of the sus­
tained benefits of this multimodality approach.

L. Dade Lunsford
Pittsburgh, Pennsylvania
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The following are the planned sites and dates for future annual meetings of the 
Congress of Neurological Surgeons:

1999 Boston, M A October 30-November 4
2000 San Antonio, TX September 23-28
2001 San Diego, CA September 29-October 4
2002 Philadelphia, PA September 21-26

Future Meetings—American Association of 
Neurological Surgeons

The following are the planned sites and dates for future annual meetings of the 
American Association of Neurological Surgeons:

2000 San Francisco, CA April 8-13
2001 Toronto, Ontario, Canada April 21-26
2002 Chicago, IL  April 6-11
2003 San Diego, CA April 26-May 1

N eurosurgery, Vol. 45, No. 3, September 1999

Downloaded from https://academic.oup.com/neurosurgery/article-abstract/45/3/459/2838461
by Tufts University user
on 17 March 2018


