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fragility of the leptomeningeal veins and the risk of rup-
ture during selective catheterization. In our experience, 
transvenous management has been used in only 3 cases 
in which the sinus was already partially thrombosed. 
We believe indeed that patent sinuses draining ICDAVSs 
should not be occluded transvenously as an initial treat-
ment strategy, as the normal venous drainage of the brain 
could be compromised, leading to delayed ischemic com-
plications. Furthermore, secondary development of de 
novo ICDAVS can occur, potentially causing impairment 
of intracranial venous drainage if 1 sinus is already sup-
pressed.

We favored transarterial access in all but the above-
described 3 cases of ICDAVS. We used this approach to 
superselectively catheterize the arterial feeding vessels as 
well as to occlude the shunt itself. The use of particles as a 
sole embolic agent is becoming more and more restricted 
because of their instability and short-term effects. They 

have thus no role in the treatment of ICDAVS with CVR, 
and when needed they are mostly used in specific lesions 
as an adjuvant embolus to reduce the flow in collateral 
vessels and help to induce thrombosis.1

Our therapeutic protocol has remained unchanged 
since the beginning of our experience in the management 
of intracranial arteriovenous shunts in 1987. In this se-
ries of cases, one of the largest and most homogeneous 
reported in the literature to the best of our knowledge, we 
exclusively used nonabsorbable embolic agents like acryl-
ic glue when liquid agents were indicated. Acrylic glue 
has indeed proven its effectiveness and stability in endo-
vascular procedures for more than 30 years, and offers 
therefore the longest duration of anatomical and clinical 
follow-up of all the embolic agents. Whether in its classi-
cal form (NBCA, Histoacryl, B. Braun) or a modified ver-
sion10 (Glubran 2, GEM Srl), it is injected as a liquid but 
solidifies when it is in contact with blood, thus occluding 

Fig. 2.  Angiograms obtained in a 75-year-old man who presented with acute headaches due to a right frontal lobe hemor-
rhage.  A: Lateral view of a right ICA injection showing an ICDAVS located at the level of the lamina cribriformis. The fistula 
is vascularized by a posterior ethmoidal artery arising from the ipsilateral ophthalmic artery (OA). It drains into a frontal vein 
harboring a false aneurysm (indicating the rupture point of the lesion) and reaches secondarily the superior sagittal sinus.  B: 
Image obtained after superselective catheterization of the ethmoidal feeding vessel was performed via the OA and confirmed this 
architecture.  C: Image showing embolization of the whole shunt performed in wedge position with NBCA.  D: Right ICA an-
giogram obtained immediately after treatment confirming cure of the ICDAVS with respect to the OA and its branches. The patient 
remained asymptomatic. Follow-up MR imaging and MR angiography obtained 3 months later confirmed cure of the lesion.



P. Guedin et al.

608                                                                                                                      J Neurosurg / Volume 112 / March 2010

the shunt. Postembolization secondary thrombosis has oc-
curred in 5 patients in our series in whom some flow was 
still present on the immediate posttreatment angiograms 
(Fig. 3) despite proper placement of glue in the initial por-
tion of the draining vein. To the best of our knowledge, 
this kind of secondary thrombosis after partial emboliza-
tion with glue has not been reported previously.

The ideal injections of glue are performed after 
wedge catheterization, when the tip of the microcatheter 
establishes flow arrest in the vessel.12 This technique al-
lows control of glue delivery through the arteriovenous 
shunt toward the venous side to occlude the ICDAVS, the 

shunt draining either directly into cortical veins or first 
into a partially thrombosed sinus (“sinus suspendu,” dis-
tal and proximal sinus thrombosis with a patent interme-
diate portion) with secondary cortical venous reflux. In 
this latter situation, diluted glue could even be injected 
through small arterial feeding vessels to fill the whole 
shunt—with penetration into the pathological venous 
segment—and completely occlude the lesion. Using this 
method we have been able to avoid the direct preopera-
tive puncture of the sinus that has been reported by other 
authors.8 Wedge catheterization also makes it possible to 
obtain arterio-arterial reflux to properly occlude multiple 

Fig. 3.  Angiograms obtained in a 61-year-old man who presented with headaches and an episode of nonspecific discomfort 
and in whom MR imaging revealed a suspected vascular malformation in the sphenoid region.  A and B: Lateral views after 
injection of the left internal maxillary artery (A) and ICA (B) revealed a dural shunt located at the level of the sphenoid ridge and 
draining into 2 cortical frontal veins, which drained into the superior sagittal sinus. A first injection of glue via the middle meningeal 
artery failed to penetrate properly into the proximal portion of the draining vein because of lack of wedge catheterization.  C: 
Image obtained after a second injection of glue (during the same session) into the recurrent branch of the OA, showing the cast-
ing of the remaining portion of the nidus and penetration into the foot of the main cortical vein.  D: Immediate postoperative 
angiogram obtained after left ICA injection showing persistent, although reduced, flow in the shunt. Because of adequate reduc-
tion of flow, no further embolization was performed.  E and F: Internal maxillary artery (E) and ICA (F) injection angiograms 
obtained 3 months after treatment, confirming secondary thrombosis of the shunt and cure of the ICDAVS. The patient returned 
to normal life without any complaints.
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dural feeders and avoid multiple catheterizations. Indeed, 
in our series, we treated an average of 2.37 pedicles per 
patient in an average of 1.37 sessions to obtain improve-
ment or morphological cure of CVR. The global high 
rates of cure obtained by embolization with glue in our 
series (34 of 38 patients) are evidence of the efficacy of 
our management with this embolic agent.

Total obliteration of the connection was not possible 
in 2 patients because of the angioarchitecture and exten-
sion of their lesion (patent sinuses with CVR). Emboliza-
tion has however transformed these aggressive lesions 
into benign ones with suppression of the CVR, and with 
associated clinical improvement.

The low rates of morbidity and the absence of mor-
tality in our series show that, when used under proper 
technical and anatomical conditions, glue remains an ad-
equate and safe embolic material that still can compare 
advantageously to the new liquid agents such as Onyx 
(Table 2), which is often promoted nowadays (Klucznik 
RP, Diaz O, presented at the Ninth Congress of the World 
Federation of Interventional and Therapeutic Neuroradi-
ology, 2007)3,4,8 as a new “gold standard” for endovascu-
lar therapy of these lesions but that has not proven yet its 
superiority in terms of cost, length of the procedure, and 
doses of radiation or necessary long-term stability (Ter-
brugge KG, presented at the Ninth Congress of the World 
Federation of Interventional and Therapeutic Neuroradi-
ology, 2007).18

Conclusions
Endovascular management of ICDAVSs with CVR is 

both a medical and a technical challenge. The success of 
therapy relies on proper analysis of the architecture of 
the shunt. The complications reported are often predict-
able and can be avoided if one follows precise anatomical, 
physiopathological, and technical rules. Experienced op-
erators are needed for safe embolizations of any type, and 
one may not consider that one particular embolic material 
makes the procedure safer than another. Our series, which 

is based on an angiographic and therapeutic protocol that 
has not changed since the beginning of our experience, 
shows that with glue one can obtain high rates of primary 
or secondary cure of these lesions with good clinical re-
sults and at a low cost during endovascular procedures of 
short duration. It is our belief that acrylic glue is still a 
valuable agent in the endovascular treatment of these le-
sions. To the best of our knowledge, Onyx has not proven 
at this stage to be more effective than glue.
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