
Introduction

The vascular type of Ehlers–Danlos syndrome (EDS
4) is a rare genetic disease characterised by thin,
translucent skin, easy bruising, characteristic facial
appearance, and arterial, bowel and/or uterine fragil-
ity. The diagnosis of EDS 4, vascular type, is based
on compatible clinical findings and can be confirmed
by biochemical testing. Biochemical studies in affected
individuals demonstrate abnormal electrophoretic
mobility and abnormal efficiency of secretion of
type III procollagen in cultured dermal fibroblasts
resulting from mutations in the COL3A1 gene (chro-
mosomal locus 2q31) [1].

Vascular complications of EDS 4 are increased risks
for arterial rupture, especially CCF. From a neurora-
diological perspective, EDS 4 may be the most dan-
gerous angiodysplasia to treat because of the many
difficulties and hazards associated with the endovascular
treatment.

Case report

A 40-year-old woman presented in 1994 with a right
CCF following a minor trauma. The right CCF was
successfully treated by detachable balloon, resulting in
the preservation of the carotid artery [2]. She had a
family history of cardiovascular disease, and her older
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Abstract We report the follow-up of
a previously published case (Forlo-
dou et al. Neuroradiology 38:595–
597, 1996) of carotido-cavernous
fistulas (CCFs) in a patient present-
ing with type IV Ehlers–Danlos
syndrome (EDS 4) that were suc-
cessfully treated twice by an endo-
vascular approach. Initial treatment
with a detachable balloon was in
1994 for a right CCF, and, 8 years
later, a left CCF was treated by
selective transarterial occlusion of
the cavernous sinus with coils.
Unfortunately, the patient suffered
from a spontaneous post-operative
intracranial haemorrhage in the left
hemisphere and died. Review of the
literature, technical considerations
for bilateral CCF and complication
are discussed.
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brother had died at the age of 40 years from a sponta-
neous dissection of a subclavian artery aneurysm. She
noticed a thin translucent skin with a tendency to
bruising. The diagnosis of EDS 4 was made, based on
her clinical inspection, familial history and her angio-
graphic findings. The patient had had no complaints for
8 years until 2002, when she began to develop sponta-
neous pulsatile and progressive headaches and left sixth
nerve palsy. Clinical examination did not find any che-
mosis or exophthalmia. Non-invasive magnetic reso-
nance (MR) imaging with MR angiogram disclosed
dilatation of the superior ophthalmic vein and angio-
dyplasia of the carotid artery (Fig. 1). After informed
consent had been obtained, a cerebral angiogram was
performed under general anaesthesia. A five French
introducer was inserted into the femoral artery and
cautious catherisation performed. The left carotid
angiogram revealed a CCF with no opacification of the
intracranial vasculature (Fig. 2). The entire left hemi-
sphere was fed by the right internal carotid through the
anterior communicating artery. A decision was made
not to use a balloon because of the importance of the
stenosis of the cervical carotid. A five French guide
catheter was placed below the left carotid bifurcation,
and cautious catheterisation was done with a 2.3 French
Rapid Transit infusion catheter (Cordis Endovascular
Systems, USA) with a J type 0.16 in. guide wire (Terumo

Corporation, Japan). Selective occlusion of the cavern-
ous sinus was performed (Fig. 3) with a detachable coil
system (Cook, Willian Cook, Europe), which resulted in
total closure of the fistula with preservation of the pa-
tency of the internal carotid artery (Fig. 4). No antico-
agulation was used during the procedure.
Postoperatively, the patient awoke from general anaes-
thesia with a mild right hemiplegia. A CT scan revealed
a left frontal haematoma and intraventricular clot
(Fig. 5). A decision was made to shunt the ventricles.
Unfortunately, the patient did not recover and died on
day 7 at the age of 49.

Discussion

As first described by Barabas in 1967 [3], the only form
of EDS associated with an increased risk of death is the
vascular type, termed Ehlers–Danlos type IV (EDS 4).
In a cohort of 419 patients with EDS 4, Pepin et al. [1]
reported 44 arterial complications of the central nervous
system, with the most frequent being CCFs. Several
authors [4–8] have emphasised the difficulties and haz-
ards associated with endovascular treatment of CCFs,
especially in EDS 4. It is crucial that the diagnosis of
EDS 4 can be done ‘‘on call’’ from the previous medical
and family history of the patient, symptoms of vascular

Fig. 1 a–c Non-invasive assess-
ment of the left CCF, TOF MR
angiogram of the cycle of Willis
(a) showing the abnormal and
dilated left superior ophthalmic
vein. The MR angiogram with
gadolinium enhancement of the
right (b) and left (c) carotid
artery, lateral view, angiodys-
plasia of the cervical arteries
with dilatation and stenosis
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rupture or dissection, characteristic ease of bruising and
facial appearance. As soon as the diagnosis is made the
patient should be transferred to the nearest neuro-in-
terventional team assigned to the disease, ensuring that
the team has the technical experience to proceed with the
treatment.

With regard to our patient, although we do not
suspect any iatrogenic complication from the puncture
or from the catheterisation, we believe that the intra-
cranial haemorrhagic complication was secondary to
the reperfusion phenomena and dysautoregulation of

the cerebral flow. On the post-embolisation angiogram
early venous filling was observed on the capillary
phase at the junction of the middle cerebral–anterior
cerebral territory (Fig. 4). To our knowledge there are
few reports of this type of complication following
conservative treatment of CCFs. Even if permanent
occlusion of the internal carotid artery and of the
CCF has a higher chance of success, our case illus-
trates that choice is difficult between conservative and
elective treatment. Elective treatment could be prefer-
able, since it is known that EDS 4 is widespread and
can occur on contro-lateral vessels as well. A possible
contributing factor to the reperfusion phenomenon
was the 3 months’ delay in treatment following
the onset of headache. Before the embolisation, all
the flow of the left carotid artery was ‘‘stolen’’ by the
fistula (Fig. 2), and there was a delay between the two
hemisphere at the venous phase of the right carotid
artery angiogram, without any clinical event. We be-
lieve that the previous haemodynamic conditions led
to impairment of the autoregulation and to a normal
pressure perfusion breakthrough type of complication.
In retrospect, we should have performed a study of
cerebro-vascular reactivity before treatment. Cortical
venous reflux was also present on the initial angio-
gram, but there is no reason to presume that one of
these cortical veins would rupture during the coiling of
the cavernous sinus.

Technically, the improvement in the endovascular
technique allows us to use smaller delivery devices
(five French introducer and guiding catheter instead of
the previous 6–8 French guiding catheter) and the
softness of the tip of the micro-guidewire prevents
dissection and perforation. Diagnostic angiographies
are associated with 22%–35% of morbidity and up to
12% mortality [6] in EDS 4. Because interventional

Fig. 2 a, b Left carotid artery
angiogram, antero-posterior
view (a) and lateral view (b).
There is no opacification of the
normal intracranial vasculari-
sation but there is a left,
high-flow, carotido-cavernous
fistula with opacification of the
superior ophthalmic vein and
cortical venous reflux in the
supra- tentorial and infra-ten-
torial arachnoid vein. The left
hemisphere vascularisation is
fed by the right carotid artery
through the anterior communi-
cating artery (not shown)

Fig. 3 Endovascular treatment by an arterial route. Coil deposition
in the cavernous sinus (mechanical detachment coils)
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therapy carries a high risk of morbidity (50%) and
mortality (25%) [5], a well-trained team, aware of the
disease, should be dedicated to endovascular treat-
ment. Bilateral CCF is rare, and this case is the only
one on our local database [9]. Halbach et al. [5] re-
ported two patients who had a bilateral CCF out of
four EDS 4 patients. The event supports the selective
treatment of the fistula, preserving the patency of the
internal carotid. The most frequent endovascular
treatment of CCF is the trans-arterial balloon occlu-
sion, which has a lower success rate than that for the
usual post-traumatic CCF (50%). The venous ap-
proach has been advocated to avoid arterial rupture
or dissection [7, 8]. Even if, to date, there is no con-
sensus for the CCF treatment in EDS 4, we must
avoid direct puncture of the internal carotid artery
(ICA) and hyperinflation of the detachable balloon;
most of the time it is possible to use a five French
guiding catheter and the softest micro-wire.

In conclusion, we report a fatal outcome of endo-
vascular treatment for CCF in EDS 4. Even if preser-
vation of the ICA is possible, we should also be aware of
intracranial haemorrhagic complications postopera-
tively following the restoration of a normal flow in a
previously ‘‘under-perfused’’ territory. This tragic case
supports Barabas’s suggestion that ‘‘knowledge of the
pathology should prevent complications’’.

Acknowledgments To Gregory Krolczyk for his friendly editorial
assistance.

Fig. 4 a, b Final result. Left
carotid artery angiogram, ante-
ro-posterior view (a) and lateral
view (b). Cure of the carotido-
cavernous fistula with normal
opacification of the right middle
cerebral artery. Mild junctional
early venous filling

Fig. 5 Non-contrasted axial CT scan showing a left frontal lobe
haemorrhage with mass effect. Right frontal horn external shunting
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