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usually in the third or fourth decade, largely
dominates the clinical picture 2. Affected adults
are characterized by abnormal electrophoretic
mobility and abnormal efficiency of secretion
of type III procollagen in cultured dermal fi-
broblasts. About 50% of the affected individu-
als have inherited the mutant COL3A1 gene.
The diagnosis can be made clinically using the
diagnostic criteria1 formalized by a medical ad-
visory group in 1997 (Table 1). The presence of
two or more of the major criteria is highly in-
dicative for EDS and laboratory testing is
strongly recommended.

Spontaneous carotid-cavernous fistula (CCF)
is a well-known complication in patients with
EDS type IV 2. Swelling, chemosis, pain, ophthal-
moplegia and bruit are the most common symp-
toms. We describe a case of CCF in an EDS type
IV patient, who was treated endovascularly un-
der local anesthesia by transvenous coiling of
the fistula. The diagnosis and therapy of the
CCF were achieved without any arterial punc-
ture. In this case we describe a technique to per-
form the pure transvenous procedure. Despite
our precautions, the patient suddenly died just
before discharge. Literature on transvenous em-
bolization of CCF in EDS is reviewed.

Case Report

A 45-year-old woman, known to have Ehlers-
Danlos syndrome type IV, presented with
diplopia, pulsatile tinnitus and orbital pain.

Summary

We describe a carotid-cavernous fistula (CCF)
in a middle aged woman with Ehlers-Danlos
syndrome (EDS) type IV, which manifested with
a left-sided ophthalmoplegia. The CCF was diag-
nosed on magnetic resonance imaging. To pre-
vent potential lethal arterial wall injury, the CCF
was treated endovascularly under local anesthe-
sia and exclusively by a transvenous approach.
The fistula was successfully closed with Gugliel-
mi Detachable Coils. Notwithstanding these pre-
cautionary measures, the patient suffered an in-
traperitoneal and a small retroperitoneal bleed
during the procedure and died suddenly ten days
after intervention in hemorrhagic shock. A re-
view of recent literature focussing on the tech-
nique of transvenous approach and the catheter-
ization risks of CCF in Ehlers-Danlos syndrome
is presented.

Introduction

Ehlers-Danlos syndrome (EDS) is a group of
autosomal dominant diseases of connective tis-
sue characterized by abnormal collagen synthe-
sis. The latest classification describes six sub-
types depending on clinical and genetic presen-
tation 1,2. Thin and translucent skin, easy bruis-
ing, intestinal or uterine fragility and vascular
fragility with aneurysms and arterial ruptures
are the characteristic features of EDS type IV
(vascular type). Generalized vascular fragility,
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Clinical investigation revealed complete left
sided ophthalmoplegia and a left sided hearing
loss. Magnetic Resonance Imaging (MRI) of the
brain and orbit was performed and a CCF was
diagnosed (Figure 1A). Color Doppler Ultra-
sound (CDUS) of the left internal carotid
artery showed a marked decrease in intracra-
nial resistance compared to the right side.

Both asymptomatic daughters of the patient
had a positive dermal fibroblast test and have
inherited the mutant COL3A1 gene. During a
previous consultation at the Department of Ge-
netics, the patient and her family were fully in-
formed of the high risks of intubation anesthe-
sia and arterial catheterization in EDS. We dis-
cussed the technique of endovascular coiling
and agreed on planning a procedure under local
anesthesia and via an exclusive venous access.

Both femoral veins were punctured and 80
cm long 5F sheaths (Cook Europe, Bjaever-
skov, Denmark) were introduced. On the left
side a 4F vertebral catheter (Terumo, Tokyo,
Japan) was positioned at the estuary of the left
petrous sinus. Using an Excel 14 microcatheter
(Boston Scientific Target, Cork, Ireland) and a
0.010 inch Transend (Boston Scientific Target,
Miami, USA) microguidewire the cavernous si-
nus was catheterized. The site of the fistula was
sought and the fistula hole entered to reach the
internal carotid artery.

The microcatheter and the guidewire were
first pushed retrogradely into the internal
carotid artery and then down into the common
carotid artery, where its intraluminal position
was confirmed by ultrasound. Then, the micro-
catheter was positioned in the upper cervical

segment of the internal carotid. Injection of
contrast medium showed no intracranial
opacification as the contrast medium was di-
luted and passed entirely through the fistula
(Figure 1BC).

A second 4F vertebral catheter was placed at
the same position as the first one and the
petrous sinus was catheterized with a similar
Excel 14 microcatheter and a 0.010 inch Tran-
send microguidewire. The catheter was placed
at the estuary of the left ophthalmic vein which
showed reversed flow (Figure 1D). The oph-
thalmic vein was occluded using two Guglielmi
Detachable Coils (GDC, Boston Scientific Tar-
get, Cork, Ireland)-18 Standard 5 mm x 20 mm.
The cavernous sinus was successively coiled
medioposteriorly using a GDC-18 Standard 5
mm- x 20 mm and a GDC-18 Standard 5 mm x
15 mm, simultaneously blocking the outflow in-
to the contralateral sinus (Figure 1E). Finally
the origin of the fistula was occluded with a
GDC-18 Standard 8 mm x 30 mm and a GDC-
18 Standard 5 mm x 15 mm. On the control ar-
teriography performed with the coiling micro-
catheter, we observed stagnation of the con-
trast medium in the cavernous sinus (Figure
1F). On injection of contrast medium through
the microcatheter in the left carotid artery, the
intracranial circulation was visualized (Figure
1G). The control CDUS of the left internal
carotid artery showed normalization of the in-
tracranial resistance with values comparable to
the right internal carotid artery. The venous
catheter sets were removed uneventfully.

During the intervention the patient com-
plained of pain in the left upper quadrant for
three short periods, each time improving with
analgesics. MRI angiography performed one
day later confirmed occlusion of the fistula (Fig-
ure 1H). Sonography and contrast enhanced
CT-scan of the abdomen revealed intraperi-
toneal blood and a small retroperitoneal hae-
matoma without active bleeding or aneurysm
formation (Figure 1I). The patient remained
stable and recovered well so that a discharge
from hospital was near. However, ten days after
coiling of the CCF, the patient suddenly com-
plained of severe abdominal pain. In the follow-
ing minutes, the patient lost consciousness, had
signs of hemodynamic shock and was intubated.
Unfortunately resuscitation failed and the pa-
tient died. An ultrasound examination of the
abdomen was suspect for intra-abdominal
blood. The family refused an autopsy.

Major diagnostic criteria
• Thin, translucent skin
• Arterial/intestinal/uterine fragility or rupture
• Extensive bruising
• Characteristic facial appearance

Minor diagnostic criteria
• Acrogeria
• Tendon and muscle rupture
• Early-onset varicose veins
• Pneumothorax/pneumohemothorax
• Positive familial history, sudden death in (a)

close relative (s)
• Hypermobility of small joints
• Talipes equinovarus (clubfoot)
• Arteriovenous, carotid-cavernous sinus fistula
• Gingival recession

Table 1  Nosology of Ehlers-Danlos Syndromes (reference 2)
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Figure 1 A) Time-of-flight MR angiography revealing arterialization of both cavernous sinus (arrowheads) and the superior
ophthalmic veins (arrows) as an indication of a CCF. Whether the CCF is unilateral left or right-sided or bilateral cannot be
determined. B) DSA of the left internal carotid via the microcatheter (arrow) introduced through the inferior petrous sinus
and positioned across the fistula hole. Contrast medium is vanishing into the cavernous sinus (arrowheads). No intracranial
circulation is visualized. C) Digital image of the microcatheter stabilized with a microguidewire in the left internal carotid
artery. Radiopaque marker (arrow) indicates tip of the microcatheter. Bend in the microcatheter indicating the fistula hole
(arrowhead). D) DSA (frontal view) of the superior ophthalmic vein showing dilatation and flow reversal (arrowheads).
Coiling starts at the outlet of the ophthalmic vein to prevent persistent flow and orbital hypertension in case occlusion of the
CCF would be incomplete. Proximal marker (arrowP) and distal marker (or tip) of the coiling microcatheter (arrowD) are
shown. Small arrows indicate the two markers on the microcatheter in the internal carotid artery.
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Figure 1 E) DSA of the left cavernous sinus showing high outflow to the contralateral sinus. The microcatheter is positioned
adjacent to the delivered coils in the superior anterior part at the entry of the intermedial part (arrowD). Coiling will con-
tinue from this position. F) Control DSA of the cavernous sinus showing stagnation of contrast medium (small arrows). Coils
are covering the fistula hole (arrow), which is landmarked by the bend in the microcatheter (small arrows) in the internal
carotid artery. Coils in the outlet of the superior ophthalmic vein (arrowheads). G) Control DSA of the internal carotid
artery via the microcatheter (arrowheads) showing intracranial circulation and confirming occlusion of the CCF, tip of the
microcatheter (arrow), and petrous sinus track (two arrowheads). H) Time-of-flight MRI angiography after coiling only de-
picting arterial anatomy compatible with occlusion of the CCF. Short interruption of vessel continuity in the left carotid si-
nus is due to susceptibility artefacts of the coils. I) Contrast-enhanced CT scan of the abdomen shows retroperitoneal hem-
orrhage (white arrows). Blood around the spleen is also observed.
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Discussion

Vascular interventions in patients with EDS
type IV are hazardous. Arteriography is not in-
dicated in patients known to have EDS be-
cause of the high incidence of arterial dissec-
tion and the development of pseudoaneurysms
at the puncture sites 3. In a review of all CCF
cases in EDS published before 1991, Schievink
et Al calculated a mortality rate of 58% (ten
out of 17 patients). Four (23%) deaths were di-
rectly therapy related, the others died of com-
plications of EDS 4. Surgical ligation of the in-
ternal or common carotid artery was the initial
palliation proposed for CCF in EDS. In the
eighties, transarterial balloon embolization be-
came the therapy of choice for CCF. However,
due to the vessel fragility in EDS, procedures
were often complicated by devasting dissec-
tions along the catheterized arteries 5,6. To cir-
cumnagivate the vulnerable arteries, a transve-
nous approach for balloon embolization was
proposed, but did not seem very successful 7-9.

In the first years after Schievink’s review,
transarterial balloon embolization remained
well accepted with a reported success rate of
70% (five out of seven treated CCFs in EDS)
and, most remarkably, no procedure-related
complications (Table 2) 8-10. However, since the
report of Horowitz et Al in 2000 on remote
vascular catastrophes after neurovascular in-
terventions in EDS, transarterial balloon em-
bolization seems to have lost its adherents 11. It
is very likely that in daily practice more techni-
cal difficulties and vascular complications were
encountered than expected from the pub-
lished, mostly successful, cases. Furthermore,
with the introduction of the detachable coils,
interventionalists were eager to use this easy-
to-handle embolic agent, which could be deliv-
ered via the less risky transvenous approach 11-

13. Nonetheless, reported periprocedural com-
plications with transvenous coil embolization
were substantial including retroperitoneal
hematoma, clostridium diarrhea, colonic rup-
ture and one (20%, 1/5 CCFs) fatal iliac artery
perforation. In all of these cases with a transve-
nous approach at least one arterial catheteriza-
tion was performed for diagnostic and moni-
toring purposes. Therefore, some of the vascu-
lar complications might have been due to arte-
rial wall injury.

To maximize safety, we refrained from gener-
al anesthesia and arterial punctures, and relied

on a transvenous approach under local anesthe-
sia. The unilateral ophthalmoplegia and the
flow pattern difference in the carotid arteries
on CDUS strongly suggested that the CCF was
only left-sided. Contrast injection via the micro-
catheter in the intermediate part of the cav-
ernous sinus supported this view as outflow
from the left to the right cavernous sinus could
be observed. Arterial catheterization was per-
formed from the petrous sinus through the fis-
tula hole into the internal carotid artery. Al-
though this was only achievable with a micro-
catheter, injection of contrast medium and DSA
produced an acceptable image of the flow
through the left internal carotid and the in-
tracranial circulation. Moreover, the bend
downwards made by the microcatheter can be
used as a landmark for the fistula hole. The pro-
cedure can be monitored by contrast medium
injection via both microcatheters and by CDUS.
Occlusion of the CCF should be confirmed by
appearance of intracranial circulation (injection
via the microcatheter in the internal carotid),
stagnation of contrast medium in the cavernous
sinus (injection via the coiling microcatheter),
CDUS of both carotid arteries (normalization
of arterial flow patterns) and by MR angiogra-
phy after the procedure (Figure 1H).

For a transvenous embolization detachable
coils are more practical than detachable bal-
loons. Upstream navigation of a microcatheter
carrying a detachable balloon into the inferior
petrosal and cavernous sinus is a technical chal-
lenge. Although thrombembolic or bleeding
complications are rarely encountered in venous
sampling in Cushing’s disease 14, in the precari-
ous condition of EDS, all catheter or guidewire
manoeuvring that could jeopardize vessel wall
integrity should be avoided at all costs.

Despite all these precautionary measures,
the patient did suffer a minor retroperitoneal
bleed during the procedure. It seems unlikely
that the retroperitoneal bleeding was caused by
an iatrogenic vein injury as both 80 cm long 5F
sheaths were placed in the caval vein under
permanent fluoroscopic control without diffi-
culties. We can exclude inadvertently entering
of side-branches, which would have precipitat-
ed a venous retroperitoneal haemorrhage. Con-
trast enhanced CT-scan did not reveal vascular
anomalies such as a pseudoaneurysm. As the
patient’s condition evolved favourably, we did
not want to take the risk of exploration by ar-
terial catheterization. The dramatic course later
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on suggests a profuse arterial bleeding, an ab-
dominal organ rupture (spleen, liver) 15 or a yet
to be reported large-calibre vein rupture (e.g.
caval vein). Surgery in EDS seems to increase
collagenase activity ensuing complications in
rapid succession 16,17. Remote and delayed arter-
ial rupture during or after endovascular proce-
dures in EDS is much dreaded and unfortu-
nately seems to have occurred in our case as
well 11,18. The case will retain its mystery, as the
family refused autopsy.

Conclusions

We described a technique to diagnose and
monitor endovascular embolization of CCF in
EDS by a minimally invasive and exclusively
transvenous approach. Despite the proposed
precautionary measures to prevent arterial in-
jury, our patient died just before discharge. This
case shows that each intervention in EDS re-
mains hazardous and renders the prognosis of
CCF in EDS uncertain.
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