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A direct carotid-cavernous fistula (CCF) is an ab-
normal communication between the internal ca-
rotid artery (ICA) and the cavernous sinus lead-

ing to a high-flow shunt.11 The mechanisms that may be 
responsible for a direct CCF are traumatic conditions and 
spontaneous rupture of an aneurysm located on the cav-
ernous segment of the ICA. Clinically, patients with a di-
rect CCF usually present with pulsating proptosis, corne-
al edema, and chemosis that are related to engorgement 
of the superior ophthalmic vein draining into the cavern-
ous sinus.12 Rarely, CCFs are responsible for brainstem 
edema due to reflux into a superior petrosal sinus (SPS) 
draining the lateral mesencephalic vein.7

We describe a rare presentation of traumatic CCF 

with edema of the basal ganglia (BG) due to an anatomi-
cal variation of the basal vein of Rosenthal (BVR).

Case Report

History and Examination. A 45-year-old woman was 
emergently admitted to our hospital for dysarthria, left 
hemiparesis, and headache rapidly evolving to a coma-
tose state. Right ocular trauma from a thin metal rod had 
recently occurred. Brain MRI (3 T) was emergently per-
formed (Fig. 1). Three-dimensional time of flight (TOF) 
acquisition showed hyperintense signal within the right 
cavernous sinus; these findings were suggestive of a di-
rect CCF. Both FLAIR and T2-weighted images showed 
a hyperintense signal in the right side of the pons, the 
mesencephalon extending to the right middle cerebellar 
peduncle, the right BG, and the medial aspect of the right 
temporal lobe. Since apparent diffusion coefficient values 
were not decreased in these areas, the T2-weighted hy-
perintense signals were suggestive of vasogenic edema.
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The authors report a very rare presentation of traumatic carotid-cavernous fistula (CCF) with extensive edema of 
the basal ganglia and brainstem because of an anatomical variation of the basal vein of Rosenthal (BVR). A 45-year-
old woman was admitted to the authors’ institution for left hemiparesis, dysarthria, and a comatose state caused by 
right orbital trauma from a thin metal rod. Brain MRI showed a right CCF and vasogenic edema of the right side of 
the brainstem, right temporal lobe, and basal ganglia. Digital subtraction angiography confirmed a high-flow direct 
CCF and revealed a hypoplastic second segment of the BVR responsible for the hypertension in inferior striate veins 
and venous congestion. Endovascular treatment was performed on an emergency basis. One month after treatment, 
the patient’s symptoms and MRI signal abnormalities almost totally disappeared.

Basal ganglia and brainstem venous congestion may occur in traumatic CCF in cases of a hypoplastic or agenetic 
second segment of the BVR and may provoke emergency treatment.
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Key Words      •      traumatic carotid-cavernous fistula      •      MRI      •      basal ganglia      •       
basal vein of Rosenthal      •      edema      •      vascular disorders

63

Abbreviations used in this paper: BG = basal ganglia; BVR = 
basal vein of Rosenthal; CCF = carotid-cavernous fistula; DSA = 
digital subtraction angiography; ICA = internal carotid artery; SPS 
= superior petrosal sinus; SWAN = susceptibility-weighted angiog-
raphy; TOF = time of flight.
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Susceptibility-weighted angiography (SWAN) images 
showed a focal hematoma in the right side of the pons as-
sociated with a faint intraventricular hemorrhage probably 
from the direct trauma caused by the thin metal rod. Ad-
ditionally, a tube-shaped structure suggestive of a dilated 
vein was seen close to the right BG (Fig. 1).

Treatment. Digital subtraction angiography (DSA) 
was performed with the patient under general anesthesia 
for diagnostic and therapeutic purposes (Fig. 2). These 
imaging studies confirmed a high-flow direct CCF in the 
right cavernous portion of the ICA with reflux toward the 
contralateral cavernous sinus. Precise analysis of the ve-
nous network on the DSA studies revealed the presence 
of a hypoplastic second segment of the BVR; the first 
segment and its branches mainly drained into the cavern-
ous sinus via the uncal vein. Thus, at the arterial phase, 
both the right cavernous sinus and the first segment of the 
BVR and its branches were opacified via the torn right 
ICA. It is noteworthy that the right SPS did not appear 
patent on DSA.

Because there was no filling of the supraclinoid 
branches of the right ICA, the circle of Willis was func-
tional, and the tear on the ICA was large, the decision was 

made to close both the fistula and the right ICA endovas-
cularly with coils via a double-lumen balloon (Ascent 6–9 
mm, Micrus, Johnson & Johnson). The procedure was 
performed under full heparinization (activated clotting 
time between 2- and 3-fold greater than baseline) without 
any technical difficulty.

Posttreatment Course. At the 1-month clinical fol-
low-up, the patient had a satisfactory recovery, with only 
slight residual left hemiparesis. On follow-up MRI (3 T), 
the T2 and FLAIR signal abnormalities had almost to-
tally disappeared (Fig. 3).

The angiography findings (first segment of the BVR 
draining into the cavernous sinus) and the resolution of 
MRI signal abnormalities on follow-up after shunt occlu-
sion confirmed the initial diagnosis of engorgement of the 
veins draining into the first segment of the BVR due to 
retrograde filling related to the direct CCF.

Discussion
Carotid-cavernous fistulas can be classified into 4 

groups according to Barrow et al.1 The first group, Type 
A, the most severe type, is a direct connection between 

Fig. 1.  A 45-year-old woman presented with left hemiparesis, dysarthria, and headache rapidly evolving to a comatose state 
because of right ocular trauma from a thin metal rod. Three-dimensional TOF image (A) showing hyperintense signal within the 
right cavernous sinus, which is bulging laterally. These findings are suggestive of a direct CCF. Coronal FLAIR (B) and axial 
T2-weighted (C) images showing a hyperintense signal involving the brainstem, the medial aspect of the right temporal lobe, 
and the right BG. Three-dimensional axial SWAN acquisition (D) and MinIP SWAN coronal reconstruction (E) showing a dilated 
vein close to the BG (white arrows). Note the presence of an intraventricular hemorrhage in the occipital horn of the right lateral 
ventricle (D), probably related to the direct trauma.
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the ICA and the cavernous sinus. The other groups, Types 
B, C, and D, are each an indirect dural communication 
between dural arteries and the cavernous sinus. Our pa-
tient had a posttraumatic Type A direct CCF.

The clinical presentation of CCFs depends on the 
degree of shunting and the venous drainage pathways. 
The cavernous sinus receives drainage anteriorly from 
the ophthalmic veins and superiorly from sphenoparietal 
sinus and cortical veins. Then blood flow into the cav-
ernous sinus drains posteriorly into the inferior petrosal 

sinus and the SPS and inferiorly into the pterygoid plexus 
via emissary veins.7,11

Generally, patients present with the classic clinical 
triad of proptosis, chemosis, and pulsatile bruits caused 
by orbital venous congestion. Less commonly, the venous 
congestion can be posterior (cerebral and brainstem), 
causing neurological symptoms rather than ocular ones. 
Rarely, reflux into the cortical veins can be observed and 
represents a risk factor for focal neurological deficit, sei-
zure, venous infarction, or even intracranial hemorrhage.11

Mechanisms leading to venous infarction caused by 
venous congestion have been studied for indirect CCFs,2,8 
but remain poorly understood for traumatic direct CCFs. 
In indirect dural CCFs, risk factors for venous infarction 
or intracranial hemorrhage are as follows: exclusive corti-
cal venous drainage, ectasia of the draining vein, agenesis 
of the second and/or third segments of the BVR, throm-
bosis of the superior orbital vein or SPS, and distal cor-
tical venous drainage.3–5 For direct CCFs, venous cere-
bral congestion has been reported in 6 cases,4,6,9,14,15 all of 
which showed brainstem congestion, including one case 
associated with congestion of the cervical spinal cord.6 
In 3 cases, as seen in our patient, the SPS was not pat-
ent. However, to our knowledge, there is no case in the 
literature of BG venous congestion related to flow stagna-
tion of veins drained by the first segment of the BVR and 
caused by hypoplasia of its second segment.

The BVR is an anastomotic venous channel generally 

Fig. 3.  Axial FLAIR image obtained at the 1-month follow-up, show-
ing total disappearance of the signal abnormalities.

Fig. 2.  Right ICA digital subtraction angiograms, anteroposterior 
(upper) and lateral (lower) projections. Opacification of both cavernous 
sinuses is seen at the arterial phase, confirming the diagnosis of a right 
direct CCF (arrows). On the lateral projection, a dilated first segment of 
the BVR appears as well as the connection between the BVR and the 
cavernous sinus via the uncal vein. The second segment of the BVR 
appears hypoplastic. Note the absence of opacification of the SPS (ar-
rowhead). Inf = inferior; I, II, and III = first, second, and third segments 
of the BVR.
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connecting the cavernous sinus to the great cerebral vein 
(the so-called vein of Galen). Its course turns around the 
cerebral peduncle and presents a close relationship with 
the posterior cerebral artery. Typically, the BVR is divid-
ed into 3 segments:8,13 The first segment, also called the 
anterior or striate segment, mainly drains the inferior stri-
ate veins, deep cerebral vein, insular veins, and olfactory 
vein. The second, or peduncular, segment mainly drains 
the peduncular vein, inferior ventricular vein, inferior 
choroidal vein, and hippocampal veins. The third, or pos-
terior mesencephalic, segment mainly drains the lateral 
mesencephalic vein and the posterior thalamic vein.

However, the BVR presents some anatomical varia-
tions. Indeed, Suzuki et al.,13 after performing 3D CT an-
giography in 250 patients, reported that the connection 
between the first and second segments of the BVR was 
not seen (agenesis or hypoplasia) in 36.9% of the cases.

A simple classification of the potential venous drain-
ages of the BVR has been established according to the 
5 drainage pathways formed during the early embryonic 
stage.10 Drainage can be toward the vein of Galen, toward 
the cavernous sinus or sphenoparietal sinus, toward the 
SPS via the lateral mesencephalic vein, toward the SPS 
via a peduncular vein, and toward the transverse sinus or 
straight sinus via the tentorium sinuses.

If the uncal vein, which connects the cavernous si-
nus to the first segment of the BVR, is well developed, 
the connection between the first and second segments is 
usually hypoplastic or agenetic, as observed in our case. 
Since the first segment of the BVR drains the inferior stri-
ate veins and some hippocampal veins, engorgement of 
this segment by the CCF via the uncal vein explains the 
signal abnormalities seen on emergency MRI. Finally, the 
CCF occlusion in our case resolved engorgement of the 
first segment of the BVR and its tributaries, which was 
confirmed by the favorable clinical and imaging outcome.

Conclusions
Brainstem and BG venous congestion is a rare but 

potentially serious complication of traumatic CCF. The 
association of a large tear on the ICA, a developed uncal 
vein with a hypoplastic second segment of the BVR, and 
a thrombosed or hypoplastic SPS may favor this rare com-
plication of a direct CCF. Neurosurgeons as well as inter-
ventional neuroradiologists should be aware of this unusual 
presentation of CCF that provokes emergency treatment.
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