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Case Report

Intraventricular Contrast Medium Leakage during
Ethanol Embolization of an Arteriovenous Malformation

Constantine C. Phatouros, Van V. Halbach, Adel M. Malek, Philip M. Meyers, Christopher F. Dowd, and
Randall T. Higashida

Summary: We report the unusual phenomenon of abrupt
intraventricular contrast medium leakage from the choroid
plexus occurring during ethanol embolization of a periven-
tricular arteriovenous malformation. There was no evi-
dence of any associated intraventricular hemorrhage to
suggest that leakage arose from a vessel perforation, as was
first suspected. Intraventricular contrast medium leakage
has been reported previously in the setting of ependymitis,
and it is likely that similar pathogenetic mechanisms apply
in this case. To our knowledge, this is the first reported
case of intraventricular contrast medium leakage occurring
during an embolization procedure.

Intraventricular leakage of contrast material has
been reported previously in association with epen-
dymitis (1). Using opacified pure ethanol, we en-
countered leakage of contrast material from the
choroid plexus into the ventricles during emboli-
zation of a small, periventricular arteriovenous
malformation (AVM). The unusual radiographic
appearances were interpreted intraprocedurally as
an iatrogenic, small-vessel perforation with intra-
ventricular extravasation. A postprocedural, no-
nenhanced brain CT scan, however, revealed in-
traventicular contrast medium, but with no
evidence of new hemorrhage. We discuss the path-
ogenetic mechanisms involved in this case, thus
alerting the endovascular surgeon to interventional
scenarios in which this uncommon but potentially
alarming phenomenon may be encountered.

Case Report
A 5-year-old, previously healthy boy presented with head-

ache, disorientation, and somnolence. A CT scan showed a
small (, 1.5 cm), deep left periventricular hematoma that ex-
tended into the atrium of the adjacent left lateral ventricle. An
MR scan and x-ray cerebral angiogram revealed an underlying
2.5-cm AVM adjacent to the atrium of the left lateral ventricle
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(Fig 1A and B). Its arterial supply arose from the enlarged left
anterior choroidal artery, lateral lenticulostriate branches of the
left middle cerebral artery, and the lateral posterior choroidal
branch of the left posterior cerebral artery. The nidus was pre-
dominantly plexiform with unrestricted, deep venous drainage
into an ipsilateral atrial vein connecting to the vein of Galen
(Fig 2A and B). Intravenous dexamethasone (4 mg, every 6
hours), fosphenytoin (45 mg, every12 hours), and ranitidine
(25 mg, every 6 hours) were administered, and the patient
emergently transferred to our institution for preoperative em-
bolization. At presentation, the child was neurologically intact.
Specifically, there was no evidence of language impairment,
motor weakness, or visual-field defect.

Procedure
The procedure was performed under general anesthesia. An

intravenous loading dose of 1400 units of heparin was admin-
istered and anticoagulation confirmed with an activated clot-
ting time ([ACT] . 23 baseline). A 4-French UCSF-III pe-
diatric cerebral catheter (Cordis, Miami Lakes, FL) was placed
into the left vertebral artery as a guide catheter and connected
to a continuous, metered, heparinized saline flush. A Prowler
0.014-in. microcatheter (Cordis, Miami Lakes, FL) primed
with a Transend 0.010-in guidewire (Scimed, Maple Grove,
MN) was passed through the guide catheter. Under digital
roadmap and fluoroscopic guidance, the microcatheter was
carefully navigated over the guidewire into the left lateral pos-
terior choroidal artery. A small branch to the normal choroid
plexus arose distally from this artery; however, the flow within
this small branch was reversed (ie, retrograde flow into the
main pedicle) as a result of the ‘‘sump’’ effect of the AVM.
The final microcatheter tip position, from which embolization
of the AVM was begun, was at this branch point (Fig 2C), and
a partial flow arrest of this small choroidal branch resulted.
Free flow from the microcatheter tip into the larger branch that
supplied the AVM was confirmed on a blank roadmap image.
Although no contrast extravasation was observed during this
injection, a persistent contrast stain in the expected location of
the atrial choroid plexus was observed (Fig 2D and E). An
angiographic run (hand injection via the microcatheter) con-
firmed no evidence of contrast extravasation, but the choroidal
contrast stain increased in density with anterior extension.

Embolization was commenced using 2 cc of pure ethanol opa-
cified with metrizamide contrast medium (Nycomed, Princeton,
NJ). During embolization, which lasted a few minutes, staining
of the choroid plexus extended anteriorly to involve the posterior
part of the left lateral ventricle body. To confirm that this stain-
ing was an accumulation of contrast medium by the choroid
plexus and not an intraventricular or intraparenchymal extrava-
sation (contrast was not layering within the dependent part of
the ventricle) a saline injection through the microcatheter was
performed on a blank roadmap image. This showed a slow
washout of choroid plexus density rather than the gradual dif-
fusion into the surrounding space that would be expected with
extravasation. An additional 0.8 cc of metrizamide-opacified eth-
anol then was injected slowly, causing an abrupt change in the
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FIG 1. CT of previously healthy 5-year-old
boy presenting with headache, disorienta-
tion, and somnolence is shown.

A and B, T1-weighted MR images of
brain performed on the day of ictus show
left periventricular hematoma with exten-
sion into atrium of adjacent left lateral
ventricle. Note absence of blood within left
occipital horn (arrow). Flow voids repre-
senting AVM feeding pedicles are present
anteriorly within left basal ganglia.

FIG 2. Embolization procedure conducted under digital roadmap and fluoroscopic guidance is shown.
A and B, Anteroposterior (AP) Towne’s and lateral views of left vertebral injection show an enlarged left lateral posterior choroidal

artery supplying AVM nidus (arrow).
C, AP view of superselective injection into left lateral posterior choroidal artery supplying AVM is shown. Position of microcatheter tip

from which ethanol embolization was performed (long arrow). Note unopacified inflow (flow reversal) from small medial branch supplying
normal choroid plexus of glomus (small arrow).

D and E, AP and lateral unsubtracted views (immediately after test injection) show persistent contrast filling of small choroidal branch
indicating flow arrest and contrast stain in the region of atrial choroid plexus.

F, Unsubtracted lateral view showing contrast material within dependent portion of left lateral ventricle (arrows). Contrast medium
appears to outline wall of ventricle. This appearance is most likely caused by preexistent intraventricular hematoma acting as radiolucent
‘‘filling defect.’’ Radioopaque fiber-coated coils within occluded left lateral posterior choroidal artery are visible anteriorly.
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FIG 3. Postprocedural CT of brain is shown.
A and B, Immediate postembolization nonenhanced brain CT scan showing high-attenuation material consistent with iodinated contrast

medium within dependent portion of left lateral ventricle. Size of the intraventricular hematoma has not increased.
C, Postembolization (at 20 hr), nonenhanced brain CT scan demonstrating almost complete resorption of high-attenuation iodinated

contrast medium.

distribution and appearances of the intraventricular contrast. Al-
though the contrast staining had conformed previously to the
expected position of the choroid plexus within the atrium and
posterior body of the left lateral ventricle, there was now con-
trast filling the dependent portion of the left lateral ventricle,
implying a free flow of intraventricular contrast medium (Fig
2F). Perforation of the small choroidal branch with intraventric-
ular extravasation was considered the cause for this new ap-
pearance; therefore, heparinization was immediately reversed
with 20-mg intravenous protamine sulphate administration. An
ACT was obtained to ensure complete reversal of anticoagula-
tion. The left lateral posterior choroidal artery then was occluded
with five straight, fiber-coated coils.

During the embolization procedure, the patient’s vital signs
remained stable. An immediate postprocedural CT scan of the
brain was obtained that showed high attenuation material com-
patible with the contrast medium within the left lateral ventri-
cle but no evidence of ventricular expansion or fresh hema-
toma (Fig 3A and B). The child recovered from anesthesia
without any neurologic impairment but did complain of a mild
headache. The postprocedural course was uncomplicated. A
nonenhanced brain CT performed 20 hours later depicted sig-
nificant resorption of intraventricular high-attenuation fluid,
which was compatible with contrast medium and not blood
(Fig 3C).

Discussion
The unusual phenomenon reported in this case is

the unexpected passage of iodinated contrast me-
dium between the intravascular space and ventric-
ular CSF. Intraprocedurally, this was thought to
arise from an iatrogenic vascular perforation with
intraventricular hemorrhage. Hence, anticoagula-
tion was reversed, and the suspected perforated
vessel was sealed with coils. The immediate post-
procedural, nonenhanced CT scan of the brain,
however, depicted high-attenuation material, which
was compatible with iodinated contrast within the
dependent part of the left lateral ventricle, and it

showed no evidence of fresh hemorrhage compared
with an MR image obtained a few days earlier (Fig
3). Furthermore, the intraventricular high-attenua-
tion material had almost completely cleared the fol-
lowing day, which was consistent with it being io-
dinated contrast medium. The fact that the patient’s
vital signs remained unchanged after the suspected
perforation likewise argues against a vascular per-
foration. Enlargement of the left lateral ventricle
secondary to hematoma may have been expected
with a vascular perforation, but subtle ventricular
dilatation was difficult to gauge accurately
intraprocedurally.

Embolization of the left lateral posterior choro-
idal artery, using pure ethanol opacified with me-
trizamide, resulted in contrast staining of the cho-
roid plexus of the left lateral ventricle that
progressively increased in density and extent and
eventually involved the atrium and posterior body.
The AVM did not directly involve the choroid plex-
us; however, a small branch to the choroid plexus
arose from the feeding pedicle, and there was par-
tial occlusion or wedging of this small choroidal
branch by the microcatheter. This segment of cho-
roid plexus therefore received a significant dose of
the ethanol/metrizamide mixture. The choroid plex-
us constitutes the principal interface between the
blood and CSF (2). The capillaries of the choroid
plexus are fenestrated, unlike those of the brain pa-
renchyma, thus allowing the ultrafiltration of plas-
ma and the passage of contrast medium into the
choroidal interstitium (3). This passage accounts
for the enhancement of the choroid plexus normally
observed with CT (4). Nevertheless, passage of
contrast media and other solutes between the cho-
roidal interstitium and CSF is restricted by the cho-
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roid plexus epithelium. This imperfect barrier con-
sists of a single layer of cuboidal cells connected
by apical tight junctions that rest on a thin base-
ment membrane. The histologic appearance is sim-
ilar to that of the epithelial cells of the proximal
tubule of the kidney (5).

The dense choroid-plexus staining in our case
may be explained by the superselective delivery of
metrizamide via the lateral posterior choroidal ar-
tery and its accumulation in the choroidal intersti-
tium. It is also likely there was concurrent choro-
idal interstitial accumulation of ethanol. The
subsequent passage of contrast medium into the
CSF probably occurred because of damage to the
choroidal epthelium by the ethanol or hyperosmo-
lar contrast medium or both. Ethanol embolization
of normal tissues results in thorough devitalization
by denuding and segmentally fracturing the epithe-
lium. In the presence of blood, an acute thrombosis
may be initiated (6). Hyperosmolar solutions have
been shown to disrupt the usual blood-brain barrier
(7). The preexistent AVM hematoma, which had an
intraventricular component, also may have contrib-
uted by disrupting or disturbing the blood–CSF
barrier.

To our knowledge, leakage of intravascular con-
trast material into the CSF during an embolization
procedure has not been reported previously. In fact,
reports of iodinated contrast leakage into the ven-
tricles—excluding contrast opacified hemorrhage
or extravasation—are rare. In 1983, Sullivan and
Dorwart reported a case of intraventricular contrast
leakage after CT of the brain in a 64-year-old man
with meningitis. The postulated mechanism causing
an inflammatory alteration of the blood-brain bar-
rier of the supependymal vasculature was presumed
to be ependymitis (1). Lee and Zimmer reported
ventricular opacification in two infants, one asymp-
tomatic and one with fatal anoxic brain damage,
occurring after intraarterial and intravenous injec-
tions of contrast medium (Conray 60), respectively
(8). Scotti and Harwood-Nash mention having ob-
served ependymal enhancement and intraventricu-
lar contrast leakage with ventriculitis, but do not
provide supporting case evidence (9). Kobayashi et
al reported two cases of contrast enhancement of
preexistent traumatic intraventricular hemorrhage

on CT images, and proposed that it arose from ac-
tive extravasation of injured ependymal or sub-
ependymal arteries (10).

To our knowledge we report for the first time
leakage of iodinated contrast material into the ven-
tricle of a patient undergoing ethanol embolization
of a recently hemorrhaged periventricular AVM.
The lateral posterior choroidal branch was embol-
ized, and the presumed mechanism was accumu-
lation of the opacified embolic agent within the
choroid plexus interstitium, with ensuing toxic in-
jury of the choroidal epithelium and consequent
contrast spillage into the intraventricular CSF.
Damage to the choroid plexus and ependyma of the
left lateral ventricle by the preexistent parenchymal
and intraventricular hematoma also may have been
a predisposing factor. This case therefore shares
some etiologic similarities to the case reported by
Sullivan and Dorwart, in which an inflammatory
ependymitis resulted in intraventricular leakage of
contrast medium (1). The endovascular surgeon
should be cognizant of the potential for this unusu-
al and alarming phenomenon to occur when em-
bolizing choroidal branches with ethanol or hyper-
osmolar embolic agents.
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