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Subdural contrast effusion during endovascular therapy: case report
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Abstract

Accumulation of contrast medium in the subdural space after diagnostic intraarterial contrast administration is a rare observation.
The authors report the case of a subdural contrast effusion (SCE) presenting during endovascular treatment of an intracranial
dural arteriovenous fistula (DAVF) mimicking an acute subdural hematoma. Differentiation between the two by computed
tomography (CT) or intraprocedural Dyna CT and early neurological examination can be crucial for patient management. We
believe that repeated large-volume contrast injections via large-bore intermediate catheters into the territory of an (even partly)
occluded DAVF may induce leakage of contrast medium into the extravascular subdural space thereby causing a SCE.
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Introduction

Subdural contrast effusions (SCE) are rarely encountered but
may indicate a diagnostic problem when present during
endovascular therapy (EVT). The rapid evolution and
hyperdense attenuation of a subdural effusion can mimic an
acute subdural hematoma (SDH), and differentiation between
the two can have important implications for patient treatment.
SCEs have been reported on follow-up computed tomography
(CT) after percutaneous coronary intervention [2, 5],
endovascular treatment of subarachnoid hemorrhage [8, 10],
and in 8.2% of patients with blunt trauma [1]. Only one pre-
vious report has described the formation of a SCE during an
endovascular procedure [3] probably caused by a dural tear.
We here present the unique case of an asymptomatic SCE,
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which developed during transarterial embolization of a dural
arteriovenous fistula (DAVF).

Clinical presentation
Clinical presentation and diagnostic workup

A previously healthy 52-year-old woman presented with a 4-
month history of left-sided numbness of the upper lip, cheek,
tongue, and forehead. Neurological examination revealed
hypalgesia and dysalgesia in the dermatomes of the first and
second division of the left trigeminal nerve. Digital subtrac-
tion angiography (DSA) showed a right tentorial DAVF with a
venous ectasia (Fig. 1a). The DAVF was mainly supplied by
the middle meningeal, occipital, and the marginal tentorial
arteries and drained into the galenic venous system.

Endovascular procedure

The patient underwent transfemoral endovascular treatment
with triaxial catheterization of the right occipital artery
(Fig. 1b) using a Neuron™ MAX sheath (Penumbra, CA,
USA), a Sofia® 55 distal access catheter (MicroVention,
CA, USA), and a 1.3-F Headway® Duo microcatheter
(MicroVention). The microcatheter was placed in a pedicle
close to the fistula site (Fig. 2a) and slow injection of
PHIL™ 25% (MicroVention) into the small dural network
feeding the arteriovenous shunt was performed and resulted
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Fig. 1 a Right external carotid artery angiogram in frontal view shows a
right tentorial dural arteriovenous fistula at the level of the superior
petrosal sinus. The fistula was drained by the deep venous system via
the lateral mesencephalic vein (short arrow), vein of Galen, and the left
transverse sinus (long arrow). A venous ectasia was present. b Right
occipital artery angiogram obtained using a large-bore intermediate
Sofia® catheter (catheter tip, long arrow) shows small dural arteries (short
arrows) supplying the dural network of the lateral transverse sinus and
tentorium (arrowheads). The SCE later developed in this area

in reduced flow with contrast stagnation in the venous ectasia.
Surprisingly, towards the end of the procedure, some contrast
stagnation was also seen on DSA and unsubtracted images
along the walls of the transverse sinuses (Fig. 2b—e). Careful
review of previous angiograms showed no direct contrast ex-
travasation. A total of 260 cc of contrast medium (Omnipaque
240 mgl/mL, GE Healthcare, Brendby, Denmark) had been
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administered during the procedure. A non-contrast Dyna CT
revealed hyperdense areas in the posterior cranial fossa and
foramen magnum, which appeared to be confined to the sub-
dural space (Fig. 3a). Our initial suspicion was the develop-
ment of an acute SDH possibly mixed with contrast. Thus, the
embolic injection was stopped, and the procedure terminated.

Postoperative course

The patient woke up with no new neurological symptoms, not
even headaches and had an uneventful postprocedural course.
A 24-h follow-up Dyna CT showed no residual contrast in the
subdural space (Fig. 3b). The diagnosis of a SCE was sug-
gested based on rapidly evolving hyperdense attenuation and
quick and complete resolution on serial images [5, 10] com-
bined with no clinical sequelae [2, 3].

Discussion

Effusion of contrast medium into the subdural space is a rare
event related to intraarterial and intravenous contrast adminis-
tration which may occur after high doses of contrast medium
above 200 mL [1, 5]. It presents early after contrast adminis-
tration and often shows complete resolution on follow-up CT
within 2 days [1, 2, 5, 8, 10]. It may reoccur after repeated
contrast infusions [10]. While the patient’s course is often self-
limiting and without new neurological symptoms, it is impor-
tant to exclude a subdural hematoma as a possible complica-
tion of endovascular therapy [6]. SCEs may occur in critically
ill patients with severe neurological symptoms, but in these
patients, symptoms have previously been caused by the un-
derlying condition rather than the SCE [5, 10].

The diagnosis of a SCE has previously been established on
conventional CT imaging with attenuation values above 100
HU [5], since extravasated contrast medium (mean 155 HU;
range 91-274 HU) has significantly higher attenuation values
than hematoma (mean 54 HU; range 28-82 HU) [9].
However, subdural effusions with lower attenuation values
have been reported after intraarterial (35 HU) and intravenous
(median 35 HU; interquartile range 16 HU) contrast adminis-
tration, because the contrast medium may lose some [1, 10].

Recent studies advocate dual-energy CT as a valuable di-
agnostic tool to differentiate between SCEs, hematomas, and
hematomas mixed with contrast [1, 4, 8]. Although dual-
energy CT may provide optimal discrimination between io-
dine and blood, we believe an immediate Dyna CT is suffi-
cient and should be performed in the angiosuite to exclude an
acute SDH, when a hyperdense accumulation is noted during
EVT. Periprocedural monitoring of heartrate and blood pres-
sure and early postoperative neurological examination should
be performed to identify signs of increased intracranial
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Fig. 2 Native fluoro-images in
frontal view during the PHIL™
injection showing the tips of the
Sofia® catheter (short arrow) and
the Headway® Duo
microcatheter (long arrow) in the
right occipital artery (a, b). a No
subdural contrast was visible in
the beginning of the PHIL™ in-
jection. b A subdural contrast ef-
fusion developed after 1 min of
PHIL™ injection (arrowheads),
but the contrast accumulation was
not noted due to image subtrac-
tion. ¢ Unsubtracted DSA image
in frontal view showing extensive
contrast accumulation along the
right cerebellar tentorium after

5 min of PHIL™ injection (ar-
rowheads). d At that time, the
subdural contrast effusion was
noted on DSA and the PHIL™
injection was terminated. No
contrast extravasation was visible.
e Unsubtracted radiograph in
frontal view 30 min after the
transarterial embolization show-
ing contrast stagnation along the
tentorium (long arrows) and cere-
bellar falx (short arrows)

pressure. Clinical suspicion of a hematoma mixed with con-
trast should prompt acute neurosurgical management.

SCEs may occur due to the disruption of the vascular in-
tegrity of dural vessels but have also been reported in patients
with no intracranial abnormalities [1]. In general, SCEs are
caused by changes in contrast permeability [5, 10] and hydro-
static pressure in the dural vessels [1, 3]. Contrast medium
may diffuse into the dural extracellular space through fenes-
trated dural vessels [1, 5].

Rennert and Hamer [5] reported a SCE after cardiac arrest.
They suggested that increased contrast permeability was
caused by transient disruption of the dural vessels due to the
neurotoxic effect of hyperosmolar contrast medium or by ves-
sel damage from hypertension, ischemia or hypoxia. In our
view, the extensive SCE in their patient may be explained by

damage to the dural vessels due to hypoxia possibly worsened
by ischemia-reperfusion injury. Furthermore, microcirculatory
dysfunction and impaired cerebral autoregulation may have
led to an increased hydrostatic pressure—related leakage of
contrast medium [7]. Zamora and Lin [10] proposed that neu-
roinflammation may increase extravasation of contrast in
dural vessels after subarachnoid hemorrhage and interestingly
several cases have subsequently been reported [1, 8].
Furthermore, neovascularization in chronic subdural hemato-
mas have been mentioned as another explanation of increased
contrast permeability [10].

Hydrostatic pressure-related SCEs can be categorized
based on the administration of contrast medium into the sys-
temic circulation or intracerebral vasculature. Bodanapally
et al. [1] reported a high proportion of 8.2% of SCEs after
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Fig. 3 Unenhanced Dyna CT images. a Periprocedural scan showing
hyperdense contrast accumulation confined to the subdural space of the
tentorium with extension to the foramen magnum (arrows). b 24-h
postprocedural scan showing no residual subdural contrast accumulation

systemic intravenous contrast administration in patients with
blunt head traumas. These SCEs mainly involved the frontal,
parietal, and temporal lobes and were thought to be caused by
age-related cerebral volume loss and intracranial hypotension
[1]. Fujiwara et al. [3] reported a SCE located to the posterior
cranial fossa occurring during transfemoral cavernous sinus
venography after bilateral contrast injections into the inferior
petrosal sinuses. Although the exact mechanism remained un-
certain, the authors discussed dural tearing by catheter manip-
ulation as a possible cause. However, it may also be consid-
ered that contrast injection itself could have caused the local-
ized SCE in their patient due to increased hydrostatic pressure
in small dural vessels.

In our case, the contrast accumulation was not immediately
noted due to image subtraction used for the DSA runs and
frequent road map resets during the embolization. The SCE
initially followed the walls of the right and then the left trans-
verse sinuses, then the cerebellar tentorium, and eventually the
spinal subdural space. Dyna CT images revealed bilateral con-
trast effusions with more extensive accumulation on the right
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side (Fig. 3a) corresponding to the location of the DAVF and
side of repeated contrast injections. As the patient was placed
in supine position throughout the procedure, it seems likely
that contrast medium extravasated on the right side and mi-
grated to the dependent portion as has been previously report-
ed [3].

Assessment of unsubtracted angiograms obtained during
the injection of PHIL™ showed that the SCE developed over
a period of about 5 min (Fig. 2b, ¢). No contrast accumulation
was present before the injection of PHIL™ (Fig. 2a) and the
position of both the Sofia® catheter and Headway® Duo
microcatheter did not change during the development of the
SCE. As the catheter tip was located far from the SCE, we
believe that it is unlikely that the SCE was caused by direct
catheter or wire manipulations.

Occlusion of a DAVF with liquid embolics, even if only
partial, can cause profound hemodynamic changes of the
dural blood circulation with reduced flow and increased vas-
cular resistance. During embolization, control runs were per-
formed using the intermediate catheter (5-F Sofia®, internal
diameter 0.055 in.) placed distal in the occipital artery. The
larger inner catheter lumen allows for more forceful injections
of large amounts of contrast medium. During the embolization
with stepwise occlusion of the low-resistance AV shunting, an
increasing amount of contrast gets rerouted into the remaining
high-resistance normal dural vascular territory. This may have
led to an increased pressure, which possibly triggered an
opening of the smallest dural vessels and induced radiograph-
ically invisible micro-leakages from the smallest dural vessels.
A control DSA obtained right before injection of PHIL™
using the Sofia® catheter (Fig. 1b) supports this hypothesis,
because small arteries were visible supplying the right lateral
tentorium corresponding to the area where the SCE initially
developed (Fig. 2b). We believe the contrast leakage occurred
in the smallest dural arteries, since no direct arterial extrava-
sation or vessel perforation was visible throughout the
procedure.

Although our patient did not develop symptoms, SCE oc-
curring during endovascular procedures can have implications
when mimicking a SDH and possibly changing treatment
strategy or leading to premature termination of a treatment
session. Benign subdural contrast effusions are extremely rare
but should be considered in cases with subdural contrast ac-
cumulations during or after intraarterial and intravenous con-
trast administration. While patients with SCE often remain
asymptomatic, exclusion of a subdural hematoma by CT and
early neurological examination is crucial. We believe that in
our case, repeated contrast injections via a large-bore interme-
diate catheter into an occluding dural AV shunt may have
overwhelmed the remaining non-target territory with subse-
quent leakage of contrast medium into the subdural space. The
distinction between a benign SCE and a SDH is of clinical
relevance when performing EVT in patients with DAVFs.
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