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A 13-year-old boy, with a history of intermittent headache and transient diplopia, was found
to have non-hemorrhagic cerebral arteriovenous malformation in the midbrain tegmental
region associated with hydrocephalus. Gamma knife radiosurgery was performed at 16 Gy
with 75% marginal dose. Posttreatment course was uneventful. Follow-up MR imaging at

one year after the treatment revealed complete disappearance of the abnormal vascular
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flow voids. The size of each ventricle at the treatment and at one year after treatment were
as follows; 60.2 cc and 20.9 cc in the lateral ventricles, 3.7 cc and 2.7 cc in the third ventricle.
The hydrocephalus might be caused by obstructive mechanism but mostly by high venous
pressure due to the shunt blood flow. The goal of treatment for hydrocephalus should be
nidus obstruction and normalizing the vascular flow.

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Hydrocephalus is commonly associated with cerebral arteri-
ovenous malformation after the onset of subarachnoid hem-
orrhage, but it is rarely occurred in non- hemorrhagic case
[1]. The mechanism of hydrocephalus is that dilated nidus or
draining veins physically obstruct the circulation path of cere-
brospinal fluid [2], and/or that an increase in venous perfu-
sion pressure due to shunt blood flow causes cerebrospinal
fluid absorption disorders [3]. Case reports such as ventricular
peritoneal shunting [4,5] and third ventriculostomy [6-8] have
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been found to be effective. We report a case of cerebral arte-
riovenous malformation with hydrocephalus found only with
a slight headache, in which gamma knife treatment for the
nidus improved the ventricular enlargement.

Case presentation

A 13-year-old boy, who was naturally healthy, was found to
be difficult to see both sides of his visual field during exercise
for about 10 minutes. After that, he felt a mild intermittent
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Fig. 1 - Anteroposterior (A) and lateral (B) angiograms showing nidus locating perimesencephalic region with tortious
internal cerebral vein which is finally draining to the vein of Galen.

headache, so when he visited a nearby doctor on the same day
and MR images demonstrated a vascular malformation. He
was admitted to a core hospital for scrutiny and had the fol-
lowing imaging findings. In MR imaging, a 15 mm-seized nidus
was found on the dorsal side of left midbrain, and dilated
draining veins were flowing from the Galen vein to the straight
sinus (Fig. 1). No evidence of bleeding was found in the brain
parenchyma. Angiographically, the feeding arteries were com-
ing from the left posterior cerebral artery, the left upper cere-
bral artery, and the transmesencephalic artery, and the out-
flow vein was via the internal cerebral vein (Fig. 2). He was in-
troduced to our hospital for the purpose of treating by gamma
knife radiosurgery. After hearing a second opinion regarding
the possibility of endovascular treatment and other radiother-
apy, he finally requested treatment with gamma knife treat-
ment alone. The marginal dose was prescribed at 15 Gy (75%),
considering that the nidus was diffused type and located in
the brain stem. A few days after the treatment, he complained
to be difficult to focus, but no obvious diplopia was noted.
He had MRI studies every three months after the treatment.
The flow void of draining vein tended to shrink in six months.
The nidus and the draining vein flow void disappeared in 15
months after the treatment (Fig. 3). In FLAIR images, slightly
high signal area around the nidus was found but it was asymp-
tomatic.

Ventricular size change was as follows: the volume of the
lateral ventricle at the time of treatment was 60.2 cc, but
the volume decreased over time to 20.9 cc one year after the
treatment. The third ventricle also decreased from 3.7 cc to
2.7 cc, but the fourth ventricle did not decrease from 0.7 cc
to 1.1 cc. Retrospectively, the blood flow from both internal
carotid artery before the treatment perfused only the corti-

cal veins, flowing into the superior sagittal sinus. The venous
flow into the internal cerebral vein and the straight sinus was
not observed (Fig. 4). This angiographical observation likely in-
dicated abnormally high venous pressure in the deep venous
systems.

Discussion

Nidus location

It is rare for non-hemorrhagic cerebral arteriovenous mal-
formation to be associated with hydrocephalus. Most of the
reports in the literature are single or a few case reports.
The only study regarding the frequency, 8 (1.8%) of 440 non-
hemorrhagic cerebral arteriovenous malformations in a sin-
gle institution have been found to be associated with hydro-
cephalus [1]. In 2007, Mindea et al. [2] reported a case of ob-
structive hydrocephalus with a 3 cm-sized non-hemorrhagic
nidus in the parietooccipital lobe, in which a dilated draining
vein located in the quadrigeminal cistern mechanically ob-
structed the cerebral aqueduct. There have been reports of hy-
drocephalus due to the obstruction of the cerebrospinal fluid
circulation by a similar dilated draining vein. The nidus site is
mostly in the posterior fossa or tegmentum area and there are
few pediatric cases [1,5]. The fact that there are many adult
onsets despite its congenital etiology suggests it takes time
to become symptomatic. Our case was found at age 13 before
the symptoms of hydrocephalus became apparent and may
become symptomatic in the future if treatment for cerebral
arteriovenous malformation was not given.
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Fig. 2 - Axial fast spoiled gradient echo image with gadolinium showing nidus on the dorsal side of left midbrain (arrow) (A)
and MR angiogram showing the nidus (B). One year after the treatment, FLAIR image showing slightly high signal area but
no flow void (C) and MR angiogram showing disappearance of the nidus (D).

Treatment choice for hydrocephalus

Ventricle-peritoneal shunt or third ventriculostomy is often
selected for the treatment of hydrocephalus. There have been
reports that ventricular size and clinical symptoms improved
soon after placement of the ventricular peritoneal shunt [4,5],
but in the case reported by Mineda et al. [2] the enlarged
ventricle shrank even after two weeks of external drainage.
In that case, the ventricular peritoneal shunt was finally
placed and hydrocephalus improved after three weeks. Fur-
thermore, cases have been reported in which shunt dysfunc-
tion was repeated after placement and finally third ventricu-
lostomy was performed [9]. In recent years, the third ventricu-
lostomy seems to be preferred [6-8,10]. Regarding this point,
Geibprasert et al. [1] revealed that 5 out of 6 cases treated with
shunt had troubles such as no improvement of symptoms or
shunt dysfunction. They pointed out that the cause was that
nidus was not obstructed and the high venous pressure due

to draining vein has not been normalized and concluded that
hydrocephalus cannot be cured only by improving the cere-
brospinal fluid circulation with a shunt [1]. In their series,
embolization only or embolization followed by gamma knife
treatment ultimately improved hydrocephalus. In our case,
ventricular enlargement was observed but it was not symp-
tomatic, so shunt surgery was not indicated. This is the first re-
port that hydrocephalus has improved only with gamma knife
treatment.

Mechanisms of ventricle enlargement

Many case reports attribute the pathogenesis of hydro-
cephalus to obstruction of the cerebrospinal fluid circulation
[2,4-6,9]. On the other hand, Ebinu et al. [3] have reported a
case of hydrocephalus in which the cerebral aqueduct was pa-
tency and periventricular vein and transmedullary vein were
dilated on MRI. Embolization rapidly improved the symptoms
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Fig. 3 - T2 weighted MR images at the treatment (A)(B)(C) and one year after the treatment (D)(E)(F) demonstrating
disappearance of the flow void of draining vein and significant reduction in size of both lateral ventricles and the third

ventricle.

and imaging findings of hydrocephalus. Embolization of the
nidus was thought to normalize the venous pressure around
the ventricles including intraventricular capillaries and intra-
parenchymal capillaries.

In recent years, regarding the intracranial cerebrospinal
fluid circulation, not only the absorption pathway from the
classical arachnoid granules but also the absorption path-
way from the brain parenchyma has been studied. The mech-
anism of ventricular enlargement by cerebral arteriovenous
malformation is not necessary always an obstructive mech-
anism [11]. The cerebrospinal fluid absorption system into
the blood vessels may be necessary to be improved in some
cases. In other vascular disorders, basilar artery aneurysms

and venous malformations have been reported to have ob-
structive hydrocephalus [1,12,13], but in case of cerebral ar-
teriovenous malformation, a more complex mechanism of
both physical occlusion and absorption disorder is possibly
involved. When managing non-hemorrhagic cerebral arte-
riovenous malformation, observation is also considered in
consideration of the risk of treatment complications, but
for cerebral arteriovenous malformation near the cerebral
aqueduct, it is important to observe also the progress of
the increase in ventricular size. If the ventricles expand
progressively, it is recommended to actively consider treat-
ment for cerebral arteriovenous malformation, even if it is
non-hemorrhagic.
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Fig. 4 - The venous phase of the right internal carotid artery imaging (A), and the left internal carotid artery imaging (B)
demonstrating perfusion of the cerebral surface veins flowing through the superior sagittal sinus to the jugular vein. In
both images, the venous flow from the internal cerebral vein to the straight sinus was not observed. The venous phase of
the right vertebral artery imaging (C) demonstrated that the nidus-mediated shunt flow observed in Fig. 1 flows directly
from the internal cerebral vein to the straight sinus.




RAaDIOLOGY CASE REPORTS 17 (2022) 1076-1081

1081

Conclusion

Hydrocephalus was cured by obstructing nidus with gamma
knife treatment alone for non-hemorrhagic cerebral arteriove-
nous malformation. Mechanism of hydrocephalus is thought
to be mainly increased venous pressure. The treatment goal
for hydrocephalus should be normalizing the blood flow by
nidus obstruction.

Patient consent

Consent was obtained by all participants in this study.
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