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Bilateral Fornical Columns Infarction Secondary to an Arteriovenous Malformation
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-BACKGROUND: Three group of perforation branches are described coming
out from the anterior communicating artery (AcoA): the hypothalamic branches,
chiasmatic branches, and subcallosal artery (ScA). Bilateral anterior fornix
infarction with sudden anterograde amnesia after ScA ischemic stroke has been
previously described. Although only a few cases are reported in the literature,
ScA occlusion has been well described for both noniatrogenic and iatrogenic
causes. Several cases of iatrogenic injuries have been reported after AcoA
aneurysm clipping or, less frequently, after embolization.

-CASE DESCRIPTION: A 43-year-old man was admitted for a subarachnoid
hemorrhage secondary to the rupture of a right high-flow anterior cerebral artery
(ACA) aneurysm related to a right frontobasal arteriovenous malformation (AVM).
The aneurysm was treated early by endovascular embolization. At discharge, the
patient was Glasgow Outcome Scale score 1. Five months later, the AVM was
treated endovascularly in 3 sessions. The last session was performed through a
median branch of the right A2 segment of the ACA, allowing an 80% AVM
exclusion. However, the patient woke up with anterograde memory impairment
and confusion. Magnetic resonance imaging showed infarction of both anterior
columns of the fornix. The clinical condition of the patient 3 years after stroke
has improved.

-CONCLUSIONS: Bilateral anterior fornix infarction leading to amnestic syn-
drome is encountered in ScA stroke. We report a rare case of bilateral anterior
fornix infarction secondary to an AVM embolization supplied by the ACA, not an
anatomic region that provides blood supply of the anterior columns of the fornix.
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ACoA: Anterior communicating artery
AVM: Arteriovenous malformation
MdCA: Median callosal artery
ScA: Subcallosal artery

From the Departments of 1Neurosurgery and 2Interventional
Radiology, Cliniques Universitaires Saint-Luc, Université
Catholique de Louvain, Brussels, Belgium

To whom correspondence should be addressed:
Christian Raftopoulos, M.D., Ph.D.
[E-mail: Raftopoulos.christian@hotmail.com]

Citation: World Neurosurg. (2020) 135:113-117.
https://doi.org/10.1016/j.wneu.2019.11.141

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2019 Elsevier Inc. All
INTRODUCTION

Infarction of both anterior columns of the
fornix leading to sudden anterograde
amnesia has been encountered after sub-
callosal artery (ScA) stroke. This syn-
drome, similar to Korsakoff syndrome, is
also known as the amnestic syndrome of
the ScA.1

Although only a few cases have been
reported in the literature, ScA occlusion
has been well described for both non-
iatrogenic and iatrogenic causes. The
most encountered etiology is micro-
angiopathy rather than cardioembolism.
Several cases of iatrogenic injuries have
been described after anterior communi-
cating artery (ACoA) aneurysm clipping2-4

or, less frequently, after aneurysm
embolization.5

We report the first case, to our knowl-
edge, of bilateral anterior fornix infarction
after a right frontobasal parasagittal

rights reserved.
WORLD NEUROSURGERY 135: 113-117,
arteriovenous malformation (AVM)
embolization.

Case Description
A 43-year-old man was admitted in our
neurosurgical department with a World
Federation of Neurosurgical Societies
grade 4 and a subarachnoid hemorrhage
Fisher grade 3 because of a ruptured ACoA
aneurysm with a neck of 8 mm and a
fundus of 10 mm associated with a
Spetzler-Martin grade 3 frontobasal para-
median right AVM. The AVM had a size of
5 cm and deep venous outflow into the
vein of Galen (Figure 1). The patient
underwent complete embolization of the
ACoA aneurysm within 48 hours after the
rupture without any complications
(Figure 2). At hospital discharge, the
MARCH 2020 www.journals.el
patient showed only a slight motor
impairment of the left foot and right
supranuclear palsy. A few weeks later,
the patient had fully recovered (Glasgow
Outcome Scale score 1).
Four months after the aneurysm

embolization, and after a multidisciplinary
meeting in attendance of an interventional
radiologist and neurosurgeons, it was
decided to carry out in the first instance
the embolization of the AVM. Indeed, the
ruptured aneurysm was a type I aneurysm
related to the AVM, and surgery was
considered too risky because of previous
subarachnoid hemorrhage and because of
the size of the AVM and its location. The
patient underwent a first uneventful AVM
embolization through proximal A2
branches allowing an AVM occlusion of
sevier.com/world-neurosurgery 113
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Figure 1. Digital subtraction angiography. (A) Coronal view shows a large arteriovenous malformation.
(B) Profile view. Black arrow shows the anterior communicating artery aneurysm. White arrow shows
the large deep drainage vein. Star is located into the nidus of the arteriovenous malformation.
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40%. Two months later, the patient had a
second uneventful AVM embolization
through an inferior arterial pedicle leaving
30% of the AVM untreated. Finally, a third
embolization through a median branch of
the right A2 segment of the anterior ce-
rebral artery (ACA) was performed 2
Figure 2. Digital subtraction angiography, p
complete coil embolization of the anterio
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months later, allowing an AVM exclusion
of approximately 80% (Figure 3).
Immediately after the last procedure,

the patient showed an acute spatiotem-
poral disorientation associated with
global confusion and anterograde mem-
ory impairment. Magnetic resonance
rofile view. The arrow indicates the
r communicating artery.
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imaging (Figure 4) performed 2 days after
the embolization showed bilateral
infarction of the anterior columns of the
fornix.
The patient was discharged from the

hospital with neuropsychologic rehabili-
tation. Five months later, the patient, his
family, and his neuropsychologist noticed
moderate improvement of the short-term
memory deficiency. Indeed, the patient
still presented difficulties with working
and long-term verbal memories. He also
showed executive function impairment
with verbal inhibition and lack of atten-
tiveness, leading to difficulties with mul-
tiple tasks.
DISCUSSION

We report a rare case of bilateral anterior
columns of fornix infarction after AVM
embolization. The amnestic syndrome of
the ScA refers to memory impairment
secondary to ischemia of the anterior
columns of the fornix.1 This syndrome
has been observed in ScA acute
infarction.
The fornix is a fiber bundle connecting

the hippocampus with the hypothalamus.
It is an important part of the Papez circuit.
The anterior columns of the fornix are
located in front of the interventricular fo-
ramen and are caudal to the anterior
commissure. The anterior columns of the
fornix enter the hypothalamus and the
mamillary bodies. Their blood supply is
mainly provided by ACoA branches and
especially by the ScA.6

There are 3 main types of perforating
arteries arising from the AcoA7: the
hypothalamic arteries, chiasmatic
arteries, and ScA. The latter is the largest
perforating branch of the AcoA, usually
arising from the median third (53%) or
the left lateral third of the AcoA (29%).6

This unique artery runs along the cistern
of the lamina terminalis, in the right and
left subcallosal areas. Regarding the
path, the ScA usually follows a C-shaped
course to the paraterminal gyrus and less
frequently a straight course to the
parolfactory gyrus.
The most frequently vascularized parts

are the paraterminal and parolfactory gyri,
rostrum and genu of the corpus callosum,
lamina terminalis, anterior commissure,
and anterior columns of the fornix.
s://doi.org/10.1016/j.wneu.2019.11.141
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Figure 3. Digital subtraction angiography, profile views. (A) First
embolization of the arteriovenous malformation (AVM) by Onyx 34 and
Onyx 18 (a nonadhesive liquid embolic agent composed of ethylene vinyl
alcohol dissolved in dimethyl sulfoxide) (Ev3 Inc., Plymouth,

Massachusetts, USA). (B) Second embolization of the AVM by SQUID 18
(a nonadhesive liquid embolic agent composed of ethylene vinyl alcohol
copolymer with suspended micronized tantalum) (Emboflu). (C) Third and
final embolization of the AVM by SQUID 18.
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The ScA is replaced by the median cal-
losal artery (MdCA) in 21% of cases. Both
arteries do not coexist. The mean diameter
of the ScA is 0.5 � 0.1 mm; for the MdCA
the mean diameter is 1.1 � 0.6 mm. In a
study analyzing the heads of 33 adults, 26
(79%) had ScA, whereas 7 (21%) had
MdCA. Because the MdCA reaches the
body and splenium of the corpus cal-
losum, it can therefore be considered as a
Figure 4. Postoperative cerebral magnetic
resonance imaging. Diffusion sequence in
an axial plane. The white arrow indicates a
hyper signal that corresponds to a bilateral
infarction of the anterior columns of the
fornix.
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variant of the ScA with a longer
trajectory.8,9

The diameter and length of the ScA was
greater in the fornix vascularized group in
a study of 21 cadaveric brains.6 Ischemia of
the ScA during surgery or endovascular
treatment of AcoA aneurysms might be
more likely to result in memory
disorders, especially in large-diameter
arteries.
The presentation of ScA infarction is

anterograde amnesia, sometimes associ-
ated with other symptoms such as retro-
grade amnesia, behavioral or personality
changes, psychomotor retardation, or
Korsakoff psychosis.2,10

Magnetic resonance imaging can show
a goblet sign, which is a Y image formed
on magnetic resonance imaging axial view
by an acute infarct of the corpus callosum
genu and both anterior columns of the
fornix and is often seen in cases of
amnestic syndrome of the ScA.11 However,
we were unable to identify this sign in the
presented case.
ScA strokes can be explained by iatro-

genic or noniatrogenic causes. The latter
ones are the most frequent, especially
microangiopathy rather than car-
dioembolism. However, iatrogenic causes
are well known by neurosurgeons. Indeed,
some cases of memory impairment have
been reported after AcoA aneurysm treat-
ment (clipping or coiling).2-5
MARCH 2020 www.journals.el
To our knowledge, fornix infarction
caused by embolization of frontobasal
paramedian AVM supplied by the ACA has
never been reported in the literature.
Our assumption is that this fornix

infarction took place during the emboli-
zation procedure that was performed
through the A2 branches. Indeed, SQUID
18 (Emboflu, Gland, Switzerland) was
used, which is a nonadhesive liquid
embolic agent and has the ability to get
deeper into the nidus of the AVM to reach,
in counterflow, the distal microvessels of
other small feeders of the AVM. This
means that the ScA or one of its branches
was probably contributing to the AVM.
This hypothesis was reinforced retrospec-
tively when a small vessel that looked like
the ScA was visible on digital subtraction
angiography until the last embolization
(Figures 5 and 6).
Other less probable hypotheses are

worth mentioning. The first one is an
anatomic variation of the ScA, arising from
the ACA. However, such anatomic varia-
tions have not been described in the liter-
ature. In terms of anatomic variations, the
ScA can arise either from the side of the
artery or from themidportion of the artery.6

However, emergence of the ScA has never
been found elsewhere than from the
ACoA. Further anatomic research should
be carried out to exclude any anatomic
variations arising in the ScA and to
sevier.com/world-neurosurgery 115
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Figure 5. Three fourths profile schematic view of the subcallosal artery. ACA,
anterior cerebral artery; ACoA, anterior communicating artery; ScA,
subcallosal artery.
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investigate local vascularization of anterior
columns of the fornix.
Another hypothesis is a ScA infarction

secondary to a localized cerebral
Figure 6. Right anterior oblique view on digital subtra
after the first arteriovenous malformation (AVM) embo
arises from the anterior communicating artery (maske
probably be the subcallosal artery. (B) DSA performed
small vessel is not visibly seen anymore. It was prob
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vasospasm of the ACoA complex second-
ary to the embolization procedure
occurred.12 However, there was no
subarachnoid hemorrhage at the time of
ction angiography (DSA). (A) DSA performed
lization. A small vessel is visible (black arrow); it
d by the big embolized aneurysm). This could
at the end of the last AVM embolization. This

ably plugged by SQUID 18.
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the last embolization session. Indeed, a
subarachnoid hemorrhage had happened
8 months before the last embolization.
This hypothesis is therefore less likely.

CONCLUSIONS

We report an unusual and rare case of
infarction of the anterior columns of the
fornix consecutive to the embolization of an
ACA vascular pedicle of an AVM. Such in-
farctions are well described in ScA stroke
but not in peripheric embolization.
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