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Background: Intraventricular lesions present a surgical challenge because of the complexity of the ventricular anatomy, various
perforating arteries, and eloquent brain areas surrounding the system. The ventricular atrium is particularly challenging because
of the cingulate gyrus, corpus callosum, optic pathways, and significant vascular structures. We present the case of a patient for
whomwe used a new surgical approach to reach a lesion in the ventricular atrium.
Case Report: A 26-year-old male presented with an intraventricular hemorrhage, acute hydrocephalus, and a grade III arteriove-
nous malformation (AVM) in the atrium of the left lateral ventricle. We approached the AVM through a posterior parietooccipital
paracallosal interhemispheric approach. Instead of transecting the cingulate cortex as is traditionally done,we gently retracted the
cingulate gyrus andmade a small paracallosal incision to reach the atrium of the left lateral ventricle. The surgery was uneventful.
The patient recovered well and was discharged home on postoperative day 3 without any deficits.
Conclusion: This case illustrates a novel variation to an established approach to the ventricular atrium. With this technique, the
surgeon minimizes disruption of brain tissue and thereby avoids the associated postoperative deficits associated with traditional
approaches (transcortical, transcingulate, and conventional transcallosal). Tractography studies and a large cohort of patients are
necessary to ensure the reproduction of good outcomes.
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INTRODUCTION
An arteriovenous malformation (AVM) is a type of vas-

cular anomaly in which, among a tangle of vessels, blood
flows directly from arteries to draining veins without an inter-
vening capillary network. This direct arteriovenous connec-
tion causes a high-flow environment that makes AVMs quite
fragile and prone to bleeding. The risk of bleeding is life-
long, and the risk of hemorrhage has been calculated to be
2%-4% per year.1

Treatment modalities for AVMs include surgery, stereotac-
tic radiosurgery, and embolization. Microsurgical resection
is still the treatment of choice, as it is immediately curative
in approximately 50% of patients with an AVM.2 However,
surgery is only offered if the location and type of AVM are
amenable to surgical intervention.
The ventricular system of the brain is a difficult location

for surgery and an area in which AVMs can be present,
although rarely. Surgical approaches to these intraventricu-
lar AVMs must acknowledge the numerous perforating arter-
ies supplying critical subcortical regions and the multidirec-

tional white matter tracts associated with the ventricular sys-
tem. The atrium of the lateral ventricle is a particularly diffi-
cult location to access in surgical interventions. Numerous
microsurgical approaches have been described for access-
ing the atrium, including transcortical at the superior pari-
etooccipital junction, posterior transcallosal, parietooccipital
interhemispheric transcingulate, and lateral transtemporal at
the temporoparietal junction or at the middle/inferior tempo-
ral gyrus, each with its own risks and complications.3-5

We present a new surgical variation of the interhemi-
spheric approach to the atrium of the lateral ventricle. This
approach avoids the traditional transcingulate, transcortical,
and transcallosal routes and thus also avoids the possible
deficits associated with the disruption of these structures.

CASE REPORT
A 26-year-old male presented to an outside hospital with

severe, sudden-onset headache and loss of conscious-
ness; computed tomography (CT) scan of the brain showed
intraventricular hemorrhage with obstructive hydrocephalus
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Figure 1. Computed tomography (CT) on hospital day 1 demonstrates (A and B) intraven-
tricular hemorrhage, and (C) a follow-up CT 24 hours after onset of symptoms shows hydro-
cephalus.

(Figure 1). The patient was emergently transferred to our
hospital. On initial examination at arrival to the hospital, the
patient was awake without any focal neurologic deficits. An
external ventricular drain (EVD) was placed emergently as
the patient subsequently became obtunded. Further workup
with magnetic resonance angiography showed a Spetzler-
Martin grade III AVM in the left lateral ventricle (Figure 2).
Digital subtraction angiography confirmed the 3 mm × 2 mm
left atrial AVM (Figure 3). The patient was kept in the inten-
sive care unit to clear the intraventricular hemorrhage and
stabilize clinically for 7 days.
On hospital day 8, the patient was taken to the oper-

ating room. Femoral arterial access was obtained prior
to positioning for intraoperative angiography. The patient
was placed in the prone position with the head extended
20 degrees, and the neuronavigation system was synced
with the patient’s computed tomography angiography. An
occipital-based horseshoe incision was made perpendic-
ular to the location of the AVM using neuronavigation as
a reference. A craniotomy centered over the parietooccipi-
tal sagittal sinus was made (Figures 4A and 5A). The dura
was opened in a horseshoe fashion on the left side, using
the sinus as the durotomy base and being careful to avoid
injuries to the sinus and cortical veins (Figures 4B and 5B).
The parietal lobe was then retracted to visualize the cingu-
late gyrus. Bridging veins were kept intact. Cerebrospinal
fluid was drained at this point through the ventriculostomy
to further relax the brain, and the cingulate gyrus was gently
retracted. Thismaneuver allowed us to go beneath the gyrus,
deep into the callosal sulcus. After confirming the correct
location using the neuronavigation probe, we made a small
paracallosal incision deep into the callosal sulcus without

Figure3. Digital subtractionangiography in (A)
anteroposterior and (B) lateral views demon-
strates left atrial arteriovenous malformation
(arrows).

Figure 2. Magnetic resonance angiography axial cuts demonstrate an ar-
teriovenous malformation located in the atrium of the left lateral ventricle
(arrows).
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Figure 4. Artist’s representation of the surgical approach shows (A) a craniotomy overlying
the parietooccipital sagittal sinus, (B) left-sided horseshoe dura incision with the sinus as
the durotomy, (C) parietal lobe retraction allowing for adequate visualization of the cingu-
late gyrus that was gently retracted for deep access to the callosal sulcus, and (D) a small
paracallosal incision made deep into the callosal sulcus without transecting the cingulate
gyrus.

transecting the cingulate gyrus (Figures 4C, 4D, and 5C). The
atrium of the left lateral ventricle was reached without diffi-
culty (Figure 5D). The small AVMwas visualized and resected
in the usual fashion without intraoperative rupture or hemor-
rhage. Surgery was completed without complications.
The patient had an uncomplicated postoperative course,

and the formal visual field examination remained within nor-
mal limits postoperatively. The EVDwas removed on postop-
erative day 2. On postoperative day 3, the patient was dis-
charged home without any neurologic deficits. The patient
remained neurologically intact at the 2-week and 3-month
follow-up examinations.

DISCUSSION
We present the interhemispheric paracallosal approach

for an AVM of the atrium, a new surgical approach to the
atrium of the lateral ventricle that avoids the common cingu-
late gyrus corticotomy and instead uses a small paracallosal
(deep into the callosal sulcus) incision to minimize brain tis-
sue disruption.
When operating in or near the lateral ventricles, the sur-

geon must be cognizant of the optic radiations, including the
Meyer loop, that have been found to cover the lateral wall of
the temporal horn of the lateral ventricle up to the atrium.

However, the medial wall of the atrium does not consist of
any optic radiation fibers.6 Mahaney and Abdulrauf6 show
that the superior parietooccipital approach, the transtem-
poral approach, and even the relatively new lateral insu-
lar transsulcal approach7 would all traverse optic radia-
tion fibers. They advocate the posterior interhemispheric
parietooccipital approach with a slightly more inferior entry
point than the standard protocol to best avoid the optic
radiation fibers.6 However, their advocated approach (still
considered the transcallosal approach) transects fibers of
the cingulate gyrus and the splenium of the corpus callo-
sum, so the patient is therefore vulnerable to postopera-
tive complications such as auditory or visual disconnection
syndrome.

Our approach to the atrium avoids dividing the cingu-
late gyrus, thereby preventing potential associated neuro-
logic deficits such as visual field deficits, alexia, and visual
anomia.5 The cingulate gyrus has been implicated in many
complex neurologic tasks, including orienting the body in
space, interoception, and visual stream inputs, and has
even been proposed to be a “cortical hub,” a control cen-
ter for cognition.8-11 In addition, disruption to the cingulate
gyrus has been shown to be associated with impaired pain
regulation, indifference to pain, apathy, and depression.12
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Figure 5. Cadaver dissection corresponding to the illustration in Figure 4 shows (A) pari-
etooccipital craniotomy; (B) dural opening with its base at the superior sagittal sinus, with
bridging veins visualized going into the sinus; (C) corpus callosum and vessels that course
the cingulate sulcus after removal of the parietooccipital cortex along with the cingulate
gyrus; and (D) corticotomy (offmidline) made in the depth of the cingulate sulcus to access
the ventricular atrium (left panel) and visualization of the atrium with choroid plexus and
superior choroidal vein (right panel).

Considering the complex involvement of the cingulate
cortex in both neurologic and neuropsychological pro-
cesses, sparing it, as we have done, when approaching the
atrium of the lateral ventricle is advantageous.
In addition, even though the transcallosal approach is well

tolerated,13 it has neurologic risks including mutism, hem-
ineglect, and contralateral hemiparesis.5 The transcallosal
approach has also been shown to be associated with audi-
tory or visual disconnection syndrome because of the dis-
ruption of splenium fibers.14 Because we avoided a posterior
callosotomy as previously described in the posterior inter-
hemispheric parietooccipital approach, we did not introduce
these kinds of risks to the patient.
In the analysis of new approaches to specific brain areas,

the adverse effects as well as benefits must be con-
sidered. One potential limitation of this interhemispheric
paracallosal approach is that the technique can be used
only for relatively small lesions in the atrium. Because the
paracallosal incision needs to remain limited, the size of
the lesion to be excised is thus restricted. Furthermore,
this surgical approach requires adequate brain relaxation—
generally achieved with cerebrospinal fluid drainage and
appropriate anesthetic techniques—to retract the cingu-
late gyrus in a gentle manner and avoid retraction-related

injuries.15 Finally, this approach is highly dependent on the
anatomy of the bridging veins and could carry the risk of
venous sinus injury because of the exposure of the venous
sinus.

CONCLUSION
We present a case of a patient with an AVM in the atrium of

the lateral ventricle that was resected through a novel micro-
surgical approach. We used a variation of the conventional
interhemispheric parietooccipital approach, making the inci-
sion in the paracallosal area, deep into the callosal sulcus.
Because we avoided both a cingulate gyrus corticotomy and
a posterior callosotomy, we decreased the risk of neurologic
deficits associated with those incisions. As such, our patient
remained neurologically intact at discharge. More research,
including tract dissection and imaging-guided tract analysis,
is recommended to evaluate the risks, benefits, and poten-
tial unknown complications associated with the described
approach.
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