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Abstract

Background The cure of an eloquent brain arteriovenous malformation (BAVM) and multiple intracranial aneurysms with
preservation of neurological function and the minimal procedures is challenging.

Method A 53-year-old male was admitted to treat a left frontal language-area BAVM and concomitant five bilateral intrac-
ranial aneurysms. After repairing the ruptured right middle cerebral artery (MCA) bifurcation aneurysms and the other two
unruptured ones, at the second-stage multimodality-guided awake hybrid operation, we successfully obliterated the left
frontal BAVM and two other left MCA aneurysms.

Conclusion The multimodality-guided awake hybrid operation may be a promising technique to treat complicated cerebro-

vascular disease.
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Introduction

A 53-year-old male presented with a headache for one day
without neurological deficits. The emergent head computed
tomography (CT) and CT angiography showed a right tem-
poral hematoma caused by a right middle cerebral artery
(MCA) aneurysm and a left frontal brain arteriovenous mal-
formation (BAVM). The patient was then sent to the hybrid
operation room for digital subtraction angiography (DSA)
examination and prepared for emergent treatment. The DSA
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showed a large ruptured right MCA bifurcation aneurysm,
a right anterior choroidal artery (AchoA) aneurysm, an
anterior cerebral artery (ACA) Al aneurysm, a left MCA
bifurcation aneurysm, a left MCA M3 aneurysm, and a left
frontal BAVM. The BAVM was supplied by the MCA and
ACA and drained into the sagittal sinus (Fig. 1).

After evaluating the benefits and risks of microsurgi-
cal and endovascular treatment, we offered a two-stage
hybrid surgery approach to obliterate all deadly lesions
while making the utmost effort to protect the patient’s
brain function [8]. Informed consent has been obtained
from the patient. First, the patient underwent microsurgery
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Fig. 1 The left internal carotid
artery (LICA) angiography
showed a left middle cerebral
artery (MCA) bifurcation aneu-
rysm, a left MCA M3 aneu-
rysm, and a left frontal brain
arteriovenous malformation
(BAVM). The BAVM was sup-
plied by the MCA and ACA and
drained into the sagittal sinus

to repair the ruptured right MCA bifurcation, the right
AchoA and ACA Al aneurysms. Two months later, the
second-stage hybrid surgery was scheduled, and multi-
modality-guided awake BAVM resection and left MCA
bifurcation aneurysm and left MCA M3 aneurysm awake
clipping were proposed. Given the sizeable volume of the
maximal length of the BAVM at 3.2 cm, the close relation-
ship of the BAVM to the language area (Spetzler-Martin
Grade III), and the deeply located ipsilateral concomitant
aneurysms, second-stage surgery was deemed challenging.

Relevant surgical anatomy

Among the higher cortical functions, language is one of
the most elaborate cognitive behaviors [6]. Classic models
of language eloquent cortical areas posited that the motor
and sensory language cortex existed in the Broca’s area
(pars opercularis and pars triangularis) and Wernicke’s
area, respectively [2]. However, cortical maps generated
with intraoperative direct cortical stimulus (DCS) data
showed surprising variability in language localization
within the dominant hemisphere, and researchers have
revealed that the eloquent language area is quite differ-
ent from classical canonical classification [2, 7]. In this
case, the preoperative blood oxygen level-dependent
(BOLD) functional magnetic resonance imaging (fMRI)
and diffusion tensor imaging (DTI) were conducted for
eloquence assessment. The BOLD fMRI and the dorsal
language pathway (arcuate fasciculus, AF, and superior
longitudinal fasciculus, SLF) were reconstructed to show
the relationship between the language eloquence and the
BAVM (Fig. 2).
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BOLD: Language task based Bold fMRI positive spots

SLF: superior longitudinal fasciculus

S1, S2: Speech arrest area confirmed by DCS mapping

using expression task

Fig.2 This imaging showed the relationship of the BAVM nidus, the
classic Broca area, the blood oxygen level-dependent (BOLD) func-
tional magnetic resonance imaging (fMRI) activation area, and the
dorsal language pathway (arcuate fasciculus, AF, and superior longi-
tudinal fasciculus, SLF) tracked from diffusion tensor imaging (DTTI).
Intraoperatively, we did not locate the speech arrest area (S1, S2) in
the classic Broca area’s convexity surface or the BOLD fMRI activa-
tion area but located it in the premotor cortex posterior to the BAVM
nidus that was the DTI SLF terminal territory in the mapping proce-
dure

Description of the technique

We performed the multimodality-guided awake hybrid
operation with a monitored anesthesia care technique [3,
8]. The patient was placed in the supine position with a
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pterional approach. The intraoperative neuronavigation,
electrophysiological monitoring system, and ultrasonog-
raphy were used as essential tools.

Fig.3 After the patient awakened following the craniotomy pro-
cedure, we applied direct cortical stimulation to verify the speech
output area (S1, S2) near the nidus. The BAVM was then carefully
removed en bloc, and the eloquent gyrus was kept intact. Yellow
arrow: feeding arteries of the BAVM nidus. Blue arrow: drainage
veins of the BAVM nidus
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Fig.4 Since the left M1 is short and the M3 aneurysm was hidden
deep inside, we opened the Sylvian fissure completely while being
careful to protect the pia of the pars opercularis (classic Broca area).

First, the follow-up DSA in the hybrid room confirmed
no recurrence of the right-side aneurysms, and 3D images
of the left side vessels were used for intraoperative neuro-
navigation with fMRI and DTI (Fig. 3). After the patient
awakened following the craniotomy, we applied DCS to
verify the speech output area near the nidus. Patient fatigue
may become an issue due to the extended awakening period
to cure the BAVM and concomitant ipsilateral aneurysms.
Therefore, we primarily applied the expression task using
number counting in the DCS procedure to simplify cortical
mapping. We did not locate the speech arrest area in the
classic Broca area’s convexity surface or the BOLD fMRI
activation area but located it in the premotor cortex posterior
to the BAVM nidus that was the DTI SLF terminal territory
in the mapping procedure (Figs. 2, 3) [4]. We confirmed no
abnormal vessel invasion to the eloquent gyrus under its
cortical surface using ultrasonography. The BAVM was then
carefully removed en bloc, and the eloquent gyrus was kept
intact (Fig. 3). Then, since the left M1 is short and the M3
aneurysm was hidden deep inside, we opened the Sylvian
fissure completely while being careful to protect the pia of
the pars opercularis (classic Broca area). The patient was
also asked to count numbers and answer questions during
the clipping procedure. The MCA bifurcation aneurysm was
secured first, and then, the M3 segment aneurysm was dis-
sected and secured after short temporary occlusion (Fig. 4).
Intraoperative angiography showed total obliteration of the
lesions (Fig. 5). No language dysfunction was observed
during the whole surgery, and the patient recovered well
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The MCA bifurcation aneurysm was secured first and confirmed
by indocyanine green video angiography, and then the M3 segment
aneurysm was dissected and secured after short temporary occlusion
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Fig.5 Intraoperative angiography showed total obliteration of the
lesions

postoperatively with transient epilepsy and aphasia. He fully
recovered at the 1-month follow-up without any neurologi-
cal deficits.

Indications

For this case, in consideration of the disease burden, the
inevitable multistage endovascular treatment due to material
supply shortages during the COVID-19 pandemic, and the
patient’s concern for a possible high recurrence rate after
receiving endovascular treatment, we believe that two-stage
hybrid surgery is the best way to cure patients with a mini-
mal number of procedures. Since the left MCA aneurysms
and the BAVM shared the same parent artery, the postopera-
tive enlargement or even rupture risk of the aneurysms might
be increasing due to the venous outflow occlusion after the
nidus was removed. The MCA aneurysm was also consid-
ered to be best secured by clipping. Therefore, we decided
to treat the BAVM and the ipsilateral aneurysms together for
a cure in the second-stage surgery.

Limitations

The fMRI’s most staggering limitation has been language
lateralization, with low sensitivity (only 22% in naming
tasks and 36% in verb generation tasks). Studies also have
indicated that BAVM hemodynamics could impede BOLD
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signaling leading to inaccurate activation due to lesion-
induced neurovascular uncoupling [1, 5, 9]. However, the
neurofiber tracked based on DTI may not be influenced by
the BAVM hemodynamic environment, like this case.

How to avoid complications and specific
perioperative considerations

The risks of the procedure include the potential prema-
ture rupture of contralateral lesions after the first surgery,
although the rupture risk was low. Second, the risk of awake
anesthesia was not overlooked. Since the intracranial pres-
sure cannot be controlled using the mechanical hyperven-
tilation technique in awake surgery, we decided to remove
the BAVM first to create more space for dynamic retraction
while dissecting the Sylvian fissure and validate hemostasis.

Specific information to give to the patient
about surgery and potential risks

The patient should be fully informed about the risks and
benefits of the surgery. The particular concern includes
the risk of premature rupture of the BAVM and aneurysms
before or during the operation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00701-021-05093-7.
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Key Points 1. The surgical treatment of an eloquent BAVM and
concomitant multiple intracranial aneurysms is challenging.

2. Language is one of the most elaborate cognitive behaviors
among the higher cortical functions.

3. The preoperative and intraoperative of the eloquence
assessment is important for BAVM resection.

4. The limitation of BOLD fMRI in cerebral vascular disease
should be acknowledged.

5. Intraoperative DCS mapping is still the “gold standard” for
locating language area in awake surgery.

6. The ultrasonography is useful for BAVM nidus boundary
inspection.

7. In this case, since the intracranial pressure cannot be
controlled using the mechanical hyperventilation technique in
awake surgery, the BAVM can be removed first to create more
space for dynamic retraction while dissecting the Sylvian fissure.

8. In case of a short M1 and the need of deep-seated M3,
the Sylvian fissure should be opened completely for aneurysm
exposure.

9. Intraoperative DSA in a hybrid operation room is helpful to
confirm the surgical results immediately.

10. The multimodality-guided awake hybrid operation is a
promising technique to treat complicated cerebrovascular disease.
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