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A Super-selective Wada Test Successfully Detected an
Artery That Supplied Broca’s Area in a Case of Left
Frontal Lobe Glioblastoma: Technical Case Report
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Abstract

In cases of malignant gliomas located at language eloquent area, it is often difficult to preopera-
tively detect those area with functional MRI. Awake surgery is often used to spare the language
eloquent area during surgery for such tumors; it is not available for a patient whose intracranial
pressure is elevated due to the malignant tumor. The Wada test involves infusing anesthetic
agents into the internal carotid artery to determine language dominancy before surgery for epi-
lepsy or brain tumor. The super-selective Wada test is a technique to detect more detailed func-
tional localization by infusing anesthetics into far distal middle cerebral artery branches. We
present a 37-year-old man suffering from a left frontal lobe glioblastoma, in whom detection of an
artery supplying Broca’s area was attempted by a super-selective Wada test. The super-selective
Wada test successfully detected the branch of middle cerebral artery supplying Broca’s area.
Total resection of the contrast-enhancing area was achieved without damaging the artery supply-
ing Broca’s area without any neurological sequelae. This is the first report describing the useful-
ness of the super-selective Wada test in glioblastoma treatment. Our findings suggest that the
super-selective Wada test is a powerful and useful means to distinguish the artery that supplies
the language area from the tumor feeding artery in cases of tumors in the language eloquent area.

Keywords: functional localization, glioblastoma, language area, propofol test, Wada test

doi: 10.2176/nmc.tn.2021-0054

Online August 26, 2021

Introduction

Glioblastoma is one of the primary brain tumors
with the most malignant course. It is widely known
that the extent of surgical resection or the volume
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of residual tumor is a significant prognostic factor
for overall survival in newly diagnosed glioblas-
toma.™® In recent studies, both postoperative residual
contrast-enhancing tumor volume and non-enhancing
volume significantly influenced overall survival.”
In contrast, when tumor involves or is next to an
eloquent area, the risk of functional deterioration
should be considered, and every effort should be
made to preserve function.

To identify the language area before or during
surgical resection, various means have been used
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Fig. 1 Preoperative magnetic resonance images—contrast-enhanced T1-weighted images (A and B), non-contrast-
enhanced T2-weighted image (C), and diffusion-weighted image (D), a contrast-enhancing lesion in the left frontal
lobe is shown with a large perifocal high-intensity area on the T2-weighted imaging in the left frontal lobe, the
tumor showed high intensity on the diffusion-weighted image, indicating high cellularity.

including functional magnetic resonance (fMR)
imaging,®® magnetoencephalography,'®'¥ the Wada
test,’” and awake surgery.*'¥ Though fMR imaging
and magnetoencephalography are less invasive than
the Wada test, it is sometimes difficult to identify
the language area, especially in patients with
gliomas.™'® In this study, we report our experience
of a 37 year-old male suffering from a left frontal
lobe glioblastoma in whom preoperative determi-
nation of the artery supplying Broca’s area (the
language eloquent area) with a super-selective Wada
test was useful.

Clinical Presentation
History and presentation

A 37-year-old right-handed man presented with
headache. He had neither significant medical history

nor family history. Neurological examination revealed
trivial anomic aphasia while Western Aphasia
Battery aphasia quotient score and cortical quotient
score were well preserved, which were 100 and
98.7, respectively. Brain MRI revealed a contrast-
enhancing lesion in the left frontal lobe (Fig. 1A
and 1B), with a large perifocal high intensity area
on the T2-weighted imaging (Fig. 1C). The tumor
showed high intensity in the diffusion-weighted
images, indicating a highly cellular malignancy
(Fig. 1D). The lesion appeared to involve the frontal
operculum that might involve the language area.'”
Based on the anatomical localization of the contrast-
enhancing lesion, safety total removal of the tumor
was possible if the anterior language area could be
identified and preserved. However, fMR imaging
failed to identify the anterior language area (Broca’s
area), partly because of the mass effect of the tumor.
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Fig. 2 Digital subtraction angiograms—anteroposterior view of the digital subtraction angiography of the left
internal carotid artery (A: arterial phase, B: capillary phase) demonstrates tumor stain fed by the superior trunk
of the left MCA; super-selective angiography during a selective/super-selective Wada test from the superior trunk
of M2 segment of the MCA reveals small feeding arteries of the tumor originating from the medial branch of the
M2 superior trunk (C: arrow) and the “missing branch” (lateral branch) of the superior trunk (D: arrowhead
indicates the other branch supplying Broca’s area). MCA: middle cerebral artery.

High intracranial pressure and the risk of herniation
made awake surgery difficult. Therefore, he under-
went a Wada test to determine the language domi-
nancy, and identification of the Broca’s area and
discrimination of arteries that supply the language
area if possible.

Selective/Super-selective Wada test

The Wada test was performed according to our
team protocol. We infused 0.1% propofol at the rate
of 1 ml/s from a Marksman microcatheter (Covidien,
Chicopee, MA, USA) navigated into the target artery.
The volume of propofol injected was 10 ml for the
M1 segment of the middle cerebral artery (MCA)
and 7.5 ml for the M2 segment of the MCA, which
could gain enough time to examine tasks to evaluate
neurological symptoms but less likely to induce
adverse effects such as disturbance of consciousness.
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During the test, both electroencephalography (EEG)
and neurological examinations (motor, sensory,
vision, cognition, and language) were repeatedly
evaluated. The emergence of the effect of propofol
was judged by the appearance of slow-wave activity
on the EEG and any neurological symptoms, and
the disappearance of the effect of propofol was
judged by the normalization of the EEG and all
neurological symptoms. Between the sessions, more
than three times the time length between the emer-
gence of and the disappearance of the effect of
propofol was waited.

In this case, digital subtraction angiography showed
the tumor stain in the left frontal lobe supplied from
the MCA (Fig. 2A and 2B). Infusion of 10 ml 0.1%
propofol from the microcatheter navigated into the
distal M1 segment of the MCA induced a significant
sensory aphasia, but motor aphasia was not obvious.
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Fig. 3 Intraoperative views—skin incision planning (A), very red tumor protruded from the brain surface
(B), the tumor feeder identified with a super-selective Wada test was detected (C), the tumor was totally
removed (D), the tumor feeders were cut (arrow), and the other branch supplying Broca’s area was preserved

(arrowhead).

Subsequently, navigating the microcatheter further
into the superior trunk of the M2 segment of the
MCA, 7.5 ml 0.1% propofol was infused revealing
no verbal symptoms (Fig. 2C). However, with detailed
examination of the images acquired at this infusion,
we noticed that several branches of the M2 superior
trunk were missing compared with the initial scan.
We considered that this was a result of a “steal
phenomenon” by the hypervascular tumor and that
these non-imaged branches might be the feeder of
Broca’s area. The microcatheter was therefore navi-
gated into these missing branches. Significant verbal
paraphasia, dysgraphia, and difficulty of word recall
were observed upon infusion of 7.5 ml 0.1% propofol
into one of the frontal branches that supplied the
area adjacent to the tumor (Fig. 2D). The effect of
propofol was observed from 6 to 9.5 minutes in
each session.

Surgical resection

To remove the contrast-enhanced tumor, a left
frontotemporal craniotomy was performed (Fig. 3A).
On opening the dura matter, a hypervascular tumor
protruding from the brain surface was seen (Fig.
3B). Tracking the MCA from distal to proximal, the
arterial branch detected with the super-selective
Wada test was identified (Fig. 3C). The frontal
branch that functioned as a main feeder of the tumor
was coagulated and cut, and the contrast-enhanced
tumor was totally removed while preserving the
other branch that supplied the Broca’s area (Fig.
3D). Pathological examination of the tumor revealed
glioblastoma (IDH-1 mutant).

Postoperative course
Postoperative MRI demonstrated total removal of
the contrast-enhancing lesion, as well as the absence
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Fig. 4 Postoperative magnetic resonance images—contrast-enhanced T1-weighted image (A), non-contrast-enhanced

T2-weighted image (B), and diffusion-weighted image (C).

of any new peritumoral ischemic lesion on the
diffusion-weighted image (Fig. 4). The patient suffered
from transient motor aphasia after surgery, but this
resolved within a few weeks. Western Aphasia Battery
was examined a month after the operation, and
aphasia quotient score and cortical quotient score
were 100 and 99.8, respectively. He was discharged
home with no remaining neurological deficits.

Discussion

The Wada test was first reported in 1960 to the
English-speaking world. Originally, sodium amobar-
bital was injected into the internal carotid artery,
but nowadays propofol is frequently used because
amobarbital is not available in many countries.!®?
In Japan, although injection of propofol into the
artery is off-label usage, the propofol Wada test is
common and its safety is confirmed. This propofol
usage has been approved by the institutional review
board of our hospital. However, injection of propofol
into the internal carotid artery was reported to
induce consciousness disturbances, which affects
the results of the Wada test.? Fujii et al. reported
the MCA Wada test that selectively infuses propofol
into the M1 segment of the MCA.?® This method
prevents the flow of propofol into the anterior
choroidal artery, and avoids the induction of
consciousness decline, and thus makes the results
reliable. Our method, the super-selective Wada test,
is a further refinement of the MCA Wada test. This
procedure can separate not only anterior and poste-
rior language areas but also proper tumor feeders
and arteries supplying eloquent areas. By cutting
this proper feeder in a precise manner, bleeding
can be controlled during the surgery, especially in
hypervascular glioma just as the present case.
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In this case, injection of propofol into the M1
or the M2 superior trunk did not induce motor
aphasia, while injection into the branch of the
M2 superior trunk did. A possible explanation
is that there was a “steal phenomenon” of the
blood flow toward the Broca’s area by the hyper-
vascular tumor. By selection of the artery that
was not showing up, motor aphasia was evoked,
suggesting that the artery supplying the Broca’s
area had been found. Therefore, care should be
taken when applying this technique for hyper-
vascular lesions.

The super-selective Wada test may also help to
map the localization of brain functions in detail
before surgery, for example motor, sensory, vision,
cognition, and language areas. Fusion of angiogram
via this method and MR images?” may contribute
to detailed functional mapping, and thus helps us
determine the extent of resection, and preserve
function.

Conclusion

This is the first report describing the application
of the super-selective Wada test to glioblastoma
treatment. Our findings suggest that the super-
selective Wada test enables more precise brain
functional localization and thus preserves the vessels
supplying language area in cases of tumors in the
language-eloquent area.
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