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BACKGROUND A common surgical approach for dominant insular lesions is to make a surgical corridor in asymptomatic cortices based on functional
mapping. However, the surgical approach is difficult for posterior insular lesions in a dominant hemisphere because the posterior parts of the
perisylvian cortices usually have verbal functions.

OBSERVATIONS We present the case of a 40-year-old male whose magnetic resonance images revealed the presence of contrast-enhancing lesions
in the left posterior insula. Our surgical approach was to split the sylvian fissure as widely as possible, and partially resect Heschl’s gyrus if the cortical
mapping was negative for language tests. Because Heschl’s gyrus did not have verbal functions, the gyrus was used as a surgical corridor. It was wide
enough for the removal of the lesion; however, because intraoperative pathological diagnosis eliminated the possibility of brain tumors, further resection
was discontinued. The tissues were histologically diagnosed as tuberculomas. Antituberculosis drugs were administered, and the residual lesions finally
disappeared. According to the neurophysiological tests, the patient showed temporary impairment of auditory detection, but the low scores of these
tests improved.

LESSONS The transsylvian and trans-Heschl’s gyrus approach can be a novel surgical option for excising dominant posterior insular lesions.

https://thejns.org/doi/abs/10.3171/CASE21622

KEYWORDS awake craniotomy; brain mapping; posterior insular lesions; surgical approach; Heschl’s gyrus; neurophysiological tests

Resection of an insular lesion in a dominant hemisphere is chal-
lenging. Surgical approaches to the insula, mostly in cases of insu-
lar gliomas, have been discussed in many articles.1−4 The dominant
insular lesion is usually approached by creating transcortical win-
dows in the cortices above and below the sylvian fissure after func-
tional mapping in an awake condition, although small differences
exist in the surgical procedures, for example, with or without sylvian
fissure dissections. Because the posterior parts of the dominant
perisylvian cortices usually have verbal functions, it is difficult to
approach the posterior insular lesion by removing the operculum to
create surgical windows. Moreover, the posterior portion of the
insula is deeper than the anterior portion, and the superficial sylvian
vein is frequently bifurcated in the posterior part of the sylvian

fissure, which complicates dissection.5 To the best of our knowl-
edge, few articles have discussed the approaches to insular lesions
in cases in which they are located in the posterior superior temporal
gyrus (STG), which has verbal functions.

Heschl’s gyrus, which corresponds to Broadman’s areas 41 and
42, is the longest and the most anterior gyrus of the transverse
temporal gyri and is located adjacent to the planum temporale.6

Heschl’s gyrus is also known as the primary auditory area, and a
recent study has indicated that it functions as the auditory-language
hub.7 However, other functions of Heschl’s gyrus are yet to be elu-
cidated. In this article, we have reported a safe approach to a
lesion located in the posterior insula through intraoperative brain
mapping of the perisylvian cortices, including Heschl’s gyrus, and
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the removal of a safe region of the gyrus to create a surgical corri-
dor. Moreover, based on the results of brain mapping and neuro-
physiological tests, the detailed functions of the dominant Heschl’s
gyrus have been discussed in this report.

Illustrative Case
A 40-year-old right-handed male without a history of other diseases

visited a hospital because of complaint of a headache. Magnetic reso-
nance imaging (MRI) results revealed a contrast-enhancing mass in
the left posterior insula with accompanying edema (Fig. 1A). He was
admitted to our institution 2 weeks after the detection of the lesion,
and the MRI was repeated. The finding revealed that the lesion and
perifocal edema in the posterior region of the left insula were enlarged

when compared with the previous images (Fig. 1B and C). Because
high-grade glioma was suspected, we recommended to the patient
and his family that resection by awake craniotomy be performed at the
earliest, to which they agreed. The contrast-enhancing lesion was
located in the posterior portion of long gyri of the left insula, and the
edema in the temporal operculum posed difficulties in exposing the
insular cortex by fully splitting the sylvian fissure (Fig. 2A). Because
the images in the MRI fiber-tracking suggested that a part of the left
Heschl’s gyrus might be resected (Fig. 2B), our surgical plan was to
split the sylvian fissure as widely as possible, expose the cortex of
Heschl’s gyrus and the insula, and remove a part of Heschl’s gyrus to
create a surgical corridor if the brain mapping results were negative for
language tests. Neuropsychological tests were performed as part of

FIG. 1. A: Contrast-enhanced magnetic resonance (MR) images of the posterior insular lesion at first
detection. Axial (B) and sagittal (C) MR images of the insular lesion 2 weeks after the first detection.

FIG. 2. A: According to a coronal T2-weighted image of the insular lesion, sylvian fissure dissection
seemed to be challenging due to extensive perifocal edema. B: A fiber-tracking image suggested that
Heschl’s gyrus could be a surgical window. L = left side in both images.
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the preoperative evaluation of brain functions, the results of which are
summarized in Table 1.

Transcranial motor evoked potentials and electrocorticography were
used to detect hemiparesis and ictal states during the operation, res-
pectively. The surgical procedures were as follows. After frontotemporal
craniotomy under general anesthesia, an antiepileptic drug was intrave-
nously administered. The perisylvian cortices were exposed (Fig. 3A),

the distal sylvian fissure was split as widely as possible without cutting
the superficial sylvian bridging veins, and a part of the insular cortices
was exposed (Fig. 3B–D). Thereafter, a part of the insular cortices that
was hyperintense on T2-weighted imaging was sampled for the intrao-
perative histological diagnosis, which revealed that it was almost normal
brain. Subsequently, the patient was woken for intraoperative brain
mapping. The tasks for the verbal mapping included naming, reading,

TABLE 1. Preoperative and postoperative evaluations of neurophysiological tests

Examinations Preoperative Score Postoperative Score (2 weeks) Postoperative Score (4 months)

MMSE 30/30 29/30 30/30

FAB 17/18 15/18 ND

CAT

1. Span

Digit span Forward: 7-digit Forward: 5-digit Forward: 7-digit

Backward: 7-digit Backward: 3-digit Backward: 8-digit

Tapping span Forward: 9-digit Forward: 6-digit Forward: 9-digit

Backward: 9-digit Backward: 9-digit Backward: 9-digit

2. Cancellation and detection test

Visual cancellation task 100%* 100%* 100%*

Auditory detection task 98%* 58%* 100%*

100%† 53%† 100%†

3. SDMT (achievement rate) 70% 68% 76%

4. Memory updating test

3-span 68%* 93%* 94%*

4-span 68%* 37%* 69%*

5. PASAT

2-second condition 80%* 38%* 92%*

1-second condition 68%* 23%* 73%*

6. Position stroop test 100%* 100%* 100%*

RBMT

Standard profile 23/24 21/24 22/24

Screening 11/12 10/12 10/12

ROCFT

Copying 36/36 36/36 ND

Immediate recall 36/36 36/36 ND

Delayed recall 36/36 36/36 ND

MoCA-J 28/30 29/30 ND

SALA (naming)

High familiarity 47/48 47/48 ND

Low familiarity 45/48 45/48 ND

2-mora 29/30 30/30 ND

3-mora 30/30 30/30 ND

4-mora 29/30 30/30 ND

WAB AQ 89.7/90 84.2/90 89.6/90

SLTA

Sentence repetition 4/5 3/5 4/5

AQ = Aphasia Quotient; CAT = Clinical Assessment for Attention; FAB = frontal assessment battery; MoCA-J = Japanese version of Montreal Cognitive Assessment;
MMSE = Mini Mental State Examination; ND = no data; PASAT = Paced Auditory Serial Addition Test; RBMT = The Rivermead Behavioural Memory Test; ROCFT =
Ray-Osterrieth Complex Figure Test; SALA = Sophia Analysis of Language in Aphasia; SDMT = Symbol Digit Modalities Test; SLTA = Standard Language Test of
Aphasia; WAB = Western Aphasia Battery (Japanese version).
* The percentages show the correct answer rates.
† The percentages show the hitting ratios.
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auditory comprehension, repetition, and free conversation. Direct electri-
cal stimulation was performed, which started at 6 mA and reached a
maximum of 10 mA. Cortical mapping was initiated from the posterior
STG, and the patient consequently exhibited paraphasia and word-find-
ing difficulty during the stimulation of the posterior STG. Next, the cortex

of Heschl’s gyrus was exposed (Figs. 3E and F), and a sulcus, suppos-
edly the sulcus of Heschl, was detected (triangle in Fig. 3F). Cortical
mapping was initiated at an anterior part of the cortex from the sulcus
(area ** in Fig. 3E), which did not result in any symptoms during the
stimulation. In contrast, during the stimulation of the posterior cortex of

FIG. 3. A−I: Intraoperative pictures. Two-headed arrow (A) indicates a putative location of the lesion according to a navigation system.
The insular cortex was exposed after sylvian fissure dissection (B and C). The patient was then woken, and brain mapping was started.
The results of the brain mapping is shown (D−G). Each color indicates the tasks performed during the surgery: green = naming, sky
blue = repetition, navy = auditory comprehension, and purple = reading. According to the results of cortical mapping, each gyrus was
considered as follows (E−G): * = STG, ** = Heschl’s gyrus (HG), and *** = transverse temporal gyrus. The arrowhead (F) indicates
the sulcus of Heschl. After the resection of Heschl’s gyrus, the lesion (tuberculoma) was visualized (H), and the MCA involved in the
lesion was whitish (I). MCA = middle cerebral artery.
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the sulcus (area *** in Fig. 3F), the patient could not successfully
accomplish the repeating and reading tasks. Thus, we left this area
intact, and corticectomy was performed throughout the cortex (area **).
During corticectomy, the patient did not manifest any verbal symptoms.
Although a part of the cortex of Heschl’s gyrus was used as a surgical
corridor, it was quite narrow for the removal of the lesion in the insula.
Therefore, we stimulated the anterior cortex from the surgical window

(area * in Fig. 3G) to enlarge it. The patient successfully completed the
naming tasks but was repeatedly unsuccessful in the auditory compre-
hension tasks, which manifested as word-finding difficulty. Therefore, we
left this cortex intact. Although the surgical window was quite narrow, the
posterior insular cortices were successfully exposed. The border
between the lesion and the insular white matter was obvious (Fig. 3H). A
part of the inferior trunks of the middle cerebral artery, which spanned

FIG. 4. A: Contrast-enhanced magnetic resonance images of the first postoperative day. B: Contrast-
enhanced magnetic resonance images after antituberculosis drug administration was completed. The
contrast-enhancing lesions disappeared.
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the surface of the posterior insular cortices, looked whitish and was
almost a part of the lesion (Fig. 3I). The intraoperative histological diag-
nosis indicated that the tissue was not a tumor and seemed to be neuro-
sarcoidosis. After several submissions of the samples for intraoperative
histological diagnoses, the possibility of a brain tumor, such as a glioma,
was ruled out; hence further resection was discontinued. The results of
the intraoperative brain mapping are summarized in Fig. 3.

The postoperative MRI images demonstrated that the contrast-
enhancing lesions were mostly removed (Fig. 4A). The patient did
not exhibit any apparent neurological deficits, and his pure tone
audiometry was confirmed to be normal after the surgery. As sug-
gested by the neurophysiological tests, the scores associated with
auditory detection were lower than the preoperative scores, includ-
ing those for digit span, auditory detection task, memory updating
test, and paced auditory serial addition test in the clinical assess-
ment for attention (Table 1). He was reported to frequently ask for
questions to be repeated during the rehabilitation. These findings
suggested that he did not have problems in his pure tone audiome-
try but had problems in speech audiometry after the partial resec-
tion of his left Heschl’s gyrus. The histological diagnosis was
tuberculoma although his chest computed tomography images did
not indicate any lesions in the lungs. After antituberculosis drug
administration, he was discharged from the hospital. The patient
has been observed in the outpatient department since then, and
the contrast-enhancing lesions have almost disappeared (Fig. 4B).
Although the scores associated with auditory detection decreased 2
weeks after the surgery, they improved 4 months after the surgery
(Table 1). The patient and his family granted permission to publish
this case report.

Discussion
Observations

In this article, we have reported a safe approach to the dominant
posterior insular lesion by using a part of the left Heschl’s gyrus as a
surgical corridor after brain mapping. To the best of our knowledge,
this transsylvian and trans-Heschl’s gyrus approach is the first to
approach a posterior insular lesion. Although the surgical approach to
the insular lesions is challenging, the effectiveness of awake craniot-
omy in minimizing the postoperative neurological deficits, especially
for cases in a dominant hemisphere, has been established.8 Regard-
ing surgical procedures in dominant hemispheric cases, most studies
have reported that the surgeries were performed based on the brain
mapping results.1−4 The main differences lies in whether the trans-
cortical or the transsylvian approach to the insular lesion is used.
Although these two approaches have been compared in a cadaveric
study,9 reports discussing how the posterior insula in a dominant
hemisphere should be approached when the cortical mapping indi-
cates that the perisylvian cortices have verbal functions at the level of
the posterior insular lesions are quite limited. This lacuna could pre-
sumably be because the transsylvian approach is also quite difficult
at this level. Duffau emphasized that splitting the sylvian fissure at
this level is almost impossible because the posterior insula is located
deeper than the anterior insula, and bifurcated or bridging superficial
sylvian veins are frequently seen at the posterior ramus of the sylvian
fissure.5 Therefore, in this case, Heschl’s gyrus was considered to be
a suitable surgical corridor based on the preoperative MRI fiber-track-
ing images even if the sylvian fissure was not fully opened.

Heschl’s gyrus is the longest and the most anterior gyrus in the
transverse temporal gyri. In this case, because the cortex located

anterior to the area, which was used as a surgical corridor, pos-
sessed verbal functions, it was considered to be a part of the STG
(area * in Fig. 3). Thus, the cortex used as a surgical corridor was
judged to be Heschl’s gyrus (area ** in Fig. 3). The cortex located
posterior to Heschl’s gyrus and had verbal functions was consid-
ered to be the transverse temporal gyrus (area *** in Fig. 3).
Therefore, in this case, Heschl’s gyrus was selectively removed to
serve as a surgical corridor. The functions of the left Heschl’s gyrus
were comprehensively analyzed through intraoperative brain map-
ping and pre- and postoperative neurophysiological tests. Accord-
ingly, Heschl’s gyrus did not have verbal functions, whereas the
transverse temporal gyrus located posterior to Heschl’s gyrus did
have verbal functions. The pre- and postoperative neurophysiologi-
cal tests indicated that the resection of the left Heschl’s gyrus
seemed to be associated with the temporary impairment of speech
audiometry. However, no problems were identified during the pure
tone audiometry performed immediately after the surgery. These
results suggest that partial resection of the left Heschl’s gyrus is
associated with temporary speech auditory impairment.

Heschl’s gyrus is known to be the primary auditory area, and its
auditory functions have been previously examined in radiological
studies and surgical cases. Bilateral Heschl’s gyri were activated in
response to the stimulation of sound in a functional MRI study that
included healthy volunteers.10 Based on two resected cases of
tumors in the left Heschl’s gyrus, a previous report suggested that
lesions in this gyrus can be resected without verbal or auditory
mapping during the surgery.6 In this case, the resection of the left
Heschl’s gyrus did not result in permanent verbal or auditory impair-
ment; thus, our findings support this suggestion. However, the ver-
bal functions of Heschl’s gyrus have not been fully understood.
According to morphological studies, the size of the planum tempo-
rale and Heschl’s gyrus in the left hemisphere are larger than that
in the right hemisphere.11,12 A previous study has reported that the
structural asymmetry of Heschl’s gyrus between the left and right
hemispheres appears to be associated with verbal functions.13

Recently, Heschl’s gyrus-associated region in which five fiber tracts
intersect has been reported to be a key region functioning as a hub
for language and auditory functions.6 In this case, the patient mani-
fested temporary impairment of speech recognition, which was
probably because partial resection of the left Heschl’s gyrus caused
a dysfunction of this network between the verbal and auditory fibers
in this region. On the other hand, this patient did not exhibit any
problems in pure tone audiometry, probably because sound detec-
tion is regulated by bilateral Heschl’s gyri. In the present case, the
findings of intraoperative brain mapping and neurophysiological
tests suggested that the left Heschl’s gyrus might be involved in
converting the detected sound into language comprehension.

There are some limitations in the surgical approach applied in
this case. The transsylvian and trans-Heschl’s gyrus approach was
useful and wide enough for resecting the left posterior insular lesion
in the present case. However, it remains unclear whether this
approach is feasible for larger lesions, especially in cases where
the lesions extend posteriorly. In this case, the transverse temporal
gyrus that was posteriorly adjacent to Heschl’s gyrus had verbal
functions, whereas Heschl’s gyrus did not. Thus, performing corti-
cectomy for the transverse temporal gyrus to posteriorly create
wider surgical windows might be impossible based on this result.
Moreover, it is still uncertain whether Heschl’s gyrus can be safely
resected under an awake condition. Further investigations are
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required to conclude the feasibility and usefulness of this approach
for dominant posterior insular lesions.

Lessons
In this case, we safely approached the posterior insular lesions in a

dominant hemisphere using the left Heschl’s gyrus as a surgical corridor.
The patient manifested temporary impairment of speech recognition after
the surgery according to the intraoperative verbal mapping and neuro-
physiological tests but did not exhibit any permanent neurological defi-
cits. Hence, the transsylvian and trans-Heschl’s gyrus approach, along
with intraoperative brain mapping, can be a viable option for resecting
dominant posterior insular lesions.
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