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Abstract

This study examined the accuracy of functional magnetic resonance imaging (fMRI) in identifying the 
language-dominant hemisphere and the situations in which the Wada test can be skipped among patients 
with gliomas located near speech areas. We examined 74 patients [48 men (64.9%); mean ± standard devi-
ation age of 42.7 ± 13.6 years (range: 13 to 70 years); 71 right-handed, 2 left-handed, and 1 ambidextrous] 
with gliomas located near speech areas. All patients underwent the Wada test and fMRI, and 34 patients 
underwent awake surgery. The “last-and-first” task was administered during fMRI. The Wada test was 
successful in determining the language-dominant hemisphere in 73 patients (98.6%): left hemisphere in 
68 patients (91.9%), right hemisphere in 4 patients (5.4%), and bilateral in 1 patient (1.4%). The dominant 
hemisphere for right-handed patients (n = 71) was the left hemisphere in 67 patients (94.3%), right hemi-
sphere in 3 patients (4.2%), and undetectable in 1 patient (1.4%). The fMRI was successful in determining 
the language-dominant hemisphere in 53 patients (71.6%). The results of the Wada test and fMRI were 
inconsistent in 5 patients (8.6%), of which 3 (5.2%) exhibited dominance in opposite hemispheres. Fur-
thermore, 2 of these 3 cases (2.7%) were contralateral false positive cases, whereby fMRI identified the 
right-hemisphere as language dominant for right-handed individuals with tumors in the left hemisphere. 
Based on these findings, we concluded that the Wada test can be skipped if language dominancy can be 
detected by fMRI.
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Introduction

The extent of glioma resection has a significant influ-
ence on the time to progression, 5-year survival, and 
overall prognosis. Therefore, neurosurgeons strive 
to remove as much of the lesion as possible.1–5) 
However, for gliomas located near eloquent areas, 
preservation of neurological function is essential. 
Therefore, pre- and peri-operative evaluation of 
neurological function is necessary for resection of 
gliomas located near the eloquent areas.

The speech areas are unique among the eloquent 
areas due to the organization of language dominance 
within the cerebral hemispheres. The lateralization of 

language dominance is vital in determining surgical 
strategies and treatment goals. In particular, if the 
tumor is located in the dominant hemisphere, then 
awake brain surgery may be considered to facilitate 
a conservative resection approach that minimizes 
functional damage. 

The Wada test has been broadly applied as a 
method to determine language-dominant hemispheres.6) 
Recently, however, functional magnetic resonance 
imaging (fMRI) has been proposed as a replacement 
to the Wada test. Here, we investigated both fMRI and 
the Wada test as pre-operative neurological evalua-
tion approaches for determining language dominance 
among patients with gliomas located near speech 
areas. In this study, we retrospectively determined the 
situations in which the Wada test could be skipped.Received February 7, 2016; Accepted September 16, 2016
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Materials and Methods

Patients
The participants were 74 consecutive patients with 

gliomas located near speech areas who underwent 
both the Wada test and fMRI. Our patient cohort 
included 48 men (64.9%) and 26 women (35.1%) 
with a mean ± standard deviation age of 42.7 ± 13.6 
years (range: 13 to 70 years). Of these patients, 71 
were right-handed, 2 were left-handed, and 1 was 
ambidextrous, which was determined during inter-
views with the patients. Speech areas near which the 
gliomas were located included the inferior frontal 
gyrus, superior temporal gyrus, and the angular 
gyrus. Speech-related fibers located near the gliomas 
included the superior longitudinal fasciculus and 
the inferior fronto-occipital fasciculus. The native 
language was Japanese for all patients. All patients 
underwent both the Wada test and fMRI. Thirty-four 
patients underwent awake brain surgery, based on 
the results of peri-operative language-dominance 
detection. According to pathology reports, 39 patients 
(52.7%) had Grade 2 gliomas, 13 patients (17.6%) 
had Grade 3 gliomas, and 22 patients (29.7%) had 
Grade 4 gliomas. Tumor location was frontal in 45 
patients, insular in 3 patients, parietal in 7 patients, 
and temporal in 19 patients (Table 1).

The Wada test and tasks
An injection of either sodium amobarbital or 

sodium thiopental (12.5 mg to 25 mg) was admin-
istered alternately into both internal carotid arteries 
for the Wada test. We switched to using sodium 
thiopental following the discontinuation of sodium 
amobarbital in Japan. Both arms of the patient were 
elevated prior to injection. The patient was admin-
istered language tasks (i.e., repetition, naming, and 
memory) during the injection phase of each arm. 
If the patient presented with speech arrest and 
hemiparesis, then the injected side was judged as 
the hemisphere of language dominance. If speech 
arrest occurred following injections in both arms, 
then language dominance was judged to be bilateral.

fMRI and tasks
We used EXCELART (Toshiba, 1.5T) machines for 

fMRI. The percentage of activated voxels in each 
inferior frontal gyrus was calculated to determine 
the language-dominant side. Activated voxels were 
analyzed by a built-in analysis program or the Statis-
tical Parametric Mapping (SPM) 99 program, which 
performed motion correction and conducted ordinary 
t-tests (values of P < 0.05 were determined to be statis-
tically significant) to detect the activated voxels. The 
results were reviewed by neuroradiologists (Fig. 1), 
and all fMRI results were analyzed in the same way. 
Patients in the series were administered a “last-and-
first” (“shiritori”) brain-activation task during which 
patients were asked to create a word starting with 
the last syllable of the last word presented to them. 
Each task set lasted 30 seconds and was followed by 
a rest phase for 30 seconds; a total of three sets were 
administered. Patients who underwent fMRI provided 
appropriate informed consent consistent with the terms 
of approval from the internal review board of Tokyo 
Women’s Medical University Hospital.

Table 1  Demographic and clinical parameters

Age, years

  Median 42.7 ± 13.6

  Range 13–70

Sex, %(n)

  Male 64.9 (48)

  Female 35.1 (26)

Grade, %(n)

  Grade 2 52.7 (39)

  Grade 3 17.6 (13)

  Grade 4 29.7 (22)

Tumor location, %(n)

  Frontal 60.8 (45)

  Insula 4.1 (3)

  Temporal 25.7 (19)

  Parietal 9.5 (7)

Side, %(n)

  Right 32.4 (24)

  Left 67.6 (50)

Handed, %(n)

  Right 95.9 (71)

  Left 2.7 (2)

  Both 1.4 (1)

Fig. 1  Patients were administered a brain-activation 
task in which they were asked to create a word starting 
with the last syllable of the last word presented to them. 
Each task set lasted 30 seconds and was followed by 
a rest phase for 30 seconds; a total of three sets were 
administered. Activated voxels were analyzed and are 
displayed relative to the time course. Signal changes 
were reviewed by neuroradiologists.
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Cortical mapping and tasks
During awake surgery, naming tasks and verb genera-

tion tasks were administered to the patients in order 
to perform cortical mapping. Pictures were projected 
onto a monitor, and patients provided the name of 
each picture for the naming task or stated the verb 
that matched the action depicted in the pictures for 
the verb generation task. During the tasks, the exposed 
cortex was stimulated by an Ojamann’s stimulator 
(Radionics) (50 Hz, 1 mA–20 mA). If stimulation to 
a certain region of the cortex triggered speech arrest, 
then that region was marked as a speech area.

Determination of the language-dominance hemisphere 
If a patient underwent awake surgery, then language 

dominance was determined by identifying the 
speech area during the cortical mapping procedure. 
In contrast, if the patient underwent surgery under 
general anesthesia, then language dominance was 
determined by post-operative neurology.

This was a retrospective analysis, based on clinical 
data from the 74 total patients, and was approved 
by the Ethics Committee of the Tokyo Women’s 
Medical University (#3533). 

Results

The Wada test and awake surgery
Of the 74 patients, the Wada test was successful in 

determining the hemisphere for language dominance in 
73 patients (98.6%). Sixty-eight (91.9%) of 74 patients 
were left-hemisphere dominant, 4 (5.1%) were right-
hemisphere dominant, and 1 (1.4%) exhibited bilateral 
dominance. One patient became drowsy during the 
Wada procedure (Table 2), and language dominance 
could not be determined. Four patients (5.4%) expe-
rienced a seizure during the Wada test. No permanent 
adverse events associated with the Wada test were 
observed in any patient. Among the 34 patients who 
underwent awake surgery, 31 tumors were located in 
the left hemisphere and 3 were located in the right 
hemisphere. In all patients whose tumor was in the 
dominant hemisphere, as determined by the Wada 
test, the speech area was identified near the location 
of the tumor during awake surgery. No permanent 

speech disturbances were observed in any patients 
who underwent awake surgery. In contrast, patients 
who underwent general anesthesia had tumors in the 
non-dominant hemisphere as determined by the Wada 
test. Of these patients, two presented with transient 
speech disturbances, which were considered to be 
caused by dysfunction of the supplementary motor area; 
no patients exhibited permanent speech disturbances. 

fMRI
Determination of the language-dominant hemisphere 

was successful in 53 of the 74 patients (71.6%) 
who underwent fMRI. The procedure was unsuc-
cessful for the remaining 21 patients (28.4%) due 
to low or unclear signals. Of these 53 successful 
patients, the results of the Wada test and fMRI were 
inconsistent for five patients (8.6%). Of these five 
patients, three patients (5.2%) exhibited language 
dominance in the opposite hemispheres between 
fMRI and the Wada test. Furthermore, two of these 
three cases (2.7%) were “contralateral false posi-
tive” cases, wherein the dominant hemisphere was 
identified as non-dominant. Determining laterality 
was challenging in some cases due to blurry or 
unclear voxels (Fig. 2) and/or low intensity signals 
(Fig. 3). In both of these cases, the patients were 

Fig. 2  (A) A 63-year-old right-handed woman with a 
glioblastoma in the left insular cortex (B) Functional 
magnetic resonance images in which activated voxels 
are slightly unclear or blurry in the right inferior 
frontal gyrus (white arrow). An MRI built-in analysis 
program revealed language dominance in the right 
hemisphere. Conversely, the Wada test demonstrated 
language dominance in the left hemisphere (C) The 
tumor was removed in an awake state, and no post-
operative speech disturbance occurred.

A B C

Table 2  Language dominancy according to the Wada test and fMRI

Wada test, % (n, rt-t/lt-t)
fMRI, % (n, rt-t/lt-t)

Right Left Bilateral Unclear
Right 5.4 (3/1) 2.7 (1/1) 0.0 (0/0) 0.0 (0/0) 2.7 (2/0)
Left 91.9 (20/48) 4.1 (1/2) 62.2 (11/35) 4.0 (0/2) 23.0 (8/9)
Bilateral 1.4 (0/1) 0.0 (0/0) 0.0 (0/0) 0.0 (0/0) 1.4 (0/1)
Unclear 1.4 (1/0) 0.0 (0/0) 0.0 (0/0) 0.0 (0/0) 1.4 (1/0)

rt-t: right side tumor, lt-t: left side tumor, fMRI: functional MRI.
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dominance was observed in the left hemisphere in 
68 patients (91.9%), right hemisphere in 4 patients 
(5.4%), bilateral in 1 patient (1.4%), and undeter-
mined in 1 patient (1.4%). The hemisphere that was 
dominant among right-handed patients (71 patients) 
was on the left in 67 patients (94.4%) and on the 
right in 3 patients (4.2%) (Table 3). For clinical 
significance, right-handedness with right-dominance 
was observed in three patients (4.1%), and of those 
patients, tumors in the right hemisphere were 
observed in one patient (1.4%). 

Discussion

Considering the language-dominant hemisphere 
when planning a surgical strategy for an aggressive 
removal of a glioma is critical, due to the signifi-
cant correlation between prognosis and the extent 
of glioma resection.7,8) At present, the Wada test 
is the gold standard for determining the language-
dominant hemisphere.9–11) However, several studies 
have reported the use of non-invasive and repeatable 
language-dominance identification methods, such as 
magnetoencephalography (MEG)12–14) and fMRI15–25), 
that could replace the Wada test. In particular, fMRI 
is widely used, and the advantages of fMRI make it 
a superior method to the Wada test for patients with 
glioma.26) The aim of this study was to determine 
retrospectively the situations in which the Wada 
test could be skipped.

fMRI: Current problems and future expectations 
for gliomas

Of the 74 patients who underwent fMRI, fMRI 
was unable to accurately detect the language-
dominant hemisphere in 21 patients (26.9%). In 
addition, three patients (5.2%) exhibited paradoxical 
language dominance. Furthermore, two of these 
three cases (2.7%) were “contralateral false posi-
tive” cases, whereby left-hemisphere dominance 
as determined by the Wada test was identified as 
right-hemisphere dominance according to fMRI.27) 
On the other hand, the percentage of activated 
voxels in “contralateral false positive” cases were 

Table 3  Handedness and language dominancy according to the Wada test

Handedness Total, % (n) Dominant side by the Wada test, % (n)

Left Right Bilateral Unclear

Right 95.9 (71/74) 94.4 (67/71) 4.2 (3/71) 0.0 (0/71) 1.4 (1/71)

Left 2.7 (2/74) 50.0 (1/2) 50.0 (1/2) 0.0 (0/2) 0.0 (0/2)

Ambidextrous 1.3 (1/74) 0.0 (0/1) 0.0 (0/1) 100.0 (1/1) 0.0 (0/1)

Total 91.9 (68/74) 5.4 (4/74) 1.4 (1/74) 1.4 (1/74)

Fig. 3  (A) A 49-year-old right-handed man with a pleo-
morphic xanthoastrocytoma in the left temporal region. 
(B, C) Functional magnetic resonance imaging showing 
low-intensity activated voxels in the right inferior frontal 
gyrus. An MRI built-in analysis program revealed the 
right hemisphere to be language dominant. Conversely, 
the Wada test demonstrated language dominance in the 
left hemisphere. (D) The tumor was removed while in 
an awake state, and no post-operative speech distur-
bance occurred. 

A B

C D

right-handed, the tumor was located in the left 
hemisphere, the Wada test indicated left-hemisphere 
dominance, and the fMRI indicated right-hemisphere 
dominance (Table 2).

Handedness and location of the tumor
Of the 74 patients, 71 were right-handed, 2 were 

left-handed, and 1 was ambidextrous. Language 
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challenging to determine on the dominant side due 
to blurry or unclear signals. There are a number 
of reasons for this phenomenon, one of which is 
that gliomas can alter the chemical and hemo-
dynamic characteristics of the tumor site and its 
vicinity compared to normal brain tissue, which 
results in loss of autoregulation, disturbance of 
blood circulation by cerebral edema and altered 
venous return, decreased blood oxygenation level-
dependent imaging due to neuronal damage, and 
other issues.28,29) Another reason is that the tasks 
generally used for fMRI involve verb genera-
tion, and combinations of several tasks are often 
reported to increase the accuracy of fMRI.30,31) For 
example, Rutten et al. reported that accuracy as 
high as 91% could be achieved using a combina-
tion of tasks during fMRI.32) In contrast, our study 
used only the “last-and-first” task. If patients in 
our study were administered “matching” tasks or 
“verb generation” tasks, then the accuracy of the 
fMRI may have been improved. Furthermore, the 
combination of multiple procedures may be effec-
tive to avoid incorrect judgment. For example, 
fMRI in combination with MEG may increase the 
overall accuracy in determining language domi-
nance, particularly in patients with glioma. These 
non-invasive modalities may eventually replace the 
Wada test for determining the language-dominant 
hemisphere. 

Handedness and language dominance
From the results of the Wada test in this study, the 

left hemisphere was the site of language dominance 
in 94.3% of right-handed patients (Table 3). This 
result is consistent with the results of a previous 
meta-analysis in which approximately 10% of right-
handed individuals exhibited language dominance 
in the right hemisphere. Two of our patients (2.7%) 
were “contralateral false positive” cases; both 
patients were right-handed and had tumors in the 
left hemisphere. These results suggest that fMRI-
identified right-hemisphere language dominance 
in right-handed individuals with left-hemisphere 
tumors should be considered “contralateral false 
positive” results, because right-handed individuals 
exhibited left-hemisphere language dominance in 
94.3% of cases. In such situations, results from 
other modalities or information from the Wada test 
may be needed.

Advantages and disadvantages of the Wada test
The Wada test involves the possibility of judging 

both hemispheres as a false-positive33), meaning 
that both dominant and non-dominant hemispheres 
would be labeled as dominant due to the effects 

of anesthesia on the contralateral superior frontal 
gyrus and supplementary motor area caused by 
double-filling from the anterior cerebral artery. 
However, no studies using the Wada test have 
reported “contralateral false positive” or “false 
negative” results, as have been reported for fMRI. 
The most profound problem with the Wada test 
is its invasiveness. Several patients have suffered 
from permanent deficits after this test.34) However, 
the Wada test is reported to cause complications 
for no more than 0.3% of simple angiography 
cases.35) In our own experience, none of the 74 
patients in our sample suffered from permanent 
complications after the Wada test, so we regard 
this test as fairly safe. In this study, the Wada test 
determined the language-dominant hemisphere with 
high sensitivity and specificity. In addition, no 
patients who underwent extensive tumor removal 
under general anesthesia from the non-dominant 
hemisphere according to the Wada test presented 
with permanent speech disturbance. If there is a 
situation in which the Wada test is needed, we 
should not hesitate to perform this test.

When could we skip the Wada test?
It is clear that the Wada test is the gold standard 

with extremely high sensitivity and specificity 
for language dominance determination. All other 
methods of language dominance determination 
need to be compared to the Wada test. Patients in 
whom we should apply the Wada test are those with 
tumors in the left hemisphere who present with 
right-hemisphere language dominance according to 
fMRI. These patients may need extensive surgery 
under general anesthesia, and the determination of 
language dominance is a crucial pre-operative step. 
It is necessary to perform the Wada test to avoid 
contralateral false positives according to the fMRI. 
The Wada test also should be performed for cases in 
which fMRI identifies both hemispheres as language 
dominant or fails to identify either hemisphere as 
language dominant. For all other cases, our results 
indicate that the Wada test can be skipped. 

Conclusion

The current study revealed that the Wada test can 
be skipped if language dominance is detected by 
fMRI. The Wada test remains indispensable in some 
cases, if radical resection under general anesthesia 
is planned, due to the minor number of contralat-
eral false positive cases. Specifically, for patients 
with left-hemisphere gliomas, located near speech 
areas, who are identified as having right-hemisphere 
language dominance by fMRI.
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Limitations
This study may not reflect the results of current 

fMRI, because this study is retrospective and there-
fore includes old cases.  
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