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Introduction

Aims: The objectives of this project were (1) To determine
the clinical applicability and reproducibility of the proposed
language tasks. (2) To document the accuracy of fMRI map-
ping of language regions compared to surgical outcomes.

Background: A panel of language tasks has been utilized in
determining essential language regions and has shown to be
more effective than any single test by itself. However, the
accuracy and reproducibility of pre-surgical mapping of lan-
guage in patients with mass lesions near language areas has
not been optimized. Prior work completed by this group has
since demonstrated the reproducibility of the proposed lan-
guage tasks. Patients with symptomatic mass lesions are likely
to undergo brain surgery to remove the lesions. Language
centers are left dominant in a majority of patients. As such,
damage to the language centers and thus damage to language
comprehension and speech production are complications of
brain surgery in the dominant hemisphere. The clinical appli-
cability of using pre-surgical fMRI mapping to determine the
location of critical language centers is that this information
can be utilized by the neurosurgeon to avoid resection of or
damage to critical speech areas. Thus, accurate pre-surgical
fMRI mapping of language can avoid the development of any
new post-surgical speech deficits.

Methods

We performed a retrospective review of 19 patients with left-
sided, intra-axial, space-occupying lesions in whom a battery
of language tasks (object naming, sentence completion, read-
ing, word fluency, category fluency, verb generation, object
naming and passive auditory) were performed for pre-oper-
ative planning. All patients were scanned on a 3T MRI with
acquisition of GE-EPI BOLD sequences (TR=1.875 sec, 2 min
15 sec) with a block design consisting of equal and alternating
blocks of task and rest, respectively. Activation maps were
generated and overlayed on anatomic images and 3D surface
rendered images of the brain using Invivo Dynasuite Neuro
and AFNI.

Figure 1. Axial T1 post-gadolinium (a) and axial T2 FLAIR (b) demonstrate a peripherally enhancing, centrally ne-
crotic intra-axial mass with surrounding T2/FLAIR hyperintensity centered in the left temporal lobe. Sagittal T1 ana-
tomic images with overlayed thresholded color activation map of a reading task, p=0.005 (C) depicting Wernicke’s
activation in the postior left superior temporal gyrus, displaced superiorly by the space-occupying intra-axial mass in
the left temporal lobe.

Methods

Pre- and post-surgical language capabilities were determined
based on examination of the patient’s chart. Any information
that could not be obtained from the chart was obtained di-
rectly from the operating neurosurgeon. The magnitude of
new language deficits was quantified as in Table 1.

Severity of New
Language Deficit

Description

None No changes in language capabilities from pre-surgi-
cal to post-surgical documentation. If a patient had a
pre-surgical language deficit then the magnitude of

the deficit did not change post-surgically.
Post-surgical language capabilities are worse than

pre-surgical language capabilities. However, Speech
Language Pathology (SLP) was not consulted and im-
provements in language capabilities are noted after

immediate post-surgical decline.
Post-surgical language capabilities are worse than

pre-surgical language capabilities. SLP was consulted.
However, improvements in language capabilities are

noted after immediate post-surgical decline.
Post-surgical language capabilities are worse than

pre-surgical language capabilities. SLP was consulted.
No improvements in language capabilities are noted

at this time.
Table1. Language deficit severity scale.

Mild

Moderate

Severe

If a patient had a pre-surgical language deficit then the mag-
nitude of any new post-surgical language deficits (if present)
are compared to the patients’ pre-surgical baseline. Magni-
tude of new post-surgical language deficits in patients with
pre-surgical language deficits are not compared normal lan-
guage capabilities.

Figure 2. Axial T1 post-gadolinium (A) and axial T2 FLAIR demonstrate an intra-axial infiltra-
tive mass with linear areas of enhancement centered in the posterior left frontal lobe. Axial
and sagittal T1 anatomic images with overlayed thresholded color activation map of sen-
tence completion task, p=0.005 (C and D) demonstrate activation in the left inferior frontal
gyrus (Broca’s area), abutting the anterior maring of the mass.

Results

19 patients, 11 female and 8 male, with mass lesions in the
dominant hemisphere were included in this study. Patients
in this study ranged from 25 to 64 years of age. Mass lesions
in 6 patients were characterized as Arteriovenous Malfor-
mations (AVMs). The AVMs were located in the left tem-
poral, frontal, and parietal regions. The remaining patients
(13) had mass lesions characterized as tumors (benign or
malignant). The tumors were located in the left temporal,
frontal, and parietal regions. The tumors ranged from WHO
grade 1 through WHO grade 4. Areas determined as Broca
or Wernicke’s Areas were correlated to surgical mapping
and post-surgical outcome. To our knowledge, no perma-
nent deficits have been diagnosed at this time. Of the 19 pa-
tients considered, only 13 patients went on to have surgery
to remove the mass lesions. The other 6 patients either
did not have surgery at all (managed with radiation/che-
motherapy), could not be followed-up on (notes were not
available), or had gamma-knife radiosurgery (as opposed
to excisional surgery).

SubjectID | Age | Gender |Diagnosis/Pathology
1 57 M |left insular infiltrating gioma
2 63 F |left temporal high grade glioma
3 25 M |left frontal AVM
4 49 F  |left parietal malignant neoplasm
5 47 M |left frontal glioma
6 37 F  |left parietal enhancing lesion
7 49 F  |left frontal AYM
8 50 F |left cavernoma
9 53 F  [|left infiltrating glioma
10 41 F  |left posterior frontal AVM
11 45 M |left frontal cavernoma
12 51 F  |left frontal AVM
13 49 M |left middle cranial fossa AVM
14 64 M [left temporal WHO grade 2 astrocytoma
15 62 M |left posterior temporal metastasisof lung adenocarcinoma
16 62 M |left temporal glioblastoma
17 59 F  |left parietal AVM
18 42 F |left temporal pilocytic astrocytoma
19 26 F lleft temporal oligoastrocytoma

Table2. Patient demographics.

Of the 13 patients that had surgery, only one (subject 14)
was noted to have severe post-surgical language deficits. A
majority of the patients (subjects 1, 4, 8, 9, and 13) did not
nave any new post-surgical language deficit. Subject 9 had a
bre-surgical language deficit. However, post-surgical docu-
mentation does not note any worsening of the pre-surgical
language deficit. Therefore,subject 9 was classified as having
no new post-surgical language deficits. Three subjects (2, 11,
16) had mild new post-surgical language deficits. Finally, 4
subjects (5, 12, 17, 18) had moderate new post-surgical lan-
guage deficits. In summary, 92% of patients either had no
new post-surgical language deficits or had new post-surgi-
cal language deficits that later improved.

Conclusions

Functional MRI language mapping has been around for de-
cades, the clinical contribution has not been adequately
demonstrated. Preservation of essential language areas is
paramount in the surgical resection of space-occupying in-
tra-axial brain lesions in the dominant hemisphere. Language
mapping with functional MRI contributes to pre-operative
planning and helps the surgeon with patient selection for sur-
gery, surgical approach, and in selecting patients for cortical
mapping. Post-operative language deficits following resec-
tion of brain tumors in regions involved in language function
has been reported in the literature to be as high as 16% in pa-
tients that did not have any preoperative language mapping.
In our patients who had preoperative language mapping using
fMRI with a battery of language tasks, the rate of post-oper-

Figure 3. Surface rendered 3D image of the brain with venous overlay demonstrates a hy-
pervascular intra-axial mass centered in the left inferior parietal lobe. Overlayed activation
maps (orange = sentence completion, turqoise = word fluency) demonstrate Broca’s area in
the left inferior frontal gyrus and Wernicke’s area in the posterior lateral left superior tem-
poral gyrus.

ate language deficits was lower than that reported in the lit-
erature. However, these results are limited by a small sample
size and limited comparison, but may serve as a baseline for
further investigation. Although post-surgical outcomes are
dependent on many factors including tumor biology/loca-
tion/size, patient selection, and surgical technique, language
mapping with funtional MRI may contribute to good overall
clinical outcomes.
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