
Technical Note
Safe Resection of Gliomas of the Dominant Angular Gyrus Availing of Preoperative

FMRI and Intraoperative DTI: Preliminary Series and Surgical Technique
Giancarlo D’Andrea1, Pietro Familiari1, Antonio Di Lauro2, Albina Angelini1, Giovanni Sessa1
-OBJECTIVE: Language dysfunction, visual deficit,
numeracy impairment, and Gerstmann syndrome often occur
in the cortical area; furthermore, the subcortical white
matter is the inviolable limit of “functional neurosurgery.”
Preoperative functional magnetic resonance imaging (fMRI)
and tractography are capable of providing the data required
for safe “surgical planning” at both the cortical and
subcortical levels.

-METHODS: We report our experience regarding high-
grade gliomas affecting the dominant angular gyrus (AG),
supramarginal gyrus (SMG), intraparietal sulcus (IPS), and
their respective subcortical areas using intraoperative MRI
and diffusion tensor imaging (DTI).

Retrospectively, we reviewed a consecutive series of 27
patients operated in a BrainSuite for high-grade intra-
parenchymal tumors of the left posterior temporoparietal
junction. We included tumors involving the dominant AG,
SMG, and/or IPS and the subcortical course of arcuate
fasciculus (AF) and all the patients who underwent pre-
operative fMRI and DTI to localize the AF and the eloquent
cortical areas. Just after craniotomy, new volumetric MRI
and DTI verified and corrected possible brain shift. After
the gross total resection was carried out, and before
approaching the residual mass close to the white matter
tract, an intraoperative MRI was again performed.

-RESULTS: We operated on 27 patients, 15 males and 12
females, whose diagnosis was always high-grade glioma.
During the preoperative neurologic examination, 6 patients
were asymptomatic; 3 presented a Gerstmann syndrome;
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16 showed dysphasic disturbances, 6 of which were
associated with visual field deficits; and 2 showed
weakness of the right limb.

-CONCLUSIONS: Our results suggest that this approach is
completely safe and effective as an alternative to awake
surgery.
INTRODUCTION
urgery of gliomas affecting the dominant angular gyrus

(AG), supramarginal gyrus (SMG), and horizontal segment
S of intraparietal sulcus (IPS) is still considered challenging:

lengthier survival after aggressive and complete resection must
always be benchmarked against postoperative quality of life.

Language dysfunction, visual deficit, numeracy impairment, and

Gerstmann syndrome often occur in this cortical area; plus, the
subcortical white matter is the inviolable limit of “functional

neurosurgery.”

In particular, the tetrad described by Gerstmann, accounting for

acalculia, finger agnosia, left-right disorientation, and agraphia,
may occur following a cortical lesion and also due to a circum-

scribed subcortical lesion.1

Rates of postoperative deficits can be minimized by awake sur-
gery, which permits optimization; but, this is only possible for

selected patients and it involves a lengthy surgical session.

Instead, preoperative functional magnetic resonance imaging
(fMRI) and tractography are capable of providing the data required

for safe “surgical planning” at both cortical and subcortical levels.
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Figure 1. The fusion between preoperative functional magnetic
resonance imaging (fMRI) and intraoperative volumetric MRI after dural
opening allow a neuronavigator to define on cortex the Wernicke area.

TECHNICAL NOTE
IntraoperativeMRI and diffusion tensor imaging (DTI) correct brain

shift during surgery, allowing for a safe resectionwithout recourse
to awake surgery.

We report our experience regarding high-grade gliomas affecting

the dominant AG, SMG, IPS, and their respective subcortical
Figure 2. The comparison between preoperative and intraopera
the relevance of the shift of the arcuate fasciculus in all the 3
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areas using intraoperative MRI and DTI on patients who were

asleep for the whole length of the procedure.
MATERIAL AND METHODS

Retrospectively, we reviewed a consecutive series of 27 pa-
tients operated in a BrainSuite for high-grade intraparenchymal
tumors of the left posterior temporoparietal junction.

Our series included not only cortical lesions affecting the
angular gyrus but also tumors involving the dominant AG,
SMG, and/or IPS and the subcortical course of arcuate
fasciculus (AF). All the patients underwent preoperative fMRI
and DTI to localize the AF and eloquent cortical areas.

These tumors mostly presented a variable intraparenchymal
extension affecting the subcortical white matter, and often
they were compressing the surrounding structures such as
the ventricular system, corticospinal tract, and optic
radiations.

Two neurosurgeons (G.S. and P.F.) who were not involved in
performing the surgery of these cases evaluated all the pa-
tients at the moment of admission, immediately after sur-
gery, upon discharge, 1 month after surgery, and 3 months
after surgery in order to assess their improved, unchanged, or
worsened neurologic status during the follow-up period.

A speech therapist tested all the patients using the Italian
version of the Boston Diagnostic Aphasia Examination
tive diffusion tensor imaging (DTI) clearly demonstrates
planes of magnetic resonance imaging.
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Figure 3. Preoperative planning with diffusion tensor imaging shows the
CST (violet), optic radiation (pink), and the arcuate fasciculus (yellow). The

picture also demonstrates the definition of 2 target points where the
arcuate fasciculus has the closer relationship with the tumor.

TECHNICAL NOTE
(BDAE, Goodglass and Kaplan, 1972), while their handedness
was assessed using a standardized questionnaire (Edinburgh
inventory, Oldfield, 1971).

The patients underwent examination before surgery and at
discharge. Our medical staff selected a control group
(Table 2).

We did not use the Wada test because of its invasiveness
and lack of information about the functional anatomy of lan-
guage and its relation to the tumor. Gerstmann’s tetrad was
also investigated in all the cases discussed here. All the pa-
tients underwent surgery while asleep for the whole length of
the procedure.

In order to evaluate postoperative outcome, a normal quality
of life was used as a benchmark and presence of eventual
deficits impairing such condition, including visual and
dysphasic ones, was taken into account.
WORLD NEUROSURGERY 87: 627-639, MARCH 2016
PREOPERATIVE MAGNETIC RESONANCE PROTOCOL

The preoperative study was carried out using a 1.5-T magnet

(Sonata, Siemens, Erlangen, Germany), coupled with the one
available in the operating room. The following sequences were

acquired: T2, fluid attenuated inversion recovery [FLAIR],
isotropic volumetric T1-weighted magnetizationeprepared rapid

acquisition gradient echo (MPRAGE) before and after intravenous
administration of paramagnetic contrast material and diffusion

tensor sequences.

The diffusion tensor study was performed with 6 noncollinear di-
rection (b value ¼ 0 and 1000 s/mm2) and echoplanar sequences

(TE 86 ms, TR 9200 ms, matrix 128 � 128, FOV 240 mm, slice
thickness 1.9 mm, bandwidth 1502 Hz/Px, 60 slices, no gap,

acquisition time 5 minutes, 31 seconds). Tractography post pro-
cessing was performed by applying a similar method to those

presented by Basser et al.,2 Mori et al.,3 and Stieltjes et al.4 using
version 1.6 of the DTI task card software package (Magnetic
www.WORLDNEUROSURGERY.org 629
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Figure 4. Intraoperative comparison between preoperative and
intraoperative diffusion tensor imaging. The shift of the 2 arcuate fasciculi
is clearly depicted and calculated.

TECHNICAL NOTE
Resonance Center, Massachusetts General Hospital, Boston,
Massachusetts, USA) on a Brainlab (Heimstetten, Germany)

console. Color maps were used to define the region of interest
(ROI) best suited to the subsequent tractography procedure. The

Filter Tracking technique involved a 3-dimensional reconstruction
of the white matter tracts using a fractional anisotropy (FA)

threshold of 0.17 and an angle between consecutive vector lines
>55�. TheROI for fiber trackingwas positioned in the region lateral

to the corticospinal tract along the cranial limit of the splenium of
the corpus callosum on the coronal plane.2 The mean data

processing time of the AF was 8e10 minutes. The tractography
results were saved in a file containing the x/y/z coordinates for

each fiber. These data were imported, along with the b ¼
0 diffusion images, into the navigation software (import module

for iPlan 1.0 programmed by U. Mezger, Brainlab). After accurate
registration of the b ¼ 0 images with the anatomic volumetric

package, and having verified that there were no discrepancies
between data (differences >3 mm) in the region of the tumor, it

was possible to display white matter tracts as standard anatomic
images. The fiber margins were then segmented to allow them
630 www.SCIENCEDIRECT.com WORLD NEU
to be defined as objects in the navigation system and be
depicted intraoperatively. The average overall time of this data-

processing procedure, which was generally performed the day
prior to surgery, was about 30 minutes.

The preoperative study was completed with preoperative fMRI
data to evaluate the language and cortical area calculations, ac-

cording to the protocol described by Delmaire and Lehéricy5 for
language study. The patients who were not able to pass the

examination relating to dysphasia were excluded from this series.

The fMRI has been fused with the intraoperative volumetric MRI

after dural opening, in order to correct the eventual error corre-
lated to craniotomy, osmotic diuretics, and cerebrospinal fluid

waste. It was then sent to the neuronavigator to define on cortex
the Wernicke area (Figure 1).

The BOLD effect and the well-known problem of imperfect ac-

curacy and specificity of fMRI have been taken into account by
the surgeons, but in all the cases the examination was used to

plan the corticectomy far from the detected functional areas.
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.10.076
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Figure 5. Again, the comparison between preoperative and intraoperative diffusion tensor imaging has been matched
on the volumetric magnetic resonance imaging for navigation accounting of the arcuate fasciculus shifting.

TECHNICAL NOTE
The distance of the cortical approach from the detected areas

was the wider possible, while the tolerated distance between
resection and AF was up to 0 and 2 mm.
SURGICAL PROCEDURE AND INTRAOPERATIVE MAGNETIC
RESONANCE IMAGING

The preoperative surgical planning with the exact definition of the
AF and eloquent cortical areas was always loaded onto the

neuronavigation system.

The data were loaded into the navigation system in about 2 mi-

nutes by infrared matching of the patient’s head. In all cases, a
linear incision centered on the tumor was accomplished.

Just after craniotomy, dural opening and, if needed, osmotic drug

administration, new volumetric MRI, and DTI proved to be
necessary in order to verify and correct the potential brain shift

that might occur on the brain due to gravity, surgical position,
surgical retraction of the brain, edema, CSF drainage, adminis-

tration of osmotic diuretics, and tumor-mass effect6,7 (Figure 2).

Total acquisition and processing time was about 15 minutes.

We carefully sought and delineated the eloquent cortical areas,

previously identified by fMRI, to minimize morbidity during the
cortical incision (see Figure 1).

Approaching the lesion, we followed the neuronavigation to

achieve a gross total resection (GTR) while localizing the AF and
keeping at a safe distance from it (Figure 3).
WORLD NEUROSURGERY 87: 627-639, MARCH 2016
After the GTR was carried out, and before approaching the re-

sidual mass close to the white matter tract, an intraoperative MRI
(T2, FLAIR, isotropic volumetric T1-weighted MPRAGE) before

and after intravenous administration of paramagnetic contrast
medium and DTI was again performed to highlight the amount of

the residual lesion, correct the eventual brain shift, and update
the course of the AF.

At the end of surgery, in all the cases, we acquired a final MRI

and DTI to demonstrate the resection and the subsistence of the
AF.

All the intraoperative examinations were benchmarked against
the previously acquired studies during the preoperative protocol

to compare the course of AF before surgery, after dural opening
and during the resection (Figures 4e9).

RESULTS

We operated on 27 patients, of whom 15 were males and 12
were females. Average age was 65.8, the diagnosis was always

World Health Organization (WHO) grade IV glioma, and mean
survival was 16.55 months (Table 1).

During the preoperative neurologic examination 6 patients

were asymptomatic, 3 presented a Gerstmann syndrome, 16
showed dysphasic disturbances (6 of which were associated

with visual field deficits), and 2 showed weakness of the right
limb (see Table 1). Volumetric preoperative MRI showed 27

intraparenchymal tumors involving the cortical areas of dominant
AG, SMG, and/or IPS and the subcortical course of the AF.
www.WORLDNEUROSURGERY.org 631
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Figure 6. Another case of preoperative and intraoperative comparison after
complete resection.

TECHNICAL NOTE
Preoperative fMRI allowed us to localize the Wernicke cortical

area in all the patients, except for cases 3, 14, and 24 due to their
severe preoperative dysphasic disturbances. AF reconstruction

was achieved in all the cases. Less severe dysphasia did not
prejudice the possibility of identifying the Wernicke area and,

moreover, did not play any role in DTI.

Obviously, our series included all the cases in which the lesion
and its edema did not compromise the acquisition of DTI, and

hence all the cases in which it was possible gather preoperative
and intraoperative tractography.

Immediately after the dural opening we fused these data with the
first intraoperative MRI to correct possible brain shift.

Cortical incision and brain retraction always followed the neuro-

navigation; a cotton landmark covered the identified eloquent
areas, and the extension of the tip of the probe allowed us to

obtain a specific idea of the AF course thanks to neuronavigation
(see Figure 3).
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In all the cases the first step involved GTR monitored by intra-

operative MRI and DTI for brain shift, exact localization of the AF,
and appraisal of eventual residual lesions.

We defined the AF following the data of intraoperative DTI sent

to navigator, and we were able to follow it during surgery with
the probe or into the microscope (image injection), sparing it or

choosing it for a subtotal resection (Figure 10).

Intraoperative DTI conveyed an important shift of the AF; hence

the preoperative MRI was not effective in allowing a safe surgery
without an awake patient. Instead, we have been able to perform

the surgery with patients asleep during the whole length of the
procedure (see Figures 4e9).

Complete or subtotal resections were planned considering the

relationship between the tumor and the AF after the intra-
operative tractography, with its continuous control during resec-

tion, by means of the image provided by the microscope viewer
(Figure 11).
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.10.076
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Figure 7. This figure reports the exact calculation of arcuate fasciculus shifting during surgery.

Figure 8. Another case of comparison between preoperative and intraoperative diffusion tensor imaging with arcuate
fasciculus shifting and complete resection.

WORLD NEUROSURGERY 87: 627-639, MARCH 2016 www.WORLDNEUROSURGERY.org 633
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Figure 9. This figure reports the comparison and its correlated arcuate
fasciculus (AF) shifting among preoperative, intraoperative after dural
opening, and intraoperative after gross total resection diffusion tensor

imaging. It is possible to appreciate 3 different spatial reconstructions of
the same AF.

TECHNICAL NOTE
We assumed an average error of 0.79 � 0.25 mm and a

maximum error of 2.0 mm for the neuronavigation as stated by
the manufacturer.

Twenty-one out of twenty-seven (77.7%) patients underwent

complete removal (Figure 12) of the tumor, while in 6 cases we
performed a subtotal resection. Availing of intraoperative MRI,

we checked for good postoperative quality of life.

The subtotal resection was defined in relation to a safe distance

of 0e2 mm from the AF or to its neoplastic involvement.

The initial and residual volume of the lesions were calculated
(cm3) using the navigation software (import module for iPlan 1.0

programmed by U. Mezger, Brainlab, Heimstetten, Germany)
(see Table 1). The residual lesion accounted for 6% in 2 cases and

7%, 8%, 9%, and 11% in the other cases (see Table 1). Histologic
examinations confirmed, in all the cases, the diagnosis of high-

grade glioma (WHO grade IV).
634 www.SCIENCEDIRECT.com WORLD NEU
Upon immediate postoperative examination and on discharge,

the neurologic status was normal in 22 out of 27 (81.5%) pa-
tients; 20 out of 27 (74%) improved their preoperative symp-

toms, while the 6 asymptomatic patients maintained their normal
neurologic status and we did not register any case of deteriorated

clinical status.

In particular, dysphasic disturbances recovered in 13 out of 16
(81.2%) cases and Gerstmann syndrome recovered in all 3 cases

(100%); such improvement was statistically related to surgery
(P < 0.005) (Table 2).

Transient minor deteriorations in language function within 48
hours after surgery were correlated to postoperative edema and

resolved after mannitol and dexamethasone administration.

The outcome was excellent (no deficit affecting normal quality of
life) in the case of 23 patients (85.1%) and good (moderate deficit

affecting the normal quality of life) for 4 other patients (14.8%);
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.10.076
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Table 1. Surgical Series

Case Patient Age Sex Preoperative Status
Postoperative

Status Resection Tumor Outcome
Volume
(cm3)

Residual
(cm3)

Survival
(months)

8 PC 50 F Asymptomatic Normal Complete IV Grade glioma Excellent 55.622 0 19

9 CM 71 F Dysphasia Normal Complete IV Grade glioma Excellent 58.477 0 12

11 SC 60 F Dysphasia Normal Complete IV Grade glioma Excellent 17.604 0 14

13 BF 79 M Emianopsy/dysphasia Normal Complete IV Grade glioma Excellent 61.242 0 10

10 AG 64 M Dysphasia Normal Subtotal IV Grade glioma Excellent 39.784 2.984 (8%) 14

18 IF 67 F Dysphasia Normal Subtotal IV Grade glioma Excellent 35.498 3.194 (9%) 13

15 TM 78 F Asymptomatic Normal Complete IV Grade glioma Excellent 29.505 0 5

16 ID 79 F Asymptomatic Normal Complete IV Grade glioma Excellent 15.759 15

17 FP 73 M Asymptomatic Normal Complete IV Grade glioma Excellent 27.314 0 23

21 PF 77 M Asymptomatic Normal Complete IV Grade glioma Excellent 35.809 0 19

25 AM 61 F Asymptomatic Normal Complete IV Grade glioma Excellent 17.278 0 26

2 FV 65 F Dysphasia Normal Complete IV Grade glioma Excellent 25.669 0 13

19 GP 65 F Dysphasia Normal Complete IV Grade glioma Excellent 31.546 0 26

22 AF 64 M Dysphasia Normal Complete IV Grade glioma Excellent 29.667 0 21

27 LL 63 M Dysphasia Normal Complete IV Grade glioma Excellent 54.625 0 19

20 GS 74 F Emianopsy/dysphasia Normal Complete IV Grade glioma Excellent 25.964 0 22

4 SA 73 M Gerstmann syndrome Normal Complete IV Grade glioma Excellent 16.759 0 19

12 TG 55 M Gerstmann syndrome Normal Complete IV Grade glioma Excellent 45.044 0 18

23 AR 67 M Gerstmann syndrome Normal Complete IV Grade glioma Excellent 19.785 0 25

7 RG 40 F Right limb weakness Normal Complete IV Grade glioma Excellent 21.657 0 24

26 ST 76 M Right limb weakness Normal Complete IV Grade glioma Excellent 17.844 0 17

5 RP 60 M Emianopsy/dysphasia Normal Subtotal IV Grade glioma Excellent 21.735 1317 (6%) 9

1 DS 41 M Emianopsy/dysphasia Mild emianopsy Complete IV Grade glioma Excellent 60.894 0 14

3 AG 67 M Dysphasia/disgraphia/disorientation Dysphasia Complete IV Grade glioma Good 11.893 0 14

14 BMG 66 F Dysphasia Dysphasia Subtotal IV Grade glioma Good 46.684 2.801 (6%) 19

24 SF 69 M Emianopsy/dysphasia Dysphasia Subtotal IV Grade glioma Good 51.492 5.664 (11%) 10

6 BV 74 M Emianopsy/dysphasia Emianopsy Subtotal IV Grade glioma Good 56.735 4.538 (7%) 7

TECHNICAL NOTE
one case was included among the excellent outcomes because

the mild hemianopsy registered did not compromise the quality
of the patient’s life.

In particular, the 20 patients who underwent complete resection

(95.2% of total) obtained an excellent outcome because they
were not affected by the aggressive resection (c2 P < 0.05).

All the patients underwent postoperative radiotherapy and
chemotherapy.

DISCUSSION

Surgical resection of malignant intraparenchymal neoplasms

affecting the cortical and subcortical areas in question is still
considered challenging because of the high risk of postoperative

neurologic deficits, even if their aggressive resection affects the
patients’ prognosis.
WORLD NEUROSURGERY 87: 627-639, MARCH 2016
The dominant angular gyrus (AG), supramarginal gyrus (SMG),

and horizontal segment of intraparietal sulcus (IPS) manage
fundamental functions that are necessary for a normal quality of

life, such as language and calculation, and that require outmost
consideration while approaching these tumors, also accounting

for the Gerstmann syndrome as a potential postoperative
complication.

Gerstmann’s tetrad can, in fact, occur both preoperatively or as a

surgical complication. Its symptoms and alexia can arise jointly or
separately.

Roux et al.8 reported an instance of pure Gerstmann syndrome,
but in literature this is rather rare; however, several cases

present its elements separately.

Morris et al.9 found both separate and common cortical areas
of the dominant AG producing the specific symptoms of
www.WORLDNEUROSURGERY.org 635
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Figure 10. Operative photograph depicting the image injection of the operative microscope enhancing the operative
planning in the outline and 3-dimensional mode.

TECHNICAL NOTE
Gerstmann’s tetrad, but finger agnosia and acalculia can also be

produced by injuries to the SMG and IPS, thus explaining why a
complete Gerstmann syndrome has been reported so seldom for

focused lesions of the AG.8

Rusconi et al.1 speculated that a circumscribed subcortical lesion
might produce a disconnection syndrome accounting for the four

Gerstmann symptoms, because functional studies of the cortex
overlapping the 4 domains of the Gerstmann syndrome did not

indicate a single, specific cortical area producing such syndrome.

Instead, fiber tracking was able to localize at least 1 region of

white matter accounting of all 4 domains of the syndrome, while
electrical stimulation of the cortex never elicited it.1

In fact, as the authors1 reported, the best-documented example

of pure Gerstmann syndrome was correlated to a subcortical
lesion,10 and we found the same occurrence in 3 of our patients

who presented a lesion affecting the white matter.

Respect for the cortical eloquent areas is not sufficient to safe-
guard the patient from postoperative deficits when the surgeon

conducts resection on the subcortical plane11; moreover, integrity
of the AF is mandatory for avoiding language disturbances.

We strongly agree with Van Eimeren et al.12 concerning the
importance of respecting the white matter tracts, whose

integrity produces a greater level of gray matter functionality.

Intraoperative DTI is the best tool to demonstrate their exact
route in real time during intraparenchymal surgery.
636 www.SCIENCEDIRECT.com WORLD NEU
Intraoperative DTI allows us to achieve results comparable with

those obtained during awake surgery; in addition, our surgical
technique is applicable to all patients instead of being limited by

the necessity of patience’s collaboration during awake surgery,
which, as mentioned, also requires more surgical time.

DTI permits extensive resection, which, in turn, allows us to pre-
serve the functionally relevant brain areas by determining the rela-

tionship between the tumor and adjacent tracts of white matter.

Such localization is effective in preoperative neurosurgical plan-
ning in order to evaluate the operative risk, but it needs to be

upgraded by an intraoperative DTI to be effective when
approaching the AF boundaries.

DTI is the only technique capable of acquiring an optimal neuro-
imaging of white-matter tracts in vivo,13 but it suffers from

anatomic modifications during the operation due to brain shift,7

which can produce important loss of the accuracy and safety of

the surgical planning based on a preoperative MRI.

The intraoperative DTI allows us to approach similar lesions by
comparing our technique to awake surgery thanks to the possi-

bility of acquiring an intraoperative DTI capable of localizing the
AF and correcting important and frequent brain shifts, as the

comparison between preoperative and intraoperative DTI has
clearly shown (Figures 2,4L9).

Awake surgery is still considered the best possible choice to
ensure safe intraoperative control; however, it can also prove
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.10.076
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Figure 11. This picture depicts the 3-dimensional reconstruction with image injection into the operative microscope
view, enhancing the projection of the arcuate fasciculus into the operative field.

TECHNICAL NOTE
problematic due to the length of surgery time required, patient
fatigue, and critical psychologic preparation along with its po-

tential unavailability in some neurosurgical units.

Awake surgery is definitely an excellent treatment for cerebral
lesions affecting the eloquent brain in terms of safety and
Figure 12. Intraoperative postsurgical magnetic resonance imaging
demonstrates the complete resection of the lesion.

WORLD NEUROSURGERY 87: 627-639, MARCH 2016
effectiveness, but its best results in cases of larger resection and
postoperative neurologic deficits have not as yet been compared

with a series of patients undergoing surgery involving intra-
operative MRI and DTI.14,15

Although awake surgery is nowadays widely accepted as an

unsurpassable strategy for lesions affecting speech, it should
really be considered mandatory in cases of resection of low-

grade tumour due to the infiltrating capacity and functional-
tissue content of the latter.

High-grade gliomas, like those reported here, do not contain
functional tissue; hence identification of the eloquent cortical

areas and that of the AF using fMRI and DTI permits safe
resection within the neoplastic boundaries.

An intraoperative MRI with DTI allows us to overcome the natural

obstacles of an exclusively preoperative and consequent inac-
curate preoperative planning for navigation. Our technique may

be considered as a valid alternative to awake surgery in the
presence of high-grade gliomas.

Furthermore, the general anaesthesia required avoids the now
negligible, but still present, psychologically adverse effects in

terms of distress, anxiety, and fear.

In factual terms, preoperative fMRI is an effective tool capable of
investigating the specific cortical functions of dominant AG,

SMG, and IPS precisely by ensuring their intraoperative localiza-
tion through neuronavigation during general anaesthesia.
www.WORLDNEUROSURGERY.org 637
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Table 2. Boston Diagnostic Aphasia Examination (BDAE) Test (Statistical Significance Preoperative/Postoperative Surgical Series)

BDAE items

Controls
(n [ 27)

Dysphasia Preoperative
(n [ 27)

Dysphasia Postoperative
(n [ 27)

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Word comprehension 15.3 (0.7) 14e16 13.1 (0.8) 12e14 14.8 (1) 13e16

Syntactic processing 9.8 (2.4) 4e13 7.6 (2) 3e11 9.3 (2.1) 4e12

Repetition of single words 14.2 (0.8) 14e15 12.3 (1.1) 10e14 13.5 (1.5) 12e15

Repetition of sentences 9.0 (0.9) 7e10 7.7 (0.9) 6e9 9.0 (0.9) 7e10

Numbers naming 3.9 (0.2) 3e4 2.6 (0.5) 2e3 3.7 (0.3) 3e4

Colors naming 3.7 (0.4) 3e4 3.4 (0.5) 3e4 3.6 (0.4) 3e4

Action naming 9.3 (1.9) 6e12 7.7 (1.4) 5e10 9.0 (2.2) 5e12

Oral word reading 14.7 (1.2) 9e15 10.4 (1.6) 7e13 14.0 (2) 8e15

Oral sentences reading 8.6 (1.5) 6e10 7.8 (1.2) 5e9 8.2 (1.7) 6e10

Oral sentence comprehension 4.2 (1) 1e5 3.7 (0.8) 1e4 4.1 (1) 1e5

Reading comprehensionesentences and paragraphs 7.3 (1.5) 5e10 6.3 (0.9) 4e8 7.2 (1.6) 5e10

Narrative writing 9.2 (1.6) 5e11 7.6 (1.4) 4e10 8.9 (1.7) 5e11

Language was examined addressing oral comprehension, oral production, written comprehension, and written production through the BDAE, Short Version, complemented by the subtests Word
Discrimination, Following Commands, Complex Ideational Material, Naming of Special Categories, and Syntactic Processing from the Extended Version. The performance of both groups on
neuropsychologic and language tests was compared by means of the Student’s t-test.

Student’s t-test (2 tails) preoperative/postoperative: 0.000455768 (P < 0.005)
Dysphasia improvement is statistically related to surgery.
SD, standard deviation.

TECHNICAL NOTE
Furthermore, the addition of intraoperative volumetric MRI cor-

rects eventual brain shift,6,7 providing a real cortical “mapping”
without the need of recurring to awake surgery.

Several authors11,16,17 state that preoperative fMRI and DTI in-

crease accuracy and reduce waste of time during surgery;
however, some also report loss of AF-localization accuracy in

neuronavigation when this is based on preoperative MRI only.

Mikuni and Miyamoto18 in particular have discussed

improvements in aggressive resection of glioma due to
integration of fMRI, tractography, and brain mapping.

Our protocol combines the impact of functional MRI, tractog-

raphy, and neuronavigation requiring an intraoperative check of
the reliability of the imaging such as to reproduce the safety

conditions of awake surgery.

Obviously, intraoperative MRI is mandatory when seeking to
achieve a complete or wider resection versus cases of only

attempting to correct the brain shift. Furthermore, intraoperative
MRI is also mandatory when seeking to acquire an intraoperative

DTI of a real 3-dimensional reconstruction of the AF and optic
radiations.

According to Russell et al.,19 we do not expect any functional
area within the enhanced portions of a high-grade glioma to

require aggressive surgery, but DTI, tractography, and fMRI
clearly help to minimize the postoperative deficits while also
638 www.SCIENCEDIRECT.com WORLD NEU
allowing quantification and discussion with the patients of po-

tential postoperative neurologic deficits.

Intraoperative MRI also represents the best tool to verify the
amount of surgical resection; in fact, Duffau et al.11 perform an

immediate postoperative MRI and a 3-month control to
evaluate their resection, whereas in BrainSUITE we can do this

during and immediately after surgery.

CONCLUSIONS

We believe that BrainSUITE is useful but clearly not indispens-

able for surgery of similar lesions and that it represents a valid
and effective option to awake surgery.

However, the operating room has important restrictions such as

BrainSUITE’s high installation costs, limited diffusion, and un-
usual operating table and head holders. Hence although it rep-

resents an alternative to awake surgery, it cannot fully replace it
at the time being.

In conclusion, our results suggest that this approach is

completely safe and effective as an alternative to awake surgery.

Even if we report only a small series as yet, an 81.5% normal

neurologic status at discharge, recovery of preoperative
dysphasic disturbances in 81.2% of the cases, and a 100%

absence of Gerstmann syndrome spell an excellent outcome of
85.1%, which seems to corroborate our opinions.
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.10.076
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