










10

Issues in Clinical Neurosciencestm

11
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Figure 2.3.  A frontotemporal stereotactic-guided craniectomy 
was done, and intra-operative surface-grade electrodes were also 
used to map Broca’s area. Direct stimulation of Broca’s area was 
confirmed prior to tumor resection. Using an approach through the 
middle and inferior temporal gyrus, which preserved the temporal 
gyrus, a volumetric resection of the anaplastic astrocytoma was 
performed along with an amygdalohippocampectomy. 

Figure 2.5. Hippocampus with tumor resection en bloc.

Figure 2.4. A volumetric resection of the tumor including an 
amygdalohippocampectomy was performed. This approach was 
employed through the middle and inferior temporal gyrus, thus 
preserving the temporal gyrus. This is a magnified intra-operative 
view of the hippocampus. 

Figure 2.6.  MRI three weeks postoperative showing excellent gross 
tumor resection.
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Figure 2.1. Initial MRI studies revealed a large, left-temporal-lobe 
mass with evidence of minimal enhancement (arrow).

Figure 2.2. The left dominant speech hemisphere and speech areas 
were involved. Therefore, neurophysiologic monitoring of Broca’s 
area was instituted with identification through stimulation and 
recording of the vocalis muscles.

CASE PRESENTATION #2
Broca’s Area Mapping During 
Frontotemporal Stereotactic-
Guided Craniotomy for Anaplastic 
Astrocytoma and Resection of 
Epileptogenic Focus
Chief Complaint, Presentation, and 
History of Present Illness

This patient was a 26-year-old female who presented with  
generalized seizures. Upon admission and initial MRI (Fig. 2.1), she 
was found to have a large left-temporal-lobe mass with evidence of 
enhancement.

Neurologic Examination, 
Imaging Studies, and Diagnosis

Based on the patient’s neurologic examination and MRI imag-
ing studies, it was ascertained that the temporal-lobe lesion extended 
throughout the left medial temporal area, including portions of the 
hippocampus and primary speech area.

Resection and Results

Because of the nature of her seizures, in addition to formal 
electroencephalographic studies and monitoring on the epilepsy unit, 
the diagnosis of a glial left-sided tumor was made. Based on these 
findings, a decision was made to perform a stereotactic-guided volu-
metric resection of her primary glial tumor. Not only was resection 
of the primary tumor planned, but an amygdalohippocampectomy 
would also be performed concurrently to treat the secondary seizure 
generalization area.

Because of the left dominant hemisphere and involvement 
of the speech centers, a decision was made to proceed with neuro-
physiological monitoring of Broca’s area (Fig. 2.2) with identification 
through stimulation and recording of the vocalis muscles.

The patient underwent a left frontotemporal stereotactic-
guided craniectomy.  During exposure of the cortex, surface-grade 
electrodes were used to map Broca’s area (Fig. 2.3)

With consistent recordings from the vocalis muscle, this 
technique allowed delineation of the tumor with great precision. 
A volumetric resection of the tumor, including the amygdalohip-
pocampectomy, was then performed (Fig. 2.4). This surgical approach 
was used through the middle and inferior temporal gyrus, thus 
preserving the superior temporal gyrus. The tumor was removed en 
bloc (Fig. 2.5).

Postoperative Course & Follow-Up

Postoperatively, the patient was neurologically intact. Follow-
up imaging studies showed a gross total resection of the tumor (Fig. 
2.6). The patient remained seizure-free postoperatively and no 
longer required antiepileptic medication. The surgical pathology 
report confirmed the diagnosis of anaplastic astrocytoma. Adjuvant 
therapy for this patient included radiotherapy and chemotherapy with 
temozolamide. Follow-up imaging studies demonstrated no evidence 
of recurrence, and the patient has remained stable.
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CASE PRESENTATION #3
Complete Cytoreductive Resection 
of GBM Using Functional MRI, 
Stereotactic Planning, and Phase-
Reversal Neurophysiologic Mapping
Chief Complaint, Presentation, and 
History of Present Illness

The patient was a 72-year-old female with a known history of 
Crohn’s disease, who presented with severe progressive headaches, 
retro-orbital pain, and left-sided weakness. The patient sought medical 
attention because of her hemiparesis. A GBM was suspected.

Neurologic Examination, 
Imaging Studies, and Diagnosis

An MRI with contrast was performed and demonstrated evi-
dence of a large right-enhancing parietal lesion with significant edema 
and mass effect. In addition, an MRI spectroscopy was performed that 
revealed the characteristic graphic peak elevation of choline, sugges-
tive of a neoplastic process. Because of her neurologic presentation, 
tumor involvement within the motor cortex, and significant edema 
tracking well into the hand-motor area, functional MRI studies were 
also performed pre-operatively (Fig. 3.1). These studies showed that 
the area of the tumor was not directly within the patient’s hand-motor 
cortex, but the edema skewed tracking into this area. These data were 
used to plan for a stereotactic-guided resection. A functional MRI 
was then fused to the stereotactic MRI, which guided the surgical 
resection (Fig. 3.2).

Resection and Results

A right parietal stereotactic craniotomy was performed,  
during which a subdural strip and electrodes were used to map out 
the transition region between the motor and sensory cortex. With 
the electrode mapping, a specific phase-reversal wave pattern was 
identified. This mapping was used to guide the area of the resection  
in order to avoid damage to the motor cortex. By using the mapping 
procedure, the craniotomy was performed in a non-eloquent region, 
which further served to guide the tumor removal and cortical entry 
into a safe zone.

Continuous neurophysiological monitoring was used through-
out, while stereotactic navigation was employed to circumscribe the 
area of the tumor completely. 

Postoperatively, the patient showed improved left-sided 
weakness accompanied by a return to normal motor strength. A 
postoperative MRI showed a gross total resection (Fig. 3.3), and a 
final pathology report confirmed the diagnosis of GBM. As adjuvant 
therapy, the patient received concurrent temozolomide and radio-
therapy as suggested in the Stupp study cited below.

Figure 3.2. MRI 
showed a large, 
right-enhancing 
parietal GBM 
(delineated by 
red cross-hairs) 
showing signifi-
cant edema and 
mass effect. 
Stereotactic 
navigation was 
used to circum-
scribe the tumor 
area. 

Figure 3.1. 
Functional MRI 
studies were 
performed to 
delineate the 
hand-motor 
areas (red 
squares) and to 
ascertain the 
extent of the 
patient’s left 
hemiparesis.

Figure 3.3 
Postoperative 
MRI showing 
gross total 
resection of the 
GBM (arrow).
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Cortical Mapping of 
Broca’s Area During 
Craniotomy  
Under General 
Anesthesia
In the surgical resection of glial tumors located close to the 

speech-governing foci, caution must be exercised to avoid damage 
to these eloquent cortical areas. A technique in electrical stimulation 
during awake craniotomy of the exposed Broca’s area - consisting of 60 
Hz electrical current (Penfield’s technique) delivered via a hand-held 
electrode or through an array of subdural electrodes - has been used 
to map the brain and avoid motor aphasia.

We propose a novel intra-operative neurophysiological 
technique in eliciting electrical responses in the vocal muscles dur-
ing general anesthesia, by using short trains of 3 to 5 stimuli of high 
frequencies, ranging from 250 Hz  to 500 Hz, applied over Broca’s 
area in order to identify it anatomically (Fig 1). This novel technique 
also brings other advantages:
a)	 Identifies eloquent cortical areas and provides intra-operative 

protection of the brain cortex that is responsible for speech 
generation and prevention of motor aphasia;

b)	 Permits safer procedures in patients with pathology around  
Broca’s area and under general anesthesia;

c)	 Decreases the number of intra-operatively induced seizures 
after electrical stimulation of the brain.
Identification of Broca’s area can be done either transcranially 

(TES) or during exposed direct cortex stimulation (DCS). In the DCS 
technique (Fig. 1), 8 contact-strip electrodes or a hand-held probe are 
used. The parameters for DCS and TES (Fig. 2) are basically the same, 
except for the lower intensity used in DCS. However with DCS prior 
to electric stimulation, either with handheld or grid electrodes, the 
position of the central sulcus is validated utilizing median nerve phase 
reversal somato-sensory-evoked potential techniques.

Two hook-wire electrodes are generally used to record the 
electrical response in the vocalis muscles (Fig. 3). Following TES or 
DCS, three responses are recorded in all patients: (1) short latency 
response (SLR) in laryngeal muscle, when stimulating primary motor 
cortex for laryngeal muscle; (2) long latency response (LLR) in vocalis 
muscles when stimulating the phonological part of Broca’s area, and 
(3) response in the abductor pollicis brevis (APB) when stimulating M1 
for hand muscle.
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Figure 3. Composed photograph of the larynx with the endotracheal 
tube (middle). A. Needles with hook-wire electrode (arrow).  
B. hook-wire electrode placed in the right vocalis muscle.  
C. insertion of the electrode through the rigid laryngoscope.

Figure 1.  Direct Cortical Stimulation (DCS). Three responses from 
m. vocalis following DCS of the motor speech areas (long latency 
response), primary motor cortex for laryngeal muscles and abduc-
tor pollicis brevis (APB) post-electrical stimulation of the primary 
motor cortex for small hand muscles. Circular inset=area of left 
frontal gyrus, from where LLR can be elicited. LLR=long latency 
response; LV=left vocalis muscle; MEP=motor evoked potential 
from APB; RAPB=right m. abductor pollicis brevis. RV=right m. 
vocalis; SLR=short latency response; 1=Broca’s area; 2= motor 
cortex (hand area); 3= motor cortex area (laryngeal muscles).

Figure 2.  Transcranial electrical stimulation (TES) and motor-
evoked potentials recorded from m. vocalis and APB. LLR=long 
latency response; MEP=motor-evoked potential in the APB; 
SLR=short latency response.
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Editorial: Resection and  
Adjuvant Therapies in GBM
The high-grade glioma, or glioblastoma (a term introduced 

by Mallory in 1914), was first resected by Rickman Godlee in 1884. 
Taking into account recent advances in treatment since the 1970s, the 
prognosis for GBM has remained disappointing.

Aggressive gross resection, where 98% of the GBM mass is 
removed, has shown to prolong survival in some patients. Due to the 
highly invasive nature of this glial tumor via microscopic infiltration, 
GBM cannot always be totally resected, and recurrences can occur. 
Radiotherapy and chemotherapy are often used as adjuvant therapies 
to address the problem of recurrence in the treatment of GBM.

Tumor resection followed by radiotherapy plus chemotherapy 
has produced results that tend to be superior to either surgery or 
radiation as single modalities. It would appear that radiotherapy and 
concurrent chemotherapy help to increase the duration and the quality 
of survival for some patients with GBM. This combination of therapies 
is not considered curative, but survival rates have been prolonged, and 
quality of life has shown improvement in some patients.

Radiotherapy following surgery may not be for every patient. 
It is usually avoided in patients with anaplastic oligodendroglioma and 
in patients under 6 years of age. Radiotherapy in the elderly is always 
approached with caution.

Temozolomide (Temodar®), an oral alkylating agent,  has 
been shown to prolong survival rates in some patients. This agent has 
become a standard treatment for palliation in GBM and is considered 
by some experts as a strong foundation upon which to build a treat-
ment base. Other chemotherapeutic approaches include the use of 
bevacizumab (Avastin®) plus CPT-11, which has also shown to increase 
survival rates in some patients with GBM. The intra-operative use of 
the Gliadel® Wafer (polifeprosan 20 with carmustine) has also been 
shown to be useful in the management of GBM. Individual patient 
responses to these therapeutic approaches vary, and results depend 
on many factors.

At Roosevelt, each patient with any type of glial tumor is treated 
on an individualized basis, taking into account the type of neoplasm, 
its location within the brain, the potential for total resection, and the 
need for adjuvant radiotherapy and/or chemotherapy. In the use of 
the most recent treatments for glial tumors, we are leading the way 
to the future.

Sincerely,

Charles J. Ippolito, MD

Charles J. Ippolito, MD
Editorial Director, 
Department of Neurosurgery
Roosevelt Hospital 
1000 Tenth Avenue , Suite 5G-80 
New York, NY 10019 
212-523-6097 
Cippolit@chpnet.org
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