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Surgery of the Cranial Base

Figure 3.1. Pre-operative formal visual-field testing revealed 
extremely poor vision in the left eye.

Figure 3.3. Pre-operative coronal MRI scan of the tumor. The optic 
apparatus was severely compressed by this tumor (arrow), which 
extended upward almost to the foramen of Monroe.

Figure 3.2. A small temporal-field defect was also noticed in the 
right eye.

Figure 3.4. Pre-operative sagittal MRI scan revealed a large sellar 
and suprasellar tumor (arrow) extending into the hypothalamus and 
into the interpeduncular fossa with some T2 signal changes in the 
walls of the third ventricle.

Figure 3.5. Exposure under both frontal lobes. The olfactory nerves are preserved. The optic chiasm is seen, and the basilar artery is revealed 
after removal of the tumor.

Figure 3.6. 
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Postoperative Status

Postoperatively, he was sent home on pituitary hormone 
replacements because of hypopituitarism.  He developed cerebrospinal 
fluid rhinorrhea and was readmitted to the hospital.  He underwent a 
re-operation to close off the frontonasal ducts, after which he did quite 
well. A visual-field study following the operation documented that his 
vision was virtually back to normal in the left eye (Fig. 3.7).  

Follow-Up

Following tumor removal (Fig. 3.8), the patient has some 
short-term memory problems, but he is back at school full-time. He 
has no gait or balance problems.  He is taking pituitary hormone 
replacement and is being followed by an endocrinologist. He remains 
overweight.

Figure 3.8. Postoperative sagittal MRI scan showing complete tumor removal 
(arrow).

Figure 3.7 Postoperative visual-field studies showed vision virtually 
back to normal in the left eye, right eye remained stable.

Intra-Operative 
Neurophysiologic 
Monitoring During  
Cranial-Base Surgery
Motor cranial nerves (MCNs) and the corticospinal tract (CT) 

are the structures most likely to be exposed to the potential risks of 
surgically induced injury during cranial-base procedures.

The MCNs innervate muscles of the face, masticatory muscles, 
muscles that move the eyeballs, laryngeal muscles, and muscles for 
swallowing. The CT is a pathway for voluntary muscle control of the 
entire body.

Preventing damage to CT and MCN functions from intra-
operative injury is extremely important. Therefore, it is for this 
purpose that we employ two kinds of intra-operative neurophysiologic 
methods on a regular basis:

1.	M onitoring method. By using continuous intra-operative 
monitoring of the functional integrity of the MCN and  
CT through the electrical stimulation of the motor cortex, 
from which voluntary control of MCN and CT originate  
(Figs. 1 & 2). We are able to generate online clinical informa-
tion, such as “continuous neurological examination of the 
anesthetized patient.”

2.	M apping method. The mapping of CT and MCN struc-
tures requires the surgeon to use a hand-held probe during the 
intra-operative procedure and to stimulate electrically selected 
neural structures. This type of stimulation produces a small 
electrical current, which activates excitable tissues and can 
be detected as a compound action potential from the muscles 
of head, face, larynx, pharynges, and limbs. The surgeon can 
identify the various structures and avoid damage when using 
this method.  

The combination of mapping and monitoring methods can 
significantly reduce surgically induced neurological injury and make 
surgery safer.

Figure 1. A schematic illustration of intra-operative stimulation 
and recordings of corticolbulbar motor-evoked potentials (MEPs) 
from muscles innervated by motor cranial nerves. Upper middle: 
Schematic of positioning stimulating electrode over the scalp. 
Upper left: Schematic of corticobulbar pathways innervating motor 
cranial nerves nuclei (n. VII, IX, X, XII). Middle: Positioning of 
recording electrodes inserted in m. orbicularis oris (n. VII), pharyn-
geal muscle (n. IX, X), tongue muscles (nerve XII), vocal muscles (n. 
X) , and for monitoring corticobulbar MEPs. Right: typical examples 
of corticobulbar MEPs recorded from muscles innervated by cranial 
motor nerves. TES = transcranial electrical stimulation.

Figure 2. Upper: Schematic (left) and actual illustration (middle) of 
electrode positioning for transcranial electrical stimulation and 
direct stimulation of the motor cortex (right).  C1,C3,Cz,C2,C4, are 
the positions of the stimulating electrodes that are aligned over the 
projection of the motor strip to the head. Upper right (top): Schematic 
illustration of the coronal posterior view to the motor cortex (in red) 
and corticospinal tracts (in pink) with an electrical field in between 
stimulating electrodes. Lower: Recordings of MEPs from the thenar, 
tibialis anterior, and abductor hallucis muscles after eliciting them with 
multipulse stimuli, applied either transcranially or transdermally.
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Treating the Most Difficult Challenges

The scientific and practical foundations of modern cranial-base 
surgery were pioneered by Dr. Harvey Cushing and published in 
his landmark treatise of 1912. This work focused primarily on the 
frontal craniotomy approach to pituitary adenomas. As a result of his 
pioneering work, Cushing is now regarded as the father of modern 
cranial-base surgery.

Interestingly, two years earlier in 1910, the trans-sphenoidal 
approach to the hypophysectomy had been pioneered by the Viennese 
otorhinolaryngologist, Dr. Oscar Hirsch. In an era that lacked the 
benefit of antibiotics, the high incidence of infectious complications 
coupled with poor operative-field visibility, eclipsed the Hirsch 
procedure for many decades. 

In 1958, the Hirsch approach to treat pituitary adenomas was 
revived by the Parisian neurosurgeon, Dr. Gérard Guilot. Dr. Jules 
Hardy of Montreal, Guilot’s student, was the first to use the surgical 
microscope in the procedure, thereby expanding the visual field and 
reducing potential tissue injury during navigation between delicate 
cranial structures. 

The recent addition of the endoscope and intra-operative 
computer-assisted instrument navigation have further advanced 
surgical capabilities. Our surgical team is well versed in providing this 
entire spectrum of techniques in managing these tumors.

Cases highlighting the different surgical approaches that are 
presented in this issue demonstrate the careful evaluation of each 
individual patient. As a result, even the most difficult cases are able 
to benefit from the advanced diagnostic technology and surgical 
teamwork so essential to excellent patient outcomes. 

We have successfully treated some of the most difficult tumors 
and pathologies involving the cranial base, not only in patients from 
the United States, but also from many parts of the world. In  treating 
sellar and suprasellar tumors, we are leading the way to the future.
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