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Section III of Surgery of the Craniovertebral Junction addresses 
the surgical approaches that are available for exposing lesions 
at the craniovertebral junction (CVJ). The next several chapters 
are devoted to these surgical approaches, attesting to their va­
riety and the difficulty in selecting the optimal approach. This 
overview introduces the surgical approaches and provides 
a brief discussion of the surgical decision-making process. 
 Approaches to lesions of the CVJ traverse anatomical regions 
that are the domains of several surgical subspecialties (neuro­
surgery, otolaryngology, and plastic/craniofacial surgery), and 
a multidisciplinary skull base team is therefore mandatory.

The surgical approach is selected to maximize operative ex­
posure and to minimize the associated rate of morbidity. First, 
the surgeon must determine how much exposure is needed. 
The specific pathology and size of the lesion are important 
factors in this determination. For example, a small cavern­
ous malformation in a cerebellar peduncle might be removed 
completely through the limited exposure of a retrolabyrin­
thine approach, but a large petroclival meningioma might 
require the extensive exposure of a combined supratentorial 
and infratentorial approach. Second, the surgeon must deter­
mine from which direction to approach a lesion (Fig. 19.1).

Fig. 19.1 The angles of approach and areas of exposure are shown for some of the surgical approaches to the CVJ. (Reprinted with permission 
from Spetzler RF, Koos WT, Richling B, Lang J, eds. Color Atlas of Microneurosurgery. Stuttgart, Germany: George Thieme Verlag; 1996.)
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Fig. 19.2 Angles of approach in the sagittal plane. (Reprinted with permission from Barrow Neurological Institute. Bambakidis NC, Safavi-
Abbasi S, Spetzler RF. Combined surgical approaches. In: Bambakidis NC, Megerian CA, Spetzler RF, eds. Surgery of the Cerebellopontine Angle. 
Shelton, CT: BC Decker/PMPH; 2009:79.)

When the skull base is considered in the axial plane, the CVJ 
can be approached from three directions: anteriorly, laterally, 
and posteriorly. Similarly, when the skull base is considered 
in the sagittal plane, the CVJ can be approached from three 
directions: superiorly (transcranial), inferiorly (transcervi­
cal), and with a combination of both (Fig. 19.2). The location 
of the lesion and the adjacent anatomy are critical factors in 
selecting the best angle of approach. In the past decade ste­
reotactic methods of localization have been refined and are 
invaluable in minimizing surgical morbidity while pinpoint­
ing the location of a lesion. These methods are discussed in 
Chapter 20.

Anterosuperior approaches to the CVJ consist of the trans­
oral (Chapter 21), transoral–transmaxillary (Chapter 22), 
transoral–translabiomandibular (Chapter 23), and transfacial 
approaches, which include the transpalatal and transfrontal­
nasal-orbital approaches (Chapter 24). Minimally invasive 
approaches include endoscopic approaches, which may di­
minish the need for high morbidity exposures (Chapters 25 

and 26). The transoral and transfacial approaches are best 
suited for extradural midline lesions. Attacking intradural 
pathology through one of these approaches risks contamina­
tion with nasopharyngeal organisms, meningitis, and cere­
brospinal fluid (CSF) leaks. Consequently, midline intradural 
lesions are better treated through a lateral approach (i.e., one 
of the transpetrosal approaches or a far­lateral approach). 
For extradural pathology, the upward extension of a lesion 
from the CVJ determines which of these transoral or trans­
facial approaches to select. Lesions on the inferior clivus can 
be accessed with a transoral, transpalatal, or transmaxillary 
approach. Lesions with further upward extension might re­
quire a transnasomaxillary approach or, if the middle and 
anterior cranial fossae are involved, one of the transfrontal­
nasal­orbital approaches. Midline lesions that extend infe­
riorly from the CVJ and that cannot be exposed fully with 
one of the transoral approaches may require the additional 
exposure provided by osteotomies of the mandibular rami 
bilaterally or by a midline exposure, splitting the tongue and 
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mandible. Lesions that extend inferiorly from the CVJ and off 
midline might best be exposed through a retropharyngeal or 
mandibular swing approach.

The lateral approaches to the CVJ consist of the retrosig­
moid approach (Chapter 33) and the presigmoid/transpet­
rosal approaches (Chapter 28). The extended transpetrosal 
approaches combine a petrosectomy with the standard neu­
rosurgical approaches to increase exposure. For example, a 
petrosectomy combined with a subtemporal craniotomy 
adds a supratentorial exposure for lesions that extend supe­
riorly. Similarly, a petrosectomy combined with a far-lateral 
craniotomy adds exposure of the foramen magnum for le­
sions that extend inferiorly. These approaches are most ap­
propriate for laterally placed intradural lesions, but extensive 
bone removal through the transpetrosal approaches can pro­
vide access to midline lesions (e.g., aneurysms, chordomas, 
and meningiomas). These lateral approaches are preferred 
over anterior approaches for intradural lesions because they 
avoid the contaminated spaces in the nasopharynx and op­
timize dural repair, thus minimizing the risk of CSF leakage 
in the postoperative period.

Because some degree of petrosectomy is required for 
 lateral approaches, the surgeon must estimate the amount 
of temporal bone resection needed to obtain adequate expo­
sure. This evaluation is balanced with an assessment of the 
patient’s preoperative neurological function—specifically, 
the function of cranial nerves VII and VIII. When hearing 
preservation is a goal, temporal bone removal is limited to 
retrolabyrinthine drilling. However, the exposure is then lim­
ited to the cerebellopontine angle. When patients have poor 
hearing before surgery, translabyrinthine drilling increases 
exposure to the anterolateral brainstem at the expense of 
hearing. When large lesions compress the brainstem and 
produce hearing loss and facial nerve deficits before surgery, 

transcochlear drilling, which transposes the facial nerve at 
the expense of transient deficits, is ideal. However, the in­
crease in surgical exposure of the cranial base is traded for 
increased surgical morbidity, leading to an emphasis on care­
ful selection of aggressive transpetrosal approaches based on 
these factors. In particular when applied to the management 
of benign tumors, such as meningiomas, the addition of ste­
reotactic radiosurgical management (Section II, Chapter 18) 
has affected our treatment algorithm, and the use of transco­
chlear exposures in such cases has declined significantly.1,2 
With the development of endovascular techniques over the 
past decade (Chapter 30), treatment of vascular lesions has 
evolved. Nevertheless, such approaches remain necessary 
and helpful and should be part of the armamentarium of 
the experienced skull base surgeon. Examples of approach 
selection for upper cervical spine pathology are presented 
in Chapter 29, whereas those for upper cervical vertebral 
artery pathology are reviewed in Chapter 31.

Posterior approaches to the CVJ consist of the suboc­
cipital approach (Chapter 33) and the far-lateral approach 
 (Chapter 27). Determining which of these two approaches 
to use depends on whether an inferior exposure is needed 
below the level of the internal auditory canal and pontine 
structures to view the distal vertebral artery and inferior 
clivus. The far­lateral approach provides such additional 
lateral and inferior exposure; the standard suboccipital 
 approach is adequate for higher and more midline lesions. 
These two approaches are remarkably versatile and are used 
to treat a variety of posterior and posterolateral lesions at 
the CVJ that are discussed in Section II Chapters 12, 15, and 
16, including Chiari malformations (Chapter 12), cerebellar 
and brainstem vascular malformations (Chapter 15), verte­
bral and vertebrobasilar artery aneurysms (Chapter 16), and 
jugular foramen tumors (Chapter 32).

References
 1. Bambakidis NC, Kakarla UK, Kim LJ, et al. Evolution of surgical 

 approaches in the treatment of petroclival meningiomas: a retro-
spective review. Neurosurgery 2007;61(5, Suppl 2):202–209, 
 discussion 209–211

 2. Bambakidis NC, Safavi-Abbasi S, Spetzler RF. Combined surgical 
approaches. In: Bambakidis NC, Megerian CA, Spetzler RF, eds. 
Surgery of the Cerebellopontine Angle. Shelton, CT: BC Decker/
PMPH; 2009

Bambakidis_CH19.indd   265 3/4/12   2:21:59 AM



266

Neuronavigation ■

The basic principle of neuronavigation is the correla-
tion of a point within the stereotactic space of an opera-
tive field with a location on a digital image. Any location 
within the operative field can be defined as a distance from 
a  reference point along three spatial planes, and this lo-
cation can be referenced to a particular point on a three-
dimensional (3D) image. There are many commercially 
available neuronavigational systems from companies such 
as BrainLAB, Medtronic, and Stryker, but we currently use 
the StealthStation (Medtronic Corporation, Minneapolis, 
MN) system (Fig. 20.1). For cranial cases, this system uti-
lizes a dynamic reference frame mounted on a rigid arm 

Stereotactic Methods of Localization 
and Image-Guided Surgery
Mark P. Garrett, Nicholas C. Bambakidis, and Robert F. Spetzler

20
Frameless stereotactic neuronavigation is an excellent 
 example of the integration of modern technology into the 
practice of neurosurgery. Since its initial description by 
 Roberts and colleagues in 1986,1 the technology has ad-
vanced significantly and gained wide acceptance in the field 
of neurosurgery for both cranial and spinal applications. 
Neuronavigation assists the surgeon in maintaining spatial 
orientation and provides real-time information about pre-
cise anatomical locations during a procedure. This informa-
tion allows a neurosurgeon to pursue a surgical objective 
with greater accuracy while identifying and preserving 
critical structures. This technology is particularly useful in 
surgery of the craniovertebral junction (CVJ) because this 
region contains a high concentration of critical neural and 
vascular structures.

Fig. 20.1 The Medtronic StealthStation (Minneapolis, MN) apparatus when arranged for use in a far-lateral approach. (Reprinted with permis-
sion from Barrow Neurological Institute.)
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20 Stereotactic Methods of Localization and Image-Guided Surgery 267

employs rotational C-arm fluoroscopy and a reference 
frame attached to the spine near the operative site.2 The 
intraoperative C-arm acquires images as it rotates around 
an isocentric point in space and produces CT-quality images 
that are immediately registered with the system for neuro-
navigation.2 Various spinal instruments mounted with LED 
frames can be used for real-time navigation as instrumenta-
tion is placed.

For the StealthStation system to operate correctly, the 
camera must have a direct line of sight to the reference 
frame, but the frame must be positioned in a manner that 
does not obstruct the surgeon or other equipment. Con-
sequently, the exact configuration and location of each 
piece of the system must be tailored to a given procedure. 
For cranial cases, the position of the microscope most 
often determines the position of the camera and reference 
frame. For suboccipital approaches with a prone patient, 
we usually operate from directly above the patient. Doing 
so allows lateral movements so that various surgical an-
gles can be achieved. The reference frame is placed at or 
below the patient’s shoulder level with the optical camera 

attached to the Mayfield head holder, a stereotactic point-
ing device, a computer workstation, and mounted infrared 
cameras. The reference frame and pointing device utilize 
light-emitting diodes (LEDs) or reflective objects that 
allow the cameras to localize their relative positions in 
space. The patients’ anatomy must be registered with the 
wand system by registering the points marked by fiducials 
placed before imaging or by mapping surface anatomy at 
surgery. Once the system is registered, the pointing device 
is placed in a particular location and the corresponding 
location on the magnetic resonance image (MRI) or com-
puted tomography (CT) scan is displayed on the computer 
workstation. The microscope also can be mounted with an 
LED-containing frame that uses the focal point as the tip of 
the pointing device.

Neuronavigation also can be used to assist with place-
ment of instrumentation during fusion procedures of the 
upper cervical spine. Because the spine is not a fixed struc-
ture like the cranial vault, the use of preoperative imaging 
for intraoperative navigation is precluded. We use the Iso-C 
(Siemens, Munich, Germany) system (Fig. 20.2), which 

Fig. 20.2 Iso-C system (Siemens, Munich, Germany) in an 
operative environment for spine surgery. (A) The reference 
frame is attached to a spinous process near the operative 
site. (B) Instruments mounted with stereotactic frames can 
then be registered with the reference frame and used with 
real-time navigational information while (C) hardware is 
placed. (continued)

Bambakidis_CH20.indd   267 3/4/12   2:22:37 AM



Surgical Techniques268

CVJ. The benefit of neuronavigation in skull base surgery is 
realized during all stages of a craniotomy.

Incision Planning
Once a patient is secured in a Mayfield pin head holder, the 
Stealth system is registered and used to plan the skin incision. 
The trajectory to the lesion is visualized, and the incision is 
placed in a location that ensures that the scalp tissues do not 
obstruct the surgeon’s view. The guidance system also can be 
used to verify that the patient’s position is  appropriate and 
that the surgeon will be able to operate comfortably while 
achieving the necessary working angles. Using navigation 
in this manner also ensures the minimum incision length 
and avoids an excessively large incision related to uncer-
tainty about the exact trajectory needed. A good example of 
this is the hockey stick incision, which historically has been 
used for far-lateral approaches to easily identify midline 

at the patient’s feet. For retrosigmoid or far-lateral cran-
iotomies, the patient is usually placed in the park bench or 
supine position with the surgeon and microscope situated 
lateral to the patient. To maintain a direct line of sight, 
the reference frame and camera are positioned on the side 
opposite the surgeon. For upper cervical spine cases, the 
camera is often placed at the patient’s feet with the ref-
erence arc attached to the spine just below the levels of 
interest.

Utility in Cranial Procedures ■

The usefulness of neuronavigation is most evident in its 
application to intracranial surgery. Its use has been widely 
adopted for intracranial surgery, and we believe that it is 
particularly useful for approaches to the skull base at the 

Fig. 20.2 (continued) (D) A photograph of 
the rotational C-arm that acquires images 
used to construct the CT-quality images 
used for navigation. (Reprinted with permis-
sion from Barrow Neurological Institute.)D
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can be skeletonized if necessary. This method decreases op-
erative time and helps avoid injury to the dural sinus. Just as 
with the skin incision, neuronavigation allows the smallest 
possible craniotomy to be made because the trajectory can 
be verified before drilling proceeds. In this way, neuronavi-
gation is critical when applying the principles of “keyhole 
surgery” to lesions of the CVJ.3

Lesion Resection
Once a craniotomy has been performed, neuronavigation en-
ables the efficient identification of the lesion or anatomical 
structure of interest. It allows the surgeon to constantly verify 
the proximity of critical structures (Fig. 20.3). It also can be 
used to estimate the extent of resection during a procedure.

structures and to avoid arterial injury. However, the result-
ing large myocutaneous flap is associated with a certain level 
of morbidity and often obstructs surgical views. If a smaller, 
linear, paramedian incision is made, neuronavigation can 
assist in the identification and preservation of the vertebral 
artery during the initial stages of the approach.

Craniotomy
Neuronavigation is particularly helpful when performing a 
craniotomy of the posterior fossa. Craniotomies in this re-
gion often must be placed adjacent to or across the dural 
sinuses. When neuronavigation is used, the location of a 
craniotomy can quickly be mapped at the bone surface. The 
craniotomy can then be opened away from the sinus, or it 

Fig. 20.3 Navigational imaging during the debulking of a large clival chordoma through a retrosigmoidal craniotomy. The navigation allows 
constant awareness of the proximity of the contralateral carotid artery and brainstem during tumor removal. (Reprinted with permission from 
Barrow Neurological Institute.)

Bambakidis_CH20.indd   269 3/4/12   2:22:39 AM



Surgical Techniques270

biopsied and debulked through a right transmastoid ap-
proach (Fig. 20.5). Navigation was utilized in approaching 
the lesion and allowed debulking across the level of the cli-
vus to the midline. The final diagnosis was consistent with a 
plasmacytoma, and the patient’s dizziness improved mark-
edly following decompression of the petrous apex.

Utility in Spinal Procedures ■

Instrumentation of the upper cervical spine is challenging 
due to the neurovascular structures that must be preserved. 
Instrumentation often must be placed near the vertebral 
artery or spinal canal, and its misplacement can have dev-
astating consequences. Many studies have described the 
benefit of using neuronavigation for instrumentation of the 
upper cervical spine.2,4–7 As noted earlier, we use the Iso-C 
system for intraoperative spinal instrumentation.

One of the primary benefits of using a neuronavigation 
system for spinal instrumentation is the reduction in the 
amount of radiation that the surgeon receives. Spinal in-
strumentation procedures typically require multiple X-rays 
with the surgeon present to verify the depth and trajectory 
as the hardware is placed. The Iso-C requires only one series 
of X-rays, which can be obtained within 90 seconds, during 
which time the surgeon can step behind a protective lead 
shield. After the instrumentation is placed, a final CT-quality 
image can be obtained to evaluate the accuracy of place-
ment before the patient leaves the operating room.

Intramedullary lesions of the brainstem, such as cavernous 
malformations, are excellent examples of surgical scenarios 
where neuronavigation is extremely useful. The following 
two cases illustrate this point.

Case 1

A 21-year-old woman who was 20 weeks pregnant suffered 
the acute onset of visual disturbances and gait instability. 
She was found to have a hemorrhage in the pontomesen-
cephalic region of the brainstem likely from a cavernous 
malformation. After consultation with the patient, an ex-
treme lateral supracerebellar approach was planned for sur-
gical resection of the lesion. Thin-cut stereotactic MRIs were 
obtained for use with neuronavigation (Fig. 20.4A). Naviga-
tion was used to determine the location of the craniotomy 
to provide an optimal trajectory to the posterolateral aspect 
of the midbrain and pons. Using navigation, the transverse 
sinus was efficiently identified and partially exposed to 
maximize dural retraction (Fig. 20.4B). With the aid of navi-
gation, the exact location for entering the brainstem was 
determined (Fig. 20.4C). The cavernous malformation was 
removed in a piecemeal fashion (Fig. 20.4D), and gross total 
resection was achieved.

Case 2

A 45-year-old man presented with dizziness and hear-
ing loss in the right ear. Imaging demonstrated a presence 
within the petrous apex of an enhancing mass, which was 

Fig. 20.4 (A) A thin-cut axial T1-weighted magnetic resonance 
image reveals hemorrhage in the posterolateral pontomesenceph-
alic region. (B) Navigation is used to quickly identify and expose the 
transverse sinus and safely open the dura. (continued)
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