
Introduction

Advances in endoscope technology have resulted in more fre−
quent use of neuroendoscopy. A number of different indications
for using this technology exist, such as third ventriculostomy
[1± 3], colloid cysts [4, 5], septum pellucidum cysts [6,7], intra−
ventricular tumors [8, 9], and pituitary tumors [10] among
others. However, even with advances in neuroendoscopy, certain
limitations still exist, such as orientation of the endoscope in
abnormal anatomy, inserting the endoscope into small narrow
ventricles, visualization in opaque fluids and finding small sub−
ependymal tumor masses [11].

Several methods for solving these limitations are reported. In−
traoperative imaging with MRI [12,13] and ultrasound [14 ±19]
has been used to give improved anatomical orientation in neu−
roendoscopic procedures. Real−time 2D ultrasound has been
used to guide neuroendoscopic procedures since the 1980s and
has been reported to give satisfactory images for guiding such
procedures [16 ± 19]. However, other authors find ultrasound
less suitable for guiding neuroendoscopic procedures [11]. Ste−
reotaxy has been used for finding the optimal entry point and
trajectory for endoscopic procedures in the ventricular system
and for third ventriculostomy [9, 20,21], but still this method
has its practical limitations.

Neuronavigation integrated with an endoscope seems to be a
natural evolution of neuroendoscopy and is reported to give im−
proved anatomical orientation, and to facilitate the selection of

Endoscopy Guided by an Intraoperative
3D Ultrasound−Based Neuronavigation System

O. M. Rygh1, 2, 4

J. Cappelen1

T. Selbekk3, 4

F. Lindseth3, 4

T. A. N. Hernes2, 3, 4

G. Unsgaard1, 2, 4

Affiliation
1 Department of Neurosurgery, St. Olav University Hospital, Trondheim, Norway

2 The Norwegian University of Science and Technology, Trondheim, Norway
3 SINTEF Health Research, Trondheim, Norway

4 National Centre for 3D Ultrasound in Surgery, St. Olav University Hospital, Trondheim, Norway

Correspondence
Ola M. Rygh, M. D. ´ Department of Neurosurgery ´ St. Olav University Hospital Trondheim ´
Olav Kyrres gate 17 ´ 7005 Trondheim ´ Norway ´ Tel.: +47/9284/9775 ´ Fax: +47/7386/7977 ´

E−mail: ola.rygh@ntnu.no

Bibliography
Minim Invas Neurosurg 2006; 49: 1±9 � Georg Thieme Verlag KG Stuttgart ´ New York

DOI 10.1055/s−2005−919164
ISSN 0946−7211

Abstract

Objective: We have investigated the feasibility of using 3D ultra−
sound−based neuronavigation for guiding neuroendoscopy.
Methods: A neuronavigation system with an integrated ultra−
sound scanner was used for acquiring the 3D ultrasound image
data. The endoscope with a tracking frame attached was calibrat−
ed to the navigation system. The endoscope was guided based on
intraoperative 3D ultrasound data in 9 operations. In 5 of the
operations, ultrasound angiography data were also obtained. Up−
dated image data (e.g., more than one 3D ultrasound dataset)
were obtained in 6 of the operations. Results: We found that
the image quality of 3D ultrasound was sufficient for image
guidance of the endoscope. Planning of the entry point and
trajectory as well as finding optimal sites for fenestration were
successfully performed. Blood vessels were visualized by 3D
ultrasound angiography. In one procedure of third ventriculos−
tomy, the basilar artery was visualized. Updated image data
were quickly obtained, and in two of the cases, a reduction of
the size of cysts was demonstrated. Conclusions: 3D ultrasound
gives accurate images of sufficiently high quality for image
guidance of neuroendoscopy. Updated 3D ultrasound datasets
can easily be acquired and may adjust for brain shift. Ultrasound
angiography image data are also available with this technology
and can visualize vessels of importance.
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the optimal entry point and trajectory for an endoscopic proce−
dure [7,11,20, 22,23]. However, neuronavigation systems based
on preoperative images in general may suffer from inaccuracy
due to registration errors and brain shift [24±28].

Ultrasound image quality has improved considerably in the last
decades due to technological development and application adap−
tation [29,30]. The combination of 2D ultrasound and tracking
technology enables freehand 3D ultrasound reconstruction. This
gives a 3D ultrasound dataset that can be used in a similar man−
ner as 3D MRI datasets are used in a conventional neuronaviga−
tion system [29, 30]. In addition, with 3D ultrasound, the inaccu−
racy caused by patient registration is avoided and updated in−
traoperative images can be acquired whenever needed during
surgery. This technology has been reported to solve some of the
challenges of navigated tumor surgery and vascular neurosur−
gery [29± 31]. In the present study, we have investigated the fea−
sibility of using intraoperative 3D ultrasound for image guidance
in neuroendoscopy. We here report our experience with this
technology in 9 procedures.

Patients and Methods

Patients
Between January 2003 and February 2005, 9 procedures in 8 pa−
tients were performed using the described system. (Two proce−
dures were performed on patient 6 in Table 1, at ages 3 months
and 2 years). There were 3 female patients. The age of the pa−
tients ranged from 3 months to 72 years. The patients are sum−
marized in Table 1.

Endoscopic equipment
We used a rigid operating endoscope (Aesculap, Tuttlingen, Ger−
many) of 6 mm outer diameter and one working channel, one ir−
rigation channel, one overflow channel as well as the optic chan−
nel. A single chip video camera was mounted on the eyepiece for
visualization and connected to a monitor.

An optical tracking frame (Mison, Trondheim, Norway), usually
used with the CUSA, was used for tracking the endoscope. The
tracking frame was attached to the fixation adapter for the trocar.

A custom−made insert (see Fig. 3C) for the fixation adapter was
used to make the plane of the tracking frame and the endoscope
parallel, necessary for correct calibration for neuronavigation.
Fixation of the endoscope was accomplished with a single−arm
fixation device (Aesculap, Tuttlingen, Germany).

Ultrasound and neuronavigation system
An ultrasound−based intraoperative imaging and neuronaviga−
tion system (SonoWand�, Mison, Trondheim, Norway) was
used. This system may be used as an ultrasound scanner, a con−
ventional neuronavigation system, or an integrated, ultrasound−
based neuronavigation system that uses the features of both
technologies [30]. The system is based on optical tracking tech−
nology, and comes with a 4± 8 MHz flat phased array ultrasound
probe, precalibrated for image data acquisition and optimized for
neurosurgery and with optimal resolution at depths of 3 ± 6 cm
[32]. A patient reference frame is attached to the head−holder
(Mayfield frame). In one case the patient reference frame was at−
tached to the operating table, because the young age of the pa−
tient (3 months) prohibited the use of a head−holder. For tracking
of the ultrasound probe, a tracking frame is attached to the
probe. Neuronavigation can be performed with a tracked pointer
device, or any surgical instrument with an attached tracking
frame after calibration. The trajectory and position of the pointer
or surgical tool tip is displayed as a line with crosshairs or a dot
(depending on the version of the neuronavigation software) in
the corresponding images. The pointer and surgical tool can be
virtually elongated using an offset feature. The ultrasound probe
is tilted or translated over the area of interest by free hand move−
ment and the 2D ultrasound images acquired are reconstructed,
making a 3D ultrasound dataset ready for navigation (Fig.1B).
The procedure takes about one minute. The ultrasound probe is
not in the operating field after the acquisition of a 3D ultrasound
volume, unless additional 3D ultrasound datasets are acquired or
real−time 2D imaging is needed. The workflow of this procedure
and set−up of equipment are summarized in Fig.1.

Navigation based on 3D ultrasound can be performed directly
without any patient registration with fiducials, since the images
are acquired in the same coordinate system as navigation is per−
formed. Therefore, no patient or image registration error will af−
fect the overall accuracy of the system when navigation based on

Table 1 Summary of the patients treated by endoscopic procedures with neuronavigation based on 3D ultrasound

Patient Sex/age Diagnosis Procedure No. of 3D
ultrasound
acquisitions

US angiog−
raphy
used

Preoperative 3D
MRI used in
neuronavigation

1 F/63 years Unilateral hydrocephalus, post−SAH Fenestration of septum pellucidum 2 No No

2 F/67 years Intracerebral cysts Fenestration of cysts 2 Yes No

3 F/73 years Colloid cyst, hydrocephalus Extirpation of cyst, septostomy 1 Yes No

4 M/19 years Septum pellucidum cyst Fenestration of cyst 2 Yes No

5 M/11 years Interhemispheric cyst Fenestration of cyst 3 No Yes

6 M/3 months Multiloculated hydrocephalus Fenestration of cysts 1 No No

2 years Multiloculated hydrocephalus Fenestration of cysts 2 Yes No

7 M/25 years Septum pellucidum cyst Fenestration of cyst 1 No No

8 M/33 years Hydrocephalus, aqueduct stenosis Third ventriculostomy 2 Yes Yes
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3D ultrasound is performed [24]. If neuronavigation based on
preoperative MRI also is desired, patient registration of course
will be necessary.

The display modalities available are: 1) Orthogonal slicing: three
2D slices are oriented as axial, sagittal and coronal slices (Fig.
2A). 2) Anyplane slicing: One slice defined by the axis and rota−
tion of the pointer or custom calibrated tool (for example, the en−
doscope) (Fig. 2B). A plane perpendicular to the anyplane can
also be added (dual anyplane) (Fig. 2C). With a tracking frame at−
tached, the endoscope tip and trajectory defines the slicing of the
image volume (Fig. 2D).

The overall accuracy of 3D ultrasound−based navigation using
the SonoWand� system in a clinical setting may be as good as
2 mm [24].

Operative technique
All the operations were performed with neuronavigation based
on 3D ultrasound. In two of the operations, preoperative MRI
also was available for navigation.

The position of a small craniotomy (diameter approximately
4 cm) was chosen based on preoperative CT or MR images (but
not neuronavigation) (Fig. 3A). After cleaning the dura for blood
and bone debris, sterile ultrasound gel was applied on the dura,
and 3D ultrasound data were acquired (Fig. 3B). If required, also

3D ultrasound angiography image data were acquired. The track−
ing frame was attached to the fixation adapter for the trocar,
using the custom−made insert (Fig. 3C). The endoscope was then
calibrated to the navigation system by directing the tip of the en−
doscope at a small hole in the centre of the reference frame (Fig.
3D). Based on the ultrasound images, and using the offset feature
to display the trajectory of the endoscope, the best entry point
and trajectory for the endoscope were decided, and a small open−
ing in the dura was made. The endoscope was then inserted with
image guidance (Fig. 3E). The surgical procedure planned, for ex−
ample, fenestration of a cyst, was then performed with the live
video images from the endoscope, as well as image guidance. If
updated images were required, additional 3D ultrasound data−
sets were obtained during the procedure. In one operation, real−
time ultrasound was also used as a method for confirming the
flow of CSF through the fenestration, using power Doppler.

Results

Nine procedures were performed on 8 patients during this study
(Table 1). We found the image quality of ultrasound to be satis−
factory for image guidance in all cases. The ventricles as well as
pathological cysts were clearly outlined and we found that the
ultrasound images gave sufficient information for: 1) deciding
the optimal entry point and trajectory for inserting the endo−
scope, especially in cases with small narrow ventricles; 2) anato−

Fig. 1 Neuroendoscopy guided by 3D ul−
trasound. A The probe is placed on the dura.
The anatomy and pathology are visualized
by real−time 2D ultrasound. B During image
acquisition, the probe with tracking frame is
tilted or translated over the area of interest.
A 3D ultrasound dataset is reconstructed
from a stack of 2D images. C The calibrated
endoscope with the tracking frame (arrow)
is tracked by the navigation system and the
tip position and trajectory of the endoscope
are displayed on the neuronavigation
screen. The patient reference frame is
attached to the head−holder.
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mical orientation during endoscopy, thus facilitating the choice
of sites for fenestration of cysts; 3) quality control at the end of
the procedure, excluding bleeding and in two cases verifying
the reduction of size of cysts (patients 2 and 4 in Table 1).

Even though we did not measure the clinical accuracy systemati−
cally, the general impression was that the accuracy was satisfac−
tory. This could be confirmed by approaching a recognizable
structure (for example, the foramen of Monro) with the endo−
scope and by comparing with the position of the endoscope tip
displayed on the navigation screen.

In five of the operations ultrasound angiography also was ac−
quired. We found that blood vessels were clearly visualized in
all these cases. This was found to give particularly useful infor−
mation in two cases: In patient 6, vessels in septa of multiloculat−
ed hydrocephalus were visualized (see Fig. 6B), while in patient 8
the basilar artery could be visualized (see Fig. 6A).

In six operations updated 3D ultrasound image data were ob−
tained, and in two cases (cases 2 and 4), the updated ultrasound
images could demonstrate the reduction of the size of a cyst. Up−
dated ultrasound image data were acquired quickly; it typically
took about a minute.

Seven of the operations were performed with only 3D ultrasound
data for navigation. In two procedures we had preoperative 3D
MRI with fiducials available in addition to the 3D ultrasound
data (patients 5 and 8 in Table 1).

All procedures were successful, e. g., the goal of the procedure,
such as fenestration of a cyst, was reached. One patient (patient
1 in Table 1) had postoperative meningitis, but recovered from
this. We did not record any other complications at 1 ± 2 months
follow−up. The patients are summarized in the Table 1. Two illus−
trative cases (patients 4 and 5 in Table 1) are presented in detail.

Illustrative Cases

Patient 4
A man aged 19 years at the time of the operation, had episodes of
loss of consciousness. A septum pellucidum cyst was found on CT
and MRI investigations (Fig. 4A). An endoscopic fenestration of
the cyst to the ventricular system using navigated 3D ultrasound
was planned. We did not have preoperative 3D MR images for
this procedure, so only 3D ultrasound images were used for navi−
gational guidance of the endoscope. 3D ultrasound images were
acquired after making a mini−craniotomy. The ultrasound images
were of sufficient quality for inserting the endoscope with navi−
gation guidance into a narrow right ventricle (Fig. 4C). The fenes−
tration was done using conventional technique. The foramen of
Monro was observed to be occluded by the cyst wall. Updated
3D ultrasound acquired after removing the endoscope demon−
strated that the septum pellucidum cyst already was reduced
somewhat in size (Fig. 4D). It also showed the canal after removal
of the endoscope, with no signs of bleeding. A postoperative CT
taken the following day showed that the cyst was reduced in
size (Fig. 4B). The postoperative recovery was uneventful, and at
2 months follow−up, the patient had not had any new episodes of
syncope.

Patient 5
This boy of 11 years of age at the time of the operation had been
investigated because of tics in his face and arms. An interhemi−
spheric cyst was found on investigations with CT and MRI, as
well as an agenesis of the corpus callosum (Fig. 5A and Fig. 5B).
An endoscopic fenestration of the cyst using navigated 3D ultra−
sound was planned. Preoperative 3D MRI with fiducials was
available; consequently patient registration was done in this
case. Ultrasound images were acquired through a mini−craniot−
omy before opening the dura and showed the interhemispheric
cyst and the small ventricles clearly, in our opinion just as good
as the MR images in the navigation system (Fig. 5D and Fig. 5E).
We chose to display both the ultrasound and the MR images on

Fig. 2 Display techniques. A Orthogonal
slices: Three orthogonal 2D slices from each
3D volume oriented as axial, sagittal and
coronal slices. B Anyplane slices: Anyplane
slices are defined by the trajectory and rota−
tion of the pointer or surgical tool. C Dual
anyplane slices: In dual anyplane mode an
additional plane perpendicular to the first
plane is added. D The endoscope or any sur−
gical tool with a tracking frame, when cali−
brated, works as a pointer, for example, with
orthogonal slices.
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the navigation screen during the procedure. However, we based
the operation on intraoperative 3D ultrasound knowing that
these volumes were not affected by registration errors, and also
that the inaccuracy due to brain shift was minimal since the 3D
ultrasound was acquired just before the procedure. Neuronavi−
gation was used to guide the endoscope into the small right lat−
eral ventricle (Fig. 5D). We noticed a small difference (approxi−
mately 4 mm) between the position of the endoscope tip dis−
played on the MRI and the ultrasound images on the navigation
screen (Fig. 5E). This difference we assumed to be caused by
brain shift or registration error of the MR images. A fenestration
of the cyst to the ventricle was done, as well as a fenestration
from the cyst to the basal cistern. The postoperative recovery
was uneventful, and a postoperative CT demonstrated that the
cyst was reduced in size (Fig. 5C). On follow−up after two months
the patient’s symptoms had improved considerably and he was
performing better in school.

Discussion

Several ultrasound solutions have been proposed in neuroendo−
scopy. Real−time ultrasound has been used as an adjunct to neu−
roendoscopic procedures [15 ± 18], but it has not gained popular−
ity. This is probably due to old experiences of low image quality,
as well as the fact that the probe has to be kept in the operation
field for acquiring real−time images, a somewhat inconvenient
concept.

More modern ultrasound solutions have also been explored.
Resch et al. [16,17] developed a technique where a small sono ca−
theter (originally developed for intravascular use) is inserted
into the working canal of an endoscope, giving a 360−degree ax−
ial (to the endoscope) real−time view of the anatomy, like a
“mini−CT”. The solution gives good images of the anatomy in a
plane axial to the endoscope, but no image ahead of the endo−
scope. 3D ultrasound datasets acquired on pediatric patients
have been used for simulating virtual neuroendoscopies pre−

Fig. 3 Operative technique.
A A mini−craniotomy, about 4 cm in dia−
meter is made. B The ultrasound probe with
a tracking frame is placed on the dura for
imaging. C A tracking frame (in this case
without marker spheres) is attached to the
fixation adapter for the endoscope trocar.
A custom−made insert (arrows) ensures that
the plane of the tracking frame and the
endoscope are parallel. D The neuroendo−
scope with the tracking frame attached is
calibrated by directing the tip of the endo−
scope at a small hole in the centre of the
reference frame. E With the tracking frame
attached, the neuroendoscope is inserted
with image guidance, based on the 3D
ultrasound image data.
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operatively, enhancing the perception of pathoanatomy in cases
of complicated anatomy [33]

Recent advances in neuronavigation technology based on pre−
operative CT and MRI have made neuronavigation integrated
with the neuroendoscope a natural evolution in the field of

neuroendoscopy. It is reported by several groups to be helpful in
planning and performing endoscopic procedures [11, 20,22, 23,
34 ± 38].

However, ultrasound technology has also evolved and ultra−
sound images can be reconstructed into a 3D dataset and used

Fig. 4 Patient 4: A Preoperative T2−weight−
ed MRI, showing a septum pellucidum cyst,
22 mm in diameter, the walls of the cyst
bulging into the lateral ventricles. B Post−
operative CT, showing the septum pelluci−
dum cyst reduced in size. C Ultrasound im−
age before the procedure, clearly depicting
the ventricles and the septum pellucidum
cyst with its bulging walls. D Ultrasound
image after the procedure of fenestration of
the cyst. The cyst is already a little reduced
in size. The channel after removal of the
endoscope is also displayed, showing no
signs of hematomas.

Fig. 5 Patient 5: A Preoperative T1−weight−
ed MRI showing the interhemispheric cyst
and the lateral ventricles on each side.
B Preoperative T2−weighted MRI. C Post−
operative CT. D Screenshot from the navi−
gation system during insertion of the endo−
scope into the lateral ventricle. The line
represents the trajectory of the endoscope,
and the dot at the end of the line represents
the tip of the endoscope. The two concen−
tric rings mark the radii of 5 and 10 mm
from the centre of the dot. E Another
screenshot from the navigation system.
Notice the small difference between the
demonstrated position of the endoscope on
the MR and the ultrasound images, about
4 mm. This difference we assumed to be
caused by brain shift or registration inaccu−
racy.
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the same way as conventional navigation systems use preopera−
tive image data [30]. Our experience with navigated 3D ultra−
sound is that it gives images of high quality and good detail, de−
picting the anatomy in a manner that gives good anatomical
overview and orientation. We found that this was particularly
useful in cases where the ventricles were small and narrow, and
where the anatomy was abnormal (as in multiloculated hydroce−
phalus). In two cases (patients 2 and 5) this technology was con−
sidered essential for the success of the procedure, in both cases
because of small narrow ventricles. The two illustrative cases
presented here serve to highlight these benefits of navigated 3D
ultrasound for endoscope guidance.

In our opinion, neuronavigation based on 3D ultrasound is com−
parable in image quality to navigation by preoperative MRI. In
addition, it has a couple of advantages. When navigation of the
neuroendoscope is based on 3D ultrasound images alone, the
system does not require preoperative CT or MR images. This sim−
plifies logistics, as in most cases of CT− or MRI−based neuronavi−
gation one would require an extra set of CT or MR images for na−
vigation purposes, both for imaging with fiducial markers and
also to have as updated images as possible with good resolution
and 3D protocol. When only 3D ultrasound is used for naviga−
tion, patient registration is not required, as the ultrasound im−
ages are acquired in the coordinate system of the navigation sys−
tem. This means that patient registration error, otherwise one
source of inaccuracy, is avoided. A small amount of time is also
saved. However, as the 3D ultrasound only depicts parts of the
anatomy and not the whole brain, preoperative CT or MRI can be
a useful supplement for orientation, for example, in cases of large
cysts where it can be a technical challenge to make an ultrasound
scan which covers all of the pathology of interest.

Another benefit of this system is the possibility of doing several
3D ultrasound image acquisitions during the operation. Brain
shift is a known source of inaccuracy in neuronavigation [24±
28], and the inevitable loss of CSF during procedures such as
those discussed here means that some brain shift is likely to oc−
cur. Some authors find that brain shift is not a problem as the live
video image from the endoscope after having reached the cyst or
ventricular system gives the necessary information for perform−
ing the surgery [39]. However, if the surgeon suspects that brain
shift has occurred, he will of course not trust the navigation sys−

tem. To have updated images increases the accuracy of the navi−
gation and the surgeon’s confidence in the technology. Often, the
amount of time for acquiring updated 3D images is about one
minute. To acquire new 3D ultrasound datasets, the endoscope
has to be removed during image acquisition and reinserted after−
wards. This may be considered a disadvantage, as removing and
reinserting an endoscope might theoretically increase the risk of
complications for the patient. However, this must be weighed
against the risk of navigating with inaccurate image data. At the
end of the procedure, a final ultrasound scan may detect bleed−
ing, and demonstrate reduced size of fenestrated cysts as it did
in two cases (patients 2 and 4 in Table 1).

Ultrasound technology also includes Doppler technology, in our
case power Doppler imaging. Thus ultrasound angiography data
can be acquired and used with the navigation system. We ob−
tained power Doppler image data during five of the operations.
Power Doppler shows the blood vessels highlighted in shades of
red in addition to the tissue image, according to the intensity of
the Doppler (shift) signal (Fig. 6). We found that this gave useful
information as well as, for example, visualizing the position of
the basilar artery in patient 8 (Fig. 6A). In patient 6, ultrasound
angiography showed blood vessels in the walls and septa of the
multiple cysts (Fig. 6B). The visualization of important vessels
by ultrasound angiography may improve the safety of neuroen−
doscopic procedures.

In one case (patient 2 in Table 1) we tried power Doppler for vi−
sualizing CSF flow through a fenestration using real−time 2D ul−
trasound, and found that this indeed was possible. Other groups
have also reported that Doppler technology is able to show CSF
flow [40].

Some aspects of the technique presented here might be consid−
ered disadvantages. Using ultrasound for guidance of endoscopic
procedures means that one has to make a small craniotomy in−
stead of a burr hole. We do not think that this contradicts the
philosophy of minimally invasive neurosurgery, as the channel
in the normal brain tissue required for the endoscope is the
same as it would be with a burr hole. The larger skin incision
and opening in the bone is mainly of cosmetic concern, but
need not be much different than the cosmetic problems of a
burr hole procedure.

Fig. 6 Ultrasound angiography. A Image
from patient 8 in Table 1. Corresponding
MRI is inserted in the top right corner. The
vessels are highlighted in red. The yellow
dot indicates the tip of the neuroendo−
scope, while the green line and the cross
represents a virtual elongation of the
neuroendoscope, “offset”, useful for
planning the trajectory of the endoscope.
In this case the basilar artery (arrow) is de−
picted on ultrasound angiography. B Ultra−
sound angiography image from patient 6
in Table 1 (second operation). Preoperative
MRI in the top right corner. There are
numerous vessels depicted in this case of
multiloculated hydrocephalus.
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A disadvantage of using only ultrasound images for neuronaviga−
tion is that surgical planning cannot be done before the craniot−
omy. We did not find this a restraint, as the area of the craniot−
omy was large enough to fine−tune the choice of position for the
entry point.

We found that the tracking frame attached to the endoscope in
some instances limited movement of the endoscope when it
was in the deepest areas of the brain. This did not restrain the
procedure in any of the operations we performed, but it is an is−
sue that needs to be improved. In future solutions a reference
frame specially designed for the endoscope must be developed.

We have not investigated 3D ultrasound navigation guidance of
neuroendoscopy in pituitary surgery or other skull base ap−
proaches where the endoscope is used. Other groups have
reported the use of neuronavigation integrated with endoscopy
in recurrent pituitary adenomas [34]. Our own experience with
modern ultrasound imaging of tumors on the skull base is that
ultrasound also can depict both tumors and the normal anatomy
close to the skull base in a satisfactory way. Other groups also
have found ultrasound imaging to be helpful for depicting tu−
mors near the skull base [41].

Conclusion

In summary, we found that 3D ultrasound gave satisfactory im−
age quality for image guidance of the neuroendoscope. Neurona−
vigation based on 3D ultrasound improved the anatomic orienta−
tion. When using only 3D ultrasound for neuronavigation, no pa−
tient registration is necessary, thus inaccuracy due to patient re−
gistration is avoided, and logistics are simplified. Updated 3D ul−
trasound datasets are acquired quickly, and may adjust for brain
shift. Furthermore, 3D ultrasound angiographic imaging is also
available, and may improve safety as important vessels can be vi−
sualized. Based on this preliminary study, we believe that ultra−
sound technology will have a place in future neuroendoscopy.
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Introduction

Pituitary adenomas make up 10 to 12% of primary intracranial
tumours. In a vast majority of cases they are benign neoplasms,
characterised by slow growth. Malignant adenomas or adenocar−
cinomas are extremely rare.

Surgical treatment of adenomas is not easy, however, and de−
pends upon many diverse factors which, among others, include
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Abstract

Aim of the Study: The aim of the study has been the assessment
of the endoscopic method in the surgical management of recur−
rent and residual pituitary adenomas, as concerns treatment ef−
ficiency, substantial complications, and its possible advantages
for the operating surgeon and patient. Material and Methods:
In Department of Neurosurgery, Silesian University School of
Medicine in Katowice, between October 2001 and June 2004,
125 patients underwent endoscopic surgery due to pituitary ade−
noma. The analysis comprised 20 patients, who were operated
on due to recurrent adenomas or residual tumour not completely
removed during the first surgical procedure. The group of pa−
tients was composed of 9 women and 11 men. The youngest pa−
tient was 32 years of age, the oldest 79. The average age was 53.9
years. The analysed group had 14 non−functioning adenomas, 4
GH−secreting adenomas, 1 PRL−secreting adenoma and 1 ACTH−
secreting adenoma. 19 of them were macroadenomas while 1
was a microadenoma. 11 of the 20 adenomas infiltrated the ca−
vernous sinuses. The surgical procedures were performed by a
stable team, composed of 2 neurosurgeons, a laryngologist and
an anaesthesiologist. The surgery method was based upon the
technique developed by Jho and Carrau, with own modifications
of the operators. A rigid neuroendoscope having the diameter of
4 mm with 0 8 and 30 8 optics by Storz was used. The follow−up
period after surgery was between 12 and 42 months, 24.2
months on average. Results: Of the 20 cases, complete recovery
was achieved in 40 % of patients undergoing secondary surgical
procedures. In the group of 11 patients with adenomas not infil−
trating the cavernous sinuses, recovery was reported for 8 of
them, that is 73 %. No fatalities occurred. 7 cases of liquorrhoea

occurred during operation, requiring reconstruction and sealing
of the sella by means of tissue glue and artificial dura or freeze−
dried human dura. In 1 case, despite the application of post−op−
erative lumbar drainage, rhinorrhoea occurred one month after
the procedure, which required endoscopic reconstructive treat−
ment. In the same patient, a pneumoencephalocele was ob−
served. The average time of the repeat surgical procedure using
endoscopic techniques was shorter by 18 minutes than the re−
peat procedure using microscopic techniques. Conclusions: The
endoscopic method is a safe, hardly invasive and efficient surgi−
cal technique in the treatment of recurrent and residual pituitary
adenomas. Advantages which add to its attractiveness are also
reduction of the procedure duration, very good visualisation of
the operative field, absence of serious complications, less pain
experienced after the surgery.

Key words
Recurrent adenoma ´ secondary surgery ´ endoscopic method ´
transsphenoidal approach
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hormonal changes, size of the tumour, suprasellar penetration of
the tumour and, above all, the relation of the adenoma to the ca−
vernous sinuses adjacent to sella turcica. In addition, it appears
difficult to reconcile in the surgical procedure, on the one hand,
the need to make the procedure radical and, on the other hand, to
fulfil the demand to be selective in the adenoma removal.

The treatment of choice in the case of pituitary adenomas, with
the exception of prolactinomas, is surgery. In the pituitary gland
surgery, the transsphenoidal microsurgical approach is a con−
temporary and recognised standard in the treatment of adeno−
mas [1]. Despite the continuous progress made in diagnosis and
treatment, the percentage of recurrent pituitary adenomas re−
mains high and, according to literature data, ranges between 7 %
and even 33 % [2± 5]. In the mid 1990s a new, endoscopic surgical
technique appeared for the treatment of sella turcica pathologies
[6]. As time went by, reports began to appear concerning large
groups of patients operated on using the new surgical method
[7, 8]. Among those patients, there were also patients with recur−
rent pituitary adenomas [9].

The aim of the present study is to assess the endoscopic method
in the treatment of recurrent and residual pituitary adenomas, as
regards treatment efficiency, substantial complications, and its
possible advantages for the operating surgeon and the patient.

Material and Methods

In the Department of Neurosurgery, Silesian University School of
Medicine in Katowice since 2001, the one and only method ap−
plied in surgeries of sella turcica pathologies has been the trans−
sphenoidal endoscopic technique, based on the experiences of
Jho and Carrau, with our own modifications [6]. Between Octo−
ber 2001 and June 2004, 157 transsphenoidal endoscopic ex−
plorations of the sella turcica were performed, in 125 cases the
patients underwent endoscopic surgery due to pituitary adeno−
ma. The analysis comprised 20 patients who were operated on
due to recurrent adenomas or residual tumour not completely
removed during the first surgical procedure. The group of pa−
tients was composed of 9 women and 11 men. The youngest pa−
tient was 32 years of age, the oldest 79. The average age was 53.9
years. 16 patients had been previously treated using traditional
transseptal transsphenoidal approach and 4 had been previously
treated using the transnasal endoscopic method. In the first
group, the time that elapsed between the last procedure and re−
peat operation was 3 years on average (between 2 and 9 years),
in the second group 6.5 months on average (between 4 and 11
months). Before the surgical procedure, patients underwent MR
of the pituitary gland, as well as ophthalmological and endocri−
nological examinations.

The analysed group had 14 non−functioning adenomas, 4 GH−se−
creting adenomas, 1 prolactinoma and 1 ACTH−secreting adeno−
ma. 19 of them were macroadenomas while 1 was a microadeno−
ma. 11 of the 20 adenomas infiltrated the cavernous sinuses. In
case of non−functioning adenomas, 9 typical recurrences of tu−
mour were observed, whereas in 5 cases of incomplete adenoma
removal this was obvious after the first procedure, on the basis of
the observations during the surgical procedure, when the part

located in a highly suprasellar position could not be got within
reach of the surgical instruments. The MR check−up in those pa−
tients revealed residues of the adenoma, surgically available. In
case of 6 hormonally active adenomas, a typical recurrence was
diagnosed in 2 patients, while in 4 more the decision to operate
upon the adenoma residues was taken after a thorough analysis
of the situation, in the absence of reaction of the tumour to phar−
macological treatment, and postponement of the decision about
radiosurgery. All tumours of the GH−secreting adenoma type
were macroadenomas and had infiltrated the cavernous sinuses
(III 8 and IV 8 on Knosp’s scale), a prolactinoma was a macroade−
noma included as II 8 on Knosp’s scale, whereas a corticotropino−
ma was a microadenoma (0 8 on Knosp’s scale). All non−function−
ing adenomas were macroadenomas. 5 of them infiltrated uni−
laterally or bilaterally the cavernous sinuses, while 9 were classi−
fied as I 8 and II 8 on Knosp’s scale.

The surgical procedures were performed by a stable team, com−
posed of 2 neurosurgeons, a laryngologist and an anaesthesiolo−
gist. Details of the surgical procedure have been presented in one
of earlier papers [10]. A rigid neuroendoscope having a diameter
of 4 mm with 0 8 and 30 8 optics by Storz was used. The approach
to the sphenoid sinus was through the right nasal cavity. Repeat
anterior sphenoidotomy was performed, most often widening it
to a diameter of 20 ± 25 mm. No nasal retractor was used. For the
reconstruction of the sella, tissue glue was used, as well as non−
absorbable artificial dura or freeze−dried allogenic dura. No post−
operative nasal packing was applied. After the procedure, initial−
ly, all patients received antibiotic cover obligatorily. Later on, an−
tibiotic therapy was applied only in case of patients with liquor−
rhoea during the procedure. During the first day after operation,
particular attention was paid to fluid balance, electrolytic disturb−
ances, and the occurrence of post−operative liquorrhoea. On the
day following the surgical procedure, patients were mobilised
and completely self−sufficient, they could breathe freely through
the nose. Hospitalisation after operation continued for 3 to 7
days. At 3 and 12 months after the surgical procedure, the pa−
tients underwent MR examinations of the pituitary gland, they
also underwent endocrinological and ophthalmic examinations.
The follow−up period after surgery was between 12 and 42
months, 24.2 months on the average. On the basis of protocols
and surgery registers, the average duration of the endoscopic
surgical procedure not being a repeat procedure has been calcu−
lated, as well as the average duration of the repeat procedure.
The results were compared with the average duration of surgical
procedures with the use of a microscope, treated in the years
2000 and 2001. Each patient objectively assessed the possibility
of breathing through the nose after the procedure, and subjec−
tively compared the pain sensations after the transsphenoidal
transseptal procedure and after the endoscopic procedure.

Results

The characteristics of the surgically treated adenomas, based
upon the Knosp’s scale as well as the results of treatment are pre−
sented in Table 1. Complete recovery was obtained in 40 % of sur−
gically treated adenomas. Of the 16 patients with non−function−
ing adenomas, the tumour was radically removed in 6 patients,
that is 42.8% of the cases (Figs.1 and 2). None of the 4 patients
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after repeated surgical procedure for GH−secreting adenomas
met the criteria of recovery of acromegaly (IGF−I < 450 ìg/L, GH
in OGTT < 1 ìg/L). Presently, one of these patients has been un−
dergoing stereotactic radiotherapy, the remaining three are
treated by means of analogues of somatotropin release inhibiting
factor. The case of a prolactinoma that underwent a repeat surgi−
cal procedure ended with complete removal, while the control
PRL levels did not exceed 20 ìg/L. In case of the patient with
Cushing’s disease, the microadenoma was removed completely,
meeting the biochemical criteria of recovery.

Among the 20 patients who underwent repeat surgical proce−
dures by means of the endoscopic technique, 7 cases of liquor−
rhoea were observed during the procedure (Table 2). In one pa−
tient who underwent total resection of a recurrent non−function−
ing adenoma, with liquorrhoea during the procedure, lumbar
drainage was applied. In the same patient, a pneumoencephalo−
cele was noted, while a month after the procedure rhinorrhoea
appeared, requiring endoscopic reconstructive treatment. In the
observed series of patients, no laryngological or infectious com−
plications were noted. New postoperative manifestations of in−
sufficiency of the anterior lobe of the pituitary gland appeared
in 3 patients. Table 3 presents the average duration of endoscopic
surgical procedures performed so far in case of pituitary adeno−

mas, as well as their comparison with the results of duration cal−
culations for transseptal surgical procedures with the use of mi−
croscope, in 44 patients. The analysis of these calculations is pre−
sented later on in this study. All patients (16 cases) who had been
previously operated on using the transsphenoidal, transseptal
method, cherished most the possibility to breathe freely through
the nose almost immediately after the procedure. They also as−
sessed the pain sensations experienced after endoscopic surgery
as being less profound.

Fig. 1 Non−functioning recurrent macroadenoma before operation.
Coronal (a) and sagittal (b) T1−weighted MRI scan.

a

b

Table 1 Characteristics of the surgically treated adenomas and
results of treatment

Adenoma
hormonal
type

Size of
the
adenoma

Type of growth Knosp
scale
( 8 )

No. of
pa−
tients

No. of
recov−
ery

% of
recov−
ery

non−function−
ing adenoma

> 10 mm Intrasellar I 8 2 2 100

Intrasellar and
suprasellar

II 8 7 4 57

Intrasellar +
cavernous sinus

III 8 1 0 0

Intrasellar +
suprasellar +
cavernous sinus

IV 8 4 0 0

GH−secreting
adenoma

> 10 mm Intrasellar +
cavernous sinus

III 8
IV 8

2
2

0
0

0
0

PRL−secreting
adenoma

> 10 mm Intrasellar +
suprasellar

II 8 1 1 100

ACTH−secret−
ing adenoma

< 10 mm Intrasellar 0 8 1 1 100

total 20 8 40

Table 2 Complications in the group of 20 surgically treated
patients

Type of complication Number of patients % of patients

liquorrhoea during surgery 7 35

liquorrhoea after surgery 1 5

pneumoencephalocele 1 5

diabetes insipidus 0 0

hypofunction of the anterior lobe 3 15
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Discussion

Repeated transsphenoidal treatment of recurrent pituitary ade−
nomas is not easy. Microscopic reoperations of sella pathologies
following previous transsphenoidal interventions appear to be
difficult, first of all at the stage of approaching the sphenoid si−
nus. The absence of the bony part of nasal septum, as well as ad−
hesions of soft tissues make surgical access more difficult, ex−
tend the duration of procedure, and expose the patient to laryn−
gological complications. For that reason Landolt [11], in trans−
sphenoidal repeated surgical procedures, makes use of the so−
called direct transnasal approach, described by Griffith and Veer−
apen [12] and Cooke and Jones [13].

Making use of a similar, direct approach to the sphenoid sinus in
the endoscopic method, omitting the construction of a submuco−
sal channel along the nasal septum, makes the technique also
particularly attractive in the treatment of recurrent pituitary
adenomas. The advantages of transsphenoidal endoscopy, name−
ly perfect visualisation, giving up the use of a stiff nasal retractor,
freedom of use for surgical tools, and possibilities of applying ad−
ditional angular optics make the orientation and moving about
in the secondary surgery operative field easier and safer [9]. Ac−
cess to the sphenoid sinus, its opening and exposing the sella tur−
cica posed no problem in any of the 20 patients in whom we per−
formed the repeat surgical procedure. In most procedures, it was
also easy to find the previous opening of the sella turcica. Only in
4 patients did we encounter total bony closure of the re−operated
sella. In the remaining cases, after preparation of the bony mar−
gins of the “old” opening, most often we noticed that it was still
available for widening, making the access to the adenoma after
opening of the dura wide and free. However, most of the adeno−
mas operated upon were hard, and not easy to apply suction to.
The border with regular pituitary gland was blurred, while nu−
merous adhesions existed between the tumour wall and caver−
nous sinuses as well as the arachnoidea. Altered anatomic condi−
tions demanded patience and conscientiousness from the sur−
geon.

The results of treatment of recurrent pituitary adenomas are not
satisfactory. Visot [14], in a group of 50 patients with non−func−
tioning recurrent adenomas, obtained total or subtotal recovery
in 60% surgically treated patients. In case of our group of 14 pa−
tients with non−functioning adenomas, total resection of the tu−
mour was achieved in 42.8 % of the surgically treated patients.
Also in 4 cases of partial removal of GH−secreting adenomas, we
failed to cure patients of acromegaly. It should be remembered,
however, that all our patients developed adenomas infiltrating
the cavernous sinuses. In the studies by Abe and Kurosaki
[15,16] concerning the surgical treatment of recurrent somato−
tropinoma with the possibility to monitor the level of GH during
the surgical procedure, no patient with a tumour infiltrating the
cavernous sinuses was cured. The results of treatment of adeno−
mas infiltrating the cavernous sinuses are poor. Perhaps in future
surgical procedures applying an endoscopic technique may im−
prove the results of treatment of these aggressive, disadvant−
ageously located tumours. Attempts at a transnasal endoscopic
approach to the cavernous sinus made on cadavers, as well as
first clinical reports appear to be encouraging at least [17,18].

In our group of patients, complications were not serious. No dia−
betes insipidus, inflammatory or laryngological complications
were observed. In 1 case, despite the application of postoperative

Fig. 2 Non−functioning recurrent macroadenoma in the same case
after operation. Coronal (a) and sagittal (b) T1−weighted MRI scan.

a

b

Table 3 Type of surgical procedure and duration of surgery

Type of surgical procedure Average duration of surgery [min]

endoscopic surgery 98

microscopic surgery 106

endoscopic repeat surgery 107

microscopic repeat surgery 129
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lumbar drainage, rhinorrhoea occurred, which required endo−
scopic reconstructive treatment. In the same patient, a complica−
tion in the form of a transient pneumoencephalocele was ob−
served.

In reports by numerous authors dealing with endoscopic surgery
of the pituitary gland, shortening the duration of the procedure is
stressed as an advantage of the method [7, 8,19]. The issue of the
duration of the repeat endoscopic surgical procedure in the
treatment of recurrent pituitary adenomas appeared of interest
for us. The average duration of 125 consecutive endoscopic surgi−
cal procedures on pituitary adenomas was 98 minutes, whereas
the average time of 44 consecutive surgical procedures using the
microscope in the years 2000 and 2001, just before the introduc−
tion of endoscopic technique to surgical practice, was 106 min−
utes. The difference is relatively small, it should be remembered,
however, that the series of endoscopic procedures initiated the
application of a new technique, while the series of transseptal
procedures using microscope was based upon a 10−year long ex−
perience. The average time of repeat procedures using the endo−
scope was 107 minutes, and was much shorter than the average
time of repeat surgery of pituitary adenoma with the use of the
microscope, the latter amounting to 129 minutes. As was stress−
ed above, in the endoscopic transsphenoidal technique of pitui−
tary adenoma surgery, the transseptal route is omitted, and the
sphenoid sinus is approached directly. It seems that it is this
stage that allows us to save most of the time, and the compari−
sons made above very much testify about that.

Reports of patients, who had been previously operated upon
using the transseptal technique with the microscope, that pain
sensations were much alleviated and possibilities of “normal”
breathing through the nose were much enhanced after endo−
scopic surgery, have to appear very credible and are an undisput−
ed proof for the superiority of the latter method in that respect.

In summary, omission of the transseptal stage in the transsphe−
noidal repeat surgical procedure, which is offered by the endo−
scopic method, is one of its advantages. This manoeuvre reduces
the duration of the procedure, as well as allows us to avoid
numerous complications of rhinological nature. Another advant−
age of the endoscopic technique is the possibility of making use
of the good visualisation of the operative field, not only when
looking straight, but also thanks to the angular optics, to the
sides, towards the cavernous sinuses, and upwards, to the supra−
sellar region. Magnificent visualisation, angular optics, and the
possibility of making full use of surgical instruments, not limited
by a stiff retractor, make anatomic orientation and precise pre−
paratory procedures simpler, which in consequence allows us to
enhance the security and radical character of treatment in case of
patients with recurrent pituitary adenomas.

Conclusions

1. The endoscopic method is a safe, minimally invasive and effi−
cient surgical technique in the treatment of recurrent and re−
sidual pituitary adenomas.

2. Reduction of the procedure’s duration, very good visualisation
of the operative field, absence of serious complications, and

less pain experienced after the surgery are advantages which
recommend the endoscopic method for surgical treatment of
recurrent pituitary adenomas.

3. Continuous development of endoscopic technique opens new
perspectives in the treatment of pathologies of the sella turci−
ca and parasellar structures.
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Introduction

Cavernous malformations have received a great deal of attention
in recent years due to the improvement of its diagnosis by neu−
roimaging with magnetic resonance (MR) and because of the dif−
ferent options for surgical therapy using ultrasound and neuro−
navigation as well as conservative treatment using stereotactic
radiation.

Intracerebral cavernous malformations are conglomerates of si−
nusoid−like enlarged capillaries containing slow−flowing blood
or stagnated blood in varying degrees of thrombosis and degra−
dation with thin collagenous walls, often surrounded by varying
degrees of gliosis and hematomas of various age [1± 5]. As dark
red to purple, multilobulated masses (“mulberry−like”), they of−
fer a characteristic appearance on MR (T1−, T2−weighted images)
as the diagnostic method of choice [1, 3 ± 7] and an ideal base for
image−guided surgery. Patients suffering from cavernous malfor−
mations present in the majority signs of headache, vertigo, tinni−
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Abstract

Background: The aim of this descriptive study was the compar−
ison of the clinical and surgical data of patients who suffered
from cavernoma and were treated surgically with and without
intraoperative navigation (ultrasound, neuronavigation).
Method: Between 1995 and 2002, 40 patients were treated for
cavernous malformations microsurgically: 24 patients (group I)
using a neuronavigation system (STP 4.0, SNN, Germany), 7 pa−
tients (group II) using ultrasound (Siemens Omnia with 5.0 MHz
Probe) and 9 patients (group III) without any image guidance
using anatomic landmarks. Findings: With the use of neuronavi−
gation the mean sizes of cavernous malformations, which were
resected, were reduced from 25.6 mm (group III) and 24.4 mm
(group II) to 16.3 mm (group I) (p ³ 0.05). Corresponding to the
reduction of the cavernoma size, the mean distances of the vas−
cular lesion to the cortical surface increased from 13.9 mm
(group III) and 17.8 mm (group II) to 24.4 mm under neuronavi−
gational support (p ³ 0.05). All cavernomas were resected com−
pletely in all 40 patients. Postoperative neuroradiological control
(MRI) confirmed complete resection in all cases. No significant
differences in the clinical outcome could be evaluated in all three
groups up to three months postoperatively. Conclusions: Use of
neuronavigation was associated with a more comfortable and
safer surgery of smaller and more deeper−seated cavernomas. In
spite of the lack of significance between all groups, the advan−
tages of neuronavigation in planning and realising surgery could
be documented, which justify the additional costs and time−con−

suming acquisition of planning image data and postprocessing as
well as intraoperative navigation.

Key words
Cavernoma surgery ´ neuronavigation ´ ultrasound
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tus, seizures and haemorrhage−related neurological deficits
[1, 5 ± 7]. The treatment of newly discovered intracranial lesions
generates debates about the appropriate therapy. Microsurgical
resection should be the standard treatment in order to eliminate
the risk of haemorrhage and to improve the control of seizures.
Surgical resection offers a permanent cure for a cavernous mal−
formation [3, 6, 8]. Stereotactic radiosurgery as an alternative
therapeutic option, especially in high risk patients, is presently
under discussion regarding long−term effects, efficacy and side
effects [6, 7].

Besides “conventional” surgery with the consideration of ana−
tomic landmarks, ultrasound as a new surgical tool was intro−
duced and offers a new dimension of surgery. It allows a high
level of intraoperative accuracy, real−time imaging and high
comfort for the surgeon. Doubtless the use of ultrasound, com−
pared to the later introduced principle of neuronavigation, seems
to be by far the cheapest method, both efficient and sufficient for
the localisation of the cavernoma in the brain and for resection
control during surgery. Furthermore, it allows a haemodynamic
detection of associated deep venous anomalies, which cannot
be realised by other methods [9± 11].

With the use of neuronavigation and the possibility of postpro−
cessing of preoperatively acquired image data, computer−as−
sisted surgery was created [2, 6,11 ± 17]. The aim of this technical
development and its use are to decrease the surgery−associated
tissue traumatisation as well as to minimise or to prevent addi−
tional neurological deficits. Basic ideas behind computer−as−
sisted surgery were the integration of presurgically acquired im−
age data, the planning of the surgical intervention corresponding
to anatomic and functional specialties and the realisation of the
surgical manoeuvre in a safe and comfortable way. The crucial
advantages of secondary image processing of preoperatively ac−
quired image data are the possibility of exact detailed reproduc−
tion of structures of interest that need to be safeguarded and the
option of virtual definition of entry and target coordinates. The
planning procedure is user−friendly, safe and comfortable and al−
lows the surgeon to define the best surgical approach based
upon both patient’s and the tool’s coordinate systems controlled
via display [16].

Methods and Materials

We described and analysed the neuroradiological, clinical and
surgical data as well as the pre− and postoperative neurological
status of patients who were operated on for cavernous malfor−
mations between 1995 and 2002 with image guidance, that
means with the use of neuronavigation (24 patients, group I), ul−
trasound (7 patients, group II), and without any navigational
support (9 patients, group III), respectively. Data were
documented prospectively for group I and retrospectively for
groups II and III.

Preoperative diagnosis was based on MRI and was confirmed by
histopathological examination in all cases. Angiography (7 cases)
was performed only in those cases in which the haemorrhage or
suspect area was so close to the subarachnoid space in the vici−
nity of the basal cisterns that an aneurysm had to be ruled out.

All cavernomas were resected microsurgically and completely
in all 40 patients. Postoperative neuroradiological control (MRI)
confirmed complete resection.

In group I tumour resection was performed with neuronaviga−
tion using the STP 4.0 system (Carl Zeiss Corp., Germany) and
the vectorvision system (Brainlab, Germany). MRI data sets
(Magnetom “Vision”, Siemens, Germany, 1.5 Tesla) were acquired
preoperatively for detection and localisation of the intracranial
lesion as well as planning of the neuronavigational procedure
[18 ±24]. With one millimetre slice thickness and no interval be−
tween a high level of accuracy could be achieved. A total of 250
T1−w 3D−images per patient was used (FOV: 25 cm, matrix:
200 � 256, repetition time: 11.4 msec) for data processing. Image
data were transferred via network connection or magnetic opti−
cal disc (MOD). Contouring of interesting regions (cavernoma)
and structures of risk (vessels, ventricles) as well as the image fu−
sion of anatomic and functional image data (fMRI − motor and
speech cortex) were realised manually and automatically using
a special postprocessing software program. Surgical planning
and definition of approach in group I were facilitated by neuro−
navigation.

In group II identification and visualisation of the cavernoma le−
sion as well as surgical exposure and tumour resection were
done with navigational support using intraoperative ultrasound
(Siemens Omnia with 5.0 MHz ultrasound probe) [25]. Intra−
operative tumour localisation was based on the visualisation of
typical ultrasound signals, which could be acquired intraopera−
tively in all directions, corresponding to the planned surgical ap−
proach and which reflected the lesion localisation and extension
in an excellent manner. At the end of surgery tumour resection
was controlled in the same way.

In group III tumour localisation was based on diagnostic image
data and the experiences of the neurosurgeon to transfer the vi−
sualised tumour lesion into the intracranial situs virtually using
anatomic landmarks.

The widely accepted removal of cavernomas was performed mi−
crosurgically. Final diagnosis was confirmed by histopathological
examination. Neurological examination of all patients was per−
formed preoperatively and up to three months postoperatively,
a neuroradiological control six months after surgery was done
by MRI.

Results

A total of 40 patients with a cavernous malformation was treated
microsurgically with and without navigation: 24 patients (group
I), 7 patients (group II) and 9 patients (group III). No patient was
operated twice and all cavernomas were resected completely.
Patients who refused surgery and preferred to wait were exclud−
ed. In all cases of our study cavernous malformations were con−
firmed neuropathologically.

Clinical and surgical data of the navigational group (group I, II)
and the conventional group (group III) were analysed: sex and
age distribution of all groups as well as surgical data are shown
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in Tables 1 and 2. The clinical outcome, the cavernoma size and
distance to the cortical surface were the crucial criterions and
the base for the discussion and comparison of all groups: in the
neuronavigation group the mean cavernoma size was with
16.3 mm the smallest, the mean distance to the cortical surface
with 24.4 mm the biggest (Table 1, Figs.1 and 2). The anaesthetic
time in the neuronavigation group was with a mean time of

301 min not significant longer than that in group II (231 min)
and group III ( 240 min, p ³ 0.05). The same ratio was found in
the operation time: the time interval was in the neuronavigation
group 202.5 min compared to 191.3 min in group II and
215.2 min in group III (p ³ 0.05). The mean hospital stay of all pa−
tients in the navigational groups was 8.6 days (group I), 9.6 days
(group II), respectively, but in the conventional group III with
11.9 days it was clearly longer (Table 1). The outcome categories
(i. e., “improved”, “unchanged” or “deteriorated”) determined for
up to three months after surgery reflect the surgery−associated
morbidity as well as the result of bleeding episodes, which were
one of the clinical findings (Table 3).

Surgery−associated persisting worsening of the clinical symp−
toms was observed in two patients in the conventional group
(group III): a 54−year−old female patient with a bleeding caver−
noma in the precentral region and preoperative contralateral
motor deficit of the hand. After surgery the paresis was stronger
than before and persisted postoperatively. In another case a 49−

Table 1 Patient, anaesthesiological and surgical data. The mean
size of operated cavernomas differed between navigation−
ally (groups I and II) and conventionally operated groups
(group III), meaning that very small cavernomas could re−
sected microsurgically using neuronavigation and that
deeply situated cavernomas were operated under neuro−
navigational support. Other data were comparable in
both groups

Patient data Neuronaviga−
tion Group I

Ultrasound
Group II

Conventional
Group III

mean age (min ± max)
[years]

35.2 (12 ± 60) 38.5 (28 ± 63) 37.9 (16 ± 61)

male/female 13/11 4/3 3/6

mean time of surgery
(min ± max) [min]

202.5
(95 ± 300)

191.3
(70 ± 270)

215.2
(40 ± 245)

mean time of anaesthesia
(min ± max) [min]

300.8
(178 ± 436)

230.6
(120 ± 310)

240.3
(95 ± 380)

mean size of cavernoma
(min ± max) [mm]

16.3 24.4 25.6

mean distance of caverno−
ma to cortex [mm]

24.4 17.8 13.9

mean hospital stay [days] 8.6 9.6 11.9

Fig. 1 Comparison of cavernoma size and neurosurgical intervention
showing a decrease of cavernoma size with the use of neuronavigation.

Fig. 2 Using navigational support allows an neurosurgical interven−
tion of deeper−seated cavernomas as an advantage of image−guided
surgery.

Table 2 Localisation of cavernous malformations in navigation
(groups I and II) and conventional groups (group III)

Localisation Neuronavigation
Group I

Ultrasound Group
II

Conventional
Group III

frontal 4 0 5

temporal 10 3 3

parietal 2 1 0

occipital 6 0 0

basal ganglia 1 0 0

ventricle 1 0 1

cerebellum 0 3 0

total 24 7 9

Table 3 Neurological outcome based on neurological status up to
three month after surgery

Clinical outcome Neuronavigation
Group I

Ultrasound Group
II

Conventional
Group III

unchanged 23 6 5

improved 1 1 2

deteriorated 0 0 2

total 24 7 9
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year−old male patient with a superficial temporal cavernoma and
a focal epilepsy developed a postoperative bleeding in the resec−
tion hole without any space−occupying effect and an circum−
scriptive oedema. No second surgery was performed. In the con−
sequence this patient suffered a prolonged hospitalisation and
dysphasia. In the neuronavigation group only one patient with a
temporary latent monoparesis of the arm could be registered.
The patient recovered completely after antioedematous therapy
four days later.

Discussion

The complex anatomy of the brain and the requirement of exact
planning of surgery as well as intraoperative precise orientation
were the reasons to integrate the additional technical possibili−
ties of navigational support ± ultrasound and neuronavigation.
Vascular malformations are relatively common and usually re−
sectable. Advantages of navigation−supported surgery are the
precise localisation of intracranial lesions, options of more accu−
rate and minimally invasive openings and consequently the pre−
vention of unnecessary brain manipulation. An increase in the
confidence for the neurosurgeon is the consequence.

With the help of ultrasound, cavernoma lesions can be detected
in real time in an excellent way as the major advantage of intra−
operative image acquisition. Surgery−associated brain shift arte−
facts can be compensated and do not disturb or influence the
identification of the tumour lesion during surgery. Beside the
possibility of resection control it allows the visualisation of the
intraoperative situation as well as the haemodynamic detection
of associated deep venous anomalies, which cannot be realised
by other methods [26± 28].

The major advantage of neuronavigation−assisted microsurgical
removal of cavernomas is the possibility of postprocessing fea−
tures of neuronavigation, including special visualisation of the
tumour in relation to other regions of the brain, 3D reconstruc−
tion, section modes, and zoom functions. Three planar views of
the surgical route allow one to illustrate the optimal surgical ap−
proach in relation to anatomic, pathological and functional areas
preoperatively and to define the optimal site and extension of the
craniotomy. At the end of the planning procedure, an exact simu−
lation of the planned surgical approach can be done. As a result
the extension of the craniotomy as well as brain traumatisation
can be limited as much as possible.

In our study, patient’s age, sex and symptoms were comparable
with the results of other studies [1, 4,5,9,11,19,29 ± 31]. In group I
the craniotomy was planned preoperatively using the naviga−
tional postprocessing features. In the same way the optimal
planning access with minimal brain damage could be achieved
in most cases by a minimal and safe cortical incision. During sur−
gery navigational devices provided a rapid display of the point of
interest in acquired images corresponding to any chosen point in
the patient and vice versa. If necessary, modification of the com−
puter−planned trajectory could be made intraoperatively by ad−
justing the target point to avoid eloquent areas or structures of
risk. In groups II and III the craniotomy was realised correspond−
ing to the expected localisation of the vascular lesion. The corti−

cal incision was performed as minimally as possible via a sulcus
and without touching any eloquent regions, identified by fMRT
preoperatively. Steps of orientation and subsequent identifica−
tion of the vascular tumour were supported in group II by ultra−
sound, and in group III by anatomic landmarks. Time intervals of
anaesthesia and surgery were the longest in the neuronavigation
group, but did not differ essentially in all three groups. Especially
in group I these intervals reflect the intraoperative use of naviga−
tional devices, including registration of patient and adaptation as
well as control of the introperative situation. In this study we
documented a surgery−associated deterioration of neurological
symptoms in two cases in the conventional group and a tempor−
ary deterioration in only one case in the neuronavigation group.
These incidences do not reflect differences in the specific meth−
ods, but are possible complications of surgical intervention and
the result of the individual experiences of neurosurgeon, which
is confirmed by other authors [9,10, 28,32 ± 36]. The size and lo−
calisation of the operated cavernomas were not comparable in all
groups. Especially in the conventional group in most cases the
cavernomas were situated superficially and were visible on mi−
croscopic inspection of the cortical surface.

In the recent literature it has been widely reported that naviga−
tional−supported surgery of intracranial lesions can improve sur−
gical planning and intraoperative orientation in the operating
field [26, 27]. Especially in patients with cavernomas invisible
by microscopy and in patients with deeper seated cavernomas
(corpus callosum, ventricles) the ultrasound and navigation de−
vices were used to increase the surgeon’s safety and to decrease
the patient’s risk as well as to prevent additional surgery−associ−
ated traumatisation. With the routine use of navigational de−
vices, the majority of deeper situated and/or small cavernomas
below the cortical surface were resected under neuronavigation−
al support in an excellent way. At the end of the introduction of
navigational devices the size of cavernomas could be reduced
from 25.6 mm (group III) and 24.4 mm (group II) to 16.3 mm
(group I) (p ³ 0.05) and the distance between vascular lesion
and cortical surface could be increased from 13.9 mm (group III)
and 17.8 mm (group II) to 24.4 mm by neuronavigational sup−
port. The question of whether navigationally supported surgery
led to clinical benefits for patients in terms of improved post−
operative outcome, reduced postoperative neurological compli−
cations, increased safety and lowered costs is difficult to answer.
No study evaluating the real benefit to patients has been per−
formed in the past and it is indeed difficult to objectively evalu−
ate navigational methods in cavernoma surgery. Because of the
considerable differences in the number of patients in each group,
statistical analysis did not lead to valid conclusions. However,
the trend of our results shows that the use of neuronavigation
forms a good base for resection of small and deep−seated caver−
nomas. The requirement of statistically valid groups, which are
large enough for statistical analysis and which offer the possibi−
lity for matching of different features (neurological status, lesion
size and site, clinical, surgical, anaesthesiological data) should be
the base for further analysis and discussions.

Image−guided navigation is a helpful instrument for neurosur−
gery of cavernomas. Preoperative (neuronavigation) and intra−
operative (ultrasound) acquisition of three planar image data
are time−consuming, but allow valid intraoperative orientation
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and resection control. Although objective benefits for neurologi−
cal outcome are not yet validated, the limited cost and time in−
vestment allows a microsurgical removal of cavernomas with a
high grade of safety, accuracy and reliability. Compared to con−
ventional surgery the establishment of navigation−supported
surgery can be recommended unreservedly for the resection of
cavernomas of small extension and difficult localisation.

References

1 Braun V, Antoniadis G, Rath S, Richter H−P. Kavernome. Nervenarzt
1996; 67: 301 ± 305

2 Moriarity JL, Clatterbuck RE, Rigamonti D. The natural history of caver−
nous malformations. Neurosurg Clinics North America 1999; 10: 411 ±
417

3 Vishteh AG, Nadkarni T, Spetzler RF. Cavernous malformation of the
pineal region: short report and review of the literature. Br J Neurosurg
2000; 14: 147± 151

4 Zabramski JM, Henn JS, Coons S. Pathology of cerebral vascular malfor−
mations. Neurosurg Clinics North America 1999; 10: 395 ± 410

5 Zabramski JM, Wascher TM, Spetzler RF, Johnson B, Golfinos J, Drayer
BP, Brown B, Rigamonti D, Brown G. The natural history of familial ca−
vernous malformations: results of an ongoing study. J Neurosurg
1994; 80: 422 ± 432

6 Maesawa S, Kondziolka D, Lunsford D. Stereotactic radiosurgery for
management of deep brain cavernous malformations. Neurosurg Clin−
ics North America 1999; 10: 503 ± 511

7 Meixensberger J, Hofmann E, Roosen K. Zerebrale Kavernome ± Klinik
und Therapie. WMW 1997; 7/8: 194 ± 198

8 McCormick WF, Hardmann JM, Roulter TR. Vascular malformations
(“angiomas”) of the brain, with special reference to those occurring
in the posterior fossa. J Neurosurg 1968; 28: 241 ±251

9 Awad IA, Robinson J. Cavernous malformation and epilepsy. In: Awad
IA, Barrow DL (eds), Cavernous Malformations. Park Ridge, AANS,
1993: 49 ±63

10 Barrow D, Awad IA. Conceptual overview and management strategies.
In: Awad IA, Barrow DL (eds), Cavernous Malformations. Park Ridge,
AANS, 1993: 205 ±213

11 Weil SM, Tew JM. Surgical management of brain stem vascular malfor−
mations. Acta Neurochirurgica 1990; 105: 14 ± 23

12 Cohen DS, Lustgarten JH, Miller E, Khandji AG, Goodman RR. Effects of
coregistration of MR to CT images on MR stereotactic accuracy. J Neu−
rosurg 1995; 82: 772± 779

13 Dorward NL. Neuronavigation ± the surgeon’s sextant. Br J Neurosurg
1997; 11: 101 ±103

14 Kelly PJ. Volumetric stereotactic surgical resection of intra−axial brain
mass lesion. Mayo Clin Proc 1988; 63: 1186 ± 1198

15 Ryan MJ, Erickson RK, Levin DN, Pelizzari CA, MacDonald RL, Dohr−
mann GJ. Frameless stereotaxy with real−time tracking of patient
head movement and retrospective patient−image registration. J Neu−
rosurg 1996; 85: 287 ± 292

16 Schulder M, Fontana P, Lavenhar MA, Carmel PW. The relationship of
imaging techniques to the accuracy of frameless stereotoaxy. Stereo−
tact Funct Neurosurg 1999; 72: 136 ± 141

17 Wirtz CR, Tronnier VM, Bonsantomm MM, Haßfeld S, Knauth M,
Kunze S. Neuronavigation ± Methoden und Ausblick. Nervenarzt
1998; 69: 1029 ±1036

18 Alp MS, Dujovny M, Misra M, Charbel FT, Ausman JI. Head registration
techniques for image−guided surgery. Neurolog Res 1988; 20: 1 ± 37

19 Brommeland T, Hennig R. A new procedure for frameless computer
navigated stereotaxy. Acta Neurochir 2000; 142: 443± 448

20 Buchholz RD, Ho HW, Rubin JP. Variables affecting the accuracy of ste−
reotactic localization using computerized tomography. J Neurosurg
1993; 79: 667± 673

21 Gumprecht HK, Widenka DC, Lumenta CB. Brainlab vectorvision neu−
ronavigation system: technology and clinical experiences in 131 cases.
Neurosurgery 1999; 44: 97 ± 105

22 Kondziolka D, Dempsey PK, Lunsford LD, Kestle JRW, Dolan EJ, Kanal E,
Tasker RR. A comparison between magnetic resonance imaging and
computed tomography for stereotactic coordinate determination.
Neurosurgery 1992; 30: 402 ± 407

23 McInerney J, Roberts DW. Frameless stereotaxy of the brain. Mount Si−
nai J Med 2000; 67: 300± 310

24 Ostertag CB, Warnke PC. Neuronavigation ± computerassistierte Neu−
rochirurgie. Nervenarzt 1999; 70: 517 ±521

25 Tomancok B, Holl K, Wurm G, Pogady P, Fischer J. Stereotaxiegeführtes
versus ultraschallgeführtes Operieren ± Ein vergleichender Erfah−
rungsbericht. Zentralbl Neurochir 1996; 57: 123± 128

26 Ungersböck K, Aichholzer M, Günthner M, Rössler K, Görzer H, Koos
WT. Cavernous malformations. From frame−based to frameless stereo−
tactic localization. Minim Invas Neurosurg 1997; 40: 134 ± 138

27 Matz P, McDermott M, Gutin P, Dillon W, Wilson C. Cavernous malfor−
mation. Results of image−guided resection. J Image Guid Surg 1995; 1:
273 ± 279

28 Weber M, Vespignani H, Bracard S, Roland J, Picard L, Barroche G,
Auque J, Lepoir J. Intracerebral cavernous angioma. Rev Neurol (Paris)
MDN 1989; 145: 429 ± 436

29 Amin−Hanjani S, Ogilvy CS, Ojemann RG, Crowell RM. Risks of surgical
management for cavernous malformations of the nervous system.
Neurosurgery 1998; 42: 1220 ± 1228

30 Bertalanffy H, Kühn G, Scheremet R, Seeger W. Indications for surgery
and prognosis in patients with cerebral cavernous angiomas. Neurol
Med Chir 1992; 32: 659± 666

31 Woydt M, Krone A, Soerensen N, Roosen K. Ultrasound−guided neuro−
navigation of deep−seated cavernous haemangiomas: clinical results
and navigation techniques. Br J Neurosurg 2001; 15: 485 ±495

32 Fahlbusch R, Strauss C, Huk W. Pontine−mesencephalic cavernomas:
Indications for surgery and operative results. Acta Neurochir Suppl
(Wien) 1991; 53: 37 ± 41

33 Huhn S, Rigamonti D, Hsu F. Indications for surgical intervention. In:
Awad IA, Barrow DL (eds), Cavernous Malformations. Park Ridge,
AANS, 1993: 87 ± 99

34 Ojemann RG, Crowell RM, Ogilvy CS. Management of cranial and
spinal cavernous angiomas. Clin Neurosurg 1993; 40: 98± 123

35 Robinson JR, Awad IA, Little JR. Natural history of the cavernous angio−
ma. J Neurosurg 1991; 75: 709± 714

36 Sakai N, Yamada H, Tanigawara T, Asano Y, Andoh T, Tanabe Y, Takada
M. Surgical treatment of cavernous angioma involving the brainstem
and review of the literature. Acta Neurochir (Wien) 1991; 113: 138 ±
143

Winkler D et al. Surgery of Cavernous Malformations with ¼ Minim Invas Neurosurg 2006; 49: 15 ± 19

O
rig

in
alA

rticle

19



Introduction

The endoscopic endonasal transsphenoidal approach has been
used as a potentially efficient and less invasive surgical proce−
dure for pituitary lesions [1± 5]. One striking advantage of the
endoscopic technique is its peculiar ability of visualization. An
endoscope provides a panoramic view of the sphenoid sinus.
This makes it possible for the surgeon to recognize the bony
bulge covering vital structures around the sella, such as the ca−
rotid artery and optic nerves. With angled views afforded by an
endoscope, moreover, blind manipulation can be avoided in the
resection of lateral and suprasellar lesions. There are also some
drawbacks and limitations which may be responsible for the
fact that the endoscopic endonasal technique has been slow to
be adopted as a routine surgical procedure approaching towards
the sella. The endoscopic transsphenoidal approach requires dif−
ferent surgical skills from those needed for microsurgery. Sur−
geons have to handle surgical instruments in a relatively narrow
working space with a two−dimensional view. An unfamiliarity of
neurosurgeons with sinonasal surgery is also an obstacle to
widespread use of the endoscopic transsphenoidal approach for
pituitary lesions. With the endoscopic endonasal surgical tech−
nique most commonly reported [1 ±5], sphenoidotomy is per−
formed without the use of a nasal retractor or speculum. There−
fore, this requires a series of surgical procedures which are basi−
cally derived from endoscopic sinonasal surgery routinely made
by endoscopic rhinologists.

We have applied an endoscopic technique to sphenoidotomy
with an endonasal sepal pushover technique originally reported
by Griffith and Veerapen [6]. Since this approach consists of rela−
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Abstract

Whereas the endoscopic endonasal transsphenoidal approach
has been applied in patients with pituitary lesions as a potential−
ly efficacious and less invasive surgical technique, the sinonasal
step of a series of the surgical procedures is generally not well
known to neurosurgeons. This is one of the reasons why the en−
doscopic technique has not been fully been adopted as a routine
surgical procedure approaching towards the sella. The present
paper describes the technical details of a purely endoscopic ap−
proach using an endonasal septal pushover technique. We also
present a newly designed nasal speculum specialized for this en−
doscopic endonasal technique. As compared to the endoscopic
endonasal approach previously reported, the surgical procedure
required for sphenoidotomy with the aid of the modified specu−
lum was simplified and thereby less time−consuming. This tech−
nique has been performed in 40 patients with several types of pi−
tuitary lesions. All patients recovered rapidly without significant
rhinological complications. Despite a limited number of cases,
our experience suggests that this simplified endoscopic tech−
nique could encourage a more routine use of endoscopes in the
endonasal approach for pituitary lesions.
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tively simple surgical procedures, sphenoidotomy is rapidly and
safely completed with minimum disruption of normal tissue in
the nasal cavity. We converted this microsurgical technique into
purely endoscopic surgery by using a rigid endoscope and a nasal
speculum specially designed for the endoscopic endonasal ap−
proach. In this report, we describe this technique and our experi−
ence with 40 patients.

Patients and Methods

Equipment
We used 4−mm rigid endoscopes with 0− and 30−degree angled
lenses (Olympus). In all cases, the endoscope is mounted on an
endoscope holder (Olympus) during the entire procedure of the
endoscopic surgery. The navigation system used for image−guid−
ed surgery was the StealthStation frameless stereotactic system
(Medtronic Sofamor Danek) consisting of a 3D digitizer based
on optical tracking system interfaced with a computer worksta−
tion. Preoperative CT and MR imaging data were obtained by
using a CT unit (HiSpeed Advantage, GE Medical System, Mil−
waukee, WI) and a 1.5−T MR imaging unit (Magnetom Vision, Sie−
mens Corp., Erlangen, Germany), respectively [7]. We used a na−
sal speculum (Fujita Medical Instruments, Tokyo) which was
modified specially for endonasal endoscopic surgery. As com−
pared to a conventional nasal speculum (Fujita Medical Instru−
ments, Tokyo) commonly used in the microsurgical endonasal
transsphenoidal approach, the blade of the newly designed spec−
ulum is thinner and more slender (Fig.1). Furthermore, the blade
tip of the speculum is designed to fan out with a limited extent of
the opening of the blade base which is supposed to contact with
the nostril. This mechanism is achieved by means of the fact that
the angle between the hinge portion and the shaft of the specu−
lum is reduced as compared to that of a conventional speculum.
When the blade is fully opened, the outer and inner widths of the
blade base are 13 mm and 10 mm, respectively. With this modifi−
cation we are able to attenuate stretch−derived injury to the nos−
trils, and a relaxing alar incision is not needed even in patients

with extremely small nostrils as frequently seen in the Japanese
woman.

Surgical procedures
CT and/or MR images with a 1 ± 2 mm slice thickness are preop−
eratively performed with six to eight fiducial markers being
stuck to the patient’s forehead and face. The data are then trans−
ferred to the workstation of the StealthStation via a magnetoop−
tical disc. After general anesthesia with orotracheal intubation,
the patient is placed supine with the trunk slightly elevated.
The head is fixed in a Mayfield headrest to which the navigation
reference arc is attached. The patient’s registration based on the
preoperative image data is repeated until the error is within
2 mm as previously described [7]. The oropharyngeal cavity is
packed with a roll of gauze. Cottonoids soaked with diluted adre−
naline (1 : 100,000 w/v) are placed in the nasal cavity while the
endoscope equipment is set up. The 4−mm rigid endoscope with
0−degree angled lens is mounted on an endoscope holder, and in−
troduced through either the right or left nostril, depending on
which provides the larger space between the nasal septum and
the middle turbinate. Approach toward the sphenoid rostrum is
made through the space between the nasal septum and the mid−
dle turbinate (Fig. 2A). At this step of the procedure, the middle
turbinate is gently displaced laterally, and is not needed to be
outfractured. The neuronavigation is employed as necessary to
determine the direction of the approach. Once the nasal septum
close to its base is brought into view through the space medial to
the middle turbinate, an approximately 1−cm linear mucosal in−
cision is made in a vertical direction at the junction of the ante−
rior wall of the sphenoid sinus and the posterior bony septum
(Fig. 2B). After the mucosa is dissected from the base of the sep−
tal bone to gain the space into which the nasal speculum is put,
the blade tip of the nasal speculum is inserted into the submuco−
sal space under the endoscopic view (Fig. 2C). The septal bone is
then fractured at its junction to the anterior wall of the sphenoid
sinus, and is dislocated towards the contralateral side (Fig. 2C).
At this point of the procedure, much attention was paid to con−
firm that the tip of the speculum is entirely placed in the submu−
cosal space to avoid mucosal laceration. Whereas this is usually
achieved by turning the tip of the speculum to the contralateral
side, care must be taken not to forcibly turn the blade of the
speculum. From that surgical phase onward, the endoscope is
placed inside the speculum. While the blade of the speculum is
gradually opened and the nasal septum is pushed away from
the sphenoid rostrum, submucosal dissection is made bilaterally
to fully expose the anterior wall of the sphenoid sinus (Fig. 2D).
The edge of the incised mucosa should be bloodless and fully re−
tracted laterally by the tip of the speculum blade. This procedure
is important to avoid a blood−derived blur of the lens of the en−
doscope at the following surgical steps. The posterior aspect of
the vomer (i. e., the keel bone) remaining in the anterior wall of
the sphenoid sinus is noted, and served as a guide to the midline
(Fig. 2D). With a small bone chisel and alligator forceps, the ante−
rior wall of the sphenoid sinus is widely removed particularly to−
ward the inferior direction. A microdrill is occasionally required
to extend the inferior portion of the opening of the sphenoid ros−
trum, depending on the extent of the pneumatization of the
sphenoid sinus. The sphenoid septa are removed by using alliga−
tor forceps so that a panoramic view from the planum sphenoi−
dale superiorly to the clival indentation inferiorly (Fig. 2E) is

Fig. 1 A nasal speculum modified specially for the endoscopic endo−
nasal transsphenoidal approach. As compared to the conventional na−
sal speculum used for the microscopic endonasal approach, the blade
of the modified nasal speculum is thinner and more slender, and is de−
signed to fan out with a more limited extent of the opening of the
blade base which is supposed to contact with the nostril.
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gained. Pieces of the resected bone are saved for reconstruction
of the sellar floor. The following surgical procedures including
those for the opening of the sella, the removal of the lesions and
the sellar reconstruction are performed in a manner similar to
that previously reported [2 ± 4,8, 9]. Whereas a 0−degree angled
lens is used in most of the procedures above, lesions present in
the suprasellar region as well as those extending into the caver−
nous sinus are extirpated under direct visualization with a 30−
degree angled endoscope. In three patients where a CSF leakage
was recognized during the operation, abdominal free fat grafts
were placed to repair the CSF fistula. The speculum is removed
gradually at the end of the procedure. After the nasal septum is
placed at the midline, the structures of both nasal cavities are
restored. Since the extent of submucosal septal dissection is
limited to its basal part, nasal packing is not used.

Results

We performed a total of 41 procedures using this endoscopic ap−
proach in 40 patients with sellar and parasellar lesions. In one
patient with a Rathke’s cleft cyst, a purely endoscopic repair of a
CSF fistula was performed two weeks after an endoscopic drain−
age of the cyst. They were 26 women and 14 men among, and the
mean age was 52 years (range: 23 ± 80 years). Among those in−

cluded 21 patients with non−functioning adenomas, 3 with acro−
megaly, 5 with prolactinomas, 9 with Rathke’s cleft cysts, one
with a meningioma and one with a mucocele in the sphenoid si−
nus. Among the 21 patients with non−secreting adenomas, total
resection was made in 14 patients and subtotal resection in 4 pa−
tients. In the remaining three patients, tumor removal was par−
tial. Among the three patients, one patient with recurrent adeno−
ma underwent partial removal leaving residual tumor in the bi−
lateral cavernous sinuses. In the other two patients undergoing
partial removal, the adenoma was extremely hard, exhibiting an
extensive suprasellar growth. In all of the 3 patients with acro−
megaly, the results of endocrinological evaluations met the cure
criteria of the Cortina consensus [8] with clinical improvements.
In one patient with acromegaly, a less enhanced mass lesion was
present exclusively in the right cavernous sinus. Under direct vi−
sualization by use of a 30−degree angled endoscope, the infero−
medial portion of the dura of the cavernous sinus was opened,
and the tumor was totally extirpated with great care not to injure
the internal carotid. Among the 5 patients with prolactinomas,
prolactin levels were normalized with associated clinical im−
provements in 3 patients without adjunctive medical treatment
and in 2 patients with administration of cabergoline. In the 9 pa−
tients with Rathke’s cleft cysts, decompression of the cyst and
biopsy of the cyst wall were performed. Whereas none of those
patients underwent radical resection of the cyst, no recurrence

Fig. 2 Endoscopic views and schematic illustrations showing a series
of procedures for endoscopic endonasal sphenoidotomy using a septal
pushover technique. A Endoscopic approach towards the sphenoid
rostrum is made through the space between the nasal septum and
the middle turbinate. At this step of the procedure, the middle turbi−
nate is gently displaced laterally, and need not be outfractured.
md = middle turbinate; ns = nasal septum. B After an approximately 1−
cm linear mucosal incision is made in a vertical direction at the junction
of the anterior wall of the sphenoid sinus and the posterior bony sep−
tum, the mucosa is dissected from the base of the septal bone (*) to
obtain the space into which the nasal speculum is inserted. C The blade
tip of the nasal speculum is put into the submucosal space under the
endoscopic view. The posterior part of the septal bone is then frac−

tured and dislocated toward the contralateral side by turning the tip
of the speculum to the contralateral side. While the speculum blade is
gradually opened, submucosal dissection is made bilaterally to expose
the anterior wall of the sphenoid sinus. D The keel bone remaining in
the anterior wall of the sphenoid sinus serves as a guide to the midline.
E The anterior wall of the sphenoid sinus is widely removed particularly
towards the inferior direction. The sphenoid septa are removed by
using an alligator forceps so that a panoramic view from the planum
sphenoidale superiorly to the clival indentation inferiorly is obtained.
The inset shows an intraoperative photograph. While a rigid endo−
scope is mounted to an endoscope holder, a surgeon handles two sur−
gical instruments put into the sphenoid sinus through a surgical corri−
dor secured with the aid of a modified nasal speculum.
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of the cyst occurred during a follow−up period of 3 ± 36 months.
In one patient with sellar meningioma exhibiting suprasellar and
cavernous sinus extensions, tumor removal was limited to the
extent from the intrasellar to the suprasellar part. One patient
with a huge mucocele in the sphenoid sinus presented with a
unilateral abducens palsy, and underwent drainage of the cyst
content and removal of the sinus mucosa with a consequent
complete recovery of the nerve palsy.

None of the patients complained of nasal pain or discomfort after
surgery. Among the present series of the patients undergoing en−
doscopic surgery, there were three patients with recurrent ade−
nomas. Those three patients had previously undergone sublabial
surgery and reported that postoperative recovery from the endo−
scopic endonasal procedure was much easier and less painful
than that from the sublabial procedure. There was no sinonasal
complications such as postoperative nasal bleeding, perforation
of the nasal septum, nasal mucosal synechia and rhinosinusitis.
A postoperative CSF leak developed in two patients: one patient
with acromegaly and one with Rathke’s cleft cyst. The patient
with acromegaly underwent spinal drainage with a consequent
cessation of CSF leakage. In another patient with Rathke’s cleft
cyst, as described above, a CSF fistula was successfully repaired
endoscopically using an abdominal free fat graft. There were no
patients who postoperatively suffered from an insufficiency of
the anterior pituitary function. One patient with a recurrent ade−
noma developed permanent diabetes insipidus after surgery, and
required desmopressin therapy. No other complications were en−
countered.

Discussion

Our experience with 40 patients indicates that this endoscopic
technique allows for a fast and accurate approach to the sella. In
all cases except for one where the base of the septal bone was
thick, the sellar floor was reached within an average of 10 min−
utes of starting the procedure. This method is also less compli−
cated, and possibly less invasive to the normal structures in the
nasal cavity than the previously published technique of endo−
scopic endonasal surgery [1± 5]. In the endoscopic endonasal
surgical technique commonly reported [1 ±5], sphenoidotomy is
achieved without the use of a nasal speculum. Therefore, this
technique requires several surgical procedures to gain an ade−
quate space that serves for a surgical corridor. Thus, the middle
turbinate is outfractured to obtain a working space in the
sphenoethmoid recess with subsequent identification of the
sphenoid sinus ostium. The nasal septum is then detached from
the sphenoid rostrum by using a microdrill or simply by being
fractured. The removal of the sphenoid rostrum was made by
enlarging the sphenoid sinus ostia using rongeurs or a microdrill.
Among the procedures above, the approach toward the sphenoid
ostium is a crucial step of the procedure to which neurosurgeons
are generally unaccustomed. By contrast, such sinonasal surgical
procedures are not needed in our technique. A surgeon brings the
posterior part of the nasal septum into view, followed by an in−
sertion of a modified nasal speculum into the submucosal space
of the base of the nasal septum. After the septum is dislocated to−
wards the contralateral side by using the modified speculum, a
sufficient working space is gained to facilitate the subsequent

surgical procedures. Furthermore, as in the case with the endo−
scopic surgery without using the nasal speculum, postoperative
nasal packing is not needed since the extent of submucosal sep−
tal dissection is limited to its basal part. One can argue that the
insertion of a nasal speculum in the nasal cavity makes the hand−
ling of surgical instruments restricted in the endoscopic surgery.
Based on the experience with an use of our modified nasal
speculum, however, this instrument with a minimum stretch
force on the nostril fully retracts mucosal edges that can be an
obstacle to both the insertion and handling of surgical instru−
ments. Thus, the speculum provides an appropriate surgical cor−
ridor through which surgical instruments can be taken in and
out without hindrance. In addition, whereas the entrance of the
modified speculum is small, the blade tip fans out just anterior of
the opening of the sphenoid rostrum so that the sphenoid sinus
can fully be used as a broad working space.

A potential advantage of the present purely endoscopic approach
over the microscopic direct endonasal approach remains to be
discussed since these two techniques adopt the same surgical
route to the sella. It is accepted that the microscopic direct endo−
nasal approach has the advantage of a simpler and less time−con−
suming sphenoidotomy with fewer postoperative rhinological
complications [6,9,10]. Nonetheless, this approach also has
some drawbacks in that it provides a more restricted exposure
and a surgical trajectory which is slightly off midline [6, 9,10].
Surgical microscopes need the retraction of superficial structures
(i. e., the nostrils), which otherwise hinder the entry of the light
beam. In the microscopic endonasal approach with the conven−
tional nasal speculum, a wider opening of its blade can entail an
excessive stretch force on the nostril, and therefore a relaxing
alar incision is needed in patients with extremely small nostrils
as seen frequently in the Japanese women. Zada et al. [10] indeed
reported in a series of 100 patients undergoing the microscopic
endonasal approach that 20% of the patients required a relaxing
alar incision for speculum placement. In contrast, endoscopes
can visualize a deep−seated object even with a small entry of
the approach. Our technique fully utilizes this advantage of en−
doscopes. Thus, even in patients with very small nostrils, our en−
doscopic approach by using the modified speculum can afford
both an excellent operative view and a sufficient surgical corri−
dor with a minimal invasiveness to the nostrils. Of the current
series of 40 patients, there were five women with extremely
small nostrils. Despite the very small nostrils, a wide opening of
the blade tip of the speculum was feasible without making a re−
laxing alar incision. Furthermore, a panoramic view of the sphe−
noid sinus provided by endoscopes makes it possible for the sur−
geon to recognize the bony bulge covering vital structures
around the sella, such as the carotid artery and optic nerves. Sur−
geons can make the opening in the sellar floor as large as possi−
ble while viewing the surrounding vital structures. In addition,
the panoramic visualization can alleviate the problem of a slight−
ly off midline surgical trajectory. Angled views afforded by an en−
doscope help to avoid blind manipulation in dealing with lateral
and suprasellar lesions. As in our cases, lesion sites which are not
normally visualized with a surgical microscope can directly be
brought into view. These peculiar visualizing abilities possibly
contribute to a decreased incidence of complications as reported
elsewhere [1, 4].
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In endoscopic surgery, surgical instruments have to be handled
in a relatively narrow working space with a two−dimensional
view, and therefore the endoscopic transsphenoidal approach re−
quires different surgical skills from those needed for microsur−
gery. Although surgical instruments modified for use in endo−
scopic techniques as well as a stereoscopic endoscope have
been developed [4,11], the preciseness of endoscope−controlled
manipulations of surgical instruments cannot yet reach the level
of that achieved with microsurgery. Considering the current
state of the endoscopic technique, the surgical approach itself
employed in the endoscopic surgery should be simplified in or−
der to attenuate the incidence and severity of the procedure−re−
lated complications. In this context, our technique that affords a
more simplistic and minimally invasive approach than other en−
doscopic techniques [1± 5] in terms of a series of techniques re−
quired for sphenoidotomy could help to make the endoscopic en−
donasal approach for pituitary lesions more effective and safe.
Despite a limited number of cases, the present study also sug−
gests that this simplified endoscopic technique can encourage a
routine use of endoscopes in the endonasal approach for pitui−
tary lesions.
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Introduction

Complete microneurosurgical excision represents the ideal treat−
ment option for symptomatic patients with vestibular schwan−
nomas [1]. On average 96 % of the tumors can be removed totally,
which provides the best possible long−term local control [2].
However, the treatment is accompanied by the well−known risk
of postoperative complications, such as hearing loss, facial nerve
palsy, and cerebrospinal fluid (CSF) leak. Many technical ad−
juncts were proposed for their prevention. Recently, there has
been growing interest in the use of neuroendoscopes during sur−
gery for cerebellopontine angle (CPA) tumors [3 ± 15], because
the possibility “to look around the corner” is very attractive for
early identification of the cranial nerves and inspection of the in−
ternal auditory canal (IAC). However, the efficacy of the tech−
nique is not yet completely known. Moreover, there is some con−
cern about possible endoscope−related complications due to
poor overview of the operative field, the limited two−dimension−
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Abstract

The use of endoscopes for surgery of the cerebellopontine angle
tumors is steadily obtaining widespread acceptance. The objec−
tive of the present study was a laboratory and clinical evaluation
of the safety of the endoscope−controlled microneurosurgical re−
moval of the intrameatal vestibular schwannomas through a ret−
rosigmoid approach. The anatomical investigation was done on
formalin−fixed cadaver heads and dry temporal bones. Clinical
series included 33 consecutive patients (23 women and 10 men;
mean age 50 � 15 years). A bayonet−style rigid endoscope with
70 8 angle of view and 4 mm outer diameter was found to be op−
timal for observation of the internal auditory canal. Its insertion
in the cerebellopontine cistern should be preferably done under
control through an operating microscope. Endoscope−controlled
manipulations necessitate the use of a special holder system,
which provides a stable position of the device and allows biman−
ual manipulations by the surgeon. A thermographic evaluation
did not reveal a significant increase of the local temperature
due to use of the endoscope. Use of the endoscope permitted re−
moval of the neoplasm from the most lateral part of the internal
auditory canal and identification of the nerve of tumor origin. In
total, 28 tumors underwent total removal, and anatomical pre−
servation of the facial nerve was attained in 31 cases. Damage of
the facial nerve by the endoscope was met once. In 8 out of 16
patients, who showed serviceable hearing before surgery, this
was preserved after tumor removal. In conclusion, endoscope−
controlled removal of the intrameatal vestibular schwannomas
seems to be a technically feasible, effective and safe procedure.

Nevertheless, good equipment and special training are absolute−
ly necessary for attainment of optimal results.

Key words
Vestibular schwannoma ´ endoscope−controlled removal ´ neu−
roendoscopy ´ internal acoustic meatus
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al image, and possible local increase of temperature in the vicin−
ity to the tip of the device [10,11,13]. Therefore, we conducted
both a laboratory and a clinical study on the safety of the endo−
scope−controlled removal of the intrameatal vestibular schwan−
nomas.

Materials and Methods

Laboratory investigation
Endoscope−controlled microneurosurgical removal of an intra−
meatal vestibular schwannoma through a retrosigmoid ap−
proach was simulated on 2 formalin−fixed cadaver heads and 2
dry temporal bones. After craniotomy, which was done by a
high−speed drill, the rigid bayonet−style endoscope was inserted
into the CPA. Commercially available 19−cm and 23−cm long de−
vices with 0 8 , 30 8 , and 70 8 angles of view, and outer diameters of
2.7 and 4 mm were tested consequently. Two sets of observations
were done: initially the endoscope connected with videocamera
and cold light source was manipulated freehand; thereafter all
manipulations were repeated while the device was fixed in the
“EndoArm”, a specially designed endoscope holder integrated
with a video system (Olympus Co., Tokyo, Japan) [16].

After observation of the CPA, the endoscope was removed and
drilling of the posterior wall of the IAC was done with its further
inspection by various types of endoscopes, which were manipu−
lated either freehand or were fixed in the “EndoArm” (Fig.1).
During observation of the CPA, opening of the IAC by a high−
speed drill, and its endoscopic inspection the thermographic
study were performed using a portable infrared camera TVS 100
ME (Nippon Avionics Inc., Tokyo, Japan).

Clinical study
During 2004 and 2005, 33 consecutive patients underwent en−
doscope−controlled microneurosugical removal of intrameatal
vestibular schwannomas at the Department of Neurosurgery of
the Tokyo Women’s Medical University. There were 23 women
and 10 men; mean age constituted 50 � 15 years. The tumor was
located on the left side in 16 cases, and on the right side in 17.
There were 31 initially diagnosed and 2 recurrent neoplasms.
Three schwannomas were purely intrameatal, 8 had limited ex−
tension into the CPA, 7 filled the CPA completely, but did not
show compression of the brain stem, and 15 caused more or less
prominent brain stem compression. Before surgery 31 patients
had either normal, or nearly normal facial nerve function
(House−Brackmann grade 1 ± 2 [17]), and 16 patients had func−
tionally preserved hearing (Gardner−Robertson class I−II [18]).

Fig. 1 Neuroendoscopic view of the right
CPA during anatomic dissection: identifica−
tion of origin of the VII and VIII cranial
nerves from the brain stem (A), observation
of the cisternal portion of the nerves (B),
observation of the nerves after removal of
the posterior wall of the IAC (C), observa−
tion of the most lateral part of the IAC (D),
identification of the Bill’s bar and transverse
crest after removal of the nerves (E) and
complete removal of the soft tissues (F).
Marked: facial nerve (VII), vestibulocochlear
nerve (VIII), superior vestibular nerve (black
arrow), inferior vestibular nerve (white ar−
row), cochlear nerve (asterisk), Bill’s bar
(crest), and transverse crest (star).
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All procedures were planned as routine microneurosurgical op−
erations, so if necessary these could be completed without the
use of endoscope. General anesthesia, lateral oblique position of
the patient, standard retrosigmoid approach, motor and somato−
sensory evoked potentials, auditory brain response, facial nerve
monitoring, and cochlear nerve action potentials were used rou−
tinely, in the same way as described elsewhere [13,14,19,20].
After microsurgical intracapsular debulking of the tumor in the
CPA, the posterior wall of the IAC was removed by a high−speed
drill. A rigid endoscope fixed in the “EndoArm” was inserted into
the CPA under control through an operating microscope. Subse−
quent removal of the residual tumor from the CPA and IAC was
attained utilizing concurrently both microscope− and endo−
scope−controlled techniques with the use of routine microneuro−
surgical instruments. Regular irrigation of the wound by Ringer’s
lactate solution was done during use of the endoscope.

Results

Laboratory investigation
The endoscopes with 0 8 , 30 8 , and 70 8 angles of view were found
to be equally useful for observation of the CPA through the retro−
sigmoid approach. Inspection of the IAC seemed to be optimal
using the endoscope with a 70 8 angle of view and outer diameter
4 mm. The insertion of this device into the CPA and its position−
ing for visualization of the IAC were found to be difficult without
microscopic control. Both freehand fixation of the endoscope and
use of the “EndoArm” seemed to be equally suitable for inspec−
tion of the CPA and IAC. However, endoscope−controlled micro−
surgical manipulations could not be effectively done without
use of the endoscope−holder system, which provided a stable po−
sition of the device and allowed bimanual manipulations by the
surgeon. During drilling of the posterior wall of the IAC a thermo−
graphic study revealed a prominent increase of the local tem−
perature. Alternatively, the presence of an endoscope connected
with a working cold light source in the CPA did not lead to signif−
icant changes of the local temperature (Fig. 2).

Clinical study
Use of the endoscope permitted removal of residual tumor from
the most lateral part of the IAC (Fig. 3). In all, total tumor removal
was done in 28 cases, subtotal removal in 3, and partial removal
in 2 cases. Anatomic preservation of the facial nerve was attained
in 31 cases. In one case the facial nerve was mechanically dam−
aged by the endoscope itself, which necessitated its direct sutur−
ing in the CPA. In 8 out of 16 patients, who showed serviceable
hearing preoperatively, this was preserved after tumor removal.
No one case of thermal injury to the cranial nerves, postoperative
CSF leak, or infection was observed. Histological examination re−

vealed typical schwannomas in all cases; mean MIB−1 index con−
stituted 2.3 � 1.9 %.

Final endoscopic inspection at the end of the procedure gives us
an opportunity to define the nerve of tumor origin, either defi−
nitely (in 18 cases), or most probably (in 14 cases). Schwannomas
arising from the superior vestibular and inferior vestibular
nerves were represented in 16 cases each (Figs. 4 and 5). In one
case with partial tumor removal the nerve of tumor origin was
not defined. Its identification was found to be easier if dilatation
of the fundus of the IAC due to tumor growth was present. Mean−
while, no associations were found between the nerve of tumor
origin and age and gender of the patient, side and MIB−1 index
of the neoplasm, and the presence of useful hearing before sur−
gery.

Discussion
Modern neuroendoscopic devices, both rigid and flexible, pro−
vide a wide angle of view, superb illumination with a cold light,
and perfect depth of focus in combination with high magnifica−
tion. Their use during microsurgical procedures allows to reduce
the size of the craniotomy, to improve visualization in the opera−
tive field, and to look around important anatomic structures,
thus eliminating the need for extensive retraction [4,6,11 ±
13,21 ±23]. Furthermore, the development of “virtual endosco−
py” [24,25], which permits to simulate the surgical procedures
preoperatively, based on the data of neuroimaging, can signifi−
cantly increase the clinical efficacy of the technique in the future.

Fig. 3 Endoscope−controlled removal of the intrameatal vestibular
schwannoma from the lateral part of the IAC.

Fig. 2 Thermographic study during simu−
lated endoscope−controlled procedure for
intrameatal tumor: the local temperature
dramatically increased during drilling of the
posterior wall of the IAC (A), but normalized
thereafter (B), and did not changed signifi−
cantly during the use of endoscope (C).
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The advantages of the endoscopic inspection during microsurgi−
cal removal of vestibular schwannomas had been highlighted in
several previous reports [3± 15]. These mainly include early
identification of the cranial nerves in the CPA, possibility of revi−
sion of the most lateral part of the IAC for the presence of the re−
sidual neoplasm, and visualization of the non−sealed petrous
bone air cells for prevention of postoperative CSF leak. With the
adjunct of endoscopy, tumors can be removed more completely,
with less morbidity, and the degree of their resection can be as−
sessed more precisely [3,7,10,13,23]. The length of drilling of the
posterior wall of the IAC can be reduced, and inadvertent open−
ing of the intraosseous endolymphatic sac and posterior semicir−
cular canal, which has a crucial importance in hearing−preserva−
tion vestibular schwannoma surgery, can be avoided [9± 12]. The
technique may be useful for identification of the source of prob−
lematic bleeding during removal of the neoplasm [15]. Finally, as
was shown in the present series, use of the endoscope permits an
exact delineation of the nerve of tumor origin.

While endoscopic inspection during surgery for vestibular
schwannomas has obtained widespread acceptance, the advan−
tages of endoscope−controlled removal of these tumors are less
clear. Wackym et al. [13] and Magnan et al. [14] advocated use
of this technique for the dissection of the residual neoplasm
from the most lateral part of the IAC. Goksu et al. [10] reported
the results of such procedures in 8 patients with serviceable
hearing and small intrameatal vestibular schwannomas: total re−
moval, functional preservation of the facial nerve, and anatomic
preservation of the cochlear nerve was attained in all cases,
whereas useful hearing was preserved in four cases. In the pre−
sent series, which included a significant proportion of large tu−
mors, total removal of the neoplasm was attained in 85% of the
cases, anatomic preservation of the facial nerve in 94 % of cases,
and preservation of the serviceable hearing in 50 % of those, who
showed its presence before surgery.

Our clinical results confirm that integration of endoscope−con−
trolled removal of the intrameatal part of the tumor into micro−
neurosurgical excision of vestibular schwannomas is technically

feasible, effective, and safe. Nevertheless, several lessons have
been learnt. First, use of rigid endoscopes, which are usually re−
commended for endoscope−assisted skull base surgery [6, 21, 23],
may be complicated during endoscope−controlled procedures
due to nearly coaxial positions of the endoscopic device and mi−
croinstruments. This disadvantage can be overcome if bayonet−
style endoscopes and microinstruments are used. Second, sever−
al endoscopes should be available during surgery and used ac−
cording to the particular goals. While 0 8 , 30 8 , and 70 8 angles of
view endoscopes were found to be useful for manipulations in
the CPA, only the latter device was suitable for observation of
the IAC. Third, angled rigid endoscopes may be difficult to pass
in the operative wound without risk of inadvertent damage to
the neurovascular structures [5,6,23]. Mechanical injury of the
facial nerve by the endoscope was met once in the present series.
Therefore, we strongly recommend microscopic guidance during
insertion of the 70 8 angle of view device into the CPA.

There is known concern that prolonged use of endoscope can be
accompanied by an increase of the local temperature in the
vicinity to its tip followed by thermal injury to critical neurovas−
cular structures [11,13]. This was not, however, confirmed by the
conducted laboratory thermographic study. In fact, it was found
that local temperature in the CPA during the use of an endoscope
connected with a working light source, is much lower, compared
with those during removal of the posterior wall of the IAC by a
high−speed drill. Moreover, in no one case of our clinical series
the thermal injury to the cranial nerves was marked. Definitely,
the possibility of this complication may depend on the model of
the device, duration of its use, type of light source, and individual
sensitivity of the cranial nerves. However, in general, the risk of
thermal injury during use of the endoscope should not be con−
sidered too high, and regular irrigation of the wound by Ringer’s
lactate solution seems to serve as a sufficient preventive mea−
sure.

Intracranial neuroendoscopic procedures are usually performed
through a narrow corridor in the vicinity to important neurovas−
cular structures. While endoscopic inspection can be done by

Fig. 5 Endoscope−controlled microneuro−
surgical removal of the left−sided vestibular
schwannoma: view of the tumor after
removal of the posterior wall of the IAC (A)
and endoscopic observation of the neo−
plasm originated from the inferior vestibular
nerve in the most lateral part of the IAC (B
and C). Marked: facial nerve (VII), cochlear
nerve (asterisk), tumor (T), and electrode
for cochlear nerve action potentials (white
arrow).

Fig. 4 Endoscope−controlled microneuro−
surgical removal of the right−sided vestibu−
lar schwannoma: view of the tumor in the
IAC after removal of its posterior wall (A)
and observation of the neoplasm originated
from the superior vestibular nerve in the
most lateral part of IAC (B and C). Marked:
facial nerve (VII), cochlear nerve (asterisk),
and tumor (T).
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freehand fixation of the device, endoscope−controlled micro−
neurosurgical manipulations require its precise position, be−
cause monomanual surgical manipulations may be not only
non−effective, but even dangerous if an occasional shift of the en−
doscope occurs in the surgical wound [5,9± 11,13,21 ±23]. This
necessitates the use of special holder, which can provide a stable
position of the device in the surgical wound and permits biman−
ual manipulations by the surgeon and assistant. Several such
systems are currently available. One of these is the “EndoArm”,
which was used in the present study, and can be suitable for en−
doscopic inspection, endoscope−assisted, and endoscope−con−
trolled microneurosurgery. It provides excellent maneuverability
within 6 degrees of freedom, smooth manipulations with avoid−
ance of strenuous maneuvers of the surgeon, accurate fixation in
any direction, and safe release, which result in a high level of
clinical safety of the device [16].

Conclusion

Endoscopic inspection during surgery for vestibular schwanno−
mas allows early identification of the cranial nerves, revision of
the most lateral part of the IAC for presence of the residual neo−
plasm, delineation of the nerve of its origin, and visualization of
the non−sealed petrous bone air cells for prevention of post−
operative CSF leak. Endoscope−controlled microneurosurgical re−
moval of the intrameatal tumors is technically feasible, effective,
and safe, and permits to attain dissection of the neoplasm from
the most lateral part of the IAC. The risk of thermal injury to the
cranial nerves due to use of endoscopes seems to be low. Never−
theless, special training is absolutely necessary, because endo−
scopic procedures are accompanied by definite learning curve.
Availability of good equipment, including an endoscope−holder
system, is also very important for attainment of optimal surgical
results.
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Introduction

The author is a member of the International Study Group for The−
caloscopy (ISGT), a study group of neurosurgeons, united under a
common interest for exploration of the lumbar subarachnoid

space using flexible endoscopes and under a growing interest in
the anatomy of the thecal sac, the pathological entities originat−
ing from this anatomical area and the probable therapeutic pos−
sibilities and interventions [1]. The cadaver studies on fresh
post−mortem cadavers were performed in the Anatomy Institute
of Vienna University, using coaxial, downward−orientated ap−
proaches under the supervision of Prof. M. Tschabitscher [1 ± 3].
A further study on cadavers, using transsacral approaches, fea−
turing upward−directed endoscopy, was performed in the De−
partment for Anatomy, Medical School of the University of
Athens, on phenol−formalin embalmed cadavers, under the su−
pervision of Prof. S. Anagnostopoulou.

It is nowadays common knowledge that certain pathological en−
tities originating from morphological structures of the thecal sac
are suitable for an endoscopic approach. Pathomorphology of the
leptomeningeal layers around nerve rootlets and filum terminale
is widely regarded to be the cause of certain clinical conditions,
such as low back pain and other pain syndromes.

To perform transsacral thecaloscopy, a neurosurgeon needs cer−
tain anatomic landmarks, some of which have already been men−
tioned in previous reports on thecaloscopy [2]. In this article we
describe some further anatomic landmarks for transsacral theca−
loscopy, such as the last part of filum terminale internum, as well
as the sacral and coccygeal nerve rootlets.

Filum terminale
The filum terminale is the anatomic continuation of the spinal
pia mater, about 20 cm in length, prolonged downward from the
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Abstract

Endoscopy of the spinal canal, for interventional studies, diagno−
sis and therapy, is a scientific topic that has attracted the interest
of neurosurgeons, anesthesiologists and orthopedic surgeons for
the past twenty years. Endoscopy of the thecal sac was assumed
to be less important than endoscopy of the ventricular system by
neurosurgeons. Nevertheless, during the last years it has at−
tained increasing scientific interest, firstly because of the intro−
duction of small diameter flexible endoscopes and secondly due
to the growing interest for minimal invasive diagnostic and ther−
apeutic procedures in modern neurosurgery. Until now thecalos−
copy was performed by the ISGT (International Study Group for
Thecaloscopy) using co−axial downward orientated approaches.
We have examined transsacral approaches to facilitate the navi−
gation of flexible scopes in the lumbosacral subarachnoid space,
and thus we now introduce further recognizable endoscopic ana−
tomic landmarks.

Key words
Thecaloscopy ´ filum terminale ´ sacral spinal rootlets ´ coccygeal
spinal rootlets
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apex of the conus medullaris. It consists of two parts, an upper
and a lower section. The upper part, or filum terminale internum,
measures about 15 cm in length, is enclosed within the thecal
sac, is surrounded by the nerve rootlets forming the cauda equi−
na and reaches as far as the lower border of the second sacral ver−
tebra. The lower part or filum terminale externum or coccygeal
ligament, measures about 5 cm in length, is enclosed in a sheath
of dura mater (filum durae matrix spinalis), extending down−
wards from the apex of thecal sac and is attached to the back of
the first segment of the coccyx.

Dorsal and ventral sacral and coccygeal nerve rootlets
There are five pairs of sacral and one pair of coccygeal spinal
nerves. In general, each spinal nerve is attached to the medulla
spinalis by two roots, an anterior or ventral and a posterior or
dorsal, the latter being characterized by the presence of the spi−
nal ganglion. Dorsal and ventral nerve roots differ not only func−
tionally but also morphologically, by their size. They emerge
from the posterior and the anterior surfaces of the medulla spi−
nalis, correspondingly, as a number of rootlets or filaments (filia
radicularia). These filaments coalesce to form nerve roots in the
intervertebral foramen. In the thecal sac only filaments or root−
lets exist. Dorsal nerve roots, in general, are thicker than ventral
nerve roots by a ratio of 3.2 :1, owning to the greater size and
number of rootlets because of the fact that the dorsal nerve roots
contain sensory fibers for more than one dermatome, whilst the
ventral nerve roots contain fibers for only one myotome.

The roots of the lower lumbar and upper sacral nerves are the lar−
gest, and their individual filaments the most numerous of all the
spinal nerves, while the rootlets of the coccygeal nerve are the
smallest. The first and second sacral nerves are the largest, whilst
the third, fourth and fifth diminish progressively in size from the
upper level downwards. The first coccygeal nerve is even smaller
than these nerves. The second and third coccygeal nerves repre−
sent a few strands of nerve fibers which adhere to the outer sur−
face of filum terminale externum [4].

Materials and Methods

The aim of our study on cadavers was to describe a new co−axial,
upward−directed approach for thecaloscopy. A study using four
phenol−formalin embalmed adult human cadavers was per−
formed.

All cadavers were placed in prone position and the lumbar spine
was elevated, in the knee−elbow position. Three methods were
used to fill the subarachnoid space with saline:
± a translaminar method ± with ectomies of the laminae and in−

sertion of an instillation catheter in the thecal sac,
± by performing lumbar puncture, and
± through the endoscope, with irrigation of the subarachnoid

space with saline through the working channel.

Two surgical approaches were used to reach the sacral dura ma−
ter. First, a midline skin incision was performed over the ana−
tomic area of the sacral hiatus. The sacral hiatus was found and
the endoscope was inserted through it to reach the apex of the

thecal sac (see Fig. 2). Then the dura was penetrated and the en−
doscope was inserted for further navigation in the subarachnoid
space. In cases of a higher position of the thecal sac and a narrow
sacral canal, a laminectomy of S1 and S2 was performed. A de−
tachment of the paravertebral muscles in the upper sacral area
was performed, followed by laminectomy of S1 and S2 laminae
and dura exposure (Fig.1). A flexible, steerable endoscope (Zep−
pelin, diameter 2.8 mm, 37 cm long, one working channel of 1−
mm in diameter and one irrigation channel less than 1−mm),
was then inserted.

All structures were identified and named (Fig. 3). There was a
slight difficulty to guide the endoscope at the level of the sacro−
vertebral angle. At this point the endoscope tip was manipulated
upwards and brought to face the posterior surface of the dura.
Another helpful manipulation to pass the sacrovertebral angle
was irrigation with saline through the working channel of the
endoscope. The endoscopic procedure was recorded on S−VHS vi−
deo tape (Fuji). After removal of the endoscope the dura was
opened and the structures were observed microsurgically
(Fig. 4). The ventral and dorsal, sacral and coccygeal roots were
separated. After that the free part of the neural filum terminale
was easily identified because all the nerve rootlets in that ana−
tomic position have left the thecal sac and entered the nerve
pockets at the foraminal levels. At this stage micro− and macro−
photographs were taken (Fuji Digital Camera A205s).

Fig. 1 Transacral approach ± laminectomy at S1 and S2 level;
1 = nerve rootlet, 2 = dura mater.
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Results

The ISGT has already proved that endoscopic inspection of the
thecal sac is an easy, safe and reliable method. The medical endo−
scopic equipment fulfils the specific criteria of this anatomic re−
gion for inspection. Anatomic structures suitable for using as
landmarks in this particular region are listed below.

Filum terminale
This anatomic structure consists of two parts, the filum termi−
nale internum and the filum terminale externum. What is of
great interest for thecaloscopy is the filum terminale internum
which reaches as far as the second sacral vertebra and its last
2 cm that can be reached during the endoscopic transsacral pro−
cedure. It is enclosed within the thecal sac, and is surrounded by
the nerve rootlets, from which it can be recognized by its bluish−
white colour and lack of outer blood vessels. The filum terminale
consists mainly of fibrous connective tissue and glial cells and is
continuous with pia mater [2].

Sacral and coccygeal nerve rootlets
The first and second sacral nerve rootlets are large, white in col−
our covered by vessels, whilst the third, fourth and fifth sacral
nerve rootlets are diminishing in size from the upper level down−
wards. The first coccygeal nerve rootlets are very thin, whilst the
second and third coccygeal nerve rootlets are nerve strands cov−
ering the filum terminale externum.

Discussion

It is already known from prior studies that endoscopy of the the−
cal sac can be performed by using reliable anatomic structures.
Orientation using the transsacral approach described above has
the advantage to visualize directly the filum terminale without
interference of nerve rootlets.

At this level, the filum terminale as well as the dorsal and ventral
coccygeal and sacral nerve rootlets differ even more in size and
can be identified endoscopically. The constancy of the position
of all these structures allows them to be used for orientation
and navigation within the sacral subarachnoid space. The filum
is covered by an envelope of transverse crossing fibers of connec−
tive tissue and pia mater, whilst nerve rootlets are covered by pia
mater containing feeding vessels.

It is sometimes difficult to penetrate the dura mater because of
its elasticity. At the penetration site the endoscope is inserted
and its tip is advanced to face the anterior wall of the dura. At
the level of the sacrovertebral angle the endoscope tip is ad−

Fig. 2 a Transhiatal approach, macroscopic view; 1 = bed of sacral hia−
tus, 2 = filum terminale, 3 = ridge of sacral hiatus, 4 = coccygeal protu−
berantia. b Transhiatal approach, endoscopic view; 1 = extradural sa−
cral canal, 2 = epithelium covering the sacral canal.

a

b

Fig. 3 Endoscopic view of the subarach−
noid space; 1 = nerve rootlet.

a b
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vanced to the posterior wall of the dura. The endoscope should
be inserted only 2 cm into the subarachnoid space. This may de−
crease the risk of the malpositioning.

Endoscopy through the sacral hiatus offers the neurosurgeon the
possibility to perform epiduroscopy before thecaloscopy [5,7 ±
10]. In cases of high positioning of thecal sac apex, a laminect−
omy of the hypoplastic, according to the size of the lumbar ver−
tebrae, first sacral laminae facilitates thecaloscopy. In cases of a
narrow sacral extradural canal a possibility is the insertion of an
endoscope of an even smaller diameter, only for inspection, diag−
nosis and probably prognosis of spinal diseases.

We have found transsacral intradural subarachnoid endoscopy
to be an effective method for inspection of the lumbar subarach−
noid space and a possible method for treating tethered cord syn−
drome in some instances, if the individual anatomy allows it.
This success of thecaloscopy when coupled with a low morbidity
rate adds a new technique to the armamentarium of the spine
surgeon. As the learning curve for the procedure is difficult, we
do recommend cadaver and other hands−on experience with the−
caloscopic techniques before using it clinically.

The intraoperative use of fluoroscopy is necessary for the neuro−
surgeon to know exactly the height he is working on. Finally, the
method requires attention and a very good knowledge of neuro−
anatomy.
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Abbreviations

BTO: balloon test occlusion
CCA: common carotid artery
ECA: external carotid artery
ICA: internal carotid artery
pBTO: paraophthalmic internal carotid artery balloon test oc−

clusion

Introduction

Endovascular cervical carotid artery balloon test occlusion (BTO)
has been performed since 1964 when Serbinenko carried out the
first procedure [1, 2]. In recent years, BTO has become standard
practice for the evaluation of collateral cerebral blood flow prior
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Abstract

Background: The extracranial, internal carotid artery balloon
test occlusion is helpful in predicting ischemic stroke resulting
from operative occlusion of the internal carotid artery. However,
balloon test occlusion is falsely negative in up to 20% of patients.
With selected use of the paraophthalmic internal carotid artery
balloon test occlusion, our group has identified a patient subset
that developed ischemia resulting from supraclinoid internal
carotid artery occlusion, in spite of passing the standard balloon
test occlusion. Methods: Patient charts were reviewed for all bal−
loon test occlusion referrals over a two−year period. Diagnostic
angiography and standard cervical internal carotid artery bal−
loon test occlusion were performed. The presence of retrograde
ophthalmic blood flow was determined by angiography during
cervical balloon test occlusion. Balloon test occlusion was then
performed in those patients who both demonstrated retrograde
ophthalmic blood flow during the cervical balloon test occlusion
and those who were considered candidates for planned supracli−
noid internal carotid artery sacrifice during skull base surgery.
Results: Ten patients were referred for carotid balloon test occlu−
sion. One patient who refused balloon test occlusion was exclud−
ed. Two patients (2/9 or 22 %) failed the initial balloon test occlu−
sion. Two of the seven remaining patients (and one who failed
balloon test occlusion) demonstrated retrograde ophthalmic ar−
terial flow during cervical balloon test occlusion. Of the patients
who passed the initial balloon test occlusion, one failed paraoph−
thalmic carotid artery balloon test occlusion. Surgical planning
in one patient (1/7 or 14%) was significantly modified because

of the results of the paraophthalmic carotid artery balloon test
occlusion. Conclusion: Paraophthalmic internal carotid artery
balloon test occlusion is indicated when planning supraclinoid
internal carotid artery sacrifice in patients who demonstrate
retrograde ophthalmic arterial flow during uneventful cervical
carotid balloon test occlusion.
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Balloon test occlusion ´ carotid ´ paraophthalmic
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to planned carotid sacrifice during skull−base surgery. In effect,
BTO attempts to predict the patient’s ability to clinically tolerate
the permanent loss of an internal carotid artery (ICA) [3, 4]. Un−
fortunately, 12 ± 20% of patients who pass the BTO will neverthe−
less incur delayed or immediate neurological deficits following
ICA sacrifice [5,6]. By modifying the BTO so that the ophthalmic
segment of the internal carotid artery (ICA) is temporarily oc−
cluded, elimination of the collateral ophthalmic arterial supply
may unmask an unsuspected high−risk candidate for supra−
clinoid ICA ligation. Since, to the best of our knowledge, such a
technique has not been specifically addressed in the peer−re−
viewed literature, we explored the utility, safety and technical
aspects of performing paraophthalmic internal carotid artery
balloon test (pBTO) in these patients.

Patients and Methods

This retrospective study was approved by the Saint Louis Univer−
sity Investigational Review Board. Patients referred for BTO were
identified from the procedural database of the Surgical Neurora−
diology Division at Saint Louis University. A detailed medical
chart review was then obtained in those patients for whom su−
praclinoid ICA sacrifice was concurrently planned for either com−
plex skull−base neoplasm resection or aneurysmal trapping.

Each patient was brought to the angiography suite after obtain−
ing written, informed consent. Blood pressure, electrocardio−
gram, arterial oxygen saturation and respiratory rate were con−
tinuously monitored. Intravenous conscious sedation was not
given so as to fully evaluate the patient’s neurological status dur−
ing BTO. Intravenous fentanyl citrate was administered as need−
ed for analgesia. If not previously obtained, a transfemoral cere−
bral and cervical, digital subtraction angiogram was performed
to evaluate the bilateral common, internal and external carotid
vasculature.

A 6−French guiding catheter, which was continuously main−
tained to heparinized saline flush, was positioned within the
mid−cervical common carotid artery. In addition to the standard
3000 units of intravenous heparin that were given at the start of
the diagnostic angiogram, additional heparin aliquots (500±
3000 units) were injected periodically throughout the BTO pro−
cedure in order to maintain an activating clotting time of 200±
300 seconds. A 4.1− or 5−mm diameter, Endeavor balloon (Target
Therapeutics, Fremont, CA) was advanced through the guiding
catheter and into the mid−cervical ICA. Under fluoroscopy, the
balloon was slowly inflated over 5 ± 10 seconds with Isovue 300
contrast (Bracco Diagnostics, Inc., Princeton, NJ). With the bal−
loon inflated, ICA occlusion was documented by control common
carotid artery (CCA) angiography at 0, 10 and 20 minutes. The
presence of retrograde filling of the ophthalmic artery with cor−
responding flow into the ophthalmic segment of the ICA was spe−
cifically sought during BTO. Neurological evaluation was com−
pleted by the Surgical Neuroradiology Service. The balloon was
deflated after 20 minutes of BTO, or immediately before this
time if clinical evidence of cerebral ischemia developed.

pBTO was performed if the patient exhibited clinical tolerance to
the initial BTO, and if retrograde ophthalmic artery opacification

was seen during BTO. In patients subjected to pBTO, the balloon
was positioned within the ophthalmic segment of the ICA. This
maneuver was facilitated by slightly inflating the balloon, which
promotes flow−directed propagation during balloon positioning
under fluoroscopy. With the ophthalmic artery origin covered
by the balloon, the balloon was further inflated. Roadmap gui−
dance ensured that inadvertent balloon over−inflation did not oc−
cur. Control CCA angiography and neurological testing were
again performed for a maximum of 20 minutes as described
with the initial BTO. A final control angiogram was obtained to
exclude the presence of any balloon−related cervical or intracra−
nial ICA trauma, or distal thromboembolism.

Results

A total of ten patients was referred for BTO. One patient refused
BTO. Of the nine patients subjected to BTO, two (2/9 or 22 %)
clinically failed cervical BTO. Retrograde ophthalmic arterial
flow was noted in one of these two patients, and in two of the re−
maining seven patients who passed BTO. Of the patients who
passed cervical BTO, one (1/7 or 14 %) failed pBTO at 6 minutes.
Because of the demonstrated clinical intolerance to pBTO, this
patient’s surgical plan was changed to incorporate extracranial−
to−intracranial arterial bypass with radial artery graft harvest in
conjunction with skull base craniotomy (Fig.1). Overall, no bal−

Fig. 1 Cervical and paraophthalmic ICA balloon test occlusion (BTO).
Baseline lateral (A) and anterior oblique (B) right ICA angiogram de−
monstrates antegrade filling of the ophthalmic artery (arrow). Note
the splaying of the ICA (asterisk) due to a cavernous sinus neoplasm.
Anterior oblique (C) and lateral (D) right CCA angiogram during cervi−
cal ICA BTO confirms occlusion of the proximal ICA by the balloon
(white arrow). The external carotid artery (ECA) branches are seen fill−
ing the ophthalmic artery which, in turn, supplies retrograde flow to
the supraclinoid ICA (black arrow). Lateral view (E), right CCA angio−
gram demonstrates that with the balloon (arrows) positioned at the
paraophthalmic segment of the ICA, the ECA collateral blood supply
is eliminated.
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loon occlusion−related death or permanent neurological deficit
occurred in this series.

Discussion

Beginning in 1914, when Matas [7] preoperatively assessed pa−
tients for tolerance to carotid artery ligation through the simple
means of manually compressing the cervical carotid artery, fur−
ther refinements have ultimately led to the provocative BTO. Al−
though both simple and sound in concept, the BTO nevertheless
fails to predict stroke in as many as 1 in 5 patients subjected to
ICA sacrifice. This unacceptably high, false−negative result has
prompted numerous investigators to modify the BTO, either by
challenging the patient’s cerebrovascular reserve by pharmaco−
logically−induced hypotension, or by seeking quantifiable predic−
tors of carotid ligation outcome, including the measurement of
cerebral perfusion with magnetic resonance imaging, xenon−
computed tomography or single−photon emission computed to−
mography during BTO. These modifications will likely reduce,
but not entirely eliminate, this adverse subset since following
permanent ICA occlusion, thrombus can develop at the ICA
stump with a resulting embolic shower downstream to a cere−
bral hemisphere already compromised by diminished blood
flow [5].

To the unwary, the results of ICA BTO might not appear to be de−
pendent upon a proximal or distal balloon placement as the ICA
may mistakenly be thought of as a closed, isolated system. But
because of several anastomotic connections between the exter−
nal carotid artery and the vertebrobasilar system ± especially
the ophthalmic and posterior communicating arteries, intoler−
ance to supraclinoid ICA sacrifice may not be recognized if these
collaterals are not appropriately restricted during the BTO. In the
sole cohort patient who passed the standard BTO while demon−
strating retrograde ophthalmic blood flow, the additional chal−
lenge with pBTO clearly identified a critical collateral cerebral
vascular supply. As a consequence, radial artery graft by−pass
surgery was planned in conjunction with craniotomy and supra−
clinoid ICA ligation.

As observed from the outcomes of this series, three general rules
emerge for carotid balloon test occlusion:
± the presence or absence of retrograde ophthalmic arterial

flow during cervical BTO does not predict patient tolerance
of cervical BTO;

± the presence of retrograde ophthalmic arterial flow during
cervical BTO will not predict patient tolerance of pBTO;

± BTO should be performed at the exact site of the planned per−
manent vessel occlusion.

However, it should be emphasized that the theoretical risk of ser−
ious procedure−related complication is higher for pBTO because
placement and inflation of a balloon within the intradural ICA

subjects the patient to potential vessel rupture with subsequent
morbidity or death. We therefore recommend that for patients
with planned supraclinoid ICA occlusion, the cervical BTO be per−
formed first, followed by pBTO if clinical tolerance and retro−
grade ophthalmic flow are observed during the initial BTO. Care−
ful consideration should be given in determining the patient’s
ability to remain cooperative and motionless during pBTO.

Standard cervical BTO is not without risk. Mathis et al. [8] report−
ed a 0.4% incidence of BTO−related permanent stroke and a 1.2 %
occurrence of carotid dissection. Although no complications
were observed in our series, the continuous technological
advancements in catheters, balloons and guidewires that have
occurred since the previous reports are possibly the greatest fac−
tor for this improvement.

Conclusion

Paraophthalmic BTO is indicated to predict clinical tolerance to
supraclinoid carotid sacrifice in all patients who pass cervical
ICA BTO and in whom retrograde ophthalmic arterial flow is de−
monstrated during cervical ICA BTO.

History
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A cervical laminoforaminotomy (LF) is indicated for radiculopa−
thy related to osteoarthritic foraminal stenosis or a lateral soft
disc herniation. The levels most frequently affected are C5± 6,
C6± 7, C4 ±5 and C7±TI [1]. Compared to anterior approaches,
the LF has several advantages. No fusion is involved, and no mor−
bidity is associated with retraction and dissection of the neuro−
visceral structures in the neck (e. g., tracheal edema, esophageal
dysfunction, neurovascular complications). However, excessive
bony removal of the facet joint and laminae can decrease seg−
mental stability and increase scar formation [2, 3] and must be
avoided.

Few anatomic studies have addressed the amount of bone re−
moved in a posterior LF [2, 4]. Several authors have described
their technique and offered technical points to perform a cervical
LF [1, 5 ± 15]. However, no anatomical landmarks have been de−
scribed for a keyhole LF that can be used to provide the most di−
rect and consistent route to the neural foramen and the disc while
minimizing bony resection and preserving optimal function.
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Abstract

We describe a modified keyhole laminoforaminotomy (LF) using
anatomic landmarks on the posterior aspect of the cervical ver−
tebral body to decompress the intervertebral foramen with mini−
mal bone removal. Twenty−four procedures were performed at
C3± 4, C4± 5, and C5± 6; 12 at C6 ± 7; and 3 at C7 ± Tl. Facets and
laminae structures were identified based on relative surgical
perspectives. Bony resection was limited as follows: 1) inferior
limit; inferior border of the superior facet; 2) superior limit, su−
perior border of the superior facet; 3) lateral limit, a vertical line
linking the junction of the lamina−facet to the lateral end of the
superior limit; and 4) lateral aspect of the dural sac. Fluoroscopy
was used to confirm that the intervertebral space was reached.
The amount of bony removal was quantified for the superior
and inferior laminae and facets. The length of the exposed nerve
root was measured. The intervertebral foramen was exposed and
the intervertebral disc reached in all specimens. Fluoroscopy
showed that the center of the exposure remained at the same
height with the intervertebral space. The mean length of the
nerve root was 4.6 mm; the mean percentage of bony resection
was 21.8%, 7.5%, 11.3 %, and 11.5% for the superior and inferior la−
minae and facets, respectively. Opening the intervertebral fora−
men posteriorly consistently exposed sufficient nerve root length
and allowed access to the intervertebral disc. The technique of−
fers the most direct and safest method of decompressing the in−
tervertebral foramen while minimizing bony resection. This sim−
ple surgical procedure may help reduce postoperative morbidity.

Key words
Cervical laminoforaminotomy ´ cervical pedicle ´ facet joint ´ sur−
gical technique
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We describe a technical modification of the keyhole LF based on
anatomic landmarks in the posterior aspect of the cervical lami−
nae. These landmarks can be used to limit bony resection as
much as necessary without affecting the surgical exposure. The
exposure of the nerve root and the amount of bone resected
were quantified.

Materials and Methods

Twelve injected cadaver heads with necks were used to perform
a modified keyhole LF on both sides of the cervical spine at C3± 4,
C4± 5, C5± 6, C6± 7 and C7 ± Tl. The mean age of the specimens
was 64.4 years (range: 54 to 68 years). The posterior aspects of
the cervical spines were exposed completely, and the laminae
and facet joints from C3 to the most distal level were dissected.
The complete cervical spine was not available in every specimen;
therefore, 24 procedures were performed at C3 ± 4, C4 ± 5, C5± 6;
12 at C6± 7; and 3 at C7 ±Tl. To avoid confusion, we considered
all superior and inferior anatomic structures of a superior verte−
bra as superior and all superior and inferior structures of an in−
ferior vertebra as inferior. Hence, instead of using anatomic no−
menclature, we identified the facets and laminae based on their
relative surgical perspectives.

The established anatomic limits of the modified LF were as
follows: 1) inferior limit, inferior border of the superior facet;
2) superior limit, superior border of the superior facet; 3) lateral
limit, a vertical line linking the junction of the lamina−facet to
the lateral end of the superior limit; and 4) lateral aspect of the
dural sac (Fig.1).

Using a standard surgical microscope, the junction between the
lamina and the inferior border of the superior facet was drilled
using a 3−mm diamond drill (Fig. 2a). The drilling progressed su−
periorly to the superior border of the superior facet. This first
stage of bony resection corresponded to the lateral limit of the
LF (Fig. 2b). At this point, part of the joint surface of the inferior
facet was exposed.

The drilling progressed medially from the inferior border of the
superior facet. As the bone was removed, the ligamentum flavum
and the vertebral venous plexus became visible (Fig. 2c). Remov−
ing portions of the ligamentum flavum exposed the dural sac. At
this point the inferior and medial limits of the LF were deline−
ated. The resection of the lamina progressed to the superior
edge of the lateral limit. A straight line linking these points con−
stitutes the superior limit of the bony resection. The joint surface
of the superior facet included within these boundaries was also
removed (Fig. 2d).

This approach exposed the lateral aspect of the dural sac, a third
to a half of the proximal intervertebral neural foramen, and a
considerable portion of the nerve root. This exposure is sufficient
to decompress the intervertebral foramen and to remove herni−
ated soft disc. To remove a large or calcified disk herniation, it
also may be necessary to remove a small portion of the laminae
(Fig. 2e and Fig. 2f). Bony resection was limited to the lateral as−
pect of the superior border of the inferior lamina situated above
the level of the inferior border of the superior facet, part of the

lateral aspect of the superior lamina, a minimal amount of the
superior facet, and the minimal portion of the inferior facet in−
cluded within the boundaries of the exposure (Fig.1, Fig. 2d and
Fig. 3).

After the dissection was completed using the above landmarks,
the disc space was localized under the surgical microscope. A
3.0−cm needle was introduced at every level studied. Lateral and
posteroanterior fluoroscopy was used to confirm that the nee−
dles were in the disc and that the intervertebral space could be
approached (Fig. 4a and Fig. 4b).

Quantification of bone removal
In six specimens, the area in the posterior aspect of the hemi−
laminae and facets in each level was measured with an electronic
digital caliper (General Tools, New York, NY) to quantify the
amount of bony resection. The areas of the superior and inferior
hemilaminae and the areas of the inferior and superior facets
were measured. Two points (superior and inferior) were selected
at the medial edge of the laminae, one at the inferior junction of
the lamina and facet and the other at the most lateral aspect of
the lamina. These two points defined the medial boundary for
calculating the area of the facets. Laterally, the rostral and caudal
points constituted the lateral boundary. After resection, the
amount of the bone removed from the posterior aspect of the
hemilaminae and the facet joint was measured and calculated
as a percentage of the total area. The middle point of the nerve
root at its exit and at its distal exposure were considered to de−
termine the length of nerve root that could be exposed.

Fig. 1 Posterior aspect of the cervical vertebrae (C5 ± 6). The deline−
ated area represents the area of bony removal. The superior line is at
the level of the superior border of the facet of the superior vertebra
(superior facet); the inferior line is at the level of the inferior border of
the superior facet; the lateral limit is a line passing the junction be−
tween the lamina and facet linking the superior and inferior limits.
The medial limit is defined as when the lateral border of the dural sac
is visualized; (1) superior facet, (2) superior lamina, (3) inferior lamina,
and (4) inferior facet.
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Results

Using the modified LF with bony removal limited by the defined
landmarks, we were able to expose the nerve root and to reach
the posterolateral portion of the cervical disc in all specimens

(Fig. 2e, Fig. 2f, Fig. 3a, Fig. 3b). Fluoroscopic control showed
that the keyhole remained at the same height as the interverte−
bral space (Fig. 4a and Fig. 4b).

Fig. 2 Stepwise dissection of the cervical spine. a Drilling starts at the junction of the facet and lamina. b Bony removal progresses rostrally and
ends at the level of the superior border of the facet. c The inferior limit corresponds to a horizontal line at the level of the inferior border of the
superior facet. d In this magnified view, the ligamentum flavum is visible medially (*). The portion of the inferior facet that must be removed is
included within the limits (**). e This exposure ensures decompression of the intervertebral foramen and is sufficient to remove a soft disc her−
niation. Additional bone may need to be removed from the inferior vertebra to dissect a calcified or large disc herniation (shaded area). f Final
aspect of the modified laminoforaminotomy with additional bone removed from the laminae. The intervertebral foramen is opened, and the
floor, roof, and nerve root are exposed; (1) superior lamina, (2) superior facet, (3) inferior lamina, (4) dural sac, (5) nerve root, (*) nerve root axilla,
and (D) intervertebral disc.

a b

c d

e f
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The mean length of nerve root that could be exposed depended
on the level (Table 1), but averaged 4.6 mm. The roof, floor, and
anterior wall of the intervertebral space could be exposed in all
specimens, even with minimal bony resection.

Bony resection was limited to 21.8% of the superior hemilamina,
7.5% of the inferior hemilamina, and 11.3 % and 11.5 % of the su−
perior and inferior facets, respectively (Table 2).

Discussion

Lesions causing cervical radiculopathy have been approached
through anterior and posterior approaches. During an anterior

approach, dissection of visceral structures in the neck can cause
surgical morbidity, such as lesions of the esophagus, trachea, car−
otid artery, and neurological deficits. When fusion is involved,
problems with grafting and loss of motion of the fused segments
can occur. For selected patients, a posterior approach offers a
more benign course than an anterior discectomy with fusion.
Shorter hospital stays, less operative time, lower costs, preven−
tion of fusion, and preservation of functional mobility are notice−
able advantages of the posterior route. Furthermore, the recent
trend toward minimally invasive techniques and keyhole opera−
tions favors the LF [12]. However, excessive bony resection can
reduce segmental stability and increase scar formation [2, 3].

The surgical technique used in earlier studies described exposure
of the nerve root as the final objective. In this approach, which
was popularized by Scoville et al. [10], a keyhole was placed to
remove the medial portion of the facet and parts of the lamina
above and below the nerve root. Bone was excised as needed to
expose the foramen. However, no anatomic landmarks were in−
cluded. Several authors have described their technical nuances,

Fig. 4 a Lateral fluoroscopic view after a laminoforaminotomy (LF) of C3 ± 4, C4 ± 5, C5 ± 6, and C6 ± 7 has been performed on both sides. All pins
are in the disc. b Posteroanterior fluoroscopic view of the cervical spine shows the keyhole LF on both sides and its relation to the intervertebral
space. Each pin is in the disc.

a b

Fig. 3 Superior view of the cervical vertebra. The dotted line repre−
sents the bone removed from the inferior facet and lamina. One−half
to two−thirds of the intervertebral foramen may be approached by
using these landmarks.

Table 1 Length of nerve root exposed after a modified laminofor−
aminotomy

Cervical level Length of exposed nerve root [mm]

C3 ± C4 3.9 � 0.5

C4 ± C5 4.6 � 0.4

C5 ± C6 4.4 � 0.3

C6 ± C7 5.1 � 0.5

C7 ± T1 5.3 � 0.7
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however no anatomic landmarks have been provided to limit the
bony resection [1, 2, 5,6, 8,9,11± 15].

Although the amount of bony resection depends on the patient’s
anatomy and surgeon’s experience, excessive bony resection of
the facet joint must be avoided. Removal of more than 50 % of
the facet joint creates segmental hypermobility and instability
[3,16].

Advanced technologies have changed the practice of neurosur−
gery. Contemporary microscopes, endoscopes, and newly de−
signed surgical instruments make it possible to use small inci−
sions with minimal retraction and tissue removal. In many clini−
cal situations, minimally invasive surgical procedures have
gained popularity compared to traditional procedures. However,
to be minimally invasive while maintaining maximal effective−
ness, these procedures should be based on consistent anatomic
information. LF must guarantee minimal bony removal and con−
comitantly ensure consistent exposure of the neural foramen,
disc space, and nerve root. Using the anatomic landmarks de−
scribed here, we could reliably expose the related anatomy while
limiting resection of bone. This technical modification may help
surgeons to optimize the effectiveness of the keyhole LF and to
reduce related surgical morbidity.

Anatomically, the intervertebral foramen is limited ventrally by
the posterolateral aspect of the uncovertebral junction, interver−
tebral disc, and inferior portion of the supra−adjacent vertebra;
inferior and superiorly by the respective pedicles; and posterior−
ly by the medial and anterior aspects of facet joints and by the
adjacent part of the articular column [17,18].

In our study the inferior border of the superior facet was the in−
ferior limit of the LF. The cervical pedicles project from the ver−
tebral body anteromedially to posterolaterally and give rise to
the superior and inferior articular processes. The superior border
of the pedicles projects into the posterior aspect of the vertebra
almost at the level of the inferior margin of the inferior facet
(Fig. 5). The inferior margin of the inferior facet is obscured by
the inferior border of the superior facet. The inferior border of
the pedicle also projects at the level of the superior border of
the superior facet. By using these posterior points as landmarks
to define the superior and inferior limits of bony resection, we
could reach the floor and roof of the foramen and limit bony re−
section to what was strictly necessary.

The intervertebral foramen has a main medial−to−lateral axis
that can be exposed laterally by removing a minimal portion of
the medial aspect of the superior facet at the level of the junction
facet and lamina. Resection of the inferior facet is limited only to
the portion included in the limits of the exposure (Fig. 2d). This
procedure ensures adequate decompression of the intervertebral
foramen and offers adequate access to remove a soft disc hernia−
tion. A large or calcified disc herniation may require further re−
section of the lamina. However, no additional bone has to be re−
moved from the facets (Fig. 2e and Fig. 2f).

The tip of the uncinate process is higher than the superior border
of the lamina, but it is lower than the superior border of the su−
perior facet [4]. The superior border of the vertebral body re−
mains at the midpoint between the superior and inferior borders
of the superior facet (Fig. 4a and Fig. 4b). This anatomic relation−
ship appears to hold constant even in patients with degenerative
pathology including bony spurs, facet hypertrophy, and disc her−
niation, which some of our specimens displayed. Thus, besides
providing surgical access to the floor, roof, and anterior wall of
the intervertebral foramen, the center of this exposure is at the
same level of the intervertebral space. Fluoroscopy confirmed
the reliability of these landmarks for opening the foramen to
obtain complete exposure of the nerve root and to reach the
disc (Fig. 4a and Fig. 4b).

These landmarks could be used consistently to expose an ade−
quate length of the nerve root to open the intervertebral foramen

Fig. 5 Anterolateral view of the intervertebral foramen. The superior
border of the pedicles projects toward the posterior surface of the ver−
tebra at the level of the inferior border of the superior facet (upper line
A). The inferior border of the pedicles projects posteriorly at the level
of the superior border of the superior facet (lower line B). Bony resec−
tion beyond these limits does not improve the working space in the in−
tervertebral foramen.

Table 2 Area of bone removed after a modified laminoforaminotomy

Location Total area [mm2] Area of modified laminoforaminotomy [mm2] Bony removal [%]

Superior hemivertebra 328.0 � 35.7 71.78 � 11.1 21.8

Inferior hemivertebra 346.2 � 29.6 26.0 � 3.2 7.5

Superior facet 103.8 � 9.9 11.7 � 1.5 11.3

Inferior facet 107.9 � 9.1 12.4 � 1.4 11.5
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posteriorly and to reach the intervertebral disc. Concomitantly,
the extent of the bony removal was limited to 21.8 % of the supe−
rior hemilamina, to 7.5 % of the inferior hemilamina, and to 11 %
of the facets. This approach may be tailored on an individual ba−
sis. It offers the safest and most direct way to decompress the in−
tervertebral foramen while minimizing bony resection. We be−
lieve this anatomic description contributes to an understanding
of this procedure and may reduce the morbidity associated with
cervical spine surgery.

References

1 Henderson CM, Hennessy RG, Shuey Jr HM, Shackelford EG. Posterior−
lateral foraminotomy as an exclusive operative technique for cervical
radiculopathy: a review of 846 consecutively operated cases. Neuro−
surgery 1983; 13: 504 ± 512

2 Ebraheim NA, Xu R, Bhatti RA, Yeasting RA. The projection of the cervi−
cal disc and uncinate process on the posterior aspect of the cervical
spine. Surg Neurol 1999; 51: 363± 367

3 Raynor RB, Pugh J, Shapiro I. Cervical facetectomy and its effect on
spine strength. J Neurosurg 1985; 63: 278± 282

4 Raynor RB. Anterior or posterior approach to the cervical spine: an
anatomical and radiographic evaluation and comparison. Neurosur−
gery 1983; 12: 7 ±13

5 Aldrich F. Posterolateral microdiscectomy for cervical monoradiculo−
pathy caused by posterolateral soft cervical disc sequestration. J Neu−
rosurg 1990; 72: 370± 377

6 Ducker TB, Zeidman SM. The posterior operative approach for cervical
radiculopathy. Neurosurg Clin N Am 1993; 4: 61 ± 74

7 Epstein NE. A review of laminoforaminotomy for the management of
lateral and foraminal cervical disc herniations or spurs. Surg Neurol
2002; 57: 226± 233

8 Rock JP, Ausman JI. The use of the operating microscope for cervical
foraminotomy. Spine 1991; 16: 1381 ±1383

9 Rodrigues MA, Hanel RA, Prevedello DM, Antoniuk A, Araujo JC. Pos−
terior approach for soft cervical disc herniation: a neglected tech−
nique? Surg Neurol 2001; 55: 17 ± 22

10 Scoville WB, Dohrmann GJ, Corkill G. Late results of cervical disc sur−
gery. J Neurosurg 1976; 45: 203 ± 210

11 Tomaras CR, Blacklock JB, Parker WD, Harper RL. Outpatient surgical
treatment of cervical radiculopathy. J Neurosurg 1997; 87: 41 ± 43

12 Witzmann A, Hejazi N, Krasznai L. Posterior cervical foraminotomy. A
follow−up study of 67 surgically treated patients with compressive ra−
diculopathy. Neurosurg Rev 2000; 23: 213± 217

13 Woertgen C, Holzschuh M, Rothoerl RD, Haeusler E, Brawanski A.
Prognostic factors of posterior cervical disc surgery: a prospective,
consecutive study of 54 patients. Neurosurgery 1997; 40: 724± 728

14 Fager CA. Management of cervical disc lesions and spondylosis by pos−
terior approaches. Clin Neurosurg 1977; 24: 488 ± 507

15 Harrop JS, Silva MT, Sharan AD, Dante SJ, Simeone FA. Cervicothoracic
radiculopathy treated using posterior cervical foraminotomy/disc−
ectomy. J Neurosurg Spine 2003; 98: 131 ±136

16 Cusick JF, Yoganandan N, Pintar F, Myklebust J, Hussain H. Biomecha−
nics of cervical spine facetectomy and fixation techniques. Spine
1988; 13: 808 ± 812

17 Tanaka N, Fujimoto Y, An HS, Ikuta Y, Yasuda M. The anatomic relation
among the nerve roots, intervertebral foramina, and intervertebral
discs of the cervical spine. Spine 2000; 25: 286 ± 291

18 Xu R, Kang A, Ebraheim NA, Yeasting RA. Anatomic relation between
the cervical pedicle and the adjacent neural structures. Spine 1999;
24: 451 ±454

Gadelha Figueiredo E et al. Modified Cervical Laminoforaminotomy Based on ¼ Minim Invas Neurosurg 2006; 49: 37 ± 42

O
rig

in
alA

rticle

42



CPA meningioma accounts nearly for 6 ± 8% [1] of the whole en−
cephalic meningiomas, and for 40± 50% [2] of meningiomas of
the posterior cranial fossa. Most of the tumor fundus is attached
on the endocranium of the inferior−petrosal−sinuous and sig−
moid sinus, adjacent to the jugular foramen, always being hemi−
spheric, tuberculous or lobulated shaped, sometimes taking on a
compressed shape. Because of its deep location, the narrow
visual field of operation and the proximity of post−cranial nerves,
brain stem and important blood vessels, the operation for this
pathology has a high lethal and crippled rate [1 ±6]. The tumor
grows slowly, has a chronic disease history and its inchoate
symptom is not clear. When an obvious symptom occurs, the
tumor has usually formed a large or giant CPA meningioma. It
adheres closely to its surrounding tissues, so it is still a difficulty
of neurosurgery to remove the tumor while preserving its sur−
rounding nerves and important blood vessels as much as possi−
ble [1,4 ± 7]. We have succeeded in removing large or giant CPA
meningiomas in 56 cases from January 1998 to December 2004,
without any operative mortality. Now we have analyzed our
results as described in the following.

Patients and Methods

General information
Written, informed content was obtained from each patient in the
group. We included 56 patients suffering from CPA large or giant
meningiomas in this group, accounting for 10.8% (56/520) of en−
cephalic meningiomas in the corresponding period, for 35.0%
(56/160) of meningiomas of the posterior cranial fossa, and for
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Abstract

Objective: The object of this study was to analysis the therapeu−
tic effects of microsurgical excision in cases with the large or
giant cerebellopontine angle meningioma. Methods: We retro−
spectively analyzed the 56 patients who suffered from the large
or giant cerebellopontine angle meningioma and underwent the
microsurgical therapy, for which the suboccipital−retrosigmoidal
approach was adopted in 38 cases, the temporal−occipital cra−
niotomy, presigmoidal approach in 6 cases, the temporal−occipi−
tal craniotomy, inferotemporal tentorium cerebelli approach in 8
cases, and the temporal−occipital craniotomy, supratentorial or
infratentorial allied approach in 4 cases. Results: The tumors of
44 cases were all resected (Simpson I, II), with a total resection
rate of 78.6 %, and there was no operative mortality. After sur−
gery, symptoms improved in 40 cases and remained unchanged
in 10 cases. Among 54 cases, recrudescence was seen in 2 cases
(3.7 %) and being able to take care of themselves in 50 cases
(92.6 %) at 6 months through 6 years follow−up after surgery.
Conclusion: A rationally selected surgical approach, a micro−
scopic technology applied in the operation to appropriately treat
and protect vein, nerve and brain stem, which can ideally excise
the tumors, together can increase the survival ability of patients.

Key words
Cerebellopontine angle (CPA) ´ meningioma ´ microsurgery ´ ef−
fect
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56.0% (56/100) of CPA meningiomas; there were 18 male pa−
tients and 38 female patients. Their ages ranged from 14 to 62
years, with an average age of 41.5 years. The course of disease
was from 3 months to 8 years, with an average of 2.2 years. Types
of tumors [3]: giant type in 24 cases (diameter ³ cm), large type
in 32 cases (diameter < 7 cm, > 4.5 cm).

Clinical presentation: There are different degrees of intracranial
hypertension, following with symptoms such as post−cranial
nerve injury, compressed brain stem and cerebella physical
signs. Among them, intracranical symptoms such as headache,
vomiting, and papilledema were seen in 56 cases, trigeminal
neuralgia in 6 cases, facial numbness in 24 cases, facial paralysis
in 12 cases, abducent nerve paralysis in 4 cases, tinnitus and hy−
poacusis in 30 cases, drinking choke and anarthria in 12 cases,
vertigo in 18 cases, unsteady walk and ataxia in 24 cases, unilat−
eral limb weak in 12 cases, hemidisturbance of sensation in 8
cases.

Iconography examination: Cerebral CT and MRI have been carried
out on 56 patients. CT scanning result showed a nodal or foliac−
eous equidensity or slightly high−density block image with calci−
fication for CPA meningioma in 14 cases and arachnoid cyst be−
sides meningioma in 8 cases. The bony “window” position
showed petrous bone damage and hyperosteogeny in 14 cases.
Only one case was found with internal auditory artery enlarging.
After contrast agent injection, the focus was reinforced evenly
and its boundary was clear. MRI scanning showed that the tumor
is characterized by iso−T1 or longer T1, and iso−T2 or longer T2.
After intensifying, most are evenly reinforced, and the tumor ex−
tensively adheres to the putamen of the retro−petrous pyramid
surface. Visible flowing−void images were shown in 50 cases,
dural tail sign in 26 cases and low−signal ring edema belt around
the tumor in 30 cases. CT and MRI showed that there were differ−
ent degrees of hydrocephalus and compressed brain stem and
cerebella in 56 cases, four ventricles were pressed to narrow
and deformed to displaced in 40 cases, tumor was found in the
CPA in 20 cases, in the CPA−slope in 26 cases, in the CPA−slope−
opposite CPA in 6 cases, and CPA and slope up to the sella turcica
and parasella in 4 cases. There were 8 cases for total cerebral an−
giography, showing that the tumor was supplied by the internal
carotid artery and vertebral basilar artery and different blood
vessel replacements such as the arteria cerebelli inferior ante−
rior, the posterior inferior cerebellar artery, the superior artery
of the cerebellum and the labyrinthine artery.

Operative methods
For this group of cases we always adopted microsurgery to re−
move the tumor, with the suboccipital−retrosigmoidal approach
in 38 cases, of which the tumor was only in the CPA in 20 cases,
mainly in the CPA but involving the clivus ossis sphenoidalis in
12 cases, and with the tumor in CPA involving the clivus ossis
sphenoidalis to the opposite CPA in 6 cases. The subtemporal−
presigmoidal approach was adopted in 6 cases, in which the tu−
mor lies in the CPA, mainly involving in middle−bottom clivus os−
sis sphenoidalis. There were 8 cases for the temporal−occipital
craniotomy, presigmoidal approach, in which the tumor was in
the CPA mainly involving the clivus ossis sphenoidalis in 6 cases.
In 2 cases, the tumor is in the saddle area of the clivus ossis sphe−
noidalis of the CPA. In addition, there are four patients whose tu−

mors were quite huge, spanning the supratentorial region and
connecting with the saddle area and the metasellar of the clivus
ossis sphenoidalis of the CPA, so that a temporal−occipital cra−
niotomy with supratentorial or infratentorial allied approach
was adopted. According to MRI results prior to surgery (Fig.1),
we made suitable bony “windows” and performed the ventricle
puncture to release the cerebrospinal fluid. If necessary, with ra−
pidly intravenous injection of 20% mannitol (250 mL), and to ex−
cise the dura mater after the intracranial pressure was reduced.
We opened the cisterna cerebellomedullaris and cerebellopon−
tine pool to further reduce the intracranial pressure. When cut−
ting the tentorium of the cerebellum, we protected the IV and VI
cranial nerves from damage. It was quite difficult to expose the
tumor pedicel because the tumor is large; therefore we first cut
the large interior−tumor block. After the tumor has been dimin−
ished, the tumor wall caves in and the blood vessel of tumor ped−
icel is exposed, we then stopped the blood supply to the tumor.
In principle, we first stop the arterial blood supply to the tumor
and then deal with the drainage vein and any blood supply artery
around the tumor should be preserved as much as possible, and
do our best to reduce or protect the VII−XII cerebral nerves from
damage. The tumor nidus penetrating into Meckel’s bursa and
petrosal sinus or side sinus should be cut in order to reduce the
recrudescence. After removal of the tumor, it is necessary to cut
the affected endocranium and to get rid of the affected bone so as
to guarantee a Simpson I and II resection standard (Figs. 2 and 3).

Fig. 1 Before surgery for CPA meningioma. MRI scan of CPA menin−
gioma: the tumor is characterized by iso−T1 or longer T1, and iso−T2 or
longer T2. After intensifying, most are evenly reinforced, and the tumor
extensively adheres to the putamen of the retro−petrous pyramid sur−
face. There are different degrees of compressed brain stem and cere−
bella, the ventricles are pressed to narrow and deformed due to dis−
placement.
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Results

The type of tumor pathology (Fig. 4) was fibroblastic in 26 cases
(46.5 %), syncytial in 16 cases (29.3 %), psammomatous in 10
cases (17.9 %), angioblastoma in 2 cases (3.6 %) and compound
type in 2 cases (3.6 %). Complete excision of the tumor (Simpson
I and II) in was achieved in 44 cases (78.6 %) (Figs. 1 ± 3) and par−
tial excision in 12 cases (21.4 %), without any operative mortality.
Facial nerve function was preserved in 38 cases (67.9 %) (House−
Brackmann I and II) and hearing was preserved in 36 cases
(64.3%).

After surgery, the symptoms improved in 40 cases (71.4 %), re−
mained unchanged in 10 cases (17.9 %), and were aggravated in
6 cases (10.7%). After operation, lung infections arose in 6 cases,
which have been cured through tracheotomy, anti−infection
therapy, improving discharge of phlegm, and so on. Bleeding in
the upper digestive tract occurred in 4 cases, which have been

cured through hemostasia, inhibition of gastric acid and protect−
ing the stomach, leakage of cerebrospinal fluid was seen in 2
cases, which have been cured through lumbar puncture and ca−
theter placement, local puncture, pressure dressing and anti−in−
fection therapy. Bilateral transverse sinus thrombosis was ob−
served in 1 case, which was cured after one week through anti−
coagulation and dilating the blood vessels. Swallowing difficulty
and hoarseness and other symptoms of post−cranial injuries
were noted in 4 cases after surgery, in 2 cases the above symp−
toms disappeared in half a month post−surgery and in the other
2 cases in 3 months. Coma and hemiplegia developed in 1 pa−
tient, in whom consciousness was recovered 15 days later and
hemiplegia also recovered half a year later. The duration of the
follow−up survey for 56 patients is from 6 months to 6 years,
with an average follow−up period of 3.5 years. 2 patients died in
the meantime due to other diseases. Among the 54 cases, 26 pa−
tients (48.2 %) basically recovered and are engaged in work (in−
cluding light jobs), 24 patients (44.4 %) are basically able to con−

Fig. 2 One week after surgery for CPA meningioma. MRI scan dis−
played that the tumor was excised completely after surgery.

Fig. 3 One year after surgery for CPA meningioma. MRI re−examina−
tion displayed no recrudescence.

Fig. 4 Pathological diagnosis of the tumor.
Pathologic examination of the tumor iden−
tified it as a psammomatous meningioma.
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tinue their own living and 4 patients (7.4%) still cannot handle
their own living. There are two recrudescent cases (3.7 %), who
are the patients with partial tumor removal and their recrudes−
cent times are 1.5 and 2.6 years, respectively. But there appears
to be no recrudescent phenomenon after repeated operative
therapy. The symptom comparison of 54 patients before surgery
and after surgery is shown in Table 1.

Discussion

CPA meningioma has a rich blood supply and a bigger volume
and is connected closely to the brain stem, cranial nerves and im−
portant blood vessels; as a result, it is quite difficult to remove it
and the removal rate is about 48.3 ± 82 % [4,5]. The main reasons
for a poor treatment result are the unsuitable selection of the ap−
proaches, poor exposure and injury to important blood vessels,
nerves and brain stem. The removal rate for large and giant CPA
meningiomas is even lower. The application of microsurgical
technology in our hospital has dramatically improved the cura−
tive effect for diseases of this kind.

Operative approach
Before operation, the iconography examination is of a crucial
significance to select the operative approach. According to the
tumor’s location and growing orientation, blood supply and its
size, we can fully expose the tumor, while avoiding damaging
the brain stem, cranial nerves and sinus venosus, which is the
basic principle to select the operative approach [8]. Our group
mainly adopts the following four operative approaches.

1) Suboccipital−retrosigmoidal approach: The advantage is that it
is closely adjacent to the CPA area, with full exposure and small
trauma. For those who have suffered from tumor just in the CPA
or mainly in the CPA but involving in the clivus ossis sphenoida−
lis, this approach can achieve the objective to wholly remove the
tumor. There are reports [6] that, by adopting the suboccipital−
retrosigmoidal approach, the cutting path to remove the tumor
is shorter and the exposure performance is quite good, so we
can orthoptically preserve the important nerves and blood ves−
sels around the tumor. It should be applied first of all. The major−
ity of our patient group (67.9 %) was treated with this approach,
which has achieved a good effect, that is, the vast majority of
tumors has been wholly excised or sub−excised. With dissociat−
ing interior or inferior tumors, the facial and auditory nerves,
post−cranial nerves and posterior inferior cerebella artery should
be protected from injury. Also, with dissociating upper tumors,
the trigeminal nerve, anterior inferior cerebella artery and supe−
rior artery of cerebellum should be protected from injury. Due to
the huge size of the tumor, the facial nerve is usually pressed and

becomes thinner or turns to a white membrane that adheres to
the arachnoid and is relatively difficult to identify. So when dis−
sociating the surrounding tissues of the tumor, we use electrical
coagulation as little as possible so as to avoid damage to the tis−
sues around the tumor. If possible, neuroelectrical physiology
monitoring can be carried out. As for the 6 cases with extension
into the opposite side of the CPA, we adopt the endoscope−assist−
ed microneurosurgery technology (EAM), which is relatively effi−
cient to expose and remove the tumor and avoids severe traction
of the brain stem. In the case of operating on the tumor adjacent
to the side brain stem, we pay attention to the protection of per−
forators. In addition to blocking the blood−supplying artery to
the tumor, other perforators should be protected as much as pos−
sible, so as to prevent secondary ischemic damage.

2) Temporal−occipital craniotomy, presigmoidal approach: This is
applicable to those patients whose tumor fundus is in the CPA
and petrosal peak, growing towards the middle/inferior clivus
and middle cranial fossa. According to the operative practice of
our group, this approach can effectively expose the base of the
middle cranial fossa and middle/inferior clivus, so as to shorten
the distance to the clivus. At the moment, we cut off the blood
supply to the tumor as early as possible. If the petrosal bone is
eroded, we can use a grinding drill to partially grind the petrosal
bone. However, this approach has the disadvantage of big trau−
ma. Therefore, we try our best to utilize the cistern to release
the cerebrospinal fluid. In the case of lifting slightly the temporal
lobe, the height between the temporal lobe and basis cranii shall
be no more than 1 ± 1.5 cm, so as to minimize the damage to tem−
poral lobe and cerebellum. When uplifting the upper tumor, we
guard against vein damage to the superior petrosal sinus and the
inferior petrosal sinus. There were 2 cases of massive hemor−
rhage due to vein rupture during our operation, but it has been
stanched with isinglass sponge via electrical coagulation. A leak−
age of the cerebrospinal fluid occurred in 2 cases that may be
related with looseness of the bone wax sealed in the mastoid air
cells, which has been cured by lumbar puncture and catheter
placement, local puncture, pressure dressing and anti−infection.
In addition, the transverse sinus thrombosis shall be considered
seriously after surgery. Bilateral transverse sinus thrombosis can
lead to intracranial hypertension symptoms. If necessary, a mag−
netic resonance venography (MRV) examination should be per−
formed for its diagnosis [9]. Bilateral transverse sinus thrombo−
sis has occurred in one case of this group, which has been cured
by anti−coagulation and blood vessel dilatation, and so on.

3) Temporal−occipital craniotomy, inferotemporal tentorium
cerebelli approach: this approach can fully expose the upper cli−
vus, saddle area and petrosal region and tentorium of cerebel−
lum, we can expand towards the middle slope via grinding the

Table 1 Symptom comparison of 54 patients before and after surgery

Headache Trigminal
neuralgia

Facial
numbness

Facial
paralysis

Tinnitus Hearing loss
(unilateral)

Drinking
choke

Unsteady
walk

Weakness of
unilateral limbs

Hemi−disturbance
of sensation

before 52 6 24 12 30 30 12 24 12 8

after 20 2 16 18 20 20 4 14 2 2
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petrosal bone. By this approach, the tentorium of the cerebellum
is excised after releasing the cerebrospinal fluid, so as to directly
block the blood supply from meninges and reduce bleeding in
the operation. But it is necessary to protect the IV and VI cranial
nerves from damage when excising the tentorium of the cerebel−
lum. By cutting the tentorium of the cerebellum along 1 cm be−
hind the superior petrosal sinus paralleling with the superior
petrosal sinus until the tentorium edge, we can see the displaced
trochlear nerve. During the operation, we can see that the Labbe
vein flows into the transverse sinus. When uplifting the temporal
lobe, we protect it in order to avoid cerebral edema after opera−
tion, especially aphasia due to its left−sided injury. This approach
was applied to 8 cases in this group, whose tumors are totally re−
moved, without III, IV and VI cranial nerve damage and Labbe
vein injury, and they all recovered well. But its disadvantage is
that we cannot reach the inferior clivus.

4) Temporal−occipital craniotomy, supratentorial or infratentorial
allied approach: This approach removes 2/3 of the posterior mas−
toid, and Trautmann triangle bone of the petrosal fundus, wholly
separating the transverse sinus and the sigmoid sinus, cutting off
the tentorium of the cerebellum. It integrates the supra− and in−
fratentorium and shortens the operation path. Also, the whole
tumor, either its interior and exterior or its top and bottom, and
the facial nerve, trigeminal nerve, post−cranial nerves and brain
stem can all be seen clearly. Four cases of giant CPA meningiomas
spanning the whole cerebral tentorium and widely involving in
the saddle area and metasellar of clivus ossis sphenoidalis of
the CPA were treated with this approach. The approach shows
the tumor even more clearly. The tumors are excised wholly and
the procedure is performed to preserve the facial nerve. How−
ever, this approach needs a long time to perform the operation,
with a great deal of bleeding and it has a relatively large injury.
Also, all cranial nerves (III ±XII) may be damaged. In our group
two cases were operated on by adopting this approach and the
posterior cranial nerve was damaged, characterized by difficult
swallowing and hoarseness, which basically recovered 3 months
later.

Microsurgical skills
1) Treatment of blood vessels: It is reported that bleeding after
surgery is the main complication of the CPA meningioma [4],
therefore it is very important to appropriately deal with the
blood vessels. Our experience is as follows: 1) before operation,
we determine in detail, via cerebral angiography or MRA exami−
nation, whether important blood vessels such as arteria cerebelli
inferior anterior, posterior inferior cerebellar artery, superior ar−
tery of cerebellum and labyrinthine artery, basilar artery and its
branch are displaced or not and the direction and distance of dis−
placement [10]. 2) We apply microsurgical technology to detach
the tumor membrane and arachnoid mater. In two cases, the
imaging showed that the tumor embraced the arteria cerebelli
inferior anterior and in the other two cases, it embraced the pos−
terior inferior cerebellar artery, however, we could still find the
interface between blood vessel and tumor to protect the blood
vessel. It is reported in the literature that it is quite hard to find
the interface of this kind in compressed meningioma [11], so we
should avoid unfavorable trauma to blood vessels when remov−
ing the tumor concerned. 3) We should not cut off the blood ves−
sel until guaranteeing that it is the vessel supplying blood to the

tumor. As performing the operation, we use an electrical coagu−
lation method to excise the vessel at a position near the tumor, so
as to avoid damaging the perforators in the brain stem and cra−
nial nerve. 4) Care should be taken not to cut off the blood vessels
with a bigger caliber in order to avoid damaging the anterior in−
ferior cerebella artery, posterior inferior cerebella artery or upper
cerebella artery and so on. If these blood vessels are really em−
braced in the tumor concerned, we shall be patient when detach−
ing them. If it is quite difficult to dissociate them due to a close
adhesiveness, we can preserve a lamella tumor that will be cured
by radioactive therapy and the like. 5) As for the petrosal vein
that is shut out the line of sight and affected by the operation,
we apply the electric coagulation method to block the vein so as
to avoid bleeding after vein avulsion. There was no ataxia in 15
cases after the petrosal vein had been cut off in the operation.

2) Protection of cranial nerves: The protection of cranial nerves is
also an important factor influencing the operative result [12].
The cranial nerves around the tumor usually cannot be recog−
nized by the naked eye due to compression by the tumor,
displacement, transmutation and denaturalization. During the
operation, the white membrane on the tumor surface is usually
the compressed cerebral nerve, so we shall by all means avoid
rashly cauterizing or cutting it off; on the contrary, it should be
tracked down and identified along its course. After identifying
the cranial nerve, we can cut the arachnoid open along its long
axes and separate the cranial nerve. And then use a micro−absor−
ber to absorb the fluid with cotton slip and pad the cotton slip
between tumor wall and cranial nerve, so as to protect the
blood−supplying artery from damage that may cause the isch−
emic cranial nerve injury. In this group, there were two cases of
posterior cranial nerve injury after surgery, which may be related
to electrically cauterizing the tumor walls around the cranial
nerve and damaging small perforators with nerve. The nerve
function gradually recovered half a month later by applying ni−
modipine to improve the microcirculation. As for the 12 patients
who suffered from severe posterior cranial nerve injury before
operation, we carry out the plan of “early cut, early pull”, that is,
we did a tracheotomy and inserted nasal cannula for nasal feed−
ing at the early stage after surgery. After improvement and re−
covery of the cough reflex, we pull out the trachea cannula. The
patient recovers well. The preservation of facial and auditory
nerves is an important factor to evaluate the operative effect
[13]. We apply the facial or auditory nerve stimulation instru−
ment to supervise the facial and auditory nerves. We gradually
converge contralaterally through the interior auditory canal side
retrograde or from the brain stem side by conduction, and gradu−
ally separate the facial nerves from the auditory nerves during
the course of peeling off the tumor concerned. However, to ana−
tomically preserve the facial or auditory nerves does not mean
the preservation of their function after surgery. In this group of
cases, we always anatomically preserved the facial or auditory
nerves, but there were still 32.1 % of patients whose facial nerve
function and 35.7 % whose auditory nerve functions have been
damaged after surgery. We think it may be related to long−term
compression of the huge tumor leading to an insufficiency of the
nerve’s blood supply, denaturalization and necrosis, as well as to
severing of its blood−supplying artery.
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3) Protection of the brain stem: A distinct characteristic of large or
giant CPA meningioma is that it jostles and adheres to the brain
stem [4,14]. There were 38 patients whose brain stems have
been deformed distinctly as seen on CT and MRI examinations
in this group. With reference to the literature [6,15], we think
that we can assess the damage to the brain stem and cranial
nerves and the tumor’s blood supply via systematic examination
of the nerves, neuroiconography and brainstem evoked poten−
tials, which are beneficial to wholly excising the tumor and re−
ducing complications. The side operation on the brain stem
must be performed orthoptically with the microscope, to sepa−
rate the tumor along the arachnoid membrane interval between
brain stem and tumor. A tumor extending into the brain stem
sometimes may gradually pulsate out by itself when excising
the tumor to a certain extent. We can see the brain stem and its
surface nerves and blood vessels in the interior of the tumor, the
trigeminal nerve at its anterior upper part, the anterior inferior
cerebella artery at its inferior part, and the upper cerebellar
artery at its posterior upper part, which should all be protected
properly. In particular, the tumor wall should be dissociated fully
from the arachnoid mater, avoiding undue pulling of blood ves−
sels, so as to prevent secondary blood vessel convulsion. One pa−
tient who had been operated on had brain stem damage, and had
coma and paralysis after surgery. We think this may have been
caused by insufficient dissociation of arachnoid mater and pull−
ing of blood vessels. But he recovered consciousness after 15−day
rescue treatment, and his sequela of light paralysis also recov−
ered half a year later. There are usually many arteries at the brain
stem side to supply the tumor, which should be cut off one by
one by an electric coagulation method. At the same time, we
should pay attention to avoiding the heat injury of electric coa−
gulation. If it is quite difficult to remove the tumor due to a close
adhesion between tumor and brain stem, we can leave over a
gobbet of tumor, because we cannot unilaterally pursue a com−
plete excision.

Conclusion

The good curative effect of this group of cases attributes to the
correct operative approach, excellent exposure and application
of microneurosurgical technology, which minimizes greatly the
damage to important nerves, blood vessels and the brain stem.
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Introduction

Lesions located along the lower clivus and the anterior portion of
the foramen magnum have always been a surgical challenge be−
cause of the depth of the surgical field, the complexity of nerves
and blood vessels, and the difficulty of lesion exposure [1, 2]. The
far lateral approach has been thought of as a suitable approach
since it can provide access to the upper ventral spinal canal, the
anterior portion of the foramen magnum, the lower and middle
clivus, and the jugular foramen [3± 5]. With the rapid develop−
ment of minimally invasive microsurgical techniques, however,
several disadvantages of the conventional far lateral approach,
such as extensive brain exposure, more complications and signif−
icant morbidity and mortality, have emerged gradually. In recent
years, the advantages of microsurgical operation via a keyhole
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Abstract

Objective: The goal of this study was to design a new retrosig−
moid−retrocondylar keyhole approach based on the minimally
invasive keyhole idea and to explore its feasibility and indica−
tions, which can be regarded as the base of this keyhole approach
in clinical use. Methods: 8 adult cadaveric heads fixed in forma−
lin and with intracranial vessels perfused by colored latex were
used in this study. To search for the most suitable length and
shape of the skin incision, we examined two kinds of incision (a
longitudinal “S” shape and a straight one) and two lengths (5 cm
and 7 cm, respectively). Due to the complexity and thickness of
the suboccipital muscles, two ways of muscle dissection were
compared: 1) the muscles were incised perpendicularly in lay−
ers; 2) the muscles were detached and reflected in layers. A 3−
cm diameter retrosigmoid−retrocondylar bone flap was made
with a craniotome. Many anatomic structures could be observed
under the microscope when the cerebellar hemisphere was re−
tracted. After comparing and balancing the above steps in all spe−
cimens, a feasible, duplicable retrosigmoid−retrocondylar key−
hole approach was devised. Results: The proper incision of the
retrosigmoid−retrocondylar keyhole approach was a longitudinal
“S” shaped skin incision about 7 cm in length with its superior
border 2 cm behind the middle point of mastoid and inferior
margin at the level of C−2. The method of detachment and reflec−
tion of occipital muscles was superior to the method of cutting
them perpendicularly. By means of adjusting the head position
and the angle of microscope, the ipsilateral vertebral artery, pos−
terior inferior cerebellar artery, anterior inferior cerebellar ar−
tery, VII, VIII, IX, X, XI, XII cranial nerves and the ventral lateral
aspect of medulla oblongata were exposed via this keyhole ap−

proach. Conclusions: The novel retrosigmoid−retrocondylar key−
hole approach has practical value for clinical applications. With
the techniques of modern microsurgery, several diseases such
as an aneurysm situated at the vertebral artery or the posterior
inferior cerebellar artery, a small hypoglossal neurinoma and
tumor located at the ventral lateral aspect of the medulla oblon−
gata, may be operated via this retrosigmoid−retrocondylar key−
hole approach without drilling the occipital condyle.

Key words
Microsurgical anatomy ´ occipital condyle ´ skull base ´ keyhole ´
surgical approach
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approach have been realized by more and more neurosurgeons.
Based on the magnification effect of a certain keyhole, lesions si−
tuated at special anatomic positions, especially in the skull base,
are more feasible to be exposed and treated via the keyhole ap−
proach with exquisite microsurgical techniques [6± 8]. Many
keyhole approaches like supraorbital keyhole, subtemporal key−
hole, retromastoid keyhole and pterional keyhole approach have
been proved to be much better and more predominant than tra−
ditional ones [9± 12]. Enlightened by the keyhole idea and with
the aim to decrease the corresponding invasion of the conven−
tional far lateral approach, we tried to melt the keyhole idea
into this approach and devise a new keyhole approach. In this ar−
ticle, we report a novel approach design, describe the relevant
microsurgical anatomy of the retrosigmoid−retrocondylar key−
hole approach and evaluate its feasibility.

Materials and Methods

The studies were performed in 8 cadeveric specimens (bilateral
dissection in all heads), which were prepared, and injected with
colored latex into the bilateral internal carotid arteries, vertebral
arteries and internal carotid veins, respectively. The dissections
were made with the aid of a microscope (Leica OHS−1), a high−
speed drill (Aesculap GA820), a digital camera (Nikon 4500),
and some microsurgical instruments specially designed for key−
hole surgery.

The head, fixed rigidly in a special headholder, was placed in the
lateral position, which enabled the ear and mastoid to be the
highest structures. To probe into the most suitable length and
shape of the skin incision, we examined two kinds of incision (a
longitudinal “S” shape and straight one) and two lengths (5 cm
and 7 cm, respectively). Due to the complexity and thickness of
the suboccipital muscles, two ways of muscle dissection were
compared: 1) the muscles were incised perpendicularly in lay−
ers; 2) the muscles were detached and reflected in layers. A 3−
cm diameter retrosigmoid−retrocondylar bone flap was made
with a craniotome. When the cerebellar hemisphere was retract−
ed many anatomic structures could be observed under the mi−
croscope. After comparing and balancing the above steps in all
specimens, a feasible, duplicable retrosigmoid−retrocondylar
keyhole approach was devised.

Results

Comparison of different methods related to this approach
Skin incision shape: The longitudinal “S” shaped incision was su−
perior to the straight incision, for instance, less tension of the bi−
lateral skin of the incision and more exposure of the surgical field
were provided by the effect of “two small skin flaps” of the “S”
shaped incision.

Length of incision: In the 7−cm incision, we could not only detach
and reflect the suboccipital muscles of each layer easily, but also
gain the exposure of all the important structures of this area, in−
cluding hemilamina of the arch of the posterior atlas, the verte−
bral artery and the posterolateral portion of foramen magnum
could be exposed satisfactorily. However, a 5−cm incision could

not meet the needs of reflecting muscles fully and exposing en−
ough surgical field.

Methods of muscles dissection: When the suboccipital muscles
were divided by cutting, it was difficult to distinguish the layers
of the muscle and as a result, the vertebral artery is liable to be
injured. In contrast, by detaching the muscles from their attach−
ments and reflecting them, the distance between the skin and
bone window was shortened; one could obviously discern the
layers of the suboccipital muscles, and the vertebral artery could
be protected in the early stage of the operation by identifying the
suboccipital triangle.

The specific procedures of the retrosigmoid−retrocondylar
keyhole approach
Head positioning: The head was placed in a lateral position with
the face oriented moderately flexed and the vertex down, keep−
ing the ear and mastoid as the highest structures. The vertex
down head position was the key step to provide an improved in−
ferior to superior viewing angle for the surgeon [13].

Skin incision: A 7−cm “S” shaped incision began 2 cm behind, and
at the level of the middle of the mastoid. The incision curved
gently downward, ending at the level of C2 (Fig.1).

Muscular stage: The superficial layer of muscle was composed of
the trapezius and sternocleidomastoid muscles. The sternocleido−
mastoid muscle was cut at the level of the superior margin of the
incision and reflected anteriorly, while preserving a cuff of its up−
per attachment for convenience of future closure (Fig. 2). The tra−
pezius did not need to be undermined in this keyhole approach.
After reflecting the sternocleidomastoid muscle, the middle layer
of muscle, which includes the splenius capitis, longissmus capitis,
semispinalis capitis, and longus cervicis muscles, could be identi−
fied. Dissecting the splenius capitis muscle, and reflecting it medi−
ally exposed the longissimus capitis muscle, the deep lamina of
the deep cervical fascia, and the occipital artery and vein (Fig. 3).
In this keyhole approach, the occipital artery could be exposed
from the segment of the occipital groove. After piercing between
the superior oblique and the posterior belly of the digastric mus−
cles, the occipital artery coursed medially under the longissimus
capitis and crossed the semispinalis capitis muscle (Figs. 4 and

Fig. 1 A left longitu−
dinal “S” shaped skin
incision behind the
mastoid: A = left
mastoid, B = vertex
side, C = neck side.
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5). Generally, the occipital artery and vein have two or three
branches, respectively, in this area; for convenience of further
deep exposure, the medial ones should be cut, while the lateral
one could be preserved by loosening it from surrounding tissues.
Reflecting the longissimus capitis and semispinalis capitis mus−
cles downward exposed the inner layer of muscle, including the
superior and inferior obliques, and the rectus capitis major and
minor muscles [1, 2]. It was critical in this layer to identify the
suboccipital triangle (Fig. 5), which was formed by the superior
and inferior obliques, and the major rectus capitis muscle. The
structures in the triangle included the vertebral artery and the
C1 nerve, both of which lie in a groove on the upper surface of
the lateral portion of the posterior arch of the atlas. The superior
oblique muscle was detached at its insertion on the transverse
process of the atlas and reflected upwardly and medially. The
major rectus capitis was cut at its upper margin and reflected in−
feriorly and medially. The inferior oblique muscle did not need to
be dissected.

Manipulation of vascular structures: The portion of the vertebral
artery in the suboccipital triangle was surrounded by a rich ve−
nous plexus [14] (Fig. 6), which flowed into two systems: one

drained by the internal jugular vein and another draining into
the vertebral venous plexus. The posterior condylar emissary
vein, which passed through the posterior condylar canal, formed
a communication between the vertebral venous plexus and the
sigmoid sinus [15] (Fig. 6). Since bleeding from these venous
plexus is often fierce and difficult to control, care should be taken
to avoid injuring them. In this approach, the posterior condylar
emissary vein should be cut close to occipital bone, and posterior
condylar canal could be packed with bone wax. In addition, the
bony membrane of the condylar fossa was dissected and reflect−
ed inferiorly to protect the vertebral artery and surrounding
venous plexus. If these veins were ruptured at surgery, they
could be controlled by bipolar coagulation and packed with
surgicel [16,17].

Bony drilling and dura opening: After exposing the retrocondylar
occipital bone (Fig. 7), a small suboccipital craniotomy about
3 cm in diameter was performed, with its lateral border to the
sigmoid sinus, opening the lateral rim of the foramen magnum
(Figs. 8 and 9). The inferior border of the bone window was just
at the posterior margin of the occipital condyle and posterior

Fig. 2 Exposure of 1
to 2 layers of muscle
after skin incision:
A = sternocleidomas−
toid muscle, B = sple−
nius capitis muscle,
C = levator scapular
muscle, D = splenius
cervicis muscle,
E = incision line
illustrated preserving
a cuff of the upper
attachment of the
splenius capitis mus−
cle for convenience in
the future closure.

Fig. 3 After reflect−
ing the splenius capi−
tis muscle the 2 to 3
layers of muscle
could be observed
clearly: A = longissi−
mus capitis muscle,
B = semispinalis capi−
tis muscle, C = leva−
tor scapular muscle,
D = superior oblique
muscle, E = occipital
artery and vein.

Fig. 4 The course of
the occipital artery
and vein and the 3
layers of muscle could
be exposed after re−
flecting the longissi−
mus capitis and leva−
tor scapular muscles:
A = semispinalis capi−
tis muscle, B = supe−
rior oblique muscle,
C = inferior oblique
muscle, D = venous
plexus surrounding
vertebral artery,
E = occipital artery
and vein, F = poste−
rior belly of the digas−
tric muscles.

Fig. 5 The subocci−
pital triangle could
be exposed after dis−
secting the semispi−
nalis capitis muscle:
A = superior oblique
muscle, B = inferior
oblique muscle,
C = major rectus ca−
pitis muscle, D = ve−
nous plexus sur−
rounding vertebral
artery, E = occipital
artery and vein.
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condylar foramen. A “double Y” shaped dural incision was made
with its one base towards to sigmoid sinus (Fig. 8).

Exposure of intradural anatomic structures: On opening the cis−
terna magna and retracting the cerebellar hemisphere with a
self−retaining retractor medially and superiorly, many anatomic
structures could be observed by means of adjusting the head po−
sition and the angle of microscope via this keyhole approach
(Fig.10). When the anteflexed angle of the head was about 158 ,
the posterior inferior cerebellar artery, IX, X, XI cranial nerves
and the ventral lateral aspect of the medulla oblongata were ex−
posed, especially the brain branch of the accessory nerve (upper
margin), the lateral aspect of medulla oblongata (medial margin)

and the spinal branch of accessory nerve (lateral margin) formed
a triangle (Fig.11), which could be used as a working space.
Through this triangle, the ipsilateral vertebral artery and the XII
cranial nerve could be observed. Besides these, the anterior infe−
rior cerebellar artery and the VII, VIII cranial nerves could be ex−
posed when the anteflexed angle of the head was about 30ë, and
a tetragon was formed by the VIII cranial nerve (upper margin),
the lateral aspect of the medulla oblongata (medial margin), the
IX cranial nerve (inferior margin) and the branch of the anterior
inferior cerebellar artery (lateral margin) (Fig.12). In some speci−
mens, the inferior extremity of basilar artery was relatively low−
er; via this tetragon the inferior segment of the basilar artery
could be seen.

Fig. 6 After reflect−
ing the superior obli−
que and major rectus
capitis muscles, the
posterior condylar
emissary vein could
be seen having com−
munication with the
vertebral venous
plexus: A = inferior ob−
lique muscle, B = occi−
pital bone, C = poster−
ior condylar emissary
vein, D = venous
plexus surrounding
vertebral artery,

E = vertebral artery, F = occipital artery, G = posterior belly of the di−
gastric muscles.

Fig. 7 The posterior
condylar emissary
vein should be cut
close to the occipital
bone (in this photo we
removed the posterior
condylar emissary
vein and most of the
venous plexus sur−
rounding the verteb−
ral artery for illustrat−
ing the deep struc−
tures):

A = occipital condyle, B = condylar process of atlas, C = vertebral artery,
D = C1 nerve, E = dural mater, F = occipital bone, G = posterior condylar
canal. H = posterior arch of atlas, I = posterior margin of foramen mag−
num, J = muscular branches of vertebral artery, K = venous plexus sur−
rounding the vertebral artery.

Fig. 10 Structures
after retracting the
cerebellar hemisphere
medially and superior−
ly: A = glossopharyn−
geal nerve, B = vagus
nerve, C = brain
branch of accessory
nerve, D = spinal
branch of accessory
nerve, E = posterior
inferior cerebellar

artery, F = medulla oblongata branch of the posterior inferior cerebellar
artery.

Fig. 8 A small sub−
occipital craniotomy
about 3 cm in diame−
ter was performed,
with its lateral border
to the sigmoid sinus,
opening the lateral
rim of foramen mag−
num: A = occipital
condyle, B = vertebral
artery, C = C1 nerve,
D = sigmoid sinus,
E = occipital artery,
F = dural mater: the
green line shows the
shape of the dural in−
cision.

Fig. 11 Manipula−
tion triangle formed
by retracting the
posterior inferior
cerebellar artery:
A = the posterior
inferior cerebellar
artery, B = medulla
oblongata, C = spinal
branch of accessory
nerve, D = vertebral
artery, E = brain
branch of accessory
nerve, F = the margin
of bone window.

Fig. 9 Illustration of
the placement of the
bone window:
A = bone window,
B = occipital condyle,
C = right jugular tu−
bercle, D = right hy−
poglossal canal,
E = left mastoid,
F = right internal au−
ditory foramen.
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Discussion

In 1978 Wolfgang Seegethe first described the far lateral trans−
condylar approach [18], and later Helmut Bertalanffy applied it
in clinical cases as a method of providing surgical access anterior
to the medulla without the need for retraction of the brainstem
[4]. Since that time, several modifications of the far lateral ap−
proach have been developed, turning it into one of the main ap−
proaches to the skull base. The terminology used to describe the
far lateral approach was not standardized. Based on the position
of the bone window, removal of bone structure, and the mode of
denomination, there are a variety of terms [19], such as far−late−
ral approach, extreme−lateral approach, lateral suboccipital ap−
proach, dorsolateral−suboccipital−transcondylar approach, ex−
treme−lateral transcondylar and transjugular approach, ex−
treme−lateral transcondylar approach, extreme−lateral inferior
transtubercular approach. However, Rhoton [20] has summar−
ized that the basic−far lateral exposure provided access for the
following approaches: 1) the transcondylar approach directed
through the occipital condyle or the adjoining portions of the
occipital and atlantal condyles; 2) the supracondylar approach
directed through the area above the occipital condyle; and
3) the paracondylar exposure directed through the area lateral
to the occipital condyle.

The skin incisions of the conventional far lateral approach can be
described as follows [5]: 1) a “symmetrical inverted L” shaped
incision beginning at the mastoid, passing the superior nuchal
line to the midline, and downward to the level of C3 or C4. This
incision could expose the cervical part. 2) A “inverted L” shaped
incision beginning at the external occipital eminence, passing
along the superior nuchal line to the mastoid notch, and down−
ward to the level of C3 or C4. 3) A “reverse U” shaped incision
is employed when the posterior midline needs to be exposed
(Fig.13).

The keyhole approach has emerged in recent years as a higher
stage in the process of microneurosurgical development. With
the exquisite techniques of microsurgery, most lesions could be
treated minimally−invasively via the keyhole approaches, with−
out increasing the incidence of postoperative complications
[7, 9 ± 11, 21, 22]. According to this study, we come to a conclusion
that the retrosigmoid−retrocondylar keyhole approach is feasible
and more minimally invasive with many intrinsic advantages:

± The 7−cm skin incision of this keyhole approach was signifi−
cantly shorter than the traditional ones, but it could fully ex−
pose all of important portions such as the retrocondylar occi−
pital bone, the lateral margin of the foramen magnum, and
the vertebral artery satisfactorily. The design of this keyhole
incision fully followed the principle of keyhole incision “as
far as possibly short and sufficiently long”.

± The number of suboccipital muscles needing to be dissected
was less than that of the traditional approach, which reduces
the injuries of operation.

± By reflecting the muscles, the distance between the skin and
cranial structures was reduced, but the operation field and
surgical freedom were increased.

± The 3−cm small bone window not only avoided extensive
brain exposure, but also reduced brain retraction through dis−
secting the cisterna magna and releasing cerebral spinal fluid.

± Lesions related to this approach were mostly located at the
skull base, so the magnification effect of keyhole could reach
its maximum.

± Based on our study, anatomic structures exposed in the key−
hole approach were not significantly different from those in
the conventional far lateral approach [3, 5,19,20].

As we all know, there was always controversy about the necessi−
ty of condyle removal in the far lateral approach. Especially in re−
cent years, there was even a voice to abandon this approach be−
cause of its difficulties of operation and too many complications.
Many neurosurgeons would prefer treating lesions in the lower
clivus and the anterior portion of the foramen magnum via a pos−
terior or posterolateral approach [23]. All in all, the complica−
tions of the transcondylar approach included cranial nerves pa−
ralysis (about 17± 30 %), cerebrospinal fluid leakage (about 22 ±
43 %), intracranial infection (12 %), post−operative hydrocephalus
(22 %), occipitocervical instability and injuries of important
structures such as the vertebral artery, internal jugular vein, sig−
moid sinus and jugular bulb [3, 4,17, 24]. It was clear that the pro−
cedure for removal of the occipital condyle or jugular tubercle is
obviously related to the occurrence of the above complications.
Therefore if possible the resection of occipital condyle or jugular
tubercle should be avoided.

This study preliminarily demonstrates that by means of adjust−
ing the head position and the angle of the microscope, several
pathologies, such as an aneurysm situated at the vertebral artery

Fig. 12 A tetragon
can be seen when the
anteflexed angle of
the head was about
30 8 : A = vestibulo−
cochlear nerve;
B = facial nerve,
C = glossopharyngeal
nerve, D = branch of
the anterior inferior
cerebellar artery,
E = flocculus, F = sig−
moid sinus.

Fig. 13 Illustration
of the skin incisions:
A, B and C = skin inci−
sions of conventional
far lateral approach,
D = skin incision of
the retrosigmoid−ret−
rocondylar keyhole
approach.
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or posterior inferior cerebellar artery, a small hypoglossal neuri−
noma, and a tumor located at the ventral lateral aspect of the me−
dulla oblongata, might be operated via this retrosigmoid−retro−
condylar keyhole approach without removal of the occipital con−
dyle. In our opinion, the occipital condyle should be considered
to be preserved in this retrosigmoid−retrocondylar keyhole ap−
proach under the following conditions. First, when lesions are lo−
cated along the lateral or anterolateral aspect of the foramen
magnum [16]. Second, when a small or medial tumor is situated
at the ventral lateral aspect of the inferior clivus. Nanda [25] be−
lieved that it was unnecessary to drill the occipital condyle when
treating ventral clivus tumors since the increased space formed
by the tumor was large enough for a surgeon to debulk the tu−
mor. Third, if a patient was preoperatively confirmed as having
the type of small occipital condyle by 3D reconstruction after
thin slice CT scan, this retrosigmoid−retrocondylar keyhole ap−
proach might be performed with little obstruction from the occi−
pital condyle [26].

The paired occipital condyles were situated at the lateral to the
anterior half of the foramen magnum and the jugular tubercle,
situated above the hypoglossal canal and medial to the jugular
foramen, was a rounded prominence found at the junction of
the basilar and condylar parts of the occipital bone [1,2,15].
These two structures hinder a clear line of sight to the region
anteriorly to the brainstem. On the one hand, the working space
at the level of the foramen magnum was extremely limited and
afforded only a narrow cleft between the medial medulla oblon−
gata and the lateral occipital condyle. On the other hand, the ju−
gular tubercle was an obstruction to observe the midclivus or
vertebrobasilar junction. Therefore, if a tumor is completely situ−
ated at the ventral aspect of the medulla oblongata or the ante−
rior portion of the foramen magnum, the mediosuperoposterior
1/3 ± 1/2 of the occipital condyle probably need to be removed in
order to obtain more sufficient exposure [3± 5,24]. Likewise, the
removal of the jugular tubercle can expand the exposure of the
middle clivus [13,27].

In general, the retrosigmoid−retrocondylar keyhole approach in
our study really offered several distinct advantages when treat−
ing lesions located at the lateral or anterolateral aspect of the
foramen magnum or inferior clivus. Chiefly it provided a good
view of the dorsolateral inferior skull base in a minimally inva−
sive method. Moreover, based on the magnification effect of key−
hole and with exquisite microsurgical techniques, lesions prob−
ably could be operated via this keyhole approach without remov−
al of the occipital condyle.
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Introduction

Recently, the natural history of the extruded lumbar disc materi−
al has been well studied using MRI with high resolution, and it
was found that the extruded material would have a natural re−
duction with time [1 ±4]. The extruded disc material is mainly
nucleus pulposus; however, it sometimes contained annulus fi−
brosus and osseous endplate [5]. One can assume that it is not
easy for osseous endplate to be absorbed unlike herniated nu−

cleus pulposus. Also, presently, there have been no reports of
natural absorption of extruded osseous endplate.

In this report, we described an adult case of an extruded osseous
endplate causing lumbar radiculopathy for long duration and not
showing natural reduction.

Case Report

A 44−year−old woman, a nurse, visited our spine clinic with a one
year history of lumbar radiculopathy. When she carried a patient
from a stretcher in January, 2002, strong back/right leg pain had
appeared; thereby she could not even move. Thus, she visited
and was admitted to a local hospital. Herniated nucleus pulposus
at right side of L5/S1 was detected on MRI at that time (Fig.1). On
a T2−weighted MR image, the herniated material was shown to
be of very high signal intensity (Fig.1). The right S1 nerve root
was shown to be severely compressed by the extruded material.

Conservative treatment including epidural steroid injection, ad−
ministration of analgesics, and physical therapy was first con−
ducted. Initially, conservative treatment caused the pain to de−
crease. Thus, she returned to the previous nursing work 4
months after the initial episode. She could work in the morning
without pain; however, every afternoon she had been having
right leg pain, which hindered her work. She continued working
while taking epidural steroid injections as needed. A follow−up
MRI (Fig.1) was taken one year after the initial MRI examination.
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Abstract

In this report, we described an adult case that had a long−term
radiculopathy due to an extruded osseous endplate of the lumbar
spine at the L5−S1 intervertebral disc level. The osseous material
inside the extruded material was not absorbed, and it had con−
tinued compressing the nerve root for one year. Endoscopically,
the bony fragment was successfully removed. After the surgery,
the patient’s symptom disappeared, and neurological deficits be−
came normalized. In conclusion, we propose that surgical inter−
vention should be taken into account for the treatment of HNP,
when the extruded material contains bony fragment such as oss−
eous endplate.
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The second MRI demonstrated that the size of the mass of the ex−
truded material had decreased, but it had not disappeared. Also,
the signal intensity in the extruded material on a T2−weighted
image showed only a low signal (Fig.1). The doctor recommend−
ed that the patient undergo a surgical removal of this extruded
material, since the extruded material did not disappear within
one year and it still compressed the lumbar nerve root. Thus,
she was referred to our clinic in January, 2003.

At the initial presentation of our clinic, there were positive
straight leg raising test (SLRT) at 80 degree at the right side,
weakness of right flexor hallucis longus being 4/5 in manual
muscular testing, hypoactive Achilles tendon reflex and hypoes−
thesia along the dermatome of the right S1 (right 5th toe). Fig. 2
demonstrates a plain lateral radiograph and CT on the initial pre−
sentation at our clinic. There is a mass showing high density on
the CT scan at the just ventral side of the nerve root, which is un−
clear on the plain radiograph. Thus, the long−term radiculopathy
was diagnosed to occur due to compression of the nerve root by
an osseous endplate. Surgical removal was conducted using the
endoscope with small skin incision of 16 mm in length (Fig. 3,
right). During the operation, it was found that the osseous end−
plate, which corresponded to the high density mass on CT, was
compressing the S1 nerve root, and it was removed endoscopi−
cally (Fig. 3, left). Following the surgery, the pain disappeared
completely, and she returned to the previous full−time nursing
work. Also, muscle weakness and hypoethesia were normalized
after the surgery.

Discussion

Recently, the natural history of the extruded lumbar disc materi−
al has been well studied using high resolution MRI, and it was
found that the extruded material would have a natural reduction
with time [1± 4]. Experimental studies [6± 9] have been carried

Fig. 1 MRI at the initial presentation and at
one year follow−up. The size of the mass has
decreased; however, the mass still exists at
the follow−up MRI. Note the signal intensity
on T2−weighted image changed from very
high to low.

Fig. 2 Plain radiograph and CT. On CT (right), it is noted that a mass
with high density (red arrows) is located just ventral of the right S1
nerve root, which is unclear on the plain radiograph (left).

Fig. 3 Left picture indicates the removed osseous endplate which
compressed the nerve root. It was minimally invasively removed using
a spine endoscope. The right picture shows the operation scar of 16−
mm length.
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out to clarify the pathomechanism of the absorption. Thus, most
patients with herniated nucleus pulposus (HNP) have been con−
servatively treated. However, one can assume that it is difficult to
get natural absorption when the herniated material includes
bony fragments inside.

A larger size mass, migration to the caudal/cranial side, a mass
with high signal intensity on T2−weighted images, and a mass
showing enhancement with gadolinium are features of HNP on
MRI which signal the natural reduction [1± 4]. The initial MRI of
the present case showed exactly these features. Thus, her family
physician proceeded with conservative therapy, and it decreased
the back/leg pain. Also, the follow−up MRI one year after the
initial picture clearly demonstrated the decreased size of the
HNP. However, after one−year of conservative treatment, small
disc fragments still remained and compressed the nerve root.
From the CT scan, the fragments appeared to be bony tissue, and
we diagnosed HNP with an osseous endplate.

In the literature, there are no reports on the natural history of the
extruded bony fragment. The similar pathology of the HNP with
the osseous endplate is the apophyseal bony rim fracture in the
pediatric popuration [10]. Actually, pediatric patients with apo−
physeal bony ring fractures were recommended to be surgically
treated, because the extruded bony fragment, which compresses
neural tissue, would not be expected to absorb naturally. Sucato
[11] stated that treatment of the apophyseal bony ring is differ−
ent from that of HNP and surgical removal of the fragment
should be considered. Thus, coupled with the present case and
the previous reports, we propose that surgical intervention
should be taken into account for the treatment of HNP including
bony fragments such as an osseous endplate.

Recently, the HNP has been removed endoscopically [12,13].
Also, this technique has been applied to the other kinds of spinal
disorders [14,15]. For this case, the extruded osseous endplate
was also successfully removed endoscopically with a small 16−
mm skin incision. Endoscopic surgery is reported to be minimal−
ly invasive on the basis of clinical [12 ± 15] as well as biomecha−
nical [16] standpoints. Thus, endoscopic excision of the osseous
endplate in the present case is considered to be the best surgical
option for facilitating the early return to normal activities of dai−
ly living.
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Introduction

Intraoperative mapping of the language area is important in pa−
tients undergoing resection of glial tumors or epileptic foci in the
dominant hemisphere [1± 4]. Tasks for the assessment of lan−
guage function include object naming, counting, repetition and
auditory comprehension [3]. Of these, the naming task, one of
the most important for screening essential language function, is
widely used in awake surgery [1± 4].

Few reports detail the practical methods used in the operating
room when surgically draped patients are asked to perform nam−
ing tasks [1, 2,4]. Here we propose the utilization of personal di−
gital assistants (PDA), small instruments that are convenient for
the performance of intraoperative naming tasks in the spatially
confined operating room setting.

Materials and Methods

A handy PDA (SONY� Clie PEG−TJ25) was used by three patients
performing naming tasks during surgery for gliomas adjacent to
the language area in the left cerebral hemisphere. The instru−
ment featured a square (55 � 55 mm), back−lighted liquid crystal
display (LCD) for the display of objects to be named and a switch
that facilitated the easy changing of the displayed objects
(Fig.1).

We prepared collections of objects with common names using
Microsoft� Power Point and a personal computer. The file was
then converted into PDA format with software (Documents To
Go Premium 6) from XLSOFT Co. and loaded onto the PDA. Dur−
ing awake surgery, a speech therapist held the PDA screen in
front of the patient’s face and asked for the identification of seri−
ally displayed objects (Fig. 2).

When the patients were sufficiently awake to assess their lan−
guage function during awake surgery, they were asked to per−
form the naming task during awake surgery. All could easily see
and name the displayed objects and none had difficulty seeing
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Abstract

The naming task, one of the most important tasks for screening
essential language function, is widely used in awake surgery.
We employed personal digital assistants (PDA) for the display of
objects in three patients performing the naming task during
awake surgery for gliomas adjacent to the language area in the
left hemisphere. The compact, light−weight, self−illuminated in−
strument can easily be held close to the patient’s face. None had
difficulty seeing the screen despite the presence of the surgical
drape around the face. The examiner could easily change the dis−
played objects with a click. However, the PDA screen is too small
for use in auditory comprehension tasks such as the Token Test.

Key words
Personal digital assistants (PDA) ´ naming task ´ language area ´
awake surgery
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the PDA screen in spite of the darkness due to the presence of the
surgical drape. The speech therapist encountered no problems
with holding the PDA close to the patient’s face or with changing
the displayed objects with a click. Use of the PDA circumvented
visualization problems due to the patient’s position and inade−
quate illumination under the surgical draping.

Discussion

In our experience, the use of note−type PCs or sheets of paper to
display objects to be named in the course of awake surgery is
suboptimal because of the darkness and limited space to work
under the draping. We found that the PDA, a compact, light−
weight, self−illuminated instrument that allows changing the
displayed objects with a click, circumvents visualization prob−
lems due to the patient’s position and inadequate illumination
under the draping.

On the other hand, the PDA screen is too small for use in the also
important auditory comprehension task [3]. Therefore, to ad−
minister the Token Test [5], in which the patient identifies ob−
jects on command, we continue to use A3−size cards.
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Fig. 1 A handy PDA with a square (55 � 55 mm), back−lighted LCD is
used to display the objects during the naming task.

Fig. 2 A speech therapist shows the PDA display to the patient during
awake surgery. Although the surgical drape around the patient’s face
leaves only a small, badly lit area available for the display of the ob−
jects, they can be seen on the back−lighted screen of the small instru−
ment.
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Sir,

It is with interest that we note the paper by Singh et al. reporting
on endoscopic third ventriculostomy (ETV) in post−tubercular
meningitic hydrocephalus [1]. They report on a prospective
study of 35 patients, 54.3 % of whom are described as having ob−
structive hydrocephalus and 45.7 % with communicating hydro−
cephalus. These are defined by the authors using certain criteria.
The discrepancy between large supratentorial ventricles and a
smaller fourth ventricle is used to identify aqueduct stenosis
and a large fourth ventricle identifies obstruction of the foramina

of Luschka and Magendie. However, we have had hydrocephalic
patients with a relatively small fourth ventricle on computed to−
mography (CT) scans in whom magnetic resonance imaging
(MRI) revealed patency of the aqueduct (Fig.1). Also, we have in−
vestigated patients with a dilated fourth ventricle with air stu−
dies and found no obstruction to the outlet foramina.

Communicating hydrocephalus is defined in this paper by the
presence of cerebrospinal fluid (CSF) in the subarachnoid spaces.
However, Bruwer et al. [2] convincingly demonstrated that CT
findings are not reliable in the prediction of the level of block in
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Fig. 1 A CT scan showing triventricular
hydrocephalus. B Sagittal MRI scan showing
the same patient with a patent cerebral
aqueduct. ETV was attempted because of
shunt dysfunction but also failed.
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tuberculous hydrocephalus. This was supported by a report from
our institution [3]. CSF in the subarachnoid space is not a reliable
predictor of communicating hydrocephalus.

In a separate report by Lamprecht et al. the incidence of non−
communicating hydrocephalus was 17 % [4]. This is in keeping
with the older reports of this condition that demonstrate the
CSF block to be predominantly at the level of the basal cisterns.
The series by Lamprecht et al. is of particular interest because pa−

tients with communicating hydrocephalus were treated medi−
cally in the first instance with a combination of anti−tuberculous
medication, steroids, acetazolamide and furosemide, with regu−
lar pressure monitoring. Medical treatment of the hydrocephalus
was successful in 75 % of the cases, i. e., these patients required no
surgical treatment for hydrocephalus. Response can be assessed
by the improvement in the appearance of the CT scan and con−
firmed by lumbar pressure monitoring, an example of which is
shown in Fig. 2.

Visudiphan et al. [5] also confirm a very high rate of success with
a medical strategy that avoids surgical treatment. This is worth
keeping in mind when one considers the ETV success rate report−
ed in this paper of 84.2 % for obstructed hydrocephalus and
68.7% for communicating hydrocephalus. From the authors’ de−
scription we are unsure that there was the same targeted ap−
proach to the medical treatment of hydrocephalus in the early
and intermediate group.

As we have added to our original experience with endoscopy in
tuberculous hydrocephalus we have progressively refined our
approach. We agree with the authors that TBM is a challenge for
the endoscopist because of the technical difficulty, which we in−
itially reported [6]. This is precisely why we believe that a more
selective approach should be taken to the management of these
patients. We do not believe that ETV is appropriate if one can de−
monstrate with the use of air encephalography or MRI scans an
unimpeded passage of CSF flow through the ventricle system
and to the basal cisterns. Modified air encephalography can be
performed safely; however a strict protocol must be adhered to
[3]. According to our thinking this is preferable to performing
an unnecessary endoscopic procedure, particularly in a group of
patients who experience such a high rate of success with ade−
quate medical treatment alone.
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Fig. 2 A CT scan appearance before (left) and after (right) one month
of medical treatment as described. B The accompanying decrease in
pressure on lumbar pressure monitoring before (above) and one
month after (below) commencement of medical treatment.
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