
Abstract

Preoperative three-dimensional images with surface venous

anatomy may be used in the planning of a linear scalp incision

and the opening site of the dura mater for protection of surface

veins during surgical dissection, and to find the splitting site of

the brain according to the lesion. In 45 patients who had a brain

tumor, linear scalp incision planning was done by regarding the

three-dimensional images derived from post-contrast time-of-

flight (TOF) sequence raw data. The findings of correspondence

and the quality of routine contrast-enhanced magnetic reso-

nance imaging (MRI) and three-dimensional volume rendering

for tissues (VRT) images were analyzed separately with the

surgical findings according to a visual grading system. Our

experience revealed that the surgical findings correlated well

with the three-dimensional VRT images. According to a visual

surgical grading system, a grade III correlation was found in 20

(45 %), grade II in 15 (33 %), grade I in 7 (15 %), and grade 0 in 3

(7 %) patients in our study population. At the end of our research

we conclude that this method is useful in terms of the preopera-

tive determination of brain surface anatomy and may be used in

the determination of the site of a linear scalp incision according

to the localization of an intracranial lesion.
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Introduction

Recent developments in MRI and post-processing techniques

permit the direct and non-invasive depiction of superficial struc-

tures of the brain. At the same time, they allow the visualization

of pathologic tissues and their relationship with nearby neuro-

vascular structures. There are so many imaging methods that

have been presented in the literature to identify cerebral surface

anatomy in relation to intracranial lesions in patients who have

intracranial tumors [1, 2].

In routine practice, cortical and vascular imaging is performed by

specific sequences based on TOF or phase-contrast (PC) techni-

ques [3–8]. Imaging techniques after contrast medium adminis-

tration have been tried for a better visualization of cortical and

vascular tissues [3, 4, 7, 8]. The present study was carried out in

order to apply a contrast-enhanced imaging technique and a new

post-processing algorithm, namely, the VRT technique for de-

monstrating cortical and venous structures together with a

better depiction of tumor tissue and its relationships.

These images may be used in preoperative planning of a linear

scalp incision and the craniotomy location. In this study, we

describe our experience with this technique, and assess the

correlation of the data obtained from this technique with the

surgical observations in 45 patients.
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Materials and Method

This study included 45 patients (aged between 26 and 76 years)

who had suffered from a cortical or a subcortical brain tumor

between 2002 and 2004. Before operation, all patients under-

went standard MRI examinations (T1-weighted with contrast

and non-contrast axial, coronal, sagittal, and T2-weighted axial,

coronal, and sagittal images) (Figs. 1 and 3).

Imaging technique

We performed VRT-based, three-dimensional imaging from sui-

table raw data. After injection of 0.1 mmol/kg contrast material

(Magnevist, 0.5 mmol/mL, Schering, Germany) we planned flash-

three-dimensional TOF sequences (TR/TE: 36/4. 6 FA: 25 slice

thickness: 1.5 mm interval: 0 mm; matrix: 256�384; field of

view [FOV]: 150�200 cm; number of slabs: 4 partition: 64) in a

1.5 Tesla active super-conducting magnet system (Magnetom

Symphony-Quantum, Siemens, Erlangen, Germany).

The FOV was planned to include the brain, calvarium and extra-

cranial soft tissues in axial, coronal and sagittal planes in all

patients. We use this sequence primarily as an intracranial

imaging method with no contrast for venous or arterial angio-

graphy in routine practice. The mean acquisition time was about

7 minutes. After scanning, all raw data were transferred to the

workstation (LEONARDO, the syngo post-processing unit, Erlan-

gen, Siemens). Firstly, three-dimensional images were produced

in the unit by using surface-shaded display (SSD). After manual

removal of extracerebral tissues on three-dimensional SSD

images by the crop technique provided by the software, max-

imum intensity projection (MIP) and VRT techniques were ap-

plied on the imaged data. The reconstructions were interactively

Fig. 1 A T2-weighted axial, and
B T1-weighted with contrast coronal
images. T = tumor.

Fig. 2 A and B Tumor tissue and its relationship with nearby cortical and vascular structures were well demonstrated by three-dimensional
imaging techniques and surgical observation. T = tumor, SAV = superior anastomotic vein. C The incision site was marked at the workstation.
C = calvarium, T = tumor, I = incision site.
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post-processed at the workstation and could be viewed from any

chosen angle (Figs. 2, 4 and 5).

All data derived from preoperative routine MRI with contrast and

three-dimensional images were analyzed regarding the depic-

tion of the cortical venous system, cortical formation, tumor

morphology and tumor relationships with nearby cortical and

venous structures.

We used a grading system for assessment of the correlation of

the data obtained from this technique with the surgical observa-

tions. According to this system results were divided into four

grades. These grades are shown in Table 1. Student’s t test was

used for statistical analysis.

Results

Forty-five patients with intracranial tumors (twenty-five fe-

males and 20 males, aged between 26 and 76 years) were

operated between 2002 and 2004 after the performance of the

three-dimensional VRT imaging technique. All tumors were

located in cortical and subcortical regions of the brain. Twenty

of them were meningiomas (45 %), 15 (33 %) were metastasis, and

the remainder (22 %) were primary glial tumors.

Tumor tissue and its relationship with nearby cortical and

vascular structures were well demonstrated by three-dimen-

sional imaging techniques in all patients.

Grade III correlations were found in 20 (45 %), grade II in 15

(33 %), grade I in 7 (15 %), and grade 0 in 3 (7 %) patients in our

study population. Table 2 shows a summary of the results with

respect to the correlation between three-dimensional VRT

images and surgical observations.

We regarded grade 0 and I correlations as poor, and grade II and

III correlations as good results. Good results were clearly better

than poor results. The differences between poor and good results

were statistically significant (p < 0.001).

Discussion

The relationship of tumor tissue with nearby normal cortical and

vascular tissues is an important factor in the planning of a

surgical intervention. Cortical venous structures, for example,

Fig. 3 A T1-weighted with contrast
axial, and B T1-weighted coronal images.
T = tumor.

Table 1 Grading of the correlation between three-dimensional
VRT images and surgical observation

Grades Description

Grade 0 There is no correlation between three-dimensional
VRT images and surgical observation.

Grade I There is some correlation between three-dimensional
VRT images and surgical observation, but this
correlation is not optimal with respect to the
cortical venous system, gyral, sulcal and fissure
formation, and tumor morphology and relationships
with nearby cortical and venous structures.

Grade II Although the correlation between three-dimensional
VRT images and surgical observation is optimal in the
aspect of lesion location on the brain surface, there is
no complete correlation regarding cortical venous
structures, gyral, sulcal and fissure formation.

Grade III There is a complete correlation between three-
dimensional VRT images and surgical observation.

Table 2 Summary of results with respect to the correlation
between three-dimensional VRT images and surgical
observation

Grades Results

N %

Grade 0 3 7

Grade I 7 15

Grade II 15 33

Grade III 20 45

Total 45 100
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should be protected as much as possible during the surgical

intervention for the complete removal of a brain lesion to avoid

a devastating complication. Before starting a surgical interven-

tion, knowledge about the location and the relationship of these

structures to brain lesions not only may enhance the orientation

of a surgeon to a surgical field but also may facilitate the

planning of a proper linear scalp incision and a small but

sufficiently large craniotomy as far distant as possible from

venous structures.

In this study, we mainly hypothesized that three-dimensional

VRT images may show the relationship between tumors and

brain structures such as the cortical venous system, gyral, sulcal

and fissure formation, and tumor morphology. This knowledge

may enhance surgical orientation to a lesion seated in the brain.

Three-dimensional images showing gyri, sulci, fissures and cor-

tical venous structures may make it easier to approach the lesion

and at the same time can prevent possible cortical venous

damage [1, 2].

The T1 shortening effect of a contrast agent reduces the effect of

spin saturation, and also compensates slow flow and in-plane

flow, which is typical in the distal branch of intracranial vessels,

resulting in better visualization of cortical venous structures. In

this way, both decreasing the flip angle and decreasing TR levels

are possible. Contrast-enhanced magnetic resonance angiogra-

phy (MRA) can be useful in evaluating intracranial vascular

lesions, particularly those with slow flow [7, 8]. There are some

studies in which phase contrast angiography sequences have

been used for the depiction of intracranial vascular structures

in the literature [1, 3, 5].

VRT, which was the primary post-processing technique, used for

three-dimensional imaging in this study is a relatively new

technique. Its algorithm is more complex than the other techni-

ques and it requires expensive computation techniques and

software. In this technique, all voxels in the volume are analyzed

under four subgroups.

It includes all of the relevant data into the final three-dimen-

sional image and overcomes many of the problems seen with

MIP and SSD. Accordingly signal intensity levels, which have

different colors and transparency, can be applied to different

volumes. By using this technique one or more volumes can be

made invisible to demonstrate underlying structures. The rela-

tionship of a volume with other structures can be imaged and

demonstrated. This is a routine and widely using technique like

SSD and MIP, which produces images by the use of preselected

volumes. The primary reasons for using of volume rendering

over MIP and SSD are the improvements of image accuracy and

quality [9,10].

In 78 % of the cases, the correlation between software images and

direct surgical observation was satisfactorily sufficient. Among

these cases, 45 % of them were grouped into a grade III correla-

tion. In this group, we found that the correlation between soft-

ware images and surgical observation was excellent.

Fig. 4 A and B Tumor tissue and its
relationship with nearby cortical and
vascular structures were well demon-
strated by three-dimensional imaging
techniques and surgical observation.
T = tumor, BV = bridging vein.

Fig. 5 The incision site of some case in Fig. 4 was marked at work-
station. T = tumor, BV = bridging vein, I = incision site.
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In 22 % of the cases, the correlation between images and direct

observation was insufficient. Among these cases, 15 % of them

showed some correlation between three-dimensional VRT

images and surgical observation, but this correlation is not

optimal with respect to the cortical venous system, gyral, sulcal

and fissure formation, and tumor morphology and relationships

with nearby cortical and venous structures. In 7 % of the cases (3

patients), the correlation was poor and insufficient. But in com-

parison with routine MRI, these data may give some information

about the lesion to enhance the orientation of a surgeon to the

surgical field.

Conclusion

Three-dimensional image generating software programs are

useful in the demonstration of cortical and subcortical lesions

and their anatomical relationship with nearby venous structures,

gyri, sulci, and fissures formation. These data may be used to

localize a linear skin incision on the scalp surface in accordance

to the location of the lesion. At the same time, a small but

sufficiently large craniotomy may be done on the cranium in

accord with the lesion and perilesional structures such as drai-

nage veins and sulci. These computer-generated software images

may enhance the surgical orientation to a surgical field, and may

also facilitate the protection of venous vessels nearby a lesion.

This imaging technique may be useful in surgical interventions

for cortical and subcortical brain tumors.
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Abstract

The management of thalamic gliomas is extremely variable,

ranging from radical excision in some cases to more conservative

therapy such as a biopsy and radiation. There is a high incidence

of associated hydrocephalus. The principles of management are,

therefore, histological diagnosis, CSF diversion and adjuvant

therapy. Endoscopy appears to offer a new approach to achieve

histology and CSF diversion. The various goals achieved with the

use of endoscopy in the management of 4 patients with thalamic

gliomas are described. With the endoscope we achieved histolo-

gical diagnoses and CSF diversion was facilitated in all these

cases. There were no complications. The advantages of endo-

scopy in the management of thalamic masses are discussed.

Endoscopic intervention appears to offer a modular approach to

these lesions.

Key words
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Introduction

The management of thalamic gliomas is constantly evolving. It

ranges from empirical radiotherapy to open microsurgical exci-

sion [1–3]. Associated hydrocephalus is managed with CSF diver-

sion. Endoscopic interventions can achieve all the necessary

objectives, such as tissue diagnosis and CSF diversion. We pre-

sent our experience with four such patients.

Case Reports

Case 1

A 46–year-old woman presented with chronic, non-specific

headache with recent increases in severity. On examination she

was alert, oriented, had papilloedema and right-sided pyramidal

signs. A CT scan of the brain revealed a predominantly hypodense

left thalamic mass with variegated contrast enhancement. There

was dilatation of the anterior third and lateral ventricles (Fig. 1).

Through a right frontal burr hole a third ventriculostomy was

done, later the bulging thalamic mass was biopsied. A septost-

omy was done to tackle the potential lateral ventricular dilata-

tion due to the deformed left foramen of Monro. Biopsy revealed

a low-grade glioma.

Case 2

A 19-year-old woman presented with symptoms of raised ICP of

recent onset. On examination, she was alert, oriented, had pa-

pilloedema and bilateral abducens palsy. CT and MR scans of the

brain revealed an anterior thalamic mass on the left side. The left

lateral ventricle was dilated with the septum deviated to the

right. The third ventricle was normal (Fig. 2). Through a left

frontal burr hole, a septostomy was done and later the anterior

thalamic mass was biopsied uneventfully. The histopathological

examination revealed a low-grade glioma.

Case 3

A 33-year-old man presented with features of abnormal behavior

and urinary incontinence of short duration. On examination his

GCS was 14/15, he had no focal neurological deficits. A CT scan of

his brain revealed a left caudate mass with lateral ventricular
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dilatation. Through a left frontal burr hole approach a third

ventriculostomy was done. Later the mass was biopsied followed

by a septostomy. The histopathological examination revealed a

low-grade glioma of the gemistocytic type.

Case 4

An 11-year-old boy presented with features of raised intracranial

pressure. Clinically he had bilateral papilloedema and bilateral

lateral rectus paresis. A CT scan of his brain showed an ill-defined

mass lesion in the right thalamus with variegated enhancement.

The lateral and the anterior third ventricles were dilated.

Through a left frontal burr hole a third ventriculostomy, a biopsy

of the mass and a septostomy were done (Fig. 3). Histopathology

was reported as an anaplastic astrocytoma.

Discussion

Thalamic gliomas constitute 1–5 % of all intracranial tumors [1].

The incidence is higher in the first two decades of life. Manage-

ment varies from radiotherapy or chemotherapy with or without

histological diagnosis to radical excision. Obstructive hydroce-

phalus is a common accompanying feature by virtue of the

location of these tumors and is usually managed with CSF

diversion [4]. Histology determines the type of radiotherapy

and the prognosis [1]. Neuroendoscopy offers new modes of

achieving the treatment goals, namely histological diagnosis

and CSF diversion [5–7]. Stereotaxy was preferred in view of its

minimal invasiveness and short procedure. When coupled with

CSF diversion this amounts to two independent surgical proce-

dures with their attendant risks. The role of VP shunt and the

problems associated with it are well known. Open surgical

excision, on the other hand, has been attempted since the early

days, and later with technological advances although their role

in the final outcome is not yet clear [2, 3].

Third ventriculostomy is a common endoscopic procedure with a

high patency rate in obstructive hydrocephalus. The anatomy of

the third ventricle is familiar to most endoscopists and, there-

fore, a biopsy of a mass bulging into it should pose no major

hurdle. The neuroendoscope seems to combine the advantages of

minimal invasiveness, visualization and importantly of provid-

ing real-time guidance to facilitate adjustments if necessary. In

Fig. 1 CT scan of
the brain revealing a
variegated mass
involving the left
thalamus. The
posterior half of the
third ventricle is
occluded.

Fig. 2 Contrast-
enhanced MRl of the
brain revealing an
anterior thalamic
mass on the left side.
The left lateral
ventricle is dilated
with the septum
pellucidum deviated
to the right. The third
ventricle appears
normal.

Fig. 3 Operative
photograph showing
the left foramen of
Monro, the bulging
right thalamic mass
can be seen. In the
depth, the floor of
the third ventricle
following ventricu-
lostomy.

Fig. 4 Coronal section of the brain with arrows indicating the poten-
tial sites for biopsy and septostomy.
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our series, the lesions have involved the anterior thalamus,

bulged either into the lateral or the third ventricle and hence

could be reached with the standard rigid endoscope and the

procedure could be tailored according to the need. Third ventri-

culostomy was done only in cases with obstructive hydrocepha-

lus. The location of these tumors seems to favor foramen of

Monro blockage and a septostomy was essential to avoid bilat-

eral shunts (Fig. 4). The therapeutic flexibility is in our opinion

the major advantage of endoscopy. With endoscopy we could

achieve all the objectives, that of tissue diagnosis and CSF diver-

sion in a single, short procedure.
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Abstract

Intraoperative 3D ultrasound (3D-iUS) may enhance the quality

of neuronavigation by adding information about brain shift and

tumor remnants. The aim of our study was to prove the concept

of 3D ultrasound on the basis of technical and human effects. A

3D-ultrasound navigation system consisting of a standard per-

sonal computer containing a video grabber card in combination

with an optical tracking system (NDI Polaris) and a standard ul-

trasound device (Siemens Omnia) with a 7.5 MHz probe was

used. 3D-iUS datasets were acquired after craniotomy, at differ-

ent subsequent times of the procedure and overlaid with preop-

erative MRI. All patients underwent early postoperative 3D MRI

including contrast agent within 24 hours after surgery. Acquisi-

tion of 3D iUS and the fusion with preoperative MRI was suc-

cessful in 22/23 patients. The expenditure of time was at least 5

minutes for one intraoperative 3D US dataset. The technique was

used three to seven times during surgery. The quality of the ul-

trasound images was superior in cases of metastasis, men-

ingeoma and angioma over those in malignant glioma. Brain

shifting ranged from 2–25 mm depending on localization and

kind of tumor. A resection control was possible in 78 %. All six

neurosurgeons demonstrated a learning curve. The introduction

of 3D ultrasound has increased the value of neuronavigation

substantially, making it possible to update several times during

surgery and minimize the problem of brain shift. Configuration

of both the 3D iUS based on a standard ultrasound system and

the MR navigation system is time- and especially cost-effective.

Faster navigational datasets and more intuitive image-guided

surgery enable novel and user-friendly display techniques.

Key words

Neuronavigation � intraoperative ultrasound � tumor resection �

brain shift

Introduction

Intraoperative imaging is beneficial for intraoperative orienta-

tion, reducing the extent of craniotomy, aiding the detection of

brain shift and for resection control [1–4]. Tumor as well as

tumor remnants and normal brain structures can be visualized

during a surgical procedure with high sensitivity [5]. Intraoper-

ative 3D-US, iMRI and iCT are established techniques for intra-

operative navigation [6–8]. The 3D reconstruction of the iUS

information and the transmission into the surgical situation is

necessary to identify a target and localize it within the operation

field. A combination of preoperative MRI with intraoperative 3D

ultrasound (3D-iUS) may enhance the convenience of neuro-

navigation by adding intraoperative information. Limitations

could be the required time for intraoperative data transfer, a

possibly lower quality of resliced planes from 3D-ultrasound da-

tasets compared to the conventional 2D mode and the higher

costs for a special configurated navigation system [9,10]. In our
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previous paper [11] we demonstrated the development of a new

3D-ultrasound navigation system based on acquired preoperative

MRI and iterative intraoperative ultrasound datasets. The appli-

cation of such a workstation is not only complicated by technical

facts. In addition, the intraoperative handling of 3D-iUS and the

acceptance by different neurosurgeons both have an impact on

the surgical results [3,12]. The aim of our study was to prove the

concept of 3D ultrasound with regard to technical effects and

human impact [13]. This includes measurement of fusion accu-

racy, the extent of tumor resection and the suitability for detec-

tion and capture of intraoperative brain shift as well as a protocol

of operative handling as described by different neurosurgeons.

Patients and Methods

Between May and December 2004, 23 patients were included in

the study. Selection criteria were created on the basis of size and

location of the cranial tumor. All patients were informed regard-

ing the methodology and agreed to participate in the study. The

ethics commission approved our operative protocol.

The lesions exhibited a size from 1–7 cm and were mainly locat-

ed in the deep-seated supratentoral region of the brain. Locations

as well as size are shown in Table 1.

In our standard protocol under navigational conditions, six dif-

ferent surgeons operated eight metastasis, six glioblastomas,

three anaplastic gliomas, three meningeomas, one angioma,

one lymphoma and one cyst from the arachnoids. For navigation

support, a freehand 3D-ultrasound workstation was used con-

sisting of a standard personal computer (Fujitsu-Siemens CPU

Intel 4, 2.8 GHz) containing a video grabber card (nVIDIA Ge-

Force4) in combination with an optical tracking system (NDI Po-

laris) and a standard ultrasound device (Siemens Omnia) with a

standard phased array 7.5 MHz probe [14–16]. No other probe

was used in order to compare operative results of different

neurosurgeons. Preoperative 3D-MRI-dicom data were acquired

with a 1.5 T Siemens scanner and transferred to the navigation

workstation (Localite Navigator). MR images with one mm thick-

ness ensured a high level of accuracy. A total of 250 T1-weighted

3D-MR images per patient with contrast agent were obtained

(FOV: 25 cm, matrix: 256�256, repetition time: 11.4 msec) for

data processing. The area of contrast enhancement (including

necrotic tissue) was defined as tumor and determined as volume

in a summing of each slice. The registration was performed with

skin fiducials. An active pointer and a passive tracker as reference

(mounted on a Mayfield clamp) were also used. In addition, the

ultrasound probe was tracked with an active tracker. The US

phased-array probe was covered with sterile drapes filled with

ultrasound gel. The surface of the probe was moistened to prove

Table 1 All kind of tumors displayed for size, brain shift, possibility to be visualized, resection control and intraoperative results in ac-
cordance with postoperative MRI. ‘‘yes’’ was defined as exact correlation (right-positive or false-negative) between the last iUS in
comparison to postoperative MRI as gold standard for tumor remnants, ‘‘no’’ shows differences between last intraoperative iUS to
postoperative MRI with respect to tumor remnants. In four cases a comparison was impossible for reasons of image quality and
shift

Sex� Age Kind of tumor Site Shift iUS/MRI
(maximal, mm)

Resection
control/remnant

Correlation
post-MRI

1 70 Metastasis temporal 8.5 good yes

2 56 Metastasis frontal 3.5 good no

1 56 Metastasis central 7.1 good no

2 55 Metastasis central 4.0 good yes

2 45 Metastasis central 10.0 good yes

1 71 Metastasis temporal 11.0 good no

1 53 Metastasis temporal 0.0 good yes

1 76 Metastasis frontal 2.0 good yes

1 54 GBM IV temporal 15.0 remnant

1 47 GBM IV frontal 10.0 remnant

2 62 GBM IV temporal 10.0 remnant

1 48 GBM IV frontal 2.0 good no

2 72 GBM IV frontal 1.0 good, remnant yes

1 70 GBM IV frontal 2.0 good no

2 53 glioma III temporal 0.0 good yes

1 19 glioma III frontal 0.0 good yes

1 61 glioma III frontal 0.0 good yes

1 53 Meningeoma III central 2.0 remnant yes

1 69 Meningeoma II temporal 2.0 good yes

1 72 Meningeoma I frontal 0.0 good yes

2 73 Cyst frontal 25.0 shift

2 69 Lymphoma temporal 2.0 good yes

�1 = male, 2 = female; age in years.
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for an excellent contact milieu. Rendering images of known ori-

entation in space into a volume could create 3D-iUS data

[17–19]. The volume location was previously defined using the

ultrasound probe as a pointer, so that the ultrasound imaging

could be processed directly in different depths (6–12 cm) [20].

3D ultrasound datasets were acquired after craniotomy, at dif-

ferent subsequent times of the procedure until the end of the

operation and overlaid with preoperative MRI.

All patients underwent early postoperative 3D-MRI including

contrast agent within 24 hours after surgery. The data acquisi-

tion was carried out in the T1-weighted 2D spin echo technique

and required only a few minutes. In accordance with the preop-

erative procedure, the postoperative imaging was performed as

T1-weighted scans with and without contrast agent to define

tumor remnants. For better identification of tumor remnants,

both identical slices were subtracted. Evaluations of complete

and incomplete tumor removal were made by the radiologist and

neurosurgeon independently and recorded in the protocol [21].

A standard protocol was prepared to describe the additional time

using 3D-iUS, the conditional influence of operations and the

practicability by the different surgeons. Quality of iUS as well as

advantages and disadvantages of different ultrasound adjust-

ments were investigated. Tumor volumes and remnants were

analyzed by comparing pre- and postoperative MR images in re-

lation to intraoperative 3D-iUS. Brainshift was measured as high-

est deviation for anatomic structures between preoperative MR

images and iUS datasets. All surgeons gave a range from 1 (very

good) to 5 (unsatisfactory) for the intraoperative ultrasound per-

formance (Table 2).

Results

In all cases except one the acquisition of 3D-iUS and the fusion

with preoperative MRI was successful. In one case there was a

mismatch of intraoperative 3D-iUS to preoperative T1-weighted

MRI caused by an unintended passive tracker movement during

the operation procedure. The expenditure of time was 5 minutes

for one 3D-iUS dataset and sets were obtained three to seven

times during surgery. In all cases anatomic structures and re-

gions of interest (ROI) could be identified. The quality of the ul-

trasound images was superior in cases of metastasis,

meningeoma and angioma over those in cases of malignant

glioma.

Measurement of shifting was possible in each case. Brain shifting

ranged from 2–25 mm with a mean of 5 mm depending on lo-

calization and kind of tumor. A rising shift of about 20 mm was

detected in a cystic tumor after CSF leakage. Resection control

was possible in only 78 % of all tumors. The reason for failed ul-

trasound visualization of tumor borders in 3 glioblastomas was

the blur differentiation between tumor and edema, in the cystic

process the shift during resection and the described case with

technical problems.

Intraoperative 3D ultrasound discovered tumor remnants in 3

high-grade gliomas and one lymphoma with the consequence of

gross total resection. There was no observed permanent neuro-

logical impairment after surgery. Finally a high correlation be-

tween postoperative MR images and 3D-iUS datasets was

demonstrated in 14/22 cases (63.6 %, Table 1).

Technical factors

The calibration of the US probe in a water-bath model with cross

wires inside was done once offline before the operation started

and took 2 hours. No special preparation was acquired for intra-

operative ultrasound. The navigation scene (with skin fiducials)

and the use of preoperative MRI were the same as known from

typical neuronavigation. A video cable connects the US probe

with the workstation. The first iUS dataset was recorded by a

sweep before dura opening. By the movement of the tracked US

probe over the operative site a quantity of at least 100 to 500 2D-

iUS images created a 3D-iUS dataset. To compare this dataset

with the preoperative MRI the new visual appraisal ‘‘Magic Lens’’

(Fig. 1) was performed. The iUS data were overlaid to the MRI in

all planes of the space within a few seconds. This technique al-

lowed a brain shift analysis, differentiation of ROI and tumor, and

avoided technical mistakes. For intraoperative orientation, the

‘‘Compare panel’’ feature was offered to compare 2D iUS, 3D-iUS,

iUS

TM
MR

Fig. 1 Extracted slice of 3D-IUS matched with overlaid MRI to detect
brain shift and anatomic structures, for example, cystic glioma.

Table 2 Intraoperative ultrasound performance, definition of rat-
ings (note)

Note 1 Excellent performance, no problem, use of all techniques
features

Note 2 Very good performance, visualization and matching with
marginal problems

Note 3 Good performance, use of the main US features, interpretation
with help possible

Note 4 Acceptable performance, stability problems, but use of 3D-iUS
possible and helpful

Note 5 Negative performance, matching and/or stability problems,
finish of operation without iUS
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preoperative MRI and an orientated cut view in one plane

(Fig. 2). The ‘‘real-time’’ technique gave a nearly real-time visuali-

zation with different tracked devices. Tumor remnants, vessel

structures and ROI were colored as well as borders to falx and

skull base (Fig. 3). In the course of the tumor resection the iUS

was used up to seven times.

Human factor

All neurosurgeons accepted handling of the system but there was

a different learning curve. Four neurosurgeons with only a basic

knowledge about ultrasound applied the equipment after a short

information in the correct way. But the transformation of ultra-

sound images in the actual operative situation was not easy and

sometimes needed support. The quality rating system, based on

experience during the operation procedure, was developed in

our department.

The two ultrasound-experienced neurosurgeons improved the

intraoperative technique, appraised all possibilities of the ultra-

sound equipment and assessed it with the note ‘‘1’’.

According to the expectations, the inexperienced neurosurgeons

orientated their tumor resection control more on preoperative

MR imaging than intraoperative 3D-IUS. They assessed the iUS

adjustment with an average note of ‘‘3’’.

Discussion

An ideal navigation system allows the comparison between

modified 2D ultrasound as a component of a 3D map with MRI

images corresponding to the anatomy in different times

[13, 22–25]. We solved the problem of shifting anatomy during

operation by navigating with updated 3D-iUS. Even in cases of

brain shift the surgeon can get a closer and more confident es-

timation of the tumor size within a renewed 3D-iUS dataset

[17–19, 26, 27].

At least for a group of intracranial echogenic lesions like cysts,

abscesses, metastases, meningeomas or solid high-grade glio-

mas the 3D-US navigation environment seems to be of equiva-

lent usefulness to 3D iMRI datasets. The easy intraoperative

repeatability of 3D-iUS offers a considerable benefit with respect

to the brain shift problem. The acquisition and presentation of a

3D-iUS dataset requires about five minutes. Compared to a situ-

ation without any form of image-based navigational support

even the exclusive 3D-iUS dataset alone is a valuable orientation

[5,14, 28]. We compare preoperative MRI and 3D-iUS in the be-

ginning of the resection to detect anatomic homogeneity and in-

homogeneity. If the tumor and the border to surrounding tissue

could be easily identified, we preferred the use of 3D ultrasound

alone. In cases of intracranial lesions that were scarcely visible in

iUS images without differentiation of surrounding tissue, the

surgeon had only an indirect benefit from the 3D-iUS navigation

environment. If the tumor is visible in the MRI images and sur-

Fig. 2 Extract of 3D-iUS dataset (left),
2D-US (right) and preoperative MRI (below)
of the same anatomical position in space
comparing different image qualities.
The technique was defined as ‘‘Compare
panel’’.
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rounded by physiological structures that can be identified in

both MRI and iUS, the target can be marked and mapped onto the

US data set [12, 21, 29]. The Localite navigator worked in a reli-

able and safe manner. All visualization techniques offered addi-

tional information for the neurosurgeon.

The introduction of 3D ultrasound has increased the value of

neuronavigation substantially, making it possible to update ul-

trasound-based navigation several times during surgery and

minimize the problem of brain shift. Intraoperative imaging is

not only useful for navigation purposes but can, of course, also

deliver new information about the surgical process like identifi-

cation and localization of residual tumor, thus providing en-

hanced information for the decision of further surgical steps

[8, 9, 30].

Accurate fusion of MR images and intraoperatively acquired 3D-

iUS was successful in all cases except one. Configuration of both

the 3D-iUS based on a standard ultrasound system and the MR

navigation system is time- and especially cost-effective. On the

other hand the 3D-iUS demonstrated in only 63.6 % a high ac-

cordance with the gold standard of postoperative MRI. One factor

of intraoperative ultrasound is the poor differentiation of tumor

remnants, surrounding tissue and edema, especially during pro-

gression of the operation procedure. Solutions could be the use of

high-end ultrasound devices or the impact of ultrasound con-

trast agent [31]. In addition, most neurosurgeons are more fa-

miliar with MRI and CT than with ultrasound images although, in

our study, there was a clear learning curve to interpret ultra-

sound images.

Tumor resection control was excellent in cases of metastasis,

meningeomas and solid gliomas. The image quality of extracted

slices in different planes is comparable to 2D images. The high

repetition rate of 4 images/sec allows excellent hand-eye coor-

dination. The time delay of about 5 minutes from the acquisition

of the iUS data to the calculation of the 3D volume allows for a

nearly unlimited updating during the surgical procedure. Novel

and user-friendly display techniques will make it possible to per-

form faster and more intuitive image-guided surgery as com-

pared with conventional neuronavigation systems and real-time

2D ultrasound [29, 32].

However, the unsolved issue of 3D-iUS is the sensitivity and

specificity in detecting tumor tissue at the conclusion of the sur-

gery. Further investigation will be needed to explore the scien-

tifically proven value of ultrasound in neuronavigation.
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Fig. 3 Intraoperative 3D ultrasound
matched with preoperative MRI dataset.
Tumor remnants can be clearly identified in
several planes (white arrow demonstrates
the pointer orientation and direction)
with the result of complete resection in
this case of left frontolateral meningeoma
(WHO III).
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Abstract

Objective: Focused, highly targeted radiosurgery and fraction-

ated radiotherapy using the Cyberknife are useful treatments for

multiple or large metastases. Here we present our results of

Cyberknifes radiosurgery for 71 patients with 148 metastatic

brain lesions. Methods: There were 32 women and 39 men with

a median age of 63 (range: 30–88) years. Radiographic follow-up

was available for 60 patients with 104 lesions. The mean and

median initial volumes of the tumor per lesion were 6.6 and

2.9 cm3 (range: 0.1–53.2 cm3), respectively, at the time of the in-

itial Cyberknife treatment. Forty patients (56 %) had a single le-

sion, and 31 (44 %) had multiple lesions (range: 2–7) at initial

treatment. The number of fractions ranged from 1 to 3, and forty

(27 %) of 148 lesions were treated by a fractionated course of

Cyberknife therapy. The mean marginal dose was 20.2 Gy (range

7.8–30.1 Gy, median: 20.7 Gy). Results: At 44 weeks of median

follow-up, there were no permanent symptoms resulting from

radiation necrosis. Overall 6-month and 1-year survival rates

were 74 % and 47 %, respectively, and the median survival time

was 56 weeks. The Karnofsky performance score and extracra-

nial metastasis were significant prognostic factors at 6 months

and 1 year, respectively, in both univariate and multivariate anal-

yses. Age or multiple metastases did not influence prognosis at 6

months and 1 year. Local control was achieved in 83 % (86 le-

sions). After additional radiosurgical or surgical salvage, no pa-

tient died as a result of intracranial disease. Twenty-five patients

developed 92 new metastases (range 1–13) outside of the treat-

ed lesions with 22.4 weeks of median follow-up. Among them,

21 patients (84 lesions) were treated by salvage Cyberknife. Con-

clusion: Despite the inclusion of an unfavorable group of pa-

tients with large tumors, our results for survival and tumor

control rates are comparable to those of published series. The

Cyberknife provides the advantage of allowing for fractionated

treatment to multiple or large-size tumors.

Key words

Metastatic brain tumor �Cyberknife � radiosurgery � radiotherapy

Introduction

Stereotactic radiosurgery is widely used in the treatment of brain

metastases, and has achieved better local control and may im-

pact survival compared with whole-brain radiation therapy

(WBRT) [1–4]. Stereotactic radiosurgery of intracranial targets

has been possible because of rigid target fixation with a skull

frame. More recently, with the advent of image guidance, the

Cyberknife (Accuray, Sunnyvale, CA, USA), has been used to de-

liver precision radiosurgery. The Cyberknife, developed in 1997

[5–7], is a modification of LINAC-based radiosurgery in which a

compact linear accelerator is mounted on a highly maneuverable

robotic manipulator. The Cyberknife eliminates the need for

skeletal fixation or rigid immobilization of the patient by its

use of real-time image guidance. Gamma-knife units have sev-

eral limitations, including rigid target fixation and limited de-
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grees of treatment freedom, which could be major drawbacks

when treating patients with multiple, large, or non-spherical

tumors. Such patients could benefit from the use of homogene-

ous irradiation and the delivery of fractionated Cyberknife ther-

apy. To our knowledge, no previous reports have quantified the

use of the Cyberknife in the treatment of metastatic brain

tumors. Here we describe initial results of Cyberknife radiosur-

gery/radiotherapy in patients with brain metastases treated at

our institution. In this study, we also investigate relevant factors

affecting patient survival and local tumor control.

Materials and Methods

Patient population

Seventy-one patients with metastatic brain tumors (148 lesions)

were treated with Cyberknife radiosurgery at Kounan Saint Hill

Hospital between 1997 to 2001. Patients with clinical follow-up

for more than 3 months were included in this study. Patient age

ranged from 30 to 88 years, with a median of 63 years. Thirty-

two patients (45 %) were female and 39 (55 %) were male. The

median and mean volumes of the tumors were 3.0 and 6.6 cm3

(range: 0.1–53.2 cm3), respectively, at the time of the initial

Cyberknife surgery. The median volume of the main tumors per

patient was 7.4 cm3. Forty (56 %) patients had a single lesion, and

31 (44 %) had multiple lesions (mean number: 2.1; range: 2–13)

at initial Cyberknife treatment. Primary tumor sites included

carcinomas of the lung (43 %), breast (29 %), intestine (8 %), stom-

ach (3 %), kidney (4 %), and others (13 %). The median score on the

Karnofsky performance scale (KPS) at the time of the initial

Cyberknife treatment was 80 % (range: 20–100 %). Eleven pa-

tients were treated by Cyberknife for recurrent tumors after

WBRT had been administered (median dose: 27.6 Gy), and four

had received gamma radiosurgery in other institutions prior to

Cyberknife treatment. Forty-three percent of the patients had

uncontrolled primary lesions, and 42 % had extracranial met-

astases before Cyberknife treatment. Patients with cystic tumors

were excluded from this study.

Treatment parameters

Stereotactic radiosurgery was performed using the Cyberknife.

The marginal dose was defined as that delivered at an isodose

surface surrounding 90 % of the entire tumor volume. In cases

with fractionated irradiation, the marginal dose representing the

dose equivalent to that delivered as a single dose was calculated

based on the linear-quadratic model based on an a/b ratio of 2 Gy

and assuming equivalent late effects [8]. The mean marginal

dose was 20.2 Gy (range: 7.8–30.1 Gy; median: 20.7 Gy).

Fractionated Cyberknife radiotherapy was performed in tumors

located in eloquent areas of the brain, or for large tumors, de-

fined as greater than 2.99 cm3. The mean number of fractions

was 1.4 (range: 1–3). Single-dose radiosurgery was performed on

108 lesions with a median tumor volume of 4.3 cm3. Two ses-

sions of fractionated radiotherapy were performed on 28 lesions

with a median tumor volume of 7.4 cm3. Three sessions of frac-

tionated radiotherapy were performed on 12 lesions with a me-

dian tumor volume of 20.0 cm3.

Survival rates and local tumor control

Survival rates were investigated at 6 and 12 months after the in-

itial Cyberknife treatment. Prognostic factors affecting patient

survival were also determined by univariate and then multivari-

ate analyses. Parameters with p values less than or equal to 0.40

were included in the multivariate analysis, which used the Cox

proportional hazard model with the backward stepwise method

[9]. A p value of r0.05 was regarded as statistically significant.

Local tumor control was evaluated in 104 lesions obtained from

60 patients in whom radiological follow-up longer than 100 days

were available. The average tumor volume per lesion was 3.0 cm3

(range 0.12–53.2 cm3) at the time of the initial Cyberknife treat-

ment. Local recurrence of treated metastases was defined as an

increase of greater than 25 % in the contrast of images obtained

by magnetic resonance imaging (MRI), or where neurological

deterioration occurred. Time to local failure was assessed for

each lesion, and was measured from the date of initial Cyberknife

radiosurgery. Because only 18 tumors recurred locally during the

follow-up periods after Cyberknife treatment, the times to local

failure were analyzed using the Kaplan-Meier method [10], by

arbitrarily dividing categorized variables into two groups by

changing the cutoff values. The log-rank test was used to evalu-

ate the effects of patient characteristics and treatment factors on

these outcomes [11]. The variables that independently contrib-

uted to local failure were detected statistically as described in

the previous paragraph.

Results

No permanent symptoms resulting from radiation necrosis dur-

ing the follow-up periods after the Cyberknife treatment were

observed.

Survival time

Overall 6-month and 1-year survival rates were 74 % and 47 %,

respectively. The median survival time was 56 weeks after the

initial Cyberknife treatment. There were 40 deaths. Causes of

death were verified in 35 of 40 cases, consisting of 3 (9 %) pro-

gressive brain metastases, 13 (37 %) progressive primary cancers,

15 (43 %) extracranial metastases, and 4 (11 %) other diseases

such as infection or gastric bleeding.

Prognostic factors affecting 6-month and 1-year survival rates

are shown in Tables 1 and 2, respectively. The possible prognostic

factors for survival were tumor volume, number of lesions per

patient, KPS score, age, sex, marginal dose, number of fractions,

control of primary tumor, extracranial metastases, adjuvant

WBRT, doubling time, primary lesions (lung or breast cancers

vs. others), and previous operations. The KPS score was a signif-

icant prognostic factor at 6 months in both univariate (p < 0.01)

and multivariate analyses (p < 0.05). Kaplan-Meier analysis re-

vealed significant differences between patients with KPS scores

of 70 or higher, and those with scores less than 70 (Fig. 1). A lack

of control of the primary tumor and extracranial metastases

were associated with unfavorable prognosis at 6 months in the

multivariate analysis, but their significance was borderline

(p = 0.0899 and 0.089, respectively). Extracranial metastases

were significantly associated with shorter survival rates at 1 year
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after Cyberknife treatment in both univariate (p < 0.05) and mul-

tivariate (p = 0.05) analyses. The Kaplan-Meier analysis also

demonstrated a significantly worse survival rate in patients with

extracranial metastasis than in those without it (Fig. 2). Age or

multiple metastases were not associated with patient prognosis

at 6 months and 1 year in both univariate and multivariate anal-

yses.

When 32 patients with multiple metastasis were analyzed, the

6-month and 1-year survival rates were 73 % (22 of 30 cases) and

43 % (12 of 28 cases), respectively. The median survival time of

patients with multiple metastases was 51 weeks. The Kaplan-

Meier analysis revealed no difference in survival rates between

patients with single and multiple metastases (Fig. 3).

Table 1 Analysis of prognostic factors for 6-month survival

Univariate Multivariate

tumor volume 0.0315 0.6620

no. of lesions 0.1985 0.9907

KPS score < 0.0001 0.0223

age 0.3369 0.7269

sex 0.0950 0.1884

marginal dose 0.4004 NI

no. of fractions 0.0421 0.1576

control of primary tumor 0.2957 0.0899

other distant metastases 0.0173 0.0809

adjuvant WBRT 0.1310 0.9003

doubling time 0.0263 0.9206

lung cancer 0.719 NI

breast cancer 0.5411 NI

previous operation 0.6930 NI

NI = not included; WBRT = whole-brain radiation therapy

Table 2 Analysis of prognostic factors for 1-year survival

Univariate Multivariate

tumor volume 0.0686 0.6729

no. of lesions 0.8354 NI

KPS score 0.0491 0.4982

age 0.8501 NI

sex 0.1138 0.2466

marginal dose 0.8931 NI

no. of fractions 0.4947 NI

control of primary tumor 0.3787 0.3299

other distant metastases 0.0258 0.0500

adjuvant WBRT 0.0265 0.3875

doubling time 0.1552 0.9784

lung 0.4056 NI

breast 0.6715 NI

previous operation 0.0766 NI

KPS � 70 (n = 46)

KPS ƒ  70 (n = 25)

p = 0.0213
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Fig. 1 The Kaplan-Meier model with log-rank test applied to each
categorization demonstrated significantly longer survival rates in pa-
tients with a higher KPS score (Z70) (p < 0.05).
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Fig. 2 The Kaplan-Meier model with log-rank test applied to each
categorization demonstrated significantly shorter survival rates in pa-
tients with extracranial metastasis (p < 0.05).
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Fig. 3 The Kaplan-Meier model with log-rank test applied to each
categorization demonstrated no significant difference in survival rates
between patients with single and multiple metastases.
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Local tumor control

Actuarial local control rates were 88 % and 63 % at 6 months and

1 year, respectively. The median time to local failure was 25

weeks, with a range of 13–94 weeks. The possible prognostic

factors for local tumor control were tumor volume, marginal

dose, adjuvant WBRT, primary lesions (lung or breast cancers vs.

others), location of the tumor (infratentorial), recurrent tumor,

and eloquent tumor location such as motor and speech areas, or

brainstem. The results are shown in Table 3. A large tumor vol-

ume (greater than 2.99 cm3), infratentorial location, and a mar-

ginal dose of radiation (21.9 Gy or less) were also associated with

poor tumor control (p < 0.05) in the Kaplan-Meier analysis (Ta-

ble 3, Figs. 4–6). However, multivariate analysis by Cox propor-

tional hazards regression modeling showed no statistical

significance of these factors. In the univariate analysis, adjuvant

WBRT before Cyberknife treatment and tumor in a non-eloquent

brain area were associated with favorable tumor control, but

their significances were borderline (p = 0.0701 and 0.0629, re-

spectively). Multiplicity did not affect local tumor control in ei-

ther univariate or multivariate analyses.

Eighteen of 104 tumors (in 18 patients) showed failure of local

control during the follow-up period (Table 4). The average mar-

ginal dose for the 18 tumors was 19.5 Gy (range: 11.6–24.7 Gy,

median: 19.9 Gy). The median and mean volumes of the 18 pro-

gressive tumors were 9.1 and 4.3 cm3 (range: 0.2–38.4 cm3), re-

spectively, at the time of the initial Cyberknife treatment. Twelve

patients received additional radiosurgery (Cyberknife for ten

tumors and gamma knife for two tumors) at the time of recur-

rence. Ten of eighteen recurrent lesions remained locally con-

trolled after a second course of radiosurgery. Two lesions

eventually required surgical treatment after the second Cyber-

knife treatment. Three of 18 patients underwent surgical treat-

ment at the first recurrence to relieve symptomatic mass effect

at the site of local failure. Two of them received Cyberknife treat-

ment immediately after the surgery for the residual tumor, while

one case was proven to be radiation necrosis by histological ex-

amination. Three patients who did not undergo either additional

radiosurgery or surgical treatment died of progressive brain me-

tastasis.

Four of 14 patients who received Cyberknife treatment died of

extracranial metastases other than brain metastasis. Eleven pa-

tients were still alive after a median follow-up period of 61

Table 3 Analysis of local tumor control (104 lesions)

Univariate Multivariate

tumor volume ( < 2.99 vs > 2.99 cm3) 0.0157 0.4327

marginal dose ( < 21.9 vs > 21.9 Gy) 0.0281 0.1727

adjuvant WBRT 0.0701 0.3318

lung cancer vs. others 0.4072 NI

breast cancer vs. others 0.4417 NI

infratentorial location 0.0203 0.2287

recurrent tumor 0.1178 0.5458

eloquent tumor 0.0629 0.5766
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Fig. 4 The Kaplan-Meier model with log-rank test applied to each
categorization demonstrated significantly longer tumor control rates
in patients a marginal dose of greater than 21.9 Gy (p < 0.05).
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Fig. 5 The Kaplan-Meier model with log-rank test applied to each
categorization demonstrated significantly longer tumor control rates
in patients with a tumor volume of 2.99 cm3 or less (p < 0.05).
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Fig. 6 The Kaplan-Meier model with log-rank test applied to each
categorization demonstrated significantly longer tumor control rates
in patients with supratentorial tumors (p < 0.05).
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weeks (range 21–159 weeks) from the date of the initial Cyber-

knife treatment.

Twenty-five patients developed 92 new metastases (range 1–13)

outside of the treated lesions within 22.4 weeks of median fol-

low-up. Among them, 21 patients (84 lesions) were treated by

salvage Cyberknife. The median and mean volume of the treated

lesions were 1.4 and 3.0 cm3 (range: 0.1–21.7 cm3), respectively,

at the time of the Cyberknife treatment. Because the size of new

lesions was smaller than that at the time of initial treatment,

fractionated radiotherapy were performed only for eight lesions.

After additional Cyberknife treatment, no patient died as a result

of intracranial disease of new metastases.

Discussion

There is much literature indicating that tumor volume is a sta-

tistically significant factor associated with patient survival in

studies of gamma-knife treatment [3,12,13], although the re-

sults are still controversial [4]. Focused, highly targeted irradia-

tion and the delivery of fractionated Cyberknife therapy can be

effective treatment for large metastatic tumors.

Indeed, the tumors in the present study were larger (median:

7.4 cm3) than in recent series involving the gamma knife (range

of median: 2.1–3.9 cm3) [1, 3,12] (Table 5). Despite the large size

of lesions included in this analysis, only three (4 %) of 71 patients

died of brain metastasis, and the 6-month and 1-year survival

rates were similar to those of previous reports. In the prognostic

factor analysis, an association of tumor volume with shorter sur-

vival was observed only at 6 months after Cyberknife treatment,

solely in univariate analysis.

The correlation of smaller tumor volume with better tumor con-

trol has been reported using the gamma knife [1, 3], through a

few reports indicate that dose and tumor size are not significant

[4]. Six-month and 1-year actuarial local tumor control rates in

our series were similar to those in previous studies: i.e., 82 % at 6

months [3], and 48 %–85 % at 1 year [1, 2, 3,14]. In the factor anal-

ysis, we found that tumor volume affected local tumor control

significantly in the univariate analyses but not in the multivari-

ate analysis. A higher dose of radiation delivered to the tumor

was significantly associated with improved local tumor control

[14]. Based on dose-volume effects and in an effort to avoid ra-

diation injury, radiation dose was reduced to large tumors (cases

5, 6, and 8 in Table 4). Furthermore, dose was reduced for tumors

located in eloquent areas even if the tumor was small (cases 9

and 17 in Table 4). This clinical practice resulted in reduced local

control of such treated lesions, requiring a repeat course of

Cyberknife treatment. This observation, together with the ab-

sence of permanently symptomatic radionecrosis, suggests that

more aggressive irradiation may be acceptable in the treatment

of larger tumors by using the fractionated method in order to

improve local control. A recent report stated that surgical exci-

sion of the tumor before radiosurgery provides better tumor

control [15]. Indeed, in the present study a single Cyberknife

treatment could fail to control 3 of 104 tumors (cases 13, 14, and

15 in Table 4). However, our results suggest that even large

tumors can be treated by fractionated Cyberknife radiosurgery,

Table 4 Lesions with local control failure

Location Volume (cm3) Dose Second treat. Third treat. Outcome (weeks after initial CK)

1) L motor 3.2 20.4 CK no rec. A (159)

2) L premotor 4.3 18.8 CK no rec. A (21)

3) R putamen 3.8 21.4 CK no rec. A (61)

4) cerebe. 1.4 24.3 CK no rec. A (62)

5) cerebe. 38.4 16.1 gK no rec. A (41)

6) R occipital 26.2 16.1 gK no rec. A (44)

7) L parietal 5.5 18.0 CK no rec. D (ex. met.)

8) L cerebe 23.5 16.1 CK no rec. D (ex. met.)

9) medulla 3.0 11.6 CK no rec. D (ex. met.)

10) L parietal 0.9 21.7 CK no rec. D (ex. met.)

11) R cerebe. 14.8 19.6 CK surg. (tumor) A (82)

12) L cerebe. 12.8 20.0 CK surg. (tumor) A (87)

13) R cerebe. 2.1 19.8 surg. (tumor) CK A (73)

14) L parietal 4.3 21.8 surg. (tumor) CK A (34)

15) R frontal 0.2 24.7 surg. (nec.) no rec. A (43)

16) L parietal 0.8 22.0 no treat. – D (brain met.)

17) R C-P angle 7.0 16.9 no treat. – D (brain met.)

18) L occipital 3.4 18.0 no treat. – D (brain met.)

Abbreviations: treat. = treatment; surg. = surgery; R = right; L = left; motor = motor area; A = alive; D = dead; CK = Cyberknife; gK = gamma knife; ex. = extracra-
nial; met. = metastasis; nec. = necrosis; cerebe. = cerebellum; C-P angle = intraaxial tumor near cerebellar peduncle
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and subsequent treatment either by radiosurgery or surgical

procedure can be satisfactorily reserved as salvage management

of recurrent tumors.

Fractionated Cyberknife therapy is also effective on multiple

tumors: such cases represented 44 % of cases in this study (Ta-

ble 5). Some reports have suggested that the number of lesions

does not influence patient survival [13,16]. Kim et al., however,

reported that patients with a single lesion survived longer than

those with multiple lesions only in univariate analysis [3]. Also,

Alexander suggested that the presence of three or more brain

metastases is significantly associated with decreased survival in

univariate analysis [1]. In that study, the median survival period

of patients with four brain metastases was lower (at 3 months)

than those with two or three metastases (at 9 and 11 months,

respectively), although the difference was not significant [17].

Our results using the Cyberknife did not demonstrate any statis-

tical difference between single and multiple lesions in both un-

ivariate and multivariate analyses. In a recent report involving

only multiple brain metastases, the 1-year survival and median

survival rates were 26 % and 6 months, respectively [13]. In our

study, tumor multiplicity did not influence patient survival ei-

ther at 6 months or at 1 year, and the median survival rate was 12

months. Furthermore, in the present study, most patients with

new metastases that developed during the follow-up could be

treated by salvage Cyberknife when there were no other contra-

indications. Our results support the hypothesis that the Cyber-

knife is useful for the treatment of multiple metastatic lesions

from the viewpoint of patient survival and local tumor control.

Although this study did not exclude any cases with low pre-KPS

scores, the median KPS was 80 % (range: 20–100 %). In many se-

ries studies involving radiosurgery, patients with lower pre-KPS

scores were excluded from the analyses (Table 5). Many reports

have claimed that the KPS score was a statistically significant

prognostic factor [3], patients with KPS scores of 70 or higher

exhibiting higher survival rates [12,13,18,19]. In the present cas-

es, the KPS score significantly affected patient survival at 6

months. This phenomenon is probably because the KPS score is

influenced by factors other than the patient’s neurological dete-

rioration. Previous reports concluded that both a controlled pri-

mary cancer and the absence of extracranial metastases were

associated with longer survival [18]. Our results are concordant

with these reports: adjuvant WBRT combined with radiosurgery

influenced patient survival and local tumor control in our study.

Although there have been many reports similar to ours [3,15,19],

some authors have claimed that prophylactic WBRT is mandato-

ry in the treatment of brain metastases [4,12,17, 20–23]. Al-

though further study is required, our results suggest that

Cyberknife radiosurgery can be used as the sole treatment for

brain metastases. Whether there is an association between pa-

tient age and survival rates is still controversial. Reports have

stated that patients aged 60 years or more [1] or those aged 50

years or more [19] had shorter survival rates, while others dem-

onstrated no age significance [4,12]. While our series included

many elderly patients (as shown in Table 5), there was no signif-

icant difference between their results and those of younger sub-

jects.

Conclusions

Despite the inclusion of an unfavorable group of patients with

large tumors, our results for survival and tumor control rates are

comparable to those of published series. The Cyberknife provides

the advantage of allowing for fractionated treatment to larger

tumors. Further investigation is required to explore the optimal

dose fractionation scheme for such large tumors.
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Abstract

A new era of neurosurgery has recently been unveiled with the

advent of image-guided surgery. The use of neuronavigation is

beginning to have a significant impact on a variety of intracranial

procedures. Herein, we report our clinical experience using a

neuronavigation system with different surgical applications and

techniques for a variety of brain tumors. We used the BrainLab

VectorVisions neuronavigation system, which is a frameless and

image-guided system. We operated on 420 cases having various

types of brain tumor with the help of this system. The mean

target localizing accuracy and mean volume were 1.15 mm and

30.8 mL (0.2–216.4 mL), respectively. We utilized this system to

effectively make bone flaps, to detect critically located, deep-

seated, subcortical, skull-base and skull bone tumors, and to

operate on intraparenchymal lesions with grossly unclear mar-

gins, such as gliomas. We also performed tumor biopsy using the

combination of a conventional stereotactic biopsy instrument

and an endoscope. The application of the neuronavigation sys-

tem not only revealed benefits for operative planning, apprecia-

tion of anatomy, lesion location and the safety of surgery, but

also greatly enhanced surgical confidence.
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Brain tumor �neuronavigation � surgery

Introduction

Deep-seated or small brain lesions are particularly problematic

for neurosurgeons. In order to meet this challenge, stereotactic

neurosurgery has been developed to make the precise spatial

information provided by the CT or MR images available during

the actual operative procedure, and several neurosurgical navi-

gational systems have recently been designed [1–7].

These image-guided surgical systems provide the surgeon with

almost real-time localization, orientation and guidance, typically

using preoperative imaging. Therefore, they have benefits for the

appreciation of anatomy and operative planning and reduce

surgical morbidity. Neuronavigator systems have been widely

used for the treatment of brain tumors, as well as for other

operations such as endoscopic procedures, catheter placement

into cerebral cysts, puncture of very small ventricles, drainage of

hematomas or abscesses and for biopsies.

Herein, we report our clinical experience with 420 patients using

a neuronavigation system with different surgical applications

and techniques for a variety of brain tumors.

Materials and Methods

From March 2000 through October 2003, 420 patients with

various pathological conditions of the brain underwent surgical

treatment in conjunction with the BrainLab VectorVisions neu-

ronavigation system.
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The basic instrumentation of this system consisted of two

infrared cameras, a touch screen monitor and other accessory

neuronavigation tools. Preoperatively, six fiducials were glued

onto the head of the patient, and CT or MRI scanning was

performed. To avoid the dislocation of the skin markers, the

patients underwent the imaging procedures in the morning on

the day of surgery, just before being moved to the operating

room. The data were quickly transferred to the computer in the

operating room and the images were displayed on the computer

screen. Reconstruction was performed in both the triplanar and

three-dimensional formats. All of the patient data were trans-

ferred to the workstation computer by means of a zip diskette.

After the patient’s head was positioned with a Mayfield or Sugita

headrest, the reference star was fixed on the surgical head frame,

and the monitor and infrared cameras were moved to the

appropriate location. Then, marker registration was performed

with the pointer under non-sterile conditions. After registration,

the operator planned the optimal surgical approach on the

computer screen with the three-dimensional images. This pro-

cedure was used for a variety of different procedures, viz.,

craniotomy and tumor removal, endoscopic surgery, biopsy and

ventriculostomy.

All of the patients were operated on using the above methods

and the registration procedure permitted an accuracy of less

than 2.0 mm. We analyzed the mean volume and accuracy, the

different pathologies and the methods of operation. We also

introduced the surgical application of neuronavigation system

to brain tumor surgery.

Results

Patients, registration accuracy, volume and location of tumor

From March 2000 to October 2003, we operated on 420 patients

with brain tumors with the help of the neuronavigation system.

229 patients (54.5 %) were females and 191 patients (45.5 %)

were males. The male to female ratio was 1:1.2 and the patients’

ages ranged from 1.4 to 80 years (mean: 51.4 years).

For the preoperative registration process, CT scans were per-

formed for 326 patients (77.6 %) and MRI scans for 94 patients

(22.4 %). The CT images with or without contrast medium had 1.5

to 2.5 mm slices. All of the MRI images used either contrast

medium or T2-weighted images. The mean reference accuracy,

given as a computer-calculated value, was 1.15 mm. The lesions

ranged from 0.2 to 216.4 mL in volume (mean: 30.8 mL).

The locations of the tumors were the cerebrum in 323 patients

(76.9 %), the skull-base in 52 (12.4 %), the ventricles in 18 (4.3 %),

the cerebellum in 15 (3.6 %), the brain stem in 5 (1.2 %), and the

skull bone in 1 (0.2 %) (Table 1).

Pathological diagnosis and surgical methods of operation

Pathologically, meningioma was present in 128 patients (30.4 %),

glioma in 100 patients (23.8 %), metastasis in 79 patients (18.8 %),

with the remaining 113 patients suffering from various other

tumors, such as schwannoma, pituitary adenoma, arachnoid

cyst, chordoma and so on.

For 381 of the 420 patients (90.7 %), the neuronavigation system

was used for craniotomy and microsurgical treatment under

general anesthesia. Of the remaining 39 patients, 26 underwent

tissue biopsy, 12 underwent endoscopic surgery and 1 patient

underwent insertion of a catheter on the isolated ventricle due to

the presence of a tumor (Table 2).

Application 1: making the bone flap

When we made the bone flaps, we were able to avoid the

dangerous areas. The neuronavigation system allowed us to

know the location of the frontal sinus and to safely perform the

frontal craniotomy avoiding the sinus (Fig. 1A). In those cases

where the retrosigmoid approach was used, we were able to

identify the location of the sigmoid and transverse sinus on the

enhanced images and the mastoid air cells on the pre-enhanced

CT images. We were able to properly perform the occipital

craniotomy and avoid tearing the sinus and diminishing the

exposure of the air cells. Especially in the cases of vestibular

schwannoma, the small craniotomy hampers the removal of the

tumor and the drilling of the posterior wall of the internal

acoustic canal; however, by using this system, we were able to

determine the proper size of the craniotomy (Fig. 1B).

Application 2: tumor localization

Critically located tumors (motor and language cortex)

Magnetic resonance images in one patient revealed a single

metastatic tumor on the left precentral gyrus. When the tumor

was located in the motor area subcortically, we were able to

exactly localize the tumor under neuronavigational guidance.

We were then able to decide the proper entry point and remove

the tumor safely after performing motor strip mapping by cor-

tical stimulation (Fig. 2).

Deep-seated small tumors

In cases of deep-seated and small tumors, the system was very

helpful in determining the appropriate trajectory and finding the

Table 1 Locations of mass

Location Number of patients (n = 420)

Cerebrum 323 (76.9 %)

Skull base 52 (12.4 %)

Ventricle 18 (4.3 %)

Cerebellum 15 (3.6 %)

Tentorium 6 (1.4 %)

Brain stem 5 (1.2 %)

Skull bone 1 (0.2 %)

Table 2 Surgical methods of operation

Surgical methods Number of patients (n = 420)

Microscopic operation 381 (90.7 %)

Endoscopic procedure 12 (2.9 %)

Biopsy 26 (6.2 %)

Catheterization 1 (0.2 %)
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tumor under navigational guidance. In one patient, a 1 cm enhanc-

ing mass located in the left deep temporal lobe was visualized on

the MR images. Using the three-dimensional images displayed on

the computer screen, we localized the mass on the vertical and

shortest surgical trajectory and performed the operation using the

posterior middle temporal gyrus approach (Fig. 3A).

Subcortical tumors

A 1.5 cm enhancing mass that was located in the left subcortical

frontal lobe in one patient was visualized on the MR images. In

the case of this small subcortical tumor, we exactly targeted the

mass on the vertical surgical trajectory (Fig. 3B). We performed a

small craniotomy and easily removed the mass.

Fig. 1 Making the bone flaps. A Avoiding
the frontal sinus. B Determining the proper
size of the craniotomy in the case of vestib-
ular schwannoma (green area: the size of the
craniotomy, red arrow: the distance from
the bone to the internal acoustic canal).

Fig. 2 Critically located tumors. A Single
metastatic tumor on the left precentral
gyrus. B Determining the proper entry point
and removing the tumor (T = tumor, white
dotted line = precentral gyrus, yellow dotted
line = postcentral gyrus, striped area = motor
strip mapping, black line = cortical incision).

Fig. 3 Deep-seated small tumors and sub-
cortical tumors. A Localizing the deep-
seated small tumors on the vertical and
shortest trajectory. B Exactly targeting sub-
cortical tumors.
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Bone tumors and skull-base tumors

Image-guided surgery was also utilized for some of the skull-

base or skull bone tumor surgeries. The bone structure was

rendered immovable. After the head was positioned with the

surgical head frame, the skull bone tumor was delineated and

removed. In cases of chordoma and metastatic bone tumor, we

were able to easily map out the single or multiple masses of the

invaded bone structures (Fig. 4A).

In cases of vestibular schwannoma surgery, we were able to

safely perform internal debulking and unroofing of the internal

acoustic canal (Fig. 4B). In cases of pituitary adenoma, we were

easily able to localize the sphenoid bone and the pituitary mass

without the aid of the C-arm (Fig. 4C).

Tumors with indistinct margins, especially glioma

In one such case, the MRI scan revealed a 4 cm ring-enhanced

right parietotemporal lobe mass with surrounding edema. To

minimize the brain shift and local tissue deformation, excessive

mannitolization and hyperventilation were avoided and we per-

formed the MRI scanning in the morning just before the surgery.

We localized the mass on the vertical surgical trajectory, per-

formed early dissection of the tumor margin using CUSA and

removed the mass in an en bloc fashion (Figs. 5A and B).

In one patient, the MRI scan revealed a 6 cm sized ring-enhanced

mass in the right frontotemporal lobe with substantial surround-

ing edema. After inserting multiple catheters to act as markers

for the boundaries of the mass, the tumor was removed. In

general, we attempted to remove tumors with poor margins in

an en bloc fashion and, if this was not possible, we removed the

boundaries first and then the central portion later (Figs. 5C and D).

Application 3: biopsy

Brain tumor biopsy

We performed tumor biopsy under navigational guidance using

a conventional stereotactic biopsy instrument. Numerous surgi-

cal biopsy procedures were performed with this navigation

system, with the adaptors being simply screwed onto the surgi-

cal instruments.

Endoscopic biopsy and 3rd ventriculostomy

We utilized the neuronavigation system to perform endoscopic

biopsy and third ventriculostomy as one of the initial treatment

options in patients with a pineal tumor accompanying hydro-

cephalus. With this system, we defined the optimal combination

of trajectories and entry-points for third ventriculostomy and

tumor biopsy. We used a rigid endoscope and made use of 2

different trajectories through 2 different burr holes, one for

pineal biopsy and the other for 3rd ventriculostomy.

Discussion

Conventional stereotactic frame systems have recently been

modified to accept CT or MRI images. Horsley and Clark first

reported stereotactic operations in animals in 1908 [8]. Almost

40 years later, Spiegel et al. introduced the stereotactic method

into clinical use [9]. Stereotactic head frames compatible with CT

or MR imaging systems are widely used for tumor biopsy or for

Fig. 4 Bone tumors and skull-base tumors.
A Targeting multiple masses of the invaded
bone structures. B Safe internal debulking
and unroofing of the internal acoustic canal.
C Localizing the sphenoid bone and the
pituitary mass without the aid of the C-arm.
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aspiration of intracranial hematoma. The target localization with

these head frames is very accurate, but their application to

standard open surgery can impede the operative process. The

route of surgical approach seems somewhat limited. Moreover,

the operator cannot obtain the anatomical information intra-

operatively.

In 1986, Roberts et al. reported the development of a frameless,

computer-based system for the integration and display of CT

image data obtained with the operating microscope [5]. Because

of the ultrasonic pulses used by this technique, ultrasonic noise

and drafts in the operating room may interfere with the techni-

que. Watanabe et al. described the multi-joint arm-guided navi-

gational system [10,11]. Several other authors have reported

their developments and experiences with arm-based navigation

systems. In this system, one end of the multi-joint arm is fixed to

the skull clamp or the surgical table, and the free end of the arm

is used as a pointing device, which is introduced into the surgical

field with the assistance of the preoperative CT images. However,

the long articulated arm can cause considerable inconvenience

in the operative field.

To solve the above problems, various armless image-guided

systems have been proposed, using magnetic, sonic and optical

digitalization. However, most of these frameless and armless

navigational systems have recently switched to using the passive

reflection of infrared flashes. These infrared systems are highly

accurate, insensitive to the room temperature and light, and use

a relatively simple infrared emitter [12]. The BrainLab

VectorVisions neuronavigation system has infrared light-emit-

ting diodes (LEDs) that are positioned around the cameras for the

purpose of detecting the positions of objects.

The most important factor in neuronavigation systems is accu-

racy, which is determined by the technical accuracy, the regis-

tration accuracy and the target-localizing accuracy resulting

from positioning, mannitol application and cerebral spinal fluid

drainage. The digitizer accuracy of the Brainlab system, tested on

a phantom, was less than 0.5 mm, which was similar to that of

other systems, and the registration accuracy was 1.4 mm (with a

standard deviation of 0.5 mm) [6]. In our department, most of the

registration accuracies were less than 2 mm, but 13 of 420

patients had a registration accuracy of more than 2 mm. Those

factors affecting the accuracy include changes during scanning,

location change of the fiducial markers, head position on the

operating table and movement of the scalp with respect to the

pin fixations on the headrest frame. Therefore, for biopsies of

small lesions and surgical treatment of small, deeply located

thalamic lesions, where a precision of 1 to 2 mm is required,

Gumprecht et al. preferred the frame-based stereotactic ap-

proach [13]. Galloway suggested that the registration accuracy

is related to the CT or MRI slice thickness [14]: the smaller the

slice thickness, the higher is the accuracy. In our department, CT

or MRI images were scanned with 1.5 to 2.5 mm slices. If the

registration accuracy was more than 2 mm, we performed re-

registration. This procedure restored the initial registration of

the patient, which was kept in the computer memory. Using

three-dimensional images on the computer screen, the operator

identified those fiducial markers whose positions had changed

and re-registered them to their initial location before they were

moved. In our experience, six fiducials should be glued to the

head of the patient in such a way as to maximize the occupied

space, in order to improve the registration accuracy.

Fig. 5 Tumors with indistinct margins.
A, B Early dissection of tumor margin and
removal of the tumor in an en bloc fashion.
C, D Insertion of multiple catheters on the
boundaries to act as markers (short ar-
row = catheter, T = tumor).
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Many surgical procedures can be performed with this navigation

system. Recently, neuronavigator systems have been used for

operations other than brain tumor surgery. Once the adaptors

are screwed onto the surgical instruments (bipolar forceps, suc-

tion tubes, endoscopes, and catheters), endoscopic procedures,

catheter placement into cerebral cysts, puncture of very small

ventricles and biopsies can be performed. In our department,

this technique was used for a variety of surgical methods,

including tissue biopsy in 26 patients, for endoscopic surgery in

12 patients and for ventriculostomy in 1 patient. After craniot-

omy or partial removal of large intraparenchymal tumors, brain

shifting renders the navigation system relatively useless. Updat-

ing of the anatomic features during surgery, by using ultrasono-

graphy, intraoperative CT or MRI scanning can help overcome

this difficulty [15]. To minimize the brain shift, we avoided the

use of mannitol, hyperventilation, and diuretics. Whenever pos-

sible, we tried to remove the boundaries of the tumor first and

then the central portion later in an en bloc fashion, especially for

glioma with indistinct margins, after inserting multiple catheters

on the boundaries as markers. We also did not attempt ventri-

cular puncture and cyst drainage during the early stages of the

operations.

The navigation system is very useful for planning the surgical

approach. The skin incisions and craniotomies were smaller

when using this system than without it. Using virtual planning

of the trajectory, we never performed an exploration with nega-

tive results.
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Abstract

The present study is aimed to clarify the postoperative

outcome of endoscopic carpal tunnel release in elderly patients

with carpal tunnel syndrome. Endoscopic carpal tunnel

release was performed on 37 hands of 27 patients (2 men,

25 women) who were aged 70 years or older and clinically

and electrophysiologically diagnosed with carpal tunnel

syndrome. Mean age at the time of surgery was 74.5 years

(range: 70–85 years). Mean postoperative follow-up was

35.5 months (range: 12–114 months). Pain was present

preoperatively in 20 hands, but quickly resolved postoperatively

in all cases. Numbness completely disappeared in 13 of 37 hands

(35.1 %), but some degree of numbness remained in the

remaining cases. Preoperative severity of thenar muscle atrophy

was none in 4 hands, mild in 7 hands, moderate in 12 hands

and severe in 14 hands. Postoperative severity of thenar

muscle atrophy at final follow-up was none in 13 hands,

mild in 16 hands, moderate in 2 hands and severe in 6 hands,

confirming that thenar muscle atrophy improves even in

elderly patients. However, moderate or severe thenar

muscle atrophy remained in 8 hands (21.6 %). Endoscopic carpal

tunnel release should be considered in the elderly, even though

clinical symptoms may not improve substantially in advanced

cases.

Key words

Carpal tunnel syndrome � entrapment neuropathy �endoscopic

carpal tunnel release � elderly patients

Introduction

Carpal tunnel syndrome (CTS) is commonly found in middle-aged

women [1–3], but it can also affect elderly individuals. Clinical

manifestations of CTS in the elderly are often severe according to

previous reports [4, 5]. Recently, the surgical outcome in elderly

patients has been the focus of many studies [6–12]. However, no

studies have investigated the outcome of endoscopic carpal

tunnel release (ECTR) in elderly patients. The present study was

conducted to ascertain whether the same satisfactory results of

open carpal tunnel release (OCTR) can be obtained through ECTR

in patients aged 70 years or older with CTS.

Patients and Methods

Subjects comprised 27 patients (37 hands; 2 men, 25 women)

with CTS who were aged 70 years or older and underwent ECTR

between 1992 and 2000. In all cases, preoperative diagnosis of

carpal tunnel syndrome was confirmed by electrophysiological

testing. At the time of surgery, mean age was 74.5 years (range:

70–85 years). CTS was unilateral in 17 cases (right hand, n = 10;

left hand, n = 7) and bilateral in 10 cases. While patients with

diabetes (n = 5) or rheumatoid arthritis (n = 1) were included,

patients undergoing dialysis were excluded. In addition, patients

who wished to improve thumb opposition early were excluded

from the present series, and instead underwent surgery to

reconstruct thumb opposition. Mean postoperative follow-up

was 35.5 months (range: 12–114 months).
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Two-portal ECTR was performed according to the methods de-

scribed by Chow [13]. In the 10 bilateral cases, staged ECTR was

performed on 7 patients (14 hands), and simultaneous ECTR was

performed on 3 patients (6 hands). Either local anaesthesia or

axillary block was induced, and ECTR was performed by the

senior author in all cases.

Preoperative numbness was classified as intermittent or

persistent with respect to the presence or absence of pain [14].

Postoperative severity of numbness was classified as:

0) completely disappeared; 1) mild numbness remaining only

at the fingertips; 2) no pain, but some remaining numbness; and

3) no improvement or exacerbation. A Semmes-Weinstein

monofilament test was conducted to assess sensory function,

and severity of thenar muscle atrophy was classified as severe,

moderate, mild or none. Mild atrophy comprised slight flattening

of the abductor pollicis brevis muscle in the resting position,

evident only when the contour was compared to the unaffected

hand. Moderate atrophy involved a more visibly apparent flat-

tening of the thenar eminence, evident without comparison to

the unaffected hand. Severe atrophy was considered present

when the anterior border of the first metacarpal bone beneath

the abductor pollicis brevis was palpably evident. Strength of the

abductor pollicis brevis was graded from 0 to 5, according to the

criteria of the American Orthopaedic Association [15] and pre-

and postoperative changes were assessed. Changes in key pinch

and pulp pinch strength were assessed pre- and postoperatively

in 35 and 26 hands, respectively.

As an electrophysiological test, distal latency of the abductor

pollicis brevis and sensory nerve conduction velocities between

the wrist and middle finger were measured preoperatively in all

cases. Patient consent for measurement was not obtained for

6 hands postoperatively, so the above 2 parameters were mea-

sured pre- and postoperatively in 31 hands.

Results

No major complications associated with ECTR were identified.

Preoperatively, intermittent numbness was seen in two hands,

with persistent numbness in the remaining 35 hands. The two

hands with intermittent preoperative numbness displayed com-

plete resolution of symptoms. Among the 35 hands that exhib-

ited persistent numbness preoperatively, the severity of

numbness improved to 3 in 0 hands, 2 in 13 hands, 1 in 11 hands,

and 0 in 11 hands.

Preoperative pain was present in 20 hands, but resolved rapidly

in all cases after endoscopic release, and no patients complained

of pain on final observation. Among the 20 hands with preopera-

tive pain, postoperative severity of numbness was 3 in 0 hands, 2

in 11 hands and 1 in 7 hands.

Marking as assessed by Semmes-Weinstein monofilament tests

was the same before and after surgery in only 3 hands. In

the other 34 hands, marking improved by more than one grade

(Fig. 1). Preoperative severity of muscle atrophy was none in 4

hands, mild in 7 hands, moderate in 12 hands and severe in

14 hands. Postoperative severity of muscle atrophy was none

in 13 hands, mild in 16 hands, moderate in 2 hands and severe in

6 hands. Regarding changes before and after surgery for each

level of severity, among the 7 hands with mild atrophy, severity

of atrophy changed to none in 5 hands and remained mild in 2

hands; among the 12 hands with moderate atrophy, severity of

atrophy changed to none in 4 hands and mild in 8 hands; among

the 14 hands with severe atrophy, severity of atrophy changed to

mild in 6 hands and moderate in 2 hands, but remained severe in

6 hands (Table 1).

Preoperative strength of the abductor pollicis brevis was 5 in 3

hands, 4 in 13 hands, 3 in 36 hands, 2 in 0 hands and 0 or 1 in 8

hands, while postoperative strength of the abductor pollicis

brevis was 5 in 15 hands, 4 in 14 hands, 3 in 20 hands, 2 in 0

hands and 0 or 1 in 4 hands.

Mean key pinch was 3.6 ± 1.4 kg preoperatively, compared

to 4.5 ± 1.4 kg postoperatively. Mean pulp pinch was 2.4 ± 1.1 kg

preoperatively, compared to 3.2 ± 1.1 kg postoperatively

(Fig. 2).

Regarding electrophysiological findings, all 37 hands underwent

preoperative testing, and compound muscle action potentials

(CMAPs) could not be evoked from the abductor pollicis brevis

in 14 hands (37.8 %). Mean distal latency for hands with CMAP

was 8.1 ± 3.0 ms. Similarly, sensory nerve conduction velocities

Table 1 Changes in severity of thenar muscle atrophy (no. of
hands)

Pre op
Post op

None Mild Moderate Severe

None 4 0 0 0

Mild 5 2 0 0

Moderate 4 8 0 0

Severe 0 6 2 6

4.93

3.22

n=37

Pre-op Post-op

Fig. 1 Changes in Semmes-Weinstein monofilament marking.
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between the wrist and middle finger could not be evoked in 29

hands (78.4 %).

In the 31 hands in which electrophysiological testing was per-

formed before and after surgery, CMAPs could not be evoked

from the abductor pollicis brevis in 11 hands (35.5 %) preopera-

tively and 4 hands (12.9 %) postoperatively. In the 7 hands in

which CMAPs were evoked postoperatively, mean distal latency

was 4.7 ± 0.9 ms. Among hands in which distal latency of the

abductor pollicis brevis could be measured preoperatively, va-

lues improved from a preoperative mean of 8.0 ± 2.9 ms to a

postoperative mean of 4.1 ± 0.6 ms.

Even in the presence of moderate or severe thenar muscle

atrophy (n = 26), thumb opposition was not impaired in 4 hands.

Thumb opposition was impaired preoperatively in 22 hands, but

improved in 17 hands. In one hand, the trapeziometacarpal joint

was severely arthritic, and while thenar muscle atrophy im-

proved, opposition was not possible. Slight thumb opposition

was possible starting at a mean of 5.1 months postoperatively

(range: 2–15 months). At the time of final follow-up, impairment

of thumb opposition had not improved in 4 hands. These pa-

tients were given the option of secondary tendon transfer, but

none wanted to undergo additional surgery.

Discussion

Carpal tunnel syndrome is uncommon in elderly patients [1, 3].

Phalen’s study contained only 37 patients who were aged 70

years or older out of 384 total patients (9.6 %) [3], and the study

by Stevens et al. contained only 85 out of a total of 1016 (8.4 %)

[16]. Among studies on CTS in the elderly, Seror examined 100

hands of 57 CTS patients aged 70 years or older, and reported that

electrophysiological severity of CTS was more severe, while

duration of symptoms prior to diagnosis was shorter when

compared to middle-aged patients (50- to 60-year-olds) [5].

However, no mention was made of surgical outcome.

Recently, the surgical outcome of elderly patients has been the

focus of many studies [6–12]. Porter et al. compared outcomes

for carpal tunnel release among different age groups, and re-

ported differences in the degree of improvement in symptom

severity scores between patients above and below the age of 60

years, with age representing a clear factor affecting outcomes

after carpal tunnel release [8]. According to studies conducted by

Leit et al., carpal tunnel release is unlikely to result in total

elimination of symptoms or complete restoration of function

when performed in elderly patients with advanced disease [9].

However, they reported favourable patient satisfaction, and thus

concluded that surgery is indicated for elderly patients with

advanced disease. Comparable findings were reported in studies

by Mondelli et al., Weber et al., and Townshend et al. [10–12].

These previous studies investigated the open method [6–12].

The present study was conducted because no studies have yet

examined the outcomes of ECTR among elderly patients. In the

present study, thenar muscle atrophy was moderate or severe

preoperatively in 26 hands (70.3 %). In addition, CMAP could not

be evoked from the abductor pollicis brevis by electrophysiolo-

gical testing in 37.8 % of cases. CTS was thus severe in many cases,

supporting the findings of previous reports on open carpal

tunnel release.

Pain represented the biggest concern for patients, and was

resolved in all cases. While patients were generally satisfied

and numbness completely disappeared in 13 of the 37 hands

(35.1 %), some degree of numbness persisted in the remaining

cases. Furthermore, moderate or severe thenar muscle atrophy

remained in 8 of the 37 hands (21.6 %). In our previous study,

which was not age specific, moderate or severe thenar muscle

atrophy remained in 8 of 68 patients (11.9 %) [17]. Therapeutic

outcomes were thus poorer for elderly patients.

Thorough preoperative consultation is necessary to determine

whether to reconstruct thumb opposition in patients with im-

paired thumb opposition. Even when elderly patients complain

of impaired thumb opposition, some do not wish to undergo

surgery to reconstruct thumb opposition, as this surgery is more

invasive than the endoscopic release. Furthermore, in elderly

patients, the frequency of arthritis of the trapeziometacarpal

joint is high. There have been many studies concerning the

coexistence of CTS and arthritis of the trapeziometacarpal joint,

which has a negative effect on the outcome of opponensplasty

[18,19].
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We believe that the results of our study compared favourably to

the results of previous studies involving OCTR. We encountered

similar rates of improvement and a similar likelihood of ad-

vances cases to show little or no improvement. The advantage

of ECTR is that it offers the patient an earlier return to the

activities of daily life.
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Abstract

Study Design and Objective: This study was designed to exam-

ine the morphology of the spinal dural sac and contents, using

magnetic resonance imaging in order to define the inner geome-

trical dimensions that confine the manoeuvre of an endoscope

inserted in the lumbar region and along the thoracic and cervical

spine. Background: The morphology of the spine has been

studied since the development of myelography. However, most

studies have measured the diameters of the spinal cord only, not

the size of the subarachnoid space. In addition, the few studies

available on the subarachnoid space have focused on the cervical

spine, leaving a near-complete dearth of data on the subarach-

noid space dimensions along the thoracic spine. Methods: Based

on MRI images of the spine from 42 patients, the dimensions of

the spinal cord, dural sac, and subarachnoid space were mea-

sured at mid-vertebral and inter-vertebral disc levels. Results: It

was found that at each selected transverse level, the subarach-

noid space tends to be symmetrical on the right and left sides of

the cord, and measures 2.5 mm on average. However, the poster-

ior and anterior segments, measured on the mid-sagittal plane,

are generally asymmetrical and vary widely in size, ranging from

1 to 5 mm. These measurements match those found in previous

studies, where these are available. The coefficient of variance for

the dimensions of the subarachnoid space is as high as 42.4 %,

while that for the dimensions of the spinal cord is 10–15 %.

Conclusions: The findings presented here expand our knowl-

edge of the spinal canal’s morphology, and show that an endo-

scope designed to travel within the subarachnoid space must be

smaller than 2.5 mm in diameter.

Key words

Subarachnoid space � spinal canal �morphology �MRI �

endoscopy

Introduction

Endoscopic treatment of various anatomical areas is an expand-

ing field in modern medicine. Endoscopic visualization of the

spinal canal contents is still limited, partly because of the

technical problems inherent in developing a miniature device

that fits into and is safely steered inside the delicate and hazar-

dous area of the spinal canal and the subarachnoid space. Meet-

ing these challenges requires a clear understanding of the spinal

canal morphology, and accurate measurement of its different

compartments.

The aim of this investigation is to detail the dimensions of the

subarachnoid space as prerequisite for an ongoing project of

developing a steerable endoscope for the spinal canal under the

EU’s MINOSC project.
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There have been several studies on the dimensions of the dural

sac, the subarachnoid space, and the spinal cord. These studies

have either been carried out on cadavers, or have used radiolo-

gical methods such as myelography, CT myelography, and MRI

[1–10].

The sagittal and transverse diameters of the spinal cord were

studied by pneumo-myelography as early as the 1960s [1]. In

those studies, the cord was measured from the level of the

second cervical vertebra to the first lumbar vertebral body.

Thijssen et al. [2] used CT myelography to measure the sagittal

and transverse diameters of the spinal cord. Yu et al. [3] recorded

the sagittal and transverse diameters between the vertebrae in

the cervical spine (from C2/C3 to C7/T1), also using CT myelo-

graphy. Yone et al. [4], using MRI, measured the sagittal diameter

of the cervical cord at the level of the vertebral body and at the

level of the inter-vertebral disc. Fujiwara et al. [5] measured the

cross section area and the sagittal and transverse diameters of

the cervical spinal cord by comparing cadaver specimens and CT

myelography images.

Yirout [6] measured the sagittal diameter of the spinal cord, from

C1 to D12, using pneumo-myelography. Yirout also defined the

dimensions of the posterior and anterior subarachnoid spaces at

the cervical spine. Using CT myelography, Innou et al. [7] mea-

sured the sagittal diameter and cross-section area of the spinal

cord, the dural sac, and the spinal canal of the cervical spine, and

also attempted to determine to what degree these were truly

circular in shape. Stanley et al. [8] and Okada et al. [9] measured

the same areas using MRI. Muhle et al. [10] conducted an

extensive study of the cervical spine, and used MRI to measure

the sagittal diameter and the anterior and posterior subarach-

noid space. These measurements were made at different angles

of neck flexion and extension. Fig. 7 summarizes the published

results on the size of the subarachnoid space. The transverse

diameter and the anterior and posterior sagittal diameters are

the most common measurements used to characterize the sub-

arachnoid space.

Fig. 1 summarizes the published results, illustrating the average

(mean) diameter of the spinal cord and its standard deviation for

the sagittal (plus) and transverse diameters (cross). The mea-

surements found in previous studies were averaged arithmeti-

cally, without taking into consideration differences in group size

or the different methodologies (CT, MRI, myelography). As shown

in Fig. 1, even when all previous studies are combined, the data

on the spinal cord remain incomplete. For example, to the best of

our knowledge, there are no data available on the spinal cord

dimensions in the transverse diameter between the T4 and T7

vertebral levels.

There is also a vast information on the morphology of the bony

spinal canal. These data permit a rough estimate for the size of

the subarachnoid space in which the endoscope is planned to

move, but such an estimate would by no means be accurate.

Only a few studies have measured the size of the subarachnoid

space [6, 7,10], and these focused primarily on the cervical spine.

Fig. 2 summarizes the published results on the size of the

subarachnoid space. The transverse diameter and the anterior

and posterior sagittal diameters are the most common measure-

ments used to characterize the subarachnoid space.

The present study complements the current data on the mor-

phology of the spinal contents, and in particular, the spinal

subarachnoid space, by analyzing MRI images taken from normal

examinations. These data are essential for designing intradural

instruments such as spinal endoscope and intradural robotic

instruments, as well as for understanding the normal spinal

anatomy.

Materials and Methods

Patients

Normal MRI images of 42 patients, 28 males and 14 females,

were studied. Overall, 19 studies of the cervical spine and 23

studies of thoracic spine were performed. The patients ranged in

age from 16 to 80 years, with an average age of 38.1 years. The
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average height of the patients was 167 cm with a standard

deviation of 10 cm. Only normal vertebral and intervertebral

disks were included, degenerative cases were omitted.

Measurement method

The geometrical dimensions of the dural sac and the subarach-

noid space, from the first cervical vertebra (C1) to the 2nd

lumbar vertebra (L2), were measured.

Measured dimensions are marked on a cross-section of a verte-

bra as illustrated in Fig. 3. The morphology of the spinal cord was

characterized by measurements of the transverse (SCt) and

sagittal diameters (SCs). The subarachnoid space was evaluated

by measuring the distance between the dura mater and the

spinal cord on its left (SAStl), right (SAStr), anterior (SASsa) and

posterior (SASsp) aspects. In addition, the sagittal (DSs) and

transverse (DSt) diameters of the dural sac were measured. For

each segment, the dimensions were obtained at the mid-height

of the vertebra, and/or at the level of the adjacent disc (for

example, at the mid-height of the 2nd cervical vertebra C2 and

the adjacent intervertebral disc – C2/C3).

The number of measurements performed at each level is shown

in Table 1. As this Table illustrates, most findings are based on

15–25 measurements performed at a given level.

Instrumentation

MRI imaging, using a 0.5 T Elscint system that produces standard

T1- (SE) and T2- (FSE) weighted images, was performed on the

axial and sagittal planes for each patient. The dimensions of the

spinal cord and the subarachnoid space were measured on the

transverse (axial) images, at the mid-sagittal and mid-coronal

virtual lines through both the mid-vertebral body height (desig-

nated as C3, for example), and the intervertebral disc levels

(designated as C3/C4 for example). All measurements were

performed using PACS stations (Agfa) and were based mainly

on the T2-weighted images, which better delineate the borders of

both the spinal cord and the dural sac.

Results

Fig. 4 presents the average diameters and standard deviations

obtained for the spinal cord in our study. The transverse (circle

sign and bold error bar) and sagittal diameters (triangle sign and

regular error bar) are measured from C1 to L1 at every vertebral

and intervertebral level. A normal distribution test shows that
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Fig. 2 Transverse (cross), sagittal
posterior (square) and sagittal anterior
(triangle) dimensions of the subarachnoid
space – previously published results.

Fig. 3 Cross-section of a vertebra with illustration of the different
measurements taken in this study: DSs = sagittal diameter of the dural
sac, DSt = transverse diameter of the dural sac, SCs = sagittal diameter
of the spinal cord, SCt = transverse diameter of the spinal cord,
SASsp = the distance between the arachnoid and the pia on the poster-
ior side of the sagittal diameter, SASsa = the distance between the
arachnoid and the pia on the anterior side of the sagittal diameter,
SAStl = the distance between the arachnoid and the pia on the left side
of the transverse diameter, SAStr = the distance between the ara-
chnoid and the pia on the right side of the transverse diameter.
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the 25th and 75th percentiles of the measured data fit the

normal statistical distribution, with some outlier measurements

(none were omitted).

The cervical and thoracic intumescences are well seen in this

Figure. The sagittal diameter decreases monotonically from the

cervical to the lumbar spine. The coefficient of variance for the

sagittal diameter of the spinal cord is 15.7 %, and for the trans-

verse diameter, 11.2 %. A coefficient of 4–10 % is considered

normal for biological studies [11].

The dimensions of the subarachnoid space are shown in Figs. 5, 6.

Fig. 5 presents the posterior and anterior dimensions of the

subarachnoid space. This figure shows that the posterior sagittal

subarachnoid space (triangle sign and regular error bar) is larger

than the anterior part (plus sign and bold error bar) in the

Table 1 Number of measurements at each level

Level DTt DTs SAStr SASsa SASsp SCt SCs

C1 1 17 17 19

C1-C2 1 19 3 1 2 1 19

C2 3 18 6 18 18 3 19

C2-C3 6 3 8 4 6 6 19

C3 8 19 16 18 18 8 19

C3-C4 16 5 16 6 16 16 19

C4 16 19 19 18 19 16 19

C4-C5 19 6 16 7 19 19 19

C5 16 19 17 19 19 16 19

C5-C6 18 5 17 4 17 18 19

C6 17 19 19 18 19 17 19

C6-C7 19 7 19 7 19 19 19

C7 19 19 18 19 19 19 19

C7-T1 18 8 15 9 18 18 19

T1 15 19 3 18 19 15 19

T1-T2 3 1 14 1 3 3 17

T2 20 6 17 17 13 18

T2-T3 14 18 14 16

T3 6 23 9 21 20 5 21

T3-T4 18 20 18 18 21

T4 9 22 13 22 22 8 22

T4-T5 20 19 20 20 21

T5 13 22 13 22 22 13 22

T5-T6 19 19 19 19 21

T6 13 22 15 22 22 13 22

T6-T7 19 22 19 19 21

T7 15 23 10 23 23 15 23

T7-T8 22 21 22 22 23

T8 10 23 9 23 23 10 23

T8-T9 21 20 21 20 22

T9 9 23 7 23 23 9 23

T9-T10 20 17 20 20 23

T10 7 23 5 23 23 7 23

T10-T11 17 12 17 17 22

T11 5 22 1 21 21 5 22

T11-T12 12 4 12 12 18

T12 1 18 17 17 1 20

T12-L1 4 4 4 5

L1 3 1
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thoracic region, but that the spaces are about equal in the

cervical region. The average coefficient of variance is 42.4 % in

the anterior region and 36.2 % in the posterior region.

Fig. 6 shows the left and right transverse dimensions of the

subarachnoid space. The left (triangle sign and regular error

bar) and right dimensions (plus sign and bold error bar) of the
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Fig. 4 The sagittal (triangle sign and
regular error bar) and transverse (circle
sign and bold error bar) diameters of the
spinal cord.
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Fig. 5 a The sagittal posterior (triangle
sign and regular error bar) dimension
of the subarachnoid space. b The sagittal
anterior (circle sign and bold error bar)
dimension of the subarachnoid space.
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subarachnoid space are similar in size. The coefficient of variance

for the transverse subarachnoid space is 21.4 % on the left side

and 25.2 % on the right.

To determine the accuracy of the measurements of the spinal

cord and subarachnoid space, the dimensions of the dural sac as a

whole were measured. Fig. 7 illustrates the transverse (triangle
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Fig. 6 a The transverse left size of the
subarachnoid space. b The transverse right
size of the subarachnoid space.
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Fig. 7 Transverse (triangle sign and regu-
lar error bar) and sagittal (circle sign and
bold error bar) diameter of dural sac.
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sign and regular error bar) and sagittal (plus sign and bold error

bar) diameters of the dural sac. As can be seen, the difference

between the sagittal and transverse diameters is smaller in the

thoracic region than in the cervical region. The average coefficient

of variance for dural sac measurements is 14.2 % in the sagittal

diameter and 11 % in the transverse diameter. The bulge noted in

the cervical spinal cord can be observed also in the dural sac.

Shapiro [1] suggested that one could evaluate the dimensions of

the spinal cord by finding the ratio between the transverse

diameter of the spinal cord and that of the dural sac. We found

that this ratio ranges from 0.44 to 0.72, with a mean value of

0.66. The ratio between the sagittal diameters ranges from 0.44

to 0.64, with a mean value of 0.56.

A low correlation was found between the measurements and the

height of the patients (average correlation value of 0.32) and the

age of the patients (average correlation value of 0.45). No sig-

nificant differences were noted in the cord or in the dural sac

measurements taken at mid-vertebral and adjacent inter-verteb-

ral disks levels.

Conclusions

The current study was prompted by the need to define the

dimensions of an endoscope for subarachnoid visualization and

treatment. A survey of the literature revealed that the available

morphological data on the spine are not complete, and that

additional measurements were needed.

We carefully analyzed MRI images of 42 patients, and found that

the axial dimensions of the spinal cord and the cervical subar-

achnoid space match those in the published literature. No earlier

study measured in detail the size of the subarachnoid space in

the thoracic region, which we found to be 2.5 mm in the latero-

lateral dimension from both sides of the spinal cord, 3 mm

posterior to, and 1 mm anterior to the spinal cord.

The coefficients of variance of the dural sac measurements are

similar to those of the spinal cord (14.2 % in the sagittal diameter

and 11 % in the transverse diameter). Even though the variance in

size of the subarachnoid space is similar to that of the spinal cord

and the dural sac, the coefficients of variance for the subarach-

noid space are considerably larger (about 40 % in the sagittal

view and 22 % in the transverse view) since its size is only about

quarter of that of the cord.

From design considerations, to design a steerable subarachnoid

endoscope or autonomous robotic system, it is possible to ad-

vance along the transverse side through the thoracic and cervical

spine, with a device diameter of no more than 2.5 mm.

Acknowledgements

This work has been carried out in the framework of the ‘‘Quality

of Life and Management of Living Resources’’ European Pro-

gramme, under the MINOSC Project (Micro Neuroendoscopy of

the Spinal Cord). The authors gratefully acknowledge the Eur-

opean Commission for funding this research with contract n.

QLG5-CT-2001-02150.

References

1 Shapiro R. Myelography. Chicago: Year Book Medical Publisher, 1975
2 Thijssen HOM, Keyser A, Horstink MWM, Meijer E. Morphology of the

cervical spinal cord on computed myelography. Neuroradiology 1979;
18: 57–62

3 Yu YL, du Boulay GH, Stevens JM, Kendall BE. Morphology and
measurements of the cervical spinal cord in computer-assisted mye-
lography. Neuroradiology 1985; 27: 399–402

4 Yone K, Sakou T, Yanase M, Ijiri K. Preoperative and postoperative
magnetic resonance image evaluation of the spinal cord in cervical
myelopathy. Spine 1992; 17: 388–392

5 Fujiwara K, Yonenobu K, Hiroshima K, Ebara S, Yamashita K, Ono K.
Morphometry of the cervical spinal cord and its relation to pathology
in cases with compression myelopathy. Spine 1988; 13: 1212–1216

6 Yirout Y. Pneumomyelographia. Prague, Gosudarstvennoe Izdatelstvo
Medicinskoj Literatury, 1964

7 Inoue H, Ohmori K, Takatsu T, Teramoto T, Ishida Y, Suzuki K. Mor-
phological analysis of the cervical spinal canal, dural sac and spinal
cord in normal individuals using CT myelography. Neuroradiology
1996; 38: 148–151

8 Stanley YM, Schabel SI, Frey GD, Hungerford GD. Quantitative analysis
of the cervical spinal canal by computed tomography. Neuroradiology
1986; 28: 139–143

9 Okada Y, Ikata T, Katoh S, Yamda H. Morphologic analysis of the
cervical spinal cord, dural sac and spinal canal by magnetic resonance
imaging in normal adults and patients with cervical spondylotic
myelopathy. Spine 1994; 19: 2331–2335

10 Muhle C, Wiskirchen J, Weinert D, et al. Biomechanical aspects of the
subanachnoid space and cervical cord in healthy individuals exam-
ined with kinematic magnetic resonance imaging. Spine 1998; 23:
556–567

11 Simpson G, Roe A, Lewontine RC. Quantitative Zoology. New York,
Harcourt Brace & Co, 1960

Zaaroor M et al. Morphological Study of the Spinal Canal ... Minim Invas Neurosurg 2006; 49: 220–226

O
rig

in
a

l
A

rticle

226



Abstract

There are numerous approaches for exploring the lower lumbar

vertebrae, and the anterior transperitoneal route is one of the

most popular. Like all surgical techniques, this approach has

advantages and disadvantages. It provides direct access to the

target tissue through a small incision, exposes the anterior

portion of the vertebrae well, and permits good visualization of

the major vessels, thus reducing risk of vascular injury and life-

threatening hemorrhage. However, compared to the extraperito-

neal route, the transperitoneal approach carries higher risks for

peritoneal complications. This article describes a new practical

method for creating an extraperitoneal passageway or ‘‘window’’

during transperitoneal approaches to the lower lumbar vert-

ebrae. Isolation of the peritoneal cavity and its contents with

this technique can reduce peri- and postoperative abdominal

complications.

Key words

Anterior lumbar interbody fusion �vertebra surgery � surgical

technique

Introduction

Carpener first described anterior lumbar interbody fusion in

1932, and Mayer modified the technique to a minimally invasive

surgery in 1997 [1, 2]. Various techniques for lumbar anterior

interbody fusion and the recent advancement of disk prostheses

has expanded the possibilities for surgical intervention in the

lumbar spine. Various approaches to the lumbar vertebral bodies

and intervertebral disks have been described, including poster-

ior, anterior and lateral approaches via extraperitoneal and

transperitoneal routes. Despite its associated difficulties and

risks, we prefer to use the anterior transperitoneal approach for

appropriate cases.

Here we present a new method in which an extraperitoneal

passageway or ‘‘window’’ is created during the anterior trans-

peritoneal approach to the lower lumbar vertebrae. This techni-

que is an excellent way to prevent peri- and postoperative intra-

abdominal complications.

Patients and Methods

Surgical technique

The operation is performed with the patient in the supine

position. The lesion level is identified using a C-arm fluoroscope

and is marked on the skin. Then a 4–cm midline skin incision is

made over the lesion site, and the layers of the abdominal wall

are incised to expose the anterior parietal peritoneum. This layer

is then incised in craniocaudal direction. The small intestines are

shifted to the right upper portion of the abdomen and the

sigmoid colon is shifted left. We use Tobold retractors to keep

the intestinal segments in the desired position, and thus allow

access to the posterior parietal peritoneum lying superficial to

the retroperitoneal tissues. Clamps are applied to elevate the

posterior peritoneum over the surgical site, and then scissors are

used to make a 6- to 8 cm-long opening in the craniocaudal
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direction centered over the lesion. Upon entering the retroper-

itoneal space, the clamps are kept in place to continue elevating

the incised posterior parietal peritoneum, and blunt dissection is

performed to free the membrane from underlying fat for 2 to

3 cm in all directions. Then each free edge of posterior perito-

neum is sutured to the combined layers of anterior parietal

peritoneum and linea alba on the corresponding side using

interrupted 00 monofilament sutures spaced 1 cm apart

(Figs. 1 and 2). The cranial limit and cranial portions of the

anterior and posterior peritoneal membranes should be secured

first because this is the zone where the risk of accidental bowel

injury is greatest. Once suturing is complete, two retractors of

any type can be applied to achieve adequate exposure in the

retroperitoneal area to mobilize and to retract the iliac vessels

laterally and up by vascular tapes, care should be taken for the

injury of small branches. The ureters are located lateral to the

surgical field and fall more laterally while hanging the vessels.

Subsequently the anterior aspect of the disks or vertebrae is

ready for access.

After the spinal intervention is completed, the sutures joining

the anterior and posterior peritoneal layers on each side of the

opening are cut; Tobold retractors are reapplied to keep the

viscera in place; and clamps are applied to elevate the margins

of the posterior peritoneum. The edges of posterior peritoneum

are apposed and sutured in a continuous pattern with 000

absorbable material. Then the edges of the anterior peritoneum

plus linea alba are closed as a single layer with a continuous

pattern of 0 polydioxanone suture material. Finally, the skin is

closed with intradermal continuous 0000 polyglactin suture.

Discussion

With the advancements that have been made in surgical tech-

nology, many conventional operations can now be performed

endoscopically or through smaller incisions. Such procedures are

associated with less pain, less scarring, quicker recovery, and also

reduce health care costs.

Fig. 1 Anterior view of the operative area.
Layers are sutured to form the ‘‘window.’’

Fig. 2 Cross-sectional view of the surgical
plane. Posterior parietal peritoneum has
been mobilized and sewn. Iliac vessels and
ureters have not yet been retracted.
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For any type of surgery, proper incision location and size, and

adequate exposure are essential for a safe and successful opera-

tion. Transperitoneal access to the L4-S1 region of the spine

offers several advantages over the extraperitoneal approach:

more direct access to the target tissue through a smaller incision;

better exposure of the anterior portion of each vertebra; and

better visualization of the major vessels, which is important for

preventing vascular injury and life-threatening hemorrhage.

However, when the transperitoneal approach is used, risks of

injury to intra-abdominal organs, spillage of resected disk mate-

rial and bone fragments into the peritoneal cavity, blood leakage

from the surgical site into the peritoneal cavity, and dehydration

of mesothelial surfaces are inevitable. Also, it has been shown

that lesions in the peritoneal cavity caused by abrasion, ische-

mia, desiccation, infection, thermal injury, and foreign bodies

can result in adhesion formation [3].

Small bowel obstruction due to postoperative adhesions is a

common problem in general surgical practice, and any laparot-

omy is associated with a lifelong risk of this complication.

Abdominal adhesions can cause recurrent or chronic gastroin-

testinal complaints and pain, and they are the most common

cause of intestinal obstruction. Five to 17 % of patients who have

had a previous abdominal operation develop adhesive small

bowel obstruction [4, 5]. Studies have identified intestinal ob-

struction as the most life-threatening condition related to peri-

toneal adhesions, with mortality rates ranging from 5 to 15 %. As

well, reports indicate that postoperative adhesions are respon-

sible for approximately 30 % of all cases of female infertility

[4–7].

Our new open-window technique provides transperitoneal ac-

cess to the lumbar vertebrae through a 4-cm skin incision. This

method prevents spillage of surgical debris or blood leakage into

the peritoneal cavity, protects against desiccation or thermal

injury, and reduces abrasion of intraperitoneal organs. All these

features help minimize mesothelial cell injury, and thus reduce

adhesion formation after surgery.
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Abstract

Neuromas arising from the distal branches of the trigeminal

nerve with extracranial extension are unusual. Here, we present

the clinical features, disgnosis and treatment of 28-year-old

woman with trigeminal neuroma with extension to the infra-

temporal fossa.

Key words

Extracranial extension � intracranial extension � trigeminal

neuroma

Introduction

Trigeminal neuromas (TN) are uncommon and benign lesions

that can be cured by complete surgical resection. The incidence

accounts for less than 1 % of all intracranial tumors and for 0.8 to

8 % of all intracranial neuromas [1]. The trigeminal nerve root,

the gasserian ganglion, and one of the three divisions may be the

origin of such lesions, indicating that TNs may grow into distinct

compartments including the cerebellopontine angle, cavernous

sinus/Meckel’s cave, and extracranial spaces (orbit, infratempor-

al fossa, and pterygopalatine fossa). Neuromas arising from the

distal branches of the trigeminal nerve with extracranial exten-

sion (Jefferson’s type D tumors) are extremely rare, with 30 cases

having been recognized in the English literature since 1955

[1–18]. Table 1 summarizes the literature describing cases with

TNs involving infratemporal fossa.

Here, we describe the 31st case with a large TN arising probably

from the mandibular division of the trigeminal nerve and ex-

tending down into the infratemporal fossa and up into the

middle temporal fossa through the enlarged foramen ovale. The

neurosurgeon should consider TNs in the differential diagnosis

of unusual tumors, because total surgical resection is curative.

Case Report

A 28-year-old woman was admitted to our clinic with a 4-year

history of right visual disturbances. The patient did not report

facial pain and there were no cutaneous stigmata of neurofibro-

matosis. The physical examination revealed no abnormality. The

eye examination disclosed a significant loss of vision in the right

eye. We found right facial hypesthesia in the neurological ex-

amination.

Magnetic resonance imaging (MRI) of the patient showed a large

solid tumor arising from the greater wing of the sphenoid bone

and extending into the infratemporal fossa through the enlarged

foramen ovale. The temporal lobe, the right cavernous sinus, and

the optic chiasm were pushed aside by intracranial extension.

There was also the right lateral ventricle effacement and sub-

falcian shift to the left because of the mass effect. The tumor was

hypointense on T1-weighted imaging with intense enhancement

after gadolinium injection and heterogeneously hypointense on

T2-weighted imaging (Figs. 1a–c). Cerebral angiograms revealed

medial displacement of the anterior cerebral, middle cerebral,

posterior cerebral and basilar arteries.
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The patient underwent a surgical intervention in which a right

fronto-temporal craniotomy was performed (Fig. 2). Total resec-

tion was achieved and a histological examination of the surgical

specimen revealed a schwannoma.

The postoperative period of the patient was uneventful and she

was discharged home on the 7th postoperative day. Twenty

months later the patient had no visual disturbances but did have

right facial hypesthesia. Postoperative MRI 20 months after the

surgery revealed no recurrence or residue lesion (Figs. 3a–c).

Discussion

Neuromas arising from the distal branches of the trigeminal

nerve with extension to the extracranial compartments are

unusual and only 30 cases have been recognized in the literature

[1–18]. All of the tumors are histologically benign and slow-

growing, indicating that the diagnosis usually occurs late as it

was in our case. All patients with TNs extending to the extra-

cranial compartments showed no findings related to neurofibro-

matosis.

As expected, the majority of the patients showed the subjective

complaints of trigeminal dysfunction, frequently localized to the

second or third division of the trigeminal nerve. The clinical

presentation of our patient was unique because there was only

a complaint of right visual disturbances in spite of the huge size

of the tumor. This was due to compression of the optic chiasm

aside by the lesion. The patient regained his vision to normal in

the postoperative period. We found that the most commonly

affected cranial nerve is the 6th nerve followed by the 2nd and

Table 1 Summary of cases of trigeminal neuromas with infratemporal extension

No. Series (Ref. No.) Age/
Sex

Duration of
Symptoms

Initial Symptoms Trigeminal
Symptoms

Approach

1 Fleury and Furtado, 1955 [2] 51/F 3 years Facial hypesthesia, cheek mass, double vision Hypesthesia TM

2 Lin et al., 1974 [3] 54/M No data Cheek mass No ST-ED-TM

3 Arena and Hilal, 1976 [4] 16/F 1 year Left visual disturbance No TZ

4 Yamada et al., 1980 [5] 36/F 3 year Left blindness, vertigo No FT

5 Bitoh et al., 1983 [6] 38/F 1 month Visual disturbance, facial paresthesia No ST-ID-TMax

6 Fushimi et al., 1987 [7] 60/F 15 years Facial paresthesia Hypesthesia Biopsy

7 Nager, 1984 [8] 25/M 3 years Hearing loss, ear pain No ST-ED

8 Iwai et al., 1988 [9] 7/F 1 year Nasal obstruction, exophthalmos No OZ-IT

9 McCormick et al., 1988 [10] 49/M 3 months Facial pain, hearing loss Pain ST-ID

10 Lunardi et al., 1989 [11] 55/F 3 months Facial hypesthesia, double vision Hypesthesia ST

11 Pollack et al., 1989 [1] 41/F 3 months Nasal obstruction Hypesthesia FT-IT

12 Pollack et al., 1989 [1] 58/F 1 year Hearing loss Hypesthesia FT-IT

13 Yasui et al., 1989 [12] 46/F 3 years Facial hypesthesia, double vision Pain, hypesthesia FT-SO

14 Beauvillain et al., 1991 [13] 28/F 2 years Visual disturbance, exophthalmos No ST-ID-TMax

15 Visot et al., 1992 [14] 42/F 18 months Facial pain Pain ST

16 Visot et al., 1992 [14] 42/F 18 months Facial pain, double vision Pain ST

17 Visot et al., 1992 [14] 23/F 18 months Headache No IT-ED

18 Visot et al., 1992 [14] 31/F 18 months Facial pain Pain IT-ED

19 Visot et al., 1992 [14] 34/F 18 months Facial pain Pain ST-TZ

20 Samii et al., 1995 [15] 50/F 1 year Facial paresthesia No FT-ED

21 Paquis et al., 1998 [16] 36/M 5 years Facial pain, hypesthesia Hypesthesia ST-ED-TMax

22 Paquis et al., 1998 [16] 60/M 2 years Facial pain, hypesthesia Pain, hypesthesia ST-ED-TMax

23 Paquis et al., 1998 [16] 63/F 3 months Double vision No ST-ED-TMax

24 Yoshida and Kawase, 1999 [17] 9/F 7 years Photophobia, exophthalmos Pain ST

25 Yoshida and Kawase, 1999 [17] 58/F 2 months Facial pain, hypesthesia Pain, hypesthesia ST

26 Yoshida and Kawase, 1999 [17] 61/F 3 yr. Facial pain Pain Zygomatic IT

27 Yoshida and Kawase, 1999 [17] 25/F 9 days Hypesthesia Pain Zygomatic IT-Ant. TP

28 Yoshida and Kawase, 1999 [17] 36/F 4 months Facial hypesthesia Hypesthesia Zygomatic IT-Ant. TP

29 Yoshida and Kawase, 1999 [17] 36/F 6 months Hearing disturbance, tinnitus No Zygomatic IT

30 Akhaddar et al., 2000 [18] 35/F 4 months Otitis media, facial paresthesia Hypesthesia ST-ID-ED

31 Kafadar et al., 2006 (present case) 28/F 4 years Visual disturbances Hypesthesia FT

TM = temporomandibular; ST = subtemporal; ED = extradural; TZ = transzygomatic; FT = frontotemporal; ID = intradural; Tmax = transmaxillary;
OZ = orbitozygomatic; IT: infratemporal; SO = suboccipital; Ant. TP = anterior transpetrosal.
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8th nerves in 30 patients with TNs extending to the extracranial

compartments at the time of admission.

The literature with the limited number of the patients including

ours shows us that the diagnosis of TNs does not depend solely

on the clinical presentation. Therefore, radiological studies are of

vital importance for the preoperative diagnosis. Significant ad-

vances in neuroimaging, particularly MRI, have made significant

contributions towards achieving preoperative diagnosis and

Fig. 2 The scheme depicting the fronto-temporal approach performed in our case. The head is in a fixed position and a fronto-temporal skin
incision is made extending from the midline to the zygoma and curving to stay approximately 1 cm behind the hairline (a). The scalp and
temporalis fascia are reflected anteriorly and postero-inferiorly, respectively, and two burr holes are placed (b). After the dura incision and
reflection anteriorly, the superior part of the lesion is seen (asterisk) (c).

Fig. 1 Preoperative T1-weighted axial (a), coronal (b) and sagittal (c) MR images after gadolinium injection demonstrating a large lesion arising
from the sphenoid wing extending to the infratemporal fossa. Note the compression of the mesencephalon and the fourth ventricle and
displacement of the Sylvian fissure.

Fig. 3 Postopera-
tive T1-weighted ax-
ial (a), coronal (b)
and sagittal (c) MR
images after contrast
injection showing no
residual tumor 20
months after sur-
gery.

Kafadar AM et al. Trigeminal Neuroma with Extracranial Extension ... Minim Invas Neurosurg 2006; 49: 230–233

O
rig

in
a

l
A

rticle

232



complete surgical tumor removal with minimal morbidity. Digi-

tal subtraction angiography should be performed in cases of

large tumors, as in this case, to demonstrate the tumor’s relation-

ship to and displacement of vascular structures before the surgi-

cal intervention.

Surgical intervention is the treatment of choice but the choice of

surgical approach is the main difficulty. TNs with extracranial

extension can be removed by various surgical approaches [1, 15,

17, 18], however; it has been underlined that cranial base ap-

proaches provide better exposure as compared to conventional

approaches [15, 19, 20]. In our patient, total tumor removal was

achieved by a fronto-temporal craniotomy due mainly to its

well-circumscribed nature, which enabled us to dissect the

lesion easily from the surrounding structures.

In conclusion, TNs with infratemporal fossa extension are an

uncommon entity that may also be removed totally by a fronto-

temporal craniotomy in cases of well-circumscribed large le-

sions.
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Abstract

Objective: Cadaveric dissections were performed to review the

intracranial and extracranial course of the hypoglossal nerve. The

neurological significance of a newly defined ‘‘triple cross’’ of the

hypoglossal nerve is discussed. Materials and Methods: 10

cadaveric heads (left and right; 20 sides) were dissected using

microsurgical techniques. Results: In the cisternal segment of

hypoglossal nerve, the diameter of the rostral trunk amounted to

155–680 mm (mean 435 mm), and the caudal trunk to

210–820 mm (mean 482 mm). The roots formed three trunks in

20 % of the hypoglossal nerves and two trunks in the rest. As a

first cross, the anterior medullary segment of the vertebral artery

crossed the hypoglossal nerve roots in 14 of 20 sides (70 %). As a

rare variation, the vertebral artery extended medial to the nerve

(25 %) or between its roots (5 %). The second cross was found

between the descendens hypoglossus and the occipital artery

(75 %), sternocleidomastoid artery and vein complex (15 %) and

external carotid artery (10 %). The third cross was shown in the

submandibular triangle between the lingual hypoglossus and its

drainage vein; vena committans nervus hypoglossus. Conclu-

sion: Throughout its way, the hypoglossal nerve passes over

vascular structures in three crossing points which may serve as

a probable cause of hypoglossal nerve entrapment disorders.

Key words

Hypoglossal nerve � triple cross � cross-compression � entrapment

disorders �microsurgical anatomy

Introduction

The hypoglossal nerve (HN), also known as cranial nerve XII,

supplies motor fibers to the tongue. The HN is also functional in

respiration and swallowing. The HN may be involved in various

pathological entities from the cisternal segment to the end of the

extracranial portions. This anatomic study aims to disclose the

course of the HN and point out three important crosses between

the HN and the neighbouring vascular structures to help the

management of rare cross-compression syndromes of HN.

Materials and Methods

The intracranial and extracranial parts of the HN were studied on

10 formalin-fixed adult cadaver heads (20 sides). The specimens

were obtained after routine autopsy procedures had been per-

formed and had been embalmed in 10 % formaldehyde solution.

The internal carotid arteries (ICA), the vertebral arteries (VA) and

the internal jugular veins (IJV) were dissected, cannulated and

irrigated with saline solution to remove any residual blood clots

in the lumens. The vascular structures were perfused with

colored latex in 8 specimens, and with colored silicon in the

remaining 2 specimens in order to facilitate their definition.

Cadaveric heads were examined under 3 to 40� magnification

using the Opmi-Zeiss surgical microscope. Measurements were

made with 8 inch/200 mm electronic digital calipers (Marathon,

Richmond Hill, Ontario, Canada). The whole length of the HN was

exposed intracranially and extracranially under the surgical

microscope and all stages of the dissections were measured

and photographed.
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Results

The HN can be divided into intracranial and the extracranial

parts. The intracranial part comprises the cisternal and the

intracanalicular portions [1]. The extracranial part may be di-

vided into the descendens, transverse and lingual parts. The

rootlets of the HN leave the medulla through the preolivary

sulcus, that is, from the level of the pyramidal decussation to

the pontomedullary sulcus. The rootlets and roots converge to

form trunks. It was noted that the roots form two trunks, the

rostral and caudal, in 80 % of the cadaveric sides and three trunks

in the remaining sides. The diameter of rostral trunk was mea-

sured as 155–680 mm (mean: 435mm). The caudal trunk ranged

in diameter from 210 to 820 mm (mean: 482 mm).

The first cross was exposed in the cisternal segment of the HN

(Fig. 1). The anterior medullary segment of the VA crossed the HN

roots in 14 sides (70 %). As a rare variation, the VA extended

medial to the nerve (25 %) or between its roots (5 %).

The HN had its second cross between the descendens hypoglos-

sus and the carotid arteries (Fig. 2). After descending along the

posterolateral surface of the ICA, the nerve turns abruptly, curves

medially, hooking under the artery to the sternocleidomastoid

muscle close to its origin from the occipital artery. Then the

transverse hypoglossus starts. Although the HN is located poster-

ior to the ICA as it exits the hypoglossal canal, this nerve passes

anterior to the ICA 14.5–25.2 mm (mean: 19.24 mm) above the

carotid bifurcation. The descendens hypoglossus crossed the

occipital artery (OA) in the majority of sides (75 %), the sterno-

cleidomastoid artery and vein complex (SCMA-V) in 15 % of sides

and the external carotid artery in 10 % of 20 sides. The OA arose

from the posterior surface of the ECA 6–9 mm (mean: 7 mm)

above the carotid bifurcation. The SCMA-V complex runs

17.1–21.5 mm (mean: 18.47 mm) away from the carotid bifurca-

tion creating a sling over the HN. In all cadavers the crossing

point between the HN and OA was 7.1–9.4 mm (mean: 8.27 mm)

superior to the emergence of the OA from the ECA. In 33 % of the

sides, a low-lying hypoglossal loop was determined.

Fig. 1 The right-side cadaveric dissection
demonstrates the exit of the right hypoglos-
sal nerve rootlets from the medulla and the
relationship between the hypoglossal nerve
and the vertebral artery. The occipital con-
dyle was removed. M = medulla;
VA = vertebral artery; hr = hypoglossal root-
lets; P = the venous plexus of the canalis hy-
poglossus; thin arrow = crossing point).

Fig. 2 The left-side cadaveric dissection
demonstrates the cross between the
hypoglossal nerve and the occipital artery.
SCM = sternocleidomastoid muscle;
b = sternocleidomastoid artery; ICA = internal
carotid artery; ECA = external carotid artery;
IJV = internal jugular vein; oa = occipital
artery; H = hypoglossal nerve; a = angulus
mandibulae; DM = digastric muscle; thin
arrow = crossing point.
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The third cross is placed in the submandibular triangle between

the lingual hypoglossus and its drainage vein, the vena commit-

tans nervus hypoglossus (VCNH) (Fig. 3). The veins reveal the

most variable anatomy in the neck. As a very tiny structure, the

VCNH could not have been detected in 95 % of the sides. In only

one side, the VCNH was seen draining into the facial vein. In the

majority of the sides, drainage of the nerve was achieved by the

lingual and the superior thyroidal veins. The anterior and poster-

ior facial veins commonly unite close to the angle of the mand-

ible to form the common facial vein which empties into the IJV

near the greater cornu of the hyoid bone. The VCNH and HN

coursed together in the beginning of the lingual part. When the

lingual part revealed a fascicular pattern (1–7 fascicles, mean: 5),

the VCNH can be found just superior to the HN forming a narrow-

angled cross.

Discussion

The HN provides purely motor innervation to the tongue. Com-

plete hypoglossal paralysis is manifested by impaired protrusion

of the tongue ipsilateral to the nerve injury so that the tongue

deviates to the side of the lesion. Partial injury to the HN may

cause paresis of the tongue, leading to articulation and mastica-

tion disturbances. Severe or bilateral trauma to the nerve can

affect the protrusion motion of the tongue, causing it to fall back

towards the pharynx resulting possibly in airway obstruction [2].

Recognizing the entire course of the HN not only minimizes the

risk of injury during surgery but also the identification of con-

stant landmarks become critical. Defining the triple cross of the

HN is extremely important in rare cases with vascular cross-

compression syndromes. Advances in neuroradiology provide

enormous knowledge about the pathologies due to neurovascu-

lar contact of the VA and HN [3–5]. In daily practice, the HN can

be easily distinguished on magnetic resonance images not only

to assess the course of the nerve, but also to display its relation-

ships to adjacent vessels. Yousry et al. identified neurovascular

contact in the cisternal segment of the HN in 61 % of root bundles

in MR images [6]. Similarly, the posterior inferior cerebellar

artery (PICA) may extend ventral and/or dorsal to the nerve roots

or lie between these roots [7]. In all these instances the VA or

PICA may compress, displace, distort and/or stretch the roots of

the HN. This cross is significant in patients reported to have a

dolichovertebral artery with an abnormal course compressing

both the medulla oblongata and hypoglossal rootlets [8]. This

relationship is also important for completing far-lateral ap-

proaches without injury to the HN and VA [9].

The HN also traverses with its descending part very close to the

ECA, OA or SCMA-V complex. The HN is the most frequently

injured nerve in 2–17 % of carotid endarterectomies [2,10–13].

Most of the hypoglossal nerve injuries have been attributable to

clamping, traction or stretching. The cross between the HN and

the ECA, OA or SCMA-V complex may be a consequence of the

close development of the hypoglossal nerve and occipital so-

mites in staged embryos [14]. This cross should be taken into

consideration in the diagnosis of peripheral paresis or paralysis

of the tongue during surgery involving this area [15]. This cross

may be a limiting factor during exposure of the carotid artery and

the HN may be liable to injury, especially in the case of high

bifurcation carotid artery lesions [16] or a low-lying HN, as well

as during reconstructions of carotid kinks and elimination of

aneurysms [17]. Also, some abnormalities of vascular structures

including tortuous, kinked carotid arteries may caused neurolo-

gical signs [18–20]. Anatomic reconstruction of the affected

segments of the vascular structures may prevent progressive

deterioration of the HN [21]. Otherwise, the aberrance of the

anatomic position of the HN caused some clinical presentations

of iatrogenic injury [22]. Especially a low-lying hypoglossal loop

is vulnerable to injury during carotid artery surgery [23].

The third cross must be taken into consideration, especially in

the tongue-flap surgery. The pedicle of a tongue flap must

maintain an efficient venous drainage canal [24]. This venous

drainage should also be protected during surgery for avoiding

hypoglossal injury [25].

This anatomical study aimed to provide a better understanding

about the complex anatomy of the hypoglossal nerve which

Fig. 3 The right-side cadaveric dissection
shows the anatomical structures in the right
submandibular region. M = right ramus man-
dibula; AD = anterior belly of the digastric
muscle; PD = posterior belly of the digastric
muscle; hm = mylohyoid muscle; cn = vena
committans nervi hypoglossi; hn = hypoglos-
sal nerve; sd = submandibular duct; ln = lin-
gual nerve; sg = submandibular ganglion;
thin arrow = crossing point.
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traces a long intracranial and extracranial course. We have

described the triple cross of the HN to serve as important land-

marks of cross-compression syndromes. These three anatomic

crosses between the HN and vascular structures were reported as

a probable cause of cranial nerve entrapment disorders.
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Abstract

An important factor in making a recommendation for different

treatment modalities in hydrocephalus patients (VP shunt ver-

sus endoscopic third ventriculostomy) is the definition of the

underlying pathology which determines the prognosis/outcome

of the surgical procedure. Third ventriculostomies (3rd VS) are

successful mainly in obstructive hydrocephalus but also in some

subtypes of communicating hydrocephalus. A simple, easily

applicable grading system that is designed to predict the out-

come of 3rd VS is proposed. The hydrocephalus is graded on the

basis of the extent of downward bulging of the floor of the third

ventricle, which reflects the pressure gradient between the 3rd

ventricle and the basal cisterns, presence of directly visualised

CSF pathway obstruction in MRI, and the progression of the

clinical symptoms resulting in five different grades. In this

proposed grading system, grade 1 hydrocephalus subtype shows

no downward bulged floor of the 3rd ventricle, no obstruction of

the CSF pathway, and no progressive symptoms of hydrocepha-

lus. There is no indication for 3rd VS. Grades 2 to 4 show different

combinations of the described parameters. Grade 5 subtype

shows a markedly downward bulged floor of the 3rd ventricle

and direct detection of the CSF pathway obstruction (i.e., aque-

ductal stenosis) with progressive clinical deterioration. Retro-

spective application of this grading scheme to a series of 72 3rd

VS has demonstrated a high correlation with the outcome: The

success rate in grade 3 reached 40 %, in grade 4: 58 %, and in

grade 5: 95 %. This standardised grading system predicts the

outcome of 3rd VS and helps in decision making for 3rd VS

versus VP shunting.

Key words

Third ventriculostomy �hydrocephalus � grading system �

prognosis

Introduction

The endoscopic treatment of hydrocephalus shows various ad-

vantages in contrast to the ventriculoperitoneal shunts. How-

ever, 3rd ventriculostomy (3rd VS) is not successful in all forms

of hydrocephalus. In various aetiologies of hydrocephalus as well

as in young children there exist controversies in indication and

3rd VS is not without risks. Therefore 3rd VS should be per-

formed only in selected cases when success is anticipated. So far

no hydrocephalus classification is available to adequately predict

the success rate of 3rd VS. As 3rd VS has become a widespread

therapy, an objective method – a grading system – is required to

predict the outcome of 3rd VS and to help in selecting the

appropriate therapy.

An ideal grading system would allow a reliable estimation of the

procedural success for each individual case. A grading system

considering all possible factors which may influence the out-

come of 3rd VS (patient age, duration and progression of symp-

toms, cause of hydrocephalus, co-morbidity, MRI signs, etc.) is

very complex and difficult to apply in daily routine. Therefore a

simple system that considers the important parameters of an

individual hydrocephalus and thus arrives at a grading of the
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hydrocephalus is proposed to select the appropriate, most ben-

eficial therapy. The aim is also to detach the indication of 3rd VS

from controversial criteria as age, posthaemorrhagic and post-

meningitic aetiologies etc.

Materials and Methods

Description of grading system

Experience with endoscopic hydrocephalus treatment has

shown that many of the parameters which might influence the

outcome of 3rd VS are interrelated, allowing us to simplify the

grading to 3 features: 1) directly visible cause of obstruction,

2) downward bulging of the floor of the 3rd ventricle, and

3) progression of clinical symptoms.

Direct visibility of CSF pathway obstruction

MRI scans are analysed for an obstruction of the CSF pathways. A

visible obstruction like an aqueductal stenosis, a space-occupy-

ing lesion in the 3rd ventricle or in the pineal region or a poster-

ior fossa tumour, is scored with 1 point (Fig. 1). If there is no

clearly detectable obstruction (Fig. 2), this is scored with 0. Also a

relative stenosis of the aqueduct with present flow void was

scored with 0.

The direct demonstration of the obstruction classifies the hydro-

cephalus to an obstructive hydrocephalus, which corresponds to

the classical indication for 3rd VS as it bypasses this obstruction.

Downward bulging of the floor of the 3rd ventricle

In normal non-hydrocephalic cases the floor of the 3rd ventricle

is within the line from the chiasma to the mamillary bodies. On

MRI scans the downward displacement is measured from this

line to the deepest point of the floor (Fig. 3). A normal position of

the floor is scored with 0 (Fig. 4), a slight downward bulging of up

to 5 mm with 1, and an marked downward bulging of more than

5 mm with 2 (Figs. 1 and 3).

The downward bulging of the floor of the 3rd ventricle reflects

the pressure gradient between the 3rd ventricle and the inter-

peduncular/prepontine cistern. The more it is bulged downward

the more the pressure difference is between the pre- and post-

stenotic spaces, which seems from the mechanical point of view

to be a favourable predictor for 3rd VS [1–3].

The measurements were intentionally not scaled to the patient

size in spite of the treated patients being from 7 days to 76 years

of age: The relatively more extended bulging of the floor in very

small infants, which reflects a higher pressure gradient, should

Fig. 1 Direct visible obstruction of the CSF-pathway: a tumour of the
quadrigeminal plate with complete compression of the aqueduct.
NMR of a young female patient with progressive clinical signs. Hydro-
cephalus grade 5.

Fig. 2 No direct obstruction of the CSF-pathway is visible, however,
indirect signs are visible: a, a downward bulged floor of the 3rd
ventricle; b, discrepancy of the sizes of the great and prepontine
cistern – suggesting that an obstruction is present between these
cisterns. NMR of a 59-year-old female with progressive symptoms of
normal pressure hydrocephalus. Hydrocephalus grade 4.

Fig. 3 Degree of downward bulging of the floor of the 3rd ventricle:
The line between the chiasma and the mamillary bodies represents the
normal position (a). The distance from this line to the deepest point of
the floor is measured (b). If b is up to 5 mm, it is pointed with 1, if it is
more it is pointed with 2.
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compensate the experienced lower success rate in these small

patients.

Progression of clinical symptoms

Clinical symptoms of hydrocephalus with no progression at all in

the last 12 months are assigned with 1 point, progressive symp-

toms are assigned with 2 points. If no clinical progression exists

we might be dealing with an arrested hydrocephalus. A clinical

improvement does not seem very likely.

The grade of hydrocephalus (Table 1) is derived by summing the

points achieved for each parameter. The lowest possible grade is

grade 1: constant clinical symptoms, no detectable obstruction

of the CSF pathway and normal position of the floor of the 3rd

ventricle. The authors do not see an indication for 3rd VS in grade

1 hydrocephalus. The highest grade would be grade 5: progres-

sive symptomatology, direct visualisation of an obstruction and a

markedly downward bulged floor of the 3rd ventricle. From the

theoretical point of view the Grade 5 hydrocephalus has the best

chance to be treated successfully with 3rd VS.

Application of the grading system

In order to test the predictive value of this system, all the 3rd VS

performed by the first author (U. K.) or under his supervision

were analysed. One hundred and nine 3rd VS were performed

from September 1994 to February 2003. The follow-up had to be

a minimum three months. Patients who died of an unrelated

problem but had until then shown good clinical recovery from

the hydrocephalus (n = 3) were included. In cases of failed 3rd

ventriculostomy, the follow-up period ended with the shunt

implantation (n = 16). Fifteen patients had no MRI preoperatively

and could not be graded. Twenty-two patients did not fulfil the

follow-up criteria and were excluded as well, leaving 72 patients

for the evaluation. Included were children and adults, the age

ranged from 7 days to 76 years (mean: 28.6 years). The sex

distribution was exactly equal. The medium follow-up time was

10.6 months with a range from 1 week (implantation of a VP

shunt because 3rd VS failed) to 66 months.

The results of the procedure were analysed by dividing the

successful treated patients (clinical improvement and shunt

independence) from the failed ones (no clinical improvement

or deterioration or shunt dependence).

Statistical analyses were performed using Fisher’s exact test.

Results

The hydrocephalus was divided on the basis of presurgical MRI

and clinical symptoms by allocating the patients into 5 grades.

72 patients operated with 3rd VS were included for the evalua-

tion of this grading scheme.

There were no 3rd VS performed in grades 1 and 2 where a VP

shunt (grade 2) or only observation (grade 1: stable clinical

symptoms) was performed. In patients with a grade 3 hydro-

cephalus (n = 10) 3rd VS was successful in 40 %, grade 4 (n = 19) in

58 %, and in grade 5 (n = 43) in 95 %. This difference was highly

significant (p < 0.001) (Table 2).

In grades 1 and 5 the constellation is explicitly determined:

grade 1: no downward bulged floor, no detectable obstruction

and stable symptoms; grade 5: markedly downward bulged

Fig. 4 A malresorptive hydrocephalus with normal position of the
floor of the 3rd ventricle. No direct visible obstruction (0 points), no
downward bulging of the floor (0 points) but clinical progressive
symptoms (2 points). Hydrocephalus grade 2.

Table 1 Determination of hydrocephalus grade�

Graded parameters Points assigned

Cause of obstruction

not directly visible 0
directly visible 1

Downward bulging of the floor
of the 3rd ventricle

none 0
slightly (r5 mm) 1
markedly ( > 5 mm) 2

Course of symptoms of
hydrocephalus

steady 1
progressive 2

�Grade: sum of points reached for every parameter.

Table 2 Correlation of hydrocephalus grade with result of 3rd
ventriculostomy

Grade/Results Successful (n = ) Failed (n = ) Success Rate

1 no indication for 3rd VS

2 no indication for 3rd VS

3 4 6 40 %

4 11 8 58 %

5 41 2 95 %

Total (n = ) 56 16 72

Difference of success rate: p < 0.001.
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floor, direct visible obstruction and progressive symptoms. For

grades 2 and 4 three different combinations and for grade 3 four

different combinations of the parameters exist. For the endo-

scopic cases (grades 3 and 4) most often a marked downward

bulged floor of the 3rd ventricle was present (Table 3).

Regarding every subscale independently the differences are less

pronounced. The downward bulging of the floor of the 3rd

ventricle of more than 5 mm shows a success rate of 83 %

(n = 50 of 60), up to 5 mm of 50 % (n = 5 of 10) and in normal

position of ‘‘50 % ’’(n = 1 of 2) as well.

The directly observed obstruction of the CSF pathway is corre-

lated with a success rate of 80 % (n = 48 of 60), its lack with a

success rate of 67 % (n = 8 of 12).

The clinical progression of symptoms was paired with a success

rate of 80 % (n = 55 of 79), the lack of progression with one of

‘‘33 %’’ (n = 1 of 3).

A directly visible obstruction (n = 50) was caused by aqueductal

stenosis (n = 31), pineal region tumour (n = 8), tumour of the 3rd

ventricle (n = 3), posterior fossa tumour (n = 3), outlet obstruc-

tion of the 4th ventricle (n = 4), and isolated 4th ventricle (n = 1).

Postoperatively the floor of the 3rd ventricle reverted generally

into the normal position as seen in Fig. 5.

Complications and difficulties

In the 72 3rd VS, 3 fornix lesion occurred but remained clinically

uneventful. In three cases the ventricle puncture was not suc-

cessful with the first attempt. One case of meningitis and one CSF

fistula without meningitis were detected. One subdural effusion

was seen but resolved spontaneously. One temporary oculomo-

tor nerve palsy occurred in a six-month-old child.

In the remaining 37 3rd VS which did not enter in the evaluation,

3 more clinically uneventful fornix lesions and one meningitis

occurred. One procedure had to be abandoned due to a too small

foramen of Monro which could not be passed with the endo-

scope.

Discussion

An indication for 3rd VS is generally seen in obstructive hydro-

cephalus [1, 4–11]. In addition there are other forms of hydro-

cephalus where the indication of 3rd VS is discussed

[2, 3,12,13,19]. One problem of planning 3rd VS is that it is

difficult to predict its clinical effectiveness and whether the

hydrocephalus has a malresorptive component as well. Whereas

the VP shunt will treat successfully both the obstructive and the

malresorptive hydrocephalus, the 3rd VS will fail when there is a

substantial malresorptive component.

On the other hand the advantages of 3rd VS with shunt inde-

pendence, physiological CSF reabsorption, and low costs

[5, 6,10,15] are such convincing factors that a 3rd VS should be

chosen, if the chance of success is high. Nevertheless there are

also surgical risks of 3rd VS [17–21] which should not be

neglected, and therefore no 3rd VS should be performed when

there is no likelihood of it being effective. Considering these

factors, strict criteria are required to guide the differential in-

dication for 3rd VS and VP shunt.

The presented grading system has the potential of being a very

good help in this dilemma as it reliably predicts the success rate

of 3rd VS. It detaches the indication from the controversy (age,

Chiari malformations, posthaemorrhagic or postmeningitic

aetiology, etc.) and accentuates morphological and clinical fea-

tures, helping the clinician to choose an individual and adequate

therapy: With a success rate of more than 90 % in grade 5

hydrocephalus of course 3rd VS performed by an experienced

neuroendoscopist is the therapy of choice. In grade 4 with still

Table 3 Frequency of different parameter constellations in
grades 3 and 4

Grade Downward
bulging of the
floor of the
3rd ventricle
(points)

Directly
visible
obstruction
(points)

Stable or
progressive
symptoms
(points)

Frequency/No.
of patients

3 > 5 mm (2) no (0) stable (1) 0

3 r5 mm (1) no (0) progressive (2) 7

3 r5 mm (1) yes (1) stable (1) 1

3 normal (0) yes (1) progressive (2) 2

4 > 5 mm (2) yes (1) stable (1) 2

4 > 5 mm (2) no (0) progressive (2) 15

4 r5 mm (1) yes (1) progressive (2) 2

Fig. 5 Pre- and postoperative views
of the floor of the 3rd ventricle. The floor
was markedly bulged downward (left)
in a case of aqueductal stenosis and
has reverted to its normal position after 3rd
VS (right).
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almost a 60 % success rate the patient should have at least the 3rd

VS offered as a potential treatment. If the success rate goes below

the 50 % margin (grade 3 hydrocephalus) a VP shunt should be

favoured. Only in cases with a history of a series of repeated

shunt complications is one attempt of 3rd VS permissible. In

grade 1 and grade 2 hydrocephalus the authors never see an

indication for 3rd VS, because MRI gives no hint at all that there

is an obstructive hydrocephalus. The authors’ recommendations

for differential therapy of hydrocephalus are summarised in

Table 4 .

The parameters chosen for this grading are based on clinical

experience and pathological and mechanical considerations:

– Symptoms of hydrocephalus: only patients with symptomatic

hydrocephalus are treated. An asymptomatic ventriculome-

galy cannot be improved at all by surgery. In slightly sympto-

matic patients without clinical progression, an arrested

hydrocephalus may be suspected and the potential of recov-

ery seems to be low or even absent. Therefore it is valued

only with 1 point, whereas a progressive clinical symptoma-

tology has a larger potential of recovery due to the absence of

irreparable brain tissue damage.

– Obstruction visualization: The direct visualization of the ob-

struction (e.g., aqueductal stenosis, tectal tumour, brainstem

tumour) proves the obstructive form of hydrocephalus. If no

obstruction is detected, indirect signs like the downward

bulging of the floor of the 3rd ventricle have to be checked

for. Because there might be a higher mistake differentiating

obstructive and communicating hydrocephalus, direct visua-

lization was valued higher (1 point) than no direct visualiza-

tion (0 point).

– Downward bulging of the floor of the 3rd ventricle: The down-

ward bulging of the floor of the 3rd ventricle towards the

interpeduncular/prepontine cistern reflects the pressure dif-

ference between the 3rd ventricle and the prepontine cistern,

that means the pressure difference between the ventricular

system and the subarachnoid space. If the downward bulged

floor of the 3rd ventricle is fenestrated pressure equalisation

between the prestenotic high pressure compartment and

the poststenotic lower pressure compartment is accom-

plished [2].

From the mechanical point of view the extent of downward

bulging depends on the pressure difference as well as on its

duration: A slight downward bulging reflects a low pressure

difference or a short duration of a pressure difference. A

marked downward bulging might be caused by an high

pressure difference or by a long-standing pressure difference.

A slight downward bulging ( < 5 mm) might be easier mis-

interpreted therefore it was valued with 1 point, whereas a

marked downward bulging was valued with 2 points. If the

floor of the 3rd ventricle is normal, no pressure difference is

present (valued with 0 points) and a fenestration will be of no

use. The authors see generally no indication of 3rd VS if the

floor is in a normal position. The grading system reflects this

situation very well. As a normal positioned floor may reach

maximally grade 3 (2 points for progressive symptoms and 1

point for direct visualization of an obstruction) such a situa-

tion would translate into a 40 % chance of success for 3rd VS.

Because a normal floor excludes direct visualisation of an

obstruction, the grading will only reach grade 2. A directly

visible obstruction without a downward bulging floor may be

seen extremely rarely, and is explicable through an existing

atypical (spontaneous and undetected) 3rd VS at an other

site (i.e., lamina terminalis) or through an extremely rigid

and fixed floor of the 3rd ventricle (i.e., postsurgical, post-

haemorrhagic, postmeningitic) which hinders the downward

bulging. In such rare cases, of course, a 3rd VS might be

reasonable in spite of the ‘‘normal’’ position of the floor.

The evaluation of success (clinical improvement and shunt in-

dependence) and failure (no clinical improvement or deteriora-

tion or shunt dependence) is simple. An assessment of the

quality of life would be more desirable. However, no homoge-

neous scale for all age groups exists.

The conventional hydrocephalus classification of communica-

tion or non-communication has shortcomings in guiding the

differential indication of 3rd VS and VP shunt. Clinical status

(progressive or stable disease) is not reflected at all, however,

this is an important factor from the clinical point of view. The

classification of communicating hydrocephalus (which means

communication between the ventricles and the subarachnoid

space) does not reflect obstructions inside the subarachnoid

space proximal to the side of 3rd VS (the so-called proximal

extraventricular intracisternal obstructive hydrocephalus EIOH)

which can be treated successfully with 3rd VS as well [2]. Also,

the amount of pre-/poststenotic pressure difference is not re-

flected in the classical classification, it is considered in the

grading with the extent of downward bulging of the floor of the

3rd ventricle. From the mechanical point of view a successful 3rd

VS is rather expected in high pressure differences. These para-

meters are integrated in the proposed grading system.

This grading system is simple, easy to learn and easy to apply,

even if no simple grading system will accurately classify all

varieties of different hydrocephalus cases.

This grading system is designed to be predictive to 3rd VS out-

come detached from the conventional criteria. The possibility of

grades 1 and 2 opens this grading to all hydrocephalus types and

does not restrict it to any subgroup even if it was designed at the

beginning only for potential candidates for 3rd VS. This grading

system requires for each hydrocephalus patient an MRI instead

of a CT scan, but this effort is justified by the advantages in the

decision making process in choosing the adequate therapeutic

modality.

Table 4 Authors recommendation for differential therapy of
hydrocephalus (indication for 3rd VS is seen if the
success rate is very high)

Grade Success rate of 3rd VS Recommended therapy

1 not applicable observation or VP shunt

2 not applicable VP shunt

3 40 % VP shunt, exceptionally 3rd VS

4 58 % 3rd VS or VP shunt

5 95 % 3rd VS
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A prospective application of this grading system is currently

underway. If this grading in its simplicity proves to predict the

success rate of 3rd VS, it will provide a useful tool for decision

making in differential therapy of hydrocephalus whether to per-

form a 3rd VS or a VP shunt.

Conclusions

The proposed grading system classifies the hydrocephalus by

considering the amount of downward bulging of the floor of

the 3rd ventricle, the visibility of CSF pathway obstruction and

the course of clinical symptoms. A high correlation between the

grading and the outcome of 3rd VS is demonstrated. Thus, this

grading helps in decision making in the dilemma of how to treat a

hydrocephalus: with ventriculoperitoneal shunting or with 3rd VS.
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Abstract

We describe the case of a foreign body lodged into ethmoidal

labyrinth and sphenoidal sinus with fracture of the clivus and

consequent rhinoliquorrhea removed by an endoscopic techni-

que. We performed a skull base plasty to close the rhino-liquoral

fistula with resolution of the rhinoliquorrhea. There were no

postoperative complications and there was a good therapeutic

result at long-term follow-up.

Key words

Foreign body � rhino-liquoral fistula � sphenoid sinus � skull base

plasty

Introduction

According to a literature review foreign body retention into the

sphenoidal sinus is a very rare event [1] that is often associated

with orbital trauma and intracranial lesions [2–5]. From our

review the most frequent foreign bodies are metallic or vegeta-

ble ones (arrowhead, pellets, bamboo stick, etc.) [1–19].

The removal of these objects usually requires a surgical endo-

scopic approach [1, 6, 7, 8,10,12] and only in some selected cases

an open surgical approach if the foreign body is completely

intracranial [2, 5, 7,17]. The endoscopic approach demands a

well-founded anatomy of the spheno-ethmoidal region because

of the presence of important and vital structures such as the ICA,

the 2nd cranial nerve and the ethmoidal arteries. In this region

the foreign body, once it has entered the posterior wall of the

sphenoidal sinus, can break into the dura leading also to an

important rhinoliquorrhea that needs a skull base plasty that is

feasible at the same surgical session.

Case Report

A 47–year-old man, diabetic and hypertensive, while he was

using a mowing machine, as consequence of an explosion,

suffered a profound wound in the right orbito-nasal region. After

an accurate washing, the wound was sutured; an X-ray scan

(Fig. 1) of the head was performed and it showed the presence of

radio-opaque material in the ethmoido-sphenoidal region.

So we performed a CT scan of brain and paranasal sinuses (Fig. 2)

that confirmed the presence of the foreign body of probable

metallic nature 5-cm long that had fractured the right ethmoidal

labyrinth and the intersphenoidal septum, inflicted itself into the

posterior wall of the sphenoidal sinus, pierced it and reached the

prepontine cistern next to the basilar artery. There was also

pneumocephalus.

The patient, clear-headed and co-operative, had rhinoliquorrhea

from the left nasal fossa. There were no neurological deficits and,

in particular, no visual ones. The traditional and endoscopic ENT

examinations showed blood clots in right nasal fossa but no

visible foreign body. So we decided to perform an ethmoidect-

omy with the endoscopic technique.

After sacrifice of the right middle turbinate, using a rigid nasal

endoscope with an optic of 0 1 or 30 1, linked with the digital
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camera and with a xenon light source of 300 W, we performed a

complete ethmoidectomy, anterior and posterior. The foreign

body was, as already shown by the CT scan (Fig. 2), 5 cm long

and lodged from the posterior ethmoidal labyrinth into the

sphenoidal sinus after having fractured the anterior wall of the

sphenoidal sinus and the intersinusal septum reaching the left

half of the sinus. And moreover, the tip of the foreign body had

pierced the posterior wall of the sinus on the left immediately

medial to the ICA. From the bony breach there was an important

liquorrhea. After having removed the septal rostrum, the inter-

sinusal septum and the complete, right and left, anterior wall of

the sphenoid sinus, with extreme caution, we took out the

foreign body, and then demucosized the sphenoidal sinus walls.

Then we performed a skull base plasty taking a big mucoperios-

teum flap from the left side of the septum closing in this way the

bony fracture of the skull base. The sphenoidal sinus then was

sealed with tabotamp, spongostan and fibrin glue; the nasal

packing was performed with 2 stripes of Lyofoam. The post-

operative CT scan of the paranasal sinuses (Fig. 3) showed the

results of surgery and a reduction of the pneumocephalus noted

before. There was also a small fracture in the clivus near the

basilar artery with a little bony fragment where the foreign body

tip had been. The basilar artery was safe and sound. The patient

was instructed to remain in bed for 4 days, received antibiotic

therapy with Ceftriaxone 2 g i.v./die, lowered to 1 g i.v./die after

the removal of the nasal packing.

The nasal packing was removed on the 4th day and a CT scan was

performed that showed pneumocephalus resolution and con-

firmed the presence of the small bony fragment next to the

basilar artery. The patient never had fever or meningism signs.

The 3rd day after the removal of nasal packing the patient

presented with sporadic rhinorrhea so he was obligated to

remain again in bed. The CT scan was similar to the preceding

one and nasal endoscopy did not show any sign of sure rhinoli-

quorrhea. After a forced rest in bed of 4 days the patient was free

from rhinoliquorrhea. The endoscopic examination was always

negative and, 14 days, after surgery the patient was discharged.

The endoscopic follow-up, until 1 year, has shown a good condi-

tion of the flap and no signs or symptoms of rhinoliquorrhea.

Discussion

Foreign body retention into the sphenoidal sinus is an extremely

rare event; from a literature review the majority of cases is due to

metallic bodies that, upon entering the orbital medial canthus,

fracture the paranasal sinuses so reaching the sphenoidal sinus.

Usually this event is surrounded by sudden intracranial compli-

cations such as subarachnoidal and intraparenchymal cerebral

hemorrhages; rhinoliquorrhea and pneumocephalus. And, more-

over, late severe complications are possible like the meningitis or

cerebral abscess. The traditional ENT and endoscopic examina-

tions do not always show the presence of the foreign body; this

underlines the importance of CT scans of the brain and paranasal

sinuses in the evaluation of the position of a foreign body that

can be very near to vital structures like basilar artery and ICA.

Only in some selected cases when the foreign body is not radio-

opaque, like bamboo sticks, is MRI useful [4, 8].

The patient’s symptoms, if there are no early intracranial com-

plications, are often soft, less important; the neurological exam-

ination is perfectly normal and the general conditions is good.

Fig. 1 X-ray scan of the paranasal sinuses. The radio-opaque material
is the foreign body.

Fig. 2 CT scan of the paranasal sinuses. The foreign body in the
sphenoidal sinus has pierced the clivus. The tip of the foreign body is
next to the basilar artery.

Fig. 3 Post-operative CT scan of the paranasal sinuses. Reduction of
the pneumocephalus.
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The surgical approach for foreign body removal should be eval-

uated after radiological imaging. In patients with a risk of

intracranial hemorrhage (like when the foreign body is in contact

with big vessels) should a combined approach, open and endo-

scopic, be preferred to more easily control the possible hemor-

rhage. In all other cases with the only endoscopic approach in

experienced hands, it is possible to remove the foreign body and

resolve the eventual rhinoliquorrhea by performing a skull base

plasty.

The post-surgical period contemplates asystemic antibiotic

therapy and a forced prolonged bed rest. The nasal packing is

removed 4 days after the operation and the post-surgical endo-

scopic follow-up evaluates the results of the skull base plasty and

the rhinoliquorrhea resolution. A early post-operative and a CT

scan 7 days after intervention are always performed to evaluate

the course of the eventual pneumocephalus that is often asso-

ciated with this type of lesion.
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Abstract

The present case describes a two-step endoscopic management

of hydrocephalus and diagnosis of a single pineal region metas-

tasis arising from a gastric adenocarcinoma. A 62-year-old man

presenting with signs of subacute obstructive hydrocephalus

from a pineal region mass had at first been treated with an

endoscopic third ventriculostomy. As cerebrospinal fluid tumor

markers (alpha-fetoprotein, beta-human chorionic gonadotro-

pin) were negative, an endoscopic biopsy of the pineal region

tumor was performed through a more anterior frontal burr hole.

Pathology showed an adenocarcinoma and primary tumor work-

up revealed an unsuspected gastric tumor, the pathology of

which matched with the intracranial metastasis. The present

report emphasizes the role of neuroendoscopy in pineal region

tumors and reports a rare case of a solitary gastric adenocarci-

noma metastasis in this location.

Key words

Minimally invasive �neuroendoscopy �pineal region �metastasis

Introduction

The diversity of tumor types present in the pineal gland region

and their potential curability have prompted surgeons to max-

imize the surgical technique in order to obtain, as a main

objective, the most accurate pathological diagnosis [1, 2].

Also, the detection of the tumor markers alpha-fetoprotein (aFP),

beta-human chorionic gonadotropin (bHCG) has become an

essential aid to diagnosis and management by avoiding, if high

levels in cerebrospinal fluid (CSF) are detected, tissue sampling

that might be unnecessary [3]. Neuroendoscopic surgery pre-

sents clear advantages in dealing with tissue sampling, gross

morphological analysis of tumor and treating obstructive hydro-

cephalus.

38 cases of solitary pineal masses as the only sites of intracranial

metastases have been reported in the literature [4–6]. Although

rare, single metastasis to the pineal region, mimicking a primary

pineal region lesion on imaging studies, is a diagnosis one might

also consider upon encountering a pineal region mass in the

elderly. Here we describe our algorithm that led to hydrocepha-

lus treatment, accurate diagnosis and consequent targeted on-

cological treatment.

Case Report

A 62-year-old man with a medical history of hepatic disease, but

no known tumor disease was admitted to our institution with a

3-months progressive deterioration of cognitive functions, gait

disturbance and urinary incontinence. A few days before admis-

sion, the patient could not walk anymore, was unresponsive and

presented episodes of vomiting. A head CT scan was performed

before admission and showed a triventricular hydrocephalus

with a pineal region lesion, he was consequently referred to our

department for the management of the case. At admission
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neurological examination showed an MMSE equal to 12/30,

bilateral Babinski sign, bilateral clonus and spastic tetraparesis.

Standard blood work-up was normal. Standard chest X-rays did

not demonstrate any abnormality. Cerebral MRI with a CSF study

showed a triventricular obstructive hydrocephalus with signs of

transependymal reabsorbtion (see Figs. 1–3) and a pineal gland

lesion measuring 12 mm with heterogeneous contrast enhance-

ment. We decided to perform a third ventriculostomy with a

tumor markers study. Our preoperative diagnosis was oriented

towards a pineal primitive tumor. Ventriculostomy through a

precoronal right burr hole was uneventful. CSF was taken once

the ventricle was penetrated and sent to the laboratory for a

complete study. The lesion was visualized endoscopically and

looked like being very vascularized. At 48 hours, patient pre-

sented a neurological improvement with a normal consciousness

status, disoriented for time and space, but gait was unstable.

Tumor marker tests resulted to be negative for aFP and bHCG,

CSF cytology was also negative. It was considered at this stage

that a histological diagnosis would be mandatory to treat the

patient optimally. Our surgical choice was oriented towards an

endoscopic biopsy. This second procedure was performed 8 days

later. A more frontal burr hole in the axis of the pineal region

tumor was performed. As expected the tumor was hemorrhagic

but irrigation and focal bipolar coagulation controlled the bleed-

ing. The ventriculostomy was permeable. The tissue samples

were considered to be representative and an external ventricular

drainage was left in place at the end of the procedure. The post-

operative course was marked by neurological stability.

The external ventricular drainage was removed at the second day

after a CT scan showed no complications. A small quantity of

blood appeared to lie in the occipital horns and third ventricle.

Ventricular sizes were reduced compared to preoperative status.

Histopathological analysis demonstrated a single atypical gland

structure, consistent with metastatic adenocarcinoma (Figs. 4A

and B).

The search for a primary tumor revealed a gastric adenocarcino-

ma of the intestinal type (Fig. 4C) that matched morphologically

with the pineal region tumor. Consequently, patient was taken

over by oncologist colleagues in order to start with a conven-

tional whole brain radiotherapy and an adapted chemotherapy

regimen.

Discussion

The majority of patients with pineal region tumors present with

obstructive hydrocephalus of the aqueduct of Sylvius. The opti-

mal surgical strategy for treating hydrocephalus in these pa-

Fig. 1 Pre-operative T1-weighted gadolinium-enhanced sagittal MRI
of the lesion.

Fig. 2 Pre-operative FLAIR coronal MRI of the lesion.

Fig. 3 Post-operative endoscopic biopsy CT scan. Note the presence
of a small quantity of blood in the occipital horns and the ventricular
size reduction.
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tients involves endoscopic third ventriculostomy [7, 8]. This

procedure is safe, highly effective and is preferred over ventri-

culo-peritoneal shunting. The endoscopic procedure also allows

CSF sampling precisely, before the endoscope is introduced in

the frontal horn, by aspirating with a Cushing trocar a sufficient

volume to obtain a complete cytological, chemical and bacter-

iological study. Measurements of germ cell markers, bHCG and

aFP, in the CSF and serum are essential in all patients. The

presence of one or both markers is pathognomonic for a malig-

nant germ cell tumor. When markers are elevated, a tissue

diagnosis might not be necessary and patients can be treated

with radiation and chemotherapy. The first step of the surgical

procedure in our case had two purposes: to treat the hydroce-

phalus and to secure a CSF sample in order to study tumor

markers. As aFP and bHCG were negative the next step would

be to obtain histology of the lesion. The primary objective of

surgical management of pineal region tumors is the establish-

ment of an accurate histological diagnosis. There are more than

17 different pathological tumor types in the pineal region [9] and

therapeutic approach differs for each [10].

Given the variety of tumors, diagnostic accuracy is also essential

for making enlightened management decisions. Neuroendo-

scopic procedures have clear advantages in dealing with tissue

sampling of intraventricular lesions, in particular third ventricle

tumors. We know that many pineal region tumors are highly

vascular and obtaining satisfactory hemostasis along the tumor’s

ventricular surface can be hard endoscopically, although master-

ing the technique will allow for safe treatment of hydrocephalus

with ventriculostomy and will be effective for obtaining patho-

logical samples with the biopsy endoscopic forceps.

As previously described by Oi et al., endoscopic biopsy to the

pineal region implies a low anterior frontal burr hole [11]. When

this anterior approach is used the only structure that interferes

with the procedure is the mass intermedia or the interthalamica

adhesion and the lesion is directly visualized, anteriorly facil-

itating biopsy and bleeding control of the tumor.

The endoscopic procedure in this case has been preferred to

stereotactic biopsy; the latter being potentially hazardous be-

cause of possible bleeding from multiple sources, including the

deep venous system, choroidal vessels, and the multiple pial

surfaces that must be traversed during biopsy [12,13]. The

increased vascularity of many malignant pineal region tumors

is an added factor.

Metastasis to the pineal region is a rare manifestation of malig-

nancy. A literature search showed 64 such cases and among

them 30 were solitary pineal mass with variable sizes [14–18].

In 18 reported cases, metastasis was found at autopsy [4]. More

recently, however, pineal region metastasis have been detected

on MRI. Lung carcinoma, in general small cell carcinoma, is the

most frequent primary lesion [19]. Carcinomas in other organs,

such as breast [20], stomach [21], esophagus, rectum and kidney

[22] have been reported as primaries. Occasionally plasma cell

leukemia [23], melanoma [24] and melanocytoma [25] consti-

tuted a solitary tumor mass in the pineal region. The present

patient had a metastatic adenocarcinoma, and subsequently a

primary gastric adenocarcinoma was histologically proven.

It is well known that germ cell tumors of the pineal gland can

undergo malignant transformation into enteric-type adenocarci-

noma. In such cases, glandular epithelium of enteric character

may retain aFP expression. No doubt is left in the present case as

to the gastric metastatic origin, considering the matching of both

pineal and gastric histopathological features. If a mass is de-

Fig. 4 Pineal biopsy showing a single atypical glandular structure (A).
Strong pancytokeratin expression detected by immunohistochemical
studies confirms the epithelial nature of the neoplasm (B). Gastric
biopsy detected an adenocarcinoma of intestinal type with matching
histopathological features (C).
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tected in the pineal region, various histological types of primary

tumor arising from the pineal body should be considered. It is

known that non-germinatous tumors of the pineal gland can

undergo a malignant transformation into enteric-type adenocar-

cinoma. In such transformed regions, glandular epithelium of

enteric character may express aFP. In the present case no germ-

cell tumor elements or no alpha-fetoprotein-positive cells were

found in the endoscopic biopsy sample obtained. No doubt is left

in our case as to gastric primary origin, considering the matching

of both pineal and gastric pathology results.

Conclusion

Although rare, solitary metastasis to the pineal gland is one of

the possible diagnoses when dealing with a mass in this region.

Solitary gastric tumor metastasis to the pineal gland is an

exceptional finding. However, because of the variety of lesions

and tumor pathologies arising in this region, histological diag-

nosis appears to be mandatory when tumor markers are nega-

tive. The unexpected pathology that emerged in our case clearly

demonstrates the importance of biopsy in diagnostic manage-

ment. Neuroendoscopy has proven its safety and efficacy in

dealing with obstructive hydrocephalus and diagnostic biopsy

of pineal region tumors.
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Abstract

Radiosurgical treatment of brain tumors is sometimes considered

to be free from significant acute complications or adverse effects.

A rare case of fatal intratumoral hemorrhage immediately after

gamma knife radiosurgery (GKR) for brain metastasis is reported.

A 46-year-old woman with lung cancer complicated by systemic

dissemination experienced an acute episode of headache, speech

disturbances, and right-side hemiparesis. She had no history of

arterial hypertension or coagulation disorders. CT and MRI dis-

closed multiple brain metastases. The largest tumor, which was

located in the left frontal lobe and caused a significant mass effect,

was removed microsurgically without any complications. GKR for

nine residual metastases was done on the fourth postoperative

day. The marginal dose, which corresponded to the 50 % prescrip-

tion isodose line, constituted 20 Gy. No complications were no-

ticed during frame fixation, treatment itself, or frame removal.

Fifteen minutes after the end of the GKR session the patient

acutely fell into a deep coma. Urgent CT disclosed a massive

hemorrhage in the left cerebellar hemisphere in the vicinity of

the radiosurgically treated lesion. The patient died 4 days later

and autopsy confirmed the presence of intratumoral hemorrhage.

In conclusion, GKR for metastatic brain tumors should not be

considered as a risk-free procedure and, while extremely rare,

even fatal complications can occur after treatment.

Key words

Gamma knife radiosurgery �brain metastases � complication �

intratumoral hemorrhage

Introduction

Radiosurgery, particularly gamma knife radiosurgery (GKR), is a

highly effective management option for both single and multiple

metastatic brain tumors. Acute adverse reactions after treatment

are not uncommon, but are usually transient and generally are

well controlled by medication [1–6]. Hemorrhage into intracra-

nial tumor after radiosurgery is extremely rare, but can poten-

tially lead to catastrophic consequences due to acute

compression of the eloquent brain structures [7, 8]. Herein we

report a case of fatal hemorrhage in the brain metastasis, which

occurred immediately after GKR.

Case Report

A 46-year-old woman was admitted for the management of

multiple brain metastases from the histologically verified lung

adenocarcinoma. Previous treatment included systemic che-

motherapy, radiotherapy of the primary tumor, and whole brain

radiation therapy. Neurological examination at admission re-

vealed symptoms of intracranial hypertension, papilloedema,

moderate right-sided hemiparesis, and dysphasia. The Karnofsky

performance scale [9] score was 60, the SIR [10] score was 3, and

RPA [11] class III was defined. Ten intracranial tumors were

identified radiologically. The largest one, which was located in

the left frontal lobe and caused a significant mass effect, was

removed surgically (Fig. 1). Histological examination revealed a

poorly differentiated tubular adenocarcinoma. The early post-
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operative course was uneventful. A significant regression of the

neurological symptoms was marked.

GKR for residual intracranial tumors was done on the fourth

postoperative day utilizing the Leksell Gamma Knife model C

(Elekta Instruments AB, Stockholm, Sweden). Because the pa-

tient had received steroid therapy during several weeks before

radiosurgery no additional dose of dexamethasone was adminis-

tered on the day of treatment. After non-complicated frame

fixation, which was done under local anesthesia, contrast-en-

hanced CT and T1-weighted post-gadolinium MR images were

obtained and transferred into the Leksell GammaPlan (Elekta

Instruments AB, Stockholm, Sweden) for treatment planning and

radiation dosimetry. All brain tumors were treated in a single

session with a marginal dose of 20 Gy at the 50 % prescription

isodose line (Fig. 2). The total energy delivered to the skull

amounted to 5.4 J. The total treatment time was 131.2 min. The

radiosurgical parameters that were used for management of

the metastasis in the left cerebellar hemisphere are presented

in the Table 1 . Its volume was 2.7 mL and moderate peritumoral

edema was presented. No complications were marked during

frame fixation, pre-treatment neuroradiological investigation,

the treatment session itself, and frame removal. Constant mon-

itoring of the blood pressure during all stages of the procedure

did not reveal any abnormalities.

Fifteen minutes after the end of treatment session, at the time of

transportation to the ward, the patient acutely fell into deep

coma, which was accompanied by cardiac arrest. Resuscitation

was started immediately and led to recovery of the cardiac

rhythm. An urgent CT disclosed a massive hemorrhage in the

vicinity of the radiosurgically treated tumor of the left cerebellar

hemisphere (Fig. 3). The patient’s family rejected surgical treat-

ment. Intensive therapy was not effective and the patient died 4

days later. The autopsy confirmed massive intra- and peritumor-

al hemorrhage in the left cerebellar hemisphere.

Discussion

Early side effects after radiosurgery of intracranial lesions are

encountered with an incidence of 24 � 67 %, and in 13 � 18 % of

cases occur within 24 hours after treatment [1, 3, 5, 6]. These

usually corresponded to swelling of the neoplasm and/or peri-

tumoral brain, or to the irradiation of the specific structures,

such as area postrema [1, 2, 5,12]. Risk factors for clinically

significant acute adverse reactions include large size of the

lesion, its location in a critical brain area, prominent peritumoral

edema, intracranial hypertension, and high irradiation dose

[2, 3, 5, 6]. Nevertheless, the symptoms are usually mild-to-mod-

erate and at the time of deterioration only few patients need re-

admission to hospital [3–6]. Periprocedural administration of

dexamethasone (16 mg/day for 2 days) is considered as an

effective prophylactic measure [1, 2]. At the same time a pro-

longed use of steroids, which was the case in our patient,

probably does not have a protective effect against early adverse

irradiation effects [3].

Spontaneous hemorrhage in brain tumors is encountered with

an incidence of 5 %, and can be provoked by ventricular drainage,

ventriculoperitoneal shunting, cerebral angiography, and head

injury [7]. Intratumoral hemorrhage after radiosurgery of brain

tumors is extremely rare. To the best of our knowledge only 2

such cases were reported previously. Motozaki et al. [13] de-

scribed peritumoral hemorrhage 6 weeks after non-complicated

radiosurgical management of the solitary metastasis of the

breast adenocarcinoma in the basal ganglia. Uchino et al. [14]

reported peritumoral hemorrhage 2 hours after LINAC-based

radiosurgery for multiple brain metastases of the breast cancer.

The authors of both case reports hypothesized that the compli-

cation resulted from the breakdown of the fragile vessels of the

tumor or surrounding brain.

The cause of the complication in the present case is not clear.

Both acute necrosis of the vessel wall and acute thrombosis of

the vessel with subsequent local ischemia could result in hemor-

rhage. Apoptosis of the endothelial cells, decrease of endothelin

production, increase of thromboxan, prostacyclin, and prosta-

glandin synthesis can occur within few hours after irradiation of

Fig. 1 The largest metastatic brain
tumor, which was located in the left frontal
lobe (A), underwent surgical resection (B),
and histological examination confirmed
the diagnosis of adenocarcinoma
(C; H&E, �200).

Table 1 Parameters of radiosurgical treatment of metastatic
brain tumor located in the left cerebellar hemisphere
which exhibited hemorrhage thereafter

Treatment characteristics Parameters

Number of isocenters One

Collimator size 14 mm

Maximal dose 40 Gy

Marginal dose 20 Gy

Prescription isodose line 50 %

Energy, delivered to tumor 85.7 mJ

Unit energy, delivered to tumor 31.7 mJ/mL

Conformity index 0.91

Selectivity index 0.78
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the brain tissue and may lead to the dilatation of the vessels and

local reduction of the cerebral blood flow [15]. Impairment of

tissue perfusion can be facilitated by the peritumoral brain

edema. The latter was present in our patient before treatment

and could have been further augmented by GKR. Wolff et al. [16]

showed that acute radiation-induced swelling of the cerebellum

could be significant enough to cause obstruction of the CSF

circulation and necessitate urgent shunt surgery.

Possible risk factors for hemorrhage in intracranial tumor in-

clude coagulopathy, arterial hypertension, and the specific his-

tology of the neoplasm [7, 8,17]. Our patient underwent GKR

soon after microsurgical excision of another intracranial metas-

tasis, therefore the possibility of local or systemic disturbances

of coagulation could not be excluded. It is known that malignant

brain tumors by themselves can cause a local increase of fibri-

nolytic activity, which can facilitate bleeding [17]. On the other

hand, fluctuations of blood pressure seemingly did not play a role

in the present case, because continuous monitoring of the blood

pressure did not reveal any abnormalities. While metastatic

brain tumors of a specific histology (choriocarcinoma, melano-

ma) have a high propensity for spontaneous hemorrhage, this is

not the case in adenocarcinoma, which was present here. Finally,

it could not be excluded that the spontaneous hemorrhage into

brain metastasis in our patient occurred at the time of GKR just

by coincidence.

In conclusion, hemorrhagic complications after radiosurgery for

metastatic brain tumors are rare, but can lead to catastrophic

events as is shown in the present case. Monitoring of blood

pressure during all stages of the procedure and control of the

coagulation status may be important for the reduction of their

risk, especially in cases of neoplasms with a high propensity for

intratumoral bleeding. The possibility of acute complications

and their consequences have to be discussed with a patient and

his or her relatives before radiosurgical treatment.
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