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ENDOSscoPIC MICRONEUROSURGERY: USEFULNESS AND
COST-EFFECTIVENESS IN THE CONSECUTIVE EXPERIENCE
OF 210 PATIENTS

OBJECTIVE: Indications, usefulness, and cost-effectiveness of the endoscope in routine
microneurosurgery are not clear. To delineate such aspects, we assessed our experi-
ence of endoscopic application and additional cost to use an endoscope.

METHODS: Endoscopes were used in 210 patients with cranial base and cisternal
pathological features in the previous 7 years. Lesions were located in the extradural
cranial base in 78 patients and in the cistern in 132 patients. Rigid lens endoscopes 2.7
to 4 mm in width, 11 to 20 cm in length, and 0 to 70° in angle were used.

RESULTS: Endoscopes were used for primary or a significant part of the surgery in 64%
of the extradural cranial base procedures. Although endoscopes were used only for
visual assistance in 82% of cisternal pathological features, significant benefit was
noted in 9% and was not different from cranial base lesions. Eleven patients may have
had complications if the endoscope had not been used, and 10 procedures would have
been impossible without endoscopic use. Therefore, the number of patients need to
treat to experience significant benefits by endoscope was 10. Endoscopic equipment
costs an additional US $326 per patient and, hence, significant benefit was the
equivalent of US $3260. No permanent complications resulted from the use of the
endoscope.

CONCLUSION: The endoscope can be applied safely in routine microsurgery with
specific equipment and has proven useful in T of 10 patients. To perform more
effective procedures using endoscopes, we need to develop specially designed instru-

ments usable through a narrow corridor and in an angled field.

KEY WORDS: Cost, Cranial base, Endoscope, Holder, Microneurosurgery
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Recently, endoscopes have been intro-
duced in multiple surgical fields to min-
imize surgical invasiveness or to pro-
vide new visual dimensions. Endoscopes can
be used through a narrow corridor and pro-
vide clear and close-up views of objects. En-
doscopes also provide angled views where no
view would otherwise be possible. In the field
of neurosurgery, endoscopic procedures have
established their role in specialized applica-
tions for spinal and peripheral nerve lesions
(1, 14), And ventricular pathological features
or intraparenchymal mass lesions (4, 11). But
in routine cranial microneurosurgery, the en-
doscope has not become an essential addition,
because the endoscope cannot provide infor-
mation about the surrounding structures and

there is no expandable space in the cranium to
create working space for the endoscope (12).
In this study, the authors retrospectively as-
sessed the initial experience of endoscopic ap-
plication in 210 consecutive patients with cra-
nial base and cisternal pathological features
for the benefits and cost-effectiveness. The au-
thors attempted to clarify the indication and
method to best use the endoscope in routine
microneurosurgery.

PATIENTS AND METHODS

Patients and Assessment

Clinical material included 210 patients with
cranial pathological features in the cranial
base or in the cistern primarily managed by
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the first author (AM) at the George Washington Medical Cen-
ter (July 1997-August 1998) and at the University of Tokyo
Hospital (September 1998-February 2004). Endoscopes were
used as the primary visual equipment to perform surgery or as
an assisting device to manage 132 cisternal and 78 cranial base
pathological features as depicted in Table 1. During the same
period, the endoscope was applied in an additional 46 intra-
parenchymal or ventricular pathological features and 10 spi-
nal lesions. Some of the patients were included in previous
studies reported by one of the authors (LNS) (9, 13).

Usefulness of endoscopes was assessed by the following
categories: Class I, not found useful; Class II, provided useful
visual information; Class III, endoscope was used to perform
main part of the procedure or was used as only optical device
(i.e., primary endoscopic procedure): Class IV, endoscope was
absolutely essential for surgery, mainly because of the follow-
ing two achievements: 1) complication avoidance for the pa-
tients in whom the endoscope provided information to avoid
complication and 2) increased possibility for the patients in
whom the endoscope improved the surgical possibilities over
those provided by microscope alone.

Endoscopic Method

Primary Endoscopic Surgery

This type of application involves endoscopes only as an
optical device. In these procedures, we used 2.7- to 4.0-mm
straight rigid endoscopes, angled 0 to 70°, 18 to 20 cm in length
(Machida Seisakushyo, Tokyo, Japan, or Carl Storz GMBH &
Co., Tuttlingen, Germany) or an Olympus Bayonet-shaped

endoscope (length, 13 cm) with an integrated endoscope hold-
ing system (EndoArm; Olympus Co., Tokyo, Japan) (12). As
the holding device, we also used a Mitaka Point Setter (Mitaka
Kohki Co., Tokyo, Japan). For video equipment, we used the
Storz Tricam 3-CCD Video Camera system (Carl Storz GMBH
& Co.). Instruments used in these procedures need to be
specially designed to work around the endoscope. When the
scope was clouded by mucous or blood, we cleared the tip of
the scope using irrigating suction. For these purposes, a
curved irrigation suction device, narrow-shaft straight and
curved bipolars, and various malleable dissecting or curetting
devices (Fig. 1) that fit through narrow surgical corridors and
provide angled directions according to the endoscopic view
were developed.

Endoscope-Assisted Surgery

In this application, endoscopes are used to provide addi-
tional, close-up, or angled views during routine microsurgery.
The endoscopes can be used before starting the main proce-
dure to confirm the anatomy around the lesion, and then the
scope can be fixed to a holder and used to give additional
visual information during the main procedure. At the end of
the procedure, endoscopes can be used to confirm the surgical
effects such as the clipping, removal of the tumor, or possible
complications. For these procedures, we mainly used 30 or 45°
3-mm width endoscopes with the working length of 11 cm
(Hopkins 7209 BA or FA; Carl Storz GMBH & Co.). Endo-
scopes were used either under free hand or fixed to a holding
device. These scopes were rarely used alone, but rather under
the guidance of a microscope. We used an Olympus OME 8000

microscope (Olympus Co.),

which is equipped with a
TABLE 1. Two hundred ten patients who underwent endoscopic microsurgery” picture-in-picture projection
Cisternal pathologic features Extradural cranial base/paranasal sinus pathologic system with the endoscopic
features view in the upper left corner
of the surgeon’s eyepiece, so
Pathologic No. Pathologic No. that the surgeon can inte-
feature patients feature patients grate two different visual
Vestibular schwannoma 30 Pituitary lesions 51 fields simultaneously (Fig.
Aneurysm 27 Chordoma 7 2A).
Cranial base meningiomas 23 Cranial base malignancies 5 .
Microvascular decompression 21 Cranial base bony lesions, CSF leak 5 Cost Analysis
Hypothalamic tumor 10 Cholesterol granuloma 4 Because no additional fee
Epidermoid 3 Meningioma 2 can be charged for the use of
Brainstem lesion 3 Other cranial base tumors 4 the endoscope in Japan, all
Schwannomas (V, VI, IX) 3 Total no. 78 the cost of the equipment di-
Glioma 2 vided by the number of pa-
Chiari malformation 2 tients should be considered
Chordoma/chondrosarcoma 2 as the additional costs. To
Arachnoid cyst 2 evaluate such additional cost,
Vascular anomaly 2 we sent a questionnaire to
Other tumor 2 the neurosurgeons who fre-
Total 132 quently use the endoscope in
o their practice and present
" CSF, cerebrospinal fluid. their experience in medical
meetings or in peer review
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FIGURE 1. Equipment developed for primary endoscopic procedures
(Fujita Tka Co., Tokyo, Japan). A, irrigation suction devices with various
angles. B, narrow shaft, reversed opening bipolar forceps. This bipolar
opens by squeezing the handle, so that this bipolar can be inserted through
narrow corridor. C, various malleable dissectors that can be bent toward
the direction of view.

articles and asked what are their most frequent indications in
using an endoscope. Also we sent letters to the companies
providing endoscopic equipment in Japan (Aesculap,
Machida, Olympus, Stryker, Storz, and Wolf) requesting the
information on the average price of an endoscope and video
system, recommended renewal of the systems, and the fre-
quency of requested repairs.

RESULTS

Clinical Benefits

We performed 51 primary endoscopic procedures and 159
endoscopy-assisted procedures. Table 2 shows the clinical useful-
ness of the scope in the cisternal and extradural cranial base and
paranasal sinus pathological features. In the cisternal pathologi-
cal features, the scopes were used only for visual assistance in
most patients (82%). However, in most of the air sinus or extra-
dural cranial base pathological features, especially for pituitary
procedures, endoscopes were used as the primary optical device
(63%; Class III). The benefits scored as Class IV can be catego-
rized into two types: 1) complication avoidance and 2) increased

NEURDSURGERY
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possibility. As the Type 1 benefits, the endoscope identified
inappropriate clipping in five patients that required replacement
of the clip, residual tumors in two patients, and perforation to the
air sinus in four patients that might have induced cerebrospinal
fluid leaks. All except one surgeon were experienced in the
management of cisternal pathological features. For the patients in
whom the endoscope increased the surgical possibilities (Type 2
benefits), we could perform procedures to manage subchiasmatic
lesion only under the endoscope in two patients (Fig. 2, B-D).
Although 64% of procedures were listed as Class III or above,
most extradural or paranasal sinus lesions could be managed
under the routine microscope; however, in eight patients with
tumor extension into the cavernous sinus (Fig. 3) (3), suprasellar
region (3), or both (2), the endoscope provided direct vision to
these areas and made the procedures into this area much safer
and easier. Although a x* test showed significant difference in
the ratio of Class II and III between cisternal and cranial base
pathological features (P < 0.0001), the ratio of Class IV in each
series did not show significant difference (P = 0.56). The number
of patients needed to treat to experience one clear benefit by the
use of an endoscope in routine microneurosurgery was 10 pa-
tients (21 of 210 patients). The time required to prepare the
endoscope and other necessary instruments, including the
holder, was on average of 10 minutes.

Complications

Complications induced by the use of an endoscope are listed
in Table 3. In earlier pituitary surgeries, when we did not have
appropriate scope holders, we encountered cerebrospinal fluid
leaks in three patients. This was caused by inadequate recon-
struction of the sellar floor, because we could not perform deli-
cate bimanual procedures without an adequate holding device.
In two patients with microvascular decompression for hemifacial
spasm, we encountered delay of the brainstem auditory evoked
potential, which may have been caused by the heat of the scope
but did not induce permanent sequelae. In the last complication,
an unrecognized paraclinoid aneurysm rupture occurred during
transnasal pituitary surgery. This patient recovered uneventfully
after the emergency craniotomy and clipping. No permanent
complication was noted by the use of endoscopes.

Cost of Using an Endoscope and Cost of Significant
Benefit of the Endoscope

Of 15 questionnaires sent to neurosurgeons, we received 9
replies, and all endoscopic companies replied. Results of the
responses are summarized in Table 4. Responding surgeons per-
formed a median of 80 procedures using an endoscope per year
(range, 5-150) and they used average of 2 scopes per surgery
(range, 1-4). Most of the surgeons responded they never broke
scopes during surgeries, but two very experienced surgeons (T.
Nighihara and P. Cappabianca) and the authors reported break-
ing 1 scope on average for every 100 surgeries. Also, the endo-
scopic companies responded that they encountered repair of
each scope an average of once per year (by the data of median
surgery, 1 per 80 procedures). Of note, all the companies re-
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X e

FIGURE 2.

subchiasmatic lesion clearly.

Ilustrative case for endoscope-assisted surgery (histiocytosis X involving pituitary stalk). A, current
set-up for endoscope-assisted surgery consisting of microscope with picture-in-picture device (arrowhead) and neg-
atively actuating pneumatic endoscope holder (*). B, coronal and sagittal gadolinium diethylenetriamine penta-acetic
acid-enhanced magnetic resonance imaging scan showing subchiasmatic lesion. C, microscopic view showing no
lesion. TS, tuberculum sellae; CN II, optic nerve; ICA, internal carotid artery. D, endoscopic view demonstrating

per patient. Hence, the assumed
median cost of using an endo-
scope was calculated to be US
$326 for each procedure. Con-
sidering that a significant bene-
fit was experienced in 21 of 210
patients in our series (1 of every
10 patients) and, if we do not
count the procedures that did
not change the outcome, endo-
scopic use costs US $3260 to ex-
perience one benefit.

DISCUSSION

Benefits and Cost-
effectiveness of
Endoscopic
Microneurosurgery

Endoscopes are widely ac-
cepted as the equipment that
has brought a new dimen-
sion to multiple surgical spe-
cialties. However, in the field
of routine cranial microneu-
rosurgery, except for ventric-

TABLE 2. Classification and outcome of endoscopic procedure

ular or intraparenchymal
mass lesions, the benefits and
usefulness of endoscopes is

Usefulness Cisternal Extradural/sinus debatable. Fries and Pernec-
pathologic features pathologic features .

- zky (3) pioneered the use of

I: Not found useful 10 0 the endoscope as an assisting
ll: Provided useful visual information 109 28 device in specifically de-
th: Primary endoscopic procedure 1 41 signed microsurgery tech-
IV: Essential? 12 9 niques. They advocated the
Total 132 78 use of the endoscope with a

* Endoscope provided information to avoid complications or to improve surgical possibilities.

small keyhole approach to
provide additional vision,

sponded that the frequency of repair and endurance of the scope
can vary significantly depending on how the scopes are handled
not only by surgeons or nurses who manipulate scopes during
surgery, but also by the comedical staff, who clean and prepare
scopes before and after procedures. The median costs of an
endoscope is US $8000, and the most updated endoscope video
system costs a median of US $50,000. The video systems are
required to be renewed by the government law every 6 years in
Japan. Only a few neurosurgeons share the scope system with
other divisions. The most advanced endoscope holding device
made by Aesculap Co. or Mitaka Khoki costs approximately US
$25,000 and also should be renewed every 6 years. The dispos-
able cover for the scope holder costs US $10. According to the
median numbers shown in Table 4, the scope itself costs approxi-
mately US $160 and the video system costs approximately US $104
per patient. In the same manner, an endoscope holder cost US $52
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which was not provided
through the microscopic
view partly because of the narrow surgical approach (3, 12).
However, Jho (7, 8) pioneered the application of the endoscope
as a primary optical device, especially in pituitary or spinal
procedures, and advocated the usefulness of the endoscope to
minimize surgical invasiveness. In this paper, we determined
the clinical benefits gained by use of the endoscope and not by
its “less invasiveness,” because it is difficult to gauge how
invasive a procedure is (7). We assessed the benefit of endo-
scope by the absolute benefits gained by the endoscope, such
as preventing complications or improved achievements,
which were not feasible or safe under the operative micro-
scope. In our experience of 210 consecutive patients undergo-
ing endoscopic microneurosurgery, we noted 10% of patients
experienced these benefits by the use of an endoscope. These
clear benefits are equally present in the treatment of both
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FIGURE 3. [llustrative case for pri-
mary endoscopic procedure. Pituitary
adenoma in a 52-year-old man with L
ptosis and diplopia. A, magnetic reso- §
nance imaging scan with gadolinium
diethylenetriamine  penta-acetic  acid
contrast revealing sellar tumor invad- 2
ing the cavernous sinus. B, intraopera- W
tive view showing L carotid artery. ™%
ICA, internal carotid artery. C, postop-
erative view demonstrating complete
tumor removal.

TABLE 3. Complications in 210 endoscopic procedures
Type of complication No.

Cerebrospinal fluid leak 3
Delay of auditory brainstem response 2
Dislodged aneurysm clip 1
Cortical vein tear 1
Intratumoral hematoma 1
Bleeding from unrecognized aneurysm during pituitary i
surgery

cisternal or extradural cranial base pathological features. Ac-
cording to our and other neurosurgeons’ experience as well as
the information provided by the endoscope companies, the
average cost for the use of an endoscope per patient was
calculated to be US $326. The significant benefit of the endo-
scope was equivalent to US $3260. Considering the cost of
reoperation to treat complications or to manage residual le-
sions, which might have occurred in these 21 patients, the
authors believe this cost is reasonable and that using an en-
doscope in routine neurosurgery should be considered cost-
effective. Also, even if only additional visual information
without clinical improvement is obtained by the endoscope, it
can provide reassurance for the surgeon. No permanent com-
plication from the endoscope was encountered in our experi-
ence.

To improve the cost-benefit of the endoscope in the field of
neurosurgery, a precise indication should be delineated. In
our experience and according to the response from the fre-
quent endoscope users, endoscopes provided the most valu-
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able information in managing objects beyond the deep narrow
corridor and behind the fixed important structures with min-
imal mobility, such as internal carotid arteries, optic nerves,
cranial nerves entering cranial base foramen, the brainstem
itself, the limit of bony removal, and so forth. In the cistern,
endoscopes will be highly beneficial in managing aneurysms
in the backside of carotid artery or in the basilar complex,
lesions in the interpeduncular fossa, third ventricular and
parachiasmatic lesions, vestibular schwannomas in the inter-
nal auditory canal, and in decompressing redundant offend-
ing vessels during microvascular decompression without re-
tracting cerebellum excessively. Also in the extradural and
cranial base pathological features, when the lesions extend
outside the line of sight behind the limit of bony removal or
important structures, endoscopes should be prepared, or such
lesions should be managed by primary endoscopic proce-
dures. However, the endoscope may provide minimal benefits
in managing lesions circumferentially accessible under the
microscope, such as the lesions around the middle cerebral
artery complex, the superficial cerebral or cerebellar lesions.
To reduce the additional cost by damaging scopes, the come-
dical staff in addition to surgeons and nurses should be well
trained in handling and preparation of fragile endoscopes.
Also in the institutions where fewer endoscopic procedures
can be achieved per year, collaborating on the purchase of the
endoscope and video system and efficient use of limited re-
source should be entertained.

Technical Difficulties in Endoscopic Microneurosurgery
and Solutions

There are still a number of difficulties in using endoscopes
during microneurosurgery, including 1) neurosurgeons are
not used to using endoscopes or video-guided surgery, 2)
bimanual surgical procedures cannot be achieved when hold-
ing a scope with one hand, 3) no information immediately
around the endoscope is available, 4) clouding vision by
bloody body fluid, and 5) insufficient development of endo-
scopic equipment. To overcome such technical barriers, the
endoscope should be used as frequently as possible in the
initial phase of the procedure by the surgical team so that they
become familiar with the preparation and use of endoscopes.
Also, an endoscopic procedure should be practiced with ca-
daveric or virtual models. To perform sophisticated bimanual
procedures under endoscopic view, there needs to be an easily
maneuverable endoscopic holding device that can be quickly
fixed and released (10). When the endoscope is used to assist
routine microsurgery, the microscope should be equipped
with a picture-in-picture device so that the surrounding neu-
rovascular structures are not damaged when the instruments
under the endoscope are inserted or manipulated. Also, irri-
gating suction can solve the problem of cloudy vision simply.
Surgical instruments for neurosurgical endoscopic surgery
must provide meticulous and accurate maneuverability in
addition to the possibility of passing through the narrow
corridor (2, 6). To be able to perform various types of proce-
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and 6 companies that provide endoscopic equipment in Japan

Information

TABLE 4. Assessment of additional costs in using endoscope in routine microneurosurgery by the data acquired from 10 neurosurgeons

Range Median

Neurosurgeons?

Patients per year

Frequency of braking or renewal of endoscopes

Renewal of video system

How many scopes used per surgery?

Share endoscopes with other departments
Endoscopic companies®

Cost of a scope (United States)

Cost of the most recommended video system (United States)
Recommended renewal

Endoscopes

Video system

Experienced repair per scope

Selling a scope system to sharing divisions?
Average costs (United States)

Endoscope

Video system

5-150 patients/yr
0-1/50 patients

80 patients/yr
1/100 patients

2-5yr 5yr

1-4 scopes/surgery 2 scopes/surgery
No No

US $5000-11,000 US $8000
US $25,000-57,000 US $50,000
5-8 yr 8 yr

6 yr 6 yr

17400 patients-2/yr 1hyr
0-10% 0%

(US $8000X2)/100 US $160
US $50,000/(6X80) UsS $104

and the authors.

7 Neurosurgeons who responded to the questionnaire included Drs. P. Cappabianca, H.D. jho, T. Hori, Y. Kato, T. Miki, H. Mori, T. Nishihara, K. Oka, M. Taneda,

b Endoscopic companies include representatives in Japan who sell equipment made by Aesculap Co., Machida Khoki Co., Sryker Co., Storz Co., Olympus Co., and
Wolf Co. Selling price may include additional cost and taxes for import except for two of the Japanese companies.

dures in such limited situations, we believe the introduction of
a microsurgical robotic system is necessary (5). With the de-
velopment of such systems, we believe surgical procedures
under the endoscope can be improved dramatically and the
endoscope will be used efficiently.

CONCLUSION

Through the experience of 210 microsurgical patients, we
confirmed that the endoscope is a useful tool to be used in the
routine microsurgery, not only in the specific small craniot-
omy approaches. It was used with significant benefit in 1 of 10
applications in our initial experience. To gain the most benefit
from endoscopes, we should use endoscopes further in pre-
cisely selected approaches and develop more efficient surgical
instruments and safer surgical approaches to manipulate in-
struments freely.

REFERENCES

1. Agee JM, McCarroll HR Jr, Tortosa RD, Berry DA, Szabo RM, Peimer CA:
Endoscopic release of the carpal tunnel: A randomized prospective
multicenter study. J] Hand Surg 17:987-995, 1992.

2. Cappabianca P, Alfieri A, Thermes S, Buonamassa S, de Divitiis E: Instru-
ments for endoscopic endonasal transsphenoidal surgery. Neurosurgery
45:392-396, 1999.

3. Fries G, Perneczky A: Endoscope-assisted brain surgery: Part 2. Analysis of
380 procedures. Neurosurgery 42:226-231, 1998.

4. Gaab MR, Schroeder HW: Neuroendoscopic approach to intraventricular
lesions. J Neurosurg 88:496-505, 1998.

320 | VOLUME 58 | NUMBER 2 | FEBRUARY 2006

5. Hongo K, Kobayashi S, Kakizawa Y, Koyama J, Goto T, Okudera H, Kan K,
Fujie MG, Iseki H, Takakura K: NeuRobot: Telecontrolled micromanipulator
system for minimally invasive microneurosurgery-preliminary results. Neu-
rosurgery 51:985-988, 2002.

6. Tkeda Y, Koyanagi N, Ezaki T, Toyomasu T, Sue K, Minagawa S, Sugimachi
K: New suturing device for transanal endoscopic microsurgery. Br J Surg
84:1290, 1997.

7. Jho HD: Endoscopic microscopic transpedicular thoracic discectomy. Tech-
nical note. ] Neurosurg 87:125-129, 1997.

8. Jho HD, Carrau RL: Endoscopic endonasal transsphenoidal surgery: Expe-
rience with 50 patients. J] Neurosurg 87:44-51, 1997.

9. Kalavakonda C, Sekhar LN, Ramachandran P, Hechl P: Endoscope-assisted
microsurgery for intracranial aneurysms. Neurosurgery 51:1119-1126, 2002.

10. Morita A, Okada Y, Kitano M, Hori T, Taneda M, Kirino T: Development
of hybrid integrated endoscope-holder system for endoscopic microneuro-
surgery. Neurosurgery 55:926-932, 2004.

11. Nishihara T, Teraoka A, Morita A, Ueki K, Takai K, Kirino T: A transparent sheath
for endoscopic surgery and its application in surgical evacuation of spontaneous
intracerebral hematomas. Technical note. J Neurosurg 92:1053-1055, 2000.

12. Perneczky A, Fries G: Endoscope-assisted brain surgery: Part 1. Evolution,
basic concept, and current technique. Neurosurgery 42:219-224, 1998.

13. Rak R, Sekhar LN, Stimac D, Hechl P: Endoscope-assisted microsurgery for
microvascular compression syndromes. Neurosurgery 54:876-883, 2004.

14. Regan J], Guyer RD: Endoscopic techniques in spinal surgery. Clin Orthop
Relat Res 335:122-139, 1997.

Acknowledgments

The authors thank Drs. P. Cappabianca, H.D. Jho, T. Hori, Y. Kato, T. Miki, H.
Mori, T. Nishihara, K. Oka, and M. Taneda for their responses to the question-
naire and valuable comments and the Japanese representatives of the endo-
scopic companies (Aesculap Co., Machida Khoki Co., Stryker Co., Storz Co.,
Olympus Co., and Wolf Co.), who provided valuable information. Part of the
study was supported by a grant from New Energy and Industrial Technology
Development Organization in Japan.

www.neurosurgery-online.com



COMMENTS

he dramatic development of surgical sciences in the 20th century

and in the first years of the 21Ist century is in part owing to the
introduction and continued refinement of sophisticated instrumenta-
tion that help doctors to perform complex surgeries in a safer and
more effective manner for both the patients and surgeons. Perhaps,
this is even more true for neurosurgery. The reverse of the medal is
that these usually expensive equipment weigh heavily on the costs of
the patients’ care. Such costs could be redeemed with the critical use
of the tools in the direction to avoid operative complications, avoid
reoperation for incomplete tumor removal, and to improve surgical
possibilities.

In this article, Morita et al. carefully reviewed the cost effectiveness
of the use of the endoscope in neurosurgery. They present their
experience regarding a wide range of intracranial pathologies and
integrated a survey conducted among neurosurgeons worldwide,
who frequently use endoscope in their practice, and among companies
providing endoscopic equipment in Japan.

They found that the use of the endoscope, even if as a complement
of microsurgery (endoscope-assisted microneurosurgery), positively
affected the overall costs of routine microsurgical operations in terms
of improvement of surgical results and reduction of complications.
Indeed, it would have been also interesting to know how much their
results affected the postoperative hospital stay, which may represent
one of the indicators of usefulness and cost-effectiveness of any new
procedure.

In planning to buy new tools and instrumentations, hospital man-
agement should consider the purchase as a mid- to long-term invest-
ment, with an economic return that usually exceeds the previous
expenses if the same tools and instrumentations are used with the
proper indications and skill.

Luigi M. Cavallo
Paolo Cappabianca
Naples, Italy

here is actual considerable pressure for more cost-effective proce-

dures with lower risk in neurosurgery. The title of the paper is
very promising for both the patients and the surgeons. Health politi-
cians also have interest and are involved in this matter. But, we are
sorry to say, the authors have no news. It is of no effect to repeat
commonly known facts such as uncertainty and limitations of endo-
scopic procedures in cranial base and cisternal space occupying le-
sions. Everything has been reported several times. Meanwhile, the
hazards of neuroendoscopy are well known. The contribution of this
article to the usefulness of neurcendoscopy and endoscopically as-
sisted microneurosurgery to pathologies described is rather poor.
Complaints about the inadequacy of the endoscopic instruments, not
properly fitted to the pathology to be treated, are also well known.

Conceming the learning curve, we agree with the authors that instrumen-
tation should first be practiced with cadaveric or virtual models before real
surgical experience. We also emphasize the need for an easily maneuverable
endoscopic holding device. Only in this way it is possible to free the sur-
geon’s hands for both bimanual procedures under microscopic view and the
IN and OUT procedures with the endoscope.

Concerning the cost effectiveness of neuroendoscopy, the calculation pre-
sented is highly speculative and based on 210 very heterogenous pathologies
with different approaches and probably not comparable operating times. In
fact, in only 10% of the cases presented, the procedure, or the mode of acting,
was, to some extent, successful. In 90%, the endoscopic procedure was only

NEUROSURGERY

ENDOScoOPIC MICRONEUROSURGERY

visual assistance of the microsurgical procedure without considerable influ-
ence to the strategy or the outcome of the operation. Strictly speaking, is that
worth the expense? I think neurosurgeons familiar with the handling of the
endoscope in brain surgery have experienced that the equipment now avail-
able is not appropriate for most of the pathologies presented in this study. In
the long run, this kind of neuroendoscopy does not contribute towards more
familiarity and trustworthiness of the procedure. Finally, it remains to be
mentioned from the reviewer’s point of view only a prospective, random-
ized trial with a definite study design can give an answer to such a complex
matter of surgical usefulness and cost-effective management. Lastly, it may
be remembered that the significance of neuroendoscopy, especially in extra-
cerebral and cranial base processes, is still a matter of controversy in neuro-

surgery.
Bernhard L. Bauer
Hannover, Germany

his study from Morita et al. is a valuable evaluation of endoscopic

procedures using the personal series of the principal author (AM)
in two departments. The most important features are: 1) evaluation of
the usefulness of endoscopes by applying four classes and 2) the
calculation of indications for a “cost-effectiveness” of the endoscope
application in neurosurgery. This calculation is certainly “raw,” but a
valuable estimate for further discussion based on quantitative infor-
mations from scope companies and a questionnaire sent to a number
of endoscopically active neurosurgeons.

The total number of patients (210) was divided into those with
extradural/paranasal sinus base pathologies, and those with cisternal pa-
thologies. The main results are of significant importance and are of interest
to the neurosurgical reader: In cisternal pathologies, endoscopes were
mainly (82 %) used only for visual assistance. This was, however, of great
value in individual cases (e.g, in replacing clips), whereas in extradural
cranial base procedures, the endoscope was the only (“primary”) or at least
in a significant part used visualization device in 88% of cases. This corre-
sponds to our experience, in which the extradural approach to the anterior
cranial base, especially to the sellar and clival region, utilize the endoscope
instead of the microscope in most patients today. We agree with the authors
that, in contrast to ventriculoscopy, there do not yet exist clear standards of
endoscopic technique in this area, e.g,, we do not completely agree with Dr.
Cappabianca’s no-speculum-technique. In our experience with far more
than 100 cases, the selective use of specula improves the surgical preparation
and cuts down dramatically the time of surgery. The cost-effectiveness is
important for evaluation, and is under intense discussion in other fields of
endoscopic surgery, e.g., in ear, nose, and throat surgery close to the anterior
cranial base (1). Morita et al. find the scope useful in 1 out of 10 applications.
These figures should be improved in the future by applying endoscopic
neurosurgery more precisely according to the indication.

So the most important parts are the quantitative evaluations with
the adequate tables. Also, the case illustrations are adequate. This
study is certainly not an exact analysis of possibilities, limitations, and
costs of using endoscopes in cranial base surgery. But, it is a good base
for the ongoing discussion in this field and should encourage more
neurosurgeons to be trained in endoscopy and to use this valuable
tool in routine neurosurgery. Then, we will develop real standards as
we have for the microscopic approach.

Michael R. Gaab
Hannover, Germany

1. Wang PC, Chu CC, Liang SC, Tai CJ: Cost-utility analysis for endoscopic
sinus surgery. Otolaryngol Head Neck Surg 130:31-38, 2004.
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Fig. 3 Screen of the training system.
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Simulation of Skin Deformation Using RC-LEM and
its Application to a Medical Training System
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In this paper, we propose an analytic deformation model for the skin. We have applied our method to a
medical training system for central venous injection, which is a part of central venous catheter (CVC) place-
ment. The training system renders the human body with haptic interaction using a PHANToM haptic device.
In such a VR system, it is important to synchronize the visual representation with the haptic intcraction.
Therefore, it is necessary for the skin to deform when it is touched. A number of studies have investigated
the animation of deformable bodies, but the methods described have generally been computationally inten-
sive, especially for large polygons. We propose C-LEM using an approximate solution of a base equation in
LEM as proposed by Remis et al. to exclude computation for a linear system. The parameters of the pro-
posed model were determined by minimizing the error between the modeled and measured shapes.

Key words: Deformation model, Medical training system, C-LEM, CVC, VR
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