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The use of the operating microscope revolutionized neurosurgery. The illumination and magnification al-

lowed visualization of the desired area of the brain with much less retraction on normal brain.

Microinstrumentation flourished. Various lasers and ultrasonic aspirators were adopted. .

Endoscopic Cranial Surgery
We have been doing endoscopic cranial

surgery for 9 years, initially starting with a
prototype flexible endoscope (Codman &
Shurtleff, Inc., Randolph, Mass.). Over
the years we have used numerous systems,
both flexible and rigid, and to date have
not found one totally acceptable. The
neodymium yttrium aluminum garnet
(Nd:YAG) laser and endoscopic instru-
mentation are the best adjuncts to date.
The explosion of information on neuroen-
doscopy is witnessed by the publication of
textbooks on the subject.':

We have done numerous septoplasties,
removal or lysis of arachnoid cysts, tumor
biopsies, ablation of arteriovenous malfor-
mations and third ventricular colloid cyst
excisions (Figs. 1, 2). Third ventricu-
lostomy has eliminated the need for some
shunting procedures.

A 14-year-old female presented with
obstructive hydrocephalus secondary to
bilateral tuberous sclerosis of the thalami
obstructing the foramina of Monro. The
patient's mother adamantly refused ven-
triculoperitoneal shunting. Bilateral endo-

scopic transfrontal transventricular ap-
proaches and the Nd: YAG laser allowed us
to open the foramina of Monro. One week
post-op the patient developed edema,
which resolved with dexamethasone. The
patient did well and remains symptom free
six years later.

INTERACTIVE IMAGE-GUIDED
SURGERY [IIGS]

Advances in technology have allowed
the development of image-guided frame-
less, stereotactic systems. An interactive
image-guided surgical device was devel-
oped at Dartmouth, by Roberts' in 1986,
when he correlated an operating micro-
scope to the surgical field using sonic lo-
calizing technology. Watanabe in Japan, in
the mid 1980s, developed an articulated
arm localizer attached to a personal com-
puter he called the euro avigator.· A
floor-standing articulated arm-based sys-
tem was developed by Schlondorff, in
Germany, in the mid-1980s. 5

In interactive image-guided surgery the
system displays, on a monitor, the corre-
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sponding computerized tomographic (CT)
or magnetic resonance (MR) image, with a
cross-hair indicating the probe tips posi-
tion, which is constantly updated on the
monitor as the probe moves. Images or-
thogonal to the acquired image are inter-
actively reformatted and displayed. Image
information along the axial, coronal, and
sagittal planes at the indicated position re-
veal the location of surrounding hidden
structures. Trajectory .images along the
probe allow for evaluation of different ap-
proaches. The system functions as a plan-
ning and navigational aid by allowing the
surgeon to precisely locate the target,
proximal critical structures, and alterna-
tive approach both preoperatively and in-
traoperatively.

Several systems have been reported to
date."! We are currently using the Viewing
Wand" (ISG Technologies, Inc.,
Mississauga, Ontario, Canada) which has
been reported on by several authors. "-'4
The Viewing Wand" was used in tumors,
vascular malformations, cysts, and
hematomas. IIGS was particularly useful
for intraventricular lesions and in
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Figure 1. Colloid cyst of third ventricle. Endoscopic view with Nd:YAG laser
contacting at 4 o'clock.

transsphenoidal pituitary surgery. We feel
that the IIGS systems allow for more pre-
cise surgery, shorter operating time be-
cause of more limited exposures and fewer
complications. The IIGS allows surgeons
interactive imaging data correlated di-
rectly to the patient's position on the op-
erating table. We expect this technology to
be greatly expanded and more simplified
and useful in the future.

SPINAL SURGERY

Microdiscectomy
Mixter and Barr's classic paper on dis-

cectomv" began the current situation of
over 400,000 discectomies per year per-
formed in the United States of America
today. Yasargil" performed laminectomies
using the microscope, and Caspar" modi-
fied instruments for the procedure, but
laminectomy was the procedure of choice
until Williams and Capanna developed the
microdiscectomy procedure. 1S.19.20-32 This
was possible by using the operating micro-
scope and new instrumentation, and has
led to microdiscectomy becoming the cur-
rent gold standard. Since that time, several
other series have been reported. 33-37

Microdiscectomy significantly de-
creased the pain postoperatively and the
length of stay to over night or out patient
surgery. The technique led to less postop-
erative scar tissue formation and there-
fore, a higher cure rate than standard
laminectomy.

Percutaneous Discectomy
In 1964, Smith" suggested that dissolu-

tion of the nucleus pulposus with chv-
mopapain could relieve the pressure of a

Figure 2. Colloid cyst wall being removed with endoscopic forceps.

Figure 3. Intraoperative discogram at the conclusion of a lumbar arthroscopic discectomy.

herniated disc on the nerve root. The de-
velopment of chemonucleolysis offered
the promise of minimally invasive surgery
in a percutaneous fashion. The procedure
gained in popularity until several reactions
were noted and long term follow up stud-
ies demonstrated a relatively low cure
rate. McCulloch and Macnab" present a
review of the entire subject in their book.

The low cure rate and potential for
complications led to the development of
other percutaneous procedures not using
chemicals (automated, laser, endoscopic,
arthroscopic, laparoscopic, and thoraco-
scopic).

Valls," Ottolenphi," and Craig" devel-
oped the posterolateral approach to the
spine for biopsies, the same approach later

used for discography, chemonucleolysis,
and discectomies. Hijikata" worked on
percutaneous nucleotomy in Japan, while
Kambin and Gellnan " worked in the
United States. Friedman" reported using a
40-French chest tube and speculum.
Schreiber and Suezawa" used discoscopy
and a biportal approach, while Monteiro?
used a posterolateral hole. Gary Onik, et
al" introduced an automated evacuation
instrument.

vVehave performed discectomies using
all of these various techniques. Our initial
results comparing percutaneous nu-
cleotomy with microdiscectomv" showed
only a difference in a faster return to work
with the nucleotomy procedure. The use
of lasers for the decompression of the disc
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causes many patients significant pain dur-
ing the procedure and greatly adds to the
cost of the operation.

Whether done via nucleotomy, en-
doscopy, or arthroscopically (Fig. 3) the
results appear similar in our series. 50·58 The
principal advantages of the percutaneous
approaches are: (1) outpatient surgery, (2)
a more rapid return to normal activities
because of less concern about recurrent
herniation through the annular opening
and, (3) future scar formation is not a
problem because the procedure is done
outside the neural canal.

Laparoscopic Discectomy
Obenchain'Y" reported success with

retroperitoneal and transperitoneal la-

Figure 4. Preoperative MR of large sacrecec-
cygeal cyst.

paroscopic discectomies. We have limited
experience with the procedure, but feel it
is best for L5-S1 herniations. It also
seems easier to see posterior annular
tears in the annulus and remove free frag-
ments than the current percutaneous
procedures.

Thoracoscopy
Thoracic discectomies and fusions have

been reported." Endoscopic fusions of the
thoracic spine are possible." The current
techniques are slow, but should improve as
new instruments are developed.

Endoscopic Spine Surgery
The idea of a spine endoscope or

"myeloscope" is not new.":" However,
until recent technical advances endoscopes
offered few advantages. Endoscopes are
currently being used to evaluate an
anatomical situation such as the complete-
ness of disc removal anteriorly and in the
foramina after discectomy=? and visual
exploration of the pathology before and
after surgery.68 Endoscopic discectomy is
reviewed above in this chapter with
arthroscopic and percutaneous discec-
tomies.

A 61-year-old female presented with
progressively increasing low back pain. A
lumbar MR (that did not include the
sacrum) initially missed the large sacro-
coccygeal arachnoid cyst found on a pelvic
MR. Outpatient endoscopic ablation was
possible with Nd:YAG coagulation of the
orifice. The patient had complete resolu-
tion of pain (Figs. 4, 5).

Endoscopic spinal surgical ablation of
arteriovenous malformations and tumor
biopsy or removal will surely come in the
future.

Figure 5. Postoperative MR (1'/2 years) after endo-
scopic ablation.
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Percutaneous Cervical
Discectomy

Cervical laminectomy with its inher-
ent risk of spinal cord injury was the clas-
sic operation until Cloward" and
Robinson-Smith" developed the anterior
approach to the cervical spine. The ante-
rior approach allowed a direct method of
dealing with herniated discs as well as os-
teophvtes without the necessity of going
around the spinal cord and therefore
greatly decreased morbidity. Anterior mi-
crodiscectomy with or without fusion fol-
lowed.

Percutaneous cervical discectomy was
first performed by A. Capanna, on
October 1, 1992, using a suction aspira-
tion device, the Nucleotome" (Surgical
Dynamics, Concord, Calif.). The S-
Nucleotome" was developed, which is
shorter and easier to manipulate. The ap-
proach used is similar to the technique
used for stellate ganglion block. The tra-
chea is moved with digital pressure medi-
ally and the carotid artery laterally. A small
skin nick is made and then a guide wire
placed under multiplanar fluoroscopy. An
annular dilator goes over the wire and then
an annulus cutter. The sheath is left in
place, and the Nucleotome" placed in the
disc space. Aspiration of the disc is accom-
plished by the suction-guillotine action of
the ucleotome" and manipulating the in-
strument (Fig. 6).

We have used this successfully on nu-
merous patients. The principal advantages
are: (1) immediate return to normal activ-
ities, (2) no need for fusion and therefore,
no postoperative cervical collar, (3) outpa-
tient procedure and (4) the spinal canal is
not entered and therefore, scar tissue for-
mation is eliminated.

Figure 6. Intraoperative lateral cervical of percutaneous automated C5·6 discectomy with
probe in disc space.
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Figure 7. Cervical cord midline myelotomy with resection of intramedullary
tumor.

Figure 9. Cervical cord thinned over anterior
tumor.

Intramedullary Spinal Tumor
Resection and Spinal
Reconstruction

Intramedullary spinal cord tumors have
been traditionally biopsied or shunted to
the subarachnoid space (if a cystic compo-
nent was present). The use of the operat-
ing microscope, lasers (carbon dioxide,

d:YAG, Argon), and ultrasonic aspirator
have allowed us to be more aggressive in
actually resecting the tumor tissue from
within the spinal cord at all levels. 71

A 51-year-old general surgeon had pre-
sented with paresthesias and pain of the
left upper extremity for three years which
now had spread to the right arm. Work up
revealed an intramedullary cervical C5-6
lesion. At surgery it was possible to obtain
a gross total resection of a malignant pilo-
cytic astrocytoma (Fig. 7). The patient's

Figure 8. Posterior spine reconstructed with laminae sutured in place.

Figure 10. Meningioma delivered without difficulty
with far lateral approach.

posterior laminae and spinous processes
were replaced to "reconstruct" the spine
(Fig. 8). This allows for much better heal-
ing, particularly in children. No further
treatment has been given to date, and the
patient has done well five years after
surgery.

A 60-year-old woman presented with
quadriparesis. A far lateral cervical approach
allowed total removal of her intradural-ex-
tramedullary meningioma (Figs. 9, 10). She
made a complete recovery.

FUTURE IMPLICATIONS

The rapid progression of optics, illumi-
nation, and instrumentation promises to
allow for further development of endo-
scopic neurosurgery. The use of various
neuronavigational computer-assisted
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methods of surgery will surely progress.
This all offers great hope that we will fi-
nally be able to realize "keyhole" neuro-
surgery intracranially.

There has been a rapid development of
macrospinal instrumentation with rods,
plates, screws and hooks, which have been
useful developments in some situations.
However, it clearly appears that the big
gains in decreased mortality, morbidity
and cost will come from minimally inva-
sive neurosurgical techniques. Our hope
is that, like the Internet handling the in-
formation explosion, miniaturization of
neurosurgical technique will allow a great
reduction in the trauma induced to ner-
vous tissue surgically and new gains will
be realized just as they were with the op-
erating microscope, into the twenty-first
century. I:liI

REFERENCES

K, eds.
Mary Ann

1. Manwaring K, Crone
Neuroendoscopy. New York:
Liebert: 1992.
2. Cohen A, Haines S. eds. Concepts in
Neurosurgery, Minimally InvasiveTechniques
in Neurosurgery. Baltimore: Williams &
Wilkins: 1995:7.
3. Roberts D, Strohbehn, J, Hatch J, et al. A
frameless stereotactic integration of computer-
ized tomographic imaging and the operating
microscope. J. eurosurg 1986;65:545-9.
4. Watanabe E, MayaanagiY, KosugiY, et al.
Open surgery assistedby the neuronavigator, a
stereotactic, articulated, sensitive arm.
Neurosurg 1991;28:792-800.
5. Schlondorff G, Meyer-Ebrecht D, Mosges
R, et al. CAS-computer-assisted surgery. Arch
Oto-rhinolarynol. 1987;(2 Suppl):45.
6. Adams L, KrybusW, Meyer-Ebrecht D, et
al. Computer-assisted surgery. IEEEComputer
Graphics and Applications. 1990;10-3:43-51.
7. Barnett G, Kormos D, Steiner C, ct al. Use
of a frameless, armless stereotactic wand for
brain tumor localizationwith two-dimensional



and three-dimensional neuroimaging.
Neurosurg. 1993;33:674--8.
8. Galloway R, Edwards Il C, Lewis J, et al.
Image display and surgical visualization in in-
teractive image-guided neurosurgery. Optical
Engineering 1993;32:1955~62.
9. Galloway R, Maciunas R, Edwards Il C.
Interactive image-guided neurosurgery. IEEE
trans on biomedical engineering.
1992;39: 1226~31.
10. Gutherie, B, Adler J. Frarneless stereotaxy:
computer interactive neurosurgery.
Perspectives in Neurological Surgery.
1991;2:1~22.
II.Reinhardt H, Horstmann G, Gratzi O.
Sonic stereometry in microsurgical procedures
for deep-seated brain tumors and vascular mal-
formations. Neurosurgery 1993;32:51~7.
12.Drake J, Rutka J, Hoffman H.
Instrumentation, technique and technology:
ISG viewing wand. Neursurgery
1994;34: 1094--7.
13.LeggettW, Greenberg M, Gannon JrW, et
al. The viewing wand-a new system for three-
dimensional computed tomography-corre-
lated intraoperative localization. Current
Surgery 1991;48:674-8.
14. Zinreich S, Tebo S, Long D, et al. Frameless
stereotactic integration of c.r. Imaging date:
accuracy and initial applications. Radiology.
1993;188:735-42.
15. Mixter W, Barr J. Rupture of the interver-
tebral disc with involvement of the spinal
canal. N EngJ Med 1934;211:210-5.
16. Yasargil M. Microsurgical operation for
herniated disc. Wullenweber R, Brock M,
Hamer J, et al. eds. Berlin. Advances in
Neurosurg Springer- Verlag 1977;4:81.
17. Caspar W A new surgical procedure for
lumbar disc herniation causing less tissue dam-
age through a microsurgical approach.
Wullenweber R, Brock M, Hamer J et ai, eds.
Berlin. Advances in Neurosur Springer-Verlag
1977;4:74--7.
18. Williams R. Microsurgical lumbar discec-
tomy. Report to American Association of
Neurology and Surgery 1975. Neurosurg
1979;4(2):140.
19.Williams R. Microlumbar discectomy: a
conservative surgical approach to the virgin
herniated lumbar disc. Spine 1978;3: 175~82.
20. Capanna A. Microlumbar discectomy in
Rats, J Microsurg 1980;1:351~3.
21. Capanna A, Williams R, Austin D, et al.
Radiographic calculation of the percentage of
disc removal during lumbar discectomy and
detection of anterior annulus perforation.
Spine 1981;6:6.
22.Capanna A. Microlumbar discectomy. In:
Olszewski N, ed. Handbook of Microsurgery;
Boca Raton, Fl: CRC Press Publ; 1984. p.
259~62.
23. Capanna A. Micr ol umbar discectomy.
People to People Neurosurgery Delegation to
the Peoples Republic of China and Hong Kong.
Spokane. 1985
24. Capanna A, Williams R, Austin D, et al.
Radiographic calculation of the percentage of
disc removal during lumbar discectomy. AANS
47th Annual Meeting; 1979 Apr 24; Los
Angeles.

25. Capanna A. Microlumbar discectomy.
Department of Surgery Medical Department
Meeting, St. Joseph Hospital; 1981 Mar 10;
Mt. Clemens, MI.
26. Capanna A. Microlumbar discectorny.
Operative Surgery of the Spine, Neurological
Conference; 1981 Aug 23~26; Jeffersonville,
VT.
27. Capanna A. Microlumbar discectomy.
AANS 51st Annual Meeting; 1982 Apr 25-29;
Honolulu.
28.Capanna A. Lumbar microdiscectomy.
Operative Surgery Spine Conference; 1982
Aug 8-12; Jeffersonville, VT.
29. Capanna A. Low back pain: recent advances
and technical standards. What's new in the
treatment of low-back injured seminar.
Internat Rehab Inst; 1983 Mar 18; Livonia, MI.
30.Capanna A. Microlumbar discectomy.
Great Wall Neurosur Soc; 1985 May 2;
Guangshou, China.
31. Capanna A. Microlumbar discectomy. 7th
Annual Low Back Pain Conference; 1993 June
6; Las Vegas.
32. Capanna A. Microlumbar discectomy. The
Great American Backache. ABC TV; 1981 May
'?5~7.
33. Goald H. Microlumbar discectomy: follow
up of 477 patients. J Microsurg
1980;2:95-100.
34. Hudgins W The role of microdiscectomy.
Orthop Clin North Am 1983; 14:589~603.
35. Maroon J, Abla A. Microdiscectomy versus
chemonucleolysis. Neurosurg 1985;
16:644--9. .
36. Wilson D, Harbaugh R. Microsurgical and
standard removal of the protruded lumbar
disc: a comparative study. eurosurg 1981;
8:422-7.
37. Wilson D, Kenning J. Microsurgical lumbar
discectomy: Preliminary report of 83 consecu-
tive cases. Neurosurg 1979;4: 137-40.
38. Smith L. Enzyme dissolution of the nucleus
pulposus in humans. JAMA 1964;187:
137-40.
39. McCulloch J, Macnab I. Sciatica and chy-
mopapain. Baltimore: Williams & Wilkins:
1983.
40. Valls J, Ottolenghi C, Schajowicz F.
Aspiration biopsy in diagnosis of lesions of ver-
tebral bodies. JAMA. 1948;136:376~82.
41.0ttolenghi C. Vertebral body biopsy, aspi-
ration biopsy, J Bone Joint Surg 1955: 37-A.
42. Craig F. Vertebral body biopsy. J Bone Joint
Surg 1956;38A:93~102. .
43. Hijikata S. A method of percutaneous nu-
clear extraction. J Toden Hospital
1975;5:39-44.
44. Kambin P, Gellman H. Percutaneous lateral
discectomy of the lumbar spine: A preliminary
report. Clin Orthop 1983; 174: 127~32.
45. Friedman W Percutaneous discectomy: An
alternative to chemonucleolysis. J eurosurg
1983;13:542~7.
46. Schreiber A, Suezawa Y. Transdiscoscopic
percutaneous nucleotomy in disc herniation.
Ortho Rev 1986;15:75.
47.Monteiro A. Percutaneous lumbar discec-
tomy. International Symposium, Graduate
Hospital; 1987: Philadelphia.
48.0nik G, Helmes C, Ginsburg L, et al.

329

Neurosurqery
SURGICAL TECHNOLOGY INTERNATIONAL V

Percutaneous lumbar discectomy using new as-
piration probe. Am J Radiol
1985; 144: 1137-40.
49. Capanna A, Capanna D. Correlations of the
amount of disc removed by percutaneous lum-
bar discectomy and clinical results. In: Mayer
M, Brock M, eds, Percutaneous lumbar discec-
tomy. Berlin: Springer-Verlag 1989. p 138-40.
50. Capanna A. Automated Percutaneous
Lumbar Discectomy Procedure Workshop.
1987; Sept 19-20: Las Vegas.
51. Capanna A. Current management of herni-
ated lumbar disc. Automated Percutaneous
Lumbar Discectomy Procedure Workshop.
1987; Sept 19-20: LasVegas.
52. Capanna A. Current diagnosis and manage-
ment of herniated lumbar disc. Automated
Percutaneous Lumbar Discectomy Course.
1988; Mar 5-6; Las Vegas.
53. Capanna A. Diagnosis and treatment of her-
niated lumbar disc. Automated Percutaneous
Lumbar Discectomy Course. 1988; May
14--15; Las Vegas.
54. Capanna A. Automated percutaneous dis-
cectomy. Low Back Pain Management Update
Center for Chinese Medicine. 1989; June 3;
Las Vegas.
55. Capanna A. Automated percutaneous dis-
cectomy and microlumbar discectomy.
National Safety Council, Understanding and
Controlling Worker's Compensation Medical
Costs. 1989; July 28; Las Vegas.
56. Capanna A. Automated percutaneous discec-
tomy and micro lumbar discectomy American
Back SOciety. 1989; Dec. 3; Las Vegas.
57. Capanna A. Microdiscectomy and percuta-
neous discectomy. Low Back Pain Conference.
1990; Mar 31; Las Vegas.
58. Capanna A. Minimally invasive spinal
surgery. Rocky Mountain Neurosurgical
Society Meeting. 1993; June 16; Kalispcl, MT.
59. Obenchain T. Laparoscopic lumbar discec-
tomy. J Laparoendosc Surg 1991;1:145~9.
60. Obenchain T, Lloyd D, Savin M. Outpatient
laparoscopic lumbar discectomies: Description
of technique and review of first twenty-one
cases. SurgTech Int. 1993;2:415-8.
61. Mack J, Regan J, Bobechko W, et al.
Application of thoracoscopy for disease of the
spine. AM Thorac Surg 1993;56:736~8.
62. Rosenthal D, Marquardt G. The approach to
the thoracic spine using a microsurgical endo-
scopic technique (MET). A minimally invasive
procedure (abstract). Zentralbl Neurochir

. Suppl 1994: 46.
63. Burman M. Myeloscopy or the direct visu-
alization of the spinal canal and its contents. J
Bone Joint Surg 1931; 13:695-6.
64. Pool J. Direct visualization of dorsal nerve
roots of the cauda equina by means of the
myeloscope. Arch Neurol Psychol
1938;39: 1308-12.
65. Pool J. Myeloscopy: Intrathecal endoscopy.
Surgery 1942;11: 169~82.
66. OoiY, Satoh Y, Morisaki N. Myeloscopy.The
possibility of observing the lumbar intrathecal
space by use of an endoscope. Endoscopy
1973;5:901-6.
67. OoiY, Mita F, Satoh Y. Myeloscopic study on
lumbar spinal canal stenosis with special refer-
ence to intermittent claudication. Spine



Minimally Invasive Neurosurqery
CAPANNA

1990;15:544-9.
68.Stool J, Watkins R, Mathews H. FDA-IDE
study. Milwaukee: Midwest Spine Center.
1989.
69. Cloward R. The anterior approach for re-

moval of ruptured cervical discs. J Neurosurg
1958;15:602-17.
70.Robinson R, Smith G. Anterolateral cervi-
cal disc removal and interbody fusion for cervi-
cal disc syndrome. Bull Johns Hopkins Hasp

1955;96:223--4.
71. Capanna A. Total removal of intramedullary
malignant spinal cord tumors. Citizen
Ambassador, Guangdong Provincial Hospital.
1985; May 2. Guangshou, China.

330


