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BACKGROUND

In the past, minimally invasive procedures {chemaonucle-
olysis, laser, automated percutaneous discectomy, per-
cutaneous manual nucleotomy, arthroscopy) have been
largely confined to intradiscal work. This study repre-
sents cases of working channel, transforaminal spinal
endoscopy performed using an endoscope which, be-
cause of its small size and flexibility, can bend up to 90
degrees (depending on the guiding cannula), and pass
completely through the foramen into the spinal canal
(truly transforarinal, as opposad to just going through
part of the foramen and into the disc), to directly remove
free fragments and reconfigure disc, relieving root and
dural displacement at all lumbar levels,

METHODS

The records of 533 patients who had outpatient, mini-
mally invasive operations periormed over a 6-year period
(ending in 1995} by this author were analyzed. Of these,
110 had small scope transforaminal procedures. forming
the basis of this study.

RESULTS

An independent observer {ollowed the 110 patients who
had endoscopic transforaminal procedures for 2 or more
years. Using MacNab's criteria, the success rate (excel-
lent or good) was 95% in the 75 patients with disc pre-
senting lateral to the dura—*"lateral presenting,"—and
83% in the 35 patients not presenting disc for direct
removal—"non-lateral presenting” (i.e., dura in the
pathway)}—making an overall success rate of 91%. One
patient who developed discitis was the only
complication.

CONCLUSION

Guideable endoscopes small enough to pass completely
through the foramen allow percutaneous surgery to in-
clude non—<contained disc herniations and even some mi-
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grated free fragments, depending on the location. The
percutaneous transforaminal endoscopic technique can
be an effective, safe approach for disc removal through
the foramen, especially in cases where the disc presents
itself for direct removal. © 1998 by Elsevier Science Inc.
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INTRODUCTION

/hereas endoscopic techniques used in other
areas of the body have become common-
place, spinal endoscopic techniques have devel-
oped more slowly. This is because of the complex
anatomy and difficult access, and the lack of equip-
ment designed specifically for spinal endoscopy. In
the spine, working space is confined deep within
the body, with access to pathology hampered by
the bony structures and the presence of soft tissue,
epidural vessels, nerve roots, and dura.

The history of open surgical treatment of herni-
ated lumbar discs started with Mixter and Barr [22]
and Dandy [4], over 60 vears ago. Williams de-
scribed microlumbar discectomy in 1978 [31]. This
is a small incision technique using an external over-
head microscope. It is, of course, a small open op-
eration that requires a posterior midline skin inci-
sion of at least 1 inch (for one level), incision of
paravertebral {ascia, detachment of muscie, re
moval of a portion of the ligamentum flavum, usu-
ally bone removal, retraction of the root and dural
sac, and opening of the disc inside the spinal canal.

Minimally invasive endoscopic methods, per-
formed by passing the scope from the skin surface,
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should be differentiated from open surgery. These
are puncture opening {percutaneous) procedures,
with skin openings just large enough to admit the
scope, for internal viewing through scope placement
directly at the tissue to be addressed, as compared
with working from an external view, either with or
without a microscope, through an open incision.

The evolution of these percutaneous methods to
the current state-of-the-art can be traced with an
historical overview of the basic approaches: che-
monucleolysis {15], laser [5], manual, and auto-
mated percutaneous lumbar discectomy [21, 24, 25,
27], and arthroscopy [17]. In 1948, Valls, et al [30],
and in 1956, Craig [3], described the posterior lat-
eral approach for bone biopsy. Lyman Smith first
used Chymopapain to treat a lumbar disc disorder
in 1964 [29]. The posterolateral extradural route to
the lumbar disc was described by Day in 1369 [6].
Percutaneous nucleotomy was developed by Hi-
jikata in 1975 [12-14]; Kambin, in 1983 [17] and
thereafter, described arthroscopic techniques and
equipment for posterior and posterolateral herni-
ated disc removal, via intradiscal access [18]. Then
in 1985, Onik [24] developed the nucleotome for
automated percutaneous lumbar discectomy. In
1987, Choy reported using a laser to treat herniated
lumbar discs [1]. Subsequently, in 1993, percutane-
ous endoscopic discectomy with a medium-size,
straight, rigid endoscope at L4-5 and above was
described by Mayer and Brock [21] in a prospec-
tive, randomized series of cases, using manual and
automated tools; they reported 95% of endoscopic
patients returning to their previous occupations,
compared with 72% in their open microdiscectomy
group. More recently, Kambin and others have de-
scribed larger scope “foraminal access” ap-
proaches [19], but because straight scopes will not
go around corners and large scopes will not pass
into small openings, these efforts have been limited
to working inside the foramen, or perhaps reaching
tools though the foramen, without the advantage of
having the entire scope go through in such a way
that the scope itself is directly on the herniation.

The small, guided endoscopic, completely trans-
foraminal technique (the subject of this paper) was
described in detail at the AANS meeting in April,
1996 8], and was commended by Dr. Dunsker, an
official of the AANS, as “the surgery of the future.”
{91 (personal comm.)

MATERIALS AND METHODS

The records of 533 patients who had outpatient
percutaneous discectomies (endoscopic and non-
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endoscopic, using a wide range of equipment and
techniques) performed during a 6-year period un-
der local anesthesia and IV sedation by this author
were analyzed. The equipment and techniques for
performing completely transtoraminal endoscopic
discectomies did not exist initially, and were devel-
oped over time, eventually enabling 110 patients to
have small scope, endoscopic, completely transfo-
raminal procedures with the equipment shown (Fig-
ure 1), forming the basis of this study. Patients
having only a partial foraminal approach are not
included in the 110 cases. These 110 patients were
not pre-selected, as the criteria for ideal candidates
(described below) only gradually became apparent.

The 110 patients (70 males and 40 females)
ranged in age as follows: 47 patients, 20-40 years;
52 patients, 40-60 years; and 11 patients, over 60
years. These 110 patients presented the following
symptoms and physical findings: all patients had
back pain, and all patients had sciatica. Ninety-five
percent had limitation of forward bending, Ninety-
four percent had positive Lasegue’s sign. Seventy-
eight percent had sensory loss. Thirty-five percent
had motor loss. Forty percent had reflex changes.
The average duration of sciatica was 5 months. The
average duration of supervised trial of conservative
management pre-operatively (including physicai
therapy) was 3 months.

Of the 110 cases, the following disc levels were
endoscopically treated: 52% involved L4-5, 41% L5-
S1, and 7% higher lumbar levels. Of these 110 cases,
75 had either a laterally presenting or a foraminal
disc herniation. The cther 35 were either central
herniations or postero-lateral, but did not present
for direct endoscopic access (the endoscope itsel
could not be placed directly into the actual herni-
ation). Of these 110 cases, 66 had noncontained
disc material, and 44 had contained disc hernia-
tions. A specimen of pathologic disc was sent to
pathology in all cases. Sixty-four of these sixty-six
extruded disc cases presented disc material for di-
rect removal. The 66 noncontained disc material
cases were determined by analysis of magnetic res-
onance imaging (MRI) computed tomography (CT),
and discography (in some cases, CT-discography)
results, as well as the endoscopic observations
themselves.

These 110 cases represent cases of working-
channei transforaminal spinai endoscopy per-
formed with an endoscope consisting of a plastic
scope that can bend to any angle up io 90 degrees
or more, depending on the guiding cannula, passing
through the foramen to remove free fragments and
reconfigure disc, relieving root and dural displace-
ment (Figure 1). Access is obtainable to the lateral
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recess and other locations within the spinal canal
usually thought only reachable with open surgery.
This author developed the percutanecus working-
channel scope technology. which includes the var-
ious working-channe! and viewing scopes, along
with tools and cannulas for use with them, for per-
cutaneous spinal endoscopy. The scope, designed
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| (A) Demonstrates transforaminal endoscopic

&% approach at L3-51 on a human spine (grasper is
extending beyond the plastic scope, which extends
beyond the mildly curved outer metal cannula. All
are readily passing completely through the foramen
into the spinal canal). Actual surgical position will
vary, depending on access anatomy and location of
pathology. (B) Coupler, cannula, camera, cannulas,
1ocls, working channel scope (white), viewing scopes
(black). (C) Flexibility of working channel scope. )
Cannulas: straight, standard curved, 40-degree
curved. (E) Tools that pass through the scope: hook,
ball, curette, dissector, and grasper,

specifically for passing completety through the fo-
ramen, is a 2.8-mm bendabie plastic tube with fiber-
optics in the wall (Figure 1), providing 6000 or
12,000 pixel resolution, with a separate viewing
scope for high resolution viewing only (not
working-channel), which alternates with the work-
ing channel scope in passing down the 4.2-mm 0.D.
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outer metal cannuia. There are a series of directing,
outer metal cannulas with varying degrees of cur-
vature. Tools for use through the working channel
include a curette, ball dissector, No. 4 Penfield
shaped dissector, suction, blunt probe, hook,
grasper (alligator and cup tip), and nucleotome.

INDICATIONS FOR
TRANSFORAMINAL
ENDOscOPIC DISCECTOMY

Whereas the criteria for percutanecus nucleotomy
have been described in numerous papers and re-
quire that the disc be contained, the criteria for the
endoscopic transforaminal approach (this ap-
proach, of course, includes a nucleotomy with the
technique described here) incorporate these previ-
ous criteria, and expand the criteria to include non-
contained herniations and even free fragments.
Contained herniations treated with this two-
pronged approach (see Figure 4) can be pushed
back and reconfigured externally as well as inter-
nally decompressed. When pathologic disc com-
pression is treated, there is visual confirmation.

This technique is ideally suited for unilateral,
onhe-level extruded discs and iree fragments; most
preferably, free fragments in the spinal canal that
are readily accessible to the foramen and soft and
compressible enough to be delivered as one piece
or piecemeal through a small scope.

1) There is persistent radicular pain, numbness,
or weakness, caused by disc herniation compromis-
ing root or roots (contained or, preferably, non-
contained) confirmed by CT, MRI, myelogram, or
discogram (study correlating with clinical status}),
2) positive tension or compresslon signs, or motaor,
sensory or refiex abnormalities are present; 3) the
patient is not responding to conservative treat-
ment; 4) this technique is optimal with extruded
discs and free fragments; or 5) the patient is obese
or in poor health so that open surgery would be an
increased risk. {This is an additional consideration.)

CONTRA-INDICATIONS

Possible contra-indications include: 1) Spinal steno-
sis including lateral lumbar spinal canal stenosis,
unless root compromise by disc is a significant
component; 2) bony spurs, facet hypertrophy, or
ligamentous hypertrophy are causing neurologic
symptoms; 3) there is significant spinal instability;
4) the free fragment or fragments to be removed are
inaccessible; 5) the herniated disc is calcified or
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Sixty degree RPQO shows pointer coming into the
triangular zone.

very hard; 6) significant cicatrix or arachnoiditis is
causing the patient’s symptoms; and 7) the access
pathway through the foramen, as seen on the pre-
operative studies, seems inadequate.

TECHNIQUE

In 1983, the posterior-lateral approach through the
“triangular working zone"” was described by Kambin
[17]. Its anterior boundary is the spinal nerve; infe-
rior boundary, the proximal plate of the lower lum-
bar segment; and posterior boundary, the proximal
articular process of the inferior vertebra (Figure 2).
The Kambin technigque for *transforaminal arthro-
scopic decompression of lateral recess stenosis”
has been described as using a 6.4mm OD straight
access cannula for “foraminal decompression,”
which “does not require entry into the spinal canal
[16]." This seems to be a geod approach for taking
down “Abrotic and calcified annular fibers and
small osteophytes,” which are accessible inside the
foramen using the larger cannula and scope [16].
However, in this approach, the scope is not passed
completely through the foramen into the spinal
canal.

The smallscope technique, passing the scope
completely through the foramen into the spinal ca-
nal (described below) differs from the above and is
currently not usable to remove osteophytes or cal-
cified tissue. This technique is best suited for ex-
truded discs and free fragments in the spinal canal
that are accessible to the foramen. Even the L5-51
level is usually treatable, because of the guiding
cannula's curvature and small size and the unique
ability to readily pass the scope, and even the can-
nula, completely through the foramen.
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CT in the lateral position, with the symptomatlc side
up: surface marker to guide placement.

An important step prior to surgery is a wide view
CT scan for access analysis (Figure 3). The patient
is placed in the scanner in the lateral decubitus
position with the symptomatic side up, for slices
through the affected level with a surface marker,
12-cm off midline (farther if in a very obese patient).
In this position, the ipsilateral abdominal structures
wiil fall forward somewhat. This demonstration of
the surgical access pathway allows precise plan-
ning with the greatest margin of safety.

The full transforaminal technigue, going com-
pletely through the foramen into the spinal canal,
involves two steps (performed during one opera-
tion). First, a standard partial nucleotomy is done;
then, the completely transforaminal portion is per-
formed as a second step. The surgery is performed
in the operating room, generally in the lateral de-
cubitis position, with AP and lateral fluoroscopy. A
prophylactic antibiotic is given betore surgery. Us-
ing local anesthetic and 1V sedation. a skin opening
5 mm in length is made at a point ranging from 8 cm
to 29 cm lateral to the midline (determined by the
pre-operative CT scan and marker; greater distance
in obese patients (Figure 3); taking care to chart a
safe course behind abdominal structures) and
above the iliac crest. Through this opening, the
guidewire and a 4.2-mm OD metal cannula are
placed, providing access to the region. An opening
is made in the annulus, coming through the working
zone, and nucleus is removed under endoscopic
vision, either with a grasper, curette, suction, laser,
or nucleotome. The precisely desired point of entry
into the nucleus and the exact path through the
disc can usually be selecied and obtained by careful
correlation with plain films and the CT scan. The
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nucleotomy is done as directly under the herniation
as possible and provides internal decompression,
allowing simultaneous transforaminal reconfigura-
tion and displacement of disc into this decompres-
sion (Figure 4). Also, the annulotomy opening pro-
vides a decompression site away from the
herniation, decreasing the likelihood of recurrent
herniation. After the nucleotomy, the second por-
tion of the operation is the truly transforaminal
part, going completely through the foramen and
into the spinal canal. This is frequently accom-
plished with a curved cannula, which is inserted
down over the place-holding guidewire to the annu-
lotomy site, working the curved cannula and scope
through the foramen. At times it is necessary to
make a separate opening further lateral from the
first opening on the skin surface to get a straighter
shot through the foramen (Figure 4). Sometimes
straight cannulas and straight scopes can be placed
completely through the foramen; at other times
curved cannulas are needed. Because the bendable
fiberoptic system passing through curved cannulas
is currently for one-time use only, and the straight
cannula system is reusable, the cost savings per
patient is significant for the latter. The transforami-
nal part of the operation typically adds approxi-
mately 30 min to the procedure.

The 2.8-mm plastic bendable working-channel en-
doscope is then placed down through a cannula
(after selecting the optimal cannula curvature) past
the triangular working zone, through the foramen.
Down this working channel, the grasper and other
instruments described above are then used to re-
move or reconfigure the herniated disc in lateral
presenting cases (i.e. at least a portion of the pro-
truding, extruded, or free-fragmented disc material
is accessible to the transforaminal approach di-
rectly) (Figures 5 and 6). Working on the surface of
the annulus and viewing with the endoscope, the
annuius can be milked with the cannula or a blunt
probe, and if the disc is soft, it will pop out through
the hole in the annulus for easy removal. This also
orovides reconfiguration and reshaping of the an-
nulus, just as is done in open surgery by applying
external pressure to the wall of the disc.

The transioraminal technique in non-lateral pre-
senting cases (i.e., dura in the pathway) consists of
making an access point near the dura at such an
angie that the disc removal is directly under the
disc herniation. The accessible annulus is also
milked and reconfigured as described above. Some-
times rounded tools are slipped under the dura to
reshape the disc.
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(A) Skin marking, showing puncture opening 12 ¢m off
midline for nucleotome, and 22 cm off midline for work-
ing channel scope and grasper. [X] shows position of foramen
as found on lateral fluoroscopy. (B) AP view of transforaminal
position of grasper (passed from 22 cm off midline skin open-
ing); shown in comparison to nucleotomy position of nucle-
otome (passed irom 12 cm off midline skin opening). (C)
Lateral view of transforaminal position of grasper (passed
from 22 ¢m off midline skin opening); shown in comparison to
nucleotomy position of nucleotome (passed from 12 cm off
midline skin opening). (D) AP view of transforaminal position
of grasper (passed from 18 cm off midline skin opening);
shown In comparison {0 nucteotomy position of nucieotome
(passed from 10 cm off midline skin opening). (E} Lateral view
of transforaminal position of grasper (passed from 18 cm oif
midline skin opening); shown in comparison o nucleotomy
position of nucleoiome (passed from 10 cm off midline skin

opening).

FoLLOW-UP

The author initially evaluated all patients 6 weeks
after the procedure. Subsequently, all patients
were followed up over the course of 2-4 years.
This was done by physical examination by the

author and concomitant questionnaire; or, in the
case of those patients who did not return, by
telephone interview and questionnaire. An inde-
pendent neuropsychologist (R.A.G., Ph.D.) re-
viewed all the guestionnaires and also con-
ducted the telephone interviews.



594 Surg Neurol
1998;49:588-98

(A) Thirty-six-year-old with a laterally presenting
free fragment at L45 (T1 weighted axial view just
below disc level). (B) T2 weighted sagittal image. (C)
Shows this fragment on the specimen table, two centime-
ters long (this was the largest of the 110 cases).
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Very few of the patients (approximately 5%) in
this series had Workers' Compensation cases.

RESULTS

Of the 110 patients, 63 had excellent results, 37 had
good results, 5 had fair results, and 5 had poaor
resuits, according to the MacNab criteria [20] (Ex-
celient = no pain, no restriction of activity; Good =
occasional back or leg pain of sufficient severity to
interfere with the ability to do normal work or ca-
pacity to enjoy leisure hours; Fair = handicapped
by intermittent pain of sufficient severity to curtail
or modify work or leisure activities, but improved
functional capacity; and Poor = no improvement or
insufficient lmprovement to enable increase in ac-
tivities; further operative intervention required),
with an overall success rate of 91%. The only com-
plication was one case of bacterial discitis, which
resolved with antibioties.

Of the five poor resuits, all underwent laminecto-
my/laminctomy subsequently. Two patients had a
laminectomy performed by outside surgeons. The
other three patients had microdiscectomies per-
formed by this author. The failures were due to: A)
a free fragment having migrated too far and too
centrally in the canal to be effectively removed en-
doscopically (two patients, 51 and 53 vears of age),
B) a central, calcified disc (one patient, 35 years of
age), C) bony osteophytes that had to be taken
down at open surgery (one patient, 47 years of age),
and D} a previous laminectomy with residual epi-
dural scarring. This patient had a contained herni-
ation, causing foot drop, that was treated endo-
scopically with insufficient response; therefore,
open microdiscectomy was dene and symptoms
gradually improved {one patient, 34 years of age).

Five patients had had prior lumbar laminecto-
mies at the same location (same level and side). In
this group, three were successful {(two excellent,
one good) and two were failures {one poor and one
fair). Because the success rate in this group was
only three out of five (60%), it seems that the prog-
nosis for this group is worse than the virgin group.
However, the primary factors seem to be the na-
ture and location of the patholegy (extrusion, free
fragment, contained herniation, etc.) and the an-
atomic accessibility. The history of previous sur-
gery is only one factor to be considered, not a
contraindication.

The overall success rate for the 75 lateral pre-
senting or foraminal cases was 95%, and 83% for the
35 nonlateral presenting. The overall success rate
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i erative endoscopic transioraminal discectomy, shows that the fragment has been removed.

of the 110 patients was 91% (excellent or good re-
sults are considered successiul).

DISCUSSION

ANATOMIC CONSIDERATIONS

It has been noted that the nerve root ganglia, which
are known to be quite sensitive to mechanical dis-
tortion, usually lie directly beneath the pedicle in
the foramen [2]. Compression of the ganglia causes
disproportionately prolonged electrical activity. As
the laterally presenting disc is common, the effect
caused by the herniated disc on the ganglia is there-
fore a matter for frequent consideration. The gan-
glion can usually be directly decompressed endo-
scopically using the transforaminal approach.
Radicular venous stasis caused by compression
of venous connections by the laterally presenting
disc herniation affecting the inferior part of the fo-
ramen seems to be a factor in sciatica, and can also
be treated with percutaneous endoscopic surgery
[26].
ADVANTAGES OF THE SMALL
ENDCSCOPIC TRANSFORAMINAL
APPROACH
Percutaneous endoscopic spinal surgery uses the
same, inherently safe pathway to the disc that is

i (A) MR, pre-operative, of a 43-year-old male with an 1i-mm extruded L53-51 fragment. (B) MRI, 5 weeks postop-

used in percutaneous nuclectomy, the postero-
lateral approach. This path is well-established and
offers a starting point for transforaminal proce-
dures using the natural portal of the foramen to
reach the spinal canal.

The basic access route for the typical percutane-
ous nucleotomy, not full transforaminal, with radio-
logical confirmation of working location inside the
disc, has been said to be extremely safe [11] and
shown to be atraumatic with postoperative studies
[28]. The complication rate of percutaneous nucle-
otomy is low 1% [25] and the complications are
generally not severe: psoas hematoma [10], vaso-
vagal, postoperative spasm, and discitis [7,14,23].

Fluoroscopic guidance confirms the correct level
and aliows the endoscope to be placed right at the
herniation by correlating with the preoperative
films. Of the 533 percutaneous discectomies per-

. formed by this author over a 6-year period, there

was no incidence of operating upon the wrong level.

Endoscopic tools can be observed when in use,
and the surgeon can look around a corner or down
a small hole. Adding the visualization of an endo-
scope and moving outside the disc increases the
effectiveness and range of application and can also
be safely done. As stated previously, in the present
series of 110 endoscopic cases, the only compiica-
tion was one case of bacterial discitis. in the entire
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series of 533 cases, there have not been any cases
of misplaced instruments, instruments broken off
inside the patient, torn dura, injured or transected
nerve roots, or significant hemorrhage. Minimal re-
covery time: in this study, patients left the hospital
3 h after the procedure, on average, with most
patients returning to work within 3 days.

DISADVANTAGES OF THE
PERCUTANEOUS ENDOSCOPIC
TRANSFORAMINAL TECHNIQUE

The disadvantages of this technique include the
following: 1) There is limited ability to work arcund
pathology. The surgeon cannot dissect ireely in the
canal; 2) it may onily be possible to remove part of
the extruded disc (although in most cases a partial
removal is sufficient); 3) harder tissue can not be
removed very well with a small endoscope; 4) the
completely transforaminal approach with the cur-
rent equipment (Figure 1) seems to be less benefi-
cial if the pathology is not directly accessible when
coming through the foramen, and seems to have a
lower success rate (83% success in the 35 cases in
this series).

COMPARISON OF VARIOUS
PERCUTANECUS APPROACHES

The surgeon must consider the size of tools for
percutaneous spine surgery; small cannulas and
tools are relatively atraumatic and are well toler-
ated by patients. The ability to place the small
scope itself and even the cannula completely
through the foramen at L5-51 particularly is a capa-
bility unique to equipment of this size and configu-
ration. Visualizing the tissue at the open end of the
working channel scope while using the wvarious
tools to dissect and remove the herniated disc is
key to success and safety. The endoscope is essen-
tial for transforaminal extradiscal work, and al-
though not essential {or intradiscal work, is helpful
and reassuring. The various tissues——disc of vari-
ous consistencies, cartilage, bone, ligament, mus-
cle, fat, vessel, nerve, and dura—are readily identi-
fiable under the endoscope. The endoscope allows
the surgeecn to be certain of the tissue being dealt
with, and if a problem should arise, such as bleed-
ing, it can be visualized and treated.

Percutaneous endoscopic spine surgery is a
newiy emerging field. One of the primary challenges
is the matching of the particular pathology and
anatomny in the specific patient to the available
techniques, instrumentation, training, and experi-
ence of the surgeon. Obviously, if the surgeon
wishes to treat a range of disorders, then a range of
approaches and equipment need t¢ be availabie.
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The small scope endoscopic techniques are eas-
ier to learn than the use of larger scopes. This is
because the basic small nucleotomy approach has
been widely taught, and small scopes are less trau-
matic in a small space. To advance from that basic,
small nucleotomy technique to include manual,
small endoscope work is not such a big step for
surgeons already trained in the basic approach.

The author thanks Dr. Patrice Tumin Tarsey, and Rupert T.
Ditsworth, for their invaiuable assisfance in the preparation
of this manuscript and Dr. Robert Arthur Gallway for inter-
viewing the patients and reviewing the quesiionnaires.
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COMMENTARY
The author has summarized his experience with
endoscopic transforaminal lumbar diskectomy in
110 patients and reports the remarkably high suc-
cess rate of 95% excellent to good results with his
technique. The author also well summarizes the
disadvantages of the percutaneous endoscopic
technique, which are as follows: the limited ability
to work around the pathology; the fact that it may
only be possible to remove part of the extruded
disc, and that osteophytes cannot be removed; and
the fact that the transforaminal approach seems to
add littie if the pathology is not directly accessible
when coming through the foramen.

In addition, | would add that the learning curve
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for this technique would be quite steep for those
unfamiliar with percutaneous techniques. That
does not mean that new techniques and instrumen-
tation should not be vigorously pursued and re-
viewed in a critical fashion, but in my opinion, such
extraordinary results wouid be dificult to
duplicate.

Jaseph C. Marcon, M.D.
Division of Neurosurgery
Aliegheny General Hospital
Pittsburgh, Pennsylvania

Dr. Ditsworth is certainly to be congratulated on his
contribution to the technical design and surgical
engineering of small size transforaminal spinal en-
doscopes. The technology provides an additional
pathway to the lumbar lateral recess and has
proved successful for him as a surgical alternative
for the treatment of unilateral, single-level, laterally
presenting herniated lumbar discs and extruded
fragments. He is to be commended for this achieve-
ment. This type of nerve root compressive pathol-
ogy, in such pure form, occurred in approximately
15% of my lumbar surgical cases over a 25-year
period. These patlents were an absolute joy to care
for.

The transforaminal instrumentation would ap-
pear to provide more confidence in the removal of
extruded disc fragments approximating a foramen
than for the adequate decompression of an associ-
ated disc herniation. For this reason, Dr. Ditsworth
precedes transforaminal endoscopy with percuta-
neocus nucleotomy/discectomy. This combined sur-
gical approach with initial internal disc decompres-
sion followed by further transforaminal disc
decompression and removal of extruded fragments
apparently is necessary to achieve a “91% surgical
success.” This suggests to me that neither tech-
nique in itself provides the means for a consistent
successful surgical resolution in this highiy selec-
tive but most desirable type of patient.

Additionally, in this day and age of attempted
cost containment, the necessity for dual percutane-
ous surgical procedures, each with its specialized
operating room equipment and radiology support,
might prove to be extremely expensive for the
health care payee. After all, the condition receiving
treatment should be the simpiest of all spinal sur-
gery problems to resolve. Although his postsurgical
patients are not hospitalized overnight, providing
some cost savings, a 3-day return fo work could
prove to be the real economic miracle! From my
experience, however, patients with weightbearing
and car-riding occupations might find this very dif-
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ficult to achieve. Unfortunately, 35% of my spinal
surgery patients were compensation cases, which
always delayed their return to work by more like 3
months. Using MacNab's criteria, patients classified
as “good” could not be considered a surgical suc-
cess in my publications and would require re-
evaluation for their ongoing symptoms. My pub-
lished definition of “surgical cure” for the same type
of pathology treated over a 20-year period is “a
patient who is economically productive if they so
desire, physically comfortable without addictive
pain medication, and free from sciatic pain.” [1].
Microlumbar discectomy (MLD) was my attempt
to treat the exact same surgical pathology as pre-
sented in Dr. Ditsworth's series. It represents a
minimally invasive open surgical technigue, the on-
going surgical results of which have often been
reviewed over the years in the neurosurgical liter-
ature. This totally microsurgical technique has cer-
tainly stood the test of time [1]. Its major critics
have always complained about the limitations of
microsurgical exposure. | wonder how insecure
these same individuals might feel when trying to
utilize 2 small diameter transforaminal endascope
to resclve lateral recess nerve root compression.
MLD, however, is a surgical treatment with rigid
surgical parameters and patient criteria. Do not
confuse MLD with the term “microdiscectomy,”
which is rampant in the surgical literature. The
iatter term has no surgical parameters or patient
criteria, and only implies the use of a surgical mi-
crascope during any type of lumbar disc operation.
For me, the surgical microscope, with its varying
degrees of magnification and excellent depth of
field under binocular vision, provided the technical
means and surgical mobility to treat any type of
lateral recess pathology encountered at the time of
initial surgery. Certainly, though percutaneous lum-
bar techniques may have their selective applica-
tions, they cannot offer such a technical advantage
to either the surgeon, patient, or perhaps the health
care system. | would hate to see “stair step” spinal
surgery become accepted as state-of-the-art.

Robert W. Williams, M.D.
Neurosurgeon
Red Lodge, Montana
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Ditsworth's superb technological approach efiec-
tively dispels most of my previous criticism of the
numerous so-called minimally invasive procedures.

Ditsworth

Access to the epidural space through the foramen
and at least some ability to maneuver within the
spinal canal satisfies the requirement of direct con-
tact with most disk herniations that require sur-
gery.

Objection to intradiscal procedures comes from
my often-repeated observation that most symptom-
atic disc fragments—those with neural compres-
sion requiring surgery—erupt into the spinal canal
through an annular opening smaller than their ac-
tual size, a mushroom-type effect [1]. This has been
the case whether the fragments are “contained”
within the posterior longitudinal ligament or nct. So
the illogical idea that reducing intradiscal contents
and pressure by the destructive agent Chymopa-
pain or by percutaneous discectomy can have any
effect on disc fragments in the spinal canal or fora-
men ignores this biomechanical phenomenon.
Some patients get better after these intradiscal pro-
cedures not because of them, but despite them.

My opposition to lumbar microdiscectomy was
that it totally failed in reaching fragments cephalad
or caudad to the disc space, that it had a higher rate
of dural tears and vascular injuries, and that the
patients fared no better than those who had sur-
gery by an experienced, skilled surgecn who may or
may not have used magnification.

Dr. Ditsworth's procedure understandably re-
quires a combined transannular and foraminal ap-
proach; his success rate for lateral and foraminal
lesions is equal to that of open surgery, but not
surprisingly, lower than that of open surgery for
paramedian fragments. He appropriately warns
about patients who have had prior surgery, inac-
cessible fragments, and caicified or osteophytic le-
sions that may be producing root compression.

if 1 have any criticism at all of his general ap-
proach, it would be to question the need for dis-
cography, the results of which can hardly be con-
sidered reliable. | must also continue to raise some
doubts about a pure intradiscal procedure on over
four hundred patients. In this paper he does not
share the indications or resuits of these with us,
and it is difficult to abandon my inherent skepticism
about their necessity.

Charles A. Fager, M.D.
Department of Neurosurgery
Lahey Hitchcock Medical Center

Burlington, Massachuselts
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