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This study was aimed to provide a brief historical perspective to facilitate appreciation of
current techniques, describe outcomes of endoscopic lumbar surgery relative to those of
existing techniques, and identify topics in need of study and future directions for the field
of endoscopic lumbar surgery. Using the PubMed database, a comprehensive search was
conducted to identify peer-reviewed English language articles pertaining to endoscopic
lumbar surgery. Lack of focus on pertinent techniques or lack of outcome measures consti-
tuted exclusion criteria. A majority of included articles were published from 2015-2019. A
context with which to appreciate the application of endoscopic lumbar techniques is estab-
lished. An abundance of case series and several recent comparison studies have document-
ed the benefits and potential pitfalls of these methods in the past two decades. The advan-
tages of endoscopic lumbar spine surgery are widely touted to include reduced perioperative
morbidity, including blood loss, operative time and immediate postoperative recovery,
minimal structural trauma resulting from surgery, generally positive patient report out-
come scores and the potential to contain costs. Additional high-quality research assessing
outcomes of endoscopic lumbar surgery are certainly needed and currently expected given
the rapid expansion of the field in recent years.
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alization and treatment of various spinal pathology using en-

INTRODUCTION

doscopy. Modern endoscopic spine surgery can be employed

Widely regarded as the inception of the development of en-  for the treatment of primary and recurrent disc disease, spinal

doscopic techniques in the spine, in 1983 Kambin and Gellman'
introduced a technique for nonvisualized percutaneous needle
nucleotomy for the management of symptomatic degenerative
discs. This method made use of a Craig biopsy canula via a pos-
terolateral approach. Hijikata® described a similar percutaneous
technique in 1975. These pioneers followed more than a decade
later with respective case series demonstrating generally posi-
tive results.” The critical technological leap was taken by Forst
and Hausmann* in 1983, introducing an endoscope through
this approach for direct visualization of the disc space for de-
compression. In the years since, these relatively deliberate be-
ginnings have given way to tremendous technological advance-
ment that today allows for many methods of high-quality visu-

stenosis, spondylolisthesis and spinal instability.

Despite recent applications of endoscopic spine surgery in
the cervical and thoracic spine, this technique has to date been
most frequently employed to address lumbar pathology. In the
lumbar spine, the oldest and most utilized approach is an intra-
foraminal or transforaminal technique which allows for both
intradiscal and extradiscal access. Described initially in 1990,
Kambin triangle is the anatomic space bound by the caudal ver-
tebral body (base), the traversing nerve root (height) and exit-
ing nerve root (hypotenuse) at a given neuroforamen (Fig. 1).
The intradiscal technique, which requires docking of the scope
in the targeted disc space, provides relative stability of the en-
doscope. The extradiscal technique, by definition, does not vio-

www.e-neurospine.org 15


http://crossmark.crossref.org/dialog/?doi=10.14245/ns.1938040.020&domain=pdf&date_stamp=2019-03-31

Butler AJ, et al.

Endoscopic Lumbar Surgery

late the disc space, but it is less stable and requires a skilled sur-
geons complete control of the scope. The interlaminar approach
may also be employed at L5-S1, due to its advantage in avoid-
ing the iliac crest by entering more midline through the ligamen-
tum flavum.® More medially based pathology may also be more
effectively addressed using the interlaminar method.

Most transforaminal endoscopic lumbar procedures require
local anesthesia and minimal sedation. The patient may be placed

Wedart

Fig. 1. Schematic depicting Kambin triangle, the anatomic
space bound by the caudal vertebral body (base), the travers-
ing nerve root (height), and exiting nerve root (hypotenuse)
at a given neuroforamen.

prone or in a lateral decubitus position on a standard frame de-
pending on the pathology and planned approach. To utilize the
transforaminal approach, a localization needle is advanced to
Kambin triangle under fluoroscopic guidance in both planes.
For the interlaminar approach, the needle is placed in the mid-
line to approach the ligamentum flavum in the interlaminar
space. After confirmation of the correct level and needle posi-
tion, the cannula and endoscope are placed, and continuous sa-
line irrigation allows for direct visualization of the surgical anat-
omy and pathology to be addressed (Fig. 2). A variety of angled
scopes are typically available to maximize specific visualization.
A uniportal technique requires instrumentation and the endo-
scope to be placed through the same portal, while both unilat-
eral and bilateral biportal techniques have also been described.””

MATERIALS AND METHODS

A comprehensive search of the PubMed database was per-
formed utilizing various combinations of the following terms:
“endoscopy,” “endoscopic,” “spine surgery, “lumbar surgery,’
“discectomy,” “decompression,” “foraminotmy,” and “fusion.”
Articles published in peer-reviewed journals in the English lan-
guage were included in an initial review of titles during which
duplicates were excluded. Case series, case-control studies, ret-
rospective cohort studies, randomized controlled trials and re-
view articles were all included. A title and abstract review were
then conducted; inclusion criteria included an explicit focus on
surgery of the lumbar spine and endoscopic techniques as well

Fig. 2. Demonstration of instrumentation positioning and corresponding intraoperative fluoroscopic view (A) of the unilateral
biportal technique. The surgeon holds the endoscope in his left hand (B) which corresponds to the blue viewing portal (C). In-
struments in the surgeon’s right hand (B) may be passed through the red working portal (C).
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242 PubMed database
search

177 Included in title
and abstract review

65 Duplicates excluded

Inclusion criteria not met:
- 31 No lumbar focus

82 Eligible for
inclusion in final
review

- 26 No endoscopy focus
- 38 No outcome measure

46 Included in

36 Included in final
review

Anichini
etal.’’ 2015

~_

Y
14 Added subjectively

50 Final number of
referenced articles

for historical or
contextual relevance

Fig. 3. Flowchart depicting article selection process accounting for inclusion in review of all referenced articles.

as use of objective outcome measures. Articles pertaining to
endoscopic lumbar discectomy (ELD) that were included in a
comprehensive systematic review published in 2015 were ex-
cluded." When applicable, reference lists of significant articles
were cross-examined for additional articles appropriate for in-
clusion. An additional number of notable papers were included
subjectively due to their historical or contextual relevance (Fig. 3).

RESULTS

1. Lumbar Discectomy

A descriptive review of the state of the literature regarding
ELD published in 2015 identified a total of 51 case series on the
topic published between 2009 and 2015." To varying extents
between these series clinical results are described, with only 4
included comparisons to open techniques. The field has cer-
tainly benefited from additional such series in the several years
since, however more significantly a welcome influx of higher-
quality data via additional comparative studies, meta-analyses
and randomized controlled trials has been seen.

In a recent meta-analysis of comparison studies, Kim et al."!

https://doi.org/10.14245/ns.1938040.020

found that ELD was superior to open lumbar discectomy (OLD)
with regards to improvement in preoperative visual analogue
scale (VAS) pain scores and Oswestry Disability Index (ODI) as
well as total operative time. The postoperative hospital stay was
also significantly longer in the OLD cohort by a difference of
greater than 4 days. No differences in overall complication rate,
recurrence rate of disc pathology or overall reoperation rate were
noted. Of note, no randomized studies were included in this
analysis.

Shi et al.'* recently published a similar meta-analysis of 18
heterogenous comparison studies consisting of 8 prospective
studies with varying degrees of randomization and 10 retro-
spective studies comparing ELD to OLD. All included works
were completed in Asia, with 17 from China. They found no
differences in total operative time, improvement in preopera-
tive ODI, VAS for leg pain, total complications, recurrence or
incidence of durotomy. ELD was noted to be superior in opera-
tive blood loss, incision length, postoperative in bed time, length
of hospital stay, and VAS for back pain. These authors determined
that patients treated with OLD had a higher reoperation rate as
well as less use of intraoperative fluoroscopy. Interestingly, du-
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ration of the operation was longer for ELD cases completed
earlier in the study period, though improved to be significantly
shorter when cases completed in 2018 or later were isolated.
Overall procedural costs were generally higher for ELD though
regional factors were cited as likely confounding.

An additional meta-analysis of 7 nonrandomized retrospec-
tive studies comparing ELD to OLD in the Korean population
found no differences in VAS for leg pain, improvement in pre-
operative ODI, overall complication rate, recurrence rate, reop-
eration rate and total operative duration.” ELD was superior in
total hospital stay as well as parameters assessing return to work.

Alvi et al." published results of a systematic review evaluat-
ing 14 randomized, single center studies from from Asia, Eu-
rope, and the United States that included comparisons of OLD
with minimally invasive techniques consisting of both tubular
discectomy (TD) and ELD in the lumbar spine. When includ-
ed, specific stratification to directly compare ELD to open tech-
niques demonstrated a lower rate of overall complications and
dural tears in ELD cohorts. TD and ELD collectively had a high-
er rate of disc herniation recurrence and overall reoperation rate,
while no significant difference in any patient-reported outcome
score was identified.

To the authors’ knowledge, data from only one prospective,
randomized controlled trial directly comparing outcomes be-
tween ELD and TD has been published to date. Preliminary re-
sults from a trial ongoing at the The Third Affiliated Hospital
of Sun Yat-sen University, a large public university hospital in
Guangzhou, China, were made available in 2018."* One-year
follow-up data did not demonstrate clear clinical superiority of
either technique in 153 patients. All outcome measures, com-
plication rates, incidence of recurrence and reoperation rates
were similar in both groups. Interestingly, when stratified for
location of pathology, ELD was superior with regards to im-
provement in preoperative ODI when treating far-lateral herni-
ations though was inferior for para-median disease. This likely
speaks to the advantages and limitations of the transforaminal
approach that was widely used.

2. Extraforaminal Decompression

While the exploration of applications of endoscopic spine
surgery in the lumbar spine has undoubtedly historically fo-
cused on discectomy for symptomatic herniation, other proce-
dures have also been described. For the treatment of foraminal
stenosis, focal decompression of affected nerve roots has been
proposed as a valid alternative to the indirect decompression
achieved with open laminectomy, foraminotomy and instru-
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mented fusion. These minimally invasive methods seek to avoid
the morbidity associated with open fusion surgery as well as the
potential disadvantages such as paraspinal muscle atrophy, ad-
jacent segment disease and pseudoarthrosis."" A cadaveric study
published in 2015 demonstrated that fully endoscopic techniques
can be effective in increasing foraminal height and area via de-
compression of extraforaminal structures including hypertro-
phic facet joint capsule, caudal pedicle, superior articular pro-
cess and associated osteophytes.'® This served to provide mech-
anistic support for several existing case series describing collec-
tively positive results. Ahn et al.'” have published several such
series, the first of which in 2003 presented 12 patients with fo-
raminal stenosis undergoing endoscopic foraminal decompres-
sion. A 83.3% of patients reported good to excellent results via
the Macnab criteria at mean follow-up of 13 months. A subse-
quent series of patients with bony foraminal stenosis and corre-
sponding radiculopathy were similarly treated with endoscopic
foraminotomy with discectomy as indicated, with 81.8% re-
porting good to excellent results via the MacNab criteria at
2-year follow-up."® A 93.9% of patients reported symptomatic
improvement. Of note, all the procedures included in these se-
ries by Ahn et al.'”'® were completed with local anesthetic and
light sedation, without any reported complications.

3. Central Decompression

The use of endoscopic techniques for the treatment of central
lumbar stenosis has been explored due to the targeted advan-
tages of preserving native spinal stability and paraspinal mus-
culature while addressing focal areas of central stenosis.” En-
doscopic applications for this specific pathology may find their
origin in a seminal paper by Khoo and Fessler” in 2002 com-
paring 25 patients who had undergone their described techni-
que of endoscopic-assisted laminotomy, notably not a full-en-
doscopic surgery, to another group of 25 patients having under-
gone traditional open laminotomy. Without differences in clini-
cal outcome, endoscopic-assisted procedures had significantly
less operative blood loss, shorter postoperative hospital stay and
lower postoperative narcotic usage when compared to open.
Many case series have described technical modifications, pit-
falls and clinical results with generally positive patient-reported
outcome scores for both endoscopic-assisted and fully endo-
scopic decompression surgery.>*** A large-scale retrospective
database study published in 2018 described significant superi-
ority of endocopic-assisted, microendoscopic decompression
versus open laminectomy with regards to total complication
rate, surgical site infection, postoperative hospital stay and inci-
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dence of postoperative delirium.” A total of 1536 matched pairs
of patients were included in this analysis. With regards to fully
endoscopic techniques, a 2017 retrospective series of 48 patients
treated with fully endoscopic decompression for central lumbar
stenosis documented a 96% rate of good-excellent outcome via
the Macnab outcome grade. These results were reported in the
setting of relatively low complications consisting of 3 dural tears;
the significance of the learning curve for this technique and its
impact on early technical fault was emphasized by the authors.*
An additional retrospective analysis of 213 patients treated with
fully endoscopic laminotomy and flavectomy more recently re-
ported significant improvements in patient-reported outcomes
scores and a 0% reoperation rate for incomplete decompression
with mean 26-month follow-up.”® The authors also cited a re-
duction in mean operation time by as much as two-thirds dur-
ing the late stage of the learning curve upon implementing this
technique. A randomized controlled trial including a total of
135 patients receiving fully endoscopic versus minimally inva-
sive laminotomy found no significant differences in clinical out-
come at 2-year follow-up.® The endoscopic group had signifi-
cantly fewer complications, shorter operative time and faster
postoperative rehabilitation, though reoperation rate was simi-
lar between the 2 groups. Based on currently available litera-
ture, endoscopic laminotomy for lumbar spinal stenosis may be
considered an acceptable surgical method once surgeons have
demonstrated comfort with the learning curve.

4. Lumbar Fusion

An additional application of endoscopic techniques in the
lumbar spine is that of fusion. Instrumented minimally invasive
surgery (MIS) fusion techniques find their roots in Magerl’s
1984 description of percutaneous pedicle screw placement for
the purpose of external fixation.”” In 2001 Foley et al.*® took ad-
vantage of this method by contributing the development of a
percutaneously inserted connecting rod to describe the first
MIS internal fixation construct for the spine. In the interim,
Leu and Hauser” published a series in 1996 describing the de-
velopment and early clinical results of a technique for percuta-
neous endoscopic lumbar fusion (PELF) with 12 weeks of post-
operative pedicular external fixation. In a single-surgeon cohort
of 37 patients undergoing this procedure, 30 progressed to sta-
ble bony union with mean 33- month follow-up. Minimal peri-
operative morbidity, low complication rate and generally posi-
tive clinical outcomes are described though poorly quantified.

As most modern applications of endoscopy for lumbar fusion
take advantage of the capabilities of MIS fusion, worth mention-
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ing is the contemporaneous development of MIS fusion tech-
niques without the use of endoscopy, most notably lumbar in-
terbody fusion (LIF). First described by Harms and Rolinger in
1982, the transforaminal lumbar interbody fusion (TLIF) has
since been popularized due to the advantages of greater indirect
foraminal decompression and restoration of lumbar lordosis in
the setting of reduced disruption of bony stability as well as peri-
operative morbidity.”*** While one advantage of MIS-TLIF rela-
tive to open techniques is reduced paraspinal trauma, the clini-
cal impact of morbidity resulting from tubular MIS approaches
may be further reduced by the use of endoscopy. The inherent
limitations of visualization with tubular methods have also been
described."***

With this stage set, in 2013 Jacquot and Gastambide® pub-
lished results of their initial experience with endoscopic TLIF
performed on 57 patients from 2004 to 2010. Despite describ-
ing short operative duration and a 100% fusion rate, this widely
cited article concludes with the recommendation that their sur-
gical methods not be utilized in their current state due to a 36%
rate of complications directly attributable to technical error. This
established a relative burden of proof for literature on endoscop-
ic fusion techniques to overcome. Since this paper’s publication,
several technological and technical advancements have been
made with regards to endoscopic lumbar fusion utilizing both
interbody and pedicle screw fixation, with several notable case
series now available. Heo et al.* describe a technique of endos-
copy-assisted LIF using the biportal technique followed by per-
cutaneous single level instrumentation. Sixty-nine patients with
symptomatic, single level stenosis or instability treated in this
manner had significant improvement in preoperative VAS and
ODI scores at a mean of 14-month follow-up. Magnetic reso-
nance imagings (MRIs) performed on postoperative day 2 dem-
onstrated “optimal” decompression at the pathologic level in all
patients. Complications described consisted of 2 dural tears and
2 epidural hematomas. Wu et al.** have presented initial results
from 7 patients treated with a similar technique with minimum
2-year follow-up, all with improvement in ODI, VAS, and SF-
36 Physical and Mental Component Surveys. Endoscopic single
level TLIF with percutaneous pedicle screws under conscious
sedation has also been described.” Ten patients treated for sin-
gle level loss of disc height, 6 with grade I spondylolisthesis, re-
ported improvements in patient reported outcome measures
with radiographic union at 1 year. The authors commented on
reduced operative time, blood loss and hospital stay. In addition
to endoscopic fusion using a posterior transforaminal approach,
a lateral route has also been described in a small recent series in
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14 patients with either central or foraminal disc herniations.”
Clinical outcomes were generally good, and postoperative MRI
confirmed adequate decompression in all cases, indicating this
approach as a reasonable option for direct neural decompression.

To the authors’ knowledge only 1 comparative study has been
published to date evaluating outcomes of PELF versus open or
MIS techniques.” 56 nonrandomized patients were treated at a
single center with either open posterior lumbar interbody fu-
sion (PLIF) or endoscopic assisted tubular PLIE Open proce-
dures had a shorter total operative time, though the endoscopic
group was characterized by less blood loss, shorter postopera-
tive hospitalization and less immediate postoperative back pain
likely reflecting the less traumatic surgical approach. Authors of
each of these series include mention of the significant promise
in reducing blood loss, perioperative morbidity, hospital stay
and immediate functional status relative to open and MIS tech-
niques.

Relative to ELD, data-supported adoption of endoscopic fu-
sion techniques seems to remain in its infancy. Within the last
year, several articles from China comparing endoscopic discec-
tomy to MIS TLIF have been published, with inconclusive re-
sults.®®* Future comparative and randomized studies evaluat-
ing outcomes of endoscopic versus MIS or open lumbar fusions

are expected.

DISCUSSION

With origins in the early development of MIS techniques,
and taking advantage of modern technology, significant inno-
vations in the field of endoscopic spine surgery have been made
in recent years. The primary advantages of endoscopic lumbar
surgery lie in minimizing the structural and clinical impact of
the surgical approach. With a smaller surgical incision and ap-
proach come a lower risk of infection, less operative blood loss
and less overall soft tissue trauma. Specific to spine surgery, main-
tenance of structural integrity and innervation of paraspinal
musculature as well as less epidural scarring are thought to fa-
cilitate postoperative motion, strength and subsequent improved
functional outcome and patient satisfaction. These factors in
conjunction with reduced operative time and need for general
anesthesia are also likely to lead to reduced postoperative hos-
pital stay which also has implications on cost and value of care
provided. Formal investigations of total hospital cost compar-
ing endoscopic versus MIS or open lumbar surgery are lacking,
though no benefit has been demonstrated to date.'” As systemic
infrastructure grows with implementation of these techniques,
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further research may demonstrate the impact of the aforemen-
tioned specific clinical advantages on cost. Additionally, current
global obstacles facing the possibility of making large-scale cost
savings via outpatient spine surgery may soon be addressed by
the reduced perioperative morbidity that endoscopy can pro-
vide.

A consistently described disadvantage of endoscopy lumbar
surgery is that of the steep and potentially dangerous learning
curve that accompanies the technical demand of its application.
As previously mentioned, Shi et al.”* described a reduction in
overall operative duration in sequential years of PELD at multi-
ple centers, possibly implicating operative efficiency as surgeon's
skill evolved. Multiple series and comparison studies have de-
scribed either a higher incidence of overall complications or
longer operative time during the early phases of the respective
study period, when quantified.*** Operative duration has been
described as significantly longer in the first 10-14 procedures
completed by single surgeons, with relative uniformity after this
initial learning period.*** Specific factors requiring improved
surgeon exposure and comfort level for optimal use include a
new surgical approach, manipulation of endoscopic equipment
and visuospatial orientation when viewing the endoscopic im-
age. While a learning curve must certainly be respected by any
surgeon adopting endoscopic techniques, current sentiment
supports the general feasibility of safe and successful integra-
tion into the erudite spine surgeon’s practice.

Albeit with some heterogeneity, currently available case series
and comparative studies appear to support a lower overall com-
plication rate with endoscopic procedures relative to their MIS
or open counterparts. The most commonly reported complica-
tions of endoscopic lumbar surgery include dural tear, infection,
epidural hematoma.'*'>** Additional data is of course need-
ed prior to making any definitive determination regarding the
promise of reduced complications through the use of endosco-
py. The only randomized study to date directly comparing and
endoscopic lumbar procedure to his MIS counterpart has not
found improved complication rate at preliminary 1-year follow-
up.15

Interestingly, there are several complications specific to en-
doscopic spine surgery worth noting. Postoperative headache
as well as several rare cases of postoperative seizure following
prodromal neck pain have been described.*® Thought to be sec-
ondary to increased epidural pressure from the endoscopic irri-
gation system, all such reported complications resolved with
conservative management. The suggestion of increased risk for
durotomy when endoscopic central decompression has been
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made, possibly due to new visuospatial or tactile demands when
using the endoscope.* Contrastingly, a more recent article not-
ed a reduced rate of dural tears in endoscopic versus MIS and
open techniques." Radicular pain and paresthesia correspond-
ing to the exiting nerve root at the operative level has also been
described. Proposed mechanisms are direct irritation from the
canula, indirect pressure from the irrigation system, effect of

local anesthetic used during the procedure.”*

CONCLUSION

The field of spine surgery recently has borne witness to the
explosive growth of literature describing the applications of en-
doscopy for treating lumbar pathology. While posing a poten-
tial technical challenge for surgeons adopting these techniques,
the promise of reduced perioperative morbidity in the setting
of positive outcomes has propelled endoscopic spine surgery to
the forefront of current innovation. As the development of sur-
gical techniques and devices continues, further high-quality data is
anticipated to assess its ultimate superiority over existing methods.
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