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ABSTRACT

Background: From the 1990s, there has been growth in the literature demonstrating the feasibility of minimally invasive
approaches for treating variety lumbar spinal disorders. There is still much work to be done in overcoming the technical
challenges and explicate relative advantages of endoscopic techniques in lumbar spine surgery. In this comprehensive literature
review, we discuss the history, indications, contraindications, surgical techniques, learning curves, technical tips, adverse events,
and examine peer-reviewed studies addressing uniportal endoscopic interlaminar decompression in lumbar spinal surgery.

Methods: This literature review was conducted with keywords “endoscopic,” “minimally invasive,” “uniportal endoscopic
decompression,” “interlaminar decompression,” and “lumbar spinal surgery” using PubMed, Embase, ClinicalKey, and Google
Scholar.

Results: Review of 423 patients who underwent uniportal endoscopic interlaminar lumbar decompression showed
satisfying results with 82% of patients no longer having leg pain, and 13% of patients having only occasional pain, with no
significant operation-related deterioration in leg or back pain. To compare the outcomes between endoscopic and microscopic
technique, a comparative review of 192 lumbar lateral recess stenosis patients demonstrated the uniportal endoscopic group
had 29% shorter operation duration, 1.2% fewer perioperative complications, and significantly reduced postoperative pain
(visual analog scale) over 5 days, and reduced use of pain medications. Multiple retrospective studies echoed the outcomes
of endoscopic decompression surgery, showed shorter hospitalization time, lower mean dural expansion, lower increment of
horizontal displacement measured, and less elevated levels of postoperative serum CPK (creatine phosphokinase) and CRP (c-
reactive protein). Lastly, a systematic review and meta-analysis that enrolled 994 patients found that patients who received the
full-endoscopic decompression technique showed statistically lower levels of back pain and leg pain and a 40% lower chance of
having complications compared with those receiving microscopic decompression in lumbar stenosis.

Conclusions: Based on our literature review, there are multiple positive outcomes with endoscopic interlaminar lumbar
decompression, which reduces operation duration, perioperative complications, and better postoperative outcomes. However,
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the technical challenge highlights the importance of further training and innovation in this rapidly evolving field.

Special Issue

INTRODUCTION

Degenerative lumbar spinal stenosis (DLSS) is
an emerging disease affecting patients older than 65
years, and the number of patients affected are esti-
mated to increase up to 59% and influences 64 million
elders in 2025. Neurogenic claudication is the most
common symptomatic sign of DLSS due to com-
pression by the surrounding structures to the thecal
sac, including hypertrophic ligamentum flavam (LF),
enlarged osteoarthritic facet joints, and degenerative
discs. Neurogenic claudication will deteriorate the
quality of life in the elderly and is considered a sur-
gical indication.'

Surgical treatments are performed in patients with
neurogenic claudication with moderate or severe

radicular pain in whom conservative treatments
failed.”™ Thus, decompressive surgery usually effec-
tively improves the symptoms and quality of life of
these patients.

History of Uniportal Endoscopic Lumbar Decom-
pression Technique

Minimally invasive spine surgery has continued
to evolve over the past 3 decades, gaining popularity
among spine surgeons due to its advantages over tra-
ditional open surgery. Endoscopic spine surgery has
evolved over time to be in sync with the increasing
number of patients in DLSS.’ Open interlaminar access
was first mentioned in the early 20th century and grad-
ually progressed to the minimally invasive approach
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that has been used since the early 1970s.°™ In the late
1970s, microscopy was introduced to the interlaminar
access in decompression surgery.”'” Parviz Kambin in
1973 and Hijikata in 1975 were developing percutane-
ous nucleotomy that led to the rapid development of
endoscopy.'! Endoscopic spine surgery started slowly
with full-endoscopic transforaminal procedures,
which allowed access to the spinal canal without
causing major open wounds.*'*"** However, the pro-
cedure encountered difficulties in working mobility
owing to the unfamiliar anatomy of a neural foramen.
In addition, the high iliac crest limits access to the
spinal canal through the transforaminal surgical route
in the lower lumbar levels, limiting the efficacy of the
transforaminal approach. Rapid developments in full-
endoscopic interlaminar procedure were developed
in the late 1990s..">'® The transforaminal endoscopic
technique was initially used to treat disc herniation
and later expanded to various diseases, such as central
and lateral recess canal stenosis and foraminal steno-
sis. Herniated disc of the L5-S1 level was efficiently
accessed using the interlaminar endoscopic approach,
overcoming the anatomic barrier of the high iliac crest
in the transforaminal endoscopic approach.'”'®

The lumbar endoscopic technique of unilateral
laminotomy with bilateral decompression (LE-
ULBD) has the advantage of preserving spinous
processes and ligaments to prevent postoperative
segment instability. Due to the minimization of
collateral damage, patients will recover earlier and
have a shorter duration of hospitalization. In addi-
tion, patients can avoid the curve progression asso-
ciated with traditional open techniques. Studies have
reported that LE-ULBD for lumbar stenosis achieves
similar results in improving neurogenic claudication
and neurological deficits and has fewer complications
compared with open laminectomy.'' A large retro-
spective study in 2018>* showed that full-endoscopic
decompression was significantly superior in terms of
surgical site infections, postoperative pain, and total
complication rate. Clinical outcomes from several
studies also showed less blood loss during operation,
lower adverse effects, shorter hospitalization dura-
tion, and quicker improvements in Oswestry Disabil-
ity Index (ODI scores); all of these results suggest
that LE-ULBD would not be inferior to traditional
open spine surgery.'’ >

In this article, we aim to focus on evaluating and sug-
gesting the potential of full-endoscopic lumbar decom-
pression techniques by conducting a comprehensive
review.

INDICATIONS

Due to the epidemiology of elderly patients in
lumbar central canal stenosis, open decompression
technique may cause many complications, which may
lead to longer hospitalization and greater invasion,
resulting in a larger surgical wound. In open fenes-
tration, lumbosacral fascia is dissected and paraspinal
muscle of the bilateral sides are stripped, damaging
the posterior structure, which provides stability, and
leads to poor outcomes, such as muscle damage, large
incisions, and postoperative instability.” Therefore,
restricting muscle injury and keeping the bone resec-
tion range as minimal as possible are important for
elderly patients to avoid postoperative hematoma. As
mentioned above, LE-ULBD using a narrow outer tube
with large working space would be more suitable in
these operations.

A thorough spine workup can provide surgeons
with indications of using endoscopic approaches to the
lumbar spine. By obtaining adequate imaging studies,
such as radiography, computed tomography, and mag-
netic resonance imaging, no more than 3 months before
the operation, the surgeon can be informed not only of
the type of spinal stenosis or disc herniation but also
of the possibility of endoscopic access.'®** Combined
with neurogenic claudication with or without radiculop-
athy and unsuccessful conservative treatments for more
than 3 months, endoscopic approaches could be estab-
lished for indicated interventions.

CONTRAINDICATIONS

When performing endoscopic spine surgery, the
main purpose is to reduce iatrogenic complications and
maintain the stability and mobility of proper segments.
However, due to the relatively steep learning curve of
endoscopic decompression, the skill or proficiency of a
spine surgeon may influence surgical outcomes. Hence,
there are some general contraindications for endos-
copy in lumbar spine surgery, including severe stenosis,
severe fibrotic tissue adhesion, calcified disc, painless
weakness, and cauda equina syndrome.” Considerable
incomplete decompressions or adverse effects occurred
when applying the endoscopic procedures to patients
beyond the indications for such procedures. Therefore,
appropriate patient selection should be strictly imple-
mented for a successful and safe outcome. However,
as research and technical developments continue to
advance, these general contraindications may be over-
come in the near future.
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Figure 1. Position and initial identification of the interlaminar window under C-arm.

SURGICAL TECHNIQUES

The patient is placed in a prone position under
general or epidural anesthesia with sedation. First, the
surgeon makes a paramedian skin incision of approx-
imately 10 mm in length (target point: the caudal
margin of the upper lamina), then serial dilators are
bluntly inserted toward the target point (Figure 1).
Next, an operative sheath is inserted over the dilator
with the beveled opening facing medially toward the
LF. This example of the procedure is performed using
the LUSTA endoscopic System (Spinendos, Germany)
of a 7.1-mm working channel with a 10° view angle
(Figure 2). Depending on the pathology, ipsilateral
decompression, including cranial, caudal laminotomy,
and partial medial facetectomy, is performed with endo-
scopic drills (SPINENDOS GmbH, Munich, Germany),
angle adjustable curettes, forceps, and punches. For an
ideal ipsilateral decompression, “over the top” pattern
decompression is performed by detaching the proximal
end of the LF from the caudal border of the upper-level
lamina and the distal end of the LF from the cranial
edge of the lower-level lamina. Removal of the medial
aspect of the facet joint contributed to lateral recess
neural compression is also achieved (Figure 3).

For bilateral decompression, decompression of the
contralateral side is needed after the ipsilateral decom-
pression (Figure 3). The endoscope and the working

cannula are conducted toward the contralateral side,
entered dorsally to the sublaminar space. At this point,
the LF remains intact as far as possible to protect the
dural sac. Contralateral bony decompression is per-
formed again by using cranial and caudal laminotomy
and partial facetectomy (Figures 4 and 5). If contralat-
eral discectomy is needed, using “channel-in-channel”
technique could have better access for less nerve retrac-
tion to the contralateral side with a 4.3-mm working
channel endoscopy and sheath in a 7.1 mm-large
endoscope sheath (Figure 6).”° Subsequently, the LF is
detached from the drilled bony margin using dissectors
and removed with forceps in an en bloc pattern. The
decompression is finished when the dura and spinal
nerves are noted to be decompressed on both sides. All
operation fields were worked under endoscopic visual
control and constant saline irrigation.

Before drawing out the endoscope, hydrostatic pres-
sure by adequate irrigation of fluid was used to check the
dural sac inflation and check for bleeding points. Suffi-
cient dural expansion is confirmed and bleeding points
are controlled with a radiofrequency probe (SPINEN-
DOS GmbH) and hemostatic matrix (FLOSEAL).
Closed drainage catheter is not necessary in this decom-
pression technique as all bleeding points are double
checked and managed with appropriate hemostasis. The
incision is then closed with a sterile suture.?
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Figure 2. LUSTA endoscopic System (Spinendos, Germany) of 7.1-mm
working channel with a 10° view angle (left) and 4.3-mm working channel with
a 25° view angle (right), respectively.

OUTCOMES

Since the late 1990s, the number of studies on the
possibility and success of minimally invasive endo-
scopic procedures for a variety of lumbar spinal dis-
eases has increased (Table). A large-scale prospective
study of patients receiving lumbar spine surgery via
full-endoscopic interlaminar access was published
by Ruetten et al,27 who reviewed 423 patients who
underwent operations in the full-endoscopic technique
with interlaminar access between 2001 and 2002. The
authors reported that 82% of the patients no longer had
leg pain and 13% had only occasional pain, with no sig-
nificant operation-related deterioration in leg or back
pain. Neurological deficits were significantly improved
within 6 days in all 6 patients with cauda equina syn-
drome, achieving complete regression of their bladder-
rectal deficits. There were no measured blood loss or
serious complications (postoperative bleeding, injury
to dura or nerves), which was favorable compared
with conventional surgical approaches. Among all
331 patients, 91% reported subjective satisfaction and
would undergo the procedure again.

In 2009, Ruetten et al**also published a prospec-
tive randomized controlled study comparing the full-
endoscopic interlaminar approach versus conventional
microscopic technique for lumbar lateral recess steno-
sis. This study enrolled 192 patients who had symp-
tomatic degenerative lateral recess stenosis between
2003 and 2005, and they were randomized to receive
either endoscopic or microscopic decompression surgi-
cal technique. The result of this trial demonstrated that
the group receiving the full-endoscopic interlaminar
approach not only had a 29% shorter operative duration
but also had a relatively low perioperative complication
of 1.2%, significantly reduced postoperative pain (VAS)
over 5 days, and less use of pain medications. Between
the 2 groups, there were equal improvements from
baseline in terms of VAS score of leg pain, Oswestry
Disability Index (ODI) for low-back pain score, North
American Spine Society (NASS) index score, and neu-
rological deficits at the 24-month postoperative fol-
low-up time point.

Multiple retrospective studies comparing endoscopic
and microscopic decompression surgery''?20-242%30
showed results of less increase in serum CPK enzyme
and significantly shorter hospitalization duration. In
addition, the endoscopic group was reported to have a
lower increment of horizontal displacement measured.
In recent years, more studies with similar results echoed
previous publications, showing full-endoscopic decom-
pression is not inferior to previous standardized surgi-
cal techniques and even expanded to a wider variety of
degenerative spinal diseases with spondylolisthesis and
scoliosis.

To build on these initial data demonstrating the
success of uniportal endoscopic decompression, there
have been a few cohort studies comparing outcomes
between uniportal endoscopic decompression, biportal
endoscopic decompression, and microscopic decom-
pression techniques. In 2019, Heo et al’' published a
comparative analysis of 97 patients (33 in the micro-
scopic group, 37 in the biportal endoscopic group, and
27 in the uniportal endoscopic group). The result of
this trial demonstrated that the uniportal endoscopic
group had a significantly lower mean dural expansion
of 260.77 mm? and a lower VAS score in the imme-
diate postoperative period. This means the surgery-
related posterior musculoligamentous damage may be
lower in endoscopic technique, allowing early recov-
ery and fewer complications. A systemic review and
meta-analysis in 2019,*' which enrolled 994 patients
concluded full-endoscopic had statistically significant
lower VAS scores for back pain and lower leg pain
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Figure 3. lllustration of the route of endoscopic system insertion for lumbar endoscopic unilateral laminotomy and bilateral decompression (LE-ULBD). (Left)
Coronal-section view: The blue arrow indicates 7.1-mm working channel and the red arrow indicates 4.3-mm working channel for ipsilateral and contralateral side
decompression in LE-ULBD. (Right) Anteroposterior view: Steps of LE-ULBD by performing (1) ipsilateral cephalad laminotomy, (2) ipsilateral caudal laminotomy,

(3) contralateral cephalad laminotomy, and (4) contralateral caudal laminotomy.

VAS, as well as a 40% lower chance of having compli-
cations when compared to microscopic decompression
in lumbar stenosis. Of note, there was no difference in
ODI and operative time between both groups.

Overall, the literature on uniportal endoscopic
lumbar decompression continues to grow, and these
series of reviews have illustrated the benefits and sat-
isfactory clinical outcomes that can be had with full-
endoscopic decompression techniques compared with
the conventional microscopic approach, suggesting a
high potential of applications in the future.

ADVERSE EVENTS

Although full-endoscopic decompression has
remarkable advantages in many aspects, there are
also some possible disadvantages reported in pre-
vious studies. latrogenic dural tear is a common
complication in endoscopic spinal surgery, mostly
occurring in a surgeon’s early stage of the learning
curve,’® as the dural sac can be damaged by high-
speed drills and punches in a narrow operative
field.**** Patch-blocking dural repair using collagen

Figure 4. lllustration of endoscopic procedures in lumbar endoscopic unilateral laminotomy for bilateral decompression. (Left) Initial identification of spinolaminar
junction. (Middle) Attachment site of ligamentum flavum on the caudal lamina. (Right) Contralateral decompression.
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Figure 5. lllustration of procedures during the unilateral endoscopic laminotomy with bilateral decompression. (Left) Exposure of the dural sac. (Middle) Insertion
of working sheath for contralateral decompression. (Right) Well decompression of the dural sac.

fibrin patches could resolve this complication,” but
if the dural hole is large and dural hole packing fails
or unstoppable bleeding points are noted, conversion
to open microscopic surgery is necessary. However,
owing to the strict patient selection, the chances
of large dural tears that require conversion to open
surgery are relatively low.

Other common perioperative complications such
as epidural hematoma, postoperative dysesthesia,
soft tissue, and surgical site infection may be noted
but with a relatively low rate. All of these adverse
events could be markedly resolved over intensive
training of surgeons and cumulative surgical expe-
rience. Overall, the incidence of complications was
relatively low when compared with conventional
decompression techniques.*®™*!

Figure 6. A 4.3-mm working channel endoscopy and sheath using “channel-

in-channel” technique in a 7.1-mm endoscopic sheath when performing
bilateral decompression.

TECHNICAL TIPS

Methods exist to prevent intraoperative dura
damage, which often occurs while surgeons perform
LF resection. The key is that surgeons should dis-
tinguish the dural sac, traversing nerve root, and
exiting nerve root during tissue dissection care-
fully by keeping the endoscopic view clear in the
obscure area.' To reduce trauma and prevent mis-
resection of structures in the blind spot, surgeons
should always maintain a clear view by rotating and
tilting the endoscope before using endoscopic drills
and punches.?® Constant saline infusion to the target
area may provide a larger epidural working space
between the neural structures and the surrounding
soft tissues. Starting from the less stenotic side
with a full detachment of the LF from the cranial
end is more convenient because this may result in
more irrigation of fluid flowing into the epidural
space, giving aid to a safer neural dissection and
minimizing the potential risk of dural tear or nerve
root injuries in the more stenotic area. In the case of
intraoperative bleeding, the use of high-water pres-
sure, bipolar coagulator, and hemostatic agents**
could provide adequate hemostasis.

LEARNING CURVE

Most minimally invasive techniques have steep
learning curves and need longer operative time in
the early stage.**** The full-endoscopic decom-
pression technique has a narrow vision and a small
diameter of working space inside the cannula. These
limitations resulted in longer operative duration and
complications for beginner surgeons who are not
familiar with the technique yet. Nevertheless, an
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original article composed by Lee et al’” in 2019 sug-
gests that operative time, complication rates, dural
sac expansion, and the rate of compression was sta-
tistically improved after the 100th case, showing
that the clinical outcomes are closely related to the
learning curve and proficient of the surgeon.

Interestingly, such a steep learning curve did not
affect the postoperative clinical outcomes, and results
of full-endoscopic decompression still showed satis-
factory clinical outcomes even in the early stages of
the learning curve.

FUTURE DIRECTIONS

The ability to make a quick recovery from surgery
while maintaining a high quality of postoperative life-
style is making the minimally invasive or endoscopic
surgery the mainstream of treatments. Additionally,
the aging society and the rapid growth of elderly
patients with spinal symptoms will increase the
demand for endoscopic surgery, as evidence shows
that the operations resulted in minimal incisions
with shorter hospitalization duration. It is possible
that endoscopic surgery could be clinically applied
in a broader spectrum of diseases such as infections,
tumors, and trauma with further technical develop-
ments and research in the near future.

More and more studies recently discussing the
current innovation in spine surgery, such as using
visual and augmented reality in teaching and prepara-
tory roles, or utilizing surgical settings. Rapid adop-
tion and interpretation of improvements in imaging
modalities may make significant differences in patient
management and outcomes. Three-dimensional print-
ing could be used for presurgical planning, patient,
and trainee communication and education, and even
screw drill guides in spinal deformities. Artificial
intelligence and robotic-assisted surgery have the
potential to reduce surgeon fatigue and improve tech-
nical precision. Through the developments in these
areas, endoscopic surgery is expected to become the
prefered approach in most degenerative spine dis-
eases in the foreseeable future.

CONCLUSIONS

The techniques of full-endoscopic interlami-
nar decompression for lumbar spinal stenosis is an
emerging technique in the field of minimally inva-
sive surgery. This technique offers numerous advan-
tages, such as relatively better clinical outcomes,
minimal tissue trauma, cost-effective procedures

because of low postoperative costs of care, and low
complication rates. Higher qualities and larger pro-
spective randomized controlled studies are needed to
prove the effectiveness and benefits of endoscopic
interlaminar lumbar decompression in spinal disease
in the future.
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