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Purpose: To evaluate the outcomes, feasibility, and safety of endoscopic unilateral laminectomy, bilateral decompression and
discectomy (Endo-ULBDD) for central lumbar spinal stenosis (CLSS) combined with disc herniation (DH).

Methods: This study includes 39 patients diagnosed with CLSS combined with DH who met the inclusion criteria and underwent
surgery for Endo-ULBDD from April 2020 to March 2021. The mean age of the patients, operation time, hospitalization time, time
in bed, and complications were recorded. Patients were followed up for at least 12 months. Visual analog scale (VAS) scores for
low-back and lower-limb pain and Oswestry Disability Index (ODI) scores were evaluated preoperatively, before discharge, and at
3, 6, and 12 months postoperatively. To evaluate clinical effectiveness 12 months postoperatively, the modified MacNab criteria
were used.

Results: The mean age of the patients was 59.9 years, the mean operation time was 82.1 minutes, the mean hospitalization time was
3.7 days, and the mean time in bed was 20.9 hours. The mean VAS scores of low-back and lower-limb pain improved from 5.9 and 7.2
to 2.0 and 1.6, respectively (P < 0.05). The ODI score improved from 56.0 to 16.7 (P < 0.05). The overall excellent-good rate of the
modified MacNab criteria was 89.7%. Two kinds of complications occurred in 4 patients (10.3%), including 1 patient whose inferior
articular process was excessively removed and 3 patients who suffered from postoperative dysesthesia. No other severe complications
were noted.

Conclusion: Endo-ULBDD is a safe, feasible, efficient, and minimally invasive approach to treating CLSS combined with DH.
Keywords: endoscopic spinal surgery, laminectomy, discectomy, lumbar spinal stenosis, intervertebral disc displacement

Introduction

Lumbar spinal stenosis (LSS) and lumbar disc herniation (LDH) are the two most common degenerative diseases of the
lumbar spine. Patients with LSS often experience weakness, tiredness, or heaviness of the legs after walking a short
distance and must stop to rest, which is referred to as neurogenic claudication.' In addition, this is the most common
symptom of central lumbar spinal stenosis (CLSS).? However, the common symptoms and signs of LDH include
lower-limb sciatica, paresthesia, and weakness of muscle strength in the distribution of one or more roots of the lumbar
and sacral nerve.” Thus, both diseases can severely affect patients’ daily lives. When patients’ symptoms are not
effectively alleviated after regular conservative treatment or when pain becomes unbearable, surgery may be
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Currently, percutaneous endoscopic lumbar discectomy and decompression, includes transforaminal and interlaminar
approach. The transforaminal approach is most suited for discectomy and foraminal stenosis (through foraminoplasty) —
not as well suited for central stenosis. However, the interlaminar approach is most effective for central and lateral recess
decompression and is not effective in addressing foraminal or extraforaminal pathology, including disc herniations.*¢ In
most cases, CLSS is caused by a combination of facet arthropathy and ligamentous hypertrophy, with or without disc
bulge. In some cases, CLSS is accompanied by DH. However, achieving thorough treatment of CLSS combined with DH
using a percutaneous endoscopic spine system remains difficult. Currently, the most widely used surgical method for this
pathological type of LSS is open lumbar spinal decompression and interbody fusion. Disadvantages of conventional open
surgery include severe trauma, increased bleeding, slow recovery, more complications, and high cost. Endoscopic
unilateral laminectomy and bilateral decompression (Endo-ULBD) is another minimally invasive surgery for CLSS
that gained popularity.® However, Endo-ULBD is not suitable for patients diagnosed with CLSS combined with DH,
especially for those who require bilateral resection of DH.

Thus, in our clinical work, we tried a fully endoscopic 360° decompression technique, endoscopic unilateral
laminectomy, bilateral decompression and discectomy (Endo-ULBDD), to treat patients diagnosed with CLSS combined
with DH. This paper reports our technical notes of Endo-ULBDD and the preliminary outcomes of 39 cases.

Materials and Methods

Participants

From April 2020 to March 2021, we treated 46 patients diagnosed with CLSS combined with DH using Endo-ULBDD
and 39 of them met the inclusion criteria. All procedures were authorized by the ethics committee of our institution. The
written informed consent was received from all patients. We protected the privacy and vital interests of patients, as
required by the Declaration of Helsinki.

The inclusion criteria were as follows: (1) diagnosis of CLSS combined with DH; (2) consistent symptoms, signs, and
imaging findings; (3) complaints of neurogenic claudication and bilateral lower-limb pain or numbness with or without
low-back pain and treated nonsurgically for more than 3 months with limited therapeutic effect or no therapeutic effect
with conservative treatment; (4) understanding the details of the surgery, including the mechanism of operation, possible
outcomes, potential risks, and complications; (5) > 12-month follow-up after surgery.

Exclusion criteria were patients (1) with severe cauda equina syndrome; (2) with peripheral nerve disease, such as
diabetic peripheral neuropathy; (3) with dynamic instability or grade II or higher spondylolisthesis;7’8 (4) who could not
be anesthetized or had inoperable medical disease; and (5) who were uncooperative.

Surgical Technique

We performed all operations using the Endo-surgi Plus system (Shanghai Maoyu Medical (Group) Co., LTD, China) with
an endoscopic high-speed diamond bur or piezosurgery. The spinal endoscope and special instruments used in the surgery
are shown in Figure 1. To prevent bleeding, tranexamic acid (1 g) was used preoperatively. Monitoring the intraoperative
nerve function was necessary, especially the cauda equina and contralateral traversing nerve root, to prevent neurologic
deficits (Figure 2A—E).

Skin Marking and Working Cannula Placing

All patients were placed in the prone position on a radiolucent table after receiving general anesthesia. We adjusted the
operation table to maintain the target intervertebral space perpendicular to the ground. The entry point of the skin was
marked with C-arm fluoroscopy assistance and was located at the inner upper margin of the inferior pedicle, which was
also called the original point (Figure 3A and B). The structures of the original point in the visual field of the endoscope
included the interlaminar window, inferior articular process, inferior margin of the cranial lamina, and superior margin of
the caudal lamina. After disinfection and draping, the puncture needle was inserted into the original point with the
assistance of C-arm fluoroscopy (Figure 3C). Next, we injected 20 mL 2x107® g/mL epinephrine for a single segment
into the surrounding soft tissue along the puncture path and onto the bone surface to reduce bleeding. Thereafter, we
made an approximately 1-cm transverse incision through the skin, subcutaneous tissue, and deep fascia. Subsequently,
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Figure | Endoscope of Endo-surgi Plus system and special instruments used in the operation. (A-a) An endoscope, (A-b) a U-shaped cannula (outer working cannula), (A-c)
a T-shaped cannula (inner working cannula), and (A-d) a full-visualized trepan. (B) An endoscopic high-speed diamond bur and (C) an endoscopic piezosurgery.

Figure 2 Intraoperative nerve monitoring. (A and B) The stimulation of cauda equina and bilateral L5 nerve roots were recorded by electrode needles that were inserted in
anal sphincter and bilateral tibialis anterior and extensor digitorum longus, respectively. The detection mode was to be set to Free-EMG. (C) The normal Free-EMG should
be a linear resting waveform. (D) The stimulation of the L5 nerve roots were detected. (E) The electrophysiologist was watching the Free-EMG waveform closely. All
persons have provided informed consent for the images to be published. EMG indicates Electromyography.

a tapered cannulated obturator was advanced until its tip reached the original point, as observed on the C-arm fluoroscopy
posteroanterior view. After blunt dissection of soft tissue attached to the laminae with cannulae Nos. 2 and 3, a U-shaped
cannula was introduced through the cannula and docked (Figure 3D).

Dorsal Decompression of Spinal Canal

A T-shaped cannula and well-connected spinal endoscope were inserted into the U-shaped cannula in sequence. Next, the
soft tissue on the surface of the vertebral laminae, inferior articular process, and ligamentum flavum was cleaned with grasp
pincers and radiofrequency electrodes under an endoscope to expose the bony anatomical structures (Figure 4A). After the
bony anatomical structures were clearly confirmed under endoscope, the T-shaped cannula was withdrawn. Then, to expose
the proximal attachment of the ligamentum flavum, the inner margin of the inferior articular process was partly resected
using the full-visualized trepan that was out of the endoscope (Figure 4B, Supplementary Figure 1). The bone rotating along
with the full-visualized trepan indicated that it had been resected successfully. Next, the second, third, fourth, fifth, sixth,
seventh, and eighth trephine were performed along the inferior margin of the cranial lamina and the superior margin of the

caudal lamina in turn (Figure 4C), and the extent of decompression depends on the degree of LSS. In addition, an
endoscopic Kerrison rongeur was used to remove bone that could not be removed using the full-visualized trepan or to trim
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Figure 3 Location of skin entry point and placement of U-shaped cannula. (A—C) The entry point was marked and puncture was performed with C-arm fluoroscopy
assistance. (D) The final position of U-shaped cannula was determined on posteroanterior and lateral view of C-arm fluoroscopy.

Cranial Cranial
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Figure 4 Key steps of decompression and discectomy process. (A) The structures of original point. (B) Laminoplasty with the full-visualized trepan. (C) Laminoplasty in this
order. The contralateral decompression with an endoscopic (D) Kerrison rongeur or (E) high-speed diamond bur or (F) piezosurgery. Exposure of (G) ipsilateral and (H)
contralateral herniated disc.

Abbreviations: IL, inferior lamina (of the upper lumbar spine); SL, superior lamina (of the lower lumbar spine); LF, ligamentum flavum; IAP, inferior articular process; SAP,
superior articular process; BETST, bevel-end of T-shaped tube; EKR, endoscopic Kerrison rongeur; EHSDB, endoscopic high-speed diamond bur; CSAP, contralateral
superior articular process; IIVD, ipsilateral intervertebral disc; CIVD, contralateral intervertebral disc.
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the smaller parts of the peripheral bone (Figure 4D). To decompress the lateral recess, an endoscopic high-speed diamond
bur (Figure 4E) or endoscopic piezosurgery (Figure 4F) could also be used to remove residual bone or the medial facet joint
and the superior articular process, which was especially suitable for the contralateral side. Attachment points of the
ligamentum flavum on both the cranial and caudal laminae were completely exposed. Next, the proliferative ligamentum
flavum was resected to decompress the dural sac and the bilateral nerve roots dorsally.

Ventral Decompression Through Bilateral Discectomy

On the ipsilateral side, the T-shaped cannula was advanced through the shoulder of the traversing nerve root, into the
epidural space lateral to the traversing nerve root, with the rotating and retracting U-shaped cannula and T-shaped
cannula. The traversing nerve root was protected and gently retracted medially while rotating and retracting the T-shaped
cannula. The main part of the herniated disc was identified (Figure 4G) and resected meticulously. In addition, to prevent
recurrence, degenerative and loose nucleus pulposus of the intervertebral space was removed. Next, the U-shaped
cannula and T-shaped cannula were withdrawn dorsally and rotated over the dorsal side of dural sac into the epidural
space lateral to the contralateral traversing nerve root. Furthermore, the contralateral traversing nerve root was carefully
moved medially and protected by rotating the T-shaped cannula (Figure 3H) to thoroughly remove the residual herniated
disc.

Confirmation of 360° Decompression and End of the Operation

After we confirmed 360° decompression of both the dural sac and nerve roots (Figure 5A-F), further epidural hemostasis
as well as annuloplasty were performed with radiofrequency electrodes. The working cannula and the endoscope were
withdrawn without placing a drainage tube. Lastly, the incision was sutured.

Cranial Cranial

- ‘.,;;-aq?b
ura sac

S
IVS-R

Figure 5 360° decompression of dural sac and nerve roots. (A) Ipsilateral and (C) contralateral decompression of L5 nerve roots and dural sac. (B) Dorsal decompression
of dural sac and (E) clear exposure of contralateral lamina bone. Intervertebral space was exposed clearly from (D) ipsilateral and (F) contralateral side after bilateral
discectomy.

Abbreviations: L5 NR-R, right L5 nerve root; L5 NR-L, left L5 nerve root; IVS-R, right side of intervertebral space; IVS-L, left side of intervertebral space.
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Outcome Assessment

All included patients were assessed before surgery, before discharge, and at 3, 6, and 12 months after surgery. Functional
outcomes were evaluated using the Oswestry Disability Index (ODI).” A visual analog scale (VAS) was used for scoring
the degree of low-back and lower-limb pain. Clinical effectiveness was assessed with modified MacNab criteria at 12
months after the operation.'® Before discharge, radiologic outcomes were evaluated using magnetic resonance imaging
(MRI) and computed tomography (CT).

Statistical Analysis
We performed all statistical analyses of clinical data using SPSS (version 24.0; SPSS Inc., Chicago, IL, USA). All data of
pre- and postoperative VAS and ODI scores are presented as means + standard deviations and were analyzed using the
paired #-test if the data are normally distributed or were analyzed using Wilcoxon signed-rank test. We set the statistical
significance at P < 0.05.

Results

Demographic Characteristics and Patient Outcomes

After the inclusion and exclusion criteria were applied, 39 patients were enrolled in this study. Table 1 presents the
patient details.

Clinical Results

The excellent-good rate of patients assessed with the modified MacNab criteria was 89.7%. 4 patients demonstrated fair
results and required pain medication treatment. Table 2 lists the outcome details. An improvement was found in both low-
back pain and lower-limb pain VAS scores and it was much more significant for the latter. Also, the ODI improved
significantly. There was a significant difference between the pre- and postoperative scores of DOI, low back pain VAS,
and lower limb pain VAS at different time points (before discharge, 3 months, 6 months, and 12 months after operation;
P <0.05). There was difference in before discharge and 3 months after surgery compared with 12 months after surgery (P
< 0.05). Details are presented in Table 3 and Figure 6A—C.

Table | Demographic Findings of the Study Patients

(n =139

Characteristic Mean £ SD or n
Age (yrs) 59.919.4
BMI (kg/m?) 25.3+4.5

Sex, male: female 18:21

Side of the surgery, left: right 17:22
Levels involved, L3-4: L4-5: L5-S1 5:22:12
Low back pain 34
Neurogenic claudication 36
Lower limb pain 31 (Left); 35 (Right)
Lasegue’s test (+) 19 (Left); 17 (Right)
Paresthesia in lower limb 22 (Left); 19 (Right)
Lower limb weakness 5 (Left); 7 (Right)
Duration of surgery (min) 82.1%12.3
Blood loss (mL) 14.5%5.9
Time in bed (h) 20.9+6.1
Hospitalization time (day) 3.7«1.1
Follow-up period (mo) 14.1£2.6

Abbreviations: BMI, body mass index; SD, standard deviation; n,
number of patients.
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Table 2 Modified MacNab Outcomes of 12 Months After
Operation (n=39)

Outcomes Description n (%)

Excellent Complete relief of symptoms 21 (53.8)
Good Marked improvement but occasional pain 14 (35.9)
Fair Improved functional capacity and the need 4 (10.3)

for pain medications
Poor Unimproved symptoms or worsening 0 (0)

Abbreviation: n, number of patients.

Table 3 Mean Change of Outcome Measurement (Mean + SD)

Outcome Pre-op Before 3 mo 6 mo 12 mo
Measurement Discharge Post-Op Post-Op Post-Op
Low back pain VAS 5.9 0.6 2.6 = 1.0%§ 2.1 £0.5%§ 1.9 + 0.8* 2.0 + 0.6*
Lower limb pain 72+£09 2.3 £ 0.5%§ 1.8 + 0.8%§ 1.6 + 0.5% 1.6 £ 0.7%
VAS

oDl 56.0 £ 42 27.6 £ 5.7%§ 22.6 + 3.5%§ 16.3 + 4.3% 16.7 + 4.8%

Notes: *P<0.05 versus preoperative data. § P< 0.05 versus the 12 months after operation.
Abbreviations: VAS, visual analogue scale; SD, standard deviation; ODI, Oswestry Disability Index; mo, month; op,
operation.

Complications

4 patients (10.3%) experienced complications. 1 presented with worse lower-back pain than before surgery and could not
perform heavy housework. Postoperative CT showed excessive removal of the inferior articular process, which might
have caused iatrogenic lumbar instability of L4-5 (Figure 7A-D). 3 patients experienced transient postoperative
dysesthesia, which was relieved at 3-month follow-up with physical and neurotrophic drug treatment. No severe
complications occurred, such as cauda equina injury, nerve injury, dural tear or cerebrospinal fluid leakage.

Representative Cases
A representative case was presented in Figure 8.

Discussion

Recent development in endoscopic techniques broadened the indications for endoscopic spinal surgery, from percutaneous
endoscopic lumbar discectomy to percutaneous endoscopic lumbar spinal canal decompression and percutaneous endoscopic
lumbar interbody fusion.*>!'""'* Surgeons and patients widely accepted endoscopic spine surgery due to its advantages of less
invasive, less bleeding, rapid recovery, short hospitalization time, and low cost compared with the conventional open approach for
posterior lumbar interbody fusion. Therefore, endoscopic spinal surgery has become an important approach for treating LDH and
LSS. However, endoscopically managing the pathological type of CLSS combined with DH is difficult.

To our knowledge, our study is the first to report a 360° decompression technique for CLSS combined with DH, which differs
from the 360° decompression technique for thoracic spinal stenosis reported by Shen.'> Encouragingly, the clinical outcomes of
1-year follow-up were satisfactory and demonstrated that Endo-ULBDD is a feasible, safe, efficient, and minimally invasive
approach for treating CLSS combined with DH.

To date, only a few studies reported techniques for managing LSS combined with DH. Xiong et al reported 270° spinal canal
decompression using the TESSYS-ISEE technique, and Wu et al reported a U-route transforaminal percutaneous endoscopic
lumbar discectomy to treat LSS combined with DH.'”"'® In addition, hybrid interlaminar endoscopic lumbar decompression was
reported to treat patients with unilateral radiculopathy diagnosed with LSS combined with DH.'® Although all of the techniques
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Figure 6 Comparison of (A) VAS scores of low back pain, (B) VAS scores of lower limb pain and (C) ODI scores at different time points. *P<0.05 versus Pre-operation
group. § P< 0.05 versus the 12 months after operation.
Abbreviations: VAS, visual analogue scale; ODI, Oswestry Disability Index; mo, month; op, operation.

Figure 7 (A-D) Postoperative CT scans images of one patient. The red arrow indicated that the inferior articular process of L4 vertebra was over resected in (A-D). (A) 3
dimensional reconstruction image; (B) sagittal view; (C) coronal view; (D) Axial view.
Abbreviation: CT, computed tomography.
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Figure 8 A 59-year female patient diagnosed with CLSS combined with DH at the L4-5 level underwent an Endo-ULBDD. (A—C) Preoperative MRl and CT. The red circle in
(B) indicated severe CLSS. (D—F) Postoperative MRI and CT. The red circle in (E) indicated 360° decompression of spinal canal. (F and G) The red arrow indicated that the
inferior articular process of L4 vertebra was partly preserved. (A and D) sagittal view; (B and C), (E and F) axial view; G 3 dimensional reconstruction.
Abbreviations: MRI, magnetic resonance imaging; CT, computed tomography.

mentioned above were used to treat LSS combined with DH and achieved satisfactory results, they were suitable only for patients
with unilateral, not bilateral, lower-limb radiculopathy. However, in our study, all subjects demonstrated CLSS combined with
DH, and most presented with a history of neurogenic claudication and bilateral lower-limb radiculopathy. Thus, to achieve
satisfactory clinical efficacy, both ventral and dorsal spinal canal decompression should be conducted.

We achieved 360° decompression of the lumbar spinal canal using our Endo-ULBDD technique with the Endo-
surgi Plus system under intraoperative cauda equina and nerve root monitoring. First, we resected the ipsilateral cranial
and caudal partial lamina, medial facet joint, and outer layer of the ligamentum flavum. The inner layer of the
ligamentum flavum was initially left as far as possible to protect the dural sac; then, contralateral bony decompression
was performed in the same manner. Second, the inner layer of the ligamentum flavum was resected completely to
obtain further dorsal decompression of the dural sac and the nerve roots. The above two steps were identical to those of
Endo-ULBD and Endo-ULBDD is based on the Endo-ULBD technique.® The space between the dorsal wall of the
bony spinal canal and the underlying dural sac was sufficient. Therefore, rotating the T-shaped cannula into the
epidural space lateral to the traversing nerve root through the shoulder of the traversing nerve root to resect the
herniated disc ventrally was safe. Subsequently, we performed contralateral discectomy more meticulously in the same
manner. However, in this procedure, we paid more attention to the dural sac and nerve root and gently retracted the
traversing nerve root or dural sac using the bevel end of the T-shaped cannula to protect the neural structures. In
addition, the electrophysiologist was reminded to focus on the change in the free electromyography waveform. At
times, the stimulation of the nerve could be detected while retracting the traversing nerve root or dural sac using the
bevel end of the T-shaped cannula. Throughout the procedure, we maintained a clear visual field in cases of missing
orientation and dural tear or nerve injury. The interlaminar technique was based on the principle of the conventional
open surgical approach. The learning curve of the interlaminar technique is flatter than that of the transforaminal
technique;'® thus, this technique was also easy to be mastered by surgeons with experience in conventional open
surgery. However, when resecting a herniated disc through the shoulder of the traversing nerve root, we must be
meticulous.

Xiong et al reported an excellent-good rate of 90.7%, a mean decrease of ODI of 44.8 points, and a mean decrease in
the VAS for lower limb and low back of 6.3 and 2.9 points, respectively.'” Wu et al reported an excellent-good rate
ranging from 88.75-93.42% in the first 2 postoperative years.'® In our study, the excellent-good rate of the modified
MacNab criteria was 89.7%. In addition, the average decrease in VAS score for lower limb and low back was 5.6 and 3.9
points, respectively, and the average decrease in ODI score was 39.3 points. Although our short-term clinical outcomes
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were satisfactory and comparable with those of other studies, long-term clinical outcomes must be observed in the
future.!”'®

Satisfactory clinical outcomes are largely attributed to the design of the Endo-surgi Plus system. First, the working
cannula includes an outer and an inner cannula. The outer cannula is a U-shaped cannula with a length of 151mm and an
inner diameter of 9mm, and the inner cannula is a T-shaped cannula with a length of 168mm and an inner diameter of
7.6mm. Because of the larger inner diameter, the U-shaped cannula can match a 7.5-mm inner diameter full-visualized
trepan, which is larger than the 6.5-mm inner diameter trepan of the TESSYS ISEE system. In addition, the U-shaped
cannula can match a larger outer diameter Kerrison rongeur. Therefore, the efficiency of laminoplasty was greatly
improved. Second, the U-shaped cannula was 17 mm shorter than the T-shaped cannula. When dealing with interverteb-
ral space, the U-shaped cannula and the T-shaped cannula can be used together, or the T-shaped cannula can be used
alone. Third, the Endo-surgi Plus system with a 4.7-mm inner diameter endoscope obtained a larger visual field than the
TESSYS ISEE system with a 3.7-mm inner diameter endoscope. Collectively, the Endo-surgi Plus system not only
achieves high efficiency of spinal canal decompression but also guarantees the safety of the dural sac and nerve roots.

3 patients in this study experienced postoperative dysesthesia, which is a common complication, but this was relieved
at 3-month follow-up with physical and neurotrophic drug treatment.'”**2! A possible reason could be that the dural sac
or nerve root was compressed or irritated by instruments during the operation, especially in the process of contralateral
lateral recess decompression and discectomy via the shoulder of the nerve root.'” In addition, 1 patient complained that
her low-back pain worsened after surgery, especially when she got out of bed or twisted her body. We reviewed her
postoperative CT scans and found that the left inferior articular process was over resected. Unfortunately, we could not
obtain her dynamic lumbar radiography. A finite element model study revealed that spinal mobility, facet loading, and
intradiscal pressure increased with > 30% facetectomy.?> We speculated that destruction of the facet joint might have
resulted in spinal instability and led to iatrogenic low-back pain. To reduce symptoms of low-back pain caused by
iatrogenic lumbar instability, preservation of the facet joints or precise and limited intraoperative facetectomy would be
helpful.®> The limitations of the study are obvious. Our sample size was small, and potential risks and complications of
this technique exist. This was an observational study with preliminary results, and future prospective randomized

controlled studies with larger sample sizes should be conducted in order to obtain more convincing conclusions.

Conclusion
Endo-ULBDD is a safe, feasible, efficient, and minimally invasive approach for treating CLSS combined with DH. And
it further expands the surgical indications for the Single-channel spine endoscopy.
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