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CLINICAL ARTICLE

Clinical Efficacy of Posterior Percutaneous
Endoscopic Unilateral Laminotomy with Bilateral
Decompression for Symptomatic Cervical
Spondylotic Myelopathy

Xiao-bing Zhao, MD, Ya-jie Ma, MD, Hai-jun Ma, BD, Xin-yu Zhang, BD, Hong-gang Zhou, BD

Department of Mini-Invasive Spinal Surgery, Third Hospital of Henan Province, Zhengzhou, China

Objective: To compare the clinical efficacy of posterior percutaneous endoscopic unilateral laminotomy (PPEUL) and
anterior cervical decompression and fusion (ACDF) in the treatment of single-segment spondylotic myelopathy (CSM).

Methods: This is a retrospective research, from January 2017 to December 2019, 30 cases were included in the
PPEUL group and 32 cases were included in the ACDF group. The operative duration, blood loss, length of stay, com-
plications, Japanese Orthopaedic Association (JOA) score, visual analogue scale (VAS) score, MacNab classification
and imaging data were collected preoperatively, postoperative 1-week, final follow-up and statistically analyzed.

Results: The surgery was completed successfully on all patients, and there were no serious complications, such as
nerve or spinal cord injury or infection. In the PPEUL and ACDF groups, the operative duration were 56.63 + 1.40 and
65.21 + 2.45 min, the intraoperative blood loss were 51.69 + 3.23 and 50.51 + 5.48 mL, and the hospitalization
duration was 5.75+ 1.43 and 6.38 + 2.16 days. The follow-up period in the PPEUL and ACDF groups was
24.96 + 1.12 months and 25.65 + 1.45 months, respectively. There was no significant difference in intraoperative
blood loss between the two groups, but the hospitalization and operative durations in the PPEUL group were signifi-
cantly shorter than those in the ACDF group (P < 0.05). The VAS scores at postoperative 1 week and final follow-up
were significantly improved compared with those before surgery. The JOA scores at postoperative 1 week and final
follow-up were significantly improved compared with those before surgery, but there was no significant difference
between the two groups at the last follow-up. The intervertebral disc height of the adjacent segment at the last follow-
up was significantly lower in the ACDF group than in the PPEUL group (P < 0.05), but there was no significant differ-
ence between the two groups in the intervertebral disc height of the surgical segment (P > 0.05). The rate of excellent
and good results was 90.0% and 87.5%, respectively. Postoperative cervical CT and MRI showed that the spinal canal
was fully decompressed and spinal cord compression was relieved.

Conclusion: PPEUL has the advantages of reduced trauma, rapid recovery and remarkable curative efficacy, so it is a

new choice for the treatment of CSM.
Key words: Cervical spondylotic myelopathy; Delta system; Unilateral approach bilateral decompression
Introduction which leads to disturbances in the spinal cord blood supply
Cervical spondylotic myelopathy (CSM)" is a disease based | and finally spinal cord dysfunction. Severe CSM can cause
on spinal cord compression due to cervical degeneration, | neck and shoulder pain, numbness and weakness of limbs,
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even paralysis, seriously affect the quality of life of patients,
and bring huge economic burden to society. Its incidence is
increasing year by year. The disease has unique anatomical,
physiological and pathological characteristics. Early surgical
treatment to relieve spinal cord compression is an important
method for the treatment of CSM. The anterior cervical
approach has become the main method for the treatment of
single-segment and double-segment lesions of the cervical
spine. The main anterior surgical methods are anterior cervical
discectomy and fusion (ACDF)’, anterior cervical corpectomy
and fusion (ACCF)® and artificial cervical disc replacement
(ACDR)*. Previous studies have shown that the symptoms of
nerve compression in patients with single segment ACDF can
be effectively alleviated. However, the use of a long titanium
plate will increase the exposure range of surgical field and pro-
long the operation time. Complications such as screw loosen-
ing and falling off, titanium plate loosening and breaking, soft
tissue injury, dysphagia and hoarseness may occur after opera-
tion. It is difficult to operate under naked eye because of insuf-
ficient illumination, incomplete decompression and high risk
of dural sac injury. What is more, the fusion segment” is likely
to reduce the range of movement of cervical spine and
decreased from 50.79° £ 12.88° to 30.76° + 8.85° at postoper-
ative 1 year after ACDF with zero-profile anchored spacer.
Although the ACDR was a feasible method for the treatment
of degenerative cervical spondylosis, studies® showed that
restrictions of the range of motion were present in eight cases
(10.4%, 8/77) because of heterotopic ossifications, seven cases
(9.1%, 7/77) had a spontaneous fusion of the treated segment
1 year postoperatively.

The main posterior surgical methods are laminectomy
and extended laminoplasty®. Laminectomy includes simple
laminectomy, laminectomy with fixation fusion and skip
laminectomy’, while extended laminoplasty includes single-
open-door and French-door laminoplasty®. After decades of
development, cervical laminoplasty and laminectomy have
gradually become the most commonly used posterior
approach for the treatment of severe multilevel cervical disc
herniation and ossification of cervical posterior longitudinal
ligament. However, complications such as cervical instability,
adjacent segment degeneration (ASD)’, kyphosis'®, and axial
pain'"'? have been reported in the literature.

To reduce the occurrence of cervical muscle detach-
ment, axial pain and limited neck movement, it has been
reported that bilateral decompression by hemilaminectomy
can be performed under microscope or channel retraction,
with the removal of paravertebral muscle on only one side
intraoperatively, thereby preserving the integrity of the con-
tralateral paravertebral muscle and bone structure and reduc-
ing the occurrence of axial pain after laminectomy'*™'°.

In order to further reduce trauma, endoscopic technol-
ogy is widely used in CSM and other spinal diseases, and
endoscopic surgery has achieved good clinical results in the
treatment of cervical spondylotic radiculopathy, thoracic spinal
stenosis'®'” and degenerative lumbar diseases'*'*. Eicker et al.
performed total endoscopic multisegmental laminectomy on
more than 10 cadavers, proving that resection of the upper
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part of the inferior lamina and ligamentum flavum can provide
sufficient decompression of the cervical spinal cord. The mini-
mal invasive technique protects most of the dorsal structures
and preserves biomechanical functions, which provides a basis
for the feasibility of cervical spinal canal decompression in the
treatment of CSM under spinal endoscopy'®'”%.

Recently, Delta system has been reported for the treat-
ment of cervical spondylotic radiculopathy®', which was a
threaded working channel. However, there have been few
reports on endoscopic unilateral laminotomy and bilateral
spinal canal decompression in the treatment of CSM using
the Delta system. During the operation, we used a threaded
working cannula, that is, the new Delta operation system,
through step-by-step expansion, blunt separation of the
paraspinal muscle on one side to the posterior side of the
lamina, unilateral laminectomy and spinal canal decompres-
sion, and then we completed contralateral decompression by
changing the channel angle. At the same time, the threaded
working casing can reduce stimulation of the cervical spinal
cord caused by lateral sloshing and floating of the channel
and improve the safety of the operation. Besides, good illu-
mination, enlarged field of vision and three-dimensional
images under spinal endoscopy can clearly show the anatom-
ical structures, better distinguish the boundary between pos-
terior longitudinal ligament and dura mater, find out and
electrocoagulate tiny bleeding points as soon as possible,
reduce the irritation and injury to the nerve roots and spinal
cord, and more accurately remove the vertebral posterior
margin osteophytes.

The clinical data of patients with single-segment CSM
treated by posterior percutaneous endoscopic unilateral
laminotomy (PPEUL) with bilateral decompression using the
endoscopic Delta system were retrospectively analyzed, and the
clinical effects were compared with those treated by ACDF.
The purpose of our research was to: (i) demonstrate the tech-
niques of endoscopic unilateral laminotomy with bilateral
decompression; (ii) evaluate the primary efficacy and feasibility
of PPEUL by comparing with traditional ACDF;, and
(iii) demonstrate the advantages of Delta system in PPEUL

surgery.

Patients and Methods
Inclusion criteria: (i) obvious symptoms and signs of cervi-
cal spinal cord injury, motor or sensory dysfunction of
extremities, and positive pathological signs; X-ray, CT, MRI
and other imaging findings of cervical spinal cord compression
by intervertebral disc protrusion, imaging findings consistent
with clinical symptoms and signs, and single-segment lesions;
more than two segments lesion; high cervical level, ie., Cy),
and C,/; are not included; failure of regular conservative treat-
ment for 3 months and gradual worsening of symptoms; (ii)
underwent PPEUL or ACDF; (iii) operative duration, blood
loss, length of stay, complications, Japanese Orthopaedic Asso-
ciation (JOA) score, visual analogue scale (VAS) score,
MacNab classification and imaging data were collected;
(iv) followed up for more than 2 years; and (v) a clinical retro-
spective study.
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Exclusion criteria: (i) signs of cervical instability and
cervical kyphosis under cervical hyperextension and flexion;
(ii) previous cervical surgery history; (iii) severe damage to
the heart, liver, kidney or other important organs with
inability to tolerate the operation; (iv) other immune sys-
tem diseases, such as rheumatoid disease, infection, severe
osteoporosis and spinal cord tumor; and (v) severe mental
disorders.

Patient Data

From January 2017 to December 2019, we retrospectively ana-
lyzed 62 patients with CSM in this study. According to the sur-
gical method, the patients were divided into two groups: the
Delta system endoscopic posterior cervical unilateral
laminotomy and bilateral decompression group (PPEUL
group) and the ACDF group. There were 30 patients in the
PPEUL group and 32 patients in the ACDF group. The aver-
age age in the PPEUL group was 57.53 & 4.34 years, with
18 males and 12 females, while that in the ACDF group was
56.78 &£ 3.96 years, including 20 males and 12 females. The
period of disease course in the PPEUL group was
5.34 £ 2.04 months and that in the ACDF group was
5.18 £ 2.67 months. There was no significant difference in sex,
age, period of disease course between the two groups
(P > 0.05) (Table 1).

Surgical Interventions

ACDF Group
Anesthesia and Position

After successful general anesthesia, the patient was
placed in supine position and the neck was fixed in slightly
supine position.

Approach and Exposure

The right approach and a transverse cervical incision were
used in the ACDF group, starting from the medial edge of
the sternocleidomastoid muscle to the cervical midline, over a
distance of approximately 5 cm, exposing the vertebral body
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and intervertebral space layer by layer. After the responsible
segment of the vertebral body was determined by fluoros-
copy, the anterior longitudinal ligament and the responsible
intervertebral disc were cut open, and the lateral side of the
Luschka joint was reached.

Decompression

If prevertebral osteophyte hyperplasia was present, a Ker-
rison punch was used to remove the osteophyte in front of
the upper and lower endplates. The intervertebral space was
opened, the intervertebral space was fully exposed, the
nucleus pulposus was removed with nucleus pulposus for-
ceps, and the upper and lower endplates were treated with a
scraper or drill by grinding to the subchondral bone. Then,
the hard osteophyte and posterior longitudinal ligament were
removed from the posterior edge of the vertebral body, and
the medial edge of the Luschka joint was reached on both
sides.

Fusion and Fixation

A zero-notch interbody fusion cage filled with autogenous
bone and allogeneic bone was placed into the treated inter-
vertebral space, and the distractor was loosened to approxi-
mately 2 mm from the anterior edge of the vertebral body
such that the fusion cage was inserted tightly, and the screw
was obliquely fixed to the upper and lower vertebral body.
After C-arm fluoroscopy was used to determine that the
physiological degree of curvature, the intervertebral height of
the cervical segment had returned to normal, and the inter-
nal fixation was suitably positioned, the operative field was
irrigated, and bipolar electrocoagulation was used to stop
bleeding.

Close

After confirming that there was no continuous bleeding, a
drainage tube was placed, and the incision was closed layer
by layer. The drainage tube was removed 2 days postopera-
tively when the drainage volume was less than 10 ml/day.

TABLE 1 Comparison of the baseline data between the PPEUL and ACDF groups (mean + SD, %)

Category PPEUL group (n = 30) ACDF group (n = 32) t/x? P-value
Sex (M/F, n) 18/12 20/12 0.048 0.840
Age (years) 57.53 + 4.34 56.78 + 3.96 0.712 0.480
Period (months) 5.34 +2.04 5.18 + 2.67 0.263 0.793
Segment (n) -

Cza 5 4 -

Cus 8 8 -

Cse 10 14 -

Ce7 7 6 -
Smoking (Yes/No) 10/20 9/23 0.198 0.657
Diabetes (Yes/No) 4/26 6/26 0.055 0.815
Operative duration (min) 56.63 + 1.40 65.21 + 2.45 16.779 0.00
Estimated blood loss (mL) 51.69 + 3.23 50.51 + 5.48 1.024 0.310
Hospital stay (day) 5.75 +£1.43 6.38 + 2.16 2.052 0.045
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Anesthesia and Position. After general anesthesia was
established with tracheal intubation, the patient lay prone
with the head high and the feet low on the fluoroscopic
operating table. The cervical vertebrae were fixed with a head
holder and wide tape, and the shoulders were pulled back-
ward and downward with wide tape to facilitate
intraoperative fluoroscopy and positioning. Towels were rou-
tinely sterilized.

Approach and Exposure

With the aid of C-arm fluoroscopy, the operative segment
was located first. Approximately 1.5 cm along the posterior
median side of the cervical vertebra, under observation of
the lateral film, an 18-gauge needle was inserted into the
corresponding operation space, while the posterior film was
directly facing the medial edge of the superior and inferior
articular process. Taking the guide needle as the center, a
sharp knife was used to cut the skin and subcutaneous fascia
longitudinally along the guide needle. The incision was
approximately 10 mm long. After gradually expanding the
incision along the puncture needle, the Delta working chan-
nel and the endoscope were placed, and repeat fluoroscopy
was performed to ensure that the position of the channel
was correct (Figs. 1 and 2h).

Decompression

The soft tissue around the bony anatomical landmark “V”
point was cleaned to clearly expose the landmark; if obvious
hyperplasia was noted, a high-speed burr or an Endo-
Kerrison punch was used to remove the hyperplastic bone.
Then, an Endo-Kerrison punch was used to remove part of
the upper lamina along the “V” point to expose the starting
point of the upper lamina of the ligamentum flavum, and
then remove the lower lamina and expose the end of the
inferior lamina of the ligamentum flavum. The ligamentum
flavum was removed in a retrograde manner upward along
the end point, paying attention to whether there were
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adhesions between the ligamentum flavum and dural sac to
avoid cerebrospinal fluid leakage caused by tearing of the
dural sac; when the ligamentum flavum is calcified, it is
thinned with a spherical high-speed burr, and then removed
with the Endo-Kerrison punch. Part of the upper and lower
articular process was removed laterally. To avoid the occur-
rence of cervical segmental instability at a later stage, the
scope of facet joint resection was less than 50%. Then, part
of the bone at the root of the spinous process was ground
off, the working channel was adjusted to the opposite side
without compressing the dural sac. The hypertrophic
ligamentum flavum and hyperplastic osteophyte on the con-
tralateral side were removed, the spinal canal was enlarged,
and compression of the contralateral nerve was relieved
(Fig. 2i).

Close

Finally, bipolar electrocoagulation was used to stop bleeding
of the peripheral venous plexus. After bilateral nerve root
and dural sac decompression were achieved, the endoscope
and working channel were removed step by step, and one or
two stitches were placed at the incision.

Postoperative Management

Postoperative dehydration and anti-inflammatory and anal-
gesic drugs can be used for symptomatic treatment. Consid-
ering the short operative duration and the unconventional
preventive application of antibiotics without implantation,
patients began to move under the protection of a cervical
brace 4-6 h postoperatively, and stitches were removed
1 week postoperatively. Patients wore a neck brace for 3-
4 weeks.

Outcome Measures

The operative duration, blood loss volume, hospitalization
duration and incidence of complications in the two groups
were recorded. Routine outpatient follow-up was performed
after discharge, and clinical and imaging data were collected

Fig. 1 Schematic diagram of posterior percutaneous endoscopic decompression of the cervical spine. (A) Revealed unilateral laminotomy, (B)

showed the removal of ligamentum flavum after laminotomy, which indicates that one side of the spinal canal has been fully decompressed.
(C) Revealed contralateral removal of ligamentum flavum by changing the angle of the channel without contralateral laminectomy. (D) Revealed
bilateral decompression through a unilateral approach through laminotomy in a posterior approach to the cervical spine.
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Fig. 2 X-ray films of cervical in the anterior (A) and lateral positions (B). Preoperative sagittal MRI (C) showed Cs,¢ disc herniation, and axial MRI (D
and E) showed the disc herniation was on the left side, dural sac compression, and spinal canal stenosis. Preoperative axial CT (F and G) showed

spinal canal stenosis. Fluoroscopy of the working channel intraoperatively (H) and spinal cord decompression under endoscopy (l). Axial CT (J and K)

and three-dimensional reconstruction (L) showing that one side of the lamina was resected and that the spinal canal was decompressed sufficiently.

Postoperative sagittal MRI (M) showed that spinal canal decompression at Cs,s segment was sufficient, axial MRI (N and O) revealed that the left

lamina was removed and dural sac compression was relieved.

before the operation (Fig. 2a-g) and 1 week, 3 months, and
2 years after the operation.

Japanese Orthopaedic Association

JOA score was used to evaluate the function of patients
before and after surgery. JOA scores contains motor, sensory
and bladder dysfunction, with the highest score of 17. In
terms of upper limb motor function, 0: unable to eat with
chopsticks or spoon; 4: normal. In aspect of lower limb
motor function, 0: unable to walk; 4: normal. The sensory
scores of upper limbs, lower limbs and body is 2 points each
with a total of 6 points. 0: obvious sensory disturbance; 2:
normal. Bladder function, 0: urinary retention; 3: normal.

Visual Analogue Scale

Neck and shoulder pain was measured with a VAS ranging
from 0 to 10; the VAS score is as follows: 0: no pain; less
than 3: slight pain, can endure; 4 to 6: patients with moder-
ate pain and affect sleep; 7 to 10: patients have gradually
severe pain, which is unbearable, affecting appetite and sleep;
the higher the score, the more severe the pain.

MacNab’s Criteria

At the final follow-up, the clinical efficacy was evaluated
using the modified MacNab criteria including four grades, as
follows: Excellent: complete disappearance of symptoms and
restoration of original work and life; Good: mild symptoms,
mild limitation of activity, and no effect on work or life; Fair:
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relief of symptoms, limitation of activity, effects on normal
work and life; and Poor: no difference between before and
after treatment, or even aggravation of symptoms.

Height of the Intervertebral Disc

The height of the intervertebral disc was defined as the average
value of the anterior intervertebral space and the posterior
intervertebral space, the anterior height of the intervertebral
space refers to the length of the connecting line between
the front end of the lower edge of the upper vertebral body
and the front end of the upper edge of the lower vertebral
body. The posterior height of the intervertebral space refers
to the length of the connecting line between the posterior
end of the lower edge of the upper vertebral body and the
posterior end of the upper edge of the lower vertebral body.
And the loss of its height represented degeneration of the
intervertebral disc.

Evaluation of Cervical Instability

The angular displacement (AD) of the vertebral body was
measured by drawing a straight line at the lower edge of the
adjacent vertebral body, and the angle of intersection of the
two lines was the AD of the vertebral body. The HD was
measured as the horizontal distance between the posterior
edge of the superior vertebral body and the posterior edge of
the inferior vertebral body. Instability assessment criteria was
defined as HD of the vertebral body >3.5 mm and AD of the
vertebral body >12°. Postoperative CT and MRI of the cervi-
cal spine were performed to evaluate nerve decompression.

Statistical Analysis

The data were analyzed by SPSS (Chicago, IL) 22.0 software,
and measurement data are expressed as the mean + standard
deviation. Measurement data in the two groups with a normal
distribution and homogeneity of variance were compared by
two independent sample #-tests, and data recorded at different
times for the same observation index were analyzed by repeated
measures analysis of variance. Count data are expressed as the
number of cases (%) using the y test, and the difference was
considered statistically significant when P < 0.05.

PPEHL ror CSM

Results

Follow-Up

The follow-up period in the PPEUL and ACDF groups was
24.96 + 1.12 months and 25.65 + 1.45 months, respectively.
The surgery was completed successfully on all patients, and
there were no serious complications, such as nerve or spinal
cord injury or infection.

General Results

In the PPEUL group (n = 30), the operative duration was
56.63 £ 1.40 min, the intraoperative blood loss was 51.69 +
323 ml, and the hospitalization duration was 5.75 +
1.43 days. In the ACDF group (n = 32), the operative duration
was 6521 + 2.45 min, the blood loss was 50.51 £ 5.48 mL,
and the hospitalization duration was 6.38 & 2.16 days. There
was no significant difference in intraoperative blood loss
between the two groups, but the hospitalization and operative
durations in the PPEUL group were significantly shorter than
those in the ACDF group (P < 0.05), as shown in Table 1.

Clinical Improvement

The VAS scores at postoperative 1 week and final follow-up
(PPEUL: 4.02 + 1.25, 1.66 +0.27; ACDF: 4.89 £ 1.56,
1.57 £ 0.41) were significantly improved compared with
those before surgery (PPEUL: 6.46 £+ 1.33; ACDEF:
7.00 £ 1.01). The JOA scores at postoperative 1 week and
final follow-up (PPEUL: 12.35 £ 0.68, 14.88 £ 1.46; ACDF:
13.44 £ 0.83, 15.01 & 1.32) were significantly improved
compared with those before surgery (PPEUL: 7.38 &+ 0.21;
ACDF: 7.53 £ 0.49), but there was no significant difference
between the two groups at the last follow-up (Table 2).

Radiographic Improvement

Comparison of the Cervical Intervertebral Disc Height
between the Two Groups

In the PPEUL group, the intervertebral disc height of the
adjacent and surgical segments at the last follow-up was
compared with that preoperatively (preoperative adjacent
segment: 5.19 £ 0.28, 5.80 £ 0.44; postoperative adjacent

TABLE 2 Change in the JOA and VAS scores at each time point postoperatively compared with preoperatively in the two groups

JOA score VAS score

Time

PPEUL group (n = 30) ACDF group (n = 32) PPEUL group (n = 30) ACDF group (n = 32)
Pre-op 7.38 +£0.21 7.53 £ 0.49 6.46 + 1.33 7.00 +1.01
Postop 1 week 12.35 + 0.68* 13.44 + 0.83*F 4.02 + 1.25% 4.89 + 1.56*f
Last Follow-up 14.88 + 1.46* 15.01 + 1.32% 1.66 + 0.27* 1.57 + 0.41%*
F 496.7 559.1 152.3 198.6
P-value <0.01 <0.01 <0.01 <0.01

group, P < 0.05.

JOA, Japanese Orthopaedic Association. VAS, visual analogue scale.; * Compared with the preoperative value, P < 0.05.; “Compared with the PPEHL
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segment: 5.17 £0.21, 5.75 £ 0.16); although the inter-
vertebral disc height decreased to some extent, there was no
significant difference (P > 0.05) (Table 3).

In the ACDF group, the intervertebral disc height of
the adjacent segment at the last follow-up was significantly
lower than that preoperatively (preoperative adjacent:
5.19 %+ 0.54, 5.84 & 0.52; postoperative adjacent: 5.01 % 0.08,
5.63 4 0.20) (P < 0.05).

The intervertebral disc height of the adjacent segment at
the last follow-up was significantly lower in the ACDF group
than in the PPEUL group (P < 0.05), but there was no signifi-
cant difference between the two groups in the intervertebral
disc height of the surgical segment (PPEUL: 5.48 =+ 0.65;
ACDEF: 5.58 + 0.43) (P > 0.05).

Incidence of Cervical Instability and ASD

Instability occurred in three spaces in the ACDF group, how-
ever, only one patient in the ACDF group developed clinical
symptoms of ASD. This patient was treated with conserva-
tive anti-halo therapy, anti-inflammatories and pain relievers,
and the symptoms were relieved after 2 weeks of nutritional
nerve therapy.

At the last follow-up, the MacNab criteria were used to
evaluate the clinical efficacy of PPEUL and ACDF, and the
rates of excellent and good results were 90.0% and 87.5%,
respectively. There was no significant difference in the results
of the two surgical methods as evaluated using the modified
MacNab classification (Table 4).

Postoperative re-examination by cervical CT and MRI
showed that the bilateral spinal canal was fully decompressed
and enlarged, relieving the spinal cord compression (Fig. 2j-0).

Complications

One case of dural tearing occurred in the PPEUL group, and a
drainage tube was placed. Depending on the drainage condi-
tion, the drain was pulled out the next day, and the incision
healed well. Two patients with unilateral mild upper limb
activity disorder were treated with methylprednisolone sodium,
and the symptoms decreased gradually. The treatment was
stopped on the 3rd day; with the addition of rehabilitation
training, the muscle strength recovered gradually. Early post-
operative pain and numbness in both upper limbs occurred in
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one case, which was treated with anti-inflammatory and neu-
rological drugs, and the symptoms disappeared after 1 month.

In the ACDF group, hoarseness occurred in one case
early after the operation and was treated conservatively; there
were two cases of slight dysphagia, and the symptoms dis-
appeared 6 months after the operation. There was one case
of poor positioning of the fusion cage with no clinical symp-
toms, so conservative observation and follow-up were per-
formed. Two years after the operation, the imaging data
showed that all of the interbody bone grafts were fused. The
incidence of complications in the two groups was 13.3% and
12.5%, respectively. There was no significant difference
between the two groups (P > 0.05).

Discussion

Techniques of Endoscopic Unilateral laminotomy with
Bilateral Decompression

The posterior percutaneous cervical endoscopic technique
involves inserting the working channel through the posterior
interlaminar approach, which can reduce destruction of the
facet joint and maintain stability of the posterior structure of
the spine. In this study, we used the Delta system to perform
posterior cervical unilateral laminotomy and decompression,
involving a minimally invasive approach to the posterior cer-
vical vertebra. The cervical extensors were dilated step by
step until passing the lamina, and then a tubular retractor
was placed on the target lamina under X-ray fluoroscopy.
The spinal canal, ligamentum flavum and existing nerve root
interface were visualized with endoscopy, and bilateral
decompression was performed through a unilateral approach
through an inclined working channel; this method is called
“unilateral bilateral decompression”, or ULBD (Fig. 1). This
operation has the advantages of a small skin incision, little
tissue damage, good visibility, high safety, and good efficacy,
among others.

Comparison with Traditional ACDF Procedure

In both groups of patients in this study, good decompression
was achieved, and the postoperative JOA and VAS scores
were significantly better than the preoperative scores. Addi-
tionally, there were no significant differences in the VAS or
JOA scores, incidence of complications or satisfaction rate

TABLE 3 Comparison of imaging indexes in the two groups of patients between preoperatively and at the last follow-up

PPEUL group (n = 30)

ACDF group (n = 32)

Index Pre-op Last F-up t P-value Pre-op Last F-up t P-value
UDH (mm) 5.19 +£ 0.28 5.17 £ 0.21 0.313 0.755 5.19 + 0.54 5.01 + 0.08* 1.865 0.067
LDH (mm) 5.80 + 0.44 5.75 + 0.16 0.585 0.561 5.84 + 0.52 5.63 + 0.20* 2.132 0.037
ODH (mm) 5.64 + 0.52 5.48 + 0.65 1.053 0.297 5.65 + 0.74 5.58 + 0.43 0.463 0.645

UDH, upper disc height, DDH, lower disc height, ODH, operative disc height.; * Compared with the PPEHL group, P < 0.05.
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TABLE 4 Comparison of modified MacNab criteria between the two groups

MacNab classification (n)
Group Excellent Good Fair Poor E/G rate (n, %)
PPEUL group 22 5 2 1 27, 90%
ACDF group 24 4 3 1 28, 87.5%
72 0.334 0.097
P 0.954 0.756

between PPEUL and ACDEF. This shows that the PPEUL
method can achieve the clinical efficacy of the open opera-
tion. At the same time, our results are consistent with the
clinical efficacy of ACDF and unilateral bilateral decompres-
sion under microscopy in previous studies'>'>****, PPEUL
for bilateral decompression could avoid injury to the esopha-
gus, superior larynx, recurrent laryngeal nerve, vertebral
artery and other important tissues encountered via an ante-
rior approach®. Large-channel endoscopy does not require
decompression through the intervertebral disc or vertebral
body”®, which avoids endplate inflammation and reduction
of the vertebral body height caused by the operation. Dur-
ing the process of decompression, no signs of sagittal curva-
ture straightening and kyphosis were found on X-ray
observation of cervical hyperextension or flexion during
follow-up for more than 2 years after the operation. Due to
the minimal invasiveness of the surgery, functional exercise
can be carried out as soon as possible after the operation,
which is beneficial for the recovery of neurological function
and the relief of pain.

Comparison in the Complications

Adjacent segment disease (ASD) refers to a disease with new
clinical symptoms caused by new degenerative changes in
adjacent segments after spinal surgery, accompanied by radi-
ative pain, spinal cord symptoms and spinal instability.
There were no imaging changes indicating cervical instability
in the PPEUL group at the last follow-up, which may be
related to the patients’” short history or insufficiency of the
follow-up time. In the ACDF group, three cases of instability
occurred in the short term, and only one patient in the
ACDF group developed clinical symptoms, such as radiative
pain and spinal instability, 2 years postoperatively, so
whether imaging changes will affect clinical symptoms needs
further follow-up study. Although the interbody fusion
device can maintain the height of the intervertebral space,
the fusion device will lead to the redistribution of biome-
chanical stress in the whole cervical vertebra, with the
remaining intervertebral space bearing more stress, especially
at the site of fusion of adjacent segments. The long-term
effect may accelerate the decrease in the intervertebral space
height and the occurrence of cervical instability and ASD.
Robertson and other scholars®”*® reported two-year follow-
up results and showed that the incidence of postoperative
adjacent segment degeneration in the ACDF group was

significantly higher than that in the artificial disc replace-
ment group. However, the causes are complicated; for exam-
ple, age may also lead to degeneration.

Advantages of Delta System in PPEUL Surgery

The external threads of the working channel increase the
friction between the tube and soft tissue, which can greatly
reduce injury to the spinal cord or nerve root caused by
movement of the working channel; furthermore, it is not
easy to enter the spinal canal, which can greatly improve the
safety of the operation and reduce complications. In addi-
tion, compared with the traditional key-hole system, the
diameter of this channel is approximately 1.2 cm, and the
field of vision is wider. Thus, it can be used to quickly iden-
tify tissue structures and avoid disorientation under endos-
copy. Li reported® that 32 patients with CSM underwent
bilateral or unilateral for spinal canal decompression using
an large channel endoscopic system, with good results. At
the same time, our procedure also causes less trauma, which
are consistent with Li’s research.

Comparison with Traditional Decompression under

Microscopy
Compared  with  traditional = decompression  under
microscopy'”>™'®, PPEUL for bilateral decompression with

the help of a high-speed burr or an Endo-Kerrison punch
was completed by changing the channel angle. This method
has the following advantages. First, under continuous saline
lavage, the levels of inflammatory substances in the spinal
canal are reduced, and at the same time, the water pressure
helps to reduce intraoperative bleeding and keep the opera-
tive field clear, helping to reduce the incidence of dural tears.
Second, under the premise of sufficient decompression at the
root of the spinous process, contralateral decompression can
be completed by tilting the working channel and going deep
into the spinal canal, which not only preserves the integrity
of the contralateral paraspinal muscle and lamina structure
but also reduces the occurrence of cervical muscle detach-
ment, axial pain and postoperative cervical instability in the
later stage. In this study, the neck VAS and JOA scores after
the operation were significantly improved compared with
those before the operation; at the same time, according to
the modified MacNab criteria, the rate of excellent and good
results was 90%, and the curative effect was satisfactory. In
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addition, compared with ACDF, PPEUL involved no implan-
tation and had a low cost.

Limitations

Although PPEUL for bilateral decompression is effective in
the treatment of CSM, the technique still has a specific learn-
ing curve and a certain incidence of complications. In elderly
patients, cervical vertebral hyperplasia is serious, structure
identification under endoscopy is relatively difficult, and
dural sac and ligamentum flavum adhesion and dural tears
easily occur during surgery. The risk of increased intracranial
pressure (IICP) increases in cases of intraoperative dural
tears, especially cervical tears. A few critical complications,
such as retinal hemorrhage and cerebral infarction, have
been reported. It is suggested that anatomical structure
should be carefully identified under endoscopy during the
operation, and decompression should be carried out gently
to reduce dural sac tears.

In addition, this operation has the risk of intraspinal
venous plexus bleeding, which is common. In severe cases,
there is a risk of nerve and dural injury and even paralysis.
The follow-up period in this study was short, and the long-
term effect needs further follow-up; the number of cases in

PPEHL ror CSM

this group was small, and this was a retrospective study.
Thus, further confirmation by multicenter randomized con-
trolled trials is required.

Conclusions
PEUL is a safe, minimally invasive and effective method
for the treatment of CSM. Although it may not be the
final treatment for CSM, it is an important step in the treat-
ment of CSM. This method has the advantages of a small
skin incision, little tissue injury, good visibility, safety, and
the same efficacy as conventional ACDF.
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