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Background: Full-endoscopic decompression surgery has been shown to be safe and efficacious in the
lumbar spine, while its role remains to be determined in the cervical spine. We describe the utility of cervical
endoscopic unilateral laminotomy for bilateral decompression (CE-ULBD) in a series of elderly patients
with severe central stenosis, significant medical comorbidity, and existing cervical deformity.

Methods: A prospectively collected spine surgery registry at the University of Washington was
retrospectively queried for patients with cervical spondylotic myelopathy receiving CE-ULBD. Demographic
data, operative details, imaging, and patient reported outcomes, including visual analogue scale (VAS) for
neck and upper extremity pain, Nurick grade, and the modified Japanese Orthopedic Association (mJOA)
score, were reviewed. Description of the surgical technique is provided. Descriptive statistics were calculated.
Results: From 2014 through 2018, 10 patients with an average age of 70.2+5.0 years underwent CE-ULBD
for symptomatic upper cervical stenosis due to ligamentum flavum buckling. Half of these patients had one
stenotic segment, the other half had two stenotic segments. The most commonly affected segment was C3/4
(5/10 patients). Average length of surgery was 128+18.4 minutes. Average length of stay was 1.2+0.2 days.
Average clinical follow-up time was 22.0+4.7 months; clinical outcomes at most recent follow-up were
improved via both the Nurick grade (1.2£0.4, P<0.01) and modified Japanese Orthopedic Association
(14.6x1.0, P<0.001) compared with pre-operative values. One patient experienced a transient loss of motor
evoked potentials intraoperatively, but there were no cases of permanent neurological deficit.

Conclusions: Severe central cervical stenosis is a safe and viable target for full-endoscopic decompression

via an interlaminar approach.
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Introduction cervical spinal stenosis are at risk for cervical spondylotic

myelopathy (CSM), defined as spinal cord dysfunction

Degeneratlve cervical splnal stenosis 1S common 1n due to gradual IOSS of neurons and myelin from manual

individuals aged 60 years or older with an incidence of compression and spinal cord ischemia (2,3). One of the
approximately 90%, and an expected dramatic rise in first symptoms of CSM includes hand dysfunction. As a
prevalence in the near-future (1). Patients with degenerative result, patients can have difficulties feeding and grooming
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themselves, writing, or performing other fine motor hand
tasks. Loss of finger and hand function has the greatest impact
on quality of life by far, with five times greater impact than
sexual, bladder, bowel, or lower extremity dysfunction (4).
The current standard of care for cervical spinal stenosis
with severe myelopathy is surgical decompression. Surgical
options include anterior cervical discectomy and fusion
(ACDF), anterior cervical discectomy and disc arthroplasty,
posterior laminoplasty, or posterior cervical decompression
and fusion. Options can be limited in the elderly population
due to medical comorbidities and high rates of surgical
complications. For example, ACDF is a highly effective
technique for direct decompression of ventral pathology,
however, elderly patients are at high risk to suffer from
temporary or permanent postoperative dysphagia (5).
Posterior cervical decompression and fusion represents
a good option for multilevel stenosis and decompression
but requires extensive muscular dissection with the risk of
significant blood loss, wound healing issues, non-union and
commonly persistent neck pain (6). Finally, laminoplasty is
a motion preserving operation with effective decompression
but that still requires extensive muscular dissection, and may
lead to post-operative kyphosis in older patients (7).

Full-endoscopic spine surgery constitutes an evolution
of minimally invasive tubular spine surgery (8). Based on
a working channel endoscope and continuous irrigation,
full-endoscopic spine surgery was originally developed for
the transforaminal approach (9). Advancements in surgical
tools, radiofrequency probes and burrs paved the way to
adapt the full-endoscopic technique via an interlaminar
approach (10,11). While, full-endoscopic spine surgery has
been validated as efficacious in the lumbar spine (12-15),
there is a paucity of data supporting its role in cervical
decompression, with most reports aimed at discectomy and
foraminal decompression (16,17).

Here we describe the surgical technique and our early
clinical experience using cervical endoscopic unilateral
laminotomy for bilateral decompression (CE-ULBD) in
a series of elderly patients with severe central stenosis and
symptomatic CSM, significant medical comorbidity, and
existing cervical deformity.

Methods

After Institutional Review Board approval, we
retrospectively queried a prospective spine surgery registry
at the University of Washington for CE-ULBD in patients
with CSM. From 2014 through 2018, 10 cases of CE-
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ULBD were identified. Demographic data, operative
details, imaging, and patient reported outcomes, including
visual analogue scale (VAS) for neck and upper extremity
pain, Nurick grade (18), and the modified Japanese
Orthopedic Association (mJOA) score (19) were reviewed.
The PROCESS guidelines for reporting of case series were
used to optimize the manuscript format and content (20).

Surgical technique

All patients underwent general anesthesia and were
positioned prone on a Jackson bed with the head secured in
a Mayfield® head holder. All patients had neurophysiological
monitoring throughout the case, including motor evoked
potentials (MEP) and somatosensory evoked potentials
(SSEP). Planning of the mediolateral location of the
incision was carried out by marking the medial aspect of the
ipsilateral pedicles on an anteroposterior (AP) radiograph
(Figure 14). Utilizing a lateral fluoroscopic image, the
rostrocaudal approach trajectory was determined. The
trajectory links the posterior aspect of the index level disc
space with a line between the index level spinous processes
(Figure 1B). A vertical skin incision was marked where
the AP and lateral projections intersect. The skin and
superficial fascia layers were incised with an #11 blade.
Careful sequential dilation of the muscle and facial layers
was performed. After palpating the juxtaposed margins of
the index level lamina, the tubular retractor was introduced.
A working-channel endoscope (LESSYS® Pro, Joimax®
Inc, Irvine, CA), with a 4.7 mm working channel diameter
and 7.3mm outer diameter, was utilized with bipolar cautery
and the micropunch to remove connective tissue and to
visualize the juxtaposed edges of the index level laminae
(Figure 24). The laminotomy was performed along the
insertion of the yellow ligament with a diamond burr (Figure
2B). The ligamentum flavum was resected with Kerrison
rongeurs and micro-punches (Figure 2C). Identification
of the ipsilateral margin of the thecal sac concludes the
ipsilateral decompression (Figure 2D). For safe over
the top decompression of the contralateral side, the
juxtaposed aspects of the index level spinous processes were
generously undercut using the diamond burr (Figure 34).
The contralateral lamina and medial facet were undercut
with a combination of side-cutting burr and micro-
punch. The contralateral buckling yellow ligament was
resected using a Kerrison rongeur (Figure 3B). Safe,
piecemeal resection of the yellow ligament is contingent
on direct visualization of epidural dissection with the
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Figure 1 Intraoperative fluoroscopic approach planning. (A) The skin is marked along the AP projection of the medial aspect of the
ipsilateral pedicles (pink); (B) lateral X-ray assists with determination of the approach trajectory (green dotted line) between the index level
spinous processes (red dotted line) aiming at the posterior aspect of the disc space (yellow line).

Figure 2 Identification of bony landmarks and ipsilateral decompression. (A) The initial endoscopic view depicts the juxtaposed edges of
the index level laminae with yellow ligament (y) in between; (B) the hemi-laminotomy is initiated by drilling along the inferior edge of the
rostral index-level lamina; (C) once the hemi-laminotomy is completed, yellow ligament is resected piecemeal using a Kerrison rongeur;

(D) completed ipsilateral decompression of the thecal sac. The green arrowheads indicate the ipsilateral margin of the thecal sac: lamina; y:
ligamentum flavum.
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Figure 3 Undercutting the spinous process and contralateral decompression. (A) The base of the rostral spinous process (asterisk) is

generously undercut using the diamond burr; (B) bulging contralateral yellow ligament is resected with the Kerrison rongeur; (C) a final

view of the entirely decompressed spinal cord is depicted.

Table 1 Clinical outcome

Symptom scale Pre-operative  Last follow-up  Significance
Nurick grade 2.4+0.4 1.2+0.4 <0.01
mJOA 11.4+0.9 14.6+1.0 <0.001
Neck pain VAS 5.8+0.9 2.9+0.6 N.S.
Arm pain VAS 3.9+0.7 1.4+0.4 N.S.

VAS, visual analogue scale; mJOA, modified Japanese
Orthopedic Association score.

heel of the Kerrison. Additionally, a contralateral angle
of attack enables maximum decompression with minimal
disruption to the ipsilateral facet joint, no disruption of the
posterior ligamentous complex (supra- and interspinous
ligaments), and safer access to the cervical cord without
risking direct instrument injury (21,22). After contralateral
decompression, confirmatory AP radiographs were obtained
to confirm the contralateral extent of decompression. The
fully decompressed spinal cord is shown in Figure 3C.

Statistical analysis

Continuous variables were analyzed as means + standard
error of the mean (SEM). Repeated measurements were
compared using a paired-samples T-test. Statistical
calculations were carried out using SPSS 26 for Mac.

Results

The current study includes 10 patients with symptomatic
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cervical spinal stenosis who underwent CE-ULBD. The
patient cohort consisted of 4 men and 6 women with an
average age of 70.2+5.0 years. All patients in our cohort
complained of pre-operative neck pain. The VAS for neck
pain was on average 5.8+0.9. Loss of hand dexterity was
the most common presenting symptom (9/10 patients).
Half of the patients in our cohort had severe gait instability
which interfered with activities of daily living. More
than two thirds of our patient cohort had severe cervical
myelopathy as defined as a mJOA score of less than 11
(Table 1). Preoperative imaging revealed one-level spinal
stenosis in half of our cohort and 2 level spinal stenosis in
the other half. C3/4 was the spinal segment most commonly
affected (5/10 patients). Patients underwent CE-ULBD as
described. The estimated blood loss was minimal (<10 mL
in all cases). Duration of surgery was on average 128+18.4
minutes, and 93.7+11.4 minutes per level. A transient loss
of MEP and SSEP was encountered in one patient, with a
transient neurological deficit post-operatively that resolved
at 1-month follow-up (see case example below). There were
no cases of permanent neurological deficit or disability.
Average length of stay was 1.2£0.2 days. All patients were
discharged back home except for one patient who required
assisted living. The average follow-up time in our cohort
was 22.0+4.7 months. At that time, the Nurick grades
(1.2+0.4, P<0.01) and mJOA scores (14.6+1.0, P<0.001)
were significantly improved compared with pre-operative
values (7able 1). Patients also experienced a trend towards
improvement in their VAS score for neck pain (2.9£0.6),

although this did not reach statistical significance.
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Figure 4 Case 1 pre-operating imaging. (A) Standing X-ray of case 1 pre-operative; (B) sagittal T2 MRI with C2-3 and C3-4 cord

compression; (C) top, C2-3 axial view, bottom C3—4 axial view.

Case example #1

An 84-year-old male presented to clinic with progressive loss
of sensation in his hands over the course of 18 months. He
was also having difficulty with writing and dexterity of the
hands. His past medical history was significant for chronic
obstructive pulmonary disease and lung cancer. On exam,
he had weak intrinsic hand function bilaterally (3/5) and
positive Babinski signs bilaterally (Nurick 4, mJOA 8). His
posture showed overt evidence of cervicothoracic kyphosis
with a compensatory hyperlordosis of the upper cervical
spine to allow for a compensated chin-brow vertical axis.
Pre-operative flexion/extension radiographs did not reveal
any non-physiological translational movement (Figure 4A).
Magnetic resonance imaging (MRI) displayed severe
stenosis at C2-3 and moderate stenosis at C3—4 caused by
ligamentum flavum buckling (Figure 4B,C). Scoliosis films
revealed a sagittal vertical imbalance of 9.3 cm. The patient
underwent C2/3 and C3/4 CE-ULBD. Post-operatively
his neurologic exam remained stable. Radiographically, his
dorsal spinal cord compression was completely relieved
with expansion of his cervical cord to physiological shape.
Complete facet joint preservation was noted bilaterally as
well (Figure 5A,B,C). He was discharged to assisted living
after two days. At 12-month follow-up, he had improvement
in hand dexterity. There was an improvement of his bilateral
hand intrinsic motor strength to 4+/5 and his Nurick and
mJOA scores had improved to 3 and 12, respectively.

Case example #2

An 80-year-old female presented with severe myelopathy
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with progressive gait difficulty and upper and lower
extremity weakness. She had a past medical history
significant for stroke, tachycardia/bradycardia syndrome,
and hypertension. On exam she had 3/5 strength in the
upper extremities and 4/5 strength in the lower extremities
throughout all major muscle groups. Pre-operative
radiographs revealed normal alignment with multilevel
degenerative disc disease (Figure 64). Pre-operative MRI
demonstrated severe compression at C3/4 with T2 cord
signal change immediately below (Figure 6B,C). Her pre-
operative Nurick grade was 4 and mJOA was 8. The patient
underwent C3/4 CE-ULBD. The blood loss was minimal
and operative time was 80 minutes. During contralateral
decompression a transient decrease of MEP from the hands
and feet bilaterally and SSEP from tibial/median nerves
was noted. It was thought to be due to minimal pressure
onto the thecal sac during the contralateral decompression.
More extensive undercutting of the juxtaposed spinous
processes was therefore performed prior to completing
the contralateral decompression. Her SSEP and foot
MEP recovered, but her hand MEP remained reduced
throughout completion of the surgery. Immediately post-
operatively, the patient experienced transient worsening
of her bilateral hand/arm function. However, her bilateral
hand/arm function improved to baseline at 1-month follow-
up, and improved beyond her pre-operative function at 3
months follow-up. Post-operative MRI imaging revealed
decompression of spinal cord at C3/4 (Figure 7A4,B). Two
years after her surgery the patient continues to live with
her family. While her gait function remained unchanged
(Nurick 3), her hand function had somewhat improved
resulting in a slightly improved mJOA of 9.
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Figure 5 Case 1 post-operating imaging. (A) Post-operative T2 MRI sagittal showing decompression and improved posture at C2-3 and

-

C3-4; (B) top axial C2-3, bottom, axial C3—4; (C) top, sagittal intraoperative Ziehm imaging showing undercutting of spinous processes at

C2-3 and C3-4, bottom, C3—4 decompression window in axial plane.

Figure 6 Case 2 pre-operating imaging. (A) Pre-operative standing X-ray of Case 2; (B) pre-operative sagittal T2 MRI of cervical spine

demonstrating C3—4 cord compression with cord signal change; (C) axial T2 MRI at level of C3-4 disc space.

Discussion

In the current report we propose posterior decompression
of the cervical spinal cord utilizing full-endoscopic
technique in frail, elderly patients.

Changing demograpbics and rising pathology
With a dramatic increase in the elderly population, the

prevalence of degenerative spine disease is steadily rising (23).

© Journal of Spine Surgery. All rights reserved.

Half of the patients in our cohort were older than 80 years,
and we expect the applications of CE-ULBD to increase
with the growth of the elderly population. The patients
in the current cohort had a unique, complex pathology,
with cervical spinal stenosis largely due to compensatory
hyperlordosis in the setting of thoracic kyphosis. Cervical
spinal stenosis caused by hyperlordosis, shingling or
buckling of the yellow ligament was described by Epstein
in 1988 (24). In this report, a traditional laminectomy
was recommended, however this procedure is potentially
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Figure 7 Case 2 post-operating imaging. (A) Post-operative sagittal T2 MRI revealing spinal cord decompression; (B) axial view at level of

disc space.

associated with post-laminectomy kyphosis and subsequent
neurological deterioration (25). Currently, to avoid this
complication, traditional laminectomy is typically combined
with arthrodesis (26). Given the underlying spinal
deformity in our patient cohort, arthrodesis surgery without
correction of spinal deformity would most likely result in
subpar functional outcomes (27). Thus, the cervical spine
pathology of the current patient cohort would ideally be
treated holistically with inclusion of a surgical correction
of their cervicothoracic deformity. Traditional posterior
three column osteotomies allow for correction of cervical
deformity, however, even in a younger patient cohort in
the most established medical centers, these surgeries have
a complication rate of more than 50% (28). Given the
elderly average age of the current patient cohort and their
associated co-morbidities, traditional deformity surgery
would almost certainly have resulted in a guarded functional
outcome for the majority of our patient cohort. The very
limited but focused spinal cord decompression allowed for
some improvement in the spinal cord dysfunction in most
patients, with a short hospitalization and return of these
patients to their home. Thus, we propose CE-ULBD as a
sensitive treatment alternative in these types of patients.

Full-endoscopic ULBD evolution

Unilateral laminotomy for bilateral access to the spinal canal
was first proposed for decompression of the lumbar spine
in 1996 by Spetzger and colleagues (29,30). These authors
describe the surgical technique of bilateral flavectomy and
partial facetectomy via a unilateral laminotomy in both a
cadaveric study (29) and in their encouraging initial clinical
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results (28). Over the top decompression was then combined
with tubular retractors (31). This technique allows for
preservation of the posterior osseoligamentous complex and
results in less destabilization during flexion, extension and
axial rotation compared with traditional laminectomies (32).
In the lumbar spine, minimally invasive unilateral
laminotomy bilateral decompression (ULBD) results in
excellent reduction of Oswestry Disability Index, as well as
back and leg pain scores, while it is associated with a low
complication rate (33,34). With the advance of specialized
working channel endoscopes, efficient burrs and endoscopic
rongeurs, ULBD was made possible utilizing full-
endoscopic technique (35-38). Translating this technique
into the cervical spine is challenging due to the presence of
the spinal cord, which does not allow similar manipulation
compared to the thecal sac of the lumbar spine containing
the cauda equina. We chose to utilize a contralateral angle
of attack in order to approach the cervical cord as safely as
possible (a midline approach risks direct spinal cord injury
in the event of over advancing or dropping an instrument).
Additionally, this enables preservation of the posterior
ligamentous complex and, given a small outer diameter of
7.3 mm, is a muscle sparing approach without any cautery
or division of the muscle fibers. Nonetheless, we employed
this paramedian approach after many cases of experience,
and midline approaches have been reported (39), with the
benefit of a more naturally orienting and familiar anatomy
for the surgeon. In the current report, electrophysiological
monitoring (MEP and SSEP) was carried out in all patients.
We report transient loss of signals in one patient, with a
transient neurological deficit. Clearly protection of the
spinal cord integrity constitutes a major concern for this
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technique. Several properties of full-endoscopic spinal
surgery need to be considered prior to safely embarking
on CE-ULBD. First, during the interlaminar approach,
three tools have to be safely controlled by the surgeon: the
tubular retractor, the endoscope and the tool within the
working channel. Loss of control may lead to an impact
of any of these tools on the spinal cord with catastrophic
consequences. Thus, CE-ULBD should only be carried out
by surgeons who are very experienced with full-endoscopic
spine surgery. Second, full-endoscopic spine surgery is
performed utilizing continuous irrigation. In order to
minimize pressure on the dorsal surface of the spinal cord
from the constant irrigation, the irrigation pressure should
be set at the minimum (typically 40 mmHg), allowing for
a good view and clearance of debride. Also, we leave the
yellow ligament intact while we perform the ipsilateral
hemilaminotomy, and we undercut the adjacent spinous
processes in order to shield the dorsal spinal cord surface
from the irrigation. Third, the spinous processes need to
be undercut generously in order to allow for a working
trajectory to the contralateral side without any pressure
onto the spinal cord. Following these principles in our
cohort, no further events of electrophysiological signal loss
were encountered.

In conclusion, CE-ULBD constitutes a novel
treatment strategy that will help spine surgeons to offer
reasonable treatment strategies for the growing number
of octogenarians who maintain an active lifestyle. Full-
endoscopic spinal surgery has been associated with a
favorable systemic stress response compared with traditional
spinal surgery (40). The minimal invasiveness of CE-ULBD
allows for a short hospital stay and successful discharge
home in the majority of patients. Given the lack of sensitive
alternative traditional surgical interventions, the CE-
ULBD constitutes an important, novel, minimally invasive
intervention for a rapidly growing patient population.
Further studies are necessary to define perioperative
complications, outcome and mechanical stability following

CE-ULBD.
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