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Background: A severe grade | and grade Il spondylolisthesis at L5-S1 creates an anatomic
distortion that can compress the traversing S1 nerve with a retropulsed S1 vertebral body endplate
and (sometimes) herniated disc.

Objectives: To evaluate the feasibility for awake, endoscopic treatment of symptomatic
radiculopathy secondary to the deformity that results from the retropulsed superior endplate of S1
in grade /Il L5-S1 spondylolisthesis in patients with and without previous fusion surgery.

Study Design: Retrospective chart review.
Setting: This study took place in a single-center, academic hospital.

Methods: In 325 patients over 4 years there were 19 patients (8 with previous L5-S1 fusions and
11 without) treated with transforaminal endoscopic spine surgery for decompression of the neural
foramen at L5-S1 in the setting of spondylolisthesis (at least 5 mm) and a retropulsed superior
vertebral endplate of S1.

Results: The average preoperative Visual Analog Scale (VAS) back and leg scores were 6.1 and
6.7, and the average preoperative Oswestry Disability Index (ODI) score was 50.4. The average
1-year VAS back and leg scores were 2.2 and 2.2, and the average 1-year postoperative ODI
score was 20.5. There was no statistically significant difference between the fusion and nonfusion
groups. Patients treated were patients who presented with an S1 or L5 and S1 radiculopathy as
their primary complaint and a L5-S1 spondylolisthesis of 5 mm or greater. Patients treated had no
instability on flexion-extension x-rays. Eleven patients had not had fusions at L5-S1, and 8 patients
had previous fusions at L5-S1 but still had a spondylolisthesis of at least 5 mm. The average slip for
nonfusion patients was 8.4 mm, and the average slip for fusion patients was 8.8 mm. At 1-year
follow-up the improvement in VAS back scores was 44% in the nonfusion group and 49% in the
fusion group, and the improvement in VAS leg scores was 84% in the nonfusion group and 58%
in the fusion group. At 1-year follow-up the improvement in ODI scores was 63% in the nonfusion
group and 54% in the fusion group.

Limitations: Retrospective case series.

Conclusions: Awake, endoscopic surgery for the treatment of radiculopathy in the setting of a
grade I/Il L5-S1 spondylolisthesis is a viable minimally invasive treatment option for patients with
radiculopathy in the setting of a stable L5-S1 spondylolisthesis with foraminal narrowing caused by
a retropulsed superior endplate of the S1 vertebral body.
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pondylolisthesis, particularly of the degenerative
a common cause of operative
pathology. Some series identify that as many as

variety, is

18% of patients with isolated low back pain may have
coexisting spondylolisthesis (1). Surgical intervention is
believed to be favored when nonoperative measures
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are exhausted, or when there is concern for significant
instability, with strong evidence supporting the efficacy
of surgical intervention (2). Surgically managed patients
report improvement in both pain and functional
disability (3,4). The predominant surgical intervention
is a posterior decompression and stabilization over
simple decompression (2,5).

Although fusion has become the predominant
intervention, we believe that endoscopic neurofo-
raminal decompression may provide a viable technique
for the management of 2 specific cases of grade | and
grade Il spondylolisthesis at L5/S1. First, as a tool for
revision in grade I/l spondylolisthesis after a previous
instrumented fusion in which alignment is not cor-
rected and foraminal compression persists. Second, as
a tool to treat patients with stable grade I/l spondylo-
listhesis who are symptomatic due to unilateral nerve
compression at the L5/S1 neuroforamen. In both cases
these patients have an anatomic distortion that can
compress the traversing S1 nerve with a retropulsed S1
vertebral body endplate. These 2 varieties of patients
may benefit from a minimally invasive intervention
that expands the neuroforamen by resection of the
retropulsed S1 endplate. Such a technique avoids the
need for a massive revision operation in case of prior
fusion or, in virgin cases, avoids destabilization associ-
ated with laminectomy without fusion.

Here we report our series in treating patients
with severe grade | and grade Il spondylolisthesis at
L5-S1, with and without previous fusion, with a trans-
foraminal endoscopic decompression procedure that
targets the retropulsed S1 vertebral body endplate for
decompression.

METHODS

This study is a retrospective chart review of 325
patients operated on by one surgeon between 2014
and 2018 with a minimum follow-up of 1 year. The
focus of this study is on the feasibility of offering
awake, transforaminal endoscopic spine surgery to
patients with severe grade | and grade Il spondylolis-
thesis who only present with radicular symptoms due
to foraminal compression and who are not mechani-
cally unstable as verified by flexion-extension lumbar
spine films.

Operative Procedure

For the endoscopic (Joimax, Karlsruhe, Germany
TESSYS) spine procedures, the patient was positioned
prone on a Wilson frame with flexed hips and knees.

The procedure was done under local anesthesia (1%
lidocaine with epinephrine) and intravenous sedation;
the level of anesthetic was titrated, so the patient was
able to communicate with the surgeon throughout
the procedure. Percutaneous entry was established
through the skin between 12 and 14 cm lateral to the
midline. Using intermittent fluoroscopic guidance,
alternating between lateral and anterior-posterior
(AP) view, a 15-cm 18-guage needle was advanced and
placed at the superior endplate of the S1 vertebral
body through Kambin'’s triangle, between the exiting
L5 and traversing S1 nerves. An AP fluoroscopic view
was used to confirm the needle was at the medial bor-
der of the S1 pedicle. A 6-mm incision was made over
the needle, and a K-wire was placed in the needle, the
needle removed, and sequential dilators placed over
the K-wire. Sequential reamers were used to enlarge
the neural foramen by removing the ventral aspect of
the superior articulating process of S1. At this point
the beveled cannula tubular dilator was placed over
the sequential dilators, the dilators removed, and the
7-mm outer diameter Joimax rigid working channel
endoscope channel was inserted through the tubular
retractor. Under endoscopic visualization, endoscopic
graspers were used to remove any disc compressing
the L5 and S1 nerve, the endoscopic drill was used to
remove the retropulsed endplate of S1, and endo-
scopic Kerrison rongeurs and graspers were used to
remove any compressive lateral recess ligamentum
flavum. The endpoint of surgery in each case was
visualizing the decompressed exiting L5 nerve and
traversing S1 nerve.

Unlike other transforaminal endoscopic proce-
dures, the operative technique used here required
placing the beveled tubular retractor for the working
channel endoscopic half on the corner of the retro-
pulsed posterior superior endplate of S1 and the (of-
ten protruded) L5-S1 disc. To do this, initial reaming
was targeted to remove a significant portion of the
ventral part of the S1 superior articulating process and
the top of the S1 pedicle. The spondylolisthesis turns
an oval foramen into a sideways figure of 8. The goal
of the surgical decompression is the recreate the oval
shape by unroofing the foramen by drilling down the
ventral portion of the superior articulating process
and lower the floor of the foramen by removing her-
niated disc and the posterior, superior corner of the
retropulsed S1 vertebral body.

Figures 1 to 3 are case illustrations from a nonfu-
sion patient (Fig. 1), an instrumented fusion patient
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Fig. 1. L5-S1 spondylolisthesis in a nonfusion patient. (A) Sagittal T2-weighted magnetic resonance imaging ( MRI) through the lefi
L5-S1 foramen demonstrates the change in foraminal dimensions that results from the spondylolisthesis and the L5 exiting nerve root
compression and the disc protrusion (arrow). (B) Sagittal T2-weighted MRI through the right L5-S1 foramen demonstrates the relative
sparing of the foraminal contents from compression despite a mild disc bulge (arrow). (C) Axial T2-weighted MRI through the L5-S1
disc demonstrates the L5 nerve compression on the lefi side (arrow). (D) Lateral fluoroscopic image showing the targeting with the spinal
needle at the posterior superior edge of the S1 vertebral body. (E) Lateral fluoroscopic image shows the beveled tubular retractor not in the
disc, but on top of the disc in the foramen at the edge of the S1 vertebral endplate. (F') AP fluoroscopic view shows the beveled tubular
retractor seen in Fig. 1E simultaneously medial to the pedicle of S1. (G) Endoscopic camera view of the left L5-S1 neural foramen: disc
is inferior, endplate of SI is to the left, and the S1 nerve is running in the foraminal fat at the top of the image. (H) Endoscopic camera
view with the scope upside down in the foramen, and now the L5 nerve can be visualized at the top of the image and the disc at the bottom.
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Fig. 2. L5-S1 spondylolisthesis in a patient with an instrumented fusion. (A) Sagittal T2-weighted magnetic resonance imaging
(MRI) shows the uncorrected spondylolisthesis after a transforaminal lumbar interbody fusion with persistent compression of the

right L5 nerve (arrow). (B) Axial T2-weighted MRI shows the foraminal compression on the right caused by uncovering of the disc
(arrow). (C) Lateral fluoroscopic image of the beveled tubular retractor in the right L5-S1 foramen, half on the endplate of S1 and half
on the L5-S1 disc. (D) AP fluoroscopic image of the beveled tubular retractor in the right L5-S1 foramen.

(Fig. 2), and a patient with scoliosis and 12 previous
fusion surgeries (Fig. 3).

REesuLts

Patients treated were those who presented with an
S1 or L5 and S1 radiculopathy as their primary complaint
and a L5-S1 spondylolisthesis of 5 mm or greater. Pa-
tients treated had no instability on flexion-extension x-
rays. Eleven patients had not had fusions at L5-S1, and 8
patients had previous instrumented fusions at L5-S1 but
still had a spondylolisthesis of at least 5 mm. The clinical
data for the individual patients are displayed in Table
1, and the averaged clinical data and outcomes are dis-
played in Table 2. The average slip for nonfusion patients

was 8.4 mm, and the average slip for fusion patients was
8.8 mm (Table 2). Table 2 lists the preoperative, 3-month
postoperative, and 1-year postoperative Visual Analog
Scale (VAS) back, VAS leg, and Oswestry Disability Index
(ODI) scores for the overall 19 patients, as well as the 11
patients without fusion and the 8 patients with fusion.
There was no significant difference in the outcomes of
the 2 groups. At 1-year follow-up the improvement in
VAS back scores was 44% in the nonfusion group and
49% in the fusion group, and the improvement in VAS
leg scores was 84% in the nonfusion group and 58% in
the fusion group. At 1-year follow-up the improvement
in ODI scores was 63% in the nonfusion group and 54%
in the fusion group.
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Fig. 3. L5-S1 spondylolisthesis in a patient after 12 surgeries for scoliosis. (A) Sagittal T2-weighted coronal magnetic resonance
imaging (MRI) demonstrating severity of coronal scoliosis despite 12 previous surgeries. (B) Sagittal T2-weighted MRI demonstrates
the severity of the right SI1 nerve compression form the retropulsed posterior superior corner of the SI vertebral body endplate (arrow).
(C) Axial T2-weighted MRI shows the obliteration of the right L5-S1 foramen (arrow). (D) Lateral fluoroscopic image shows needle
targeting at the posterior superior corner of the S1 vertebral body endplate. (E) AP fluoroscopic image shows the beveled tubular retractor
in the right L5-S1 foramen. (F) Lateral fluoroscopic image shows the beveled tubular retractor placed directly on the S1 vertebral body
(under the S1 nerve). (G) Endoscopic camera view from Fig. 3F of the bone compressing the S1 nerve. (H) Endoscopic camera view
of the Shrill drill used to reduce the bone endplate of SI and decompress the SI nerve.
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Table 1. Overall patient demographics and clinical data.

Overall No Preop Fusion With Preop Fusion

No. of patients 19 11 8
Mean age, years (SD) 67 (10.6) 63.6 (11.2) 71.6 (8.2)
Gender

Male 10 5 5

Female 9 6 3
Mean slip measurement, mm (SD) 8.4(2.8) 8.1 (2.5) 8.8(3.3)
Mean preop back VAS score (SD) 6.1 (1.5) 6.1 (1.0) 6.1 (1.5)
Mean 3-month postop back VAS score (SD) 3.0 (1.6) 2.9 (1.0) 3.4 (1.5)
Mean 1-year postop back VAS score (SD) 2.2 (1.4) 3.4(1.3) 3.1(1.0)
Mean preop leg VAS score (SD) 6.7 (1.7) 6.9 (1.4) 6.7 (1.7)
Mean 3-month postop leg VAS score (SD) 3.0 (1.6) 3.1(1.4) 3.1(2.0)
Mean 1-year postop leg VAS score (SD) 2.2(1.4) 1.8 (1.6) 2.8(1.2)
Mean preop ODI (SD) 50.4 (13.4) 52.4 (11.0) 52.5(10.2)
Mean 3-month postop ODI (SD) 24.1(10.7) 20.9 (7.2) 31.0 (11.8)
Mean 1-year postop ODI (SD) 20.5(7.3) 19.3 (7.7) 24.0 (5.1)

None of the patients in the nonfusion group went
on to need fusion surgery in the 1-year follow-up. There
were no cases in either group of disc reherniation,
durotomy, or infection. A 2-week period of nerve dys-
esthesia that commenced 48 to 72 hours after surgery
was typical and frequently treated with gabapentin and
oral steroids. There were no cases of permanent or long-
lasting dysesthesia.

Discussion

The most commonly employed intervention for
spondylolisthesis is a decompression followed by simple
posterolateral fusion (2). This technique is familiar and
well within the comfort of most surgeons. There is,
however, an increasing focus being treated to interbody
techniques, specifically for their benefit with respect to
spinopelvic parameters. A transforaminal, anterior, or
oblique lumbar interbody fusion may be favorable as
it can provide indirect decompression, supplementation
of direct decompression, and anatomic realignment.
The theoretical benefits of an interbody procedure may
explain why studies suggest lower rates of reoperation
compared with posterolateral fusion only (6). Further-
more, prior research has only compared laminectomy
to laminectomy and fusion, whereas comparisons of
limited midline sparing interventions to decompression
and instrumented fusion are currently ongoing (5,7).

Our series suggests that endoscopic decompression
may be a possible tool among many for addressing

symptomatic lumbar spondylolisthesis. Clinically our
results for endoscopic decompression are similar to
those established in the literature for other techniques.
At 1 year, our patients had a mean improvement in
ODI scores of approximately 30 points in both groups,
similar to the mean improvement of 20 points seen at
1-year follow-up in the SPORT cohort (4). In a recent
review by Levin et al (8), both posterolateral fusion and
transforaminal lumbar interbody fusion were shown to
have mean ODI score improvements ranging from 15
to 30.4 points, closely replicating our results. The same
review found a range of mean improvement for back
VAS of 2 to 3 points and leg VAS of 3 to 4 points, which
was closely replicated by our results (mean back VAS im-
provement of 3.9 and leg VAS improvement of 4.5) (8).
Although outcome profiles are similar, the complication
profile for endoscopic surgery appears to be much more
favorable. In our series there were no significant com-
plications associated with the procedure, this low rate is
similar to other reports of complication associated with
endoscopic spine procedures (9). In particular there
seems to be a very low rate of durotomy associated with
endoscopic interventions when compared with open
surgical procedures, particularly fusion procedures—ap-
proximately 4% to 13% (8). Furthermore, none of our
unfused patients required additional fusion operation,
whereas Sato et al (10) describe the reoperation rate
at as high as 14.4% in tradition fusion approaches to
spondylolisthesis. The most common reason identified
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Table 2. Individual patient demographics and clinical data.

Measure 3-Month | 1-Year Preop 3-Month | 1-Year
. Preop Postop Postop 3-Month | 1-Year
Ageand | of L5- | Previous Postop | Postop | Back Preop
Gender | S1Slip | Surgery | "8 YAS | Leg VAS | Leg VAS | VAS Back | Back | "oy | Postop | Postop
Score VAS VAS ODI 0ODI
(mm) Score Score Score
Score Score
Nonfusion
44 M 5 No 6 2 0 5 2 2 44 18 28
73 F 6 No 8 2 3 7 2 2 50 28 28
64 F 6 No 6 3 0 5 3 1 60 32 28
75 M 6 No 9 6 5 7 5 5 66 28 30
66 M 8 No 5 3 1 7 2 2 38 16 14
69 F 8 No 6 4 2 6 4 4 44 24 18
79 F 8 No 7 2 1 4 2 1 62 14 16
67 F 9 No 8 5 4 6 3 2 52 28 14
46 F 9 No 9 2 1 7 4 2 70 14 14
61 M 10 No 5 3 1 6 3 1 38 12 8
56 M 14 No 7 2 2 7 2 2 52 16 14
Fusion
76 M 5 L4-51 6 1 3 7 0 1 42 24 24
fusion
70 M 6 L5-S1 7 7 4 8 4 4 66 24 24
86 M 7 L1 _.Sl 6 3 4 5 3 3 40 30 30
fusion
63 M 7 L2-51 7 2 2 8 5 4 52 28 28
fusion
69 F 8 T11-S1 9 2 1 6 4 4 66 30 30
72 F 11 T11-S1 8 2 2 7 4 3 52 20 20
77 F 11 14-S1 7 3 2 7 4 3 58 20 20
60 M 15 L5 ts ! 7 5 4 6 3 3 44 16 16
fusion

for revision is persistent or recurrent pathology at the
same segment (10).

When analyzing revisions of prior fusions, out-
comes are less promising for traditional revision
methods (repeat decompression, extension of fu-
sion and/or interbody from a posterior or anterior/
lateral approach). Cassinelli et al (11) in their series
on revision for pseudarthrosis show that despite
achieving near 100% fusion rates, there was little to
no improvement in ODI score. When analyzing revi-
sion purely in cases of spondylolisthesis, Dede et al
(12) report an improvement of 20 points in ODI score,
but the majority of these patients required extensive
procedures often including combined anterior and
posterior approaches.

Our case series provides evidence for the use of

a limited decompressive technique in select patients
with stable grade | or Il spondylolisthesis with corre-
sponding radicular pain. Although our case numbers
are relatively low, all patients showed a durable im-
provement in ODI score, back and leg pain.

CONCLUSIONS

Transforaminal endoscopic surgery to target
foraminal compression secondary to ventral compres-
sive disc and bone in the foramen in the setting of a
severe grade /Il spondylolisthesis is a feasible treat-
ment option for patients with lumbar radiculopathy.
For patients with foraminal compression at L5-S1 and
spondylolisthesis, despite a previous fusion, transfo-
raminal endoscopic surgery may be a useful salvage
procedure.
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