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Background: Degenerative lumbar spondylolisthesis (DLS) occurs mainly in geriatric patients.
Some authors have reported satisfactory short-term outcomes following percutaneous endoscopic
lumbar discectomy (PELD) for DLS; however, the long-term clinical outcomes remain unknown. In
addition, it remains unclear whether PELD causes further progression of spondylolisthesis over a
long period of time.

Objectives: To evaluate long-term clinical outcomes in patients who underwent PELD and to
study the degree of slippage in DLS over a long period following minimally invasive surgery.

Study Design: Retrospective case series.

Setting: The study was conducted at the Beijing Chaoyang Hospital, Capital Medical University,
China.

Methods: The study included 24 patients with DLS who complained of radicular pain and lower
back pain who underwent PELD and were followed up for at least 5 years (mean duration of 6.1
years). Visual analog scale (VAS) scores, Oswestry disability index (ODI) scores, and the modified
MacNab criteria were used to evaluate clinical outcomes. Preoperative imaging findings, including
the percent slippage of spondylolisthesis (SR), disc height (DH), segmental lordosis angle (SL), and
lumbar lordosis angle (LL), were compared with those obtained at follow-up.

Results: All operations were successfully completed; the mean operative incision length,
intraoperative blood loss, and operation duration were 8.7 £ 0.6 mm, 11.3 £ 4.5 mL, and 121.8
+ 32.3 min, respectively. The mean VAS-back score, VAS-leg score, and ODI score were 6.5 + 0.9,
6.0 = 1.1, and 55.4 + 4.4 points before surgery, respectively, and decreased t0 2.6 £ 0.8, 2.2 + 0.5,
and 27.3 + 5.3 points, respectively, at 3 months after surgery and 2.5 £ 0.9, 2.0 = 0.5, and 21.1
+ 4.4 points, respectively, at the latest follow-up. The imaging variables related to DH were lower
at the final follow-up before surgery; however, no significant differences in SR, SL, and LL were
found. The proportion of excellent and good results following MacNab evaluation was 87.5%.
Symptomatic re-herniation occurred in one patient, and cerebrospinal fluid leakage (CSFL) was
found in another patient.

Limitations: A small number of patients were included who were all treated by one surgeon.

Conclusions: PELD maintained satisfactory clinical outcomes for the treatment of grade | and
grade Il DLS after a minimum 5-year follow-up; the operation did not cause further progression of
spondylolisthesis. However, further large-scale multicenter studies are necessary.

Key words: Spondylolisthesis, percutaneous endoscopic lumbar discectomy, minimally invasive,
clinical outcome, geriatric patients, spine, lumbar instability, comorbidities
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egenerative lumbar spondylolisthesis (DLS)

is the slipping of an upper vertebra past its

normal alignment to its superior vertebra
because of degenerative wear of the facet joint, which
normally helps keep the 2 vertebrae aligned (1). The
incidence of DLS has been reported to be 4%-8%
across all ages and has been found to be greater in
elderly patients (1-2). This pathologic disorder leads to
narrowing of the spinal canal and foramina. Patients
often present with symptoms and signs consistent with
radiculopathy and neurogenic claudication. The open
approach for decompression with instrumented fusion
has been considered the gold standard procedure for
the treatment of DLS because of the resultant extensive
decompression of the nerve roots and cauda equina
(3). However, DLS mainly occurs in elderly patients who
often suffer from complex diseases, and the major
surgical dilemma is how to reduce the perioperative
risk under general anesthesia.

In recent years, with the advent of minimally
invasive spine surgical technology, percutaneous en-
doscopic lumbar discectomy (PELD) has been widely
used in clinical practice, and its indications have been
extended from purely including disc herniation to the
removal of various types of lumbar disc herniation and
prolapse, as well as in the expansion of the spinal canal
and foramina (4). PELD has the advantages of causing
less trauma and bleeding and having a faster recovery
than those of traditional decompression. Importantly,
PELD can be used to treat patients with DLS under lo-
cal anesthesia and to preserve the patient’s posterior
ligament complex (5). Some authors have reported sat-
isfactory short-term outcomes following PELD for DLS.
We aimed to: 1) evaluate long-term clinical outcomes
in patients who underwent PELD, and 2) study whether
PELD causes further progression of lumbar spondylolis-
thesis over a long period of time.

Our study focused on a case series of patients
with grade | and grade Il DLS who had persistent
radiculopathy despite conservative treatment. PELD
was performed under local anesthesia, with removal of
the ventral superior articular process, slipped disc, and
part of the superior endplate. A retrospective study
with a minimum 5-year follow-up was conducted.

METHODS

Patient Selection
Twenty-four consecutive patients underwent PELD
for single-level DLS in our department between July

2014 and May 2016. The inclusion criteria were as fol-
lows: 1) a diagnosis of predominant grade | or grade
Il DLS based on physical examination results, clinical
symptoms, and imaging studies; and 2) failure after at
least 3 months of conservative treatment. The exclusion
criteria were as follows: 1) the percent slippage of spon-
dylolisthesis was over 50% or segmental instability (disc
angle change > 10° or change in translation > 3 mm
from standing or supine radiographs to dynamic radio-
graphs) (6); 2) clinical symptoms and signs inconsistent
with imaging findings; 3) pathological conditions such
as spinal infection or tumor; and 4) history of lumbar
surgery. The surgical procedures for all patients were
performed by an experienced surgeon.

Surgical Procedures

In the PELD procedure, patients were placed in
the prone position on a radiolucent table, and a pos-
terior midline paraspinal incision was made at the de-
finitively affected intervertebral level under regional
anesthesia. The patient could communicate with the
surgeon during the entire operation, which prevented
intraoperative nerve root damage. The surgical pro-
cedure consisted of 3 steps. 1) Foraminoplasty: The
guidewire was inserted into the superior articular pro-
cess (SAP) of the targeted segment through a puncture
needle, and the surgical approach was progressively
expanded to 8 mm with a hollow tapered cannula.
The ligamentum flavum and ventral elements of the
SAP were removed. A tubular retractor with an outer
diameter of 7.9 mm was then placed; when necessary,
burrs were used to enlarge the foramen further. 2)
Discectomy: The herniated disc was completely re-
sected using a rongeur and could be removed with an
endoscope if there was a large amount of disc tissue.
3) Resection of the superior endplate: Endoscopic for-
ceps, endoscopic bone knife, or a high-speed drill was
used to remove the superior endplate of the inferior
vertebral body. Finally, adequate irrigation and hemo-
stasis were performed, and the surgical wounds were
sutured in anatomical order.

Outcome Assessment

Clinical assessments were conducted preopera-
tively and at 3 months, 12 months, 24 months, and
the last postoperative follow-up. The degree of pain
was assessed using the visual analog scale (VAS) from
0 to 10 for the back (VAS-back) and legs (VAS-leg). The
Oswestry disability index (ODI) was used for functional
assessment. Percent slippage of spondylolisthesis (SR),
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disc height (DH), segmental lordosis angle (SL), and
lumbar lordosis angle (LL) were measured to assess
the progression of lumbar spondylolisthesis (Fig. 1). In
addition, surgical outcomes at the last follow-up were
defined as excellent, good, fair, and poor according to
the modified MacNab criteria.

Statistical Analysis

All statistical analyses were performed using SPSS
version 23.0 (IBM Corporation, Armonk, NY). One-way
analysis of variance (ANOVA) was performed for data
involving multiple factors, such as VAS-leg, VAS-back,
and ODI (%) before surgery, at 3 months, 12 months,
and 24 months, and at the last follow-up after surgery.
Paired-sample t tests were performed for comparisons
between the preoperative and last follow-up imaging
findings, including SR, DH, SL, and LL. Statistical signifi-
cance was set at P < 0.05.

REesuLts

Patient’s Demographic Characteristics

A total of 24 prospective consecutive patients
who underwent PELD between July 2014 and May
2016 were included in this study, including 13 women
and 11 men (Table 1). The average age was 74.4 years
(range, 60-84 years). There were 2 cases at the L3-4
level, 16 cases at the L4-5 level, and 6 cases at the L5-S1
level. The average duration of symptoms was 6.4 years
(range, 0.5-40 years). The average percent slippage
of spondylolisthesis was 15.9% (range, 9.1%-22.2%),
including 21 cases of Grade | (87.5%) and 3 cases of
Grade Il (12.5%). Twenty-three (95.8%) patients had at
least one comorbidity, and 6 patients (25.0%) had at
least 3 comorbidities. The most common comorbidity
was cardiovascular disease (62.5%), followed by endo-
crinological disease (45.8%).

Clinical Outcomes

All operations were successfully completed. The
mean operative incision length was 8.7 mm (range,
8-10 mm), the mean intraoperative blood loss was 11.3
mL (range, 5-20 mL), and the mean operation duration
was 121.8 min (range, 65-200 min). The average first
ambulation time and hospital stay were 20.3 h (range,
12-29 h) and 7.6 days (range, 5-12 days), respectively.

All patients experienced significant relief of low
back pain and leg pain, and ODI scores at 3, 12, and
24 months postoperatively and at the last follow-up
examination were significantly improved (P < 0.01).
The mean preoperative VAS leg pain, VAS back pain,
and ODI score were 6.5 + 0.9, 6.0 + 1.1, and 55.4 + 4.4,
respectively; all mean scores improved postoperatively
t02.5+0.9, 2.0 +0.5, and 21.1 + 4.4 at the final follow-
up evaluation, respectively (Table 2). All patients were
evaluated for overall success based on the modified
MacNab criteria. On evaluation at the final follow-up,
9 patients were categorized as excellent (37.5%), 12 as
good (50.0%), 2 as fair (8.3%), and 1 as poor (4.2%). In
total, 87.5% of the patients were rated as excellent or
good. Representative cases are presented in Figures 2
and 3, respectively.

The preoperative and final follow-up imaging
findings are compared in Table 3. The preoperative av-
erage SR was 15.9 + 6.0%. The average SR at the final
follow-up evaluation was 17.0 = 7.5%, which was not
significantly different (P=0.235). The DH had decreased
from 8.3 £ 1.1 mm preoperatively to 7.9 + 0.2 mm at the
last follow-up evaluation (P = 0.021). The mean height
of disc loss after this surgical procedure was 0.4 mm
during follow-up. The preoperative average SL and LL
were 8.1 + 2.4° and 36.1 = 4.3°, respectively. The aver-
age SL and LL at the final follow-up evaluation were
7.9 = 2.3° and 37.2 = 4.5°, respectively, which were not
significantly different (SL: P = 0.382, LL: P = 0.203).

Cc

’ : ¢
grunk line angulat Pls,e-c}o
‘5—2' E

Ty

disc height (DH ). D, segmental lordosis angle (SL).

Fig. 1. Measurement of X-ray parameters. A, lumbar lordosis angle (LL). B, the percent slippage of spondylolisthesis (SR). C,

www.painphysicianjournal.com

E1293



December 2021 24:E1291-E1298

Pain Physician

-a3exes] pingy reurdsoaqarad “135D ‘A8ofornau <N ASojoryusonsed o Oidojoin | Arerqiqoyeday ‘I ‘Areuowrnd ¢ ©130[0ULDOPUD P LIB[NISEAOIGIIID
g <Ie[noseorpIed ) «Aejs eyrdsoy jo yiSusy ‘SH'T DwIn) UonRMQUIE 1511 ‘T ‘Uoneinp uonerado ‘qQ ssof poolq aaneradoenur gy piSusy uorsour aanesado “TIQ SUONRIAIQQY

TASO pooH SL 6 8T el 01 6 — (41! T 71-¢1 Ew_m 199 T
— pooH 8L 9 6C SOT 0T 8 a4 L6 € V1-€1 Y1 19N €T
— JUR[[IXH €9 8 61 0¢l 0¢ 6 dq ¢'1C S ST¥1 ¥l W (44
— JUS[[ROXH L9 S 1T OLT Sl 8 d0 T'8¢C S0 SIv1 Em_m 74 1T
— JUR[IXY €L 6 0T 08 0T 6 HA *EX4 S0 ST¥1 Yo €84 0T
— JUR[[IXH 8 8 61 0Ct 0T 6 HA490 T'LT S0 V1-€1 Y1 P8IN 61
- pooH 6L L (44 S6 ST 6 HA 76l ¢ STv1 1SRy €94 81
— JURTROXY €L 6 €T 991 SI 8 0] €€l S ST¥1 ¥ 09N LT
- pooDH 1L L 1T 0ST 0T 6 HAD S0t or 1S-971 Yo 8.4 91
— pooH 89 9 81 06 ST 8 d 6 S 1S-61 Y1 SLd ST
— JUI[[2IXY 29 9 61 E{0)8 0l 6 d0 901 T Y1-€1 Ew_m 8N !
— 1004 L9 (4 91 00T S 6 DNAIO T€l T ST-v1 Ewa 6L €T
— Iej cL 6 ST 061 01 8 N L6 S STIv1 WSrg I8N [t
— poodH 9L 11 (44 00T S 6 DddO v'el 01 ST-v1 Yol 6,49 1T
- pooH 18 6 1C o¥1 01 8 0 79T 01 Y1-¢1 Yol €94 0l
— JURT[ROXY 08 L 0T STt S 0T 0] 44! 4 ST-v1 Ewa LN 6

UOTeTUIa Y ITe SL 8 LT SOt S 6 d0 €6 0T STI-v1 WSy LLA 8
— JUR[[IXH 8L L 81 el Sl 6 o) 9'¢T 8 ST-v1 148y PLIN L

- pooH 89 ) (44 0¢t 0T 6 NHd 8Tl 0T STv1 Yo 69N 9

- pooH 0L L (44 SIT ST 8 40 911 T STV1 ¥ €9 <

- pooH cL 9 L1 <9 01 6 40 9'LT 0T STI-v1 148y SLIN 14

— JUR[[OXH 8 L (45 <8 Sl 8 4D 9'9C S0 P1-¢€1 14SRy 8L €

- pood (44 8 i 0¢t 01 8 dd0 it o'l STv1 Yol 9,4 C

— pooH <9 L 81 0€T S 6 d0 861 T STV1 Ema €8N T
uonesijduro onuness Amﬁ.”“u " (sdep) | (u) | (urm) | (qur) | (o) saNIpI(IOUo)) (%) * [PA9TT pig () jmaneJ

TN | oo | SHT [IVE]| @O | 141 | TI0 ogeddrg | wonem( a5y ‘“lopuan

0wp sydviSowap fo Livwwng 1 d[qe],

www.painphysicianjournal.com

E1294



Clinical Outcomes of PELD for the Treatment of Spondylolisthesis

Table 2. VA4S pain scores and ODI score.

Pre-Op 3M Post-Op 12M Post-Op 24M Post-Op Latest Follow-up P Value
VAS leg pain 6.5+ 0.9 2.6+0.8 2.5+0.8 26+0.4 2.5+0.9 <0.001*
VAS back pain 6.0+1.1 22+05 23+0.6 22+05 20£05 <0.001*
ODI (%) 554 +44 27.3+52 254+4.7 22.7+3.8 21.1+44 <0.001*

* indicates a significant difference

post-op

Fig. 2. Percutaneous endoscopic lumbar discectomy performed on a 72-year-old woman diagnosed with degenerative lumbar
spondylolisthesis. A, preoperative sagittal computed tomography. B, postoperative sagittal computed tomography. C and E,
preoperative axial computed tomography. D and F, postoperative axial computed tomography.
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Fig. 3. Percutaneous endoscopic lumbar discectomy performed on a 72-year-old woman diagnosed with degenerative lumbar
spondylolisthesis. A, preoperative lateral X-ray of the lumbar spine. B, postoperative lateral X-ray of the lumbar spine showed
that there was no progression of lumbar spondylolisthesis 5 years after surgery. A, preoperative midsagittal MRI of the lumbar
spine. B, postoperative midsagittal MRI of the lumbar spine showed that there was no recurrent disc herniation 5 years after
surgery. MRI = magnetic resonance imaging.
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Table 3. Radiographic parameters.

Parameters Pre-Op FOIII;:: ‘is_tup P Value
SR (%) 15.9+£ 6.0 17.0+ 7.5 0.235
DH (mm) 83+1.1 7.9+09 0.021*
SL (%) 8.1+2.4 79423 0.382
LL (°) 36.1+4.3 37.2+45 0.203

SR, slippage; DH, disc height; SL, segmental lordosis angle; LL, lum-
bar.
lordosis angle. * indicates a significant difference

Recurrences and Complications

One patient experienced recurrence at 3 months
postoperatively, resulting in a recurrence rate of 4.2%.
This patient had low back pain and radiating leg pain,
with a single-level lumbar disc herniation at L4-L5
verified using magnetic resonance imaging and com-
puted tomography. The patient underwent a second
open approach for decompression with instrumented
fusion surgery. One patient experienced cerebrospinal
fluid leakage, and the symptoms were relieved after
conservative treatment. There were no occurrences of
thrombophlebitis, infection, vascular injury, or cauda
equina syndrome.

Discussion

DLS is a common condition in elderly patients with
radicular pain, mechanical back pain, and intermittent
claudication. An open approach for decompression
with instrumented fusion that requires general anes-
thesia tends to have a higher perioperative risk for the
elderly, especially those with multiple medical comor-
bidities. PELD is an ultra-minimally invasive surgical
technique that can be performed under local anesthe-
sia. Our research focused on the long-term outcomes
of PELD for the treatment of DLS and found that it was
able to maintain satisfactory clinical outcomes after a
minimum 5-year follow-up, and the operation did not
cause further progression of lumbar spondylolisthesis.

Some authors have reported satisfactory short-
term outcomes following PELD for DLS. Xin-Feng et al
(7) reported good or excellent outcomes in 81.3% of 26
patients with low-grade DLS (Meyerding grades | and
II) and found that there was no statistically significant
difference between the percent slip of spondylolisthesis
before surgery and one year after surgery. Xiao-Kang
et al (3) developed PELD for geriatric patients with
central spinal stenosis and DLS and found that 93.3%
of patients reported high rates of satisfaction after 12
months of follow-up. Dong-Ju et al (8) compared the

clinical results of open lumbar microdiscectomy (OLM)
and PELD for antero- and retrospondylolisthesis and
found that recurrence was confirmed in eight patients
(23.5%) who underwent OLM and only one patient
(4.4%) who underwent PELD, with a significantly high-
er recurrence rate in the OLM group (P = 0.028) after
at least 3 years of follow-up. However, in our study, we
evaluated clinical outcomes and radiographic changes
over a minimum 5-year follow-up in a retrospective
study of PELD performed to treat DLS with a relatively
long follow-up time.

In the present study, the proportion of excellent
and good results following MacNab evaluation was
87.5% at the final follow-up examination. The average
relief rates of the VAS-back, VAS-leg, and ODI scores at
the final postoperative follow-up were 64.6%, 61.6%,
and 69.4%, respectively. Jasper et al (1) reported that
the average pain relief 1 year postoperatively was
71.9%, which is higher than our reported rate of
61.6%. We believe that there are 2 main reasons for
this difference. First, the patients enrolled in our study
were older, and geriatric patients tend to have more
complex degeneration often associated with facet joint
hyperplasia and cohesion, osteophyte formation, and
disc space narrowing, which may affect the effect of
decompression. Second, our study involved a longer
follow-up; patients may develop new degenerative
diseases in the lower back after a follow-up of at
least 5 years, which may lead to a decrease in patient
satisfaction. In addition, compared to open surgery,
our study showed the advantages of less trauma, less
bleeding, and faster recovery. However, one patient
in this study experienced cerebrospinal fluid leakage.
This is because the patient’s dura mater adhered to
the ligamentum flavum and could not be visualized
clearly during surgery. Therefore, strict hemostasis and
adequate irrigation should be performed to ensure a
clear surgical field of vision. Importantly, the surgeon
must patiently and gently separate the dura from the
ligamentum flavum. The symptoms of the patient with
cerebrospinal fluid leakage were relieved after conser-
vative treatment, and no neurological sequelae were
observed during the follow-up period. In addition, one
patient experienced recurrence at 3 months postopera-
tively and underwent further treatment using an open
approach for decompression with instrumented fusion
surgery.

In our study, DH-related imaging variables were
lower at the final follow-up than before surgery; how-
ever, no significant changes were found for SR-, SL-,
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and LL-related variables. The authors believe that there
are 2 possible reasons for the decrease in disc height in
this study. First, previous reports on the relationship be-
tween disc height changes and age found that the disc
height of each segment of the lumbar spine increases
with age, but after entering old age, the disc height
decreases significantly (9-10). The mean age of patients
included in our study was 73.1 years, and they were fol-
lowed up for at least 5 years. Therefore, the decrease
in disc height may be related to natural degeneration.
Second, because the nucleus pulposus tissue is a jelly-
like semi-liquid substance, it has a certain degree of
fluidity. After a part of the nucleus pulposus tissue is
removed in PELD surgery, the original integrity of the
intervertebral disc is destroyed, and the volume of the
intervertebral disc gradually decreases, leading to its
absorption (11). This may cause the height of the disc to
decrease. Although our study showed a slight decrease
in disc height, no patients with lumbar instability were
identified at the final follow-up. Sang Soo et al (12)
also reported that the average disc height was 81.54%
of the original disc height after 10 years of follow-up,
but there were no cases of lumbar instability among
all patients.

Our results show that lumbar slippage showed no
significant progression, even after a minimum 5-year
follow-up. The number of subjects in this study was
small; however, we have accurate data on slippage to
one-tenth of a millimeter, which improves the cred-
ibility of the paper. Moreover, some authors have also
reported that lumbar slippage did not progress further
after PELD during short-term follow-up (3,7-8). Nev-
ertheless, further large-scale multicenter, long-term
studies are necessary. Confusingly, an open approach
for decompression without fusion can lead to further
slippage and may require additional fusion therapy
(13-15). However, decompression using minimally in-
vasive PELD techniques, similarly lacking fusion, does
not cause further slippage. We believe that the main
reason for this is the different extent of damage to
the soft tissues that maintain the stability of the spine.
Paravertebral muscles, especially the multifidus mus-
cles, are important structures for maintaining spinal
stability (16), and an open approach for decompression
usually removes large paravertebral muscles. However,
minimally invasive treatment using the working chan-
nel to decompress the intermuscular space can avoid
injury to the paravertebral muscles, reduce ischemic
necrosis due to interruption of the blood supply to the
multifidus muscle, preserve the physiological function

of the multifidus muscle to the maximum extent pos-
sible, and maintain spinal stability.

Although minimally invasive transforaminal lum-
bar interbody fusion techniques (MIS-TLIF) have been
used for degenerative diseases of the lumbar spine
(17), spinal fusion is not indicated in all patients with
spondylolisthesis, and the procedure should be select-
ed according to the symptoms (18). Spondylolisthesis
does not mean that the spine must be unstable (19-
20), and it is often described to have an initial phase
of instability followed by further degenerative changes
that eventually stabilize the spine. Intervertebral disc
space stenosis, osteophyte formation, and facet joint
degeneration have been considered to be characteris-
tic manifestations of re-stabilization on imaging, and
fusion is not necessary at this time (18-19,21). There-
fore, Minamide et al (20) suggested that fusion may
be necessary in patients with early spondylolisthesis
and dynamic instability. In our study, PELD was able to
maintain satisfactory clinical outcomes following the
treatment of patients with stable degenerative spondy-
lolisthesis, and the mean ODI score improvement rate
was 34.3%. Jun-long et al (22) reported percutaneous
endoscopic lumbar interbody fusion for the treatment
of patients with stable grade | spondylolisthesis and
found that the ODI score improvement rate was 33.7%
after 24 months of follow-up. Although both PELD and
MIS-TLIF may achieve satisfactory clinical effects when
treating stable low-grade spondylolisthesis, PELD has
more advantages with respect to intraoperative blood
loss, operation time, anesthesia risk, and cost (22-24).

One limitation of this study is that it included a
small number of patients treated by one surgeon;
future large-scale multicenter studies are necessary.
Moreover, patients should be grouped systematically
according to the degeneration of anatomical struc-
tures. Many subtle anatomical factors may affect the
outcome of these patients, such as facet joint mor-
phology, presence of facet joint effusion, and degree
of facet joint osteoarthritis. Furthermore, we should
establish a control group of healthy elderly people to
compare the lumbar vertebrae-related variables after
natural degeneration with those after minimally inva-
sive surgery.

CONCLUSIONS

As the elderly population increases in number and
age, spine physicians need to develop targeted treat-
ment plans for elderly patients with DLS, especially
those with multiple medical comorbidities. PELD was
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able to maintain satisfactory clinical outcomes for the
treatment of grade | and grade Il DLS, even after a
minimum 5-year follow-up, and the operation did not
cause further progression of lumbar spondylolisthesis.

REFERENCES

Jasper GP, Francisco GM, Telfeian AE.

Physician 2020; 23:393-404.

Transforaminal endoscopic discectomy g Bach K, Ford J, Foley R, et al.
with foraminoplasty for the treatment Morphometric analysis of lumbar
of spondylolisthesis. Pain  Physician intervertebral ~ disc  height:  An
2014; 17:E703-E708. imaging study. World Neurosurg 2018;
Jacobsen S, Sonne-Holm S, Rovsing S1878-8750(18)32836-5.

H, Monrad H, Gebuhr. P. Dggenerative 10. Amonoo-Kuofi HS.  Morphometric
Iurjnba\r~ .spondylollsthes‘|s: An changes in  the heights and
epidemiological perspective: The anteroposterior  diameters of  the
Copenhagen Osteoarthritis Study. Spine lumbar intervertebral discs with age. ]
(Phila Pa 1976) 2007; 32: 120-125. Anat 1991; 175:159-168.

Cheng XK, Chen B. Percutaneou.s 1. Orpen NM, Corner JA, Shetty RR,
transforamw.lal ) ?“d°5§°P'C Marshall  R.  Micro-decompression
dgcompressmn fo.r geriatric patients for lumbar spinal stenosis: The early
with  central spinal stenosis and outcome using a modified surgical
degenerative lumbar spondylolisthesis: technique. ] Bone Joint Surg Br 2010;
A novel surgical technique and clinical 92:550-554.

outcomes. Clin Intery Aging 2020; 12.  Eun SS, Lee SH, Sabal LA. Long-term
151121371219 follow-up results of percutaneous
Barber SM, Nakhla J, Konakondla S, et endoscopic lumbar discectomy. Pain
al. Outcomes of endoscopic discectomy Physician 2016; 19:E1161-E1166.
compared with open microdiscectomy 3. Price JP, Dawson JM, Schwender JD,
landb tub;lar hmlc.rO(.ilsce.ctc;my for Schellhas KP. Clinical and radiologic
umbar - disc herniations: meta- comparison of minimally invasive
analysis. ] Neurosurg Spine 2019; 1-14. surgery  with  traditional  open
Shin SH, Bae JS, Lee SH{ Keum HJ, Kim transforaminal ~ lumbar  interbody
HJ,JangWS..TransforammaIendoscgplc fusion: A review of 452 patients from
decompression  for  lumbar  spinal a single center. Clin Spine Surg 2018;
stenosis: A novel surgical technique 31:F121-E126.

and clinical outcomes. World Neurosurg 4. Mardjetko SM, Connolly PJ, Shott S
2?18; 114:e873-e882. Degenerative lumbar spondylolisthesis.
Simmonds  AM,  Rampersaud AYR’ A meta-analysis of literature 1970-
Dvorak MF, Dea N, Melnyk AD, Fisher 1993. Spine (Phila Pa 1976) 1994; 19(20
CG. Defining the inherent stability Suppl):22565-2265S.

of degenerative spondylolisthesis: A 15. Toyoda H, Nakamura H, Konishi S
systematic review. ] Neurosurg  Spine Dohzono S, Kato M, Matsuda H. Clinical
2?15; .23:178'189' ) outcome of microsurgical bilateral
LiX,JinL, L\{ Z,etal. E”dQSCOP'C ventr.al decompression via unilateral approach
décompressmn .for spinal s.tenos!s for lumbar canal stenosis: Minimum
with  degenerative spondylolisthesis five-year follow-up. Spine (Phila Pa 1976)
by partially removing posterosuperior 2011; 36:410-415.

margin underneath  the slipping 16.  Salimi H, Ohyama S, Terai H, et al. Trunk

vertebral body: Technical note and
outcome evaluation. World Neurosurgery
20109; 126:€517-€525.

Yun DJ, Park SJ, Lee SH. Open Lumbar
microdiscectomy and posterolateral
endoscopic lumbar discectomy for
antero- and retrospondylolisthesis. Pain

muscle mass measured by bioelectrical
impedance analysis reflecting the cross-
sectional area of the paravertebral
muscles and back muscle strength: A
cross-sectional analysis of a prospective
cohort study of elderly population. ] Clin
Med 2021; 10:1187.

17.

18.

19.

20.

21.

22.

23.

24.

We believe that PELD may be used as an alternative
therapeutic option for DLS. However, this needs to be
supported by further large-scale multicenter studies.

Wu J, Zhang C, Lu K, Li C, Zhou Y. A
novel inextensible endoscopic tube
versus traditional extensible retractor
system in single-level minimally invasive
transforaminal ~ lumbar  interbody
fusion: A prospective observation study.
Pain Physician 2019; 22:E587-E599.
Minamide A, Yoshida M, Simpson
AK, et al. Minimally invasive spinal
decompression  for  degenerative
lumbar spondylolisthesis and stenosis
maintains stability and may avoid
the need for fusion. Bone Joint ] 2018;
100-B:499-506.

Simmonds AM, Rampersaud YR,
Dvorak MF, Dea N, Melnyk AD, Fisher
CG. Defining the inherent stability
of degenerative spondylolisthesis: A
systematic review. ] Neurosurg Spine
2015; 23:178-189.

Minamide A, Yoshida M, Yamada
H, Simpson AK. Rethinking surgical
treatment of lumbar spondylolisthesis:
Anatomic considerations.  Neurosurg
Clin N Am 2019; 30:323-331.

Matsunaga S, Sakou T, Morizono Y,
Masuda A, Demirtas AM. Natural history
of  degenerative  spondylolisthesis.
Pathogenesis and natural course of
the slippage. Spine (Phila Pa 1976) 1990;
15:1204-1210.

Wu J, Liu H, Ao S, et al. Percutaneous
endoscopic lumbar interbody fusion:
Technical note and preliminary clinical
experience  with 2-year follow-up.
Biomed Res Int 2018; 2018:5806037.

Hua W, Wang B, Ke W, et al. Comparison
of lumbar endoscopic unilateral
laminotomy bilateral decompression
and  minimally invasive surgery
transforaminal lumbar interbody fusion
for one-level lumbar spinal stenosis.
BMC Musculoskelet Disord 2020; 21:785.

Khechen B, Haws BE, Bawa MS, et al.
The Impact of comorbidity burden on
complications, length of stay, and direct
hospital costs after minimally invasive
transforaminal lumbar interbody fusion.
Spine (Phila Pa 1976) 2019; 44:363-368.

E1298

www.painphysicianjournal.com



