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Abstract

Purpose This retrospective cohort study aimed to evaluate the efficacy and safety of percutaneous endoscopic lumbar
decompression (PELD) in elderly patients with lumbar spinal stenosis (LSS).

Study Design A matched retrospective study.

Setting The research was conducted in Beijing Chaoyang Hospital, Capital Medical University, China.

Methods This study included patients treated with PELD for LSS from September 2016 to September 2020. Patients with
LSS aged >80 years were screened according to the inclusion and exclusion criteria as the study group, and then the same
number of patients with LSS aged 50-80 years were matched according to gender, stenosis type, and surgical segment as the
control group. Preoperative patient status was assessed using the Charlson comorbidity index (CCI) and the American Society
of Anesthesiologists (ASA) physical status classification score. Clinical outcomes were assessed using the visual analog scale
(VAS), Oswestry Disability Index (ODI) scores, modified Macnab criteria, radiological parameters and complication rates.
Results A total of 624 LSS patients met the screening criteria between September 2016 and September 2020, with 47 LSS
patients > 80 years old serving as the study group. Forty-seven LSS patients aged 50-80 years were matched to the study group
according to gender, stenosis type, and stenosis segment. The CCI score (1.77 +1.67) and ASA classification (2.62 +0.74)
of the study group were significantly higher than the CCI score (0.66 +0.96) and ASA classification (1.28 +0.54) of the
control group, and the difference was statistically significant. Compared with preoperative data, postoperative ODI, leg
pain VAS scores and back pain VAS scores were significantly improved in both groups (p <0.05). However, no significant
difference was found between two groups in preoperative and postoperative ODI, leg pain VAS scores and back pain VAS
scores (p>0.05). The operation time and postoperative hospital stay in control group were significantly lower than those
in study (p <0.05), but there was no significant difference in blood loss between the two groups (p > 0.05). Besides, overall
radiological parameters were comparable in elder and younger patients (p > 0.05), and disc height (DH), lumbar lordosis
and segmental lordosis decreased after two year follow-up in both groups (p <0.05). In addition, complication rates were
similar between the two groups (p > 0.05), and no serious complications and deaths were found.

Limitations Single-centre retrospective design, non-randomized sample, small sample size.

Conclusion Although elderly LSS patients (> 80 years old) are less fit and have more comorbidities, satisfactory outcomes
can be achieved with PELD, comparable to those of LSS patients < 80 years old, and without increased complications.

Keywords Lumbar spinal stenosis - Percutaneous endoscopic lumbar decompression - Elderly patients - Clinical efficacy

Introduction

Lei Wang and Tianyi Wang contributed equally to this work. . L. . . .
Population aging is the inevitable result of population trans-

D4 Lei Zang formation, and it is an important issue facing human society
zanglei@ccmu.edu.cn in the twenty-first century. With the development of technol-
ogy, people over the age of 80 are the fastest growing age
Department of Orthopedics, Beijing Chaoyang Hospital, £Y, peop . . & . . & . ,g &
Capital Medical University, 5 JingYuan Road, Shijingshan group worldwide, which leads to an increase in the incidence
District, Beijing 100043, China of age-related diseases. Lumbar spinal stenosis (LSS) is a

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-023-05947-y&domain=pdf
http://orcid.org/0000-0003-1403-4159

202

International Orthopaedics (2024) 48:201-209

common age-related degenerative disease [1]. In the national
low back pain study, 22% of patients with chronic low back
pain were ultimately diagnosed with LSS [2]. LSS can cause
moderate to severe pain that affects the quality of life of
patients [3]. Elderly patients with LSS usually suffer from
long-term pain and underlying diseases, and conservative
treatment results are poor [4]. Patients with LSS who fail
conservative treatment often require surgery.

Open decompression (OD) has been considered the gold
standard surgical option for LSS [5]. OD can relieve nerve
damage and improve associated pain by relieving lumbar
spinal stenosis and removing excess tissue [6]. However, due
to the disadvantages of OD, such as large trauma, long oper-
ation time, high blood loss, and increasing the incidence of
complications in elderly patients, most elderly LSS patients
cannot achieve satisfactory results after OD treatment [7-9].
Therefore, it is still necessary to explore new surgical solu-
tions for elderly LSS patients with many comorbidities. With
the improvement of surgical techniques, optical equipment
and surgical instruments, minimally invasive techniques for
the spine have developed rapidly. The percutaneous endo-
scopic lumbar decompression (PELD) method has become
a popular minimally invasive technique for the treatment of
lumbar degenerative diseases [10, 11]. According to studies,
PELD has the advantages of less tissue trauma and shorter
operation time than OD [12, 13]. Additionally, studies have
found that PELD and OD have similar efficacy in the treat-
ment of LSS, but less complications and mortality than OD
[14]. PELD has emerged as an important alternative treat-
ment for LSS. However, no relevant studies have reported
the efficacy and safety of PELD in the treatment of elderly
LSS patients (especially those with multiple comorbidities
and poor physical conditions). Therefore, we designed a gen-
der, stenosis type and surgical segment-matched retrospec-
tive study to investigate the clinical outcomes of elderly LSS
patients (>80 years) treated with PELD in order to provide
clinical guidance for surgeons in the treatment of elderly
LSS patients.

Patients and methods
Patients

A retrospective analysis was performed on patients with
LSS who received PELD from September 2016 to Sep-
tember 2020. The inclusion criteria for this study were:
1. Patients aged > 50 years; 2. Clinically diagnosed with
symptomatic LSS and ineffective conservative treatment for
three months; 3. Patients receiving PELD therapy. Patients
with cervical and thoracic spinal diseases; history of previ-
ous spinal surgery; spinal deformity, spondylolisthesis and
lumbar instability; combined lumbar infection and tumour;
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and patients with incomplete data or lost to follow-up were
excluded. During this period, a total of 624 patients with
LSS underwent PELD surgery, including 47 patients with
LSS > 80 years as the study group. Then, 47 LSS patients
aged 50-80 years who matched the study group in terms of
gender, stenosis type, and stenosis segment were selected
as the control group. All patients were followed up for
two years after surgery. This study was approved by the eth-
ics committee, and all patients signed informed consent.

Surgical technique

PELD procedures were all performed by a senior spine sur-
geon (ZL) with sufficient experience, at a single level, under
local anaesthesia, with the patient placed in a prone position.
The patient can communicate with the surgeon during the
entire operation to prevent intraoperative nerve root injury.
For patients with multilevel stenosis, to determine the level
most responsible to symptoms, best suiting for the procedure,
a transforaminal selective nerve root block was performed.

The entry point was set at 12 to 14 cm lateral to spinal
middle line at the index intervertebral level. Then puncture
needle was inserted into the superior articular process (SAP)
of the targeted segment. Through the puncture needle, serial
cannulated dilators were inserted into the SAP. The liga-
mentum flavum and the ventral elements on the SAP were
removed. Then, a tubular retractor with an outer diameter
of 7.9 mm was passed over the dilators and secured to the
upper lamina and burrs were used to further enlarge the
foramen if necessary. The herniated disc, parts of posterior
longitudinal ligament, posterior upper margin of the inferior
vertebral body, posterior lower margin of the superior verte-
bral body (if necessary) and the dorsal ligamentum flavum
were removed with rongeur, endoscopic forceps, endoscopic
bone knife or a highspeed drill. Finally, the entire nerve root
and dural sac was probed to ensure complete decompres-
sion. Adequate irrigation and haemostasis were performed
to reduce postoperative infection and hematoma.

Clinical evaluation

Demographic data of all study participants were collected,
including gender, age, Obesity (BMI > 28), smoking, length
of postoperative hospital stays, lesion segment, operative time,
blood loss, stenosis type, Charlson comorbidity index (CCI)
[15], the American Society of Anesthesiologists (ASA) physi-
cal status classification score [16]. The visual analog scale
(VAS) was used to assess leg pain and low back pain. The
Oswestry Disability Index (ODI) was used to assess clinical
functional status. The surgical satisfaction was assessed using
the modified Macnab criteria. In addition, postoperative com-
plications were also assessed in this study.
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Radiological evaluation

Disc degeneration status were identified by disc height (DH)
and the Pfirrmann grade of disc. DH was measured as the
mean distance of the anterior and posterior disc heights on
mid-sagittal MRI T2-weighted sequence. The Pfirrmann
grading system ranging from I to V was also used in assess-
ing disc degeneration [17]. Lumbar lordosis was measured
as the angle between superior endplate of L1 and the supe-
rior endplate of S1, and segmental lordosis was measured
as the angle between the inferior endplate of the superior
vertebrae and the superior endplate of the inferior vertebrae
at the index level by lateral radiographs. Newly developed
disc herniation, lumber stenosis, spondylolisthesis, and lum-
bar instability were detected by the comparison of the final
follow-up and preoperative MRI, lateral radiographs, or flex-
ion—extension radiographs.

Statistical analysis

Data analysis was performed with GraphPad Prism 8
(GraphPad Software, San Diego, CA). Data are presented as
mean =+ standard deviation (SD). Data comparisons between
preoperative and postoperative time points were analyzed using
paired samples t-tests or McNemar-Bowker tests. Comparisons
between the two groups were assessed using an independent
samples t-test. The chi-square test was used to compare dis-
continuous variables between the two groups. The p <0.05
indicated that the difference was statistically significant.

Results

A total of 624 LSS patients met the screening criteria
between September 2016 and September 2020, with 47 LSS
patients > 80 years old serving as the study group. Forty-
seven LSS patients aged 50-80 years were matched to the
study group according to gender, stenosis type, and stenosis
segment.

Those patient baseline characteristics were shown in
Table 1. The mean age of patients in study and control group
was 83.26+2.53 and 64.55 + 8.32 years, respectively. The
most common lumbar spine level in study and control group
was L4-5 (study group: n=36, control group: n=36), fol-
lowed by L5-S1 (study group: n=26, control group: n==6)
and L3-4 (study group: n=>5, control group: n=35). All
patients in study group had comorbidities, including hyper-
tension, diabetes mellitus, cardiovascular diseases, cerebro-
vascular disease, pulmonary disease, liver / gastrointesti-
nal diseases, renal insufficiency, history of anticoagulants
or antiaggregants use, osteoporosis and cancer history
(Table 2). In control group, 29 patients (61.7%) had comor-
bidities. The incidence of comorbidities was significantly
different between the two groups (P <0.05). The mean CCI
score and ASA classification in study group were 1.77+1.67
and 2.62+0.74, respectively; while the mean CCI score and
ASA classification in control group were 0.66 +0.96 and
1.28 +0.54, respectively. There were statistically significant
differences in CCI score and ASA classification between the
two groups (p <0.05). The operative time and postoperative

Table 1 Baseline characteristics

of patients in both groups Study group Control group p-Value
Age (years) 83.26+2.53 64.55+8.32 <0.0001*
Sex (male/ female) 22/25 22/25 Matched
Obesity (BMI>28) 3(6.4%) 11 (23.4%) 0.0205*
Smoking, n 4 (8.5%) 13 (27.7%) 0.0159%*
Duration of symptoms (months) 27.26+27.85 15.77+12.9 0.0119*
Type of stenosis Matched
Central stenosis 26 (55.3%) 26 (55.3%)
Lateral recess stenosis 21 (44.7%) 21 (44.7%)
Operative level Matched
L3-4 5 (10.6%) 5 (10.6%)
L4-5 36 (76.6%) 36 (76.6%)
L5-S1 6 (12.8%) 6 (12.8%)
Blood loss (ml) 7.77+£5.19 9.79+5.51 0.0705
Operative time (minutes) 147.8 £48.05 123.1+34.05 0.0050*
ASA classification 2.62+0.74 1.28+0.54 <0.0001*
CCI 1.77+1.67 0.66+0.96 0.0002*
Postoperative hospital stay (day) 8.57+7.06 438+1.73 0.0002*

BMI: body mass index; ASA: American Society of Anesthesiologists; CCI: Charlson comorbidity index

* Statistical significance (P value <0.05)
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Table 2 Comorbidities in the two groups of patients

Table 3 Complications in the two groups of patients

Comorbidities Study group Control group p-Value Complications Study group Control group p-Value
Hypertension 38 (80.9%) 7 (14.9%) <0.0001* General complications 8 (17.0%) 4 (8.5%) 0.22
Diabetes mellitus 14 (29.8%) 10 (21.3%) 0.4785 Cardiovascular disease 0
Cardiovascular disease 25 (53.2%) 4 (8.5%) <0.0001* Pulmonary disease 2 0
Cerebrovascular disease 14 (29.8%) 4 (8.5%) 0.0166* Liver / Gastrointestinal 1 1
Pulmonary disease 7 (14.9%) 3(6.4%) 0.3161 Renal insufficiency 2 0
Liver / Gastrointestinal 6 (12.8%) 2 (4.3%) 0.2673 Urinary tract infection 2 2
Renal insufficiency 5 (10.6%) 2 (4.3%) 0.4349 Deep venous thrombosis 1 1
Urinary tract infection 5 (10.6%) 1(2.1%) 0.2035 Surgery-related complica- 7 (14.9%) 4 (8.5%) 0.34
Peripheral vascular 5(10.6%) 4 (8.5%) >0.9999 tions
disease Dural tear 2 2
Use of anticoagulants or 12 (25.5%) 2 (4.3%) 0.0073* Hematoma 1 0
antiaggregants Neurologic deficit 1 1
Osteoporosis 23 (48.9%) 10(21.3%) 0.0094* Infection 1 0
Any malignancy 3 (6.4%) 12.1%) 0.6168 Reoperation 4 2
Total 47 (100%)  25(53.2%) <0.0001*

* Statistical significance (P value <0.05)

hospital stays of the control group were significantly lower
than those of the study group (p <0.05). In addition, there
was no significant difference in blood loss between the two
groups (p > 0.05).

There were no major complications or procedure-
related deaths in either group. Eight patients in study
group had general complications including cardiovascu-
lar disease, pulmonary disease, liver/gastrointestinal dis-
ease, renal insufficiency, urinary tract infection and deep
venous thrombosis; four patients in control group had gen-
eral complications, and there was no statistical difference
between the two groups (p > 0.05, Table 3). In addition,
surgical complications occurred in 11 patients (7 patients
(14.9%) in study group, four patients (8.5%) in control
group, p > 0.05, Table 3). Six patients from both groups
underwent reoperation for different reasons: incomplete
decompression (2 patients), contralateral symptoms after
decompression (1 patient) and recurrent disc herniation
(3 patients).

Compared with preoperative data, both groups showed
significant improvements in ODI, leg pain VAS scores
and back pain VAS scores at three months, one year and
two years postoperatively (p < 0.05, Fig. 1). ODI, leg pain
VAS scores and back pain VAS scores in study group
decreased from preoperative 67.94 +5.57, 6.17 £1.03
and 6.15 +0.86 to two years postoperative 21.17 +£4.33,
2.26+1.01 and 2.3 + 1.16, respectively. In control group,
ODI, leg pain VAS scores and back pain VAS scores were
significantly decreased from preoperative 69.51 +5.83,
5.98+1.01 and 6.04 +0.83 to postoperative 20.55 +4.89,
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2.11+0.91 and 2.17+0.99, respectively. No significant
differences were found in ODI, leg pain VAS score and
back pain VAS score between the two groups in the preop-
erative, three month, one year and two year postoperative
periods (p > 0.05, Fig. 1).

According to the modified MacNab criteria, 39 patients
(83%) in study group had a good-to-excellent outcome and 42
patients (89.4%) in control group had a good-to-excellent out-
come, with no statistical difference between the two groups
(p >0.05, Fig. 2). Representative case is presented in Fig. 3.

Radiological parameters were further evaluated (Table 4).
Compared to preoperative disc degeneration status, DH
at final follow-up decreased significantly (study group:
[7.6+2.3] mm vs. [7.9+2.2] mm, P<0.01; control group:
[8.2+1.6] mm vs. [8.5+ 1.6] mm, P<0.01). Although more
patients suffered from Pfirrmann grading > IV at the index
disc in study group compared with control group, no signifi-
cant differences were identified in the two groups between
preoperative and final follow-up data. Both lumbar lordo-
sis and segmental lordosis were significantly decreased at
final follow-up in the study and control group, yet there
was no difference between the two groups. There were five
patients (3 in study group and 2 in control group) suffered
from newly developed disc herniation, and four patients (2
in study group and 2 in control group) suffered from newly
developed lumbar stenosis. Furthermore, four patients devel-
oped spondylolisthesis (1 in study group and 3 in control
group), and one patient in study group developed lumbar
instability postoperatively. None of disc herniation, lumbar
stenosis, spondylolisthesis, and lumbar instability signifi-
cantly differed between the two groups.
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Fig. 1 Preoperative and postoperative clinical outcomes: A. ODI, B. back pain VAS score, C. leg pain VAS scores. VAS, visual analogue scale;

ODI, Oswestry disability score

Fig.2 Comparison of modified A
Macnab evaluation in the two
groups

m Excellent mGood m Fair

Discussion

Few studies have reported the efficacy and safety of PELD
in the treatment of elderly LSS. Therefore, this study is
the first to compare the efficacy and safety of PELD in
treating LSS patients > 80 years old and < 80 years old.
Our results showed that LSS patients aged > 80 years can
achieve satisfactory efficacy after PELD treatment, which
is comparable to that of LSS patients aged < 80 years with-
out increased complications.

OD is considered the gold standard for surgical treat-
ment of LSS in patients with LSS who are refractory to
conservative treatment or in severe disease [18]. Many
studies have demonstrated that OD is effective in the treat-
ment of LSS [19, 20]. However, laminectomy due to OD
may affect the stability of the spine, resulting in vary-
ing degrees of injury and complications [21]. In addition,
because elderly LSS patients are often accompanied by
poor physical conditions and many comorbidities, the
large trauma and blood loss of OD surgery will be det-
rimental to the recovery of elderly LSS patients [22, 23].

Study group B

Control group

Poor m Excellent m Good mFair m Poor

With the development of technology and concepts, PELD
has become a treatment for degenerative diseases of the
lumbar spine and has been shown to be effective for LSS
[24, 25]. PELD is becoming more and more popular in
LSS due to the advantages of short operative time, low
surgical risk, minimal impact on spinal stability, quick
postoperative recovery, and fewer complications [26, 27].
Lv et al. compared the outcomes of PELD versus fenes-
tration for the treatment of external lumbar indentation
stenosis in elderly patients over 75 years of age [14]. They
found that both PELD and fenestration showed good clini-
cal outcomes for the treatment of lumbar scoliotic steno-
sis, with fewer complications from PELD. A retrospec-
tive study showed that the clinical outcomes of PELD for
external pit stenosis were excellent, with an improvement
in the VAS total score from 7.9+ 1.2 to 2.3+ 1.0 and an
ODI decrease from 69.1 +7.3 to 24.7 + 6.4 [28]. However,
there are few studies on the efficacy and safety of PELD in
the treatment of elderly LSS. Only one study reported the
efficacy of PELD in patients over 75 years of age. They
found that PELD was safe and effective for LSS treatment
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Fig. 3 Percutaneous endoscopic lumbar decompression performed on
a 81-year-old female patient diagnosed with L5/S1 left lateral recess
stenosis. A1, preoperative CT on sagittal scans. A2, preoperative CT
on axial scans. B1, postoperative CT on sagittal scans. B2, postopera-

Table 4 Radiological parameters between the two groups of patients

tive CT on axial scans. C1, preoperative MRI on sagittal scans. C2,
preoperative MRI on axial scans. D1, postoperative MRI on sagittal
scans. D2, postoperative MRI on axial scans

Radiological parameters Study group (N=47)

Control group (N=47)

Pre-op Final follow-up P Pre-op Final follow-up P

Disc degeneration

Disc height, mm 79+22 7.6+23 <0.01 85+1.6 82+1.6 <0.01
Pfirrmann grading > 1V, n (%) 42 (89.4%)" 46 (97.9%)" 0.13 34 (72.3%) 37 (78.7%) 0.25
Lumbar lordosis, ° 34.5+14.9 323+139 <0.01 33.6+14.2 32.7+13.6 <0.01
Segmental lordosis, © 9.4+438 83+5.1" <0.01 11.1+4.8 10.9+5.0 <0.01
Newly disc herniation, n (%) - 3 (6.4%) - - 2 (4.3%) -
Newly lumber stenosis, n (%) - 2 (4.3%) - - 2 (4.3%) -
Newly spondylolisthesis, n (%) - 1(2.1%) - - 3 (6.4%) -
Newly lumbar instability, n (%) - 12.1%) - - 0(0) -

* indicates statistical difference (P <0.05) compared to control group

Pre-op pre-operative, Post-op post-operative

in elderly patients, with significantly lower postoperative
VAS scores for both low back and leg pain compared to
preoperatively [25]. Similar to their results, our study also
found that PELD has good clinical efficacy in elderly LSS
patients (> 80 years). Patients with LSS > 80 years had
significantly improved postoperative ODI, leg pain VAS
scores, and back pain VAS scores after PELD treatment
compared with preoperative data. According to Macnab
criteria, 39 patients (83%) had a good-to-excellent out-
come. Moreover, Li et al. also showed that elderly LSS
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patients can achieve the same satisfactory outcomes as
younger patients after PELD treatment [25], which is simi-
lar to the results of our study. Our results also show that
LSS patients > 80 years old can achieve the same curative
effect as patients < 80 years old after PELD treatment, and
there is no significant difference in complications between
the two groups, indicating that PELD treatment of LSS
patients > 80 years old is safe and effective.

Patients > 80 years old had more comorbidities, and the
ASA grade and CCI index were higher than younger patients.
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It has been reported that higher CCI and ASA scores are asso-
ciated with higher likelihood of complications [29]. Stud-
ies have demonstrated that the risk of postoperative severe
complication is independently associated with heart disease
and anticoagulant use [30, 31]. A nationwide population-
based study showed that after LSS surgery, patients with
diabetes were approximately 1.35 times more likely to die
than those without diabetes [32]. In our study, all patients in
study (>80 years) had comorbidities, and the CCI and ASA
scores were higher than those in control group (< 80 years),
the difference was statistically significant. However, elderly
LSS patients in study could achieve similar efficacy to con-
trol group after PELD treatment, and there was no significant
increase in complications. These results suggest that PELD
can be safely treated in elderly patients with multiple comor-
bidities without increasing complications.

Complication rate is an important factor in evaluating the
safety of surgery. Studies have reported complication rates
of 6 to 52% for all LSS decompression procedures and 10 to
20% for patients > 80 years [20, 33]. Previous studies have
shown that patients aged > 85 years had more postoperative
complications after decompression surgery than other age
groups [33, 34]. In our study, we found that the complica-
tions of PELD in the treatment of LSS patients > 80 years
old are rare, the incidence of general complications is 17.0%,
and that of surgery-related complications is 14.9%. Moreo-
ver, we also found that there was no significant difference in
the risk of complications between patients > 80 years old and
patients < 80 years old. In our study, for general complica-
tions, we keep close contact with physicians and actively treat
related complications. For the surgery-related complications,
different types adopt different ways to deal with them. Hae-
matoma is a rare complication of spinal surgery and should be
detected promptly and surgically removed as soon as possible.
In our study, one patient developed a haematoma, numbness
and weakness of the lower extremities and decreased mus-
cle strength after PELD. Surgery was performed urgently to
remove the haematoma and after that the symptoms of nerve
root compression were relived. To reduce the risk of postoper-
ative bleeding and hematoma formation, we usually decrease
the irrigation water pressure to detect and haemostasis poten-
tial bleeding before the end of the operation. Dural tear is a
common complication associated with surgery. In this study,
there were four patients with dural tears, all of which occurred
at the nerve root sleeve and were caused by the severe adhe-
sion. They were treated conservatively by abdominal com-
pression bandaged bed rest for one week, no cerebrospinal
fluid leakage and wound infection. For patients who need re-
surgery, PELD can be used again for revision surgery.

Few studies have evaluated the morphometric effects after
PELD. Li et al. found no significant difference of DH, lumbar
lordosis and segmental lordosis after PELD during a at least
one year follow-up compared to those preoperatively [35].

However, the follow-up period of the study was relatively shorter.
In our study, we found all of DH, lumbar lordosis and segmen-
tal lordosis were decreased after PELD with a at least two year
follow-up. However, no statistical differences were identified
between elder and younger patients. We believe this may attribute
to the natural degeneration of patients instead of the influence of
surgical intervention, and PELD can achieve sufficient morpho-
metric effect in both elder and younger patients with LSS.
There are some limitations in this study. First, this study is
a single-centre, small sample size retrospective study and has
a short follow-up period. Second, although the two matched
groups of individuals had the same gender, stenosis type, and
surgical segment, some variables such as the degree of spinal
canal and foraminal stenosis could not be controlled, which may
have influenced the results. Finally, this study did not evaluate
the clinical outcomes of PELD versus OD in the treatment of
elderly LSS patients. Therefore, additional studies with larger
sample sizes are needed for supplementation and validation.

Conclusion

This study demonstrated that PELD is effective and safe
for LSS patients aged >80 years. In addition, this study
also found that PELD has similar benefits and risks in LSS
patients over and under 80 years of age. Our results may
provide a good treatment option for surgeons treating elderly
LSS patients (> 80 years) with comorbidities.
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