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Purpose: To evaluate the efficacy of repeat percutaneous endoscopic lumbar decompression (PELD) in lumbar spinal stenosis (LSS) 
reoperation.
Patients and Methods: This study included patients with LSS who relapsed following treatment with PELD therapy between 
March 2017 and March 2020. Visual analog scale (VAS) scores and Oswestry Disability Index (ODI) were analyzed preoperatively, 
postoperatively at 3, 6, 12, and 24 months, and at final follow-up. The modified MacNab criteria were used to assess clinical effects. 
All complications were recorded.
Results: At a mean follow-up of 3 years, 24 patients with LSS who underwent repeat PELD were identified. The patients’ mean 
operative time was 122.3±29.2 min, blood loss was 12.5±5.3 mL, and mean hospital stay was 7.0±1.9 days. VAS leg-pain score 
improved from 6.1±1.0 to 2.0±1.2 (P<0.001), VAS back-pain score improved from 6.2±0.8 to 2.1±1.1 (P<0.001), and ODI improved 
from 68.9±6.0 to 20.9±5.6 (P <0.001). According to the modified MacNab criteria, the good-to-excellent rate was 83.3%. 
Postoperative complications, including hematoma, nerve root injury, and dural injury, developed in four patients.
Conclusion: Repeat PELD for reoperation in patients with LSS has a good clinical effect, and is recommended in routine clinical 
practice. Careful intraoperative manipulation is recommended to prevent complications.
Keywords: lumbar spinal stenosis, percutaneous endoscopic lumbar decompression, reoperation, complication

Introduction
Lumbar spinal stenosis (LSS) is caused by intervertebral disc herniation, facet joint bone hyperplasia, ligamentum flavum 
hypertrophy, degenerative slippage, and other factors.1,2 Common symptoms of LSS include low back pain, neurogenic 
claudication, lower extremity pain, and decreased ability to walk, which not only affects daily function, but also 
significantly impacts overall quality of life.3,4 Previous studies have reported that conservative treatment is ineffective 
for symptomatic LSS, and that surgical decompression is the preferred treatment option.5,6

Traditional open decompression is the most commonly used nerve decompression technique in clinical practice.7 

Despite satisfactory surgical results, deficiencies in open decompression can lead to suboptimal patient outcomes.8,9 With 
the development of imaging and in-depth understanding of the pathophysiology of LSS occurrence and development, 
limited surgical principles, namely limited anatomical resection and effective decompression of the spinal canal, have been 
widely accepted. Minimally invasive surgeries, such as percutaneous endoscopic lumbar decompression (PELD), have 
several advantages, including less trauma, less bleeding, faster recovery, shorter hospital stay, and strong efficacy.10–12 Since 
Kambin and Sampson invented the percutaneous posterolateral technique in 1986, PELD has grown in popularity for the 
treatment of LSS.13 Satisfaction rates of 82–92% have been reported for PELD in the treatment of lateral LSS.11

Whether or not open decompression or PELD is performed for the treatment of LSS, some patients still have a poor 
postoperative prognosis and require reoperation.14 The recurrence rate of LSS after PELD has been reported to be 3.19%.15 
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The main reasons for revision include preoperative combined endplate inflammation, incomplete intraoperative nucleus 
extraction, poor positioning, and excessive postoperative movement. Our prior study found that the revision rate after PELD 
for LSS was 6.7%, for which the same-segment revision rate was 4.4%, and that age was a risk factor for revision.16 

However, few studies have reported the efficacy of reoperation in patients with recurrent LSS. Therefore, this study followed 
up patients with PELD recurrence due to LSS in our and other hospitals, and evaluated the efficacy of PELD revision surgery.

Materials and Methods
Patients
This retrospective study analyzed patients who underwent PELD reoperation after LSS recurrence following PELD 
treatment and were admitted to our and other hospitals between March 2017 and March 2020. The inclusion criteria were 
as follows: (1) the patient had been treated with PELD for LSS and had been in symptomatic remission for at least 3 
months after surgery; (2) patients developed symptoms of low back pain, lower extremity pain, and neurogenic 
intermittent claudication≥3 months after the initial surgery; (3) unilateral or bilateral symptoms predominantly on one 
side; (4) the imaging results were consistent with the clinical symptoms and signs; (5) the stenosis-responsible segment 
of the LSS was the same as the initial surgical segment; and (6) failure of conservative treatment for more than 3 months.

The exclusion criteria were as follows: (1) spinal deformity, spondylolisthesis, or lumbar instability; (2) lumbar 
infection or tumor; (3) cervical or thoracic spinal disease; (4) severe central canal stenosis; and (5) incomplete or lost data 
before final follow-up.

The present study was approved by the institutional review board of our institute.

Surgical Procedures
PELD procedures were performed under local anesthesia with the patients placed in the prone position. Patients were 
able to communicate with the surgeon during the entire operation, which prevented intraoperative nerve root injuries. All 
procedures were performed by percutaneous transforaminal endoscopic discectomy and foraminoplasty.

The surgical procedure consisted of the following three key steps: (1) Puncture: the entry point was set at 12–14 cm 
lateral to the spinal midline at the index intervertebral level. A puncture needle was inserted into the superior articular 
process (SAP) of the targeted segment. (2) Foraminoplasty: Serial cannulated dilators were inserted into the SAP using 
a puncture needle. The ligamentum flavum and ventral elements of the SAP were removed. A tubular retractor with an 
outer diameter of 7.9 mm was then passed over the dilators and secured to the upper lamina; burrs were used to enlarge 
the foramen further, if necessary. (3) Decompression: The herniated disc, parts of the posterior longitudinal ligament, 
posterior upper margin of the inferior vertebral body, posterior lower margin of the superior vertebral body (if necessary), 
and the dorsal ligamentum flavum were removed using a rongeur, endoscopic forceps, endoscopic bone knife, or high- 
speed drill. Finally, the entire nerve root and dural sac were examined to ensure complete decompression. Adequate 
irrigation and hemostasis were performed to reduce postoperative infection and hematoma formation, respectively.

Clinical Assessment
Clinical efficacy was determined using the visual analog scale (VAS) and Oswestry Disability Index (ODI) scores 
preoperatively, at 3, 6, 12, and 24 months postoperatively; and at the final follow-up. Satisfaction with clinical outcomes 
at the most recent follow-up was graded using the modified MacNab criteria and classified into four categories: excellent, 
good, fair, and poor. All complications were recorded.

Statistical Analysis
The Statistical Package for Social Sciences software (version 21.0) was used to analyze all data. Data are presented as the 
mean ± standard deviation. The preoperative and postoperative (3, 6, 12, and 24 months) VAS scores for back and leg 
pain and ODI were analyzed using univariate analysis of variance. P <0.05 was considered statistically significant.
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Results
This retrospective analysis included 24 patients (12 men and 12 women) with an average follow-up period of 35.5 
months. The mean age of the patients was 63.5±14.1 years, and the mean duration of symptoms was 10.9±5.9 months. 
Among the 24 patients, nine had central stenosis, eight had lateral recess stenosis, and seven had a combination of the 
two. One patient had L3–4 stenosis, 19 patients had L4–5 stenosis, and 4 patients had L5–S1 stenosis. Eleven patients 
underwent contralateral revision (Figure 1) and 13 patients underwent ipsilateral revision (Figure 2). In addition, the 
mean operative time was 122.3±29.2 min, blood loss was 12.5±5.3 mL, and the mean hospital stay was 7.0±1.9 days 
(Table 1).

Clinical Results
According to the modified MacNab criteria, the scores were excellent in eight patients, good in 12, and fair in three, with 
a good-to-excellent rate of 83.3% (Table 2). Only one patient was rated as poor.

The VAS leg pain score decreased from an average of 6.1±1.0 preoperatively to 2.3±1.3 at 6 months and 2.0±1.0 at 24 
months, postoperatively. The mean VAS score for leg pain at the final follow-up was 2.0±1.2. All postoperative scores 
improved significantly compared to the preoperative scores (P<0.001, Table 3). The VAS back pain score also decreased 
from 6.2±0.8 to 2.3±1.0, decreasing to 2.1±1.1 at the final follow-up. All postoperative VAS back pain scores were 
significantly different from the preoperative VAS back pain scores (P<0.001; Table 3). Furthermore, the average ODI was 
reported to be 68.9±6.0 preoperatively and 22.0±5.5 at 2 years postoperatively. At the final follow-up, the ODI (20.9±5.6) 
was significantly better than the preoperative value (P<0.001).

In addition, we compared the efficacy of ipsilateral and contralateral approaches. There were no significant 
differences in the VAS-L and VAS-B scores between the ipsilateral and contralateral groups preoperatively and post-
operatively (P>0.05, Table 4). Preoperative ODI scores were higher in the contralateral group than in the ipsilateral group 
(P<0.05), whereas postoperative ODI scores were not significantly different between the ipsilateral and contralateral 
groups (P>0.05). Moreover, the Macnab results showed no significant difference between the ipsilateral and contralateral 
groups (Table 4).

Complications
Postoperative complications occurred in four patients (Table 5); 1 patient developed numbness and weakness of the lower 
limbs 6 h after the operation, and the strength of the dorsal extension muscle decreased to grade II. Emergency 
exploration confirmed hematoma formation in the patient. By removing the hematoma and administering hormones, 
dehydration, and nutritional nerve symptomatic treatment after surgery, muscle strength recovered to grade IV on the 
5th day after surgery. After 3 months of follow-up, the patient’s muscle strength had recovered to grade V, and numbness 
of the lower limbs had disappeared. One patient experienced nerve root injury during surgery, with pain and numbness of 
the lateral right calf becoming significantly aggravated. Intravenous glucocorticoid therapy was administered during the 
operation, and symptomatic treatment with hormones, dehydration, and nutritional nerves was subsequently adminis-
tered. Pain and numbness were relieved on the 3rd postoperative day. Two patients experienced dural injury of the nerve 
root sleeve due to scar adhesions. Postoperative abdominal compression was performed in bed for 1 week, and no 
cerebrospinal fluid leakage was noted.

Discussion
PELD has gradually begun to be widely used in the treatment of LSS; however, there is still a possibility of 
reoperation,17,18 for which few studies have reported on prognosis. To the best of our knowledge, this is the first 
study to report the efficacy and safety of repeat PELD for reoperation in LSS. In the present study, we found a good-to- 
excellent rate of 83.3%. The VAS leg pain score improved from 6.1±1.0 preoperatively to 2.0±1.2 postoperatively, VAS 
back pain score improved from 6.2±0.8 preoperatively to 2.1±1.1 postoperatively, and ODI improved from 68.9±6.0 
preoperatively to 20.9±5.6 postoperatively.
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Figure 1 Illustrative case of a 49-year-old woman with lumbar spinal stenosis (LSS), who underwent initial surgery on the left side and reoperation on the right side. Initial 
preoperative sagittal computed tomography (CT) (A1), sagittal magnetic resonance imaging (MRI) (A2), axial CT (A3) and axial MRI (A4). Initial postoperative sagittal CT 
(B1), sagittal MRI (B2), axial CT (B3) and axial MRI (B4). The second postoperative sagittal CT (C1), sagittal MRI (C2), axial CT (C3) and axial MRI (C4). The second 
postoperative sagittal CT (D1), sagittal MRI (D2), axial CT (D3) and axial MRI (D4). Endoscopy showed that the nerve roots and dura were relatively smooth during the 
reoperation, without obvious scarring (E1) and decompression completion (E2). 
Abbreviations: NRT, nerve root; PLL, posterior longitudinal ligament; Lig. Flavum, Flavum ligament.
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Open decompression is the gold standard for managing LSS,7 with a success rate of 62–70%. However, this technique 
has some disadvantages, such as high surgical risk, use of general anesthesia, greater trauma, high blood loss, long 
hospital stay, destruction of the rear stable structure, and the risk of severe complications, which seriously affect the 
clinical treatment effect.8,19,20 One study found that patients with spinal instability during open decompression surgery 
had a high revision rate of 21%.21 Minimally invasive surgeries, such as PELD, have the advantages of less trauma, less 
bleeding, faster recovery, shorter hospital stay, and significant efficacy.10–12 Moreover, PELD can preserve the disc tissue 
to the greatest extent and reduce complications in many patients.12 Although PELD has reliable efficacy and high safety 
in the treatment of LSS, there are still few patients with postoperative recurrence.22,23 It has been reported that the 
recurrence rate after PELD treatment for LSS was 3.19%.15 Patients with LSS must undergo reoperation after recurrence. 
Currently, there are few reports on the efficacy of retreatment for LSS recurrence. In this study, we found that PELD had 
a good efficacy in LSS revision surgery.

Recurrence after LSS is a common complication, and the choice of revision method is key to improving the success rate of 
revision surgery. Previous studies have focused on revision rates and risk factors leading to revision;16,24–26 however, studies 
on the efficacy of revision PELD surgery have rarely been reported. Xu et al evaluated the efficacy of reoperation after 
percutaneous transforaminal endoscopic discectomy for LSS.27 They found that the VAS leg pain score decreased from 7.1 
±3.9 before revision surgeries to 1.9±1.2 postoperatively, VAS low back pain score decreased from 6.3±3.2 to 1.8±1.3 
postoperatively, and ODI decreased from 35±14 to 7.6±5 postoperatively. However, there were many types of revision 

Figure 2 An illustrative case of an 85-year-old woman with lumbar spinal stenosis (LSS) who underwent ipsilateral (right-sided) reoperation. The first preoperative sagittal 
computed tomography (CT) (A1), sagittal magnetic resonance imaging (MRI) (A2), axial CT (A3) and axial MRI (A4). The second postoperative sagittal CT (B1), sagittal 
MRI (B2), axial CT (B3) and axial MRI (B4). The second postoperative sagittal CT (C1), sagittal MRI (C2), axial CT (C3) and axial MRI (C4). Endoscopy showed significant 
scar formation and adhesion of nerve roots and peridural area during resurgery (D1), and completion of decompression (D2). 
Abbreviations: NRT, nerve root; Lig. Flavum, flavum ligament.
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surgeries in this study, and the efficacy of each surgery has not been separately reported, which limits the clinical value. One 
study reported the efficacy of previous lumbar laminectomy or decompression fusion surgery using endoscopic transforaminal 
and lateral recess decompression.28 Significant improvements were observed in VAS scores and clinical outcomes at final 
follow-up, suggesting that outpatient transforaminal endoscopic decompression surgery is effective in the majority of patients 

Table 1 Demographic Features of Patients

Characteristic Mean ± SD or n (%)

Age, years 63.5±14.1

Sex

Female 12 (50%)

Male 12 (50%)

Duration of symptoms, months 10.9 ± 5.9

Type of stenosis

Central stenosis 9 (37.5%)

Lateral recess stenosis 8 (33.3%)

Central combined with Lateral recess stenosis 7 (29.2%)

Operative level

L3-4 1 (4.2%)

L4-5 19 (79.2%)

L5-S1 4 (16.6%)

Follow-up, months 35.5 ± 11.0

Blood loss, mL 12.5 ± 5.3

Operative time, minutes 122.3 ± 29.2

Hospital stays, days 7.0 ± 1.9

Table 2 Postoperative Modified MacNab Criteria and Outcomes

Outcome Description N (%)

Excellent Complete relief of symptoms 8 (33.3%)

Good Marked improvement but occasional pain 12 (50.0%)

Fair Improved functional capacity and the need for pain medications 3 (12.5%)

Poor Unimproved symptoms or worsening 1 (4.2%)

Table 3 Clinical Outcomes of Percutaneous Endoscopic Lumbar Decompression (PELD) Reoperation

Preoperative 3 Months 6 Months 1 Year 2 Years Final Follow-Up

ODI (%) 68.9 ± 6.0 27.0 ± 4.4* 25.5 ± 4.3* 23.6 ± 5.2* 22.0 ± 5.5* 20.9 ± 5.6*

VAS (Leg) 6.1 ± 1.0 2.3 ± 1.0* 2.3 ± 1.3* 2.1 ± 1.1* 2.0 ± 1.0* 2.0 ± 1.2*

VAS (Back) 6.2 ± 0.8 2.7 ± 1.2* 2.5 ± 1.3* 2.4 ± 1.0* 2.3 ± 1.0* 2.1 ± 1.1*

Note: *P <0.05, compared with preoperative data. 
Abbreviations: ODI, Oswestry disability index; VAS, visual analog scale pain score.
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who have undergone primary lumbar spine surgery. Yoshikane et al reported the efficacy of lumbar endoscopic unilateral 
laminotomy for bilateral decompression in the treatment of postoperative recurrence of LSS, observing excellent pr good 
results in 69% of the patients according to the Macnab criteria.26 In addition, significant improvements were observed in the 
numerical rating scale (NRS) for low back pain, NRS-lower leg pain, NRS-lower leg numbness, and walking ability of the 
Japanese Orthopedic Association Back Pain Evaluation Questionnaire (JOABPEQ). In our study, the results showed that VAS 
leg pain score improved from 6.1±1.0 preoperatively to 2.0±1.2 postoperatively, VAS back pain score improved from 6.2±0.8 
preoperatively to 2.1±1.1 postoperatively, and ODI improved from 68.9±6.0 preoperatively to 20.9±5.6 postoperatively. 
According to the modified MacNab criteria, the good-to-excellent rate was 83.3%. Therefore, secondary PELD is an effective 
and advantageous approach for the treatment of recurrent LSS. In addition, PELD does not require general anesthesia and is 
less traumatic, which is advantageous for older and frail patients.

All the cases included in this study had unilateral or bilateral symptoms predominantly on one side, and the 
symptomatic side or the side with severe symptoms was selected as the approach side for revision surgery. We compared 
the efficacies of the ipsilateral and contralateral approaches. The results showed no significant difference between the 
ipsilateral and contralateral approaches in terms of outcome at final follow-up. However, the operation becomes more 
difficult owing to anatomical changes and scar management during ipsilateral revision. In addition, patients experienced 

Table 4 Comparation Between Ipsilateral and Contralateral

Ipsilateral (n=13) Contralateral (n=11) P

Preoperative

ODI 71.23±6.085 66.09±4.888 0.0347

VAS-L 6.15±0.899 6.00±1.095 0.7158

VAS-B 6.15±0.801 6.27±0.905 0.7336

Final follow-up

ODI 22.54±5.190 18.91±5.629 0.1147

VAS-L 2.23±1.092 1.818±1.250 0.3979

VAS-B 2.00±1.155 2.27±1.009 0.552

Macnab 0.115

Excellent 2 (15.38%) 5 (50%)

Good 9 (69.23%) 3 (30%)

Fair 1 (7.69%) 2 (20%)

Poor 1 (7.69%) 0 (0%)

Note: P <0.05, compared with Ipsilateral data. 
Abbreviations: ODI, Oswestry Disability Index; VAS, visual analog pain score.

Table 5 Complications of Percutaneous 
Endoscopic Lumbar Decompression 
(PELD) Reoperation

N (%)

Hematoma 1 (4.2%)

Nerve root injury 1 (4.2%)

Dural injury 2 (8.3%)
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more pain and discomfort during bilateral revision compared with contralateral revision when dealing with scars around 
the nerve roots. More people in the contralateral group (5/45.45%) exhibited an Excellent MacNab score compared to the 
ipsilateral group (2/15.38%); one person in the ipsilateral group was poor, while no one in the contralateral group was 
classified as such. However, there was no statistical difference between the ipsilateral and contralateral groups in terms of 
modified MacNab outcomes, which may be due to the fact that this study was a small-sample retrospective study. 
Statistical differences in the efficacy of ipsilateral versus contralateral revisions may be seen if the sample size is 
increased. In a follow-up study, we will further expand the relevant research to obtain more research results.

Previous studies have concluded that effective decompression of central canal stenosis is not possible; however, with 
newer and improved concepts, techniques, instruments, and levels, PELD can now be applied to treat central canal stenosis. 
Studies have also reported the feasibility and benefits of PELD for central lumbar stenosis.29–31 PELD includes transforaminal 
endoscopic discectomy and foraminoplasty. Discectomy for central lumbar spinal stenosis must be performed under general 
anesthesia, which increases the risk of nerve injury as the patient cannot perceive nerve function under general anesthesia.11,32 

Foraminoplasty using the paraspinal approach facilitates direct access to the disc lesion with minimal manipulation of the disc 
joints and less postoperative pain.33 It can be performed under local anesthesia, allowing direct patient feedback to avoid 
possible nerve damage during and after the procedure.34 Therefore, in this study, the transforaminal approach was adopted for 
patients with central spinal stenosis combined with lateral stenosis, achieving satisfactory results.

Revision surgery is more challenging than primary surgery; the initial operation leads to the destruction of the anatomical 
structure and formation of scars, which increases the difficulty and time of revision surgery. In addition, the risk of complications 
such as dural injury, nerve root injury, and hematoma formation is also increased.35 The incidence of complications after repeated 
discectomy was reported to be 13.0%, with dural tears and infections being the most common problems.36 A retrospective study 
by Inada et al reported that the incidence of dural lacerations during revision surgery was 16.7%.37 In the present study, the 
incidence of dural injury was lower than that in previous studies, with only two patients (8.3%) experiencing dural injury, both of 
which occurred in the nerve root sleeve. Both cases of dural injury were caused by severe scar adhesion during scar treatment. 
Postoperative abdominal compression-banded bed rest for 1 week was performed, and no cerebrospinal fluid leakage or wound 
infection was observed. A retrospective study found that in the treatment of recurrent lumbar disc herniation, nerve damage 
occurred in 2.9% of patients in the PELD group and 8.3% of patients in the open lumbar microdiscectomy group.38 In our study, 
the incidence of nerve injury was 4.2% (one patient), which was caused by stretching stimulation during scar treatment. 
Intravenous glucocorticoid therapy was administered during the operation, and symptomatic treatment with hormones, dehydra-
tion, and nutritional nerves was administered after the operation. Pain and numbness were relieved on the 3rd day after surgery. 
Therefore, to reduce injury to the dura mater and nerve root, scars should be treated from the lateral edge of the SAP. The position 
was determined through the articular bone surface of the articular process and slowly separated inwards. Careful excision of free 
scars is necessary. Scar removal was not necessary, and nerve decompression was the ultimate goal. For severe adhesion between 
the scar and nerve, it is not necessary to completely remove the scar without affecting the nerve decompression.

Hematoma is a rare complication of spinal surgery that can cause nerve compression and lead to nerve damage, which 
can cause life-long disability in severe cases.39,40 However, the optimal timing of hematoma evacuation during spinal 
surgery remains controversial. Most investigators recommend performing surgery within 12 h of symptom onset, or as 
soon as possible within 6 h of the greatest neurological deficit for better neurological outcomes.41,42 However, Foo et al 
found that the timing of surgery was not associated with the postoperative outcomes.43 In this study, one patient 
developed hematoma, numbness, weakness of the lower extremities, and decreased muscle strength 6 h after the 
operation. Surgery was urgently performed to remove the hematoma, and the patient recovered well. In addition, we 
recommend increasing the irrigation saline bag to increase water pressure during surgery to reduce intraoperative 
bleeding. Before the end of the operation, the saline bag was lowered to reduce water pressure to detect potential 
bleeding and to reduce the risk of postoperative bleeding and hematoma formation.

This study has several limitations which should be noted. First, this was a single-center retrospective study with 
a small sample size and a short follow-up period. Second, some patients underwent their first surgery at other hospitals, 
so their condition during the initial surgery was unknown. Third, this study did not compare other revision procedures 
such as open decompression.
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Conclusion
PELD has an obvious curative effect in patients with recurrent LSS after initial PELD treatment, and postoperative 
recovery is fast without serious complications. Clinically, it is a worthy treatment option for patients with LSS after 
relapse of PELD.
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