
Background: Local anesthesia is feasible for both transforaminal and interlaminar approaches in 
percutaneous endoscopic lumbar discectomy (PELD). However, the optimal approach for PELD has 
not yet been established at the L5/S1 segment under local anesthesia with 1% lidocaine.

Objectives: In this study, we compared the transforaminal approach with the interlaminar 
approach of PELD under local anesthesia for L5/S1 disc herniation (DH).

Study Design: This was a prospective randomized clinical trial.

Methods: From January 2019 to March 2020, 91 consecutive patients with L5/S1 DH who 
planned to undergo PELD in our unit were randomized to the transforaminal endoscopic lumbar 
discectomy (TELD, n = 46) or interlaminar endoscopic lumbar discectomy (IELD, n = 45). Both 
procedures were performed under local anesthesia with 1% lidocaine. The clinical outcomes were 
assessed as the Visual Analog Scale (VAS) score, Oswestry Disability Index (ODI) score, and modified 
MacNab criteria. Patient satisfaction surveys and surgical complications were also recorded and 
analyzed.

Results: Compared to the IELD group, the TELD group had a shorter operative time and 
postoperative bed rest time (P < 0.001) but a longer radiation time (P < 0.001) and lower VAS 
scores for intraoperative back pain (P < 0.001) and leg pain (P < 0.001). At the postoperative 
follow-up, there were no significant differences between the 2 groups in the VAS scores, ODI 
scores, or modified MacNab criteria. The surveys showed a significantly higher satisfaction rate in 
the TELD group than in the IELD group (P = 0.014). Six patients in the IELD group (13.3%) needed 
extra intravenous injections of sufentanil because of intense pain during the procedure. In the IELD 
group, there were 2 cases of neuropathic pain after surgery.

Limitations: Due to the study was included in a single spine center with a relatively small 
population and its relatively short-term follow-up, the study is not generalizable.

Conclusions: Both TELD and IELD can provide good clinical outcomes for L5/S1 DH under local 
anesthesia with 1% lidocaine. TELD was superior to IELD in terms of surgical-related experience 
and complications.

Key words: Lumbar disc herniation, L5/S1, transforaminal endoscopic lumbar discectomy, 
interlaminar endoscopic lumbar discectomy, local anesthesia, 1% lidocaine, low concentration, 
endoscopic spinal surgery, percutaneous endoscopic lumbar discectomy, intraoperative pain
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PPercutaneous endoscopic lumbar discectomy (PELD), 
which includes transforaminal endoscopic lumbar 
discectomy (TELD) and interlaminar endoscopic 

lumbar discectomy (IELD), has been widely used in the 
surgical treatment of lumbar disc herniation (LDH) (1-3). 
For the L5/S1 segment, IELD is preferred due to anatomic 
characteristics, such as a wider interlaminar space (4-
6). However, in a meta-analysis (7), the authors found 
that TELD had comparable clinical outcomes and safety 
compared with IELD. However, IELD was superior to TELD 
regarding radiation times and operative time. Therefore, 
the authors stated that IELD might be a better surgical 
procedure for L5/S1 DH (7).

General anesthesia is routinely recommended 
for the IELD procedure because of the intraoperative 
pain resulting from cutting the ligamentum flavum 
and manipulating the disc annulus fibrosus or poste-
rior longitudinal ligament (10 and Fig. 1g). In previous 
comparison studies (4-6), general anesthesia was used 
in the IELD procedure, but local anesthesia was used 
in the TELD procedure, which might have resulted in 
an imbalance and bias of the 2 procedures. In another 
study (8), the same general anesthesia was adopted in 
both procedures for the L5/S1 segment, and the authors 
stated that IELD required a shorter operative time and 
suffered less radiation exposure than TELD.

Recently, local anesthesia has been explored and 
proven to be effective and safe for IELD (9,10). In a 
retrospective study (11), local anesthesia with seda-
tion were both used in TELD and IELD, and 2 groups  
achieved similar pain relief in a one-year follow-up. In 
our recent clinical practice, we found that local anes-
thesia using 1% lidocaine was effective and safe for 
IELD at the L5/S1 segment. However, to our knowledge, 
there is little literature comparing TELD and IELD under 
1% lidocaine local anesthesia for the L5/S1 segment. 
Therefore, the purpose of this study was to compare 
these 2 procedures in a prospective and randomized 
manner in terms of surgical-related parameters, clinical 
outcomes, and complications.

Methods

Study Design and Patients
We conducted a prospective, randomized con-

trolled study in the Sixth People’s Hospital of Shanghai 
Jiao Tong University from January 2019 to March 2020. 
The study was carried out with the approval of the 
ethics committee of the hospital and registration to 
the academic board, the approval number is 2021-KY-

51(K). This study was funded by Clinical Trial Project of 
Shanghai Sixth People’s Hospital (ynhg202003).

Patients aged 18-70 years with L5/S1 DH who 
planned to undergo PELD were enrolled in this study. 
The follow-up period will last at least 24 months. The 
inclusion criteria were as follows: 1) L5/S1 DH confirmed 
by magnetic resonance imaging (MRI) and computed 
tomography (CT) scans, and only one side nerve root 
was compressed (Figs. 1a and 1b); 2) symptoms corre-
sponding to the L5/S1 segment, including low back or 
single-side lower extremity pain, sensory changes, or 
motor weakness; 3) failure of conservative treatment 
for at least 2 months; and 4) American Society of Anes-
thesiologists fitness grade I or II. The exclusion criteria 
included: 1) multiple segments of LDH in addition to L5/
S1 requiring surgical treatment; 2) LDH combined with 
spondylolysis or instability; 3) previous spinal surgery 
or postoperative recurrence; 4) CT scan showing broad 
calcification or ossification; 5) infection of the lumbar 
spine; 6) foraminal or extraforaminal DH; and 7) basic 
diseases or comorbid conditions that precluded surgery.

Written consent to participate in this study was ob-
tained from all patients and the recruitment of patients 
was completed by an independent researcher. And 
then every patient was given a serial number by an-
other researcher according to the consecutive sequence 
of recruitment. Then, they were randomly assigned to 
the TELD or IELD group using computer-generated 
randomized codes according to the serial number. The 
final collection of all patients’ data were done by an-
other independent researcher and then the data were 
handed over to another blinded researcher for data 
analysis. Although patients and physicians knew which 
arm was assigned, outcome assessors and data analysts 
were ignorant of them.

Surgical Procedure
The patient was placed in the prone position on a 

radiolucent table for C-arm fluoroscopic guidance with 
genu flexion and hip flexion. Under the guidance of 
C-arm fluoroscopy, the skin entry point of the puncture 
needle was marked. Lidocaine (1%) was used for local 
anesthesia in both groups (Figs. 1c and 1d).

IELD
The surgical area was prepped and draped in a 

regular sterile fashion. Local anesthesia was performed 
as follows: 1% lidocaine was injected layer-by-layer into 
the skin, subcutaneous tissue, fasciae, muscle, upper 
lamina, lower lamina, and ligamentum flavum. Then, 
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under C-arm fluoroscopy guidance, a puncture needle 
was used to penetrate the ligamentum flavum and enter 
the epidural space (Fig. 1e). At this point, approximately 
10 mL of lidocaine was injected slowly and carefully. 
Then, routine IELD was performed. Briefly, the working 
cannula was inserted into the interlaminar space (Fig. 
1f). Under endoscopic visualization, the lateral part of 
the ligamentum flavum was cut open to expose the 
nerve root (Fig. 1g). In the case of a narrow interlaminar 
window space, a portion of the upper and lower laminar 

was cut using a high-speed drill. The working cannula 
was pushed down gently and rotated slowly to shield off 
the nerve root (Fig. 1i), the protruded nucleus pulposus 
was exposed (Fig. 1h), and routine discectomy was per-
formed under endoscopic visualization (Fig. 1j).

TELD
Generally, the puncture needle was introduced 

toward the DH at 10 cm to 12 cm from the midline with 
an angle of approximately 30° to 45° with the horizon-

Fig. 1. A, B: Preoperative sagittal and axial MRI showed L5/S1 DH on the right side and nerve root compression. C: 
Anterior-posterior (AP) views of  the puncture needle under the assistance of  a C-arm fluoroscope. D: Lateral view showing 
that the puncture needle reached the ligamentum flavum and that approximately 5 mL of  1% lidocaine was injected. E: The 
puncture needle penetrated the ligamentum flavum and entered the epidural space, and approximately 10 mL lidocaine was 
injected slowly and carefully. F: The working cannula was inserted, and an endoscope was placed. G: Under endoscopic 
visualization, the ligamentum flavum was cut open. H: A nerve root (black arrow) and disc fragment were seen in the 
endoscopic view. I: The working cannula (white arrow) was rotated in to shield off  the nerve root (black arrow), and the 
protruded nucleus pulposus was removed (red arrow). J: Discectomy (red arrow) was completed, and the nerve root (black 
arrow) was decompressed. K, L: Postoperative MRI showing disc removal and good decompression of  the nerve root.
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tal surface. Lidocaine (1%) was injected layer-by-layer 
from the skin to the extraforamen. The foramen, extra-
foramen, and facet joint were injected with 5 mL 1% 
lidocaine, respectively. Then, routine foraminotomy 
and discectomy were performed under endoscopic vi-
sualization (Fig. 2).

Outcome Measurements
Surgical-related parameters, such as operation 

time (from skin injection of lidocaine to incision clo-
sure), intraoperative radiation time, length of hospital-
ization, postoperative bed rest time (from the end of 
the surgery to the first time get up) and intraoperative 
pain (using the Visual Analog Scale (VAS), were record-
ed (Table 1). Clinical outcome was evaluated pre- and 
postoperatively using the VAS, Oswestry Disability In-
dex (ODI), and modified MacNab criteria (Tables 2 and 

3). Patient satisfaction surveys recorded 3 levels as to 
whether they were “very satisfied,” “satisfied,” or “not 
satisfied.” The rate of satisfaction was calculated as fol-
lows: (no of “very satisfied” patients + no of “satisfied” 
patients)/total no of patients. Patients were followed-
up on day 1, 3 months, 6 months, 1 year, and 2 years 
after surgery. All surgical complications were recorded.

Statistical Analysis
According to Cook et al (12), we calculated that a 

sample population with 41 patients per group would 
be required to obtain 90% power to detect differences 
in the pain score using VAS, with a standard deviation 
(SD) of 2.0 (a = 0.05 and b = 0.20). To compensate for 
possible loss, 120 patients were enrolled. SPSS Version 
19.0 (IBM Corporation, Armonk, NY) was used for the 
statistical analysis. Classic t tests and chi-square tests 

Fig. 2. A, B: Preoperative 
MRI of  a 40-year-old man 
showing a large L5/S1 DH, 
resulting in left-side sciatica. 
C, D: AP and lateral 
fluoroscopic view showed the 
puncture needle targeted to 
the disc. E-H: Foraminotomy 
was performed with sequential 
bone drills to enlarge the bony 
access. I, J: The working 
cannula was inserted, and 
an endoscope was placed 
for discectomy. K: After 
discectomy, the endoscopic 
view showed the ligamentum 
flavum (black arrow), nerve 
root (red arrow) and disc 
removal (white arrow). L: 
pulposus. M, N: Postoperative 
MRI showing disc removal 
and nerve root and dura 
decompression.
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were used to compare the groups. P values < 0.05 were 
considered statistically significant.

Results

From January 2019 to March 2020, a total of 120 
patients met the inclusion criteria. Among them, 14 
patients declined participation in the study, and 3 
patients had other significant health problems. There-
fore, 103 patients were included in this study, of whom 
53 were assigned to the TELD group and 50 to the IELD 
group. At the 2-year follow-up, 46 patients in the TELD 
group and 45 patients in the IELD group were available 
for complete data analysis (Fig. 3). All 91 patients were 
followed up for 24-38 months (mean 28.5 months). The 
baseline characteristics of both groups were similar 
(Table 1).

As shown in Table 1, the mean operative time and 
bed rest time in the TELD group were significantly 
shorter than those in the IELD group (P < 0.001). The 
intraoperative radiation time in the TELD group was 
significantly longer than that in the IELD group (P < 
0.001).

All patients in both groups completed the pro-
cedure as expected. The intraoperative VAS scores of 
both back and leg pain in the TELD group were signifi-
cantly lower than those in the IELD group (Table 1). In 
the IELD group, extra intravenously injected sufentanil 
was required in 6 patients (13.3%) because of intense 
intraoperative pain. In the TELD group, no intense pain 
or extra injection was required during surgery.

Both groups showed a significant improvement in 
VAS and ODI scores after surgery (Table 2). For each 
data collection time, the differences in VAS and ODI 
scores between the 2 groups were not significant (Table 
2). According to the modified MacNab criteria, in the 
TELD group, 32 patients (69.6%) were rated excellent, 
12 patients (26.1%) were rated good, and 2 patients 
(4.3%) were rated fine. In the IELD group, 33 patients 
(73.3%) were excellent, 9 patients (20.0%) were good, 
and 3 patients (6.7%) were fine. No cases in either 
group were rated as bad at the final follow-up. There 
was no significant difference (P = 0.763) between the 
2 groups in the modified MacNab criteria (Table 3). For 
the questionnaire, in the TELD group, the rate of satis-
faction was 91.3%, which was significantly higher than 
that in the IELD group, which was 71.1% (P = 0.014). 
There were no surgery-related complications, such as 
dural tears, nerve root injuries, or wound infections. 
Postoperative neuropathic pain occurred in 2 patients 
in the IELD group (4.4%) and resolved with conserva-

Table 1. Patient demographics at baseline and intraoperative 
parameter.

TELD IELD P value

Total Patients 46 45

Men/Women (no) 25/21 24/21 NS

Mean Age (y) 34.8 ± 9.1 36.2 ± 8.6 NS

Side (no)

Left/Right 27/19 25/20 NS

DH Type

Shoulder/Axillar 26/20 26/19 NS

Operative Time (min) 51.4 ± 15.2 62.6 ± 18.1 < 0.001

Radiation Time (s) 6.2 ± 1.8 4.7 ± 1.1 < 0.001

Hospitalization Time (d) 2.4 ± 0.8 2.5 ± 0.7 NS

Bed Rest Time (h) 3.2 ± 2.1 6.1 ± 3.4 < 0.001

VAS Score 6.8 ± 2.1 6.5 ± 2.3 NS

Intraop VAS of back 3.6 ± 1.8 4.6 ± 2.1 < 0.001

Intraop VAS of leg 3.5 ± 1.7 4.8 ± 2.2 < 0.001

ODI Score 58.7 ± 14.6 56.5 ± 15.7 NS

Data are presented as mean ± SD. 
Abbreviations: TELD, transforaminal endoscopic lumbar discectomy; 
IELD, interlaminar endoscopic lumbar discectomy; DH, disc hernia-
tion; VAS, visual analog scale; ODI, Oswestry Disability Index; NS, 
not significant; SD, standard deviation. 

Table 2. VAS and ODI of  the 2 groups.

TELD 
Group

IELD 
Group 

P 
value

VAS

Pre-op 6.8 ± 2.1 6.5 ± 2.3 NS

1 d post-op 2.9 ± 1.7 3.1 ± 1.6 NS

3 mo post-op 2.0 ± 1.2 1.9 ± 1.3 NS

Final follow-up 0.7 ± 0.7 0.8 ± 0.7 NS

ODI

Pre-op 58.7 ± 14.6 56.5 ± 15.7 NS

1 d post-op 37.4 ± 10.8 36.9 ± 11.5 NS

3 mo post-op 22.5 ± 8.6 23.8 ± 8.2 NS

Final follow-up 7.2 ± 3.8 7.8 ± 3.6 NS
Values are mean ± SD
Abbreviations: VAS, visual analog scale; ODI, Oswestry Disability 
Index; NS, not significant; SD, standard deviation.

Table 3. Modified MacNab criteria of  2 groups.

TELD IELD

Excellent 32 33

Good 12 9

Fine 2 3

Excellent/Good Rate 95.7% 93.3%*

*P = 0.763, compared with TELD group.
Abbreviations: TELD, transforaminal endoscopic lumbar discectomy; 
IELD, interlaminar endoscopic lumbar discectomy.
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tive treatment. No recurrence of DH occurred in the 2 
groups at the final follow-up.

Discussion

From the results of the present study, we found 
that, under local anesthesia with 1% lidocaine, both 
TELD and IELD could yield good clinical outcomes for 
L5/S1 DH. However, in terms of operative time and 
postoperative bed time, TELD was superior to IELD. 
Intraoperative experience, as seen through the intraop-
erative VAS scores of the back and leg pain, was more 
comfortable in the TELD group than in the IELD group. 
Moreover, the rate of satisfaction was better in TELD 
than in IELD. Therefore, under local anesthesia, TELD 
was preferentially recommended for L5/S1 DH (Table 1).

In previous studies (5,6,8), IELD had a shorter 
operative time than TELD, which was contrary to our 
present study. Hua et al (8) utilized general anesthesia 
for both the IELD and TELD procedures. However, IELD 
was performed in the lateral position, while TELD was 
performed in the prone position. In the other 2 studies 
(5,6), general anesthesia was used for IELD in the prone 

position, and local anesthesia was used 
for TELD in the prone position. None of 
the authors (5,6,8) specified how to cal-
culate the operation time. In the present 
study, both the IELD and TELD procedures 
were performed in the prone position 
under local anesthesia. The operative 
time was specified from the first injec-
tion of lidocaine to the completion of in-
cision closure. The probable reasons for 
the longer operative time in IELD were 
as follows: first, some patients required a 
slow and cautious cut of the ligamentum 
flavum to avoid intense pain. Moreover, 
some patients needed extra intravenous-
injected sufentanil due to intense intra-
operative pain, which would take more 
time. Second, in some patients with a 
small interlaminar window (13), the me-
dian part of both the L5 and S1 lamina 
needed to be cut off with a high-speed 
drill, which also takes extra time. 

During the interlaminar process, 
intolerable back and leg pain could be 
induced by shearing the ligamentum 
flavum, rotating and pushing down the 
working channel, and manipulating 
the annulus fibrosis. Therefore, in the 

IELD procedure, general anesthesia is recommended 
and preferred by most surgeons (14,15). However, 
local anesthesia has recently been shown to be effec-
tive and safe for IELD (9,10,16). With local anesthesia, 
the patient’s status could be monitored by surgeons, 
thus avoiding nerve root injury during surgery. In the 
present study, all 45 patients in the IELD group were 
successfully operated on as expected under local an-
esthesia with 1% lidocaine. In the case of intolerable 
pain arising intraoperatively, the procedure could be 
performed smoothly with extra intravenously injected 
sufentanil, as shown in 6 (13.3%) patients in the pres-
ent study. However, intraoperative pain, depicted as 
the VAS score of the back and leg, was more severe in 
the IELD group than in the TELD group. This could be a 
reason for the lower satisfaction rate in the IELD group. 
However, more intraoperative pain did not affect the 
clinical outcomes in terms of the VAS score, ODI score, 
or modified MacNab criteria.

Due to the special anatomy at the L5/S1 segment, 
such as the high iliac crest, narrow intervertebral fora-
men, or larger facet joints, the transforaminal approach 

Fig. 3. Trial profile.
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Fig. 4. A, B: Preoperative 
MRI showing right-side DH 
at the L5/S1 segment. Due to 
the high iliac crest, the skin 
puncture point was made 
more median to the midline 
(C, D), and foraminotomy 
was performed with a reamer 
(E, F). Then, the working 
cannula was inserted (G), and 
discectomy and decompression 
were performed (H). I: Disc 
pulposus (right, red arrow) 
and bone of  the facet joint 
grinded by the reamer (left, 
black arrow).

would be challenging for endoscopic discectomy (17). 
With some modified techniques and well-done forami-
notomy, DH at the L5/S1 segment could be accessible 
and removed effectively (18-21). In the present study, 
the skin puncture point was made more median to the 
midline in challenging cases, such as high iliac, and fo-
raminotomy was performed with a reamer (Fig. 4). As 
a result, repeated fluoroscopy must be used to check 
the trajectory of the approach and increase radiation 
exposure to the surgeon and patient (22). As shown 
in the present study, the intraoperative radiation time 
in TELD was significantly longer than that in the IELD 
group.

In the present study, the foraminal and extrafo-
raminal DH were excluded because the transforaminal 
approach was preferred for these types of DH; whereas, 
the interlaminar approach was technically challeng-
ing. For IELD, there were 2 approaches to access the 
herniated disc: the shoulder approach and axillar ap-
proach (23). According to the position of the protrusive 
disc with a compressed nerve root on axial MRI, L5/S1 
DH can be divided into 3 types: axilla, shoulder, and 
ventral (24,25). Typically, we chose shoulder approach 
for shoulder type and axillar approach for axillar type. 
For central and ventral types of DH, we used the com-

bination of both axillar and shoulder approaches to 
ensure complete removal of disc fragments (Figs. 1k 
and 1l). As this surgical strategy was used for IELD in 
the present study, safe and effective clinical outcomes 
were achieved in the case of L5/S1 intervertebral disc 
resection.

Conclusions

From the present study, we concluded that, under 
local anesthesia with 1% lidocaine, both TELD and 
IELD were effective and safe for L5/S1 DH. Compared 
with IELD, TELD was preferred due to less operative 
time, postoperative bed rest time, and complications. 
Moreover, TELD showed less intraoperative pain and 
a higher postoperative satisfaction rate. The main 
limitation of our study is that a single spine center was 
included with a relatively small population and the re-
sults of the study are greatly affected by the operation 
of the surgeon. Therefore, the study is not generaliz-
able. Another limitation of our study is its relatively 
short-term follow-up. Multicenter prospective random-
ized trials with more patients and long-term follow-up 
are required in future studies so that the result can be 
more generalized.
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