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Purpose: Percutaneous endoscopic lumbar discectomy (PELD) is a minimally invasive 
spinal surgery for huge lumbar disc herniation (HLDH). The aim of this study was to 
investigate the short-term clinical effectiveness of PELD for HLDH with complete dural 
sac stenosis via an interlaminar approach.
Methods: We retrospectively analyzed 56 patients diagnosed with HLDH with complete 
dural sac stenosis and treated with PELD via an interlaminar approach. Numerical rating 
scale (NRS), Oswestry disability index (ODI), and modified Japanese orthopedic association 
(mJOA) were used to evaluate preoperative conditions as well as outcomes at 1, 3, 6 and 12 
months postoperatively. At the final follow-up, the clinical effects were evaluated using 
modified MacNab criteria.
Results: All patients were followed for at least 12 months. At 1, 3, 6, and 12 months 
postoperatively, the NRS and ODI scores were significantly decreased, and the mJOA score 
significantly increased compared with preoperative results (P<0.001). According to the 
Macnab criteria at the final follow-up, it was excellent in 42 patients (75%), good in 9 
(16.1%), and fair in 5 (8.9%). The overall clinical satisfactory rate was 91.1%.
Conclusion: Our study results suggest that percutaneous endoscopic interlaminar discect-
omy (PEID) is available for the treatment of HLDH with complete dural sac stenosis, whose 
benefits are rapid recovery, complete removal of the herniated disc, effective spinal canal 
decompression, fewer complications, and significant relief of clinical symptoms.
Keywords: percutaneous endoscopic lumbar discectomy, percutaneous endoscopic 
interlaminar discectomy, huge lumbar disc herniation, complete dural sac stenosis, 
diffusion tensor imaging

Introduction
Percutaneous endoscopic lumbar discectomy (PELD) is a minimally invasive spinal 
surgery for LDH that has rapidly evolved and gained popularity over recent years.1 

Compared to traditional posterior open lumbar discectomy or minimally invasive 
surgical techniques, the advantages of PELD such as less paravertebral muscle 
injury and blood loss, greater preservation of the bony structure, shorter hospital 
stay and earlier return to work have been widely accepted by many spinal 
surgeons.2 PELD can be mainly divided into two different approaches: the inter-
laminar approach (PEID) and the transforaminal approach (PETD).3 Since 
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Professor Ruetten proposed PEID in 2006, it has been 
widely accepted by surgeons because it avoids the restric-
tions of high iliac crest and transverse process, the visual 
field similar to open surgery, and more direct intra-spinal 
decompression.4,5 With the update of instruments and the 
development of technology, the indications of PELD are 
also expanding accordingly, such as recurrent LDH and 
calcified LDH, which have been reported in many litera-
tures that can be treated by PELD.6

Huge lumbar disc herniation (HLDH) is a special type 
of lumbar disc herniation, generally defined as herniation 
that occludes more than 50% area of the spinal canal and 
impinges on neural structures on computed tomography 
(CT) scans and magnetic resonance images (MRI). 
Compared to general LDH, HLDH usually results in 
more severe back and leg pain, as well as higher incidence 
of Cauda equina syndrome (CES).7,8 Among these patients 
with HLDH, while no recognizable nerve root and cere-
brospinal fluid signal on T2-weighted axial MRI was 
observed, it was defined as complete dural sac stenosis. 
This often attracts clinicians and patients’ concern, who 
preferred the operative treatment due to fear of CES or 
significant neurological dysfunction.8,9

Yet, to date, few data are available on the clinical effec-
tiveness of PEID for HLDH with complete dural sac stenosis. 
In this retrospective study, we investigated the preliminary 
results in 56 HLDH patients with complete dural sac stenosis 
treated with PELD via an interlaminar approach.

Materials and Methods
Patients
A total of 56 patients who were diagnosed with HLDH with 
complete dural sac stenosis based on the clinical manifesta-
tions, CT, MRI and diffusion tensor imaging (DTI) between 
February 2017 and December 2019 were enrolled in the 
study. All the patients were treated with PELD via an inter-
laminar approach by a single surgeon at the orthopedics 
department, the first affiliated hospital of Nanjing Medical 
University, Nanjing, China. The inclusion criteria included: 
(1) patients diagnosed with HLDH with complete dural sac 
stenosis; (2) patients complaining of low back and lower 
limb pain or numbness and motor weakness due to huge 
lumbar disc herniation; (3) symptoms corresponding to pre-
operative MRI and CT scans; (4) failure of 6-week conser-
vative treatment. The exclusion criteria were as follows: (1) 
patients with organ dysfunction or hemorrhagic tendency; (2) 
vertebral infection or tumor; (3) Lumbar spondylolisthesis or 

degenerative deformities, instability, and scoliosis. The study 
was conducted in accordance with the Helsinki Declaration 
and approved by the Institutional Review Board of the first 
affiliated hospital of Nanjing medical university. Written 
informed consent was obtained from all patients or their 
legal guardian, allowing their clinical data to be further 
analyzed.

Surgical Technique
The PEID was performed under general anesthesia with the 
patient in a prone position on a C-arm fluororadiolucent 
table A pillow was placed between the lower abdomen 
and chest to permit the free suspension of the abdomen. 
The target level and the skin entry point were confirmed by 
using anterior-posterior (AP) fluoroscopy, and the puncture 
needle was inserted from the marked skin entry point to the 
lateral margin of the interlaminar window, after which the 
needle was replaced with an 18G guidewire (Figure 1A and 
B). A tapered cannulated obturator was then passed over the 
guidewire until its tip reached the superior border of the 
lower vertebral lamina, as observed in the AP view. 
Subsequently, a working cannula was passed over the 
obturator (Figure 1C). When the position was corrected 
according to fluoroscopic guidance (Figure 1D and E), the 
endoscope was positioned after the obturator and guidewire 
were removed, and the procedure was continued under 
direct visualization with normal saline irrigation maintained 
at a constant rate. Rotate the sheath to push away the 
surrounding muscle tissue, then the ligamentum flavum 
and facet joints will be exposed. Similar to open surgery, 
we first removed part of the lamina and the medial edge of 
the facet joint with trephine and Kerrison rongeur to com-
plete bone decompression (the range is larger than that of 
conventional PEID). After breaking the ligamentum flavum 
with punch forceps, remove the ligamentum flavum and 
expose the edge of the dural sac and the nerve root with 
Kerrison rongeur. After this step, the dorsal decompression 
of the dural sac was basically completed. This is to reserve 
enough space for the dural sac when the working cannula 
enters the spinal canal to avoid further damage to the dural 
sac. The huge herniated disc was segmented and removed 
with nucleus pulposus forceps through the nerve root 
shoulder or nerve root axillary (Figure 1H). After complete 
decompression, the dural sac and lumbar-exiting nerve root 
were carefully checked for being freely movable 
(Figure 1I). Finally, the working cannula was carefully 
removed, and skin was closed with a single suture 
(Figure 1J and K).
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Observation Parameters
All the patients were followed-up by telephone or outpatient 
interviews for 13 to 15 months. Clinical data and periopera-
tive parameters were collected. Patients received lumbar 
MRI and DTI at 3 months postoperatively to evaluate the 

resection completeness of disc pulposus fragments 
(Figure 2). During the hospital stay and the follow-up per-
iod, complications such as iatrogenic nerve damage were 
recorded. Numerical rating scale (NRS), modified Japanese 
Orthopedic Association (mJOA) score, and ODI (Oswestry 

Figure 1 Surgical technique. (A) A puncture needle was inserted from the marked skin entry point to the lateral margin of the interlaminar window. (B) Intraoperative 
lateral fluoroscopic images showing a puncture needle located at the interlaminar window of the L5/S1 level. (C) A working cannula was placed through the obturator from 
the marked skin entry point to the lateral margin of the interlaminar window. (D and E) Intraoperative AP and lateral fluoroscopic images showing the placement of the 
working cannula. (F) Incising the ligamentum flavum sequentially using nucleus forceps. (G) Bony resection of inner margin of the superior articular process using a high- 
speed endoscopic drill system. (H) Removing the intracanal nucleus pulposus by using nucleus forceps. (I) Free movement of S1 nerve root after removal of the herniation. 
(J) Sequestrated disc pulposus fragments. (K) Operation incision.
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Disability Index Questionnaire) were applied to evaluate the 
preoperative condition as well as the curative effectiveness 
at 1, 3, 6 and 12 months, postoperatively. Modified Macnab 
criteria were applied at the final follow-up.10 Excellent and 
good rates were defined as clinically satisfactory.

Statistical Analysis
The results were presented as mean ± standard deviation 
(SD) or median and interquartile range (IQR). Paired t-test 
or Wilcoxon test was used to compare the differences pre- 
and post-operation. The GraphPad Prism (version 8.0.0, 
San Diego, California USA) was used for statistical ana-
lyses, and results were considered significant at P<0.05.

Results
Sociodemographic and Clinical 
Characteristics of the Patients
There were 56 (35 males and 21 females) patients with ages 
ranging from 17 to 75 years (mean 44.45±13.41 years). 
They suffered from various degrees of unilateral or bilateral 
lower limb pain and low back pain, some of whom pre-
sented with paresthesia, dermatomal hypesthesia, or 

weakness in the region of the affected nerve root and/or 
positive straight leg raising, according to a physical exam-
ination. The median duration of symptoms was 30.5 months 
(range, 2–123 months). Only 1 patient presented CES. Their 
preoperative MRI, DTI and CT scans were in compliance 
with clinical findings. Infected levels were L4/5 in 20 
patients and L5/S1 in 36. The duration of the surgery 
ranged from 60 to 150 (mean 101±23) minutes. The hospi-
tal stay ranged from 2 to 7 (mean 3.9±1.5) days (Table 1).

Clinical Outcomes
The median value of NRS for back and leg pain at pre-
operation and postoperative 1, 3, 6, and 12 months was 7 
(range, 6–9), 3 (range, 2–4), 2 (range, 1–3), 2 (range, 1–2) 
and 1 (range, 0–2), respectively. The median value of 
mJOA score at preoperation and postoperative 1, 3, 6, 
and 12 months were 8 (range, 6–11), 16 (range, 14–19), 
16 (range, 15–19), 18 (range, 15–19) and 18 (range, 16– 
19), respectively. The median value of ODI score at pre-
operation and postoperative 1, 3, 6, and 12 months were 
54.45 (range, 40–62.22), 20 (range, 15.56–24.44), 17.78 
(range, 15.56–20), 17.78 (range, 13.33–20) and 15.56 

Figure 2 A 28-year-old woman had been suffering from radiating pain in the left leg for seven months. Preoperative sagittal (A) and axial (B) MRI showing huge disc 
herniation with complete dural sac stenosis at the L4/5 level. Diffusion tensor tractography (C and D), with colored FA scale fiber tracking, distinctly showed abnormalities 
located at the left L5 and S1 nerve root. Postoperative sagittal (E) and axial (F) MRI shows a large annular defect and partial removal of the nucleus pulposus and the close 
contact between the annulus fibrosus and the nerve root. Diffusion tensor tractography (G and H) with colored FA scale fiber tracking showed no obvious compression of 
the left 5 and S1 nerve root. Preoperation vs postoperative 3 months, ODI: 57.78 vs 20; NRS: 7 vs 2; mJOA: 8 vs 16.
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(range, 13.33–17.78), respectively. The NRS and ODI 
scores at 1, 3, 6, 12 months postoperatively showed 
a significant decrease compared to preoperative results 
(P<0.01). The mJOA score at 1, 3, 6, 12 months post-
operatively was significantly higher than the preoperative 
condition (P<0.001) (Figure 3). Macnab criteria at the 
final follow-up were excellent in 42 patients (75%), 
good in 9 (16.1%), and fair in 5 (8.9%). The overall 
clinically satisfactory rate was 91.1% (Table 2). Disc 
infection, permanent iatrogenic nerve damage, dural tear, 
cerebrospinal fluid leakage, intraoperative vascular injury, 
recurrent disc herniation, and other significant complica-
tions were not observed. One patient complained of post-
operative temporary lower limb hyperalgesia. The 
symptoms indicated improvement 2 months postopera-
tively after conservative treatment. One patient suffered 
from bilateral lower limb pain, which was more severe 
than before the operation. The signs were gone within 3 
days following an intravenous infusion of flurbiprofen 
axetil.

Discussion
LDH is the leading cause of CES. While HLDH with 
complete dural sac stenosis is more likely to be associated 

with CES, not every patient diagnosed with HLDH with 
complete dural sac stenosis will present CES.7,8 In our 
study, only one patient abruptly presented with bladder 
dysfunction and muscular weakness in legs after sneezing, 
which suggested that the rate of CES was not severely 
affected by complete obliteration of the dural sac, which 
was consistent with previous studies.11,12 The patient 
underwent surgery within 24 hours of onset. The symp-
toms of bladder dysfunction and bilateral paresis comple-
tely disappeared after five days. For decades, minimally 
invasive technology has been widely adopted in various 
disciplines to compensate for the disadvantages of tradi-
tional open surgery. Since Kambin et al firstly reported 
that the patients with clinical and myelographic evidence 
of disc herniation treated with percutaneous lateral dis-
cectomy had good outcomes in 1986,13 PELD has under-
gone rapid development and significant innovation, 
gradually evolving as the optimal choice for LDH.14 

However, the choice of surgical procedure for HLDH 
remains controversial. Traditionally, due to the removal 
of protruding and degenerative nucleus pulposus frag-
ments in relieving nerve compression, which could 
increase the risk of postoperative spinal instability and 
chronic back pain,15–17 Zhao et al suggested TLIF as an 
effective treatment option for HLDH.18 Satoh et al indi-
cated that PLIF could be used as a surgical treatment for 
lumbar disc herniation with the massive herniation or 
segmental instability.19 With the update of instruments 
and the development of technology, the indications of 
PELD are also expanding accordingly. As a result, 
a growing number of studies on PELD for HLDH and 
the comparison between PELD and conventional lumbar 
discectomy have been reported over the recent years.20,21 

Kondo et al reported on 11 consecutive patients with large 
central LDH who underwent PELD with good clinical 
outcomes.22 We also obtained the same results in this 
study.

In the present study, we focused on the efficacy of 
PEID in HLDH patients with complete dural sac stenosis, 
with a special interest in the improvement of sensory and 
motor functions. We observed that the NRS and ODI 
scores rapidly decreased, while mJOA scores quickly 
increased postoperatively, thus indicating a significant 
relief of clinic symptoms. According to the MacNab cri-
teria, the overall excellent and good rate was 91.1%, which 
suggested satisfactory clinical outcomes. Significant com-
plications, such as permanent iatrogenic nerve damage, 
dural tear, and cerebrospinal fluid leakage, were not 

Table 1 Sociodemographic, Clinical Characteristics of the Patients

No. of Patients 56

Age (years) 44.45±13.41

Sex (M/F) 35/21

Low back pain 30

Leg pain Unilateral 50
Bilateral 6

Disc level L4/5 20
L5/S1 36

Paresthesia in lower leg 47

Muscle weakness EHL 7
FHL 6

Dermatomal hypesthesia 44

Symptom duration (months) 30.5 (9–52.75)

Lasegue test (+) 48

Operative time (min) 101±23

Hospital stay (days) 3.9±1.5

Abbreviations: M, male; F, female; +, presence; −, absence; FHL, flexor hallucis 
longus; EHL, extensor hallucis longus.
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observed. Yet, pain is relieved after conservative treatment 
in 2 patients who experienced transient lower limb hyper-
algesia and bilateral lower limb pain, which was relative to 
the compression or irritation of the nerve root. Sensory 

disturbance, muscle weakness, low back, and leg pain 
were alleviated to different degrees after the operation. 
These results revealed that PEID was an effective option 
for treating HLDH with complete dural sac stenosis.

Moreover, the huge herniation often leads to more 
serious low back and leg pain, and is more prone to multi-
ple lumbosacral segment and bilateral nerve root compres-
sion in radiographic imaging. Conventional MRI is an 
effective imaging method for the diagnosis of lumbosacral 
radiculopathy, especially for lumbar disc herniation asso-
ciated with radiculopathy. However, the complexity of 
huge herniated intervertebral disc compressed nerves 
may limit its further application in the evaluation of lum-
bosacral radiculopathy in HDLH, which is not conducive 
to the location of the responsible segment at preoperation 
and the evaluation of postoperative curative effect. 

Figure 3 Violin plots of pre- and postoperative 1, 3, 6, and 12 months NRS, mJOA and ODI scores (A–C). The NRS and ODI scores at 1, 3, 6, 12 months postoperatively 
showed a significant decrease compared to preoperative results (P<0.01). The mJOA score at 1, 3, 6, 12 months postoperatively was significantly higher than the 
preoperative condition. (****p < 0.0001).

Table 2 MacNab Criteria

Outcomes Frequency % Cumulative %

Excellent 42 75 75

Good 9 16.1 91.1

Fair 5 8.9 100
Poor 0 0 100

Total 56 100 –

Abbreviations: PELD, percutaneous endoscopic lumbar discectomy; HLDH, huge 
lumbar disc herniation; CES, Cauda equina syndrome; DTI, diffusion tensor imaging; 
FA, fractional anisotropy; MRI, magnetic resonance imaging; CT, computed 
tomography.
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Therefore, diffusion tensor imaging (DTI), as an advanced 
magnetic resonance imaging technology, has been applied 
in this study. Shi et al have shown that the DTI derived 
fractional anisotropy (FA) values can be a potential marker 
for quantitative and clinical evaluation of nerve root in 
lumbosacral radiculopathy.23 Interestingly, although the 
herniated intervertebral disc that has been removed can 
be observed on conventional MRI at postoperative 3 
months, the close contact between the annulus fibrosus 
and the nerve root can still be seen in some patients 
whose pain symptoms are significantly relieved, and the 
nerve function is obviously improving. However, in our 
study, we used DTI fiber tracking, which can allow for 3D 
insights into the normal anatomy and general organization 
of the lumbosacral plexus and its branching nerves to 
directly show the location of compressed nerve root at 
preoperation and directly reflect the nerve recovery post-
operatively, which is beneficial for clinical assessment. 
Additionally, based on DTI FA parameters, diffusion ten-
sor tractography can also locate the compressed nerve 
roots to further clarify the responsible intervertebral disc 
at preoperatively, assisting the surgeon to perform precise 
surgery. We recommend that DTI be included in the rou-
tine imaging examination of HLDH.

Although surgery for the treatment of HLDH with 
complete dural sac stenosis is riskier and more challen-
ging than the general lumbar disc herniation, such as 
intraoperative neural injury, dural tear, artery injury, and 
cerebrospinal fluid leakage, there were no major compli-
cations observed in this study. The following points need 
to be carefully considered during surgery. Firstly, the 
ligamentum flavum should be excised sequentially using 
Kerrison rongeur under visual control, after which the 
tunnel should be enlarged so as to insert a working can-
nula. Compared to the linear splitting of the ligamentum 
flavum with the dissector, this method is safer; however, 
the injury to the ligamentum flavum cannot be prevented, 
which may cause instability and scarring of the epidural 
space. Secondly, when the dural sac and nerve root are 
compressed by a huge disc, surgeons cannot always iden-
tify them clearly. Part of the herniated fragment was 
grasped to decompress the spinal canal and expand the 
working space and field of vision. The working cannula 
cannot enter the spinal canal before the margin of the 
dural sac and nerve root were clearly detected. Thirdly, 
the extensive resection of ligamentum flavum and bony 
resection of the inner margin of the superior articular 
process by using a high-speed endoscopic drill system 

might be necessary for decompressing the spinal canal. 
Furthermore, to avoid excessive extruding nerve root 
oppressed by HLDH causing iatrogenic injury when the 
working cannula is rotating, it is recommended to seg-
mented remove the herniated nucleus pulposus from the 
spinal canal first. After complete removal of the detect-
able nucleus pulposus, the involved nerve root needs to be 
carefully examined under endoscopy to ascertain its mobi-
lity. Finally, the learning curve of PEID for surgeons is 
relatively flat and hard to master.24 Surgeons need to 
convert the 2-dimensional vision of the endoscope on 
the monitor into the 3-dimensional anatomical model in 
mind. Gaining adequate anatomy knowledge, training on 
the cadaver, and performing the procedure under expert 
supervision in at least the initial 10 cases are essential for 
preventing intraoperative complications.25

This retrospective study has several limitations. There 
was no control group, which made it difficult to determine 
whether PEID was superior compared to traditional open 
surgery. The sample size is relatively small, which suggests 
the possibility of clinical heterogeneity. In addition, the dura-
tion of follow-up was short, and only a few observational 
indicators were used. Patients were not taken MRI and DTI 
scanning after three months postoperatively for assessment. 
Future large sample, randomized controlled, and long-term 
follow-up studies are needed to further verify our findings.

Conclusion
The findings of our study suggest that PEID may be an 
effective option for the treatment of HLDH with complete 
dural sac stenosis. In the future, prospective randomized 
controlled trials with larger sample sizes are needed to verify 
the clinical efficacy of PEID in the treatment of HLDH.
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