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Abstract

Background
In recent decades, endoscopic techniques to treat lumbar disc herniation (LDH) have gained popularity in
clinical practice. However, there is little literature on the use of percutaneous endoscopic lumbar
discectomy (PELD) to treat cauda equina syndrome (CES) due to LDH. This study aims to evaluate the
feasibility and clinical e�cacy of PELD for treating CES caused by disc herniation, and as well as to
report some technical strategies.

Methods
Between October 2012 and April 2018, 15 patients with CES caused by LDH at the early and intermediate
stages of Shi’s classi�cation were selected as the subjects of study, and underwent PELD. All patients
were followed up for at least two years. The patients’ back pain and leg pain were evaluated using visual
analogue scale (VAS) scores and the Oswestry Disability Index (ODI). Patient satisfaction was evaluated
using the MacNab outcome scale. Clinical outcomes were measured preoperatively and at 3 days, 3
months, 6 months and the last follow-up.

Results
The VAS score for back pain, leg pain and ODI score signi�cantly decreased from preoperatively scores of
6.67 ± 1.05, 7.13 ± 1.19 and 62.0 ± 6.85 respectively, to postoperatively cores of 1.80 ± 0.41, 1.47 ± 0.52
and 12.93 ± 1.03 at the last follow-up postoperatively. These postoperative scores were all signi�cantly
different compared with preoperative scores (P < 0.01). According to the modi�ed MacNab outcome
scale, 86.67% of these patients had excellent and good outcomes at the �nal follow-up. Complications
included one patient with cerebrospinal �uid leakage and one patient who developed recurrent herniation;
the latter patient �nally achieved satisfactory results after reoperation.

Conclusion
PELD could be used as an alternative surgical method for the treatment of CES due to LDH in properly
selected cases and appropriate patient selection. However, the operator should pay attention to
foraminoplasty to enlarge the working space.

Background
Cauda equina syndrome (CES) as a rare consequence of lumbar disc herniation was �rst reported in 1929
by Dandy Walter [1]. Resulting from the compression of the cauda equine, a critical feature of CES is
autonomic dysfunction [2]. Clinical symptoms of CES include back pain, saddle anaesthesia, unilateral or
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bilateral sciatica, and motor weakness of the lower extremities, with bladder and bowel dysfunctions [3].
Reportedly, the incidence rate of CES ranges from 1/33,000 to 1/100,000 in general populations, and CES
occurs in approximately 2% of all patients with lumbar disc herniation [4].

Based on resultant dysfunctions, CES can be classi�ed as incomplete or complete CES, and the recovery
rate of bladder and bowel functions after decompression surgery was higher in patients with incomplete
CES than that with complete CES [5]. Upon clinical symptoms and physiological dysfunction, in clinical
practice CES can also be classi�ed as preclinical, early, middle, or late stage [6]. For early and middle
stage CES, nerve root decompression should be performed as early as possible to save neurological
functions. Laminectomy and discectomy are the routine procedures for treating CES, and a few have
used micro-discectomy [7]. Laminotomy and hemilaminectomy, as prior to micro-discectomy, usually are
not recommended, as such procedures have to considerably retract the thecal sac during decompressing
and thus may further damage the nerve roots [8]. A su�ciently wide laminectomy and extensive
decompression of the nerve roots are regarded as the keys for a successful surgery for treating CES
[4,5,9,10,11].

Recently, minimally invasive surgeries are routine procedures in spine practice to minimize surgical tissue
damage. Percutaneous endoscopic lumbar discectomy (PELD) is such a minimally invasive technique
that can deal with most cases of lumbar disc herniation. PELD has been reported as an alternative
procedure for treating CES secondary to disc herniation, and preliminary results showed that endoscopic
discectomy is safe and e�cacious for treating CES due to disc herniation [12,13]. Yet, some other
scholars did not recommend PELD for treating CES, as such a minimally invasive procedure potentially is
risky and may deteriorate neurological de�cits, particularly in unsophisticated hands [14]. The purposes
of this case series are to further assess the feasibility, safety, and clinical e�cacy of PELD for treating
CES due to LDH, and as well as to report some technical strategies.

Materials

Clinical data
This is a perspective clinical case series study to investigate the clinical e�cacy of PELD in treating CES
due to LDH. The study was approved by the ethical committee at the author’s institute, and each patient
signed an informed consent. PELD is a routine technique for the author’s team to treat symptomatic
lumbar disc herniation since 2012.

Each LDH patient who consulted our surgical team was carefully evaluated for the presence or absence
of CES. CES was established upon main complains, physical examinations, and lumbar spine magnetic
resonance (MR) imaging. If present, the case was further classi�ed as preclinical stage (low back pain
with only bulbocavernosus re�ex and ischiocavernosus re�ex abnormalities), early stage (saddle sensory
disturbance and bilateral sciatica), intermediate stage (saddle sensory disturbance, bowel or bladder
dysfunction, motor weakness of the lower extremity, and reduced sexual function), or late stage (absence
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of saddle sensation and sexual function in addition to uncontrolled bowel function) using Shi’s approach
[6]. For CES case at early or middle stage, the team discussed the advantages and disadvantages of
PELD and traditional open laminectomy with the patient. PELD or open laminectomy therefore was
selected by the patient, depending on his or her own preference and demands.

Inclusion criteria were: 1) patients with early or middle stage CES, which was attributable to a herniated
lumbar disc; 2) with preoperative and follow-up radiological studies, including X-ray, CT, and MR images;
3) treated with PELD.

Exclusion criteria were: 1) Chose open laminectomy or hemilaminectomy; 2) complete CES; 3) lumbar
instability, as re�ected on dynamic lumbar spine radiographs; 4) CES due to other pathologic conditions,
such as canal stenosis, spinal tumours, or infection.

Before for surgery, back pain and leg pain were evaluated using visual analogue scale (VAS) and the
Oswestry Disability Index (ODI). Neurological examinations were carefully performed to evaluate the
physical functions of the cauda equine. A throughout radiological assessment of X-ray, CT, and MR
images were performed to establish the diagnosis of clinical lumbar disc herniation and CES. For all
cases, PELD procedure was performed as an emergency surgery.

Surgical techniques
The patient was placed in a lateral position and transforaminal PELD was performed under local
anaesthesia. PELD was performed using a transforaminal endoscopic system (Jiomax, Germany) and a
radio-frequency electrode system (Ellman, USA). With �uoroscopy, percutaneous puncture was performed
and a guide needle was placed. The ideal puncture needle point was between the spinous process and
medial margin of the vertebral arch on the anteroposterior radioscopy, and at the upper edge of the
inferior vertebral body on the lateral radioscopy. The needle was adjusted according to location of the
herniated disc.

Foramenoplasty is a key step for a successful and safe decompression in CES cases. Under �uoroscopy,
the superior articular process was partially removed with an red biggest eccentric trepan to expand the
intervertebral foramen. A tip for this maneuver is pushing the head of the circular saw as far dorsal as
possible. We usually perform once or twice foramenoplasties to su�ciently enlarge the target foramen
for safe decompression.

Then, a working cannula was placed along the guide rod. Elements of an endoscopy were connected and
endoscopic discectomy was performed, including complete removal of the protruded intervertebral disc,
decompression of the nerve root, as well as intradiscal electrothermal annuloplasty. During the procedure,
the patient was repeatedly asked if there is any aggravation of neurological symptoms. When the
patient’s self-feeling symptoms were better, and the dural sack and nerve roots beat well after
decompression, the endoscope was pulled out and the wound sutured (Figs. 1 and 2).

Postoperative care
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The patients had bed resting for 6 hours after the surgery and then were encouraged to get up. Bending
and weight-bearing activities were avoided within 6 weeks after surgery, and excessive physical activity
and strenuous physical exercise were avoided within 3 months.

E�cacy evaluation
Clinical outcomes were evaluated using VAS and Oswestry Disability Index (ODI) [15] at 3 days, 3 months,
and 6 months after surgery, and at the last follow-up. The recovery of lumbar function after surgery was
evaluated using the modi�ed MacNab score [16] at the �nal follow-up. The patients were followed for 2
years or more.

Statistical analysis
Data are expressed as mean ± standard deviation (SD). Statistics were performed using SPSS (version
22.0, USA). P < 0.05 was considered statistically signi�cant.

Results
Between October of 2012 and April of 2018, there were more than 1300 patients with LDH at the authors’
institute. There were 22 patients with CES, in which 4 patients at late stage and 3 patients at intermediate
stage underwent open laminectomy, occurs in approximately 1.7% of all patients with LDH. There were 10
at the early stage and 5 at the intermediate stage, who met the inclusion criteria and were included in this
study.

There are 9 men and 6 women, with an average age of 39.73 ± 10.54 years (range 24 to 58 years).
Lumbar disc herniation occurs at L5/S1 in 10 patients, and at L4/5 spinal level in the other 5 patients.

Clinical Outcomes

PELD surgery was �nished for all the 15 CES patients, and none was transformed to open surgery. The
average surgery time was 106.67 ± 10.43 minutes (ranged 90–120 minutes), and hospital stay ranged
from 3 to 5 days. Each patient was followed up for 2 years or more.

One patient had CSF leakage after surgery, and was cured by enhancing the incision. Another patient
developed recurrent disc herniation 5 months later and was re-operated with PELD and acquired
satisfactory results after the second surgery. No other complication was observed in this case series.

The back pain, limb pain and ODI scores were signi�cantly improved after PELD (Table 1). For all
patients, neurological functions immediately improved to some degrees after surgery. At last follow-up,
residual saddle sensory disturbance and bladder dysfunction remained in two patients, though their
radicular pain was relieved. At the last follow-up, the modi�ed MacNab score was excellent in 8 cases,
good in 5 cases, fair in 2 cases. After 2 years, the overall excellent and good rate for PELD in treating CES
due to lumbar disc herniation was 86.7%.
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Discussion
CES is a rare but serious condition, de�ned as “a spectrum of low back pain, uni-or bilateral sciatica,
saddle anaesthesia and motor weakness in the lower extremities with variable rectal and urinary
symptoms” [17]. Different stages of CES show different clinical characteristics and should be treated
differently. For patients with CES at the late stage, wide laminectomy may be the �rst choice for those
patients. Patients at the preclinical and early stages have better functional recovery than patients in later
stages after surgical decompression [6]. Surgical goals are to relieve local compression as soon as
possible to reduce the degeneration and death of sensory neurons in the ganglia. However, traditional
surgery usually brings relatively large trauma to patients and may also damage the patient's spinal
stability, which in turn increased the risks for posterior spinal fusion rate as well as morbidity and
rehabilitation needs. Reducing surgical trauma and maintaining the integrity and stability of the spine are
challenges in the treatment of LDH. With the rapid development of modern spine surgery technology,
PELD has gained popularity in clinical practice. Cong et al. [18] pooled results comparing endoscopic
discectomy versus open microdiscectomy and found a signi�cantly higher satisfaction rate in patients
who underwent endoscopic discectomy. Recent meta-analyses and systematic reviews have reported that
transforaminal PELD is comparable or superior to conventional open discectomy in terms of its
effectiveness and minimal invasiveness for soft LDH [19]. PELD is a minimally invasive surgery under
local anaesthesia, known as endoscopy, and provides huge expectancies for the treatment of CES. Li X et
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al. [12] reported that PELD could be used as an alternative surgical method for the treatment of CES in
properly selected cases.

In this study, we only took patients with CES at the early and middle stages according to Shi’s
classi�cation as the subjects of study. Unlike the Li X study, all of our patients were treated with PELD by
a transforaminal lumbar approach. The good and excellent outcome of PELD in our study was 86.67%,
corresponding closely to the results of previous studies of conventional open surgery for incomplete CES.
These 15 patients with CES treated with PELD techniques under local anesthesia showed that such a
procedure is safe and effective.

In fact, patients with disc herniation related CES often have a large volume of herniated lumbar disc
materials. If the surgeon does not have sophisticated surgical skills, it is likely that the free nucleus
pulposus is not completely removed or a serious nervous injury may occur during the surgery. In this
study, the modi�ed MacNab score was fair in 2 cases at the last follow-up. The main reason is
considered that the foraminoplasty was not insu�cient, and the working cannula was inserted into the
spinal canal to further squeeze the nerve, resulting in the aggravation of transient nerve compression
during the operation.

Therefore, we need to elaborate the technical details of endoscopic treatment of CES. In the
transforaminal lumbar approach, the extent of disc herniation, degree of migration, severity of adhesion,
softness of the herniated disc, location of exiting nerve root, risk of dural tear, and concurrent spinal
stenosis should be evaluated �rst. The landing on the disc should be as near as possible to the target and
as far as possible from the exiting nerve root, which is the �rst key to surgical success. Second, we
should have performed su�cient foraminoplasty by using an red biggest eccentric trepan, different from
the traditional TESSYS step-by-step foraminoplasty, to avoid further compression of the nerve root by the
placement of the working channel. This is the most important key point to ensure the success and
excellent effect of PELD in the treatment of CES. Because disc herniation, which can cause CES, is huge,
if the intervertebral foramen is not fully formed during the operation, it will cause iatrogenic nerve injury.
Therefore, adequate lumbar foraminal plasty needs to be emphasize. Reasons for failed endoscopic
surgery in CES include incomplete decompression, recurrent herniations, haematoma and cerebrospinal
�uid leakage [20,21]. Recently, several authors have emphasized the signi�cance of foraminoplasty
[22,23]. Even during the operation, if considered necessary, foraminoplasty should de�nitely be performed
again to enlarge the working space. Finally, the herniated fragment should be completely removed after
an adequate release process, and the surgeon should not be in a hurry to directly remove the herniated
fragment. We need to explore the ventral and dorsal sides of the nerve root and con�rm that
decompression is su�cient during the operation.

Conclusion
According to our results, the lumbar pain, limb pain and ODI scores improved signi�cantly after PELD, and
the excellent and good rate was 86.67%. Based on our research, PELD is an effective and safe surgical
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method for treating early or middle stage CES caused by lumbar disk herniations. In this study, we
described the technical points, and clearly pointed out adequate foraminal plasty is the most important
part of PELD in the treatment of CES. However, the sample of patients was relatively small, which could
affect the results of this study. Further prospective studies comparing PELD with open surgery are
required to evaluate the feasibility and safety of PELD in a large number of patients. And this study
included only LDH at L4/5 and L5/S1, could the result of this study apply to CES caused by LDH at higher
spinal levels is needed further research.
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Figure 1

A 52-year-old female patient underwent PELD for dis herniations at L4-5 level. The preoperative MRI and
CT scans showed lumbar disc herniation at the L4-5 level and dissociation to the caudal side (a-c).
Postoperative MRI after 5 months (d, e) showing no disc herniation. Postoperative intraoperative
endoscopic images showed that the nerve was completely relaxed and the protrusion was completely
removed (f). Intraoperative C-arm showing the eccentric foraminoplasty with the �rst stage guide rod and
biggest red circular saw to enlarge the working space (g, h). Photograph of the large bone fragment that
had been removed with an eccentric trepan (i).
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Figure 2

A 40-year-old male patient underwent PELD for dis herniations at the L5-S1 level. Preoperative MRI (a, b)
and CT (c) scans demonstrating a huge herniation at the L5-S1 level. Postoperative MRI after 4 months
(d, e) showing no disc herniation. Postoperative intraoperative endoscopic images showed that the nerve
was completely relaxed and the protrusion was completely removed (f).


