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Abstract

BACKGROUND CONTEXT: Although open lumbar microdiscectomy (OLMD) is
considered to be the gold standard method for discectomy, recent progress in endoscopic
spinal surgery has increased the popularity of percutaneous endoscopic lumbar discectomy
(PELD) for this indication. However, one of the main drawbacks of PELD is incomplete
decompression, especially at the start of the surgeon’s learning curve. The functional
outcomes of PELD and OLMD in patients matched for age, hernia level, and hernia location

have not previously been compared.

PURPOSE: To compare OLMD with PELD in terms of the clinical outcome and the time to

recovery.

STUDY DESIGN: Retrospective, matched cohort study.

PATIENT SAMPLE: Data of all patients who underwent elective spinal surgery between

January 2015 and June 2017 were extracted from the local database.

OUTCOME MEASURES: Clinical outcomes were assessed using a 0-to-10 visual analogue
scale (VAS) for lower back pain (LBP) and leg pain were scored before surgery and at post-
operative day 1 and at each follow-up visit (3, 12 and 24 months), the Oswestry Disability
Index (ODI: 0% to 100%), the length of hospital stay, time to resumption of work, recurrence

of LDH, procedure failures, and complications



METHODS: The participants were matched for age, disc level, and location of the herniated
disk (central and paracentral vs. far-lateral). The participants’ mean + SD age was 47.09 +
12.55 (range: 28-70). We compared the various clinical outcomes between the two groups to
identify which procedure had better immediate and long-term functional outcomes. The
differences in mortality and occurrence of postoperative complications were also compared in

patients with PELD vs. controls.

RESULTS: Fifty-eight patients were enrolled (29 with PELD and 29 with OLMD). Both
groups reported significant reductions in LBP and leg pain (p<0.01) postoperatively and an
improvement in the ODI at 24 months post-surgery. The intergroup difference in the VAS for
LBP at 1-day and 3 months was statistically significant (1.48 vs. 3.5, and 1.62 vs. 2.72,
respectively; P = 0.01 and 0.026 respectively) but the intergroup difference in the ODI was
not. The mean length of hospital stay and the time to resumption of work were significantly
shorter in the PELD group than in the OLMD group (2.55 vs. 3.21 days, and 4.45 vs. 6.62
weeks, respectively; P = 0.037 and 0.01, respectively. There were no significant intergroup
differences in terms of complications, recurrence, or procedure failures.

CONCLUSIONS: Both PELD and OLMD can provide equivalent, satisfactory outcomes.
However, PELD demonstrated several potential advantages, including more rapid recovery
and lower LBP early on. Further large-scale, randomized studies with long-term follow-up are

now warranted.

Keywords: lumbar disc herniation, minimally invasive spinal surgery, endoscopic spinal

surgery, lower back pain, Spine robot assisted surgery.



Abbreviations used in this paper: PELD: percutaneous endoscopic lumbar discectomy;
OLMD: open lumbar microdiscectomy; LDH: lumbar disc herniation; ODI: Oswestry

Disability Index. VAS: visual analogue scale

INTRODUCTION

Surgical techniques for lumbar discectomy are continually evolving, with a trend towards less
aggressive, less invasive procedures. In the 1970s, Caspar and Yasargil introduced open
lumbar microdiscectomy (OLMD) for the treatment of LDH'. This less invasive surgery (with
a smaller incision size) produced good results and reduced surgical stress on the patient.
Indeed, OLMD has since become the gold standard surgical treatment for symptomatic LDH>~
4. However, it is now known that OLMD also results in muscle damage, requires partial
laminectomy and nerve retraction. This can increase the likelihood of subsequent lumbar
instability and clinically symptomatic scarring of the epidural space 5.

In an attempt to improve the outcomes of LDH surgery and to reduce the complication rate,
percutaneous endoscopic lumbar discectomy (PELD, with a transforaminal or an interlaminar

approach) was introduced in the early 1990s%!%-!!

. Since then, PELD has become increasingly
popular. A large number of studies have shown that the outcome for PELD is as good
outcome for OLMD.'?"!5 Furthermore, PELD appears to result in less soft tissue trauma and

better bone preservation. The complications of OLMD, such as postoperative spinal instability
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and epidural scarring, occur rarely after PELD"%161718.19 However, a major disadvantage of
PELD is its long learning curve and high frequency of sometimes serious comorbidities.
Incomplete decompression is not uncommon in PELD procedures, and each LDH is assessed
morphologically on a case-by-case basis before PELD can be selected.

The present retrospective cohort study is the first to have compared the outcomes of PELD

and OLMD in patients matched for age, hernia level, and hernia location.

METHODS

We performed a retrospective, matched-cohort analysis with prospective data collection at
Amiens University Hospital (Amiens, France).This study’s objectives and procedures were
approved by the independent ethics committee (reference: IRBO0011687 College de

neurochirurgie IRB #1: 2019/17).

Between February 2015 and June 2017, a total of 33 cases of LDH treated with PELD (of
which 29 were eligible for this study, forming the PELD group) were compared with 29 cases
of LDH treated with OLMD over the same period (forming the OLMD group). All patients
having undergone PELD were included. For OLMD, 62 matched patients operated on by four
other senior neurosurgeons were selected at random. The participants’ mean + SD age was
47.09 £ 12.55 (range: 28—70). The groups were matched for age, disc herniation level, and
hernia location relative to the facet joint and the spinal canal (central and paracentral vs. far-

lateral).



With regard to their professional activity, patients were classified as manual workers (i.e.
those handling heavy material) and sedentary workers (i.e. those sitting at a desk in an office
and/or performing light physical work only). In total, 58 patients were enrolled.

The following inclusion were applied to both groups: single-level, soft lumbar herniated disc,
as confirmed by preoperative computed tomography (CT) and magnetic resonance imaging
(MRI); monoradicular symptoms and signs consistent with the imaging findings; failure of
conservative treatment for at least 6 weeks; at least two years of follow-up data available.
Patients with cauda equina syndrome or progressive neurological impairment requiring
emergency surgery, spinal instability, previous surgery involving the lumbar spine,
concomitant somatic or psychological conditions, such as uncontrolled myocardial ischemia,

diabetes, spinal tumor, fracture or an infection were excluded.

Clinical and demographic data were prospectively recorded. The patients completed a
questionnaire consisting of a 10-point visual analogue scale (VAS) for lower back pain (LBP)
and leg pain preoperatively, on post-operative day 1, and at each follow-up visit. The patients
also rated their quality of life according to the Oswestry Disability Index (ODI) before
surgery and then 24 months thereafter. The follow-up visits were scheduled 3, 12 and 24
months after surgery. All patients followed up in the long term, either at an outpatient clinic

or via a telephone assessment. Preoperative MRI and CT datasets were available in all cases.

The length of hospital stay, time to resumption of work, complications, recurrence rate, and
procedure failures were also evaluated. We considered that recurrence within 3 months of
surgery was a complication. Procedure failures or “incomplete decompression” were defined
as cases in which the patient experienced continuous nerve root pain and the presence of

residual fragments was confirmed by MRI.



Surgical techniques

All operations were performed by two experienced spine surgeons, who even had cadaver
training. Patients decided which surgeon would be in charge of their treatment all by
themselves. In this study, both FELD and OLMD were inpatient procedures and were
performed under general anaesthesia and endotracheal intubation. The postoperative analgesic
regimens were the same in the two groups.

PELD

The patient was placed in the prone position. Fourteen patients underwent PELD with robotic
stereotactic assistance using robotic assistance (ROSA® robot from Zimmer Biomet
Robotics), and 15 patients underwent PELD with fluoroscopic guidance.

In the robotic subgroup, the guidewire and cannula were positioned using 3D intraoperative
planning. The robotic arm was used as an instrument holder to put the cannula and the sheath
in place. The surgical sheath was navigated throughout the procedure.

In the fluoroscopic subgroup, we checked the AP and lateral view to determine the entry point
(between the tip of the spinous process and the spinolaminar junction). This point was usually
located between 10 and 15 cm from the midpoint of a line between the spine and the herniated
disc. The needle had to pass through the caudal part of the vertebral foramen. The needle was
then removed, leaving the guidewire in place. Next, a 7-8 mm skin incision was made, and a
cannulated dilator and surgical sheath with a bevelled opening were inserted. Decompression
was performed during constant irrigation. The surgical sheath was removed, and the wound
was closed. For the intralaminar approach, the entry point was located at the inferior edge of
the superior lamina on the lesion side with an AP view and parallel to the disc space with the
lateral view. After a small incision was made in the skin and the fascia, a dilator was

introduced and docked under the lower edge of the superior lamina. A working channel was



introduced over the dilator, and the final position was checked on the AP and lateral
fluoroscopic images.

OLMD

The patient was placed in the kneeling prone position. The abdomen was unsupported, so as
to reduce intraoperative venous bleeding on the Hall frame. After confirming the target
segment using fluoroscopy, a 2.5 cm longitudinal midline skin incision was made. The fascia
was dissected (diameter: 5.3 mm) through the incision. Next, an operating sheath was inserted
through the dilator. A Caspar retractor was used to obtain a direct view of the operating field,
with its beveled opening toward the spinous processes (toward the interlaminar spaces) and
with reference to an anatomic marker (the lower border of the upper vertebral lamina). To
fully expose the ligamentum flavum, the adhering soft tissues and some of the bony structures
from the lamina and the articular process were removed. Next the compressed dural sac and
nerve root were exposed and tracked contralaterally in order to locate the herniated disc
tissues, which were removed carefully to decompress the nerve root. Following discectomy,
any remaining fragments in the intervertebral space were swilled out with saline solution.

After removing the hernia, the muscle, subcutaneous and dermal tissues were sutured.

All patients operated for a herniated disc received the same analgesic regimen: intravenous
analgesic for the first 24 hours after surgery, followed by analgesia as needed. All patients had

a physiotherapy session on postoperative day 1.

Statistical analysis
All statistical analyses were performed using IBM SPSS® Statistics software version 25.
Quantitative variables were quoted as the mean * standard deviation (SD) or the median [inter

quartile range (IQR)]. Intergroup differences were probed using Fisher’s exact test, the chi-



squared test, or the Mann—Whitney U-test as appropriate. The threshold for statistically

significance was set to P<0.05.

RESULTS

Thirty-three consecutively hospitalized patients underwent PELD for single-level unilateral
LDH. Twenty-nine of the 33 patients were suitable for inclusion in the study, and were then
matched with 29 patients having undergone OLMD for single-level, unilateral LDH by age,
hernia level, and hernia location. There was no age limitation. The patients’ demographic,
socio-demographic and clinical characteristics are summarized in Table I. There were no

significant differences between the PELD and OLMD groups.

Clinical outcomes

Before surgery, the mean + SD VAS scores for LBP and leg pain were respectively 6.24 +
3.25 and 8.28 = 1.27 in the PELD group and 5.69 + 2.9 and 7.93 + 1.16 in the OLMD group.
There were no significant intergroup differences in these pain VAS scores. Both groups
reported a significant postoperative reduction in LBP and leg pain (P <0.001). The mean + SD
ODI score had improved significantly in both groups 24 months after surgery(23.72 + 20.91,
compared with 78.34 £ 19.10 preoperatively in a pooled analysis (P <0.001). The mean

decrease in the ODI score was 55.58+23.7 (Table 2).

The day after surgery, the VAS scores for LBP and leg pain were respectively 1.48+ 1.74 and
1.03+ 1.99 in the PELD group and 3.5+ 2.41 and 2.25+ 2.05 in the OLMD group. The
intergroup differences in the LBP and leg VAS score were significant (P = 0.001 and 0.06,
respectively) (Table 3). Three months after surgery, the VAS scores for LBP and leg pain

were respectively 1.62 + 1.96 and 1.86+ 2.37 in the PELD group and 2.72 £ 2.14 and 1.57 +



2.23in the OLMD group (P= 0.026 and 0.80, respectively).The intergroup difference in the
LBP score was significant. Twelve months after surgery, the VAS scores for LBP and leg
pain were respectively 2.89 + 2.74 and 2.24+ 2.65 in the PELD group and 2.46 +2.11 and
1.75 £ 2.47 in the OLMD group.(P=0.69 and 0.52, respectively). The intergroup differences
were not significant. Twenty-four months after surgery: The VAS scores for the LBP and leg
pain were respectively 2.54 £ 2.35 and 1.25 + 1.43 in the PELD group and 2.14 + 2.03 and
1.33 £2.05 in the OLMD group. The intergroup differences were not significant (P = 0.575

for the LBP score and P = 0.433 for the leg pain score.

At 3 months, 12 months and last follow-up (24 months after surgery), the intergroup
differences in the ODI were not significantly different (P = 0.30, 0.56, and 0.22 respectively)
(Table 2). The mean £SD length of hospital stay was significantly shorter in the PELD group
(2.55 + 1.78 days) than in the OLMD group (3.21 £ 1.26 days; p < = 0.037).

The mean time to resumption of work was significantly shorter in the PELD group (4.45 £ 3.1

weeks) than in the OLMD group (6.62 + 2.4 weeks; p =0.01).

Complications occurred in three patients in the PELD group (10.3%) and two patients in the
OLMD group (6.9%); the intergroup difference was not statistically significant. The overall
complication rate in this study was 8.6%. In the PELD Group, two patients complained of
transient dysaesthesia after the operation; both recovered fully after conservative treatment.
One patient complained of unilateral paresis of the quadriceps, which gradually improved
after 8 weeks of rehabilitation. In the OLMD group, one patient sustained a dural tear, which
was immediately and successfully repaired. The second patient had a recurrent herniation with

discogenic LBP in the two months following surgery. Conservative management did not



provide relief, and so lumbar fusion was performed. There were no major complications

(including surgical site infections) in either group.

Incomplete decompression was observed in three patients in the PELD group (10.3%). Two
patients chose re-operation (using the OLMD technique) and the third chose conservative
treatment. All three cases occurred early in our series and may have been related to the
learning process. No procedure failures were observed in the OLMD group. The intergroup
difference in the failure rate was not significant (p = 0.237). Between the postoperative
follow-up visits at month 3 and month 24, herniation recurred in four patients (6.9%, two in
each group). The mean time interval between initial surgery and recurrence was 14.3 £ 9.7

months.

DISCUSSION

Minimally invasive spinal procedures have become increasingly popular with both spine
surgeons and their patients undergoing surgery for LDH. However, the procedure still appears

to be relatively complicated for many surgeons?*-2,

In the present study, the leg pain VAS scores in both groups decreased significantly 24
months after surgery (vs. baseline); the magnitude of the reduction was in line with the
literature data.'®!82425 The reductions in the ODI were also similar to those reported

previously for the PELD and OLMD techniques.?’: %

The OLMD procedure is associated with good results and is minimally invasive; however, it

sometimes results in muscle damage, partial laminectomy, and nerve retraction. The patients
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prone to developing lumbar instability, intraspinal adhesions, and scarring of the epidural
space typically have residual LBP in the presence of Modic changes or the onset of other
complications >'"13. In contrast to OLMD, PELD has the advantage of not sectioning the
lamina and so causes very little damage to the paravertebral muscles and ligaments. In line
with the concept of minimally invasive surgery, PELD keeps disc tissue intact and avoids the
invasion of intradiscal tissue'®?%, However, excessive retraction or manipulation of neural

structures in a narrow space can cause paresis.”’

In our study population, the OLMD and PELD subgroups did not differ significantly with
regard to Modic changes before surgery. Many surgeons have performed PELD with
satisfactory results*®3!. In view of PELD’s advantages in terms of safety, efficacy and
minimal invasiveness, this technique is being adopted by a growing number of spine care
centers. The incision is significantly smaller with PELD (<7 mm), and it causes less damage
to soft tissue and bony structures.

The failure rate for “incomplete decompression” after PELD ranges from 4% to 20%'%*,
resulting in the need for subsequent open surgery. Schaffer and Kambin?? analyzed 10
reoperations among 100 patients having undergone PELD. The most common causes for
subsequent surgery were lateral recess stenosis, sequestered herniation, and improper
placement of the surgical instruments. Lee et al.’s radiological analysis of 55 PELD failures
showed that the procedure is more likely to fail in cases of a large central hernia or high-grade
extruded disc.®® Kim et al. and Xie et al. considered that surgical failures mainly occurred
early in the learning curve; this could perhaps be solved by a case-by-case morphological
analysis of the disc and its location, together with more cautious handling.!®**. We observed a

surgical failure rate of 10.3% in the PELD group; this is similar to the literature values and
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remains acceptable - especially in a novice surgical team.'***3>40_ Even though failure to
decompress adequately was relatively frequent in the PELD group, our study was not

p q y y req group y
powered to evaluate this risk. Furthermore, this risk may have been affected by the learning

curve.

Dural tears and nerve injury have been reported as major complications in many clinical
studies lumbar decompressive surgery. The incidence of these complications depends on the
type and complexity of the spinal procedure. In a recent meta-analysis, Bydon et al. reported
that the incidence of a dural tear was greater for OLMD (2.4%) than for PELD (1%)°. We

encountered this complication in one patient in the OLMD group.

Transient dysesthesia is one of most frequent complications after PELD. Choi et al. reported
that the working cannula may compress the exiting root during surgery, and that postoperative
dysesthesia should be prevent by keeping the cannula away from the upper nerve root *’ In
our study, this happened in two patients from PELD group. Overall, our post-operative

complication rate was similar to the values published in the literature'2.

In the literature, the recurrence rate ranges from 5% to 15%.%%°. The rate in our cohort

(6.9%) fell within this range, and was similar in the OLMD and PELD groups.

In spinal surgery, robotic assistance may be of value for smoothing the workflow (due to
greater rapidity, accuracy, and frameless registration), facilitating the planning and
implementation of a trajectory in the same surgical session, and therefore avoiding potential
technical complications.***!. We believe that robotic assistance during PELD could increase

the success rate and reduce comorbidity especially early in the learning curve.
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As also found in earlier studies,!*16:19-24.27

we noted that the mean length of hospital stay and
time to resumption of work were shorter in the PELD group than in the OLM group.
However, the mean lengths of hospital stay in our PELD and OLM groups were longer than
those reported in the literature.'®?’. This may have occurred because all procedures were

performed under general anaesthesia, and our criteria for patient discharge are based on

symptom relief, a physiotherapy assessment, and patient education.

In summary, the results of our matched cohort study demonstrated that PELD was superior to
OLMD in terms of better immediate clinical outcomes, quicker recovery, a shorter length of
hospital stay, and more rapid return to work. The learning process and proper patient selection

are essential for successful PELD procedures.

The present study had several limitations. Firstly, this was a retrospective matched cohort
study with a small sample size (29 patients in each of the two groups) and a short follow-up
period (2 years). This made it impossible to compare the two approaches long-term outcomes.
Further follow-up studies could remedy this shortcoming. However, our matching for several
factors (age, disc level and hernia site) is likely to have reduced confounding bias.
Nevertheless, a full assessment of PELD and OLMD’s effectiveness will require prospective,

randomized non-inferiority or superiority studies.

CONCLUSIONS

Both PELD and OLMD can achieve equivalent, satisfactory outcomes. However, PELD
demonstrated several potential advantages, including more rapid recovery, and early

reductions in LBP. We believe that PELD can be safely used on well-selected cases, despite a
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high frequency of incomplete decompression, especially at the start of the learning curve, and

that surgical experience has an impact on the outcomes.
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Figures legends

a. Table 1. The general characteristics of the patients, by study group.

SURGICAL PROCEDURE
PELD OLMD P value
Number of patients 29 29 1
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preoperative period §

Age (years)* mean £ SD 4721 £12.55
46.97 £ 12.55
0.942
SD 47.09 + 12.55. ( 28-70 years)

Gender§ M/F 19/10 15/14 0.424
Smoking§ Y/N 10/19 14 /15 0.289
retirement Y/N 4/29 3/29 0.67

Manual workers 13/26
10/25
(heavy labour) (45.1%)
= 0.48
= Sedentary workers 13/26
g 15/25
3 (sitting at a desk) (54.9%)
o
Depression § Y/N 5/24 1728 0.194
Fibromyalgia § Y/N 0/29 1728 1
Side§ R/G 14/ 15 17712 0.599
Time off work before surgery * (weeks) 3.89 +£3.843 3+3414 0.384
Symptom duration* (weeks) 10.27 £7.41 7.76 £ 6.40 0.212
Preoperative radiological Type 0 /Typel 12/17 13/16
signs of discopathy 1
(Modic changes)$§
Infiltration in the Y/N 22177 18/11
0.395
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Hernia location PELD OLMD Percentage
NON-
ROBOT
central and ROBOT 15 51.7%
paracentral 13
far-lateral 6 14 48.3%
Disc herniation level L2-L.3 0 1 3%
L3-L4 1 5 17.2%
L4-L5 18 19 65.5%
13.8%
L5-S1 0 4
LBP 6.24+3.2 57+£3 0.43
2 2 Overall LBP 597+3.1
-3 g 3
[}
- & § LEG 83+1.3 8+1.2 0.32
& g
Overall LEG 8.1+1.2
Preoperative ODI
79 £ 67 2147 0.92
mean = SD

Data are quoted as the mean + SD. ODI: Oswestry Disability Index

* In a t-test for independent samples

§ Fisher's exact test

PELD: percutaneous endoscopic lumbar discectomy; OLMD: open lumbar microdiscectomy.
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e Table2 : outcome

VAS Pre-op Post-op (day 1) P value
_ Lower back pain 5.97+3 248+£23 <0.001
=
St
g Leg pain 8.10+1.22 1.67 £2.10 <0.001
VAS: visual analogue scale; ODI: Oswestry Disability Index
ODI Pre-op Post-op (month 24)
_ 78.34 +£19.10 23.72 £20.91 <0.001
=
5
>
o
» Table3: Clinical outcomes
Variables PELD OLMD P Value
LBP (D1) 1.48 +1.74 35 £241 0.01

VAS
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Leg pain (D1) 1.03 £1.99 225 £2.05 0.06
LBP (3 M) 1.62 £1.96 272 +£2.14 0.026
Leg pain (3 M) 1.86 £2.37 1.57 £2.23 0.80
LBP (12 M) 2.89 +2.74 246 +2.11 0.69
leg pain (12 M) 2.24 £2.65 1.75 £2.47 0.52
LBP (24 M) 254 + 235 2.14 £2.03 0.55
leg pain (24 M) 1.25+1.43 1.33 £2.05 0.51
Length of hospital stay (days) 2.55 £1.785 321+1.264 0.037
3 Months 21.8 £19.5 23.9 £20.5 0.30
§ 12 Months 21.1+£16.3 23.5+16.5 0.56
A
o 24 Months 214+£15.3 24.1 £19.5 0.22
Time to resumption of work (weeks) 445+3.1 6.62+24 0.01
Peri and post-operative complications rate 3 cases (10.3%) 2 cases (6.9%) >0.05
(%)
Incomplete decompression, Chi? 3 cases (10.3%) 0 cases (0%) 0.237
4 cases (13.8%) 3 cases >0.05
Recurrent hernia (10.3%)
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PELD: percutaneous endoscopic lumbar discectomy; OLMD: open lumbar microdiscectomy;

VAS: visual analogue scale; ODI: Oswestry Disability Index
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