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Objective: Percutaneous endoscopic lumbar discectomy (PELD) and microdiscectomy with the microscope endoscopic tubular
retractor system (METRx-MD) are considered popular minimally invasive surgery (MIS) methods for the treatment of lumbar
disc herniation. Many authors have also reported good clinical outcomes of these methods, but there are few comparative
studies of them. This report compares the clinical outcomes of PELD and METRx-MD for lumbar disc hemiation as MIS methods
and discusses the efficacy of PELD.

Methods: Seventy-two patients who had undergone single-level unilateral discectomy using two different methods, PELD and
METRx-MD, between 2009 and 2011 were given a follow-up examination prospectively. Thirty-seven of these patients under-
went discectomy using PELD, and the remaining 35 patients underwent discectomy using METRx-MD. In addition to the general
parameters, clinical outcomes were assessed as specific parameters using the Visual Analogue Scale (VAS) score, the Oswestry
Disability Index (ODI), the Short-form 36 (SF-36), and the return-to-work time.

Resuilts: Sixty-seven percent (25/37) of the patients in the PELD group and 74% (26/35) in the METRx-MD group were included
in follow-up more than 6 months post-operatively. The mean improvements in the VAS scores for the back pain, leg pain,
and ODI were 2.6, 4.8, and 30.1% for the PELD group and 2.8, 4.6, and 33.2% for the METRx-MD group, respectively. The
SF-36 physical health component subscale score improved from 40.6 pre-operatively to 68.3 at the last follow-up for the
PELD group post-operatively, and from 48.5 to 65.1 in the mental component subscale (METRx-MD group: from 34.4 to
66.5 and from 44.87 to 56.7). Complications occurred in 3/37 patients in the PELD group and in 2/35 patients in the
METRx-MD group in the peri-operative period. The mean return-to-work times were 37.5 days in the PELD group and 42.5
days in the METRx-MD group.

Conclusion: The outcomes for the PELD group are comparable to those for the METRx-MD group. It can thus be concluded
that PELD for lumbar disk hemiations may be performed safely and effectively. Also, PELD can be considered one of the treatment
modalities of lumbar disk herniation.
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been many changes in the treatment modality of lumbar disc
herniation.

After Mixter and Barr reported the surgical treatment of
lumbar herniated disc patients with laminectomy and disce-

INTRODUCTION

Lumbar discectomy for a herniated lumbar disc is the most
commonly performed to relieve pain and to improve a neuro-
logical deficit. Various procedures for and types of treatment
of lumbar disc disease have been introduced”, and there have
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ctomy in 1934’ Caspar introduced the microsurgical techni-
que in 1977. After minimally invasive techniques were applied
to spinal surgery, Foley and Smith reported the performance
of microendoscopic discectomy (MED) in 19977, In recent
years, the use of tubular retractors in conjunction with the
operating microscope or endoscope has become increasingly
popular for the treatment of lumbar disc herniation, including
of degenerative diseases”, and the development of an original
MED instrumentation system led to the modification of the
endoscopic approach to microdiscectomy using a microscope
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endoscopic tubular retractor system (METRx-MD)”.

After the concept of minimally invasive surgery became more
popular, Yeung et al. introduced standard transforaminal endo-
scopic surgery in 2002”, and minimally invasive techniques us-
ing endoscopy have increasingly been used to treat lumbar
disc herniation™?. The development of the percutaneous endo-
scopic technique for lumbar disc disease represents an attempt
to improve the operating efficacy, reduce the post-operative
pain, limit the length of the patient’s hospitalization, reduce
perineural fibrosis, and minimize the development of spinal
instability™”".

PELD has shown favorable results for the lumbar HNP in
many previous reports. Although a physician may be certain
of clinical improvement after PELD, it is difficult to measure
the degree of improvement, including of the patients’ quality
of life. Moreover, the assessment of the results varies with the
characteristics of the disease and the purpose of the surgery.
Most previous studies used a qualitative scale (e.g., the modi-
fied Macnab criteria and the Odom scale) and showed good
to excellent clinical outcomes after percutaneous endoscopic
discectomy relevant to improvement in disease-related symp-
toms. These results were surgeon-based outcomes, however,
which were not related to specific assessment of the patient’s
quality of life and functional status.

In this study, the clinical outcomes of classic PELD are com-
pared with those of METRx-MD using VAS, ODI, SF-36, and
the return-to-work time prospectively.

MATERIALS AND METHODS

1. Patient population

The prospective study involved 72 patients who had under-
gone single-level unilateral discectomy and whose results were
analyzed statistically from 2007 to 2011. The patients were
divided into two groups according to the surgical methods.
Thirty-seven patients underwent discectomy using PELD (Group
I), and the remaining 35 patients underwent discectomy using
METRx-MD (Group 1I).

The general inclusion criteria were as follows: (1) classic sym-
ptoms of lumbar radiculopathy, (2) no improvement after con-
servative treatment for 6-8 weeks; (3) only a onelevel patho-
logic lesion and no history of previous back surgery at the
same level, and (4) no segmental instability in the dynamic
flexion-extension radiography. The patients who had a severe
neurologic deficit or spinal instability that required fusion,
and other pathologic conditions such as fractures, tumors, or
infections, were excluded from this study (Table 1).

MED was used for the patients with calcified discs, highly
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Table 1. Data from 51/72 patients (25/37 in the PELD group and
from 26/35 patients in the METRx-MD group) were included the
follow-up data more than 6 months post-operatively. Data have
male/female ratio, symptoms, main level, age in both groups

Total patients PELD MED
Age (years) 45.88 56.46
Male: Female ratio 16:9 13:13
Mean follow-up period (month) 20 20
Mean duration of 1.8 2.79
radiculopathy (month)
Symptoms
Back pain 24 (96%) 24 (92%)
Radicular pain 25 (100%) 26 (100%)
Motor deficit 18 (72%) 15 (57%)
Sensory deficit 14 (56%) 13 (50%)
Bowel/bladder dysfunction 0 0
Level
L1-2 0 0
2-3 1 (4%) 1 (4%)
13-4 6 (24%) 6 (23%)
L4-5 13(52%) 13 (50%)
L5-S1 5 (20) 6 (23%)

migrated disc herniations, severe degenerative lumbar changes,
and some stenotic lesions at the same level.

2. Clinical evaluation and follow-up

The data on the maintained patients were analyzed pro-
spectively. Such data were on the presence of back pain, rad-
icular pain, a motor deficit, a sensory deficit, a reflex deficit,
and bowel/bladder dysfunction pre-operatively and at the post-
operative office visits. Office follow-ups were conducted 6 weeks,
3 months, 6 months, 12 months, and 24 months after the ope-
ration. The duration of a follow-up was extended when there
were clinical symptoms. The examinations were performed
by two physicians in the authors’ clinic. In addition to a gen-
eral examination, other information were obtained using the
following parameters: the VAS scores for back pain and leg
pain, the Oswestry Disability Index (ODI) for conditionspeci-
fic measurement, and Short-form 36 (SF-36) for the patients’
quality of life and return-to-work time. If the patient was not
followed up any more at the authors’ institution, he or she repor-
ted the results to the authors post-operatively via a mail survey.

The complications were divided into two categories: major
and minor, according to the classification scheme proposed
by Carreon et al”. The major complications were severe and
had a negative effect on a patient’s recovery. On the other
hand, minor complications were not considered to have signi-
ficantly affected the patient’s recovery.
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3. Statistical analysis

The statistical analysis was performed with the use of SPSS
version 19.0. A paired sample t-test and a Wilcoxon signed
rank test were used to compare the differences between the
pre- and post-operative parameters of the clinical outcomes
for each group. Then two sample t-tests and Wilcoxon rank
sum tests were used to compare the differences between the
clinical results for the two groups. A p value less than 0.05 was
considered statistically significant.

4. Surgical techniques

In both groups, all the operations followed the standard
method suggested in previous literature'™". In the PELD
group, the procedure was performed under local or general
anesthesia in the prone position on a radiolucent table for
all the patients. The entry point of the needle was mostly
positioned about 10 cm off the midline. After the infiltration
of the entry point with local anesthetics, an 18-gauge spinal
needle was inserted at the target point under the guidance
of a fluoroscopic image. The target point was the mid-pedi-
cular line on the anteroposterior image, and the posterior ver-
tebral line on the lateral image. Then an epidurogram was
taken using the contrast medium Isovist to confirm the loca-
tion of the nerve root. After the insertion of the spinal needle
into the disc, the degenerated herniated mass and disc were
stained blue with indigocarmine for intra-operative identifi-
cation. A tapered cannulated obturator was positioned using
a guide wire. After touching the annulus, the obturator was
positioned into the disc with hammering, a working cannula
with a beveled opening was inserted along the obturator, and
the obturator was removed. The blue-stained disc material
was removed using small forceps and a radiofrequency probe
(Ellman International, Hewlett, NY). After targeted fragmen-
tectomy was performed, the complete device was removed,
and finally, a sterile dressing and a one-point suture were ap-
plied (Fig. 1A, B). A2.8 mm working cannula was used with-
out a laser and an endoscopic drill.

The lateral transforaminal access was generally chosen for
the route to the spinal canal. There were limitations in the
performance of the transforaminal procedures in some cases,
however, which necessitated the use of the interlaminar appro-
ach. Especially, the herniations were technically inappropriate
with the transformainal technique such as in downward high-
grade migrating disc cases and some cases that involved L5-S1
with a high iliac crest. The entry point was the lateral edge of
the interlaminar window under the guidance of a fluoroscopic

Fig. 1. In the PELD group, the procedure was performed in the
prone position and disc material was removed using small forceps
and radiofrequency probe.

image. During the approach, a lateral incision of the ligamen-
tum flavum was made about 5 mm off the midline. After an epi-
durogram and a discogram were taken, discectomy was perfor-
med using the same process.

In the METRx-MD group, the procedure was performed un-
der general anesthesia in the prone position on a radiolucent
table in all the patients. After an about 2.5 cm skin incision
was made, the paravertebral muscles were dissected using a
serial dilator. The operating field was exposed using a tubular
retractor. Under the microscopic view, partial hemilaminectomy
and targeted fragmentectomy with discectomy were perfor-
med with retraction of the nerve root. After thorough decom-
pression of the nerve root and the thecal sac was achieved,
closure was performed in the conventional way.

RESULTS

1. Baseline characteristics

Data from 51/72 patients (25/37 in the PELD group and from
26/35 patients in the METRx-MD group) were included in
the follow-up data more than 6 months post-operatively. Data
from the remaining cases were lost due to the following rea-
sons: 6 patients moved without a forwarding address, 12 pa-
tients did not respond to letters or telephone calls, 1 patient
could not respond to the survey due to a medical problem
(dementia), and 1 patient underwent revision-surgery with
conventional spinal canal decompression at another hospital.

In the PELD group (Group I), there were 16 men and 9 wo-
men, and their mean age was 45.9 years (range: 13-70 years).
The mean duration of their radiculopathy was 7.2 weeks, and
their post-operative mean follow-up period was 23 weeks
(range: 6-72 weeks). Ninety-six percent (24/25) of the patients
experienced back pain preoperatively; 100% (25/25), radicular
pain; 88% (22/25), a motor deficit; and 72% (18/25), a sensory
deficit. Preoperatively, there was no bowel/bladder dysfunc-
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tion and no reflex deficit (Table 1).

On the other hand, Group II included the 13 men and
13 women who underwent METRx-MD. Their mean age, the
mean duration of their radiculopathy, and their post-operative
mean follow-up period were 56.4 years (range: 32-79 years),
10.9 weeks, and 21 weeks (range: 6-96 weeks), respectively.
Clinical symptoms of back pain, radiating pain, motor deficit,
and sensory deficit were noted in 92.3% (24/26), 100% (26/
26), 81% (21/26), and 73% (19/26) of the patients, respecti-
vely. The most common symptom was radiating pain in the leg,
and the most affected level was 14-5 in both groups (Table 1).

2. Clinical outcomes

In Group 1, with regard to back pain, the mean pain dis-
comfort scores that were measured on a VAS pre-operatively
and at 6 weeks, 3 months, and the last office visit post-oper-
atively were 4.57 (19 cases), 1.75 (12 cases), 1.54 (13 cases), and
1.96 (25 cases), respectively. With regard to leg pain, the mean
VAS pain scores were 4.57 (19 cases), 2.25 (12 cases), 1.77 (13
cases), and 1.96 (25 cases), respectively. The ODI scores recor-
ded during the same intervals were 46.15 (19 cases), 17.83
(12 cases), 13.71 (14 cases), and 16.12 (25 cases), respectively.
The mean improvements in the VAS scores for back pain and
leg pain were 2.6 and 4.8, respectively, and the mean decrea-
sed ODI was 30.19%. All these figures were statistically sig-

nificant (p<0.05). The SF-36 physical healthy component
subscale scores at the same intervals were 40.6 (19 cases), 56.1
(12 cases), 65.6 (14 cases), and 68.3 (25 cases), respectively.
The SF-36 mental health component subscale scores during
the same intervals were 48.5 (19 cases), 61.7 (12 cases), 64.8
(14 cases), and 65.1 (25 cases), respectively. They represent
the improvements in the physical and mental component sub-
scales by 27.7 and 16.6, respectively, which are statistically
significant, (p=0.02 and p=0.04, respectively) (Fig. 2A, B, C,
D, E, F).

In Group II, with regard to back pain, the mean pain dis-
comfort scores measured on a VAS during the same intervals
were 5.18 (22 cases), 2.11 (18 cases), 2.55 (18 cases), and 2.32
(26 cases), respectively. With regard to leg pain, the mean
VAS pain scores were 7.13 (23 cases), 1.52 (18 cases), 2.11
(18 cases), and 2.53 (26 cases), respectively. The ODI scores
recorded during the same intervals were 56.4 (25 cases), 29.5
(18 cases), 26.5 (18 cases), and 23.19 (26 cases), respectively.
The mean improvements in the VAS scores for back pain and
leg pain were 2.8 and 4.6, respectively, and the mean decrea-
sed ODI was 33.2%. These figures are statistically significant
(p<0.05). The SF-36 physical health component subscale
score improved from 34.9 pre-operatively to 66.5 at the last
follow-up in the METRx-MD group post-operatively, and the
SF-36 mental health component subscale score improved from
44.9 to 56.7 with statistical significance (p=0.02) (Fig. 2. A,
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Fig. 2. Clinical outcomes were assessed as specific parameters using the Visual Analogue Scale (VAS) score, the Oswestry Disa bility-

Index (ODI), the Short-form 36 (SF-36).
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Fig. 3. Health-related quality of life means the effects of a patient’s health on His/her overall well-being. In this study,
the improvement of the SF-36 physical and mental health component subscale scores in the PELD/METRx-MD groups.

Table 2. Main complications and mean operative times, blood loss
in PEDL group and METRx-MD group

PELD MED
Mean blood loss (cc) 35.2 153.8
Mean OP time (min) 141.7 178.8
Hospital stay (day) 9.32 13.2
Complications
Superficial infection 0 0
Temporary N. root injury 0 0
Recurrent rate (%) 3(8.1%) 2(5.7%)
Durotomy 1 (4%) 1 (4%)
Discitis 0 0
Postop.symptomatic Hx. 0 0
others(ex.Bowel violation) 0 1

B, C, D, E, F).

Both groups had negligible blood loss that had no signifi-
cant clinical influence. The mean operative times were 141.7
minutes in Group I and 178.8 minutes in Group II-signifi-
cantly shorter in Group I than in Group II (p=0.04). The
mean hospital stay was significantly shorter in Group I (9.32
+2.35 days) than in Group II (13.2£3.25 days) (p<0.05)
(Table 2).

Complications occurred in 3 patients (8.1%) in Group I and
2 patients (5.7%) in Group IL. Dural tear occurred in 1 patient
in Group I, which was successfully managed conservatively.
It was covered with gelfoam intra-operatively, and the patient
was given epidural steroid agents and needed bed rest for
48 hours. No delayed CSF fluid leaks or pseudomeningoceles
developed. The other complication was the recurrence of the
herniation at the same level and at the ipsilateral side. The
extent of the reherniation was mild and the clinical symptom
improved after the nerve root was blocked. A major complica-
tion was post-operative bowel violationin one patient. After
the review of the operative video data, it was indefinite if
the violation was relevant to the procedure. The patient was
treated successfully after conservative therapy at the GS Depart-

ment in the authors’ institution.

On the other hand, the complications in Group II included
two cases of a minor complication, for a complication rate
of 5.7%. There was 1 case of a minor complication of durotomy
and 1 case of recurrence, which were treated successfully using
the conservative method.

The return-to-work times of the previously employed pa-
tents were analyzed. All the patients who answered this survey
went back to their previous job, and the mean return-to-work
times were 37.8 days in Group I and 42 days in Group IL

DISCUSSION

Conventional microdiscectomy remains the gold standard
for treating a herniated lumbar intervertebral disc. The disad-
vantages of open surgery, however, include extensive retra-
ction and dissection of paraspinal muscles, a longer operatrive
time, larger wounds, and bone resection". The development
of microendoscopic discectomy (MED) has enabled many spi-
nal surgeons, however, to perform lumbar discectomy reliably
using a minimally invasive surgical approach. Among the
them, microscopic lumbar discectomy with a tubular retractor
was reported to have had good clinical outcomes in many
previous studies™. Moreover, PELD, as a less invasive modal-
ity, has several advantages over other forms of minimally inva-
sive surgery, as follows: it more extensively preserves normal
paraspinal structures during the surgery and reduces postopera-
tive pain that usually makes early discharge possible, and it
can be performed under local anesthesia™".

Damage of stabilizing structures such as the paraspinal mus-
cle was significantly reduced in the endoscopic group. Moreo-
ver, the ligamentum flavum did not have to be opened. In con-
trast, much greater damage of paraspinal structures is expected
after the use of conventional techniques, which result in an epi-
dural scar that makes revision operation more difficult'®'*"”.

Many more patients in the METRx-MD group suffered from
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post-operative back pain. In the authors’ current series, the VAS
scores with regard to back pain after the surgery were much
lower in the PELD group than in the METRx-MD group.
Further muscle dissection and removal of posterior structures,
such as the lamina and the facet joint, during microdiscectomy
have been suggested to increase the risk of post-operative back
pain'™"”. The more the resection of spinal canal structures is
avoided, the more the operation-induced pain is reduced™".
The pain and work disability after the surgery were signifi-
cantly reduced in the PELD group, but the reduction in the
neurologic deficits could not be predicted on the basis of these
results.

In this study, although almost all the patients underwent
surgery after the induction administration of general anesthe-
sia, a local anesthetic could also have been used®'**?. Four per-
cent (2/25) of the patients were put under local anesthesia,
and 96% (23/25), under general anesthesia. PELD can still be
performed safely under general anesthesia for as long as the
approach to the disc is appropriate, i.e., it is kept within the
safety zone (Kambin’s triangle). The advantage of general anes-
thesia is that there is no intra-operative pain and patient dis-
comfort during the procedure, which makes the performance
of the procedure safer than under local anesthesia™>".

In the early stages of a new surgical technique, surgeons have
emphasized disability-related symptomatic relief and improve-
ment after alternative therapies, and the clinical outcomes
have included many factors, such as mortality, morbidity, and
the re-operation rate. Studies of microscopy-assisted discec-
tomy discussed various operating techniques and outcomes,
but the success rates were generally high for herniated lumbar
discs and showed good clinical results based on quantitative
scale measurements such as the modified Macnab criteria and
the Odom scale between 75% and 93%>>". Similar results
were reported for percutaneous endoscopic operation™'?,
Many excellent clinical outcomes have been reported in pre-
vious studies, but such results were surgeon-based outcomes
that were not related to the patients’ functional status and
quality of life. These measures did not focus on the patient’s
perception of the influence of the operation on the patient.

To assess the impact on the quality of life of patients, vari-
ous outcome questionnaires have been developed. The goal
of these questionnaires is to measure patients’ views of their
health and daily activities. Health-related quality of life means
the effects of a patient’s health on his/her overall well-being™.
The most commonly used generic health-related quality of life
survey is the SF-36". In this study, the improvement of the
SF-36 physical and mental health component subscale scores
in the PELD group were 27.7 and 16.6, respectively, which
agreed with the data in previous literature(Fig. 3A, B).

Also, significant improvements in back pain and leg pain
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were achieved in the PELD. The VAS scores for lower-back
pain decreased from a mean of 4.57 before the surgery to
1.96 at the last follow-up. The VAS scores for leg pain decrea-
sed from 6.7 to 1.88 over the same period. Moreover, the
back pain and neurogenic symptoms were very disabling and
were associated with significant morbidity that affected the
patient’s quality of life. These improved scores in the outcome
measurements mean a decrease in the impact of the disease
on the patient’s life and can also be translated into a significant
improvement in the quality of life.

The mean decrease in the ODI in the Group I score was
30.19 at the final follow-up. The ODI is responsive to change
in the clinical status. A reduction of at least 15 points in the
ODI score was considered relevant to clinical improvement,
as proposed by the Food and Drug Administration™”. Red-
uctions in the ODI score were similar to those reported by
Ruetten et al.10 and Yeung et al.” using the PELD technique.

Specific data such as the patient’s hospital stay and re-
turn-to-work time are very important factors parameters of the
assessment of the patient’s quality of life. Although the rela-
tionship between these measures and the patient’s health is
uncertain, these factors may be related to an improvement
in the patient outcome and productivity by reducing the dura-
tion of his/her disability”. In this study, the mean hospital
stay for PELD (9.3+2.3) was longer than those reported in
previous studies. Some other studies reported that endoscopic
discectomy could be performed on an outpatient basis and
on patients discharged within 24 hours. The median hospital
stay of patients treated with conventional open discectomy
ranges, however, from 3 to 4 days in other reports™. The
counting of the hospital stay in the authors’ institution inclu-
ded the period of active ambulation after the prompt relief
of the symptoms post-operatively. Actually, the interval time
from the patient’s discharge day to the his/her return-to-work
day was much shorter in this study than in previous studies.
This means the patient’s disability time after his/her discharge
from the authors’ institution was reduced.

The other factor was the patient’s ability to return to his/
her previous employment. Foley and Smith reported a mean
return-to-work time of 17.6 days, and other studies repor-
ted that most of the patients were able to return to their pre-
vious occupation within 1 month and that the period of their
disability was shorter with endoscopic discectomy than with
microdiscectomy™>"”. All the patients in this study returned
to their previous occupation, and their mean return-to-work
time of 37.8 days is comparable with that in this series and
shorter than those with METRx-MD (42.5 days).

The rates of recurrent disc herniation in the two groups
were 2.7% (1/37) and 2.8% (1/35), respectively, and showed no
statistically significant difference (p<0.01). The rates corre-
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spond to the data in the previous literature, and all the pa-
tients were treated successfully with the conservative method.
The type of disc herniation and annular defect appeared rela-
ted to the recurrence rate. A large annular defect caused a
significantly higher recurrence rate than did a sequestrotomy
or a smaller annular defect. The reduction in the operation-rela-
ted annular defect has been discussed as a protective biome-
chanical factor’™". Tt can be attempted with endoscopic discec-
tomy. Moreover, in the case of a re-operation, the relatively
large scar after open discectomy may complicate the dissection
and increase the risk of nerve root damage due to adhesion.

In this study, the clinical outcomes, including the patient’s
quality of life, did not significantly differ between the two surgi-
cal techniques, and the quality of life and functional status
of the patients in the PELD group were comparable with those
of the patients in the METRx-MD group. Moreover, in terms
of the post-operative back pain due to back muscle trauma
and the recovery time, the PELD group had especially better
outcomes. Thus, endoscopic surgery is seen as a sufficient and
safe supplementation alternative to microsurgical procedures.

Although this study showed satisfactory clinical outcomes
with PELD, it had some limitations. One of its limitations
was its surgical method selection bias for the two groups. Ho-
wever, in the selective cases, the outcome of PELD might be
comparable with those of METRx-MD. Endoscopic access
was considered more appropriate for much younger patients
with soft and extruding disc herniations than METRx-MD.
This caused a lack of standardization of the two groups and
insufficient investigation of the clinical outcomes for the two
groups. This study also had relatively few cases and a short-
term follow-up period. Therefore, a further clinical study with
PELD as the MIS is needed to determine the effectiveness
and safety of PELD.

CONCLUSION

The PELD outcomes are comparable to the METRx-MD out-
comes, even without the use of a laser. PELD is still being
developed, and its indications have expanded from decom-
pression of contained disks to more complicated cases. PELD
for lumbar disk herniations may be performed safely and ef-
fectively, and PELD may be considered a treatment modality
of lumbar disk herniation.
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