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Background: Even though percutaneous endoscopic transforaminal discectomy (PETD) has
been widely used for the surgical treatment of lumbar herniated disc, there are only a few
studies directly comparing the clinical outcomes between microdiscectomy (MD) and PETD.
Therefore, further studies are needed in order to compare the clinical outcomes between
PETD and MD on a single level more thoroughly.

Methods: We proposed a far-lateral-outside-in technique for PETD to get an entry point
without complex planning and facet violation. From September 2017 to September 2019,
a total of 155 patients (69 with PETD and 86 with MD) were enrolled for this retrospective
study, with the inclusion criteria: single level between L2 and S1, clinical sciatica for at least
6 weeks, and failed attempts with non-surgical treatments. Patients were excluded due to
cauda equina syndrome, progressive neurologic deficits, history of lumbar spinal surgery,
endplate modic changes, severe disc degeneration and less than 24 months of follow-up.
Results: PETD showed significantly shorter surgery time and less intraoperative blood loss
compared to MD. The difference between PETD and MD in VAS back pain (but not VAS leg
pain) at follow-up time was significant. The ODI improvement in the follow-up time of 6
months between the 2 groups showed a significant difference (PETD: 31.23+6.59, MD:
39.85+7.81, p < 0.001). MD had a significantly higher chance of postoperative wound
infection and poor healing, while PETD was more likely to have recurrence of the herniated
disc.

Conclusion: MD has been the gold standard procedure for LDH. However, with the
advanced endoscopic technology and surgical technique, PETD has emerged as an alter-
native method due to higher functional outcome and less wound problems.
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Introduction

Lumbar disc herniation (LDH) is one of the most common causes of lower back
pain associated with sciatica, affecting people aged 35 to 50.'” Despite being
a highly prevalent disease, LDH can be asymptomatic and mostly require only
conservative treatment.> However, in around 15% of these patients, surgical inter-
vention is recommended owing to failure on conservative therapy.* Among surgical
treatments, microdiscectomy (MD) is generally acknowledged as the gold standard
procedure for symptomatic LDH.? Meanwhile, with the advance in surgical tech-
nology, many minimally invasive techniques have been developed and emerged as
alternative methods for symptomatic LDH.%’
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Percutaneous endoscopic transforaminal discectomy
(PETD) was first introduced in the late twentieth century
by Kambin et al and has become one of the minimally
invasive approaches to LDH.® Thanks to the development
of a navigation system and optical technology, the indica-
tions of PETD have expanded drastically in a way that
PETD could literally be equivalent to MD.? There are two
major techniques of PETD.'®'? The earlier one is intra-
discal, inside-out approach and the more recent approach
is outside-in approach. It is difficult for the intradiscal,
inside-out approach to remove migrated intra- and extra-
foraminal LDH meanwhile ensuring thorough nerve root
decompression intraoperatively. Moreover, the anatomic
structure could hardly be preserved in such approach.'®!?
The problem of the outside-in approach is how to choose
the entry point and the access path through neuroforamens
while removing the herniated discs with minimal bone
destruction. Foraminoplasty could help access the her-
niated disc but may increase lumbar instability and recur-
rence rate attributable to damage of articular surface in
facet joint."*

In this study, we proposed a far-lateral-outside-in tech-
nique for PETD to get the entry point without complex
planning and facet violation. In addition, we conducted
a retrospective study that compares the outcome of MD
and PETD for the treatment of single-level sympto-
matic LDH.

Materials and Methods

Patient Population and Demography

From September 2017 to September 2019, all patients
with symptomatic LDH who underwent either MD or
PETD in the Spine Department of our institution were
identified for this retrospective study. All operations
were performed by three experienced spine surgeons in
our department. One was responsible for microdiscectomy
and the other two did PETD in this study. The inclusion
criteria included patients with single level LDH between
L2 and S1, clinical sciatica for at least 6 weeks, and failed
attempts with non-surgical treatments. The exclusion cri-
teria included cauda equina syndrome, progressive neuro-
logic deficits, history of lumbar spinal surgery, modic
changes in endplates, disc degeneration more than grade
> and less than 24
months of follow-up. The type of surgery used was

III by Pfirrmann grading system,

based on the personal selection of the patient, but not on
the surgeon’s preference.

The patients’ characteristics, age, sex, BMI, type of
disc herniation, primary symptoms, and lesion level were
recorded and compared. The Institutional Review Board of
the Chang Gung Medical Foundation approved this study
and waived the requirement for written informed consent
due to the retrospective nature of the study. All procedures
performed in this study complied with the ethical stan-
dards of the national research committee. The data of
patients and maintained with

were anonymized

confidentiality.

Surgical Technique

The Far-Lateral-Outside-in Technique of PETD
Preoperative MRI was used to assess the severity, morphol-
ogy, and herniation type of the lesion level (Figure 1A).
PETD patients were in a prone position with local anes-
thetic or intravenous general anesthesia. We performed all
PETD surgeries with the MaxMore spine PTED endoscopic
system and the far-lateral-outside-in technique. The entry
point of spinal needle was the intersection of two lines
obtained from some landmarks of the patients under the
assistance of fluoroscopy. One was the line of interspinous
ligament drawn under the lateral view of lumbar spine (S
line, Figure 1B) and the other line was the inclination line (I
line) based on the morphology of the herniated disc under
the anterior-posterior view (Figure 1C). The spinal needle
was inserted from the intersection of S line and I line on the
skin along I line with a vertical angle about 10-20 degrees
(Figure 1C) to the superior articular process (SAP) of the
lesion level under fluoroscopic guidance. Then, a K-wire
was inserted through the spinal needle and the access path
through the muscle was made by dilators. The so-called
Tomshidi needle was inserted through the canal and posi-
tioned with its tip on the part of SAP near the foramen
(Figure 1D). After removal of Tomshidi needle, the neuro-
foramen was gradually expanded with rounded-blunt-end
bone drills guided along the K-wire on SAP (foraminotomy,
Figure 1E). After the neuroforamen was widened to 8 mm,
the endoscope could be inserted through the working
sleeve, with assistance of light hammer blows if necessary.
Most importantly, the working sleeve should not be located
in the intervertebral disc space but behind the intervertebral
disc in the epidural space under lateral view of fluoroscopy
(Figure 1F). This is the key point of the far-lateral-outside-
in approach. Otherwise, there is little chance of removing
the sequestered parts of the intervertebral disc in the spinal
canal or visualizing the nerve root. The endoscopic image
can be transmitted to an external monitor by a video camera.
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Figure | This figure was from a 38-year-old male who suffered from back pain with left leg radiation for 2 months. (A) The MRI shows an extruded disc herniation at L4-5
level with left L5 root compression. Through the assistance of fluoroscopy, the entry point E* for PETD surgery could be obtained from intersection of projected landmarks
of (B) the interspinous ligament (S line) in lateral view and (C) the inclination line (I line) based on the morphology of the herniated disc in the anterior-posterior view. (D)
The Tomshidi needle was inserted and positioned with its tip on the part of SAP near the foramen. (E) The neuroforamen was gradually expanded with rounded-blunt-end
bone drills guided along the K-wire on SAP. (F) After the neuroforamen was widened to 8 mm (foraminotomy), the endoscope could be inserted through the working
sleeve, reaching the epidural space right behind the intervertebral disc space, confirmed by lateral view of fluoroscopy. (G) After removal of blood clots and debris in
endoscopic view, three layered structures were firstly recognized: SAP with flavum ligament (upper), epidural space (middle), and PLL with the herniated disc (floor). (H)
Compared to preoperative endoscopic view, much looser epidural space with freely swingable nerve root under pulsation of irrigation could be visualized after the herniated
disc was removed completely.

Abbreviations: S line, interspinous ligament line; | line, inclination line; E¥, entry point; PETD, percutaneous endoscopic transforaminal discectomy; SAP, superior articular
process; PLL, posterior longitudinal ligament.

The following layered structures should firstly be recog- (PLL) with the herniated disc (lower). PLL is the natural
nized (Figure 1G): SAP with flavum ligament (upper), barrier for the removal of the herniated disc, and there is less
epidural space (middle), and posterior longitudinal ligament  chance to injure the nerve root provided that the entire
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procedure is performed beneath it. After the sequestered,
extruded or protruded disc has been completely removed,
the epidural space would be loose and the nerve root should
be freely visible in the endoscopic image (Figure 1H).

Microdiscectomy

The patients undergoing microdiscectomy were placed in
a prone position under general anesthesia. Surgical level
was identified using portable (C- arm) radiography prior to
the procedure. Skin, soft tissue, and paraspinal muscles
were retracted by tubular expandable retractors after mid-
line incision from posterior approach. Epidural space was
exposed once hemi-laminotomy and flavum ligament
resection were fulfilled on the lesion side. Herniated disc
would then be removed with caution while neurologic
structures are well-protected. The entire procedure was
carried out using a surgical microscope with variable
magnification and focalization.

Surgical and Clinical Outcome

The clinical functioning of the patients was evaluated by
visual analog scale (VAS) and Oswestry Disability Index
(ODI) to assess back pain, leg pain, and functional out-
come. The VAS assessment was performed at pre-surgery,
postoperative day 1, 3 months and 6 months. The ODI
assessments were done at pre-surgery and 6-months after
surgery. Blood loss, surgical time, and days of hospital
stay were recorded. Regarding the outcomes, incidence of
intraoperative dural tear, wound condition, recurrent leg
pain, recurrent herniation, and revision surgery of the two
groups were compared.

Statistical Analysis

Statistical calculations were performed using SPSS 24.0 to
analyze the parameters of the patients. All quantitative
variables were presented in mean standard + deviation
and qualitative variables were shown in terms of ratios
and numbers. Continuous variables were assessed by
pooled Student’s t-test. The categorical variables were
performed by Fisher’s exact test and Mann—Whitney test.
A p value < 0.05 was considered to be of statistical
significance.

Results

From September 2017 to September 2019, 73 and 104
patients had PETD and MD respectively. Among those
104 MD patients, we excluded 3 patients for loss of follow
up, 2 for previous lumbar surgery, 6 for discectomy more

than 2 levels, 4 for being performed by other surgeons and
3 for cauda equina syndrome. In 73 PETD patients, three
without complete follow-up and one with cauda equina
syndrome were excluded. Therefore, 69 PETD and 86 MD
patients were enrolled in this retrospective study.

The demographic results of the 2 groups were com-
pared. There were 40 males/29 females in PETD group
and 51 males/35 females in MD group. The average age
(years) was 51.25+17.26 in PETD group and 47.26+16.49
in MD group. For body weight (kg) and BMI (kg/m?),
PETD patients were similar to MD patients. No significant
difference between 2 groups in primary symptoms, the
morphology of disc herniation and the lesion level was
shown (Table 1).

The average surgery time (minutes) was 59.41+£22.19
in PETD group, and 69.62+18.96 in MD group. For blood
loss and days of hospital stay, both of them revealed
significantly better results in PETD group (p < 0.001,
p = 0.003) (Table 2).

Functional Outcomes

There was no significant difference in preoperative ODI,
VAS back pain and leg pain between the 2 groups. After
surgical treatment, leg pain was much relieved in both
groups at postoperative day 1, 3 months and 6 months.
However, PETD group showed better improvement in
VAS back pain at postoperative day 1, 3 months, 6 months
and ODI at postoperative 6 months (p < 0.001, p < 0.001,
p = 0.001) (Table 3).

Complications

Only one patient in MD group had intraoperative dural
tear. For wound condition classification, we defined deep
wound infection as those who required surgical debride-
ment for definite treatment; wound edge necrosis, dis-
charge, skin maceration, poor closure or superficial
wound infection that only required wound dressing to
heal were classified as wound maceration and poor heal-
ing. There was no deep wound infection, wound macera-
tion, or nerve root injury in PETD group; MD group had 3
patients with deep wound infection, 14 patients with
wound maceration and poor healing, and none with intrao-
perative nerve injury (p=0.058, p<0.001, p=1.000). Six
PETD patients had recurrent leg pain within postoperative
month 1 while there were four in MD group, mostly
relieved with conservative treatment. Within first post-
operative month, one PETD patient needed revision sur-
gery due to residual herniated disc, yet three patients from
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Table 1 Demographic Parameters

PETD MD p-value

Number of patients 69 86

Age 51.25+17.26 47.26+16.49 0.445
Sex (Male: Female) 40:29 51:35 0.871
Heavy worker 13 16 0.970
Height (cm) 164.96+7.96 165.39+8.97 0.757
Body weight (kg) 71.59£12.76 72.09+16.30 0.834
BMI (kg/m?) 26.27+3.87 26.19+4.99 0915
Type of disc herniation 0.237
Protruding 18 13

Extruding 14 20

Sequestered 37 53

Level of disc herniation 0.622
L2-3 2 [

L3-4 7 5

L4-5 36 50

L5-S1 24 30

Primary symptom (leg pain) 68 84 0912
Primary symptom (back pain) 64 82 0.756
Lower limb numbness 49 67 0.356
Lower limb weakness 21 36 0.180
Lower limb tingling sensation 24 34 0.564

Note: Values are shown in form of meant standard deviation.

Abbreviations: PETLD, percutaneous endoscopic transforaminal lumbar discectomy; MD, microdiscectomy; BMI, body mass index.

Table 2 Perioperative Outcomes

PETD MD p-value
Blood loss 7.54%2.15 30.47£7.01 <0.001
Surgery time 59.41£22.19 69.62+18.96 0.120
Days of hospital stay 1.46+0.79 241131 0.003

Note: Values are shown in form of meant standard deviation.
Abbreviations: PETLD, percutaneous endoscopic transforaminal lumbar discect-
omy; MD, microdiscectomy.

MD group required debridement due to deep wound infec-
tion. Neither of the groups had surgical revision between
postoperative month 1 and three months. Four PETD
patients underwent revision surgeries for recurrent disc
herniation between three months and one year postopera-
tively (Table 4). No patient in PETD group experienced
devastating complications. However, one of the three
patients with deep wound infection in MD group devel-
oped septic shock even after several debridements, leading
to multiple organ dysfunction syndrome and expiration in
two months.

Discussion
PETD has improved the surgical indications as an outside-in
technique through foraminoplasty with assistance of

trephines.'®!” However, it could increase the risk of intrao-
perative dural tear, bone surface bleeding, postoperative
hematoma and damage of facet joints, leading to instability
of facet joints and facet arthrosis.'® Compared with forami-
noplasty, our technique provides a less invasive way to
access the intra-canal space with rounded-blunt-end bone
drills. We have decreased the risk of intraoperative dural
tear and violation of facet joints with the use of rounded-
blunt-end bone drills instead of sharp trephines. Through the
intersection of S line (the line of interspinous ligament) and
I line (the inclination line), each spine surgeon could easily
find the entry point and insert the spinal needle along I line
with a vertical angle about 10-20 degrees to reach SAP. No
dural tear was found in PETD patients and almost all endo-
scopic images were shown clearly without oozing from bone
cutting surface (Figure 1G). In our opinion, the minimally
invasive foraminotomy based on this far-lateral-outside-in
technique accompanied with the use of rounded-blunt-end
bone drills is the main reason.

Smaller wound incision, less blood loss and shorter
operation time usually imply less soft tissue injury and
muscle damage. Meanwhile, better recovery means early
discharge and early return to work. In our study, PETD
patients had better performance in VAS back pain
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Table 3 Functional Outcomes
PETD MD p-value
VAS back pain Preoperative 451%1.31 4.65+1.86 0.475
Postoperative D | 1.54+0.70 3.63 £1.02 <0.001
Postoperative 3 M 0.64+0.37 2.16 £1.92 <0.001
Postoperative 6 M 0.41+0.50 0.74%1.62 0.001
VAS leg pain Preoperative 7.68+0.95 7.50%1.17 0.298
Postoperative D | 1.23+0.84 1.27+0.64 0.766
Postoperative 3 M 0.73%0.52 0.92+0.78 0.164
Postoperative 6 M 0.56+0.50 0.68+0.62 0.196
ODI Preoperative 76.38+8.58 75.64+8.08 0.584
Postoperative 6 M 31.23£6.59 39.85+7.81 0.001

Note: Values are shown in form of meant standard deviation.

Abbreviations: PETLD, percutaneous endoscopic transforaminal lumbar discectomy; MD, microdiscectomy; ODI, Oswestry Disability Index; VAS, visual analog scale.

Table 4 Complications

PETD MD p-value
Intraoperative dural tear 0 | 0.876
Deep wound infection 0 3 0.058
Wound maceration and poor healing 0 14 <0.001
Nerve root injury 0 0 1.000
Recurrent leg pain within | M 6 4 0.342
Revision within | M | 3 0.629
Revision between | -3 M 0 0 1.000
Revision between 3M - | Y 4 0 0.021
Recurrent herniation at final F/U 4 | 0.049

Notes: Values are shown in form of meant standard deviation. Deep wound infection: surgical debridement. Wound maceration and poor healing: wound edge necrosis,

discharge, skin maceration, poor closure and superficial wound infection.

Abbreviations: PETLD, percutaneous endoscopic transforaminal lumbar discectomy; MD, microdiscectomy; F/U, follow-up.

postoperatively, and better ODI than MD patients at 6
months postoperatively. Less postoperative back pain and
soft tissue scarring are major causes for better functional
outcome.'”?* Unlike open microdiscectomy, PETD is
a minimally invasive treatment with no paraspinal muscle
detached, no bony destruction and less epidural scarring.
This could make a difference in effectiveness, leading to
faster rehabilitation and integration, and thus better func-
tional prognosis with lower costs to society.”! As implied
in the comparative cohort study with a 5-year follow-up,
Ahn et al found PETD had shorter operation time, hospital
stay, recovery time, and time of returning to work.?’ This
was most likely because MD caused more iatrogenic
damage to the surrounding tissue compared to PETD.
With the advanced endoscopic tools and a skillful surgeon,
PETD can achieve a better short-term outcome in the
alleviation of postoperative discomfort.

Microdiscectomy is still one kind of open surgery, and
wound problem is one of the main complications.*

According to a systematic review, microdiscectomy had an
overall wound complication rate between 1.2-2.1%, which
was higher than percutaneous discectomy.? Li et al drew the
conclusion with the same tendency in their comparative
cohort study.* Our study showed that MD had a higher
overall wound complication rate: 19.8% with 3.5% deep
wound infection and 16.3% delayed wound healing.
Although the deep wound infection rate of 3.5% is slightly
above average, our major concern is that 14 out of 86 MD
patients had delayed wound healing with maceration for 1-2
weeks. It would affect the effectiveness of surgical prognosis,
patient’s satisfaction, postoperative back pain and return to
work. Wound problems usually result in significant increase
in morbidity and incur a substantial cost to the health care
system.”> One study proved that each episode of wound
infection following a spine procedure contributed to a mean
increase in the cost of care by $4067.%° Although the deep
wound infection rate of 3.5% was not actually of statistical
significance, those three patients in our study suffered
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repeated debridement and prolonged antibiotics treatment.
One of them expired owing to devastating complications
during hospitalization.

In our study, 10 patients in total had recurrent leg
discomfort within postoperative month 1 (6 in PETD,
8.69% and 4 in MD, 4.65%). Only one of the 69 PETD
patients had poor response to conservative treatment and
received revision surgery due to residual disc fragments.
This patient was included in the early stage of our study
during the learning curve of PETD surgeons. PETD is
a type of minimal and limited discectomy expected to
exhibit a high recurrence rate. Even with the advanced
endoscopic camera and variation of methods to remove
herniated disc lesions, PETD still has difficulty gaining
a complete view of surgical site, especially for patients
with smaller foraminal space or severe disc degeneration.
However, recent studies demonstrated that the recurrence
rate for PETD was
discectomy.?’* Although residual disc fragments were
found in 2.8-15% of patients after PETD***" and the
persistent compression of nerve roots is a cause of reo-

comparable to that of open

peration, not all patients with residual disc fragments are

symptomatic.  Therefore, most surgeons suggest
a “watchful waiting” strategy for asymptomatic patients,
and try conservative treatment first for those with minor
symptoms.31

Recurrent LDH has been defined as repeat disc hernia-
tion at the same level with MRI confirmation after an
initial period of symptomatic relief. The recurrence rate
after surgical treatment has been reported as 5-15%.°%%
Symptomatic recurrent LDH is considered as one of the
major complications of PETD, and the risk factors for
early recurrence after PETD are BMI, disc degeneration
scale, combined herniated nucleus pulposus, and early
ambulation.>® In our study, the recurrent LDH rate of
PETD patients was 5.79%, higher than that of the MD
patients. Because of no significant difference in BMI, age,
sex, and disc morphology, early ambulation and quick
functional recovery might be accountable for the higher
recurrence rate in PETD group. Early discharge, immedi-
ate back pain relief and higher ODI help PETD patients to
return to work and even high level of activities quickly
after the surgeries.

To the best of our knowledge, our study is the first to
propose the surgical technique of PETD, making the com-
plicated simple, transforming 3-dimensional endoscopic
trajectory and entry point into a brief 2-dimensional

method via the intersection of just two lines. Surgeons

could improve their learning curve and decrease intrao-
perative complications by referring to our far-lateral-
outside-in technique. We also detailed postoperative
wound problems of microdiscectomy and short-term
higher recurrent rate of PETD to explore features of
those two surgical operations. Under adequate surgical
indications and techniques, PETD could result in higher
functional outcome with less wound problems.

There are some limitations to this study. To begin with,
this was a retrospective study with non-randomized patient
samples, which is prone to selection bias. Then, perfor-
mance bias may exist due to different surgery types per-
formed by 3 surgeons. To decrease the influence of
performance bias, we allocated surgery types by surgeon
specialty and set up the same inclusion and exclusion
criteria, data collection methods, outcome determination,
and follow-up time. Furthermore, the choice of surgical
method was determined purely by the patients’ preference.
As a result, more future studies will be necessary to fully
assess the clinical outcome.

Conclusion

MD has been the gold standard procedure for LDH.
However, with the advanced endoscopic technology and
surgical techniques, PETD has emerged as an alternative
method due to higher functional outcome and less wound
problems. While both methods demonstrated overall pro-
mising sciatica relief, further studies are needed to com-
pare the clinical efficacy and prognosis more thoroughly.

Disclosure
The authors report no conflicts of interest in this work.
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