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Abstract

Purpose To define and analyze the learning curve of percutaneous endoscopic transforaminal decompression (PETD) for lumbar
spinal stenosis (LSS).

Methods From July 2015 to September 2016, 78 patients underwent PETD; one of whom was converted to open surgery, two
were lost, and 75 were included in this study. Clinical results were assessed by using the Oswestry Disability Index (ODI) and
visual analog scale (VAS). The learning curve was assessed by a logarithmic curve-fitting regression analysis. Of these 75
patients, 35 were defined as the “early” group, and 40 were defined as the “late” group for comparison.

Results The mean follow-up was 25.37 +4.71 months. The median operative time gradually decreased from 95 (interquartile
range, IQR, 85-110) minutes for the early group to 70 (IQR, 60—80) minutes for the late group (P < .000), and an asymptote was
reached after approximately 35 cases. After surgery, the VAS for leg pain (LP) and ODI decreased significantly and remained
constant during the follow-up. However, the VAS of low back pain (LBP) increased mildly. The total complication rate was 6.6%.
ODI, VAS of LP and of LBP, and complication rate did not significantly differ between two groups. Early ambulation and short
hospital stay after surgery were achieved.

Conclusion The learning curve of PETD for LSS was assessed and good clinical results were achieved. The surgeon’s experience
with this technique correlated with reduced operation time. Proper patient selection, familiarity with pathological anatomy, and
manipulation under endoscopic view may shorten the learning curve and decrease complications.

Keywords Lumbar spinal stenosis - Learning curve - Percutaneous endoscopic transforaminal decompression - Surgery -
Non-fusion surgery

Introduction

Lumbar spinal stenosis (LSS) can cause chronic low back pain
(LBP), leg pain (LP), and intermittent neurological claudica-
tion, which may severely restrict function, walking ability, and
quality of life [1]. When conservative management is
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unsuccessful, surgical treatment is considered [2]. Currently,
LSS is the most common indication for spinal surgery [3, 4].
The surgical options for LSS are decompression with fusion
or decompression alone (non-fusion). Since minimally invasive
spinal surgery (MISS) was introduced, a variety of MISS lumbar
interbody fusion (LIF) procedures have been applied to treat LSS
[5-8]. Despite reported good clinical results, these techniques
have some inherent disadvantages, including loss of motion unit,
risk of non-fusion, internal implant-related complications, de-
mand for general anaesthesia, and high cost [2, 9—12].
Non-fusion MISS techniques may overcome those disad-
vantages in selected patients such as patients without interver-
tebral segmental instability or patients with complex general
diseases and elderly patients. Micro-endoscopic discectomy
(MED) can successfully treat LSS via a unilateral approach
to achieve bilateral decompression [13, 14]. Recently, with the
development of endoscopic equipment and surgical skills,
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full-endoscopic decompression surgery (FEDS) was used to
treat LSS [15—17] and was considered to be less invasive than
MED. The proper indications for percutaneous endoscopic
transforaminal decompression (PETD) and percutaneous en-
doscopic interlaminal decompression (PEID) for LSS were
proposed [18]. For the anatomical restriction in the upper
lumbar spine, and different demands of anaesthesia, PETD
has a wider application than PEID in the lumbar spine.
Because of the complicated pathological changes in LSS,
using PETD for treating LSS is still a technical challenge for
most surgeons. Therefore, understanding the learning curve of
PETD is essential to avoid severe complications when begin-
ning to use this technique. To our knowledge, no study has
evaluated operative time, complications, or outcomes associ-
ated with gaining experience with PETD for LSS. The aim of
this study was to assess the learning curve of PETD for LSS.

Materials and methods

Before using PETD for LSS, the author observed ten cases treated
with this surgery at a spinal endoscopy centre and practiced on
cadavers five times. The author has experience in percutaneous
endoscopic lumbar discectomy (PELD) of more than 100 cases,
in which transforaminal approach was used for nearly three-fifths.
Between July 2015 and September 2016, 91 patients with LSS
were treated by FEDS. Thirteen patients were treated with PEID,
and 78 were treated with PETD. One of the 78 patients was
converted to open surgery and 77 completed PETD. Two of the
77 patients were lost during the follow-up for the change of phone
number and address. The remaining 75 patients were included in
this study and their demographic details are presented in Table 1.
The inclusion criteria were as follows: (1) patients with LSS,
including lateral recess, foraminal stenosis, and central stenosis
(Schizas grade B and C) [19, 20], as confirmed by imaging
characteristics and clinical symptoms; (2) with single level pa-
thology and unilateral symptoms; (3) with > three months of
failed conservative treatment; (4) with sufficient follow-up data.
The exclusion criteria were the following: (1) patients with ex-
treme LSS [20]; (2) with segmental instability; (3) with visual
analog scale (VAS) score of LBP > 3; (4) with abnormal nerve
root in the neuroforamen on magnetic resonance imaging (MRI);
(5) with pathologies such as infection or tumor. This retrospective
study was approved by the ethics committee of our hospital.

Operation steps

All operations were performed under basic sedation and local
anaesthesia. A prone position with flexed hip and knee on a
radiolucent table was used for all patients. The skin entry point
of'the spinal needle was basically located 8—13 cm lateral from
the midline according to the patient’s body size. The initial
target point of the needle was the middle part of the superior
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Table 1  Demographic characteristics of 75 Patients

Characteristics Median (interquartile range)

or mean + SD or n (%)

Age (years) 58.97+7.88
Sex, male (%) 44 (58.6)
Body weight (kg) 59 (51-65)
Smoking (%) 18 (24.0)
Diabetes mellitus (%) 16 (21.3)
Duration of symptoms (months) 36 (16-72)
Lumbar spinal stenosis (Schizas Grade)

Grade B 56 (74.7)

Grade C 19 (25.3)
Stenotic zone (Wang’s classification)

Zone 1 16 (21.3)

Zone 1 +2 54 (72.0)

Zone 5 5(6.7)
Level involved

L2-3 2(2.7)

L34 8 (10.7)

L4-5 52 (69.3)

L5-S1 13 (17.3)
Sides

Right 41 (54.7)

Left 34 (45.3)
Surgical time (min) 80 (65-105)
Intraoperative fluoro-expo (times) 16 (12-19)
Time to ambulation (h) 20 (18-24)
Hospital stay (h) 30 (24-39)
Complication 5(6.6)
Follow-up (months) 25.37+4.71

articular process (SAP) of the inferior vertebrae. After proper
initial needle placement and local anesthesia with 0.5% lido-
caine, a guide rod was placed at the middle-inferior part of the
foramen on anterior-posterior fluoroscopy and at the ventral
surface of the middle part of the SAP on the lateral view
(Fig. 1a). The rod was gently tapped to fix it on the SAP. A
series of dilators were inserted consecutively, and a trephine
protection tube was placed finally. After the protection tube
was firmly fixed within the foraminal portion, a trephine (di-
ameter, 8.5 mm) with a deep-control device was used to un-
dercut the bone from the ventral part of the SAP under fluo-
roscopic inspection (Fig. 1b). While removing the cutting
bone and introducing the endoscope, the hole in the SAP
created by the trephine was used as a good landmark to guide
our endoscopic decompression. An endo-Kerrison was used
to further bony decompression (Fig. 1c). At this point, the
ligamentum flavum, foraminal ligaments, shoulder osteo-
phyte, and disc surface were observed. The repeated
dissection-and-cutting maneuvers decompressed the lateral
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Fig. 1 Surgical steps. a A guide rod is placed at the target point. b A
trephine with a deep-control device (white arrow) is used in the
foraminoplasty. ¢ The hole within the SAP is created by the trephine as
a landmark to guide decompression. An endo-Kerrison punch was used to
decompress the remaining hard structures. d A bipolar radiofrequency

recess and released the dural sac and traversing nerve root.
Ventral pathologies, such as osteophytes and bulged interver-
tebral discs, could be decompressed. A bipolar radiofrequency
coagulator was used to ablate the ligamentous structures and
for bleeding control. The end point of the procedure was free
mobilization and release of the dural sac and the affected nerve
roots (Fig. 1d). If a patient has intervertebral foramen stenosis
and the corresponding symptoms, enlargement of the whole
foramen for decompressing the exiting root is crucial. After
confirming the full-scale lateral recess and foramen decom-
pression and haemostasis, the endoscope and working tube
were withdrawn. A single-point subcutaneous suture was ap-
plied. Thereafter, the patients were monitored for post-
operative problems and discharged mostly within 48 hours
after finishing the remaining post-operative examinations. A
representative case is shown in Fig. 2.

Outcome evaluation and statistical analysis

Operative time (the time from making skin landmark to ending
the surgery), intra-operative fluoroscopy exposure, and intra-
operative and post-operative complications were analyzed.
Post-operative X-ray and three-dimensional reconstruction com-
puted tomography imaging were performed for all patients. Post-
operative MRI was indicated only for patients with deteriorated
post-operative neurological symptoms. Clinical results were
assessed by the VAS score and the Oswestry Disability Index

Dorsal

//

4

Caudal Caudal

coagulator is used to ablate the ligamentous structures and the nerve root
is released. The yellow arrow indicates the ligamentum flavum, the green
arrow indicates osteophytes and the bulged disc, and the red arrow indi-
cates the nerve root

(ODI) by two independent observers at day one, at months three,
six and 12, and yearly after surgery.

Statistical analysis was conducted with SPSS 19.0 (SPSS
Inc., Chicago, IL, USA). The normality of data was tested
using Shapiro—Wilk test. Continuous data were presented as
mean and standard deviation or interquartile range (IQR), if
available. The learning curve for PETD was assessed by log-
arithmic curve-fitting regression analysis. Continuous data
were compared with paired ¢ test for parametric data and
Wilcoxon symbolic rank test for non-parametric data. The
repeated-measures data were compared using Friedman test
followed by a pairwise comparison. The x* test or Fisher’s
exact test was used to compare the frequencies of categorical
data. A P value <0.05 was considered significant.

Results
Clinical results of the patients (n = 75)

The mean follow-up period for the patients was 25.37+4.71
(range, 12-36) months. Nine (12%) patients were lost in different
time points during follow-up. Therefore, the data of the last
follow-up for all patients was chosen to be the end point for a
statistical analysis. The median operative time of all patients was
80 (IQR, 65-105) minutes. The median intra-operative fluoros-
copy exposure was 16 (IQR, 12—-19) times. Intra-operative blood
loss was unmeasurable. The post-operative median time to
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Fig. 2 A 55-year-old man with
L4/5 spinal stenosis. a Pre-
operative images showing L4/5
left lateral recess stenosis with
disc herniation (red arrow). b The
lateral recess and neuroforamen
have been enlarged, and the ven-
tral part of the superior facet and
the herniated disc had been re-
moved after surgery (yellow
arrow)

ambulation was 20 (IQR, 18-24) hours. The median hospital
stay after surgery was 30 (IQR, 24-39) hours (Table 1). The
VAS score of LP decreased from 6 (IQR, 5-6) pre-operatively
to 1 (IQR, 1-2) post-operatively and to 1 (IQR, 1-2) at the last
follow-up. The VAS score of LBP changed from 1 (IQR, 1-2)
preoperatively to 1 (IQR, 1-2) postoperatively and to 2 (IQR, 1—
2) at the last follow-up. The ODI values decreased from 34 (IQR,
32-36) pre-operatively to 9 (IQR, 7-10) post-operatively and to
9 (IQR, 7-10) at the last follow-up (Table 2).

Learning curve of PETD (n =75)

The operative time decreased significantly with accumulation
of the number of cases, as demonstrated by the equation from
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the logarithmic curve-fitting regression analysis (P <.000),
y=—46.94 In(x) + 153 with a coefficient of determination R?
of 0.567 (case number, x; operative time, y (min)) (Fig. 3). A
steady state, which was defined as the asymptote of the learn-
ing curve, was assumed to have been achieved after approxi-
mately 35 cases.

Comparison of outcome measures between the early
group (n = 35) and late group (n = 40)

On the basis of the learning curve findings, the 75 patients
were divided into two groups: the early group (35 patients)
and the late group (40 patients). The pre-operative baseline
data were equal between the two groups (Tables 3 and 4).
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Table 2  Clinical results of the total 75 patients at different time points

Characteristics Cases

Pre-operation

Post-operation Last follow-up P value

LP VAS (median, IQR) Total cases (n=75) 6 (5-6)

Early group (n=35) 6 (5-6)

Late group (n=40) 6 (5-6)

LBP VAS (median, IQR) Total cases (n="75) 1(1-2)

1(1-2)
1(1-2)

Early group (n=35)
Late group (n =40)

ODI (median, IQR)

Total cases (n="75)

Early group (n=35)

Late group (n=40)

34 (32-36)

34 (32-38)

33 (32-36)

“P<0.000
“P <0.000
$p=0.870
“P<0.000
*P <0.000
Sp=0.811
“P<0.000
*P <0.000
P =1.000
*P=0.806
“Pp=0.027
P =0.050
P=0292

“P=0.576
“P=0.034
Sp=0.118
“P <0.000
*P <0.000
$p=0369
“P <0.000
“P <0.000
$p=0.550
*P<0.000
*P <0.000
$p=0.502

1 (1-2) 1 (1-2)

1(1-2) 1(1-2)
1(1-2) 1(1-2)
1 (1-2)

2(1-2)

1(1-2)
1(1-2)

2(1-2)
2(1-2)

9 (7-10) 9 (7-10)
8 (7-10)

9 (7-10)

9 (7-10) 9 (7-10)

IQR, interquartile range; LP, leg pain; LBP, low back pain; VAS, visual analog score; ODI, Oswestry Disability Index; P, the P value between pre-
operation and post-operation; “ P, the P value between pre-operation and the last follow-up; ' P, the P value between post-operation and the last follow-

up; P, the P value of Friedman test

Operative time decreased significantly from 95 (IQR, 85-110)
minutes in the early group to 70 (IQR, 60-80) minutes in the
late group (P <.000) (Table 3). Intra-operative fluoroscopy
exposure decreased from 19 (IQR, 18-22) times in the early
group to 12 (IQR, 12—-16) times in the late group (P <.000).
The post-operative ODI and VAS scores of LP in both groups

Time, min
200+ Y=-46.94 In(X)+153
R?=0.567
150-

100

50+

0 T T T T T T T T T T T T T T T 1 Cases
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Fig. 3 The learning curve of PETD for LSS is shown in relation to
operative time

significantly decreased from the pre-operative values, and
these results were steadily maintained during the follow-up
(Table 2). However, the VAS score of LBP in the total 75
patients showed a significant increase from 1 (IQR, 1-2)
post-operatively to 2 (IQR, 1-2) at the last follow-up
(P=.050). There were no significant differences in the ODI
and VAS scores of LP and LBP at the same time points be-
tween the groups (Table 4) or in the time to ambulation and
hospital stay after surgery (Table 3).

Complications and converted operation (n =76)

In one patient, PETD had to be converted to open surgery, and
this operation was considered to be a type of complication of
PETD. Therefore, 76 cases were finally analyzed with respect
to complications of this surgery. The converted patient (case
29th) was allocated to the early group. The total complication
rate was 6.6% (5/76). The rates in the early group and late
group were 8.6% (3/36) and 5% (2/40), respectively. The
number of complications and rate were higher in the early
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Table 3 The comparison of demographic characteristics between two groups
Characteristics Early group (n=35) Late group (n =40) P value
Median (IQR) or mean + SD or n (%)

Age (years) 57.49+741 60.40+8.17 P=0.142
Sex, male (%) 20 (57.1) 24 (60.0) P=0.819
Body weight (kg) 59 (49-65) 59 (52-62) P=0.945
Smoking (%) 7 (20.0) 11 (27.5) P=0.589
Diabetes mellitus (%) 8(22.9) 8 (20.0) P=0.785
Duration of symptoms (months) 40 (14-80) 36 (16-66) P=0.933
Lumbar spinal stenosis (Schizas Grade)

Grade B 25(71.4) 27 (67.5) P=0.804

Grade C 10 (28.6) 13 (32.5) P=0.804
Stenotic zone (Wang’s classification)

Zone 1 9(25.7) 7 (17.5) P=0.412

Zone 1+2 24 (65.7) 30 (77.5) P=0.611

Zone 5 2 (5.6) 3(7.5) P =1.000
Level involved

L2-3 0 2 (5.0) P=0.495

L34 3 (8.6) 5(12.5) P=0.716

L4-5 27 (77.1) 25 (62.5) P=0.785

L5-S1 5(14.3) 8 (20.0) P=0.557
Sides

Right 20 (57.1) 21(52.5) P=0.817

Left 15 (43.9) 19 (47.5) P=0.817
Surgical time (min) 95 (85-110) 70 (60-80) P <0.000
Intraoperative fluoro-expo (times) 19 (18-22) 12 (12-16) P <0.000
Time to ambulation (h) 24 (24-36) 24 (24-24) P=0.081
Hospital stay (h) 36 (28-44) 30 (24-39.5) P=0.279
Complication 3(8.6) 2 (5.0) P=0.663
Follow-up (months) 26.37+4.48 24.50+4.78 P=0.157

IOR, interquartile range; LP, leg pain; LBP, low back pain; VAS, visual analog score; ODI, Oswestry Disability Index; fluoro-expo, intraoperative

fluoroscopy exposure; SD, standard deviation

Table 4 The comparison of clinical results between two groups

Characteristics ~ Early group (n=35) Late group (n=40) P value

LP VAS (median, IQR)

Pre-operation 6 (5-6) 6 (5-6) P=0.968

Post-operation 1 (1-2) 1(1-2) P=0.667

Last follow-up 1 (1-2) 1(1-2) P=0.699
LBP VAS (median, IQR)

Pre-operation 1 (1-2) 1(1-2) P=0317

Post-operation 1 (1-2) 1(1-2) P=0.689

Last follow-up 2 (1-2) 2 (1-2) P=0.798
ODI (median, IQR)

Pre-operation 34 (32-38) 33 (32-36) P=0.481

Post-operation 8 (7-10) 9 (7-10) P=0.560

Last follow-up 9 (7-10) 9 (7-10) P=0.702

LP, leg pain; LBP, low back pain; VAS, visual analog score; ODI,
Oswestry Disability Index; /OR, interquartile range
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group, which indicated a higher risk of complications in the
early learning stage of this new technique. However, the com-
plication incidences were not significantly different between
the 2 groups (P=.663), this may have been related to the
relatively small sample size. On the other hand, this result
indicated the need to exercise great care during the operation
even if the surgeon is familiar with this technique. Detailed
information is presented in Table 5.

Discussion

Pathological changes are more complicated in LSS than in
LDH [1]; therefore, more specialized tools, skills, and experi-
ence are demanded in LSS than in LDH if an endoscope is
used [18]. The learning curve of PELD cannot represent the
learning course of PETD for LSS, although the two techniques
have similarities. Actually, PETD should be considered to be a
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Table 5 Causes and outcomes of complications in the 76 cases
Case Case  Complications Causes Outcomes
number
1 2 Dural tear and insufficient ~ Unfamiliar with pathological anatomy under Conservative treatment for dural tear and endoscopic
enlargement of bony endoscopic view reoperation to relieve leg pain 3 months after first
lateral recess surgery
2 9 Nerve root injury, residual ~ Incorrect judgment of anatomical structure and ~ Conservative treatment to relieve neck pain,
osteophyte, and neck pain  long-term cold saline irrigation for neck pain numbness of left lower limb remains
3 29 Conversion operation Improper patient select (severe foraminal and MIS-TLIF surgery without complication
lateral recess stenosis)
4 37 Dural tear, residual Bleeding, incorrect judgment on anatomical Conservative treatment for neck pain and dural tear,
osteophyte, neck pain structure, and long-term cold saline irrigation endoscopic reoperation 3 months after first
for neck pain surgery
5 61 Nerve root injury Scissors punch injury Conservative treatment without any neurological
deficit

MIS-TLIF, minimally invasive surgery-transforaminal lumbar interbody fusion

new and complex technique and should be “pushed” by a few
selected experienced surgeons to explore the learning course
of this technique [21]. Following this strategy, a senior doctor
assessed the learning curve of PETD for LSS in the present
study. Additionally, the strict inclusion criteria were adopted
to minimize the potential selection bias to facilitate the further
comparison (Table 3), because the difference in pathological
severity and location of LSS can significantly affect the clin-
ical results.

In general, when comparing a new technique with an
existing “gold standard” technique, identification of the as-
ymptote or steady state of the learning curve can facilitate an
accurate comparison [22, 23]. Operative time is the best indi-
cator of familiarity with and/or mastering of a technique. The
operative time should decrease during the beginning stage and
then reach an asymptote as a surgeon accumulates cases, and
the form of the curve should be logarithmic. Therefore, we
mathematically derived a logarithmic function and showed
that the operative time gradually decreased until approximate-
ly the 35th case. Therefore, accumulation of 35 cases was near
the beginning of the learning curve asymptote. The learning
stage of 35 cases of PETD is longer than that of other tech-
niques which ranged from around 20 to 30 cases [22, 24, 25].
Despite difference in techniques and diseases, this longer
learning stage may indicate the complexity of this new
technique.

The operative time in the total 75 patients was 80 (IQR, 65—
105) minutes. In the early group, the operative time was 95
(IQR, 85-110) minutes, which was longer than the time of
previous studies using PETD for LSS from 54 to 89.7 minutes
[16, 17]. With the increase in knowledge and skills acquired
with increased experience, in the late group, the time was
decreased to 70 (IQR, 60-80) minutes, which was similar with
the time of previous similar studies [16, 17]. Differences in
understanding for pathological anatomy under endoscopic
view, technique familiarity, and the surgeon’s skill may

account for this longer operative time in the early group than
that for previous studies. Combined with minimal injury and
earlier recovery, we achieved decreased intra-operative fluo-
roscopy exposure during PETD in the late group (P <.000),
which may benefit both patients and surgeons. This benefit is
also a function of increased experience with accumulation of
cases.

We observed a significant improvement in the ODI and
VAS score of LP in all 75 patients after PETD. These results
were steadily maintained throughout the follow-up, which
suggested that this technique effectively improved the func-
tional ability of the patients. There were no significant differ-
ences in the ODI and VAS scores of LP at the same time point
between the two groups, which indicated that similar results
could be achieved even with a difference in the operation time.
These results were comparable with the results of previous
similar studies [16, 17] and fusion surgeries [6, 7, 9, 11].
The shorter time to ambulation and hospital stay after opera-
tion offers an obvious advantage over MIS-fusion surgeries
[7, 9, 24]. A distinctive finding was that the VAS scores of
LBP for all patients increased significantly from 1 (IQR, 1-2)
post-operatively and to 2 (IQR, 1-2) at the last follow-up. This
result was different from previous findings [15, 16]. No pa-
tient needed subsequent surgery for this increased LBP, and
we did not find radiographic evidence of segmental instability
during the follow-up. Two reasons may account for this find-
ing. First, this is a non-fusion surgery. With progressive de-
generation of the lumbar spine, LBP may increase [26, 27].
Second, foraminoplasty may cause injury to the facet joint and
increase the opportunity for lumbar segmental instability to
cause LBP [28]. Therefore, care is needed to minimize injury
to the facet joint in the following surgery.

A major concern during the initial stage of performing
PETD is complications. We did not encounter serious compli-
cations; the total complication rate was 6.6% (5/76) and com-
parable with that for PELD (3% to 6.6%) [29-31] and that for
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FEDS (0% to 10.4%) [15, 16, 32]. The complication rate
(8.6%) in the early group was higher than that for PELD
which indicated that PETD presented a greater technical chal-
lenge reflected by the differences in pathologies and required
skills. One converted surgery in this study meant that insuffi-
cient understanding of the pathological anatomy for LSS
caused improper patient selection and significantly increased
the complication rate. In the late group, we thought that the
complication rate of 5.0% was acceptable. In this study, there
was no significant difference in the complication rates be-
tween the two groups (P =.663), which suggests that the sur-
geon was making a continual effort to prevent complications
at the cost of increased operative time. To reduce the compli-
cation rate of PETD, we agree with the recommendation that
surgeons should start with simple cases in the initial learning
stage and work under the supervision of an experienced sur-
geon to gain adequate experience [33, 34].

Two technique issues may reduce the complications in the
learning stage of PETD: First, the trephine should not cut
through the medial cortex of the SAP completely, and then
the cannula should be gently rotated clockwise to cause a
fracture of the bony cortex, with use of endo-Kerrisons to
carefully remove the bone fragments. This temporarily re-
served cortex might act as a barrier to decrease the risk of
cutting the nerve. Second, the most compressive region was
the junction area between the posterior and inferior margin of
the intervertebral disc and superior part of the inferior pedicle.
Hence, removal of the medial and superior parts of the pedicle
was sometimes needed to achieve complete decompression.

The retrospective design was a major limitation of this
study. Other limitations included the different ending time
points during the follow-up which may somewhat affect the
interpretation of the results, and the non-quantified distance of
intermittent neurological claudication. Further, PETD has dif-
ficulties in treating patients at the L5-S1 level with a high iliac
crest.

Compliance with ethical standards

The device(s) is/are FDA approved or approved by corresponding nation-
al agency for this indication. This retrospective study was approved by the
West China Hospital Ethics Committee.
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