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Background: Percutaneous endoscopic lumbar discectomy is a common surgical treatment for
lumbar disc herniation, and percutaneous endoscopic interlaminar lumbar discectomy (PEID) is
commonly used for direct decompression of L5-S1. Like microdiscectomy, recurrence of herniation
after endoscopic discectomy is an important problem. In this study, we aimed to decrease the
recurrence after PEID using a new surgical technique.

Objectives: We propose a new surgical technique for reducing the recurrence after PEID for
lumbar disc herniation. The new technique uses annular sealing after fragmentectomy. We
compared clinical results and recurrent lumbar disc herniation (had radiculopathy and confirmed
by MRI) between patients who underwent surgery with and without annular sealing during PEID.

Study Design: Retrospective cohort study of patients undergoing PEID.

Methods: A total of 224 patients with radiculopathy due to L5-S1 disc herniation who were
treated by PEID with (91 patients) or without annular sealing (133) were included in this study.
We compared the demographic characteristics (age, sex, height, weight, BMI, smoking status, and
occupation), clinical results, and recurrence rates between the 2 groups. We classified recurrence
according to time period (early recurrence < 6 months, late recurrence > 6 months).

Results: The study groups were demographically similar, and substantial improvement in clinical
results was noted. There were 5 recurrences (5.5%) (2 early, 3 late recurrences) in the group with
annular sealing, and 18 (13.5%) (13 early, 5 late recurrences) in the group without annular sealing.
Early recurrence rates were significantly higher in the group without sealing (2 vs. 13, P= 0.029).
Increasing age was associated with overall recurrence (P= 0.004) and late recurrence (P = 0.008),
while operative technique correlated with early recurrence (P = 0.026).

Limitations: First, this study incorporates a retrospective design. Second, the operations were
performed by 2 surgeons. Additionally, this is relatively a short-term follow-up study (mean 19.5
+ 5.0 months).

Conclusions: Though a learning curve is needed in order to become familiar with PEID, recurrence
after PEID was associated with advanced age, and PEID with annular sealing resulted in lower early
recurrence rates than without annular sealing. Thus, PEID with annular sealing may be a useful
technique for reducing early recurrence.

Key words: Percutaneous endoscopic lumbar discectomy, interlaminar approach, fragmentectomy,
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ince operative treatment of lumbar disc

herniation was first described by Dandy and

Mixter in the early 1900s, it has become the
most common disease of the spine requiring surgical
treatment (1,2). Among the operative methods used
for lumbar discectomy, the microdiscectomy technique
is considered to be the gold standard procedure for
symptomatic lumbar disc herniation which has not
improved with conservative management (3).

With the development of high-resolution en-
doscopes, several kinds of percutaneous endoscopic
lumbar discectomy techniques were introduced. These
techniques result in less damage to muscular and liga-
mentous structures, and allow for faster rehabilitation,
shorter hospital stays, and earlier return to work by
preserving bone and facet structures (4-8). The pos-
terolateral transforaminal approach with percutaneous
endoscopic lumbar discectomy is a popular endoscopic
technique, though the transforaminal approach to the
L5-S1 disc space may be limited due to impediment by
the iliac crest, a large L5 transverse process, a large facet
joint, or narrowed disc space (9-14). To overcome these
obstacles, the percutaneous endoscopic interlaminar
lumbar discectomy (PEID) technique was introduced,
and PEID became a popular percutaneous endoscopic
technique for L5-S1 discectomy because of the direct
pathway for decompression (9-12).

Although many studies have shown the efficacy of
percutaneous endoscopic discectomy with good clini-
cal outcomes, recurrence after endoscopic discectomy
remains an important problem (4-6,9,12,15,16). In this
study, we aimed to compare a new surgical technique
with conventional PEID to decrease the recurrence of
disc herniation after PEID. This new PEID technique
uses annular sealing with a bipolar radiofrequency co-
agulator after fragmentectomy to constrict and reduce
the annular fissure. We compared clinical results and
recurrence rates between the groups with and without
annular sealing during PEID.

METHODS

This is a retrospective cohort study of patients who
underwent PEID using one of the 2 different operative
techniques. We enrolled 224 consecutive patients who
underwent PEID between January 2008 and February
2010. Patients were divided into 2 groups: Group 1
underwent PEID with annular sealing (91 patients) and
Group 2 underwent PEID without annular sealing (133
patients). Indications for surgical treatment were uni-
lateral radicular pain in the leg that did not respond

to 8 weeks of conservative management and imaging
(computed tomography [CT] and magnetic resonance
imaging [MRI]), which suggested posterolateral rup-
tured disc herniation at the L5-S1 level that correspond-
ed with the clinical symptoms. Only sequestrectomy or
fragementectomy was performed, and patients who
needed extensive discectomy (broad base disc hernia-
tion, disc herniation with stenosis, calcified disc hernia-
tion) and patients who previously underwent surgery at
the same vertebral level, and less than postoperatively
one year follow-up were excluded. All operations were
performed randomly, and there were no differences in
indications between the groups. This project was ap-
proved by the Institutional Review Board of Gangnam
Severance Hospital, Yonsei University College of Medi-
cine (No 3-2012-0166).

Operative Techniques: Annular Sealing during
PEID

Sequestrectomy and fragmentectomy of ruptured
particles through annular defects are typically per-
formed using the PEID technique developed by Choi et
al and Ruetten et al (9-12). Usually during PEID, since
surgeons cannot use a knife through endoscopy, a
punch was used to open the annulus, as it is well known
that annular defect size is associated with recurrent disc
herniation. In order to minimize the annular defects or
fissures, we used a dissector in attempt to open the
annulus rather than a punch in both groups. In Group
2 (without annular sealing), the cannula and scope
were removed after extracting the ruptured particles.
In Group 1 (with annular sealing), the circumference
of the annular fissure was subsequently coagulated
by more than 10 times, using bipolar radiofrequency
(Ellman Corp., New York, NY, USA) toward the annular
defect (Fig. 1). Radiofrequency was adjusted to 15 watts
and coagulation duration was timed to less than one
second per coagulation. After constriction, tightening
and reduction of the annular fissure were observed, the
scope and cannula were gradually removed.

Outcomes Assessment

We compared the demographic characteristics
(age, sex, height, weight, BMI, smoking status, and
occupation) and clinical results with the visual analog
scale (VAS) for leg and Oswestry Disability Index (ODI)
of the 2 groups. Occupations were classified according
to the International Standard Classification of Occupa-
tions into 10 categories (manager, professional, associ-
ate professional, clerical support worker, sales worker,
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Fig. 1. Pictures during PEID with annular sealing. We
can observe annular defect (black arrow) change before,
during, and after annular sealing. .

During annular sealing

skilled agricultural worker, craft worker, machine op-
erator, elementary occupation, and armed forces occu-
pations) as well as student, housewife, and none. There
were no patients with disability. We also compared the
recurrence rates according to the operative technique;
however, the definition of recurrence has historically
been varied according to the symptom-free period and
location (15,17-21). In this study, we obtained an im-
mediate postoperative MRI for all patients. Recurrence
was classified as disc herniation on the same side and
level as the primary operative site after successful initial
removal of the protruding disc and a pain-free interval
after surgery, which was revealed on an immediate
postoperative MRI. In addition, recurrence was classi-
fied according to the time period, with early recurrence
at < 6 months and late recurrence at > 6 months post-
surgical intervention.

Statistical Analysis

Statistical comparisons were based on the ob-
served and recorded follow-up data. SPSS software for
Windows (version 15.0K; SPSS, Chicago, IL, USA) was
used for the analysis. For statistical comparisons be-
tween groups, chi-square tests and independent t-tests
were used. To determine the relationships between
recurrence and all other measured parameters, Spear-
man’s rho and Kendall’s tau bivariate correlation tests
were used. P-values of < 0.05 were considered to be
statistically significant.

REesuLTs

Demographic Characteristics
The demographic characteristics of the 2 groups
are summarized in Table 1. The mean age of patients
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Table 1. Demographic characteristics

0 ti M Mean F/U period . . q
perative canage | Male/Female eant perio Height (cm) | Weight (kg) BMI | Smoking (%)
technique (years) (months)
Total (224) 41.5+12.9 137/87 19.5+5.0 165.8£17.9 65.4+14.2 23.4£3.3 129 (57.6)
PEID with sealing
(91, 40.6%) 41.9+13.1 58/33 19.5+4.7 166.7+12.8 65.8+15.1 23.6%3.6 55 (60.4)
PEID without sealing
(133, 59.4%) 41.3+12.9 79/54 19.5£5.2 165.2+20.7 65.1£13.6 23.3£3.1 74 (55.6)
Table 2. Patient occupations
Clerical El t Machi
Operative technique erea ementary ACHMC | ousewife | Craft worker | Student | Others* | None
support worker occupation operator
Total (224) 59 27 72 8 14 20 15
PEID with sealing (91) 27 12 3 24 6 9 3 7
PEID without sealing
(133) 32 15 6 48 2 5 17 8
*sales worker, armed force occupation, policeman, associate professional, and assembler.
Table 3. Clinical results and recurrence rates
Pre-VAS | Post-VAS Total *Earl Late
Operative technique Pre-ODI | Post-ODI N y o recurrence
(leg) (leg) recurrence (%) | recurrence (%) (%)
(1]
Total (224) 7.8£0.6 2.0£0.8 55.6+7.4 18.8+3.2 23 (10.3) 15 (6.7) 8 (3.6)
PEID with sealing (91) 7.7£0.6 1.9£0.8 54.8+8.6 18.4+£3.8 5(5.5) 2(22)t 3(3.3)
PEID without sealing (133) 7.9+0.6 2.0£0.8 55.4£9.2 19.2+3.2 18 (13.5) 13 (9.8)t 5(3.8)

‘tBetween groups comparisons using Chi-Squared tests (p=0.029), and Spearman correlation coefficients for correlations according to operative
technique (Spearman’s rs = 0.191, P = 0.004). *Early recurrence <6months.

was 41.5 + 12.9 years and the mean of the follow-up
period was 19.5 + 5.0 months. There were 91 patients
in the PEID with annular sealing group (40.6%) and
133 patients in the PEID without annular sealing group
(59.4%) (Table 1). Demographic characteristics (age,
sex, height, weight, BMI, and smoking status) did not
differ between the groups (Table 1). Occupations of pa-
tients are summarized in Table 2, with clerical support
workers and housewives being the most common.

Clinical Results and Recurrence Rates

Table 3 summarizes the clinical results and recur-
rence rates. All clinical data had significantly improved
at the final follow-up (VAS improved from 7.8 to 2.0,
ODI improved from 55.6 to 18.8) and did not differ
between the groups (Table 3). There were no flare-up
symptoms associated with radiofrequency for both
groups. A total of 23 patients (10.3%) experienced re-

currence and there were no significant differences in
the total or late recurrence between the groups (total
recurrence 5 [5.5%] versus 18 [13.5%], late recurrence 3
[3.3%] versus 5 [3.8%] in groups with and without an-
nular sealing, respectively) (Table 3). Early recurrence,
on the other hand, was significantly more common
in the group without annular sealing (2 [2.2%] versus
13 [9.8%], P = 0.029) (Table 3). Among the 91 cases of
“PEID with sealing,” 51 cases were performed by the
first author and 40 cases were performed by the second
author. There were 2 cases of early recurrence (1/1 for
each operator), and 3 cases of late recurrence (2/1 for
each operator). Among the 133 cases of “PEID without
sealing,” 72 cases were performed by the first author
and 61 cases performed by the second author. There
were 5 cases of early recurrence (2/3 for each operator),
and 13 cases of late recurrence (7/6 for each operator).
There was no statistical difference in the recurrence
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rate according to the operator. Early and late recur-
rences occurred postoperatively at 1.6 months and 17.1
months, respectively. The mean age of patients who
experienced early recurrence was 46.2 + 13.5 and late
recurrence was 53.4 + 10.2 years.

Among the demographic characteristics, increas-
ing age was correlated with higher overall recurrence
(Spearman’s rs = 0.157, P = 0.004) and late recurrence
(Spearman’s rs = 0.176, P = 0.008) (Table 4). Early re-
currence was correlated with the operative technique
(Spearman’s rs = 0.149, P = 0.026) (Table 4). None of the
other characteristics analyzed (sex, height, weight, BMI,
smoking, and occupations) had any correlation with
recurrence. Among the 23 patients that experienced
recurrence, 9 patients underwent microdiscectomy, 11
patients underwent repeat PEID, and 3 patients opted
for conservative management.

Discussion

From this study, we observed that 5.5% of the sub-
jects experienced recurrences in PEID with annular seal-
ing, and 13.5% in PEID without annular sealing. Early
recurrence rates were higher especially in the group
without sealing. Age was correlated with overall recur-
rence and late recurrence, while operative technique
correlated with only early recurrence.

Among the group treated with endoscopic discec-
tomy, the transforaminal approach was performed more
commonly, but the transforaminal approach with percu-
taneous endoscopic lumbar discectomy needs a lateral
entry route and makes accessing the intervertebral space
difficult at L5-S1 because of the iliac crest (8-10,20-23).
Recently, PEID is a more commonly used discectomy
technique to access the L5-S1 than the transforaminal
approach for endoscopic discectomy (10-12,22-25). Ad-
ditionally, while using an interlaminar approach with
percutaneous endoscopic lumbar discectomy for L5-S1,
resection of the intradiscal nucleus material is frequently
limited due to a divergence between the interlaminar
window and the intervertebral space (8-10). Because
of these limitations, percutaneous endoscopic lumbar
discectomy is often used for the removal of ruptured
particles using sequestrectomy or fragementectomy in-
stead of aggressive discectomy. Endoscopic discectomy is
a minimally invasive procedure that reduces damage to
the muscular and ligamentous structures thus allowing
for faster rehabilitation, shorter hospital stay, and earlier
return to work by preserving the bone and facet struc-
tures. Recurrence is the most important complication
associated with PEID (4-6,9,10,22).

Table 4. Correlation coefficients between recurrence &
characteristics

P
earson‘ Povalue
correlation
Total recurrence - Age 0.157 0.004
Early recurrence - Operative 0.149 0.026
Technique
Late recurrence - Age 0.176 0.008

PEID uses a direct pathway for decompression and
is more similar to sequestrectomy or fragementectomy
than the posterolateral transforaminal approach with
percutaneous endoscopic lumbar discectomy (5). Be-
cause PEID is a relatively a new procedure that usually
requires a learning curve in order to get accustomed
to PEID and the different instruments and anatomical
view, there are few reports about the recurrence rates
(range 0.1 to 6.6%) after PEID versus recurrence rates
after conventional sequestrectomy (range 2 to 18%)
(9,12,18,22,26-31). In our study, we report a recurrence
rate of 10.3%, which is higher than in the previous
reports (9,11,12). However, previous studies were not
consistent with the criteria used to classify the recur-
rences. Lee et al (15) defined recurrences that occurred
within 2 weeks as operative failures, and Ruetten et al
(10) only reported recurrences that occurred within 6
months of surgery. According to Kim et al (16), recur-
rence only occurred after at least a 2-week symptom-
free interval. Additionally, Suk et al (17) defined recur-
rence as disc herniation at the same vertebral level,
whether ipsilateral or contralateral, with a pain-free
interval greater than 6 months. Due to the use of these
variable definitions of recurrent lumbar disc hernia-
tion, recurrence rates are difficult to compare between
studies. To determine the true recurrence rate in this
study, we obtained immediate postoperative MRIs of all
patients and defined recurrence as disc protrusion on
the same side and level as the initial operative site after
a successful pain-free interval without pain medication.
In addition, recurrence after percutaneous endoscopic
lumbar discectomy usually occurred within 6 months;
therefore, recurrences were classified according to the
recurrence period, with early recurrence < 6 months
after PEID, and late recurrence > 6 months after PEID
(10,15,16). We observed a total recurrence rate of
10.3%, 6.7% of which were early and 3.6% of which
were late recurrences (Table 3). Our early recurrence
rate was similar to that of previous studies (10,15, 16).

The purpose of this study was to introduce a new
surgical technique for decreasing the recurrence of disc
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herniation after PEID, especially early recurrence which
is more common than late recurrence. We compared
the demographic characteristics (sex, height, weight,
BMI, smoking status, and occupation), which can in-
fluence recurrence rates, and found that age was the
only factor significantly correlated with the total and
late recurrence, while early recurrence was reduced by
using this new operative technique (Table 4). As age
increased, total and late recurrence rates increased
as well, which is in agreement with the previous data
showing that patients with marked disc degeneration
were more likely to experience recurrent herniation
(32). Therefore, unlike early recurrence, late recurrence
may not be affected by the operative technique. Our
results show that early recurrence was decreased by an-
nular sealing during PEID.

Itis well known that annular defect size is associat-
ed with recurrent disc herniation (33-35). During PEID,
surgeons cannot use a knife through the endoscopy, so
a punch incision was usually used to open the annulus.
In order to minimize annular defects or fissures, the
authors tried not to use a punch incision to open the
annulus and used a dissector to open the annulus, and
did the annular sealing technique to minimize annular
defects. After removing the ruptured particles, the
perimeter of the annular fissure was coagulated with
bipolar radiofrequency more than 10 times (Ellman
Corp., New York, NY) toward the annular defect. It has
been shown that in order to decrease the recurrence

rates, the annular defect must be reduced (33-35).
Previous studies have also demonstrated that radio-
frequency heating of annular disruptions can lead to
improvements in pain control (36-39). Although our
study is retrospective, annular sealing was performed
randomly due to uncertainty regarding the safety
of using multiple bipolar radiofrequency treatments
during PEID. For example, heating injury may occur if
the radiofrequency probe was damaged despite cold
saline irrigation, although a previous study reported
that temperatures reaching the neural foramina and
epidural space were low enough to avoid nerve dam-
age. The safety of using bipolar radiofrequency during
PEID is already accepted for endoscopic spine surgeons
(11,12,37,40-43). In clinical results about pain score,
there were no statistical differences between groups.
In the previous studies, it is well known that radio-
frequency heating of annular disruptions can lead to
improvements in pain control (36-39). However, from
this study, we observed that annular sealing during
PEID did not affect the clinical results, and it only limits
the early recurrence after PEID.

We obtained an immediate postoperative MRI on
all patients to confirm sufficient constriction of the
annulus (Figs. 2 and 3), and there was no evidence of
heat injury. After this study, we routinely performed
annular sealing after PEID. In addition, it is well known
that radiofrequency devices shrink or ablate tissue, and
make the tissue itself smaller (18,37,44). If we use the

see sufficient constriction of the annulus.

Fig. 2. Pre-operative (A) and immediately postoperative (B) sagittal T2-weighted MRI of a 32-year-old woman who
underwent PEID and annular sealing with a bipolar radiofrequency coagulator. On immediate postoperative MRI (B) we can
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sufficient constriction of the annulus.

Fig. 3. Pre-operative (A) and immediate postoperative (B) axial T2-weighted MRI of a 32-year-old woman who underwent
PEID and annular sealing with a bipolar radiofrequency coagulator. On immediate postoperative MRI (B), we can see

radiofrequency device directly on an annular defect,
defect size will increase rather than decrease. As we
describe the operative techniques, the annulus sealing
technique only coagulates the circumference of the
annulus defect toward the defect, and is not used at
the defect directly (Fig. 1). By only coagulating around
the defect, we can stabilize and tighten the surround-
ing loose annular fiber, and we can achieve an effect
that decreased the annular defect. There is a possibility
that it is only a phenomenon that looks like a decrease
of the annular defect, though not an actual decrease.
To determine the actual decrease in radiofrequency co-
agulation of the annular defect, we need further histo-
logical studies. Though it is not an actual decrease, we
consider that the annular sealing technique can reduce
early recurrence during PEID.

There are several limitations to our study. This
study is retrospective in its design, and prospective
studies will be needed to confirm our data regarding
the effects of annular sealing during PEID. The opera-
tions were performed by 2 surgeons. In addition, PEID

is a relatively new procedure, and thus usually requires
a learning curve, and level of skill can influence the
recurrence. However, both surgeons in this study had
more than 2 years of experience, and before this study,
they had already operated on more than 100 PEID
cases. Additionally, this is a short-term follow-up study.
To know the safety and persisting effect of the annular
sealing technique by radiofrequency coagulation, we
need further studies with long-term follow-up. In spite
of these limitations, our results show that annular seal-
ing during PEID can reduce the early recurrence of disc
herniation.

ConcLusION

Total and late recurrence of disc herniation after
PEID is associated with advanced age. The annular
sealing technique after fragmentectomy resulted in a
lower early recurrence rate compared to PEID without
annular sealing. This new operative technique may be
helpful in reducing the early recurrence of lumbar disc
herniation.
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