Pain Physician 2018; 21:337-350 ¢ ISSN 1533-3159

Systematic Review

Prevalence of Recurrent Herniation Following
Percutaneous Endoscopic Lumbar Discectomy:
A Meta-Analysis

Si Yin, MD, Heng Du, MD, Weizhou Yang, MD, Chungguang Duan, PhD,
Chaoshuai Feng, MD, and Huiren Tao, MD

From: First Affiliated Hospital of
Xi'an Jiaotong University, China

Address Correspondence:
Huiren Tao, MD

Department of Orthopaedic
Surgery, First Affiliated Hospital
of Xi’an Jiaotong University
Room 1501, Inpatient Building
No. 277 Road Yantawest

Xi’an, China

E-mail: taohuiren@126.com

Disclaimer: This study was
supported by the Natural
Science Foundation of Shaanxi
Province of China (grant number
20155F-199). Conflict of interest:
Each author certifies that he

or she, or a member of his or
her immediate family, has no
commercial association (i.e.,
consultancies, stock ownership,
equity interest, patent/licensing
arrangements, etc.) that might
pose a conflict of interest in
connection with the submitted
manuscript.

Manuscript received: 10-04-2017
Revised manuscript received:
02-28-2018

Accepted for publication:
03-06-2018

Free full manuscript:
www.painphysicianjournal.com

Background: Percutaneous endoscopic lumbar discectomy (PELD) is a minimally invasive
surgery for the treatment of lumbar disc herniation (LDH) with a smaller incision, decreased
damage to soft tissues, faster recovery, and fewer postoperative complications. However, the
exactly epidemiological prevalence of recurrent herniation after PELD remains unclear.

Objectives: To investigate the epidemiological prevalence of recurrent herniation in patients
following PELD and to analyze the potentially related risk factors.

Study Design: Meta-analysis and systematic review of prospective and retrospective studies.

Methods: \We conducted a comprehensive search in MEDLINE, EMBASE, and Cochrane Central
Register of Controlled Trials that mentioned the incidence of recurrent herniation after PELD.
The overall prevalence estimate was calculated by an appropriate meta-analysis. Subgroup
analysis, sensitivity analysis, and publication bias assessment were also performed in our study,
respectively.

Results: Our results showed the overall prevalence of recurrent herniation after PELD was
3.6% (95% Cl 3.0-4.3%). The prevalence estimates after percutaneous endoscopic interlaminar
discectomy (PEID) and percutaneous endoscopic transforaminal discectomy (PETD) were 4.2%
and 3.4%, respectively. Individuals with older age (> 50 years) and higher BMI (> 25) had
increased recurrence rates after PELD than those with younger age (4.3% vs. 2.7%) and normal
body mass index (BMI) (4.8% vs. 1.5%). The prevalence was significantly higher at upper discs
(5.4%) than that at L4-5 (2.7%) and L5-51 (3.1%) level. The incidence of recurrent herniation at
lateral disc was 4.7 %, and the recurrence rate of migrated herniation was 3.8%. In most cases,
the recurrent herniation occurred within 6 months postoperatively (accounting for 61.7%).

Limitations: A majority of the included articles were relatively low quality retrospective
studies with significant heterogeneity among them. Furthermore, owing to the paucity of data
focused on recurrence, many potentially predictive factors related to subgroup analyses could
not be conducted, which might have influenced the accuracy and comprehensiveness of our
meta-analysis.

Conclusions: PELD is associated with a certain rate of recurrence (3.6%), which usually
occurred within 6 months postoperatively. Older age (> 50 years), obesity (BMI > 25), upper
lumbar disc and central disc herniation might be independent risk factors for recurrence after
PELD; however, different surgical approaches (PETD or PEID), lateral discs, migrated discs and
foraminoplasty did not affect the incidence. These factors could be useful in preoperative
evaluation, appropriate patient selection and informed consent before PELD.

Key words: Percutaneous endoscopic lumbar discectomy, prevalence, recurrent herniation,
meta-analysis
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ercutaneous endoscopic lumbar discectomy

(PELD) is a minimally invasive surgery for the

treatment of lumbar disc herniation (LDH) and
has been increasingly used for more than 20 years.
Numerous clinical studies have confirmed that PELD has
similar effectiveness to conventional surgery and has
obvious advantages such as smaller incisions, decreased
damage to soft tissues, faster recovery, and fewer
postoperative complications (1-2). However, along with
the widespread use of the procedure, the recurrent
herniation after PELD has become an issue of concern
for researchers and surgeons (3). The recurrence rate
after successful PELD is reported at 0 to 12.5%, showing
a significant range, with many studies focused on the
risk factors causing recurrent herniated lumbar disc
(4-5). Some of the most often mentioned risk factors
for recurrence are age at the time of surgery, gender,
obesity, herniation type, location of herniation, surgical
approach, and learning curve of the surgeon (6-7).

Up to now, there has been a lack of a recognized
uniform understanding about etiology, pathomecha-
nism and even epidemiological assessment of the recur-
rent herniation after successful PELD. To the best of our
knowledge, no studies have been conducted by meta-
analysis regarding the epidemiological prevalence of
recurrent herniation after PELD. Therefore, the purpose
of the present study is to review the related literature
referring to the recurrent herniation after PELD and to
investigate its prevalence and related risk factors, in
attempt to provide available detailed evidence-based
data for preoperative evaluation, appropriate patient
selection and informed consent.

METHODS

Search Strategy and Eligibility Criteria
Through an electronic search and independent,
manual searches by 2 clinical librarians (SY and WY),
we identified all qualified articles that referred to
the incidence of recurrent herniation after PELD in
all languages up to August 2017. The sources of elec-
tronic searching include MEDLINE, EMBASE, and The
Cochrane Central Register of Controlled Trials. The
following key terms were included in our searches:
“percutaneous endoscopic lumbar discectomy,” “per-
cutaneous endoscopic transforaminal discectomy,”
“percutaneous endoscopic interlaminar discectomy,”
“transforaminal lumbar discectomy,” “transforaminal
full-endoscopic lumbar discectomy,” “recurrent hernia-
tion,” “recurrence,” and “recurrent rate.” Additionally,

bibliographies of all selected full text articles were re-
viewed to identify more articles. Two reviewers (SY and
WY) independently checked the titles and abstracts of
all articles identified from the database. The full texts
of all potentially relevant studies were also assessed
by 2 reviewers if necessary. If no agreement could be
reached, a third reviewer (HT) made the final decision.
The eligibility criteria of the included articles were:
1) those that mentioned the incidence of recurrent her-
niation after primary PELD for the treatment of LDH; 2)
a retrospective study, prospective study, cohort study,
regardless of sample size; 3) sufficient reported data for
extraction and calculation of a recurrence rate with 95%
confidential interval (Cl); 4) patients were followed up
for at least 6 months; 5) in the case of duplicate publica-
tion, the most recent or largest study was selected; 6)
publications were excluded if the patients underwent
PELD as revision procedures, and publications were also
excluded if they were review articles, comments, case
reports, letters, animal trials, or cadaver studies; 7) No
restriction related to the languages was defined.

Data Extraction

Two reviewers (SY and CF) independently extracted
the data of included studies and reached consensus
on each item. Data included: 1) authors’ names and
nationality, language, publication time, study design,
recruitment period, follow-up time, and journal title
of each included study; 2) sample size and patient’s de-
mographic characteristics including age, gender, body
mass index (BMI); 3) recurrence case number, recurrence
time and other details; 4) the location, type and level of
herniated disc; 5) proportion of surgical type including
percutaneous endoscopic transforaminal discectomy
(PETD), percutaneous endoscopic interlaminar discec-
tomy (PEID), with or without additional procedures
such as foraminoplasty, annular sealing, etc. Recurrence
was defined 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 operation, which was revealed on an immediate
postoperative MRI (6). In addition, recurrence was clas-
sified according to time period, with early recurrence at
less than 6 months and late recurrence at > 6 months
postsurgical intervention (8).

Assessment of Heterogeneity and Publication
Bias

The heterogeneity was assessed by using Cochran’s
Chi square-based Q statistic and I? test (12 = 0-25 %
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represents no heterogeneity; 1> = 25-50 % represents
moderate heterogeneity; 1> = 50-75 % represents large
heterogeneity; 1> = 75-100 % represents extreme het-
erogeneity) (9-10). The value of I> greater than 50%
would be considered substantial heterogeneity. A sen-
sitivity analysis was performed for the measured effects
by omitting the studies which may largely influence the
clinical results (11). In addition, potential publication
bias was assessed using funnel plot and Egger’s regres-
sion test for all included studies and each subgroup
analysis (12).

Statistical Analysis

We conducted a meta-analysis using STATA pack-
age version 12.0 program (StataCorp, College Station,
TX, USA) for all extracted data. When a significant Q
test (P<0.10) or I>> 50% indicated heterogeneity across
studies, the Dersimonian and Laird method random ef-
fects model was used for meta-analysis, otherwise the
Mantel-Haenszel method fixed effects model was used.
Based on this, we calculated the point prevalence of
recurrent herniation after PELD with its 95% Cl for each
individual study, and then a pooled prevalence estimate

and 95% Cl were generated. We also performed sub-
group analysis based on surgical procedure (PETD and
PEID), age (< 50 and > 50 years), BMI (< 25 and >25),
level of herniated disc (upper discs, L4-5 and L5-S1),
location of herniated disc (central, paramedian and
lateral), type of herniated disc (migrated and non-mi-
grated), recurrence time (< 6 months and > 6 months),
and with or without additional procedures such as
foraminoplasty. Sensitivity analysis was conducted to
evaluate the influence of excluding prospective stud-
ies, excluding studies with total patients < 50 and <
500, and excluding studies with period of follow-up
less than 12 months, respectively. All statistic tests per-
formed in this study were 2-tailed, and P < 0.05 was
taken as being statistically significant.

REesuLTs

Characteristics of Included Studies

After applying the search strings, we identified
576 potentially eligible articles. Of the 576 articles, 224
were duplicates (Fig. 1). One hundred and sixty-one ar-
ticles were excluded based on their titles and abstracts

n= 576

Studies identified by electronic and manual search

Studies after duplicates removed

n =352

Excluded studies (n = 161)

- No relevance (n= 116)

Y

- Systematic reviews (n =37)

Studies included on titles and abstracts

n=191

- Comments or letters (n=8)

Not conform with the

A

eligibility criteria (n = 51)

Studies reviewed in full texts

n= 140

Excluded studies (n=77)

| [ mgiviity | [ Screening | [ identification |

- No sufficient data (n=52)

A 4

- Insufficient follow-up time (n = 11)
- Pertaining to the same patients (n = 6)

Studies fulfilled the eligibility criteria

Included

n==63

[

- Case reports (n=8)

Fig. 1. Flow chart of article selection process in the meta-analysts.

www.painphysicianjournal.com

339




Pain Physician: July/August 2018: 21:337-350

with apparent lack of relevance. Using the eligibility
criteria, another 51 of the left 191 manuscripts were
excluded after the full texts were reviewed. Further-
more, 77 articles were excluded for no sufficient data,
insufficient follow-up time, and pertaining to the same
patients, or only clinical case reports. The exclusions left
63 studies (2,4-6,8,13-70) for the current review and
meta-analysis, involving a total of 23,930 patients.

We recorded the characteristics and details of the
clinical outcomes of the 63 included papers (Appendix
1). Fifteen studies were prospective (including 2 ran-
domized controlled trials), and the remainder were
retrospective. The sample size ranged from 16 to 10,228
with a median of 80. The follow-up of all included
studies ranged from 6 to 60 months. The mean age of
patients at surgery ranged from 16.5 to 62.3 years. Most
of the included articles were published in English except
2 manuscripts written in Chinese. Among all included
studies, 34 articles were focused on recurrent hernia-
tions following PETD, while 12 articles focused on PEID.
Partial studies mentioned the incidence of recurrent
herniation after PELD in terms of age, BMI, recurrence
time, the location, and type and level of herniated disc.
All relevant information listed and other general char-
acteristics of the included articles were recorded.

Overall Prevalence of Recurrent Herniation
after PELD

Sixty-three studies of a total of 23,930 patients,
including 470 patients with recurrent herniation after
PELD, were included for the current study. The meta-
analysis showed that the pooled prevalence of recurrent
herniation by random effects model was 3.6% (95%
Cl 3.0-4.3%), with substantial heterogeneity among
included trials (Fig. 2). The recurrence rate among the
studies varied between 0 and 12.5%.

Subgroup Meta-Analysis

Surgical Approach Related Recurrence

Table 1 summarizes the stratified meta-analysis
based on different surgical procedures including PETD
and PEID. There was no significant difference between
the pooled prevalence estimates of recurrent her-
niation after PEID (4.2%, 95% Cl 2.6-5.7%) and PETD
(3.4%, 95% Cl 2.6-4.2%).

Age and Obesity Related Recurrence
The results shown in Table 1 revealed that the
pooled recurrence rate after PELD in older patients (>

50 years) was significantly higher than those who were
younger (< 50 years) (4.3% vs. 2.7%), and the lowest
incidence of recurrence in older patients was almost the
same as the peak incidence of recurrence in younger
patients. Our meta-analysis also showed that the obese
patient (BMI > 25) had an obviously higher (more than
triple) prevalence estimate than those with normal BMI
(4.8% vs. 1.5%), and the pooled highest recurrence rate
was 5.7% and 2.2%, respectively.

Herniated Disc Level Related Recurrence

The levels of lumbar discs were divided into 3 cat-
egories that were upper disc (includes L1-2, L2-3, and
L3-4), L4-5, and L5-S1, respectively. The results in Table
1 show that the prevalence of recurrent herniation at
upper discs was significantly higher than that at L4-5
and L5-S1, with a highest incidence of 14.8%, 5.0% and
4.6%, respectively. The pooled estimates of recurrence
at L4-5 and L5-S1 were 2.7% (95% Cl 0.3-5.0%) and
3.1% (95% Cl 1.6-4.6%), with no significant differences
detected.

Herniated Disc Location and Type Related
Recurrence

Since there were too little data for recurrence
focused on central and paramedian herniated disc,
only prevalence of recurrent herniation at the lateral
disc (including foraminal and extraforaminal disc) was
pooled in our meta-analysis. The estimated recurrence
rate at the lateral disc was slightly higher than the over-
all incidence of recurrence (4.7% vs. 3.6%), but with no
significant difference. The subgroup analysis also re-
vealed that the recurrence rate of migrated herniation
was 3.8% (95% Cl 2.9-4.6%), which was comparable to
the overall prevalence.

Recurrence Time Related Incidence

The pooled results showed that the early (< 6
months) recurrence rate after PELD was significantly
higher than the later (> 6 months) recurrence rate
(2.1% vs. 1.2%), with a highest incidence of 2.9% and
1.9%, respectively. Meanwhile, the early recurrence
accounted for 61.7% of total recurrent herniations in
included studies.

Recurrence Rate With or Without Additional
Procedure

The results summarized in Table 1 suggested that
the prevalence of recurrent herniation after PELD with
foraminoplasty was 3.4%, with a highest incidence of
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Study %
D ES (95% CI) Weight
Choi Ke 2017 0.03 }0.00. 0.081) 2.1
Gu YT 2017 0.00 {-0.00, 0.01) 2.72
Heo JH 2017 0.02 (-0.01, 0.04) 2.55
Kim HS 2017 0.05(0.01, 0.08) 1.€8
Li ZZ 2017 0.04{0.01,0.07) 2.08
Mahesha K 2017 0.02{-0.01,0.0 } 238
Ren C 2017 0.04(-0.04,0.11) 0.66
Yao Y 2017 0.03(0.03,0.04) 3.91
Ahn S5 2016 0.03 (-0.03, 0.09) 0.92
Bse JS 2016 0.13(0.03, 0.22) 0.44
Choi KC 2018 1; 0.02 {-0.01, 0.05) 2.28
Choi KC 2016 (2 0.05{-0.05. 0.15) 0.42
Gadjradj PS 20186 0.07 {0.03, 0.10; 1.72
Gotecha S 2018 0.05{0.01, 0.09) 1.66
Kong W 2018 0.07 (0.00, 0.1 33 0.85
Lee 2018 0.02{-0.01. 0.05) 2.14
Lee JS 2016 0.03({-0.01, 0.06) 1.92
Li X 2018 0.06 (-0.06, 0.18) 0.28
Markovic M 2016 0.0€ (0.02,0.08) 2.60
Nie H 2018 0.02(-0.02, 0.05) 2.01
Wang YP 2018 0.04 {-0.00, 0.09) 1.28
Wu J 2018 0.08 0,01.0.1? 0.61
Wu X 2018 0.05(-0.04, 0.13) 0.50
Wu XB 2018 0.08 (0.02, 0.10& 1.52
‘Yokosuka J 2018 0.03({-0.02, 0.10) 0.79
Choi KC 2015 0.01 (0.01, 0.012 404
Li ZZ 2015 0.01(-0.01,0.04) 2.28
Ma C 2015 0.07 {(-0.02,0.17) 0.40
Passacantilli E 2015 0.05{0.01,0.09) 1.48
Sanusi T 2015 0.06{0.02,0.09) 2.00
Wang K 2015 0.04(0.01,0.07) 2.44
Sencer A 2014 0.04 (0.01, 0.0Q 226
Chei G 2013 0.02{-0.01.0.058) 2.15
Choi KC 2013 0.05(-0.01, 0.11) 1.04
Jasper GP 2013 0.04 (0.01, 0,07; 2.34
Kim HS 2013 0.10{0.08,0.14) 1.682
Wang H 2013 1; 0.02(-0.01, 0.04) 2.69
Wang H 2013 {2 0.04(-0.04,0.12) 0.81
Lubbers T 201 0.09(-0.02,0.21) 0.28
Yoon SM 2012 0.08 {(-0.01,0.17) 0.49
Chen HT 2011 0.03 {0.00, 0.08‘2 2.11
Cho JY 2011 0.02 {(-0.00.0.04) 2.81
Choi KC 2011 0.08(-0.01.0.12) 0.84
Wen BT 2011 0.01 {0.00, 0.02} 3.86
Lee SH 2010 0.04 {-0.04, 0.12) 0.61
Peng CW 2010 0.05{-0.01,0.11) 0.92
Ahn Y 2009 0.02 {-0.02; 0.06) 1.48
Choi G 2008 0.03(-0.01, 0.08) 1.24
Ruetten S 2008 0.07 (0.01, 0.122) 1.17
Choi G 2007 0.05(-0.02,0.12) 0.79
Kim MJ 2007 0.08 {0.04, 0.09) 2.33
Ruetten S 2007 0.06{0.02,0.09) 2.15
Sasani M 2007 0.05(-0.01, 0.10) 1.20
Tzaan WC 200 0.07 {0.03, 0.11) 1.48
Choi G 2006 0.01(-0.01, 0.04) 2.25
land T 2008 0.0€ {0.03,0.08) 2.28
Lee DY 2006 0.02 {-0.02, 0.06) 1.50
ubert M 2005 0.04 (0.02, 0.05) 2.20
Nskamura JI 2017 (Excluded) 0.00
Dabo X 2018 Excluded 0.00
Jasper GP 2014 Excluded 0.00
Kim HS 2009 Excluded 0.00
Lee S 2007 Excluded 0.00
Overall (I-squared = 78.5%, p = 0.000) 04 (0.03, 0.04) 100.00
NOTE: Weights arelfrom random effects analysis; ]
-219 219
Fig. 2. Forest plot of the prevalence of recurrent herniation following PELD.
4.5%, which was comparable to the overall prevalence.  Sensitivity Analysis
For annular sealing, only one study reported a recur- Sensitivity analysis was conducted to confirm the
rence rate of 5.5%, which was significantly lower than  stability and liability of the meta-analysis by omittin
te of 5.5%, which gnificantly | th tability and liability of th t lysis by tting
those without annular sealing (13.5%). the studies which may largely influence the clinical
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Table 1. Stratified meta-analysis of recurrence rate following PELD.

Subgroups No. of trials No. O.f total No. of recuf')l(')e(:zg rate | 95% CI Hene
patients recurrence (%) > (%) | Q test P value
Surgical procedure
PETD 34 17591 354 34 2.6-4.2 78.1 <0.001
PEID 12 1260 68 4.2 2.6-5.7 45.6 0.043
Age (years)
<50 5 2076 57 257 2.0-3.4 0 0.996
=50 2 1612 70 4.3 3.3-53 0 0.756
BMI
<25 2 1395 23 1.5 0.9-2.2 60.2 0.113
=25 3 2100 102 4.8 3.9-5.7 0 0.452
Level of herniated disc
Upper disc 3 102 5 5.4 0-14.8 0 0.680
L4-5 4 624 14 2.7 0.3-5.0 47.8 0.125
L5-S1 13 1179 49 3.1 1.6-4.6 55.5 0.008
Special types
S::tr;r?oirr:i/inal 4 158 8 47 1.4-8.0 0 0.879
Migrated 4 1946 73 3.8 2.9-4.6 0 0.974
Recurrence time
Early (< 6 months) 18 1538 45 2.1 1.2-2.9 22.7 0.185
Late (> 6 months) 10 955 19 1.2 0.5-1.9 0 0.530
With foraminoplasty 6 1012 36 34 2.3-4.5 0 0.885
Total 63 20390 470 3.6 3.0-4.3 76.5 <0.001

Abbreviation: No = number, CI = confidential interval, PETD = percutaneous endoscopic transforaminal discectomy, PEID = percutaneous endo-

scopic interlaminar discectomy, BMI = body mass index

results. We performed a series of sensitivity analysis by
excluding 15 prospective studies, by excluding 21 stud-
ies with total patients < 50 or > 500, and by excluding
9 studies with period of follow-up less than 12 months,
respectively. The pooled results showed that no single
one had a remarkable influence on the overall preva-
lence. All the findings indicate the robustness of the
results of our meta-analysis.

Publication Bias

According to the funnel plot (Fig. 3) and the re-
sult of Egger’s regression test (P = 0.485), no obviously
statistical evidence of publication bias was detected
among the included studies. Likewise, the results of Eg-
ger’s regression test for subgroup analysis revealed no
significant publication bias in included studies (Table 3).

Discussion

To our knowledge, this is the most comprehensive

and detailed meta-analysis focused on the prevalence
estimates of recurrent herniation after PELD. The cur-
rent meta-analysis involved a total of 20,390 patients
and 63 studies from 13 countries and territories and the
result showed that the overall prevalence of recurrent
herniation after PELD was 3.6%. No statistical evidence
of publication bias was detected, and sensitivity analy-
ses confirmed the robustness of the results of our meta-
analysis (Table 2). Our review differs from previously
published reviews (71-72) because it assesses the up-
dated and full range of relevant trials with no or fewer
restrictions related to the study design, language, and
follow-up periods. Our pooled overall recurrence rate
was slightly higher than that of 3.33% reported by Li X
et al (71), who reviewed only 7 related articles dating
up to September 2015. In the last 2 years, 27 reports
referring to the recurrence after PELD have been pub-
lished, so it is very necessary to update statistical data
for obtaining accurate information.
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Fig. 3. Funnel plot of the included studies for prevalence of recurrent herniation following PELD.
Table 2. Sensitivity analysis of the rate of recurrence rate following PELD.
Pooled Heterogeneit
Sensitivity analysis Remained studies oot rec(l)lrrence 95% CI g Y
rate (%) I (%) | Q test P value
1. Excluded studies that were prospective 48 3.1 2.4-3.8 76.2 < 0.001
2. Excluded studies with No. of total patients <50 9 18 3.0-46 573 <0.001
and >500
3. Excluded studies with period of follow-up < 12 54 35 2842 771 <0.001
months

Abbreviation: CI = confidential interval, No = number

Another highlight of the present study is the sub-
group analyses based on surgical procedure, age, BMI,
recurrence time, the location, type and level of herni-
ated disc, and additional procedures to investigate the
prevalence of recurrence and confirm potential risk
factors. Subgroup analysis by surgical procedure shows
that the pooled recurrence rates following PETD and
PEID were approximately equal. Although previous
studies have not reached a consensus, most studies’
conclusions were consistent with our result (43,45,60).

It is generally accepted that old age and obesity
are potential risk factors for recurrence after PELD (5-
6,31,41). The finding of our meta-analysis reconfirmed
that the prevalence of recurrent herniation after PELD

was significantly higher in older (= 50 years) and obese
(BMI > 25) patients. The conclusion is reasonable given
that the older discs are often degenerative, and the
remaining fragment of the nucleus pulposus is more
susceptible to prolapse in response to mechanical
overload, which was caused by annular incision during
surgery (73). Likewise, excess weight with the cyclical
increase of the intradiscal pressure could lead to higher
shear strains in the posterolateral part of the annulus
fibrosus, which would result in disc herniation (74-75).
Consistent with observations from previous studies
(32,57), the result of our meta-analysis suggests that
the prevalence of recurrent herniation at upper disc
is obviously higher than that at L4-5 and L5-S1. The
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Table 3. Publication bias analysis of the included studies for
subgroup analysts.

Subgroup analysis Beger’s test
P value
Surgical procedure
PETD 0.969
PEID 0.064
Age (years)
<50 0.221
>50 0.317
BMI
<25 0.317
=25 0.551
Herniation level
Upper discs 0.208
L4-5 0.089
L5-S1 0.080
Special types
Foraminal/extraforaminal 0.225
Migrated 0.980
Recurrence time
Early (< 6 months) 0.105
Late (> 6 months) 0.120
With foraminoplasty 0.700
Total 0.485

Abbreviation: PETD = percutaneous endoscopic transforaminal dis-
cectomy, PEID = percutaneous endoscopic interlaminar discectomy,
BMI = body mass index

definite reason remains unclear; however, it can be
speculated that the unique anatomical environment of
the upper lumbar level such as a smaller spinal canal, a
larger dural sac, and conus medullaris in the dural sac,
and the inherent technical difficulty might be the main
reason for the high incidence of recurrence (76). On the
other hand, the prevalence of recurrent herniation at
L4-5 was comparable to that at L5-S1 level.

Owing to the paucity of pooled data, the subgroup
analysis by the location and type of herniated disc was
only conducted for the prevalence estimate of the
recurrent herniation at the lateral disc and migrated
disc. Neither of the estimated recurrence rates showed
significant difference compared with the overall inci-
dence of recurrence. However, only one large sample-
based study by Yao Y et al (6) reported a recurrence
rate of 4.7% for the central disc herniation, which was
significantly higher than that of paramedian herniation
(2.7%, P = 0.008). One possible reason is that, for the

treatment of central herniation with PETD approach,
the working channel is placed inside the nucleus pulpo-
sus with a very steep trajectory angle. As a result, the
ruptured intervertebral disc is not easily accessible, and
the choice of working channel position may be the
main cause of the high incidence of recurrence (36).
Therefore, for central herniation, especially at the L5-
S1 level, the PEID approach might be the best option.
Previous studies demonstrated that migrated hernia-
tion was a risk factor responsible for recurrence after
PELD (7,33,59), given that the view of endoscopic sur-
gery is limited, and it is difficult to remove the hidden
fragments beyond the operation area (6). However, in
this current study there was no significant increase in
recurrence of migrated disc herniation compared with
the overall estimate. This might indicate the patients
benefited from the progress made in the endoscopic
technique, especially in the last 10 years. The incom-
plete removal of the herniated fragment caused by the
migrated herniations has been reduced.

According to the result of our meta-analysis, the
incidence of early recurrence was nearly double the
late recurrence rate, and patients with early recurrence
account for the majority of patients with recurrent her-
niations. In other words, recurrence after PELD usually
occurred within 6 months, which was consistent with
observations from previous studies (8,77). For addition-
al procedures, the pooled result of subgroup analysis
showed that there was no obvious difference between
the recurrence rates after PELD with or without fo-
raminoplasty. Kim et al (8) proposed a new technique
of annular sealing after fragmentectomy to minimize
the annular defects during PEID. The circumference of
the annular fissure was coagulated by more than 10
times, using bipolar radiofrequency toward the annular
defect. Radiofrequency was adjusted to 15 watts and
coagulation duration was timed to less than one sec-
ond per coagulation. After constriction, tightening and
reduction of the annular fissure were observed. They
reported that the PEID with annular sealing resulted
in lower recurrence rate than without annular sealing
(5.5% vs. 2.7%, P =0.026).

Other probable predictive factors include gender,
smoking, degenerated disc, the Modic changes, and
learning curve of the surgeon, disputes remain. Howev-
er, Kim et al (7) reported that the old age, higher BMI,
the presence of the Modic changes and the protrusion
increased the recurrence rates after successful PELD.
Yao et al (6) also suggested that the older age, obesity,
learning curve of the surgeon, treatment period, and
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central location of herniation were independently sig-
nificant risk factors for recurrence after PELD. Likewise,
Cinotti et al. (78) reported that those male patients
with markedly degenerated discs could be risk factors
for recurrent herniation after microdiscectomy. On the
other hand, it was reported by Swartz that age, gender,
smoking status, level of herniation and duration of
symptoms were not associated with a higher rate of re-
currence after partial laminectomy and discectomy (79).

Based on the results of our meta-analysis, some ad-
vice could be provided for the appropriate patient se-
lection and surgical indication of PELD. Surgeons need
to be more aware of the older, obese patients, and pa-
tients with upper lumbar disc herniation or central disc
herniation when using the PELD procedure. However,
with the PELD technique, experience can also affect the
success of the surgery, and experienced surgeons and
medical centers who are experienced with PELD, can
expand the indications of PELD.

Readers should be aware of limitations in the lit-
erature and with our study, in particular. First, signifi-
cant heterogeneity among studies was observed. As it
is generally recognized that heterogeneity often exists
in such meta-analyses of overall prevalence (80-81), we
conducted subgroup analysis to explore the probable
source of prevalence heterogeneity; however, none of
them could sufficiently explain the heterogeneity. Sec-

ondly, a majority of included articles were retrospective
studies with relatively low quality of evidence. Further-
more, not all of the included studies were designed for
the prevalence study. Not all of them provided detailed
characteristics of patients with recurrent herniation;
this may have led to the impreciseness of the pooled
data. Thirdly, owing to the paucity of data focused on
recurrence from included studies, many potentially
predictive factors related subgroup analyses could not
be conducted, which may have influenced the accuracy
and comprehensiveness of our meta-analysis.

ConcLusION

Our meta-analysis revealed that the overall pooled
prevalence of recurrent herniation after PELD was
3.6%, and recurrence usually occurred within 6 months
postoperatively. Older age (> 50 years), obesity (BMI >
25), upper lumbar disc and central disc herniation may
be independent risk factors for recurrence after PELD;
however, different surgical approach (PETD or PEID),
lateral disc, migrated disc and foraminoplasty did not
affect the incidence of recurrent herniation. Consider-
ing the limitations mentioned above, future studies of
high quality and large populations are needed to bet-
ter evaluate the prevalence of recurrent herniation and
related risk factors after PELD.

www.painphysicianjournal.com
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