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Abstract

Purpose This meta-analysis aims to compare the complication rates of discectomy/microdiscectomy (OD/MD), microen-
doscopic discectomy (MED), percutaneous endoscopic lumbar discectomy (PELD), percutaneous laser disc decompression
(PLDD), and tubular discectomy for symptomatic lumbar disc herniation (LDH) using general classification and modified
Clavien—-Dindo classification (MCDC) schemes.

Methods We searched three online databases for randomized controlled trials (RCTs) and cohort studies. Overall compli-
cation rates and complication rates per the above-mentioned classification schemes were considered as primary outcomes.
Risk ratio (RR) and their 95% confidence intervals (CI) were evaluated.

Results Seventeen RCTs and 20 cohort studies met the eligibility criteria. RCTs reporting OD/MD, MED, PELD, PLDD,
and tubular discectomies had overall complication rates of 16.8% and 16.1%, 21.2%, 5.8%, 8.4%, and 25.8%, respectively.
Compared with the OD/MD, there was moderate-quality evidence suggesting that PELD had a lower risk of overall com-
plications (RR=0.52, 95% CI 0.29-0.91) and high-quality evidence suggesting a lower risk of Type I complications per
MCDC (RR=0.37,95% CI 0.16-0.81). Compared with the OD/MD data from cohort studies, there was low-quality evidence
suggesting a higher risk of Type III complications per MCDC (RR =10.83, 95% CI 1.29-91.18) for MED, higher risk of
reherniations (RR=1.67,95% CI 1.05-2.64) and reoperations (RR=1.75, 95% CI 1.20-2.55) for PELD, lower risk of overall
complication rates (RR =0.42, 95% CI 0.25-0.70), post-operative complication rates (RR =0.42, 95% CI 0.25-0.70), Type
IIT complications per MCDC (RR =0.39, 95% CI 0.22-0.69), reherniations (RR=0.56, 95% CI 0.33-0.97) and reoperations
(RR=0.39,95% C10.22-0.69) for PLDD.

Conclusions Compared with the OD/MD, results of this meta-analysis suggest that PELD has a lower risk of overall com-
plications and a lower risk of complications necessitating conservative treatment.
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Compared with OD/MD, PELD is associated with a lower risk of
complications necessitating conservative treatment for the surgical
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Introduction

Symptomatic lumbar disc herniation (LDH) usually mani-
fests as low back pain (LBP) and/or sciatica with a reported
prevalence of 1-3% [1]. Treatment for LDH represents a
significant burden on healthcare services and the economy
worldwide [2, 3]. Surgical intervention is recommended for
LDH patients who are non-responsive to at least six weeks
of non-surgical treatment [4]. Open discectomy (OD) and
microdiscectomy (MD) are surgical interventions to relieve
nerve root compression and improve its function. The two
are quite similar procedures with the only variation of the
use of visual enhancement such as a microscope or loupes
in microdiscectomy. Collectively, OD and MD are the most
common surgical interventions for symptomatic LDH that
produces excellent short-term clinical outcomes in the
majority of patients [5, 6]. However, the rate of rehernia-
tion following OD/MD is as high as 10% [7], the incidence
of LBP following surgery is almost 30% [8], and rates of
revision surgery have been reported up to 20% [9].

Minimally invasive surgeries have been developed in
order to reduce tissue trauma and decrease complication
rates in symptomatic LDH patients [10, 11]. Percutane-
ous laser disc decompression (PLDD), as the first genera-
tion of minimally invasive surgery, achieved good clini-
cal results [12—-14]. Since then, the development of newer
technologies has resulted in adapted approaches including
endoscopic, tubular, cannula, and so on. The percutaneous
approach, which became routine in the 1990s, includes an
endoscope and cannula assembly, or use of an oval cannula.
These methods comprise percutaneous endoscopic lumbar
discectomy (PELD) [15, 16]. Microendoscopic discectomy
(MED) techniques employ a longitudinal paramedian inci-
sion through which a sheath is placed via a transforaminal
approach, extraforaminal approach, or interlaminar approach
and visualization is achieved through an endoscope [17].
MED resulted in less post-operative pain and a quicker
return to work compared with MD [18-20]. However, a sig-
nificant limitation of this technique is the size of the visual-
ized operating field. In order to obtain better visualization,
the tubular retractor systems were combined with the use of
the microscope in tubular microdiscectomy surgery [21].

These minimally invasive surgical interventions provide
excellent clinical outcomes; however, approximately one in
five cases still encounter complications [22] such as haema-
toma formation, durotomy, infection, and nerve root injury
[23, 24]. Previous pairwise studies have not conclusively
yielded that minimally invasive discectomy techniques result
in lower complication rates when compared with OD/MD
for symptomatic LDH patients [10, 13, 25-27].

The complication rates associated with different dis-
cectomy techniques may influence a surgeon’s decision to
choose the most suitable surgical plan. However, there is
a lack of consensus on how to define and grade complica-
tions following spine surgeries. Previous studies have shown
that surgeons routinely classify complications as major
and minor, intraoperative and post-operative, and into five
grades following the modified Clavien—Dindo classification
(MCDC) scheme [24, 28-30]. Although these classification
schemes are commonly used for tabulating and reporting
data on adverse events, surgeons often find it difficult to
assign a specific complication to overlapping categories
within these schemes. Standardization of the reported out-
comes following discectomy for LDH will help surgeons
identify, manage, and avoid intraoperative and post-opera-
tive complications.

Our previously published network meta-analysis (NMA)
showed a clear ranking of different discectomy techniques
on the basis of their respective complication rates using
general classification and MCDC schemes [31]. However,
there is a lack of information on pairwise comparisons of
complication rates between different discectomy tech-
niques. We therefore performed a systematic review and
meta-analysis of all complications reported in discectomy
studies to compare OD/MD with MED, PELD, PLDD, and
tubular discectomy using two commonly implemented com-
plication classification schemes (general classification that
includes intraoperative and post-operative complications,
and MCDC).

Methods
Search strategy

Online databases EMBASE, MEDLINE, and Cochrane Cen-
tral Register of Controlled Trials were searched in accordance
with Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines to identify all relevant
studies published between January 1977 (microdiscectomy
first reported) and June 2019 [32]. The search included the
following terms: “lumbar spine”, “intervertebral disc”, “her-
niation”, “discectomy”’, “microdiscectomy”’, “minimally
invasive surgery”, “endoscopic”, “laser”, and “percutaneous
discectomy”, with appropriate combinations of operators
“AND”, “OR”, and “NOT” as described in the Electronic
Supplementary Material 1 (ESM_1). The reference lists of
relevant studies were evaluated for the purposes of the present
study. The language of the included studies was restricted to
English. The review protocols are registered on PROSPERO
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(International Prospective Register of Systematic Reviews
number, CRD42020150582).

Inclusion criteria

1. Randomized controlled trials (RCTs) and cohort studies;

2. Studies which reported the comparisons between any of
the minimally invasive surgeries (MED, PELD, PLDD,
and tubular discectomy as comparator group) and OD/
MD (as control group) for symptomatic LDH patients;

3. Studies which reported at least one of the following out-
comes:

i. Primary outcomes including the overall com-
plication rate and complications in two different
classification schemes (general classification
and MCDC).

Overall complications were defined as com-
plications related to various discectomy surger-
ies.

General classification divides the compli-
cations into intraoperative and post-operative
complications. Intraoperative general compli-
cations included mortality, thrombosis, and
hepatitis; intraoperative specific complica-
tions included durotomy, bleeding, nerve root
injury, and surgical error; post-operative gen-
eral complications included urinary tract infec-
tion, miction disturbances (catheter required),
pulmonary complications, and deep venous
thrombosis; post-operative specific complica-
tions included infection superficial or deep,
haematoma, reherniation, neurologic problems
(post-operative weakness, altered sensitivity),
skin problems, and psychological and coping
problems.

MCDC scheme includes five types of com-
plications:

Type I: normal recovery without interven-
tion or pharmacologic treatment;
Type II: pharmacologic treatment needed;
Type III: invasive intervention under gen-
eral anaesthesia needed;
Type IV: intensive care unit admission
needed;
Type V: death.
ii. The reoperation rate was included as a sec-
ondary outcome.
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Exclusion criteria

1. Studies which compared discectomy procedures with
other spinal surgeries, such as chemical nucleolysis,
intradiscal electrothermal annuloplasty, and surgeries
involving the use of an implant;

2. Case reports, reviews, and conference reports;

3. Invitro biomechanical studies and computational model-
ling studies.

Selection of studies

Two reviewers (XLC and JVC) independently reviewed all
titles and abstracts that were identified in the initial online
search of databases. Full-text articles and reference lists
were reviewed for the relevant abstracts. When consensus
could not be reached between the reviewers, a third reviewer
(ADD) was consulted to resolve the disagreement.

Data extraction

Two reviewers (XLC and JVC) extracted data independently.
The reviewers collected the following data: methods (study
design, sample size, inclusion and exclusion criteria, study
period, mean duration of follow-up), participants (number
of participants, age, gender), interventions (surgical proce-
dure), and outcomes (for each primary outcome: number of
subjects and occurrence rate in general complication clas-
sification and MCDC, and revision surgery rate).

Quality assessment

The 13 criteria recommended in the Cochrane Back and
Neck Group guidelines [33] were used to assess the risk of
bias of RCTs that were included in this meta-analysis. “Low
risk”, “high risk”, or “unclear risk” were used to score the
risk of bias for individual criteria. Thereafter, for the over-
all risk of bias evaluation, a “low overall risk” of bias was
attributed to the study when seven or more of the 13 criteria
were considered low risk [33]. Studies with six or less low-
risk criteria were considered as having a “high overall risk”
of bias.

The Newcastle-Ottawa Scale (NOS) was used to assess
the methodological quality of the included cohort studies
[34]. The “star system” of NOS ranges from O to 9, which is
judged on three broad perspectives: selection of the study,
comparability, and the ascertainment of the outcome of
interest. In this meta-analysis, a study awarded seven or
more stars was regarded as high quality.
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A sensitivity analysis was conducted to assess the impact of
including studies with a high overall risk of bias. Controversial
scores were resolved by the third reviewer (ADD).

Statistical analysis

We performed two separate meta-analyses (one for the RCTs
and the other for the cohort studies) to examine the consistency
of various studies with different potential biases.

Pooled mean complication rates were calculated by the
summation of total complication events divided by the over-
all number of patients included in the studies reporting that
specific complication. Interstudy median and interquartile
range (IQR), which ranged from the first to the third quartile
(Q1-Q3), were used to assess the variations in specific cross-
study complication rates. The pooled estimates of risk ratio
(RR) and 95% confidence intervals (CI) for direct comparisons
were reported. Chi-squared (/%) statistic was used to measure
heterogeneity among the trials. /> < 50% implied homogeneity,
and the analysis included a fixed-effects model by the Man-
tel-Haenszel method. I>>50% indicated heterogeneity, and
consequently, a random-effects model was used according to
the DerSimonian—-Laird method. Meta-analyses results were
also assessed using forest plots. Risk of publication bias was
evaluated using the Begg—Mazumdar test. The statistical sig-
nificance was set at 5% (a=0.05).

This meta-analysis was performed according to the quality
of reporting of meta-analyses group and the meta-analysis of
Observational Studies in Epidemiology group recommenda-
tions for improving the quality of reporting of meta-analyses
of clinical RCTs and observational studies, respectively [35,
36]. RevMan (Review Manager 5.3 version. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2014.)
was used to evaluate the risk of bias in RCTs, and STATA
software (Release 15, StataCorp LLC, TX) was used for the
statistical analyses.

Evaluating the quality of evidence

The quality of the evidence informing this meta-analysis was
assessed using Grading of Recommendations Assessment,
Development and Evaluation (GRADE) scale, which rated
evidence quality as high, moderate, low, or very low using
factors such as the risk of bias, inconsistency, indirectness,
imprecision, and publication bias [37] (ESM_2_Table 1). The
summary of findings (SoFs) table presents the endpoint of the
GRADE evidence summary (ESM_2_Table 2).

Results
Study selection

The literature search is illustrated in the PRISMA flow
diagram (Fig. 1). Thirty-seven studies met the selection
criteria for the purposes of the present review, which
included 17 RCTs [13, 14, 25-27, 38-49] and 20 cohort
studies [50-69].

Quality assessment

The detailed risk of bias in RCTs is summarized in Fig. 2.
Two of the 17 studies had a high overall risk of bias [44, 48].
Five studies were classified as having a high risk of selection
bias [38, 41, 42, 46, 47]. Ten studies were deemed to have
a high risk of performance bias [13, 14, 25, 26, 39, 41, 42,
46, 47, 49], and seven studies were assessed as unclear [27,
38, 40, 43-45, 48]. We assessed all the studies as having low
attrition bias except three studies that did not clearly report
[38, 40, 48]. Five studies were assessed as having a high risk
of detection bias [39, 46-49]. None were assessed as having
a reporting bias or other biases.

The methodological quality of cohort studies was
assessed using NOS. All cohort studies were awarded more
than seven stars, which demonstrated high quality (Table 1).

Demographic data, surgical technique, and surgery-
related complications from the 37 included studies are pro-
vided in Table 2. The number of pairwise studies reporting
complication rates for different discectomy techniques var-
ied: MED versus OD/MD (n=10), PELD versus OD/MD
(n=13), PLDD versus OD/MD (n=4), and tubular discec-
tomy versus OD/MD (n=10) (ESM_2_Table 3).

Meta-analysis of RCTs
Complication rates

Complications were calculated from the 17 RCTs for a
total of 1967 patients with a mean follow-up duration of
24.2 months [13, 14, 25-27, 38-49], which included
1018 OD/MD patients with a mean follow-up duration of
33.2 months, 288 MED patients with a mean follow-up
duration of 35.1 months, 258 PELD patients with a mean
follow-up duration of 19.1 months, 155 PLDD patients with
a mean follow-up duration of 18 months, and 248 tubular
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(n = 37, Discectomy/microdiscectomy
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Discectomy/microdiscectomy vs PELD
n = 13, Discectomy/microdiscectomy
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Discectomy/microdiscectomy vs
tubular discectomy n = 10)

Fig.1 Flow chart showing the procedure and results of the literature
search in accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines [32]. MED

discectomy patients with a mean follow-up duration of
17.3 months (Tables 2, 3). Studies reporting OD/MD, MED,
PELD, PLDD, and tubular discectomies had overall com-
plication rates (pooled mean) of 16.8% and 16.1%, 21.2%,
5.8%, 8.4%, and 25.8%, respectively.
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microendoscopic discectomy, PELD percutaneous endoscopic lumbar
discectomy, PLDD percutaneous laser disc decompression

OD/MD, MED, PELD, PLDD, and tubular discectomy
were associated with intraoperative complication rates of
6.4%, 6.8%, 7.6%, 0.0%, and 8.1%, respectively; and post-
operative complications occurred in 10.2%, 11.4%, 10.4%,
6.6%, and 8.4%, respectively.
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Fig.2 Risk of bias summary:
review authors’ judgements
about each risk of bias item for
each randomized controlled trial
included in this review. “Was
the method of randomisation
adequate?”, “Was the treat-
ment allocation concealed?”,
and “Were the groups similar

at baseline regarding the most
important prognostic indica-
tors?” were used to assess the
selection bias. “Was the patient
blinded to the intervention?”,
“Was the care provider blinded
to the intervention?”, “Were
cointerventions avoided or simi-
lar?”, and “Was the compliance
acceptable in all groups?” were
used to assess the performance
bias. “Was the drop-out rate
described and acceptable?” and
“Were all randomized partici-
pants analysed in the group to
which they were allocated?”
were used to assess the attrition
bias. “Was the outcome assessor
blinded to the intervention?”
and “Was the timing of the
outcome assessment similar

in all groups?” were used to
assess the detection bias. “Are
reports of the study free of
suggestion of selective outcome
reporting?” was used to assess
the reporting bias. “Are other
sources of potential bias
unlikely?” was used to assess
the other bias

The rate of occurrence of Type 1 (per MCDC) events in
OD/MD, MED, PELD, PLDD, and tubular discectomy was
10.8%, 12.2%, 13.3%, 0.0% and 3.5%, respectively. Type
II complication rates were 5.5% following OD/MD, 2.4%
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following MED, and 0.0% following PLDD, PELD, and
tubular discectomy. Type III complication rates were 7.2%
following OD/MD, 7.0% following MED, 4.7% following
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PELD, 8.4% following PLDD, and 8.1% following tubular
discectomy.

Incidence of durotomy was reported in 4.6% of OD/
MD, 6.8% of MED, 0.0% of PELD, and 6.5% of tubular
discectomy. OD/MD, MED, PELD, PLDD, and tubular
discectomy studies reported reherniation rates of 5.5%,
4.7%, 5.8%, 8.4%, and 7.3%, respectively. Studies per-
forming OD/MD, MED, PELD, PLDD, and tubular dis-
cectomy resulted in reoperation rates of 8.4%, 4.7%, 6.7%,
23.2%, and 11.7%, respectively (Fig. 3).

MED versus OD/MD

The level of evidence was of low quality due to lack of
precision in the data and lack of blinding [41, 42, 46, 49].
No significant difference was found in the overall com-
plication rates, intraoperative complication rates, post-
operative complication rates, occurrence rate of Type I to
Type I complications (per MCDC), durotomy rates, and
incidence of reherniation and reoperation between the two
procedures (Table 3).

PELD versus OD/MD

There was moderate-quality evidence of a lower risk of
overall complications (RR=0.52, 95% CI 0.29-0.91) and
high-quality evidence of a lower risk of Type I complica-
tions per MCDC (RR=0.37, 95% CI 0.16-0.81) for PELD
versus OD/MD comparison (Table 3, ESM_3_Figure 1 and
ESM_3_Figure 2). No significant difference was found in the
intraoperative complication rates, post-operative complica-
tion rates, occurrence rates of Type I and Type III complica-
tions (per MCDC), incidence of durotomy, reherniation, and
reoperation between the two procedures. We rated all the
level of evidence as moderate quality due to imprecision in
the reported data and lack of blinding in estimates [26, 39,
43-45, 47].

PLDD versus OD/MD

There was low-quality evidence and no statistically sig-
nificant difference between PLDD and OD/MD for overall
complication rates, post-operative complication rates, the
occurrence rate of Type III complications (per MCDC), inci-
dence of reherniation, and reoperation rates (Table 3) [13,
14]. We rated the quality of evidence as low due to the lack
of precision in data and lack of blinding.
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Tubular discectomy versus OD/MD

The level of evidence was of low quality for lack of preci-
sion in data and lack of blinding [25, 38, 48]. No significant
difference was found in intraoperative complication rates,
post-operative complication rates, occurrence rates of Type
I and Type III complications (per MCDC), durotomy rates,
reherniation and reoperation rates between the two proce-
dures (Table 3). Additionally, inconsistency in findings, lack
of blinding, and lack of precision in the reported data down-
graded the quality of evidence for overall complication rates
to very low.

Meta-analysis of cohort studies
Complication rates

Complications were calculated from 4945 patients with a
mean follow-up duration of 19.9 months from the 20 cohort
studies [5S0-69], including 2530 OD/MD patients with a
mean follow-up duration of 20.2 months, 999 MED patients
with a mean follow-up duration of 37.8 months, 514 PELD
patients with a mean follow-up duration of 19.1 months,
540 PLDD patients with a mean follow-up duration of
17 months, and 362 tubular discectomy patients with a mean
follow-up duration of 10.3 months (Tables 2, 3). Studies
reporting OD/MD, MED, PELD, PLDD, and tubular dis-
cectomies had overall complication rates (pooled mean) of
7.6%,6.2%,9.1%, 3.5%, and 11.6%, respectively.

OD/MD, MED, PELD, PLDD, and tubular discectomy
were associated with intraoperative complication rates of
2.6%, 1.7%, 0.9%, 0.0%, and 7.9%, respectively. Post-oper-
ative complications occurred in 6.0%, 3.8%, 8.0%, 0.0%,
and 3.5% of LDH patients who underwent OD/MD, MED,
PELD, PLDD, and tubular discectomy, respectively.

The occurrence of Type I complications (per MCDC) in
OD/MD, MED, PELD, PLDD, and tubular discectomies was
2.7%,2.1%, 1.2%, 0.0%, and 7.9%, respectively. The occur-
rence of Type II complications was 2.7% following OD/MD,
2.3% following MED, and 0.0% following PLDD, PELD,
and tubular discectomy. Similarly, Type III complications
were 4.6% following OD/MD, 2.3% following MED, 4.7%
following PELD, 4.4% following PLDD, and 3.2% following
tubular discectomy.

Incidence of durotomy was reported in 2.6% of OD/MD,
1.7% of MED, 0.9% of PELD, 0.0% of PLDD, and 7.9% of
tubular discectomy patients. OD/MD, MED, PELD, PLDD,
and tubular discectomy studies reported reherniation rates
of 4.2%, 0.8%, 5.6%, 3.5%, and 4.8%, respectively. Studies
reporting data for OD/MD, MED, PELD, PLDD, and tubu-
lar discectomies had reoperation rates of 5.5%, 0.8%, 9.4%,
3.2%, and 3.7%, respectively (Fig. 4).
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Table 1 Assessment of the methodological quality of cohort studies according to the Newcastle-Ottawa Scale (NOS) [29]
Author Year Country Surgical procedures Selection (/4) Comparability Outcome (/3) Total
12) score
19)
Liu 2010 China MED versus OD/MD 4 2 3 9
Wu 2006 China MED versus OD/MD 4 2 3 9
Schizas 2005 Switzerland MED versus OD/MD 4 1 2 7
Nakagawa 2003 Japan MED versus OD/MD 4 1 3 8
Liu 2018 China PELD versus OD/MD 4 2 3 9
Ahn 2016 Korea PELD versus OD/MD 4 2 2 8
Choi 2016 Korea PELD versus OD/MD 4 2 2 8
Hsu 2013 China PELD versus OD/MD 4 1 3 8
Yoon 2012 Korea PELD versus OD/MD 4 2 3 9
Kim 2007 Korea PELD versus OD/MD 4 2 3 9
Kleinpeter 1995 Australia PELD versus OD/MD 4 0 3 7
Kim 2018 Korea PLDD versus OD/MD 4 1 3 8
Tassi 2006 Italy PLDD versus OD/MD 4 2 3 9
Bhatia 2016 India Tubular versus OD/MD 4 2 3 9
Cahill 2013 USA Tubular versus OD/MD 4 2 3 9
Lau 2012 USA Tubular versus OD/MD 4 2 3 9
Lee 2011 USA Tubular versus OD/MD 4 2 3 9
Bennis 2009 France Tubular versus OD/MD 4 2 3 9
German 2008 USA Tubular versus OD/MD 4 2 3 9
Choi 2006 Korea Tubular versus OD/MD 4 2 3 9

A study awarded seven or more stars was regarded as a high-quality study

MED microendoscopic discectomy, PELD percutaneous endoscopic lumbar discectomy, OD open discectomy, MD microdiscectomy, PLDD per-
cutaneous laser disc decompression, vs versus, USA United States of America

MED versus OD/MD

There was moderate-quality evidence of a higher risk of
Type III complications (per MCDC) (RR=10.83, 95% CI
1.29-91.18) (ESM_3_Figure 3) for MED versus OD/MD
comparison [52, 64, 66, 68]. The large magnitude of effect
upgraded the low-quality evidence from cohort studies to
moderate quality. However, inconsistency in findings, high
risk of bias of cohort studies, and lack of precision in the
reported data downgraded the quality of no statistically sig-
nificant difference between MED and OD/MD for the dif-
ferent complication rates, except for the occurrence rate for
Type III complications, to very low.

PELD versus OD/MD

There was low-quality evidence for a higher risk of rehernia-
tion (RR=1.67,95% CI 1.05-2.64) (ESM_3_Figure 4) and
reoperation (RR=1.75, 95% CI 1.20-2.55) (ESM_3_Fig-
ure 5) for PELD versus OD/MD [50, 51, 58, 59, 61, 65, 69].
We rated the quality of other complication rates with no
statistical significance as very low due to high risk of bias
and limited precision in estimates.

PLDD versus OD/MD

There was low-quality evidence of a lower risk of overall
complication rates (RR=0.42, 95% CI 0.25-0.70) (ESM_3_
Figure 6), post-operative complication rates (RR=0.42, 95%
CI 0.25-0.70) (ESM_3_Figure 7), Type III complications
(per MCDC) (RR=0.39, 95% CI 0.22-0.69) (ESM_3_Fig-
ure 8), and reoperation rates (RR=0.39, 95% CI 0.22-0.69)
(ESM_3_Figure 10) for PLDD versus OD/MD comparison
[60, 67]. We rated the quality of evidence as low due to high
risk of bias, inconsistency in findings, and publication bias.
However, there was no large magnitude of effect to upgrade
the very low-quality evidence of a lower risk of rehernia-
tion (RR=0.56, 95% CI 0.33-0.97) (ESM_3_Figure 9) for
PLDD versus OD/MD.

Tubular discectomy versus OD/MD

The quality of evidence comparing tubular discectomy ver-
sus OD/MD was very low due to imprecision in the reported
data and high risk of bias. No significant difference between
the complication rates per the two complication classifica-
tion schemes (ESM_2_Table 4) was found between these
two procedures [53-57, 62, 63].

@ Springer
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Fig.3 Unweighted averages of complication rates of discectomy/
microdiscectomy (OD/MD), microendoscopic discectomy (MED),
percutaneous endoscopic lumbar discectomy (PELD), percutaneous
laser disc decompression (PLDD), and tubular discectomy for symp-
tomatic lumbar disc herniation (LDH) using two different classifica-

Discussion

We conducted a systematic review and meta-analysis of
the complication rates associated with various discectomy
techniques for symptomatic LDH. Complication rates in
different classification schemes and reoperation rates were
extracted from 17 RCTs and 20 cohort studies.

Although safety assessment has been widely used in lum-
bar spine surgeries and the complication rates of a procedure
are paramount to said assessment, there is no standardized
way of reporting surgical complications. The general clas-
sification divides the complications into intraoperative and
post-operative complications, according to the time when
they become apparent [24]. It may be useful for the manage-
ment of spine surgery complications to have clear guide-
lines for symptoms. Therapeutic consequences have been
recommended as a way of classifying complications in spine
surgery [28, 29]. MCDC scheme is based on the manage-
ment required for each complication, which can guide clini-
cal decision-making based on the severity of complications.
We used the general classification and MCDC to evaluate

tion schemes (general classification and modified Clavien—Dindo
classification) from randomized controlled trials (RCTs). The number
of patients in each discectomy technique is mentioned in Table 3. Tub
tubular discectomy, intra-op intraoperative, post-op post-operative

the complications following discectomy surgeries for symp-
tomatic LDH.

The hierarchy of different discectomy techniques regard-
ing complication rates is conducive to the selection of the
surgical technique. Our NMA showed a clear ranking of
different discectomy techniques by their complication
rates using these two classification schemes [31], which
may provide a basis for deciding the surgical technique.
The present systematic review and meta-analysis reports a
comprehensive list of complication rates following different
discectomy techniques and elucidate differences between
OD/MD group and various minimally invasive discectomy
techniques.

MED versus OD/MD

In our systematic review and meta-analysis, we identified
a number of complications following OD/MD and MED
from RCTs and cohort studies. There were differences in
pooled mean complication rates following both surgical
techniques (Table 3 and ESM_2_Table 4). Previous studies
reported that the incidence of nerve root injury, durotomy,

@ Springer
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Fig.4 Unweighted averages of complication rates for discectomy/
microdiscectomy (OD/MD), microendoscopic discectomy (MED),
percutaneous endoscopic lumbar discectomy (PELD), percutaneous
laser disc decompression (PLDD), and tubular discectomy for symp-
tomatic lumbar disc herniation (LDH) using two different classifica-

and reoperation in MED group was higher than that in the
OD group [46, 49], which is supported by our meta-analysis
results (Table 3 and ESM_2_Table 4). A possible explana-
tion is the poor perception of depth with microendoscopic
surgery and the restricting surgical field, which limit sur-
geons to orientate surgical instruments. However, the com-
plications data from RCTs did not reach statistical signifi-
cance. The low quality of evidence across outcomes was due
to imprecision in the reported data [41, 42, 46, 49] and poor
allocation (four studies were assessed as having an unclear
risk) [27, 40, 46, 49] or lack of blinding to intervention (two
studies were assessed as having an unclear risk [27, 40] and
four studies were assessed as having a high risk [41, 42, 46,
49]). Additionally, the inconsistency in Type I complications
per MCDC (I*=51% > 50%) downgraded the evidence to
very low.

We found that MED was associated with a lower risk
of Type III complications per MCDC from cohort stud-
ies (ESM_3_Figure 3). The finding indicated that a good
visualization of discectomy and enhanced identification of
anatomical structures through microendoscope results in
a low incidence of complications requiring surgical treat-
ment. Due to the low quality of cohort studies and large
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tion schemes (general classification and modified Clavien—Dindo
classification) from cohort studies. The number of patients in each
discectomy technique is mentioned in ESM_2_Table 4. Tub tubular
discectomy, intra-op intraoperative, post-op post-operative

magnitude of effect, this result was assessed as moderate-
quality evidence.

PELD versus OD/MD

Compared with OD/MD, PELD magnifies the operative
field with a camera system so that the surgeon can identify
and protect the dural sac and nerve roots. A previous meta-
analysis showed a higher complication rate in the PELD
group (4.69%) compared with the MD group (2.33%), but
the differences were not significant [70]. There was a dif-
ference in complication rates between the two groups when
data from RCTs were pooled (Table 3). We found that PELD
was associated with a lower risk of overall complications
(ESM_3_Figure 1) and a lower risk of Type I complica-
tions per MCDC (ESM_3_Figure 2). We also found that
PELD was associated with a lower risk of reherniations
(ESM_3_Figure 4) and reoperations (ESM_3_Figure 5)
from cohort studies. These findings are inconsistent with
previously reported data [70-72], which may partly be
due to differences in study selection and the classification
of complications. The percutaneous procedure causes less



European Spine Journal (2020) 29:1752-1770

1767

damage to surrounding tissues and obtains a good opera-
tive field through an endoscope, which are posited as the
primary reasons for the lower overall complication rates.
In the GRADE approach, RCTs start as high-quality evi-
dence and cohort studies as low-quality evidence, but both
can be rated down if most of the relevant evidence comes
from studies that suffer from a high risk of bias [73]. The
lower risk of overall complications in the PELD group was
rated moderate quality due to poor allocation (one study
was assessed as having high risk [47] and three studies were
assessed as having unclear risk [43—45]) and lack of blind-
ing (three studies were assessed as having high risk [26, 39,
47] and three studies were assessed as having unclear risk
[43-45]) in the included studies. Additionally, a large mag-
nitude of effect (RR =0.37 <0.5) upgraded the lower risk
of Type I complications per MCDC for PELD versus OD/
MD to high quality. The quality of all the complication rates
from cohort studies is rated low or very low due to high risk
of bias and/or some imprecision in estimates.

PLDD versus OD/MD

Advantages of PLDD over OD/MD are decreased tissue
injury and fewer post-operative complications, such as
bleeding, infection, and post-operative pain for soft tissue
exposure [13], which were supported by our results (Table 3
and ESM_2_Table 4). We also found that PLDD had a lower
risk of post-operative complications (low quality due to
high risk of bias (cohort studies), inconsistency in findings
(I’=55) and large magnitude of effect (RR=0.42<0.5)),
lower type III complications per MCDC (low quality due
to high risk of bias (cohort studies), publication bias (P =0)
and large magnitude of effect (RR=0.39 <0.5)), lower
reherniation rate (very low quality due to high risk of bias
(cohort studies) and inconsistency in findings (*=67)), and
lower reoperation rate (low quality due to high risk of bias
(cohort studies), publication bias (P =0), and large mag-
nitude of effect (RR=0.39<0.5)). However, the limited
study sample (n=1) [67] leaves the inferences drawn open
to question.

Tubular discectomy versus OD/MD

In theory, the tubular retractor with or without a microscope
could help a surgeon gain better view of the operative field
and result in less surgical trauma than the conventional
open approach, all of which is expected to reduce intraop-
erative complications [19]. Compared with OD/MD, MED
had a higher pooled mean intraoperative complication rate
when data from cohort studies were pooled (8.4% in OD/
MD group versus 8.1% in MED group). In contrast, MED
had a lower complication rate when data from RCTs were
pooled (6.7% in OD/MD group versus 7.9% in MED group)

(Table 3 and ESM_2_Table 4). However, the differences
in intraoperative complication rates between OD/MD and
MED showed no statistical significance, which is consistent
with previously reported data [19].

Although the results of our systematic review and meta-
analysis are comprehensive, there are certain limitations
which must be noted. Firstly, the small sample size of direct
comparisons from RCTs may have reduced the statistical
robustness of the results. Secondly, there is substantive het-
erogeneity in the studies due to wide variation in the duration
of follow-up, and some post-operative complications may
have a gestation period. Thirdly, there is a learning curve
associated with the adoption of any new technology and
surgical technique, and chronologically older discectomy
procedures may have an advantage over newer approaches
in reduced complication rates. Finally, the primary literature
is varied and does not routinely discuss age and surgical
levels in reporting complications, which may increase het-
erogeneity and reveal inherent differences associated with
complications. Further, well-defined RCTs with large sample
sizes are needed to improve the predictive strength of such
pairwise comparisons.

Conclusion

Compared with OD/MD, results of this meta-analysis sug-
gest that for the surgical treatment of symptomatic LDH,
PELD has a lower risk of overall complications and a lower
risk of complications necessitating conservative treatment.
The resultant list of complication rates presented here will
provide useful insights to patients and clinicians while
assessing the benefits and risks associated with a specific
discectomy technique.
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