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Abstract

Purpose The aim of this network meta-analysis (NMA) was to compare the complication rates of discectomy/microdiscec-
tomy, percutaneous laser disc decompression (PLDD), percutaneous endoscopic lumbar discectomy (PELD), microendo-
scopic discectomy (MED), and tubular discectomy for symptomatic lumbar disc herniation (LDH).

Methods We searched three online databases for randomized controlled trials (RCTs). Overall complication rates, com-
plication rates per general and modified Clavien—Dindo classification schemes, and reoperation rates were considered as
primary outcomes. Odds ratio with 95% confidence intervals for direct comparisons and 95% credible intervals for NMA
results were reported. Surface under cumulative ranking curve (SUCRA) was used to estimate ranks for each discectomy
technique based on the complication rates.

Results In total, 18 RCTs with 2273 patients were included in this study. Our results showed that there was no significant
difference in any of the pairwise comparisons. PELD (SUCRA: 0.856) ranked the lowest for overall complication rates.
Discectomy/microdiscectomy (SUCRA: 0.599) and PELD (SUCRA: 0.939) ranked the lowest for intraoperative and post-
operative complication rates, respectively. Concerning modified Clavien—Dindo classification scheme, PELD (SUCRA:
0.803), MED (SUCRA: 0.730), and PLDD (SUCRA: 0.605) ranked the lowest for the occurrence of type I, II, and III com-
plications, respectively. Tubular discectomy (SUCRA: 0.699) ranked the lowest for reoperation rates.

Conclusions The results of this NMA suggest that discectomy/microdiscectomy and PELD are the safest procedures for
LDH with minimal intraoperative and post-operative complications, respectively. PELD, MED, and PLDD are the safest
procedures for LDH in terms of minimal rates for complications necessitating conservative, pharmacological, and surgical
treatment, respectively.
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Key points Take Home Messages

1. Discectomy/microdiscectomy and PELD are the safest discectomy
technique for the surgical treatment of symptomatic LDH in terms of
minimal rates for i ive complications and postoperati
complications.

. First network meta-analysis (NWA) performed comparing the complication
rates of different discectomy techniques for the surgical treatment of
symptomatic lumbar disc herniation.

14

NWA provides a clear ranking of different discectomy techniques for the
complication rates by two frequently used classifications (general
classification that includes i ive and ive

and modified Clavien-Dindo classification).
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PELD, MED and PLDD are the safest procedure for LDH with minimal
icati itating conservative, ical and surgical

treatment respectively. Tubular discectomy is the safest discectomy’
technique for LDH with minimal reoperation rates.
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The Grading of i D and i
(GRADE) guidelines used to evaluate the certainty of evidence from NMA to
obtain appropriate interpretation of NMA results.
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Introduction

Lumbar disc herniation (LDH) is a common affliction of the
lumbar spine, which affects 1-2% of the general population
in the USA annually [1-3]. Discectomy surgery is indicated
for LDH patients who are nonresponsive to at least six weeks
of non-surgical treatment or had a progressive neurologi-
cal impairment or both [2, 4, 5]. Discectomy is the surgical
technique to relieve nerve root compression and improve
its function. However, the surgical trauma of spine and its
supporting structures could lead to post-operative back pain,
spinal instability, and sometimes recurrent herniation [6-8].

Minimally invasive techniques for LDH evolved in the
1970s with the first lumbar microdiscectomy reported in
1977 [9, 10]. A lumbar microdiscectomy procedure has
smaller exposure and better visualization of the operative
field through a microscope than open lumbar discectomy.
Microdiscectomy and open discectomy may be performed
using operating loupes with a headlight. Collectively, the
two are now the most common surgical procedures for
LDH. With the advent of emerging new technologies, fur-
ther variants of minimally invasive surgical procedures
have been developed to treat symptomatic LDH [11, 12]
that allow less surgical trauma to the tissues and hence a
faster recovery, such as percutaneous laser disc decom-
pression (PLDD) [13], percutaneous endoscopic lumbar
discectomy (PELD) [14], tubular discectomy [15], and
microendoscopic discectomy (MED) [16].

The utility of any procedure is a complex mix of safety,
efficacy, and cost. A procedure that has fewer compli-
cations will have a superior clinical utility as it directly
impacts efficacy and cost. Different surgical interventions
for LDH provide excellent outcomes, although they still
carry approximately 20% risk of complications [17] such
as durotomy, nerve root injury, haematoma and post-oper-
ative pain [18, 19]. Previous studies reporting on the safety
and efficacy of different lumbar discectomy surgeries for
LDH have not yielded conclusive results due to the pair-
wise nature of the comparisons [20-30].

Complication rates following different discectomy tech-
niques are conduce to the selection of the surgical plan.
However, the definition of complications in spine surgery
is controversial. Surgeons routinely divide complications
into intraoperative complications and post-operative com-
plications, major and minor complications, and five com-
plication grades following modified Clavien—-Dindo clas-
sification [19, 31-34]. Although these basic approaches
are commonly used, there are no accepted criteria to
define major or minor complications. Standardization of
the reported outcomes following discectomy for LDH will
help surgeons identify, manage, and avoid perioperative
and post-operative complications.

Network meta-analyses (NMA) are becoming more
influential in informing clinicians and decision-makers as
they provide rigorous means for indirect or direct compari-
sons of multiple interventions or treatments for the same
pathology [35, 36]. Given the lack of substantial evidence
regarding the hierarchy of different discectomy techniques
regarding complication rates, we performed a NMA of all
complications reported in discectomy studies to compare
the complication rates of open discectomy/microdiscectomy,
tubular discectomy, PLDD, PELD, and MED using two clas-
sification schemes (general classification that includes intra-
operative and post-operative complications, and modified
Clavien—Dindo classification).

Methods
Search strategy

Online databases EMBASE, MEDLINE, and Cochrane Cen-
tral Register of Controlled Trials were searched in accord-
ance with preferred reporting information for systematic
reviews and meta-analyses (PRISMA) guidelines to iden-
tify all relevant studies published between January 1977
(microdiscectomy first reported) and January 2019 [37].
The search strategy consisted of keywords and commonly
used synonyms including “lumbar spine”, “intervertebral
disc”, “herniation”, “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). We also
evaluated the reference lists of relevant studies and identi-
fied additional studies for the purposes of the present study.
Only studies published in English were considered. The
review protocols were registered on PROSPERO (Interna-
tional Prospective Register of Systematic Reviews number,

CRD42019120163).
Inclusion criteria

(1) Randomized controlled trials (RCT);

(2) Studies which reported on discectomy or microdiscec-
tomy or PLDD or PELD or MED or tubular discectomy
surgery for symptomatic LDH patients;

(3) Studies which reported at least one of the following
outcomes: primary outcomes including overall com-
plication rate and complications in two different clas-
sification schemes (General classification and Clavien—
Dindo classification). Overall complication included all
the complications related to various discectomy sur-
geries. Intraoperative general complications included
mortality, thrombosis, and hepatitis; intraoperative
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specific complications include durotomy, bleeding,
nerve root injury, surgical error; post-operative general
complications included urinary tract infection, miction
disturbances (catheter required), pulmonary compli-
cation, deep venous thrombosis leg; post-operative
specific complications included infection superficial,
infection deep, haematoma, reherniation, neurologic
problem, skin problem, psychological and coping prob-
lems. Modified Clavien—Dindo classification scheme
includes five types of complications (type I: conserva-
tive treatment, without intervention or pharmacologic
treatment; type II: pharmacologic treatment; type III:
invasive intervention under general anaesthesia; type
IV: intensive care unit management; type V: death).

Secondary outcome included the reoperation rate.
Exclusion criteria

(1) Studies which compared discectomy procedures with
other spinal surgeries involving the use of an implant;

(2) Case reports, retrospective studies, reviews, and confer-
ence reports; in vitro biomechanical studies, computer
modelling studies.

Study selection

Two reviewers (XLC and JVC) independently reviewed all
titles and abstracts that were identified in the initial online
search of databases. Full-text articles were further reviewed
for all the relevant abstracts. Disagreements between the
reviewers in the selection process for studies were either
resolved by consensus or with the help from a third reviewer
(ADD).

Data extraction

Two reviewers (XLC and JVC) extracted data indepen-
dently using a standardized tool developed for this study.
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
classification, modified Clavien—Dindo classification, and
reoperation rate).

Assessment of risk of bias in included studies
The 13 criteria recommended in the Cochrane Back and Neck

Group guidelines [38] were used to assess the risk of bias.
“Low risk™, “high risk”, or “unclear risk”, was used to score

@ Springer

the risk of bias for individual criteria. Thereafter, for the over-
all risk of bias evaluation, we considered a “low overall risk”
of bias when seven or more of the 13 criteria were a low risk
[38]. Studies with six or less low-risk criteria were considered
a “high overall risk” of bias. We conducted a sensitivity analy-
sis to assess the impact of including studies with a high overall
risk of bias. As before, controversial scores were resolved by
the third reviewer (ADD).

Statistical analysis

Regular meta-analysis was performed with RevMan (Review
Manager 5.3 version. Copenhagen: The Nordic Cochrane Cen-
tre, The Cochrane Collaboration, 2014.). The Chi-squared (/)
statistic was used to measure heterogeneity among the trials
[39]. Statistical analysis software STATA (release 15, Stata-
Corp LLC, TX) was used for performing the NMA [40]. We
used the DerSimonian and Laird random-effects model to
analyze data. The pooled estimates of odds ratio (OR) and
95% confidence intervals (CI) for direct comparisons and
95% credible intervals (Crl) for NMA results were reported.
NMA results were also assessed by means of forest plots.
The evaluation of inconsistency of treatment, which esti-
mates whether the treatment effects from direct and indirect
evidence are in agreement, is an important aspect of NMA.
Node-splitting results were used to evaluate the consistency of
each outcome between direct and indirect comparisons. The
statistical significance was set at 5% («¢=0.05). Surface under
cumulative ranking curve (SUCRA) is a numeric presentation
of the overall ranking of different techniques compared for
hierarchical ordering. SUCRA results were used to evaluate
the relative rank of each discectomy technique under differ-
ent complication outcomes. A higher SUCRA value corre-
sponded to a higher ranking and a lower complication rate in
each comparison.

Evaluating the quality of evidence

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) assessment rated the quality of evi-
dence informing this NMA as high, moderate, low, or very
low across five components-study limitations, imprecision,
inconsistency in results, indirectness, and publication bias
[41,42] (ESM_2_Table 1). Based on GRADE guidelines for
rating the certainty of evidence from NMA, NMA “‘summary
of findings (SoF)” tables were used to present NMA results
(ESM_2_Table 2).
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Results

Selection, quality assessment, and network
structure

The selection process for studies is illustrated in the
PRISMA flow diagram (Fig. 1). A total of 1563 citations
were identified through our literature search, and 12 from
the review of the reference list. Of these, 255 studies were
selected for abstract assessment after removal of dupli-
cates, and then, 60 studies were selected for full-text arti-
cle assessment for eligibility. Finally, 18 RCTs met the
inclusion criteria for the present study [43-60].

Risk of bias in included studies

We described the risk of selection bias for each study accord-
ing to the Cochrane Back and Neck Group guidelines [38].
The summary of the risk of bias assessment is presented in
Fig. 2. Two out of the 18 studies had a high overall risk of
bias [47, 58].

(1) Allocation: five studies were assessed as having a high
risk of selection bias [44, 45, 53, 57, 61].

(2) Blinding: eleven studies [43, 45, 46, 50, 53, 57, 59-63]
were deemed to have a high risk, and seven studies [44,
47, 48, 51, 52, 54, 58] were classified as unclear in
terms of performance bias.

Fig. 1 Flow chart showing the
search strategy conducted in
accordance with the preferred
reporting information for
systematic reviews and meta-

Records identified through database
searching
(n= 1563, (Embase 486, OVID
Medline 680, Cochrane Central
Register of Controlled Trials 397))

Additional records identified through
other sources
(n= 12, referenced in papers)

analyses (PRISMA) guidelines,
and the results [37]. MED
microendoscopic discectomy,
PELD percutaneous endoscopic
lumbar discectomy, PLDD

Identification

percutaneous laser lumbar dis-
cectomy, MD microdiscectomy

Records after duplicates removed

(n=960)

Screening

Records excluded based on
the title and keywords
(n="705, irrelevant studies)

v

v

Abstract screened
(n=255)

Abstract excluded

(n =195, case reports,
retrospective studies,
animal studies, meta-
v analysis and review

v

Eligibility

Full-text articles assessed for eligibility

articles)

(n=60)

Full-text articles excluded
(n=42, studies failure to
meet the inclusion criteria)

\4

v

Studies included in quantitative

synthesis
(n=18, allRCT;

Discectomy/microdiscectomy vs MED
n = 6, Discectomy/microdiscectomy vs
PELDn=6,
Discectomy/microdiscectomy vs
PLDDn=2,
Discectomy/microdiscectomy vs
tubular discectomy n =3, PELD vs
MEDn=1)
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Fig.2 Risk of bias summary:
review authors’ judgements
about each risk of bias item

for each included study. “Was
the method of randomization
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 analyzed 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

@ Springer
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(3) Incomplete outcome data: all the studies were assessed
as having low attrition bias except three studies that did
not clearly report [44, 51, 58].

(4) Outcome assessment: five studies were assessed as hav-
ing a high risk of detection bias [45, 50, 58, 61, 63].

(5) Selective reporting and other potential sources of bias:
none were assessed as having a reporting bias or other
bias.

Demographic data, surgical technique, and surgery-
related complications from the 18 included studies are
provided in Table 1. The number of studies reporting com-
plications rates for different discectomy techniques varied:
discectomy/microdiscectomy (n=17), MED (n=7), tubular
microdiscectomy (n=2), PLDD (n=2), and PELD (n=7).
The network formed by the direct comparisons between vari-
ous surgical discectomy techniques is shown in Fig. 3.

Part 1: Pairwise comparisons using NMA

Overall complication rate, general classification of compli-
cations, modified Clavien-Dindo classification and reopera-
tion rate related-outcomes The overall complication rates,
durotomy rates, reherniation rates, intraoperative complica-
tion rates, post-operative complication rates, complication
rates by modified Clavien—Dindo classification scheme, and
reoperation rates are presented in ESM_2_Table 3 (direct
pairwise comparisons) and ESM_2_Table 4 to ESM_2_
Table 9 (all the comparisons between each pair of discec-
tomy techniques) and the forest plots in Fig. 4 (NMA com-
parison). There was no significant difference in any of the
pairwise comparisons.

Part 2: Ranking of discectomy techniques using NMA

SUCRA for ranking probability SUCRA was evaluated in
order to rationally rank the complication rates among the
procedures studied (Table 2). According to the standing list
of the primary outcomes, we found that PELD (SUCRA:
0.856) had the lowest overall complication rates, followed
by tubular discectomy (SUCRA: 0.506), PLDD (SUCRA:
0.470), MED (SUCRA: 0.351), and MD (SUCRA: 0.316).
PELD (SUCRA: 0.672) and PLDD (SUCRA: 0.696) ranked
the lowest for durotomy and reherniation rates, respectively.
Discectomy/microdiscectomy (SUCRA: 0.599) had the
lowest reported incidence of intraoperative complications,
and PELD (SUCRA: 0.939) had the lowest reported inci-
dence of post-operative complications. Concerning modi-
fied Clavien-Dindo classification of complications, PELD
(SUCRA: 0.803), MED (SUCRA: 0.730), and PLDD
(SUCRA: 0.605) held the first ranking for the occurrence
of types I, Il and III, respectively. Tubular discectomy

(SUCRA: 0.699) had the lowest reoperation rate, whereas
PLDD (SUCRA: 0.163) had the highest.

Part 3: Inconsistency test and evaluating the quality
of evidence from NMA

Node-splitting results (Table 3) showed that no inconsist-
ency existed between direct and indirect evidence. In the
certainty assessment of NMA estimates of the 90 paired
comparisons, 48 warranted low and 42 warranted moderate
certainties (ESM_2_Table 10). All the low certainty results
of NMA estimates were due to imprecision, inconsistency,
and indirectness. The point estimates and credible intervals
of comparisons between minimally invasive discectomy sur-
geries (PELD, MED, PLDD, and tubular discectomy) and
discectomy/microdiscectomy showed no significant differ-
ences in the overall complication rates, complication rates
by general classification and Clavien—Dindo classification,
and reoperation rates (ESM_2_Table 10 and Fig. 4). The
funnel plot showed no significant publication bias (ESM_3).

Discussion

In this study, we conducted a NMA of complication rates
associated with various discectomy techniques for the surgi-
cal treatment of LDH. Complication rates in different clas-
sification schemes and reoperation data were extracted from
18 RCTs and analyzed. There were no obvious inconsisten-
cies between indirect and direct evidence.

Our results showed that PELD had the lowest overall
complication rates of the procedures analyzed. PELD and
PLDD had the lowest rates of durotomy and reherniation.
However, there is no significant difference between each
discectomy technique concerning clinically significant com-
plication and reoperation through direct evidence, which is
consistent with the findings of prior meta-analyses [18, 20,
22, 23,27, 29]. The SUCRA rankings in the present study
provide a clear ranking of different discectomy techniques
for the complication rates by different classification schemes
(Table 4). The procedures from lowest to highest incidence
were ordered according to their SUCRA score of overall
complication rates as follows: PELD, tubular discectomy,
PLDD, MED, and discectomy/microdiscectomy. An advan-
tage with PELD compared to the other techniques is the
coexisting of two major features of minimally invasive dis-
cectomy techniques: lesser trauma to soft tissues and better
visualization of the operative field. We posit this to be the
main cause of PELD ranking the lowest for overall compli-
cation rates. These findings are inconsistent with previously
reported data [64], which may partly be due to the different
definitions of surgical technique and complications in the
present study.
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Fig.3 Network comparisons of
different surgical discectomy
techniques. Each node repre-
sents a discectomy technique,
and the size of the node indi-
cates the sample size of patients
for which complications data
could be extracted from the
literature. The lines between
any two nodes represent the
existence of a direct correlation.
The thickness of the solid line
between any two nodes depicts
the number of existing direct
comparisons between the two
interventions. MED microendo-
scopic discectomy, PELD per-
cutaneous endoscopic lumbar
discectomy, PLDD percutane-
ous laser lumbar discectomy,
MD microdiscectomy

PELD
n=338

PLDD
n=155

Although quality assessment has been widely used in
clinical research, there is still no consensus on formulating
a standard to define and classify surgical complications. The
general classification scheme categorizes complications into
intraoperative and post-operative complications, according
to the time when they become apparent [19]. It may be use-
ful for the management of complications to have clear guide-
lines for symptoms. Our results showed that discectomy/
microdiscectomy had the lowest intraoperative complication
rates, whereas MED had the highest. Regarding post-opera-
tive complication rates, PELD showed the lowest complica-
tion rates and tubular discectomy had the highest. The risk
for complications of lumbar microdiscectomy surgery can
be minimized if certain requisites are considered, and also
by meticulous attention to preoperative, intraoperative and
post-operative details. A good visualization of discectomy
technique has low incidence of intraoperative complications,
and percutaneous discectomy technique has low incidence
of post-operative complications.

Therapeutic consequences have been recommended as a
way of classifying complications in spine surgery [31, 33].
Modified Clavien—Dindo classification for complications is
based on the management required for each complication,
which can guide the surgeons in deciding the most suitable
surgical strategy according to the severity of surgical com-
plications. We first used the modified Clavien—-Dindo clas-
sification to evaluate the complications following different
discectomy surgeries for symptomatic LDH. We found that
PELD had the lowest complications that required conserva-
tive treatment. MED was associated with complications that

@ Springer

MED
n=361

Discectomy/MD
n=1171

Tubular discectomy
n=248

usually did not require pharmacological intervention. PLDD
was associated with complications that usually did not require
a surgical intervention.

SUCRA scores were used to rank the effectiveness of each
treatment. However, most comparisons were in low to very
low certainty range, which may have resulted in misleading
inferences of SUCRA rankings. Grading the evidence from
a NMA can enable clinicians, policy makers, and patients to
make informed decisions. Our results showed that 53.3% (48
in 90 paired comparisons) low certainty of NMA estimates
was due to indirectness and imprecision (ESM_2_Table 10).
Therefore, despite the high rates of low certainty, low risk
of bias, no inconsistency and no publication bias support the
SUCRA ranking of our NMA results.

Although the results of our NMA are comprehensive, there
are still limitations that may affect our findings. First, the small
size of direct comparisons and the small sample size in each
treatment arm may have reduced the statistical robustness of
the results. Second, there was substantial heterogeneity due to
the inconsistency regarding the duration of follow-up. Finally,
this NMA solely investigated the relative rank of each dis-
cectomy technique under different complication outcomes.
Further research should be performed to explore complica-
tion rates of these discectomy techniques using a standardized
complication scheme.



European Spine Journal (2019) 28:2588-2601

2597

Overall Complication Rates Post-operative C Rates
Compared with Control Odds Ratio (95% CrI) Compared with Control Odds Ratio (95% CrI)
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Fig.4 Odds ratio with 95% credible intervals (Crl) of comparisons
between the four minimally invasive discectomy techniques (PELD,
PLDD, MED, and tubular discectomy) and microdiscectomy were
used to measure relative efficacy. The results of comparisons were
shown as follows: the overall complication rate (a), durotomy rates
(b), reherniation rates (c¢), intraoperative complication rates (d), post-

Table 2 Surface under
cumulative ranking curve
(SUCRA) results for the
complication rates by different
classification schemes reported
for different discectomy
procedures

operative complication rates (e), the complication rates by modified
Clavien—Dindo classification scheme (f shows type 1 complication
rates, g shows type II complication rates, h shows type III complica-
tion rates, and Fig i shows reoperation rates). MED microendoscopic
discectomy, PELD percutaneous endoscopic lumbar discectomy,
PLDD percutaneous laser lumbar discectomy, MD microdiscectomy

MD/discectomy MED PELD PLDD Tubular
discec-
tomy

Overall complication 0.316 0.351 0.856 0.470 0.506
Durotomy 0.626 0.317 0.672 0.526 0.359
Reherniation 0.625 0.324 0.278 0.696 0.578
General classification

Intra-op complication 0.599 0.302 0.500 0.524 0.574
Post-op complication 0.352 0.525 0.939 0.514 0.170
Modified Clavien—Dindo classification

Type I 0.477 0.230 0.803 0.481 0.510
Type II 0.321 0.730 0.612 0417 0.420
Type III 0.482 0.509 0.367 0.605 0.537
Reoperation 0.637 0.643 0.358 0.163 0.699

Intra-op Intraoperative, Post-op post-operative, MED microendoscopic discectomy, PELD percutaneous
endoscopic lumbar discectomy, Tub tubular discectomy, PLDD percutaneous laser lumbar discectomy, MD

microdiscectomy
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Table 3 Node-splitting results of the network meta-analysis for all dichotomous outcomes. Odds ratio (OR) with 95% confidence intervals (CI)
and p values were used to determine the difference between direct and indirect evidence

Log, OR (95% CI)

Direct

Indirect

Network

P (direct
vs. indirect)

Overall complication

Durotomy

Reherniation

Intra-op complication

Post-op complication

Type I

Type II

Type 1II

Reoperation

MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD
MD versus MED
MD versus PELD
MED versus PELD

0.07 (= 0.56, 0.69)
—0.79 (- 1.65, 0.07)
—0.21 (- 1.56, 1.14)

0.36 (- 0.31, 1.04)
—0.32 (- 1.75, 1.11)
—0.09 (- 2.88, 2.70)

0.45 (= 0.50, 1.40)

0.25 (- 0.84, 1.34)

0.44 (- 1.18, 2.06)

0.52 (- 0.17, 1.22)

0.57 (= 2.06, 0.91)

1.33 (- 0.92, 3.58)
—0.14 (- 0.63, 0.36)

—0.64 (- 1.27,-0.007)

—0.50 (- 1.60, 0.59)
0.53 (- 0.24, 1.30)
—0.93 (= 2.00, 0.14)
—0.10 (- 1.71, 1.51)
—0.81 (- 1.71, 0.10)
—0.23 (- 1.70, 1.25)
—1.20 (- 4.42,2.01)
0.03 (= 0.70, 0.77)
0.01 (= 1.04, 1.06)
0.44 (- 1.17, 2.05)
—0.01 (- 0.88, 0.86)
0.33 (- 0.82, 1.47)
0.44 (- 1.46,2.34)

-0.58 (- 2.18—-1.01)

—0.14 (- 1.63, 1.34)
—0.86 (- 1.92, 0.20)
—0.23 (- 3.36,2.91)

0.27 (= 2.60, 3.14)
—0.68 (- 2.27, 0.90)
—0.19 (- 2.14, 1.76)

0.89 (- 0.99, 2.77)
—0.20 (- 1.65, 1.26)
—1.91 (- 4.61, 0.79)

1.85 (- 0.50, 4.21)
—1.10 (- 2.74, 0.55)
—0.14 (= 1.40, 1.13)
—0.64 (— 1.84, 0.56)
—0.50 (- 1.31, 0.30)
—0.83 (- 2.76, 1.11)

0.43 (- 1.35,2.22)

—1.46 (- 2.76,—0.16)

0.98 (- 2.56, 4.52)
—2.01 (- 5.35, 1.33)
0.58 (- 1.15, 2.31)
—0.43 (- 2.36, 1.49)
0.48 (- 1.30, 2.25)
—0.03 (- 1.31, 1.25)
—0.12 (= 2.34, 2.11)
0.43 (- 1.66, 2.52)
0.34 (- 1.10, 1.78)

0.65 (- 1.07, 2.36)
—0.65 (- 2.36, 1.07)
0.65 (- 1.07, 2.36)
0.59 (- 2.62, 3.80)
—0.59 (- 3.80, 2.62)
0.59 (- 2.62, 3.80)
0.64 (- 1.54,2.82)
—0.64 (- 2.82, 1.54)
0.64 (— 1.54,2.82)
243 (-0.36,5.21)
—2.43 (-5.21,0.36)
243 (- 0.36,5.21)

—0.002 (- 1.36, 1.36)
—0.002 (- 1.36, 1.36)
—0.002 (- 1.36, 1.36)

1.36 (= 0.71, 3.43)
—1.36 (- 3.43,0.71)
1.36 (= 0.71, 3.43)
—1.78 (- 5.43,1.87)
1.78 (- 1.87,5.43)
—1.78 (- 5.43,1.87)
0.47 (- 1.59,2.52)
—0.47 (- 2.52,1.59)
0.47 (- 1.59, 2.52)
—0.10 (- 2.28, 2.49)
—0.10 (— 2.49, 2.28)
0.10 (- 2.28, 2.49)

0.516
0.516
0.516
0.718
0.718
0.718
0.565
0.565
0.565
0.088
0.088
0.088
0.997
0.997
0.997
0.198
0.198
0.198
0.339
0.339
0.339
0.656
0.656
0.656
0.933
0.933
0.933

Odds ratio (OR) with 95% credible intervals (Crl) and p values were used to determine the difference between direct and indirect evidence

Intra-op Intraoperative, Post-op post-operative, MED microendoscopic discectomy, PELD percutaneous endoscopic lumbar discectomy, PLDD
percutaneous laser lumbar discectomy, MD microdiscectomy

Table 4 Column represents SUCRA ranking of different discectomy procedures for the complication rates by different classification schemes

Overall com- Durotomy Reherniation General classification Modified Clavien—Dindo classifica- Reoperation
plication tion
Intra-op com- Post-op com- Type 1 Type 2 Type 3
plication plication
MD 5 2 2 1 4 4 5 4 3
MED 4 5 4 5 2 5 1 3 2
PELD 1 1 5 4 1 1 2 5 4
PLDD 3 3 1 3 3 3 4 1 5
Tub 2 4 3 2 5 2 3 2 1

#1 to #5 ranked each discectomy technique under different complication outcomes in order of surface under cumulative ranking curve (SUCRA)
value with #1 being the highest SUCRA value and #5 being the lowest SUCRA value, and highest SUCRA values represented lowest complica-

tion rates. No inconsistency existed between direct and indirect comparisons

Intra-op Intraoperative, Post-op post-operative, MED microendoscopic discectomy, PELD percutaneous endoscopic lumbar discectomy, PLDD
percutaneous laser lumbar discectomy, MD microdiscectomy, 7ub tubular discectomy
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Conclusion

This study is the first NMA to compare the complication
rates of different discectomy techniques using two clas-
sification schemes (general classification and modified
Clavien—Dindo classification) for the surgical treatment
of symptomatic LDH. Our results show that PELD is the
safest discectomy technique for the surgical treatment of
symptomatic LDH in terms of minimal rates for overall
complications, post-operative complications, and compli-
cations necessitating conservative treatment. Discectomy/
microdiscectomy, MED, and PLDD are the safest proce-
dure for LDH with minimal intraoperative complication
rates, complications requiring pharmacological and sur-
gical treatment, respectively. Tubular discectomy is the
safest discectomy technique for LDH with minimal reop-
eration rates.
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