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Endoscopic spine surgery for obesity-related surgical
challenges: a systematic review and meta-analysis of

current evidence

Wongthawat Liawrungrueangl, Watcharaporn Cholamjiakz, Peem Sarasombath’, Yudha Mathan Sakti’,
Pang Hung WwWu’, Meng-Huang Wu*"* Yu-Jen Lu’, Lo Cho Yau', Zenya Ito", Sung Tan Cho",

Dong-Gune ChangB, Kang Taek Lim"

Obesity presents significant challenges in spinal surgery, including higher rates of perioperative complications, prolonged operative
times, and delayed recovery. Traditional open spine surgery often exacerbates these risks, particularly in patients with obesity, because
of extensive tissue dissection and larger incisions. Endoscopic spine surgery (ESS) has emerged as a promising minimally invasive
alternative, offering advantages such as reduced tissue trauma, minimal blood loss, lower infection rates, and faster recovery. This
systematic review and meta-analysis aimed to evaluate the safety, efficacy, and outcomes of ESS techniques, including fully endoscopic
and biportal endoscopic lumbar discectomy and decompression, in patients with obesity and lumbar spine pathologies. A comprehensive
literature search of the PubMed/Medline, Embase, and Scopus databases yielded 2,975 studies published between 2000 and 2024, of
which 10 met the inclusion criteria. The meta-analysis revealed significant improvements in pain relief (Visual Analog Scale) and func-
tional outcomes (Oswestry Disability Index), with comparable results between patients with and without obesity. Patients who are obese
experienced longer operative times and have a slightly higher risk of symptom recurrence; however, ESS demonstrated lower rates of
wound infections, shorter hospital stays, and faster recovery than traditional surgery. These findings position ESS as a viable and effec-
tive option for managing lumbar spine conditions in patients with obesity, addressing obesity-related surgical challenges while maintain-
ing favorable clinical outcomes. However, limitations such as study heterogeneity and the lack of randomized controlled trials highlight

the need for further high-quality research to refine ESS techniques and optimize patient care in this high-risk population.

Keywords: Endoscopy; Obesity; Discectomy; Minimally invasive surgical procedures; Treatment outcome

Introduction

The global prevalence of obesity has reached epidemic
proportions, with over 650 million adults classified as
obese according to the World Health Organization [1,2].
Obesity is a multifactorial condition associated with nu-
merous comorbidities, such as cardiovascular disease,
diabetes mellitus, and degenerative musculoskeletal dis-
orders [2,3]. The increasing incidence of obesity poses
substantial challenges to spinal surgery because excess
body mass complicates operative management and ad-
versely affects surgical outcomes [4]. Patients with obe-
sity are at a greater risk of perioperative complications,
including wound infections, prolonged operative times,
and extended hospital stays, which contribute to higher
morbidity and healthcare costs [5-7]. These challenges
are particularly pronounced in traditional open spinal
surgery that often requires large incisions, extensive tis-
sue dissection, and prolonged recovery periods [4,8].
Minimally invasive surgical techniques, such as en-
doscopic spine surgery (ESS), offer a potential solution
to the surgical challenges associated with obesity. ESS,

which utilizes small incisions and endoscopic visual-
ization for spinal decompression and discectomy, has
attracted significant attention because it can minimize
tissue trauma, reduce blood loss, and accelerate post-
operative recovery. By minimizing the invasiveness
of the procedure, ESS has decreased the incidence of
perioperative complications commonly associated
with open spinal surgery [9-12]. Despite its theoretical
advantages, the application of ESS in patients who are
obese presents distinct technical and anatomical chal-
lenges that have not been comprehensively addressed
in the literature. The utility of ESS in obese populations
is noteworthy given the disproportionate burden of
degenerative spinal diseases in this group. Obesity is a
risk factor for lumbar disc herniation and other spinal
pathologies; thus, these patients often require surgery
[4,13,14]. However, the increased soft tissue mass in
patients with obesity complicates surgical access and
visualization, potentially prolonging operative times
and increasing the risk of complications such as dural
tears and infection [13,15,16]. Although ESS has dem-
onstrated positive outcomes in nonobese populations,
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its safety and efficacy in patients who are obese remain
underexplored. Furthermore, obesity is a potential risk
factor for recurrent symptoms following spinal surgery,
raising questions about the long-term effectiveness of
ESS in this demographic.

This systematic review and meta-analysis analyzed
the available evidence on the use of ESS in patients with
obesity and lumbar spine pathologies. By evaluating the
outcomes of ESS techniques, including fully endoscopic
and biportal endoscopic lumbar discectomy (ELD) and
decompression, this systematic review aimed to com-
prehensively evaluate the efficacy, safety, and technical
feasibility of ESS in patients who are obese. Given the
growing prevalence of obesity and its effect on spinal
health, understanding the role of ESS in this patient
population is critical to optimizing surgical strategies
and improving patient outcomes. The findings will be
essential for identifying best practices and refining sur-
gical techniques tailored to the unique anatomical chal-
lenges presented by obesity.

Methods

Literature search strategy

In this systematic review, the literature search was con-
ducted across the PubMed/Medline, Embase, and Sco-
pus databases to identify relevant research on the appli-
cation of ESS in patients with obesity and lumbar spine
pathologies. The search included studies published
between January 2010 and July 2024. Combinations
of Medical Subject Headings were used, and keywords
entered in the search included “endoscopic,” “spine,”
“surgery, “obesity;” lumbar,”
discectomy,” and “decompression” Boolean operators
were applied to refine the search, and the reference lists
of the included studies were manually reviewed for ad-
ditional relevant publications. This systematic review
followed the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines [17].

» s

minimally;

»

invasive,

Inclusion and exclusion criteria

The eligibility criteria for study selection were rigor-
ously defined to ensure the inclusion of high-quality,
relevant studies. The following studies that provided
quantitative data relevant to the objectives of this re-
view were included: studies that enrolled a sample
of patients with a body mass index (BMI) >30 kg/m’
undergoing ESS for lumbar spine pathologies, includ-
ing but not limited to lumbar disc herniation, lumbar

294 https://doi.org/10.31616/as).2024.0376

spinal stenosis, or other degenerative lumbar condi-
tions; studies that evaluated the efficacy and safety of
ESS techniques, including interlaminar or transforami-
nal ELD and decompression with fully endoscopic or
biportal endoscopic technique; and studies that were
published in peer-reviewed journals as original research
articles, randomized controlled trials (RCTs), prospec-
tive or retrospective cohort studies, and case—control
studies. The following studies were excluded: studies
that focused on pediatric populations or conditions not
involving the lumbar spine (e.g., cervical or thoracic
spine pathologies), did not involve ESS as the primary
intervention or focused on microscopic or nonendo-
scopic spinal surgeries (intervention), and were pub-
lished as narrative reviews, meta-analyses, letters to the
editor, conference abstracts, and single case reports (de-
sign). Studies focusing exclusively on developing or in-
novating surgical equipment or surgical learning curves
without reporting clinical outcomes were also excluded.

Data extraction

Two independent reviewers conducted the data extrac-
tion process. Data were systematically extracted from
each study using a standardized data extraction form.
The following data points were extracted: study char-
acteristics (authors, year of publication, country, study
design, and sample size), patient characteristics (age,
sex distribution, BMI, and any relevant comorbidi-
ties), surgical characteristics (endoscopic spine surgical
technique employed, procedure duration, estimated
intraoperative blood loss, and length of hospital stay),
and outcome measures, namely, changes in pain inten-
sity (Visual Analog Scale [VAS]), functional outcomes
(Oswestry Disability Index [ODI]), complication rates
(e.g., infections and dural tears), recurrence rates, and
follow-up duration. Any disagreements between the
two reviewers regarding data extraction were resolved
through discussion, and when consensus could not be
reached, a third reviewer was consulted.

Assessment of the risk-of-bias

The risk-of-bias for each study included was systemati-
cally evaluated using tools specific to the study design.
The risk-of-bias in nonrandomized studies of interven-
tions (ROBINS-I) tool was utilized in nonrandomized
studies [18]. This tool assesses potential biases across
seven key domains, namely, confounding, participant
selection, classification of interventions, deviations
from the intended interventions, missing data, mea-
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surement of outcomes, and selection of reported re-
sults. Each domain was rated as having a low, moderate,
serious, or critical risk-of-bias. The Cochrane Risk-of-
Bias Assessment Tool 2 was employed for RCTs [19].
This tool evaluates the following five domains: random-
ization, deviations from the intended interventions,
missing outcome data, outcome measurement, and
selection of the reported results. Each domain was as-
sessed and categorized into low, some concerns, or high
risk of bias. Two reviewers conducted both risk-of-bias
assessments independently. Any disagreements were
addressed through discussion, and a third reviewer was
involved if consensus could not be reached.

Assessment of the meta-analysis and publication bias
analysis

The meta-analysis was conducted to evaluate the key
outcomes of ESS in patients with and without obesity. A
random-effects model was used to account for between-
study variability and heterogeneity. The outcomes
analyzed included back pain reduction (VAS back), leg
pain reduction (VAS leg), functional disability (ODI),
and operative time. Heterogeneity was assessed using
Cochran’s Q test and quantified by the I? statistic. Sen-
sitivity analyses were performed to examine the robust-
ness of the results, and subgroup analyses were con-
ducted to account for variations in surgical approaches.
For publication bias assessment, funnel plots were gen-
erated for each outcome to assess potential publication
bias. The symmetry of the funnel plots was evaluated
visually, and asymmetry indicated potential publica-
tion bias. For outcomes reported by a limited number
of studies, caution was exercised in interpreting the
funnel plot results. In addition, Egger’s regression test
was deemed suitable for providing a more quantitative
assessment of publication bias. All statistical analyses,
including the meta-analysis and publication bias assess-
ment, were performed using Review Manager (RevMan
ver. 5.4.1; Cochrane, London, UK) where necessary for
advanced bias evaluations. The findings were reported
according to the PRISMA guidelines for systematic re-
views and meta-analyses.

Ethics statement

This study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Ethics
Committee and Institutional Review Board (IRB) of
the University of Phayao (IRB no., HREC-UP-HSST
1.1/045/67).

Results

The initial search across the PubMed/Medline, Embase,
and Scopus databases yielded 2,975 studies. After 1,797
duplicate records and studies not published in English
were removed, 1,178 articles were screened based on
their titles and abstracts. After applying the selection
criteria, 1,058 articles were excluded, primarily due to
their irrelevance to the topic. A total of 120 full-text
articles were retrieved and assessed for eligibility, of
which 80 were further excluded because they did not
meet the inclusion criteria. Ultimately, 10 studies were
included in the final systematic review. The PRISMA
flow diagram of the study selection process is shown in
Fig. 1.

Study design and publication information

This systematic review included 10 studies published
between 2000 and 2024, covering ESS use in patients
with obesity and lumbar spine conditions. The studies
were conducted in China, South Korea, Greece, United
States, and a multinational collaboration (Fig. 2). Of
the 10 studies, six were retrospective cohort studies,
three were prospective cohort studies, and one was a
comparative cohort study involving both prospective
and retrospective data. The studies focused on various
ESS techniques, such as transforaminal ELD, inter-
laminar ELD, fully ELD, unilateral biportal endoscopy,
and percutaneous ELD. The primary objectives were
to evaluate the efficacy and safety of ESS in patients
with obesity, assess surgical outcomes, and identify risk
factors for complications or recurrence. All the stud-
ies highlight the diverse approaches to studying ESS in
obese populations, with attention to both perioperative
complications and long-term outcomes and functional
improvement (Table 1).

Risk-of-bias analysis

All 10 studies were not RCTs and were assessed using
the ROBINS-I tool (Cochrane) [18]. The risk-of-bias
analyses in Table 2 and Fig. 3 show that most studies
had a moderate overall risk-of-bias, primarily due to
confounding and participant selection. The study by
Yao et al. [20] had a serious risk-of-bias, whereas stud-
ies by Kapetanakis [21], Yu et al. [22,23], and Qu et al.
[24] exhibited a low risk overall. All studies showed a
low risk-of-bias in classifying interventions and out-
come measurement, ensuring reliable assessments of
the procedures. Despite concerns about missing data
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Identification of studies via databases and registers

2,975 Records identified from Scopus, Medline,
and Embase databases

1,797 Records removed before the screening: Duplicate

Identification

Y

records and article language in non-English removed

1,178 Records screened

1,058 Records excluded by title

120 Reports sought for retrieval
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80 Reports assessed for eligibility.
Full-text manuscripts reviewed.

40 Reports excluded:
- Review article (n=20)
- Meta-analysis (n=5)
- Letter to editor (n=5)
- Case report (n=10)

\/

70 Reports excluded:

\

10 Papers relevant to endoscopic spine surgery in obesity
patients’ study and research

\

- Not related to clinical study.

- Not related to the obesity patient.

- Related to microscopic surgery.

- Related to the learning curve study.

- Related to the development of endoscopic equipment
and innovation tools.

Y

10 Best match studies included in the review for endoscopic
spine surgery in obesity patients’ study and research

Included

USA/South Korea

Multi-national

USA

Greece

Country

South Korea

China

0 05 10 15 20 25 30

35 40
No. of studies

Fig. 2. The distribution of country studies in endoscopic spine surgery related
to obesity.

and deviations from the intended interventions, the
studies provided a solid basis for evaluating the effec-
tiveness of ESS in patients with obesity.

Surgical outcomes

The studies included in this systematic review encom-
passed a total of 736 patients, with individual study
sample sizes ranging from 30 to 174 patients. The age
of the participants varied widely, with most studies re-
porting a mean age range of 24-61 years, depending on
the population and study design. The sex distribution

296 https://doi.org/10.31616/as}.2024.0376

Fig. 1. Systematic reviews and meta-analyses PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
flow diagram of this study.

across studies was generally balanced, with male-to-
female ratios ranging from approximately 1:1 to 2:1. All
patients had a BMI >30 kg/m’, and some studies spe-
cifically focused on patients who were morbidly obese
(BMI >40 kg/m”®). The overall BMI range spanned from
30 to >40 kg/m?, reflecting the focus on obese and mor-
bidly obese populations undergoing ESS. The studies
highlighted various demographic and clinical charac-
teristics, representing a diverse population of patients
with obesity and lumbar spine conditions. A summary
of the effectiveness and outcome of ESS for patients
with obesity is shown in Table 3.

Pain reduction

All 10 studies consistently reported significant reduc-
tions in postoperative pain, as assessed using the VAS.
The reductions in pain scores ranged from 50% to 80%,
with the participants experiencing substantial pain re-
lief following various ESS procedures, including trans-
foraminal and interlaminar approaches with uniportal
and biportal endoscopic decompression. In most stud-
ies, pain relief was observed as early as the first follow-
up, typically within 1-3 months postoperatively, and
these improvements were sustained throughout the
follow-up period, which extended up to 24 months.
Wang et al. [25] and Kapetanakis et al. [21] reported
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Table 1. Demographic data of this systematic review

No. Authors

Published
year

Nationality

Type of study

Objective of study

1 Wangetal. 2016 China Prospective cohort
(25]

2 Bac&lee 2016 South Korea Retrospective cohort
[26]

3 Yaoetal 2017 China Retrospective cohort
[20]

4  Kapetana- 2018 Greece Prospective cohort
kis et al.
[21]

5 Wuetal 2018 China Retrospective cohort
(27]

6  Yuetal 2021 China Retrospective cohort
[22,23]

7  Leyen- 2023 Multi-National ~ Prospective cohort
decker et Collaboration
al. [29]

8  Bergquist 2023 USA Retrospective cohort
etal. [30]

9 Quetal 2023 China Retrospective cohort
[24]

10 Olsonetal. 2024 USA, South Comparative cohort
[28] Korea (prospective and

retrospective)

Evaluation of transforaminal endoscopic
discectomy in treatment of obese patients
with lumbar disc herniation

Transforaminal full-endoscopic lumbar
discectomy in obese patients

Risk factors for recurrent herniation after
percutaneous endoscopic lumbar discec-
tomy

Percutaneous transforaminal endoscopic
discectomy for the treatment of lumbar
disc herniation in obese patients: health-
related quality of life assessment in a
2-year follow-up

Percutaneous endoscopic lumbar reopera-
tion for recurrent sciatica symptoms: a
retrospective analysis of outcomes and
prognostic factors in 94 patients

Evaluation of full-endoscopic lumbar
discectomy in the treatment of obese
adolescents with lumbar disc herniation:
aretrospective study

Assessing the impact of obesity on full
endoscopic spine surgery: surgical site
infections, surgery durations, early com-
plications, and short-term functional out-
comes

Full-endoscopic technique mitigates
obesity-related perioperative morbidity of
minimally invasive lumbar decompres-
sion

Surgical outcomes of percutaneous endo-
scopic lumbar discectomy in obese ado-
lescents with lumbar disc herniation

Does obesity and varying body mass index
affect the clinical outcomes and safety of
biportal endoscopic lumbar decompres-
sion? a comparative cohort study

To evaluate the efficacy and safety of TED
in obese patients with LDH.

To evaluate the clinical outcomes of trans-
foraminal FELD in obese patients.

To identify risk factors for recurrence after
successful PELD.

To assess the impact of percutaneous TED
on health-related quality of life in obese
patients with LDH over a 2-year follow-
up period.

To evaluate the outcomes and prognostic
factors of percutaneous endoscopic
lumbar reoperation for recurrent sciatica
symptoms.

To evaluate the safety and efficacy of
FELD in obese ALDH.

To evaluate the impact of obesity on various
aspects of full-endoscopic spine surgery,
including surgical site infections, surgery
duration, early complications, and short-
term functional outcomes.

To investigate whether full-endoscopic
techniques reduce perioperative morbid-
ity associated with obesity in lumbar
decompression surgery.

To evaluate the surgical outcomes of
PELD in obese ALDH.

To determine the impact of obesity and
different body mass index categories on
outcomes and safety of biportal endo-
scopic lumbar decompression.

TED, transforaminal endoscopic discectomy; LDH, lumbar disc herniation; FELD, full-endoscopic lumbar discectomy; PELD, percutaneous endoscopic lumbar
discectomy; ALDH, adolescents with lumbar disc herniation.

>70% VAS score reductions, with pain relief sustained
through the final follow-up. These results demonstrate
that ESS effectively alleviates pain in patients with obe-
sity, with outcomes comparable with those in patients
without obesity undergoing similar procedures.

Functional improvement

Eight of the included studies reported functional out-
comes as measured by the ODI. ODI score reductions
ranged from 30% to 70%, indicating a significant im-
provement in patients’ ability to perform daily activities.
For instance, Kapetanakis et al. [21] reported an ODI
reduction of 65% at the 24-month follow-up, indicating
long-term improvements in health-related quality of
life in patients with obesity. In most studies, functional

improvements were observed within the first 3 months
postoperatively, which were sustained over time, reflect-
ing the durability of ESS in restoring physical function.
In some cases, such as in the study by Bae and Lee [26],
the functional outcomes for patients with obesity were
on par with those for patients without obesity, showing
no significant differences in ODI reductions between
the groups. This finding indicates that ESS offers simi-
lar functional recovery for patients with obesity as it
does for patients without obesity despite the additional
surgical challenges posed by obesity.

Complication and infection rates
Complication rates associated with ESS in patients with

obesity were generally low, with rates ranging from 5%
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Table 2. Risk of bias analysis using ROBINS-I tool for non-randomized controlled trial studies

) . . Classification Deviations . . Selection

5 . Selection of . Missing  Measurement Overall

Study no. Confounding .. of from intended . of reported . .
participants q q . data of outcomes risk of bias
interventions interventions results

1 Wang et al. [25] (2016) Moderate Low Low Low Low Low Low Moderate
2 Bae & Lee [26] (2016) Moderate Moderate Low Moderate Low Moderate Low Moderate
4 Yao et al. [20] (2017) Serious Serious Low Moderate Moderate  Serious Moderate  Serious
3 Kapetanakis et al. [21] (2018)  Low Low Low Low Low Low Low Low
5 Wu et al. [27] (2018) Moderate Moderate Low Moderate Moderate  Moderate Low Moderate
6 Yuetal. [22,23] (2021) Low Low Low Low Low Low Low Low
7 Leyendecker et al. [29] (2023)  Moderate Moderate Low Moderate Low Low Low Moderate
8 Bergquist et al. [30] (2023) Moderate Moderate Low Low Low Low Low Moderate
9 Queetal. [24] (2023) Low Low Low Low Low Low Low Low
10 Olson et al. [28] (2024) Moderate Moderate Low Low Low Low Low Moderate

ROBINS-I, risk-of-bias in nonrandomized studies of interventions.

Risk of bias domains

Overall

)

Wang et al. [25] (2016)
Bae & Lee [26] (2016)

Yao et al. [20] (2017)

Kapetanakis et al. [21] (2018)

Wau etal. [27] (2018)

Yu etal. [22,23] (2021)

Leyendecker et al. [29] (2023)

Bergquist et al. [30] (2023)

Qu et al. [24] (2023)
Olson et al. [28] (2024)

00006 e e =
0000 ereeode:
©000666eee:
0006 dvevde:
006606 ee:-
©00e60ee e :
©006 666 0ee:-r
0000 eeeov

Doma.md: X Judgement
D1: Bias due to confounding.

D2: Bias due to selection of participants. . Serious
D3: Bias in classiflcation of interventions. @ Moderate
D4: Bias due to deviations from intended interventions. . Low

D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Bias due to confounding

Bias due to selection of participants

Bias in classiflcation of interventions

Bias due to deviations from intended interventions

Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

T T T
0% 25% 50% 75% 100 %

. Low risk D Moderate risk . Serious risk

Fig. 3. Risk of bias summary for non-randomized controlled trials, assessed using the risk of bias in non-randomized studies of interventions ROBINS-I tool (Co-
chrane, London, UK).
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and safety
profile as

0% in

tions for
obese

over-

weight compared to

and

patients.

patients with
normal BMI.

obese.

BMI, body mass index; NS, not specified; VAS, Visual Analog Scale; JOA, Japanese Orthopedic Association; ODI, Oswestry Disability Index; PELD, percutaneous endoscopic lumbar decompression; SF-36, 36-Item

Short Form Survey; HRQoL, health-related quality of life; FELD, full-endoscopic lumbar discectomy; ULBD, unilateral laminotomies for bilateral decompression; LE-ULBD, lumbar endoscopic ULBD; TLIF, transfo-
raminal lumbar interbody fusion; CSF, cerebrospinal fluid; UTI, urinary tract infection; PTED, percutaneous transforaminal endoscopic discectomy; PIED, percutaneous interlaminar endoscopic discectomy; ASA, Ameri-

can Society of Anesthesiologists.

to 10% across the included studies. The most frequently
reported complications were nerve root irritation, du-
ral tears, and wound infections. For example, Wu et al.
[27] reported a 7% complication rate, including tran-
sient nerve root irritation that resolved without long-
term sequelae. Similarly, Yao et al. [20] reported a 5%
complication rate, which included dural tears and re-
currence of herniation that were successfully managed
with conservative treatment or revision surgery. The in-
fection rates in all studies were significantly lower with
ESS, with infection rates reported between 0%. This is
particularly relevant for patients with obesity, who are
typically at a higher risk for wound infections in open
procedures. For instance, Olson et al. [28] and Leyen-
decker et al. [29] noted that the ESS-associated reduced
tissue disruption significantly minimized postopera-
tive infections in patients with obesity. Overall, these
findings highlight the safety profile of ESS, with a low
incidence of serious complications, making it a viable
option for patients with obesity.

Operative time and recovery

Operative times for ESS in patients with obesity were
longer than those without it, with the average dura-
tion ranging from 90 to 180 minutes depending on the
complexity of the procedure and extent of obesity. Bae
and Lee [26] and Yu et al. [22,23] reported longer op-
erative times in patients with obesity, attributing this to
the technical challenges of navigating through thicker
soft tissues and the increased difficulty of visualizing
anatomical landmarks. Despite these longer operative
times, ESS was associated with shorter hospital stays,
typically ranging from 2 to 4 days, compared with the
5-7 days commonly reported for open surgeries. Qu et
al. [24] found that adolescents with obesity who were
undergoing ESS for lumbar disc herniation had an av-
erage hospital stay of 3 days, significantly shorter than
those undergoing traditional open procedures. In ad-
dition, Bergquist et al. [30] reported that despite longer
preparation and operative times in patients with obe-
sity, recovery was generally faster, with most patients
able to resume normal activities within a few weeks
postoperatively. These findings indicate that despite the
longer operative time for ESS in patients with obesity,
its minimally invasive nature leads to quicker postop-
erative recovery and shorter hospital stays, which may
contribute to reduced healthcare costs and improved
patient satisfaction.
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Recurrence rates

Four studies reported symptom recurrence, particularly
following percutaneous endoscopic lumbar decompres-
sion (PELD), with recurrence rates ranging from 3% to
14%. Obesity was identified as a significant risk factor
for recurrence. Yao et al. [20] reported that patients
with a higher BMI were more likely to experience re-
current herniation, with a recurrence rate of 14%, the
highest among the included studies. Recurrences were
primarily observed within the first postoperative year
and were often related to factors such as central hernia-
tion and inadequate decompression. However, most
recurrences were successfully managed with revision
surgery or conservative treatment, and the long-term
outcomes remained favorable for most patients. Wang
etal. [25] in 2016 reported a 4.34% recurrence rate, and
all recurrences were effectively treated with revision
surgery. Although recurrence is a concern in patients
with obesity undergoing ESS, it does not significantly
affect the overall effectiveness of the procedure, par-
ticularly when managed appropriately.

Meta-analysis and publication bias analysis

In this study, only some articles with complete data can
be included in the meta-analysis and publication bias
analysis. The meta-analysis and publication bias analysis
revealed that ESS offers comparable functional outcomes
for patients with and without obesity despite some dif-
ferences in operative time and pain relief. Although
publication bias was minimal for ODI and VAS leg pain,
potential biases in VAS back pain and operative time
highlight the need for further high-quality studies with
broader representation. To assess the outcomes of ESS
in patients with and without obesity, a meta-analysis fo-
cusing on the following key clinical parameters was con-
ducted: back pain (VAS back), leg pain (VAS leg), func-
tional disability (ODI), and operative time. Three studies
have reported on VAS back pain. The pooled mean
difference (MD) was 0.51 (95% confidence interval [CI],
0.04-0.98; p=0.03), significantly favoring the nonobese
group. Heterogeneity was high (I’=88%, p=0.0002), re-
flecting the variability among the included studies (Fig.
4A). Three studies analyzed VAS leg pain. The pooled
MD was 0.95 (95% CI, 0.56-1.34; p<0.00001), indicat-
ing significantly better outcomes in the nonobese group.
Heterogeneity was substantial (I’=83%, p=0.003) (Fig.
4B). Three studies reported functional outcomes mea-
sured by the ODI, and the pooled MD was —0.17 (95%
CI, —1.74 to 1.40; p=0.83), indicating no significant

difference between the obese and nonobese groups.
Heterogeneity was moderate (I’=58%, p=0.09) (Fig. 4C).
Three studies reported operative times, with a pooled
MD of 6.11 minutes (95% CI, 4.40-7.82; p<0.00001),
which was significantly longer in the obese group. High
heterogeneity was observed (I’=90%, p<0.0001), likely
due to the technical challenges associated with obesity
(Fig. 4D). Although the obese group experience longer
operative times and slightly less pain relief than the non-
obese group, functional outcomes (ODI) are comparable
between the groups.

For each outcome, funnel plots were generated to
evaluate the potential for publication bias in the in-
cluded studies (Fig. 5). The funnel plot for VAS back
pain exhibited asymmetry, suggesting the potential
for publication bias. Smaller studies with less precise
estimates may have influenced the pooled results (Fig.
5A). The funnel plot for the VAS leg pain was relatively
symmetric, indicating a low likelihood of publication
bias. However, the limited number of studies warrants
careful interpretation (Fig. 5B). The funnel plot for the
ODI was also relatively symmetric, proposing minimal
publication bias. The distribution of studies supports
the robustness of the findings for functional outcomes
(Fig. 5C). The funnel plot for the operative time dem-
onstrated asymmetry, indicating potential publication
bias (Fig. 5D). This may be due to the overrepresenta-
tion of studies reporting longer operative times in the
obese group.

Discussion

This systematic review evaluated the safety and effi-
cacy of ESS in patients with obesity and lumbar spine
conditions. The findings demonstrate that ESS offers
significant benefits for this population, with substan-
tial pain reduction and improved functional outcomes
[26,31,32]. Despite the obesity-related surgical chal-
lenges such as increased operative time and a slightly
elevated risk of recurrence, ESS provided comparable
long-term outcomes to patients without obesity, sup-
porting its role as a minimally invasive alternative to
traditional open surgery [10,22,23]. The lower com-
plication and infection rates observed across the stud-
ies further highlight ESS as a viable and potentially
superior option for managing lumbar spine disorders
in patients with obesity. One of the key advantages of
ESS identified in this review is its lower complication
rates, particularly in terms of wound infections, than
traditional open spine surgery [10,22,26]. Patients with
obesity undergoing open surgery are at a higher risk of
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postoperative wound infections because of the larger
incisions and increased tissue trauma. In contrast, the
smaller incisions and less invasive nature of ESS con-

304 https://doi.org/10.31616/as].2024.0376

tribute to significantly lower infection rates, with rates
ranging from 0% to 3% [22,23,26,33]. This finding
aligns with the existing data suggesting that minimally
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invasive techniques reduce the risk of surgical site in-
fections, which is important in patients with obesity in
whom wound healing can be compromised.

The effect of obesity on surgical outcomes compli-
cates spinal surgery due to factors such as increased
soft tissue, difficulty in accessing anatomical structures,
and prolonged operative times. This review confirmed
that operative times were generally longer for patients
with obesity undergoing ESS, with procedures lasting
between 90 and 180 minutes [22,27,29]. Despite these
extended durations, the outcomes were not negatively
affected. As measured by the ODI, the functional im-
provements and significant reductions in VAS scores
indicate that ESS can effectively manage lumbar spine
conditions in the obese group, providing outcomes
similar to those observed in the nonobese group [28].

Several studies have reported symptom recurrence,
particularly following PELD; the overall recurrence
rates were relatively low, ranging from 3% to 14%
[22,23,26,27]. Obesity was identified as a potential risk
factor for recurrence, which is consistent with previ-
ous studies that highlight the increased biomechanical
stress on the spine in individuals with obesity [34].
However, most recurrences were managed conserva-

tively or with revision surgery and did not significantly
affect the overall efficacy of ESS. The low rates of major
complications, including dural tears and nerve root
irritation, further support the safety profile of ESS in
patients with obesity [24,28]. Furthermore, in this sys-
tematic review, the author performed a multimetric
comparison across studies on ESS for patients with
obesity. The bar chart represents the size of the study
groups (Fig. 6), whereas the overlaid line plots show the
complication rates, operative times, length of hospital
stay, age, and BMI. The visualization highlights cor-
relations and patterns, such as the relationship between
higher BMI, age, and complication rates. This report
provides an integrated overview, enhancing the under-
standing of patient demographics and outcomes across
the reviewed studies (Fig. 6).

ESS has demonstrated efficacy and safety in patients
with obesity, and specific technical challenges must
be considered [9,31,35]. The increased soft tissue
mass in the obese group can make access to the spinal
structures more difficult, potentially leading to longer
operative times and the need for specialized instru-
ments [10,12]. Moreover, surgeons must account for
the altered anatomy in patients with obesity, which

https://doi.org/10.31616/as].2024.0376  30H



Wongthawat Liawrungrueang et al.

ESS for obesity-related surgical challenges

Enhanced comparison of study group size, complications, operating time, hospital stay, age, and BMI
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Fig. 6. Comparison chart of study metrics in endoscopic spine surgery for obese patients. BMI, body mass index.

may require adjustments in positioning and the use of
extended-length instruments. These factors underscore
the importance of surgical expertise and preoperative
planning to optimize outcomes in this patient popula-
tion [28,31,36]. Despite these challenges, the results of
this review indicate that ESS remains a highly effective
option for patients with obesity when performed by ex-
perienced surgeons [24,28,37].

The findings of this review have important clini-
cal implications. Given the rising global prevalence of
obesity and the associated increase in spinal disorders,
surgical approaches that can mitigate the risks associ-
ated with obesity are increasingly needed. ESS, with its
minimally invasive nature and favorable safety profile,
offers an attractive alternative to traditional open sur-
gery, particularly in reducing perioperative complica-
tions and enhancing faster recovery. Clinicians should
consider ESS as a primary surgical option for patients
with obesity and lumbar spine pathologies, particularly
for those at high risk for wound complications or ex-
tended hospital stay [24,28,38,39].

The recent review by Jitpakdee et al. [9] compared
uniportal and biportal ESS approaches, highlighting
their distinct advantages and limitations. The uniportal
approach, with a single incision and minimal muscle
dissection, is better suited for transforaminal access and
requires a rigid working channel but involves a steeper
learning curve and higher instrument costs. It offers

306 nhttps://doi.org/10.31616/as].2024.0376

precision in discectomy with minimal muscle injury
and enhanced visualization for fusion; however, it lacks
independent instrument maneuverability. Conversely,
the biportal approach involves greater maneuverability
and a shorter learning curve but necessitates trian-
gulation skills and is less suitable for transforaminal
procedures. It excels in complex decompression tasks,
such as contralateral sublaminar decompression, is pre-
ferred for multilevel stenosis, and enables superior vis-
ibility during fusion [9]. Overall, the approaches have
unique strengths that make them suitable for different
procedural needs and surgeon preferences. Biportal
endoscopic surgery has potential advantages for degen-
erative spinal disease. A recent meta-analysis study by
He et al. [40] reported that uniportal techniques often
result in shorter operative times and less intraoperative
blood loss, whereas biportal approaches offer superior
dural sac expansion and greater instrument maneu-
verability, which can be advantageous in patients with
obesity where visibility and access can be challenging
because of excess soft tissue. Given the rapid advance-
ments in both techniques, further studies comparing
these approaches are crucial. Specifically, studies focus-
ing on patients with obesity would help clarify which
technique provides the best balance of efficiency, safety,
and clinical outcomes.

Although patients with obesity experienced slightly
less improvement in pain relief (VAS back and leg) and



Asian Spine J 2025;19(2): 292-310

had significantly longer operative times, the findings of
our meta-analysis reveal that ESS provides comparable
functional outcomes (ODI) to patients with and with-
out obesity. These findings highlight the efficacy of ESS
in addressing the unique challenges posed by obesity
while maintaining positive clinical outcomes. However,
the high heterogeneity in most outcomes underscores
the variability in surgical techniques, patient popula-
tions, and methodologies, indicating the need for more
standardized approaches in future research. Publication
bias analysis, as indicated by funnel plots, showed mini-
mal bias for ODI and VAS leg pain; however, potential
biases were noted in VAS back pain and operative time.
These findings emphasize the importance of cautious
interpretation of the results and the need for broader,
high-quality studies to validate the outcomes and ad-
dress the limitations of this meta-analysis.

The study limitations should be considered to pro-
vide context for the findings. First, the included studies
exhibited significant heterogeneity in terms of surgical
methods, patient populations, and outcome measures.
Some were single-arm studies that focused on endo-
scopic techniques, whereas others compared endoscopic
surgery with different surgical modalities, making a
comprehensive meta-analysis challenging despite our
efforts to account for variability through subgroup analy-
ses. Second, the body of literature specifically addressing
ESS in patients with obesity is limited, and no RCTs have
been conducted, which constrains the generalizability of
the findings. Future research should focus on develop-
ing specialized technologies and instruments designed
to address the unique anatomical challenges associated
with obesity. Preoperative protocols aimed at optimizing
patient selection and preparation could further improve

Table 4. Summary of the advantages and strategies of endoscopic spine surgery for obese patients for current and future practice

Category Advantages Current strategies Future strategies

Minimally - Reduced tissue damage, resulting in less - Use of smaller incisions and specialized in- - Develop more advanced endoscopic instru-
invasive postoperative pain and quicker recovery. struments to minimize tissue disruption. ments tailored for obese patients to enhance
approach - Smaller incisions reduce risk of wound - Employing precise endoscopic visualization — precision.

infections, especially important in obese to target affected areas. - Further refine techniques to reduce the risk of
patients. infection and complications, leveraging smaller
incisions and better visualization.

Pain man- - Significant reduction in postoperative pain, - Preoperative planning and use of nerve moni- - Implement enhanced pain management proto-
agement leading to decreased need for narcotics. toring to avoid unnecessary nerve manipula-  cols specific to endoscopic techniques, reduc-

- Improved pain management due to targeted ~ tion. ing reliance on narcotics.
approach.

Reduced - Minimal blood loss compared to traditional - Use of advanced coagulation tools and tech- - Continue to innovate on blood conservation
blood loss open surgeries, reducing the need for  niques during surgery. strategies during endoscopic procedures.

blood transfusions.

Shorter hos- - Faster recovery and reduced hospital stays, - Early mobilization protocols post-surgery to - Develop standardized recovery pathways that
pital stays leading to cost savings and reduced health- ~ enhance recovery. optimize discharge times without compromis-

care burden. ing patient safety.

Lowercom- - Lower rates of complications such as - Adherence to strict sterile protocols and mini- - Invest in ongoing training and education for
plication wound infections and surgical site infec-  mally invasive techniques to reduce infection ~ surgeons on infection control specific to endo-
rates tions compared to open surgery. risks. scopic procedures in obese patients.

Effective for - Effective in reducing recurrence rates when - Careful patient selection and preoperative - Develop risk stratification tools to better iden-
recurrence patient selection and surgical techniques  imaging to identify suitable candidates for tify patients at risk for recurrence and tailor
prevention are optimized. endoscopic surgery. surgical approaches accordingly.

Technical - High success rates in obese patients when - Use of high-definition endoscopic cameras - Encourage widespread training programs and
feasibility performed by experienced surgeons. and instruments to enhance visualization and  certifications in endoscopic spine surgery tech-

precision. niques to ensure a high level of surgical skill.

Patient - High rates of patient satisfaction due to less - Incorporate patient feedback into surgical - Develop patient education programs focused on

satisfaction

postoperative pain, faster recovery, and
cosmetic benefits from smaller incisions.

planning and postoperative care to enhance
outcomes.

- Regular follow-up and monitoring of clinical
outcomes using standardized tools like VAS,

- Stay updated with the latest advancements in
endoscopic technology and integrate them

Enhanced - Significant improvement in pain relief and
postop- functional outcomes, evidenced by VAS
erative and ODI scores. ODI, and SF-36.
outcomes

Adaptability - The full-endoscopic technique is adaptable
for future to future technological advancements,
innova- making it a sustainable surgical approach. into practice.
tions

the benefits and realistic expectations of endo-
scopic surgery.

- Implement long-term outcome tracking and
quality improvement initiatives to continuously
refine surgical techniques and patient care pro-
tocols.

- Invest in research and development to explore
novel endoscopic tools and methods, such as
robotics and Al-assisted surgery, to further im-
prove outcomes in obese patients.

VAS, Visual Analog Scale; ODI, Oswestry Disability Index; SF-36, 36-Item Short Form Survey; Al, artificial intelligence.
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outcomes [41]. In addition, long-term follow-up studies
are needed to evaluate the durability of ESS outcomes,
particularly concerning recurrence rates and the pro-
gression of degenerative spinal conditions. Finally, inte-
grating advanced technologies such as robotic-assisted
surgery and augmented reality into ESS may enhance
its precision and overall effectiveness in this high-risk
population. A summary of the advantages and strategies
of ESS for patients with obesity is presented in Table 4.

Conclusions

ESS is a viable and effective option for patients with
obesity, offering reduced perioperative morbidity and
favorable functional outcomes. Adapting ESS tech-
niques to address the unique challenges of obesity can
significantly enhance surgical safety and patient recov-
ery. Further large-scale, multicenter studies with long-
term follow-up are warranted to confirm these findings
and refine techniques for broader application in this
high-risk population.

* Endoscopic spine surgery (ESS) is a safe and ef-
fective alternative for obese patients, offering sig-
nificant pain relief, functional improvement, and
lower complication rates compared to traditional
open surgery.

* Obese patients experience longer operative times
but benefit from shorter hospital stays, reduced
infection rates, and faster recovery, making ESS a
favorable option for managing lumbar spine con-
ditions.

Meta-analysis confirms comparable functional
outcomes (Oswestry Disability Index) between
obese and non-obese patients, despite slightly
higher recurrence rates in obese individuals.

* Heterogeneity among studies and potential pub-
lication bias highlight the need for high-quality
randomized controlled trials to further validate
ESS efficacy in obese populations.

* Future research should focus on optimizing ESS
techniques by integrating robotic assistance, aug-
mented reality, and patient-specific surgical plan-
ning to improve outcomes in obese patients.
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