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Minimally invasive spine surgery (MIS) has shown promising results, and endoscopic spine surgery has emerged as a less invasive ap-
proach. Although studies have examined the effectiveness of endoscopic surgery for spinal stenosis, no meta-analyses have focused
on multilevel cases. This meta-analysis aimed to evaluate the efficacy and safety of uniportal and biportal endoscopy in patients with
multilevel spinal stenosis. The patient, intervention, comparison, outcomes, and study criteria were established to guide study selection.
Four databases were searched. The outcome measures included patient-reported outcome measures (PROMs), radiological and analyti-
cal data, complications, surgery time, length of hospital stay, and blood loss. Review Manager ver. 5.4 software (RevMan; Cochrane,
UK) was used for the analysis. Heterogeneity was assessed using the chi-square and / tests. Ten studies (n=686) were included. PROMs
showed significant improvements in Visual Analog Scale (VAS) scores for back pain (mean difference [MD], 4.07; 95% confidence inter-
vals [Cl], 3.72—4.42), leg pain (MD, 5.49; 95% Cl, 5.17-5.80), and Oswestry Disability Index (MD, 35.97; 95% Cl, 32.46—39.47). MacNab
scale results were as follows: excellent (55.37%), good (34.93%), fair (7.58%), and poor (4.06%). C-reactive protein levels did not change
significantly; however, hemoglobin levels decreased postoperatively (MD, 1.28; 95% Cl, 0.91-1.65). Complications included dural tears
(5.46%), hematoma (4.30%), incomplete decompression (3.12%), root injury (2.90%), reoperations/revisions (2.22%), conversion to open
or microscopic surgery (1.97%), and transfusions (8.50%). Analysis by levels showed worse VAS leg pain in studies analyzing >30% mul-
tilevel stenosis (MD, 4.99; 95% Cl, 4.47-5.51 vs. MD, 5.82; 95% Cl, 5.63—6.01). Uniportal and biportal endoscopy had similar outcomes,
except for a higher incidence of dural tears on biportal endoscopy (uniportal, 3.33%; biportal, 7.05%). This meta-analysis supports endos-
copy as an effective and safe option for multilevel lumbar stenoses. It improves long-term pain and functionality, with no significant ra-
diological changes or postoperative inflammation. Complications are few; however, dural tears are more common in biportal endoscopy.
Higher multilevel stenosis rates were associated with increased leg pain and a lower likelihood of achieving incomplete decompression.
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Introduction common cause of lower back pain [2]. Placing a signifi-
cant economic burden on healthcare systems, spinal

Spinal stenosis is an increasingly prevalent condition, fusion alone is associated with an annual cost exceeding

with estimates varying between 11% and 39% of the $22 billion in the United States [3].

population, and is expected to increase [1]. It is the most The shift toward minimally invasive spinal surgery
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(MIS) has yielded promising results. Phan and Mobbs [4]
noted that patients undergoing MIS had higher satisfac-
tion rates, lower back pain scores, reduced blood loss,
shorter hospital stays, and lower reoperation rates than
those who underwent open surgery, highlighting the
potential clinical advantages of less invasive approaches.
Building on the foundation of MIS, endoscopic spine
surgery techniques have emerged as minimally invasive
procedures [5]. According to Czigléczki et al. [5], endo-
scopic techniques minimize posterior muscle damage,
which is a significant advantage in patient recovery.

In a meta-analysis examining the specific application
of endoscopic surgery for spinal stenosis, which is the
most common pathology addressed by this technique,
Jiang et al. [6] found that the endoscopic surgery group
had significantly better outcomes than the MIS group,
such as shorter hospital stays, less intraoperative blood
loss, and fewer wound-related complications. However,
postoperative clinical scores, satisfaction rates, opera-
tion times, and complication rates for dural injury,
epidural hematoma, and postoperative transient dys-
esthesia, and weakness were not significantly different
between the two groups. Zhang et al. [7] highlighted
another advantage of endoscopic surgery, particularly
in older patients with multiple comorbidities, which
results in less fibrosis, greater mobility, less pain, and
reduced postoperative narcotic use. Endoscopic surgery
has two main approaches, namely, uniportal and bi-
portal, and a meta-analysis including three studies with
184 patients found no significant differences in Visual
Analog Scale (VAS) pain scores but a small advantage
for biportal surgery on the Oswestry Disability Index
(ODI). Despite limited evidence, the operative time and
complications were comparable between the uniportal
and biportal groups [8]. Original studies generally show
good and feasible results for surgeons [9]. Furthermore,
meta-analyses comparing endoscopic surgery to mi-
croscopic surgery revealed mixed results. Two meta-
analyses reported that some studies found no differ-
ences in effectiveness and safety [10,11], whereas others
observed that both uniportal and biportal endoscopies
are associated with less pain and lower complication
risk [12]. Most meta-analyses included both single-
and double-segment surgeries, suggesting the potential
benefits of single-segment surgery [13].

However, to date, no meta-analysis has focused on
multilevel spinal stenosis by examining only studies
involving more than one spinal segment. The sample
sizes of these studies were typically small; thus, com-
bining them is crucial in a meta-analysis to increase
the statistical power. Furthermore, the low incidence of
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complications in these studies necessitates data pool-
ing for a more comprehensive analysis. Existing meta-
analyses often report statistical differences but fail to
address clinically meaningful minimum differences.
In addition, these meta-analyses tended to combine
studies with varying follow-up periods, which could
introduce confounding and limit the generalizability of
their findings. A meta-analysis comparing biportal and
uniportal endoscopic approaches is needed to provide
stronger evidence considering the outcomes in patients
with multilevel spinal stenosis. Such a meta-analysis
would not only address the aforementioned limitations
but also contribute to a greater understanding of the
topic by consolidating and analyzing existing data.

Thus, this meta-analysis aimed to evaluate the effi-
cacy and safety of uniportal and biportal spinal endos-
copies in patients with multilevel spinal stenosis and
identify potential differences between uniportal and bi-
portal endoscopy techniques to determine whether one
approach offers superior outcomes in terms of patient-
reported outcomes and complications.

Methods
Eligibility criteria

This meta-analysis was prospectively registered in the
International Prospective Register of Systematic Reviews
(PROSPERO: CRD42024522972) database and was
conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Fig. 1) [14]. Patient, intervention, compari-
son, outcomes, and study design criteria were established
a priori to develop the research question and guide
the study selection. Specifically, the study population
included adult patients with multilevel lumbar spinal
stenosis who underwent either uniportal or biportal en-
doscopic spinal decompression surgery (P). Because this
was a pre-post intervention study without a true control
or comparison group (I, C), the outcomes of interest
focused on evaluating efficacy and safety parameters
before and after the surgery (O). Both comparative ob-
servational studies and single-arm case series reporting
relevant outcome data were included (S).

To enhance the quality and consistency of the syn-
thesized evidence, clear exclusion criteria were applied.
Studies with populations who exclusively had one-level
lumbar spinal stenosis were excluded. Duplicated pub-
lications were omitted to avoid overlapping data. Case
reports and case series with <10 patients were also ex-
cluded because of the lack of power to detect clinically
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meaningful effects. Reviews, letters to the editor, edito-
rials, and conference abstracts were excluded because of
their inability to adequately appraise the methodology
and extract complete data. Studies that reported over-
lapping patient data between publications, incomplete
reporting of important outcomes, or missing key data
were also excluded.

Information sources and search methods for identifi-
cation of studies

A systematic search was conducted in the PubMed,
Embase, Scopus, and Cochrane Collaboration Library
databases, with no limitations on publication date or
language. The search terms used were “spinal steno-
sis” AND (uniportal OR biportal). The reference lists
of the included studies were also reviewed to identify
any additional papers that were not found in the da-
tabase search. According to the eligibility criteria, two
independent reviewers screened all titles and abstracts
retrieved from the searches. Full texts of potentially
relevant papers were then assessed in duplicate for in-
clusion, and any discrepancies were discussed until a
consensus was reached. A third reviewer was consulted
to arbitrate any disagreements if consensus could not
be reached between the first two reviewers.

Data extraction and data items

Data were extracted by two independent reviewers, and
any inconsistencies were resolved through discussion.
In cases of persistent disagreement, a third reviewer
was consulted to reach a consensus. The baseline char-
acteristics of the included studies included data on the
study name, geographic region, study period, study
design type, follow-up duration (months), percentage
of patients with multilevel involvement, total number
of patients, average age, number of female patients,
etiology of the condition, and use of endoscopy. The
main outcomes assessed and compared included
patient-reported outcome measures (PROMs), includ-
ing the VAS, ODI, and MacNab criteria. In addition,
radiological data, such as disc height and sagittal angle
measurements, as well as analytical data, including C-
reactive protein (CRP) and hemoglobin levels, were
collected. Complications of this procedure have also
been documented. Other variables recorded during the
data extraction process included surgical time, length
of hospital stay (LOS), and blood loss. Furthermore,
the minimal clinically important difference (MCID) for
each PROM was evaluated, with VAS and ODI having

MCIDs of 2.6 [15,16] and 8.1 [15,16], respectively.
Assessment of risk of bias in the included studies

The risk of bias in the included studies was assessed us-
ing the methodological index for nonrandomized studies
(MINORS) (Supplement 1) [17]. This tool consists of 12
items, with maximum scores of 24 and 16 for comparative
and noncomparative studies, respectively. For noncom-
parative studies, scores of 0-4, 5-7, 8-12, and =13 were
considered very low, low, fair, and high quality, respec-
tively. In comparative studies, scores of 0-6, 7-10, 11-15,
and =16 indicated very low, low, fair, and high quality,
respectively. Two independent reviewers conducted the
assessment, and any discrepancies were resolved through
discussion until a consensus was reached [17].

Assessment of results

The results were analyzed using the Review Manager
ver. 5.4 software (RevMan; Cochrane, London, UK).
For continuous outcomes, mean differences (MDs)
with 95% confidence intervals (CIs) were calculated
[18]. In dichotomous outcomes where the standard er-
ror (SE) was not reported, the incidence was derived
using the standard formula: SE=VI (1-i)/n and 95%
CI=I+1.96xSE, where I represents the incidence [19].
Pooled incidences and their corresponding 95% ClIs
were then calculated using random- and fixed-effect
models, as appropriate. Heterogeneity was assessed
using the chi-square and I tests, with I values >25%,
50%, and 75% indicating low, moderate, and high het-
erogeneity, respectively. When no significant hetero-
geneity was detected, a fixed-effects model was used,
whereas when heterogeneity was present, a random-
effects model was employed. To extract accurate infor-
mation from figures in the articles, WebPlotDigitizer
ver. 13.1.4 (https://automeris.io/v4/) was employed.
Missing data were handled according to the guidelines
outlined in the Cochrane Handbook [20].

Risk of bias across the studies

Publication bias assessment was conducted by analyz-
ing funnel plot asymmetry using Review Manager
(RevMan, Cochrane). In the funnel plot graph, the ef-
fect estimate and SE are represented on the x- and y-
axes, respectively. Visual inspection of the funnel plot
allowed the identification of potential asymmetries that
could indicate the presence of publication bias. Visual
interpretation of the funnel plot involved examining
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the distribution of studies around the central line. In a
symmetric funnel plot, studies must be evenly distrib-
uted on both sides of the central line, indicating the
absence of publication bias. However, asymmetry in the
funnel plot may suggest publication bias, particularly if
no small studies had negative results. No formal statis-
tical tests were conducted to assess publication bias.

Additional analyses

Subgroup analyses were planned to examine differences
based on the follow-up duration. Sensitivity analyses
were conducted to assess the consistency of the results
by removing studies with the highest weight. After data
extraction, sensitivity analyses were necessarily based
on the number of fused levels, as studies included both
single-level and multilevel stenoses without separating
the results. A cutoff point of 30% was established, clas-
sifying studies with >30% of patients with multilevel
involvement as one group and studies with <30% as
another group. Consequently, the sample was roughly
divided in half, with studies above and below this
threshold. Sensitivity analyses of the type of endoscopy
performed, distinguishing between the uniportal and
biportal approaches, were also performed.

Results
Study selection

The initial search yielded 220 studies in total. After ex-
cluding studies that were not related to lumbar spinal

stenosis, nonendoscopic techniques (biportal or unipor-
tal), single-level studies, duplicated studies, case reports,
case series with <10 patients, reviews, letters to the edi-
tor, or protocols, 186 studies were eliminated, resulting
in 34 studies. After reading the full texts, 25 studies that
did not meet the inclusion criteria were excluded. After
reviewing the references of the nine included studies, an
additional article was added. Finally, 10 articles were in-
cluded in the meta-analysis (Fig. 1) [5,6,9,21-28].

Risk of bias

The MINORS scale assessment revealed that all three
of the three comparative studies were of high qual-
ity (Supplement 1). Among the seven included case
series, two were rated as having high quality and five
had acceptable quality. These studies did not report the
number of patients lost to follow-up and prospectively
collected data.

Study characteristics

Table 1 shows the baseline characteristics of the included
studies. Ten studies with 686 patients were included in
the analysis: three were cohort studies (two retrospec-
tive and one prospective), and seven were retrospective
case series. The follow-up duration ranged from 7 to
26.5 months. The percentage of patients with multilevel
stenosis varied from 12.9% to 100%. The mean age
ranged from 59.9 to 70.5 years. The number of female
patients, etiology, and type of endoscopy performed
are shown in Table 2. The mean surgical time was 91.5

Identification of studies via databases and registers

220 Records identified from:

186 Records removed before screening :
Non-lumbar spinal stenosis, non-endoscopic techniques, only one level,

PubMed, EMBASE, Scopus, and the Cochrane Collaboration
Library.

g
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g
g
|
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i
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duplicate studies, case reports, case series <10 patients, reviews, letters
to the editor, or protocols.

\ 4

34 Full-text abstracts assessed for eligibility.

25 Records excluded for not meeting inclusion criteria, incomplete data,

Y

missing data or non-share variables.

Y

Screening

9 Full-text articles assessed for eligibility.

Y

\

1 Record included from articles’ references.

10 Studies included in the review.
10 Studies included in the meta-analysis.

Included

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart depicting the study selection process for meta-analysis.

136 nhttps://doi.org/10.31616/as].2024.0171



Asian Spine J 2025;19(1): 133-147

Table 1. Main baseline characteristics of the included studies
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Study or subgroup Pre Total Post Total Weight  Mean difference Mean difference
Mean=SD Mean=SD (%) IV, random, 95% CI IV, random, 95% CI

1.1.1 1st week

Kim et al. [24] (2017) (IT) 5.7+1.1 48 2.5+0.52 48 42 3.20(2.86 t0 3.54) -

Wau etal. [27] (2023) biportal 49425 32 1.4+£1.9 32 3.1 3.50 (2.41 to 4.59) -

Wau et al. [27] (2023) uniportal 5.542.9 29 1.6+2 29 2.7 3.90 (2.62 t0 5.18) —

Zhang et al. [28] (2023) 7+1.1 98 2.9+0.7 98 42 4.10 (3.84 to 4.36) -

Subtotal (95% CI) 207 207 142 3.67 (3.03 to 4.30) <&

Heterogeneity: tau’=0.28; x°=17.09, df=3 (p=0.0007); ’'=82%

Test for overall effect: Z=11.37 (p<0.00001)

1.1.2 1st month

Choi etal. [21](2019) 6.8+1 35 3+0.8 35 4.1 3.80(3.38 t0 4.22) L

Kang et al. [22] (2021) 6.5+4.4276 47 5.3+1.3623 47 2.7 1.20 (-0.12 to 2.52) T

Lee etal. [26] (2018) 5.35+2.22 213 3.05+4.4276 213 3.7 2.30(1.63 t02.97) -

Wu et al. [27] (2023) biportal 4.942.5 32 0.6%1 32 33 4.30(3.37t05.23) —_

Wu et al. [27] (2023) uniportal 5.542.9 29 0.7+1 29 3.0 4.80 (3.68 t0 5.92) -

Subtotal (95% CI) 356 356 168 3.32(2.28 t0 4.35) <

Heterogeneity: tau’=1.18; ’=33.98, df=4 (p<0.00001); ’=88%

Test for overall effect: Z=6.28 (p<0.00001)

1.1.3 3 months

Huang et al. [9] (2020) 6.8+2.8 106 1.5+1.5 106 3.8 5.30 (4.70 to 5.90) -

Kim et al. [24] (2017) (II) 5.7+1.1 48 2444276 48 2.7 3.70 (2.41 t0 4.99) —

Kim et al. [25] (2018) 5.13+0.8 31 2.61+0.76 31 4.1 2.52(2.13t02.91) -

Wu et al. [27] (2023) biportal 49425 32 0.6+1.2 32 33 4.30(3.34 10 5.26) -

Wu et al. [27] (2023) uniportal 5.5+2.9 29 0.3+1.2 29 3.0 5.20 (4.06 to 6.34) —_

Zhang et al. [28] (2023) 7+1.1 98 2.1+0.6 98 42 4.90 (4.65t0 5.15) -

Subtotal (95% CI) 344 344 211 431 (3.21t05.42) <

Heterogeneity: tau’=1.74; ¥’=116.72, df=5 (p<0.00001); /=96%

Test for overall effect: Z=7.63 (p<0.00001)

1.1.4 6 months

Choi et al. [21](2019) 6.8+1 35 2841 35 4.0 4.00 (3.53 to 4.47) -

Huang et al. [9] (2020) 6.8+4.4276 106  1.8+4.4276 106 29 5.00 (3.81 t0 6.19) —

Kang et al. [22] (2021) 6.5+4.4276 47 33423841 47 25 3.20 (1.76 to 4.64) —

Kim et al. [24] (2017) (IT) 5.7+1.1 48 1.75+0.52 48 42 3.95(3.61t04.29) L

Wu et al. [27] (2023) biportal 49425 32 04+1 32 33 4.50(3.57 t0 5.43) -

Wu et al. [27] (2023) uniportal 5.5+2.9 29 0.6%1 29 3.0 4.90 (3.78 t0 6.02) —

Subtotal (95% CI) 297 297 19.9 4.15(3.79 to 4.51) ¢

Heterogeneity: tau’=0.06; ’=7.24, df=5 (p=0.20); '=31%

Test for overall effect: Z=22.88 (»p<0.00001)

1.1.5 12 months

Huang et al. [9] (2020) 6.8+4.4276 106 1.5+4.4276 106 29 5.30 (4.11 to 6.49) —

Kang et al. [22] (2021) 6.5+4.4276 47 2.6£2.7247 47 24 3.90 (2.41 t0 5.39) —_—

Kim et al. [25] (2018) 5.1340.8 31 1.5241.02 31 4.0 3.61 (3.15t04.07) -

Wu et al. [27] (2023) biportal 49425 32 0.6%] 32 33 4.30(3.37t05.23) -

Wu et al. [27] (2023) uniportal 5.542.9 29 0.7+14 29 29 4.80 (3.63 10 5.97) —

Subtotal (95% CI) 245 245 15.6 4.29 (3.62 to 4.96) L 2

Heterogeneity: tau’=0.32; °=9.58, df=4 (p=0.05); '=58%

Test for overall effect: Z=12.56 (p<0.00001)

1.1.6 24 months

Huang et al. [9] (2020) 6.8+1.3 106 1.7+1.7 106 4.1 5.10 (4.69 to 5.51) -

Lee etal. [26] (2018) 5.35+2.22 213 2.05+1.57 213 4.1 3.30(2.93 t0 3.67) -

Zhang et al. [28] (2023) 7+1.1 98 1.8+0.6 98 42 5.20 (4.95 to 5.45) -

Subtotal (95% CI) 417 417 125 4.54 (3.34 t0 5.73) -

Heterogeneity: tau’=1.08; x’=75.78, df=2 (p<0.00001); =97%

Test for overall effect: Z=7.46 (p<0.00001)

Total (95% CI) 1,866 1,866 100.0 4.07 (3.72 to 4.42) ‘ ‘ ‘ ‘

Heterogeneity: tau’=0.74; y’=332.42, df=28 (p<0.00001); ’=92% 4 > 4

Test for overall effect: Z=22.80 (»<0.00001) Pre Post

Test for subgroup differences: '=4.96, df=5 (p=0.42); '=0%

Fig. 2. Forest plot demonstrating Visual Analog Scale back pain. A significant improvement in pain was observed during all the follow-up periods. SD, standard
deviation; IV, inverse variance; CI, confidence interval; df, degrees of freedom.
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Study or subgroup Memssp  Total oSl Total “{ﬁ}f)" ' I\I,I\r/l:;?clllo(xixilf,rgrseozcgjl I\’,l\lil::(lllo(ririli:fgg?’l/:ceCI

1.2.1 1st week

Kim etal. [23] (2017) 7.741 26 2+0.8 26 3.7 5.70 (5.21 o 6.19) -

Kim etal. [24] (2017) (II) 741£1.07 48 1.89+0.9 48 38 5.52(5.12105.92) -

Wa et al. [27] (2023) biportal 6.6+2.3 32 1£1.6 3229 5.60 (4.63 t0 6.57) —

Wu et al. [27] (2023) uniportal 6.622.4 29 1£1.7 29 28 5.60 (4.53 o 6.67) —
Zhang et al. [28] (2023) 6.8+1.1 98 2.9+0.7 98 4.0 3.90 (3.64 to 4.16) -

Subtotal (95% CI) 233 233 172 5.23 (4.27 to 6.19) >
Heterogeneity: tau’=1.08; %’=75.16, df=4 (p<0.00001); =95%

Test for overall effect: Z=10.65 (p<0.00001)

1.2.3 3 months

Choi etal. [21](2019) 6.3+1.1 35 2.4+0.8 35 38 3.90 (3.45 to 4.35) -
Kang et al. [22] (2021) 6.3+5.2 47 3417 47 20 3.30 (1.74 to 4.86) —_—

Lee et al. [26] (2018) 824+125 213 3.16+52 213 34 5.08 (4.36 to0 5.80) —_

Wu et al. [27] (2023) biportal 6.6:2.3 32 0.5+0.9 32 31 6.10 (5.24 to 6.96) —_
Wa et al. [27] (2023) uniportal 6.6:2.4 29 1£1.8 29 27 5.60 (4.51 to 6.69) —
Subtotal (95% CI) 356 356 15.0 4.84 (3.86 to 5.83) >
Heterogeneity: tau’=1.03; x’=28.65, df=4 (p<0.00001); '=86%

Test for overall effect: Z=9.62 (p<0.00001)

1.2.3 3 months

Huang et al. [9] (2020) 7.6+1.3 106 1.7+1.7 106 3.8 5.90 (5.49 t0 6.31) -
Kim etal. [23] (2017) 7.7+1 26 1.9+0.7 26 37 5.80 (533 10 6.27) -
Kim etal. [24] (2017) (II) 7.41£1.07 48 2452 48 21 541 (39110 6.91) —_

Kim etal. [25] (2018) 7.87+52 31 255452 31 11 5.32(2.73t0 7.91) —_—
Wa et al. [27] (2023) biportal 6.6+2.3 32 0.2+0.6 32 32 6.40 (5.58 t0 7.22) —_
Wa et al. [27] (2023) uniportal 6.6+2.4 29 1124 29 25 5.50 (4.26 t0 6.74) —_
Zhang et al. [28] (2023) 6.8+1.1 98 2+0.6 98 40 4.80 (4.55 t0 5.03) -
Subtotal (95% CI) 370 370 204 5.61 (5.02 to 6.20) <&
Heterogeneity: tau’=0.41; ’=35.25, df=6 (p<0.00001); =83%

Test for overall effect: Z=18.70 (p<0.00001)

1.2.4 6 months

Choi etal. [21](2019) 6.8+1 35 22408 35 38 4.60 (4.18t0 5.02) -
Huang et al. [9] (2020) 7.6+1.3 106 1.6+£5.2 106 29 6.00 (4.98 to 7.02) —_
Kang et al. [22] (2021) 6.3+52 47 1.8+1 47 21 4.50 (2.99 t0 6.01) —_
Kim etal. [23] (2017) 7.7+1 26 1.8+52 26 15 5.90 (3.86 to 7.94) R —
Kim etal. [24] (2017) (II) 741£1.07 48 2+1.05 48 38 541 (4.99 t0 5.83) -
Wa et al. [27] (2023) biportal 6.642.3 32 0.2+0.4 32 32 6.40 (5.59t0 7.21) —
Wa et al. [27] (2023) uniportal 6.6+2.4 29 0.9+2.2 29 26 570 (4.52 to 6.88) —_
Subtotal (95% CI) 323 323 199 5.46 (4.88 to 6.05)

Heterogeneity: tau’=0.38; %’=21.29, df=6 (p=0.002); '=72%

Test for overall effect: Z=18.27 (p<0.00001)

1.2.5 12 months

Huang et al. [9] (2020) 76+1.3 106 11452 106 29 6.50 (5.48 t0 7.52) -
Kang etal. [22] (2021) 6.3+52 47 1.6£0.6 47 21 4.70 (3.20 t0 6.20) _—
Kim et al. [25] (2018) 7874522 31 1.45+52 31 11 6.42 (3.83 10 9.01) —_—

Wa et al. [27] (2023) biportal 6.6+2.3 32 0.3+0.5 32 32 6.30 (5.48 t0 7.12) —
Wa et al. [27] (2023) uniportal 6.6+2.4 29 0.8+1.7 29 28 5.80 (4.73 t0 6.87) _
Subtotal (95% CI) 245 245 121 6.04 (5.49 to 6.59) ‘ ‘ ‘ hd
Heterogeneity: tau’=0.05; ’=4.52, df=4 (p=0.34); /=12% 4 2 0 2 4

Test for overall effect: Z=21.55 (p<0.00001) Pre Post

Fig. 3. Forest plot illustrating Visual Analog Scale leg pain during the follow-up period. Endoscopy significantly improved the leg pain. SD, standard deviation; IV,
inverse variance; CI, confidence interval; df, degrees of freedom. (Continued on next page.)
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Study or subgroup Memssp  Total oSl Total W(ﬁif)" ' I\I,I\r/l::go(xlrilffgrs%zcecl I\c“rq:::llo?ri.i:fggizcgl

1.2.6 24 months

Huang et al. [9] (2020) 7.6£1.3 106 13416 106 38  630(5.91106.69) -
Kim etal. [23] (2017) 7741 26 1.8£0.9 26 37 590(538106.42) -
Lee et al. [26] (2018) 824+125 213 1.93+1.78 213 39 631(6.02106.60) -
Zhang et al. [28] (2023) 6.8+1.1 98 1.840.7 98 40  5.00(4.74105.26) -
Subtotal (95% CI) 443 443 154  587(5.14 t0 6.60) . 4
Heterogeneity: tau’=0.52; ’=54.38, df=3 (p<0.00001); ’=94%

Test for overall effect: Z=15.71 (p<0.00001)

Total (95% CI) 1,970 1,970 1000  5.49 (5.17 to 5.80) ‘ ‘ ‘ K
Heterogeneity: tau’=0.65; =314.71, df=32 (p<0.00001); =90% 4 a2 0 2 4

Test for overall effect: Z=33.77 (p<0.00001) Pre Post

Test for subgroup differences: ’=5.98, df=5 (p=0.31); '=16.4%

Fig. 3. (Continued; caption shown on previous page).

Laboratory data

The CRP levels did not show significant differences
pre- and post-procedure at 2 days (MD, —1.65; 95% CI,
—4.92 to 1.62; participants=164; studies=2; 12:91%),
1 week (MD, —0.01; 95% CI, —0.30 to 0.27; partici-
pants=164; studies=2; I’=46%), and 2 weeks (MD,
—0.14; 95% CI, —0.78 to 0.50; participants=164; stud-
ies=2; ’'=0%) (Fig. 5). However, a significant decrease
in postoperative hemoglobin levels was found (MD,
1.28; 95% CI, 0.91-1.65; participants=164; studies=2;
F=61%).

Complications

Regarding complications, the incidence of dural tears
was 5.46% (95% CI, 2.97%-7.94%; studies=7), he-
matoma occurred in 4.30% (95% CI, 4.24%—-4.36%;
studies=3), incomplete decompression was observed
in 3.12% (95% CI, 1.32%-4.93%; studies=6), root in-
jury occurred in 2.90% (95% CI, 2.90%-2.90%; stud-
ies=2), the reoperation or revision rate was 2.22% (95%
CI, 1.34%-3.10%; studies=4), the rate of conversion
to open or microscopic surgery was 1.97% (95% CI,
0.20%-3.73%; studies=4), and the transfusion rate was
8.50% (95% CI, 8.42%-8.58%; studies=2).

Analysis by levels

As shown in Table 3, studies that included patients with
multilevel stenosis >30% had worse VAS leg pain (MD,
4.99; 95% CI, 4.47-5.51; participants=1,858; ’=93%)
than those with multilevel stenosis <30% (MD, 5.82;
95% CI, 5.63-6.01; participants=2,082; ’=28%). No dif-
ferences in the VAS back pain, ODI, or MacNab scale
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scores were found. No significant differences in CRP
levels were observed. Regarding complications, no dif-
ferences in the rates of terms of dural tears were found,
although incomplete decompression was significantly
higher in the group with <30% multilevel stenosis (MD,
1.50%; 95% CI, 0.32%-2.68% versus MD, 4.75%; 95%
CI, 2.89%-6.61%).

Comparison of uniportal and biportal endocopies

Table 4 shows a comparison between uniportal and
biportal endoscopy. No significant differences in VAS
back pain, VAS leg pain, ODI, or MacNab scale scores
were found between the uniportal and biportal groups.
However, dural tears were significantly more frequent
in the biportal group (7.05%; 95% CI, 6.18%-7.91%),
than in uniportal group (3.33%; 95% CI, 1.31%-5.35%),
with no significant differences in the frequency of in-
complete decompression.

Publication bias

High publication bias was observed for all variables
(Fig. 6). Consistent and significant publication bias was
noted across all analyzed variables, indicating a ten-
dency for researchers to selectively publish positive or
significant results while potentially neglecting negative
or nonsignificant findings.

Discussion

Pain and functionality significantly improved in pa-
tients who underwent endoscopy, with higher values at
the end of the follow-up period. Excellent or good out-
comes were achieved in >90% of the cases. Regarding
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Study or subgroup Pre Total Post Total Weight  Mean difference Mean difference
Mean£SD Mean+£SD (%) IV, random, 95% CI IV, random, 95% CI

1.3.1 1st week

Kim etal. [23] (2017) 64.4+5.8 26 28.8+5.2 26 41 3560 (32.61 to 38.59) -

Kim et al. [24] (2017) (1) 65.13+2421 48 242143 48 3.6 40.92(34.02t0 47.82) —

Wu et al. [27] (2023) biportal 30.4+10.8 32 15.8+12.6 32 38 14.60 (8.85 to 20.35) —_

Wa et al. [27] (2023) uniportal 37.2+11.6 29 14+9.8 20 3.8  23.20(17.67 to 28.73) —_

Subtotal (95% CI) 135 135 154  28.57 (17.71 to 39.44) <>

Heterogeneity: tau’=115.24; ¥’=55.89, df=3 (p<0.00001); '=95%

Test for overall effect: Z=5.15 (p<0.00001)

1.3.2 1st month

Kang et al. [22] (2021) 551441211 47 4024323557 47 24 14.90 (-0.08 to 29.88) —

Lee et al. [26] (2018) 67.8+15.4 213 30.6+41211 213 38 3720(31.29t043.11) -

Wa et al. [27] (2023) biportal 30.4+10.8 32 36445 32 40 26.80(22.75 to 30.85) —_

Wu et al. [27] (2023) uniportal ~ 37.2%11.6 29 53475 29 3.9  31.90(26.87 to 36.93) -

Subtotal (95% CI) 321 321 141 29.74 (23.47 to 36.01) 2 2

Heterogeneity: tau’=28.30; x’=12.54, df=3 (p<0.006); '=76%

Test for overall effect: Z=9.28 (p<0.00001)

1.3.3 3 months

Huang et al. [9] (2020) 62441211 106  165+41211 106 3.0 4550 (34.41 to 56.59) —_

Kim etal. [23] (2017) 644458 26 292426 26 42 3520(32.76t037.64) -

Kim et al. [24] (2017) (II) 65.13£2421 48 22.9+41211 48 26  42.23(28.711t055.75) —

Kim et al. [25] (2018) 66.8+41211 31 24141211 31 1.7 4270 (22.18 t0 63.22) _

Wu et al. [27] (2023) biportal 30.4£10.8 32 27+4 32 40  27.70(23.71t031.69) -

Wu et al. [27] (2023) uniportal 37.2+11.6 29 5695 29 38  31.60(26.14 to 37.06) —_

Zhang et al. [28] (2023) 69.3+6 98 24.9+47 98 42 44.40(42.89t04591) -

Subtotal (95% CI) 370 370 235  37.45(31.04 to 43.86) L 2

Heterogeneity: tau’=56.69; ’=94.11, df=6 (p<0.00001); /=94%

Test for overall effect: Z=11.45 (p<0.00001)

1.3.4 6 months

Huang et al. [9] (2020) 6241211 106  14.1+41211 106 3.0  47.90 (36.81 to 58.99) —

Kang etal. [22] (2021) 551441211 47 4024323557 47 24 14.90(-0.08 t0 29.88) —

Kim etal. [23] (2017) 64.4+5.8 26 21.9+41211 26 23 42.50(26.50 to 58.50) —_—

Kim et al. [24] (2017) (II) 65.13+2421 48 23.77+3.98 48 3.6  41.36(34.421048.30) —_

Wa et al. [27] (2023) biportal 30.4+10.8 32 0307 32 40 30.10(26.35 to 33.85) -

Wu et al. [27] (2023) uniportal 37.2+11.6 29 1331 29 40  3590(31.53t040.27) -

Subtotal (95% CI) 288 288 193 35.76 (29.38 to 42.14) L 2

Heterogeneity: tau’=41.91; ’=22.53, df=5 (p=0.0004); '=78%

Test for overall effect: Z=10.98 (»<0.00001)

1.3.5 12 months

Huang et al. [9] (2020) 6241211 106  122+41211 106 3.0  49.80(38.71 to 60.89) —

Kang etal. [22] (2021) 551441211 47 20.6+23.1599 47 26 34.50(20.99 to 48.01) _

Kim et al. [25] (2018) 66.8+41211 31 17.3x41211 31 17 49.50(28.98 to 70.02) _

Wa et al. [27] (2023) biportal 30.4£10.8 32 0308 32 40 30.10(26.35t0 33.85) —

Wu et al. [27] (2023) uniportal 37.2+11.6 29 2649 29 39 34.60(29.26t039.94) —_

Subtotal (95% CI) 245 245 152 37.22(30.29 to 44.14) L 2

Heterogeneity: tau’=37.08; y’=13.94, df=4 (p=0.007); '=71%

Test for overall effect: Z=10.53 (p<0.00001)

1.3.6 24 months

Huang et al. [9] (2020) 62+0 106 14.6+0 106 Not estimable

Kim et al. [23] (2017) 644458 26 21+4.5 26 41 43.40(40.58 t0 46.22) -

Lee et al. [26] (2018) 67.8£154 213 1714157 213 41  50.66 (47.71 to 53.61) -

Zhang et al. [28] (2023) 69.3+6 98 20.2+5.7 98 42 49.10(47.46 t0 50.74) -

Subtotal (95% CI) 443 43 125  47.76 (43.91 to 51.61) *

Heterogeneity: tau’=9.93; x’=14.94, df=2 (p=0.0006); '=87%

Test for overall effect: Z=24.32 (p<0.00001)

Total (95% CI) 1,802 1,802 100.0  35.97 (32.46 to 39.47) ‘ ‘ R

Heterogeneity: tau’=75.49; /=527.54, df=28 (p<0.00001); ’=95% 50 25 0 25 50

Test for overall effect: Z=20.10 (»p<0.00001) Pre Post

Test for subgroup differences: y’=33.00, df=5 (p<0.00001); ’=84.8%

Fig. 4. Forest plot displaying the efficacy of endoscopy compared to the Oswestry Disability Index in all follow-up periods. SD, standard deviation; IV, inverse

variance; CI, confidence interval; df, degrees of freedom.
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Study or subgroup Pre Total Post Total Weight  Mean difference Mean difference
Mean=SD Mean=SD (%)  IV,random, 95% CI IV, random, 95% CI

1.6.1 2 days

Choi et al. [21] (2019) 0.19+0.53 35 0.32+0.79 35 304  -0.13(-0.45100.19)

Kang et al. [22] (2021) 0.47+3.0312 47  3.95+£6.3009 47 44 -348(-5.48t0-1.48) -

Subtotal (95% CI) 82 82 348  -1.65(-4.92 to 1.62)

Heterogeneity: tau’=5.08; ’=10.53, df=1 (p=0.001); ’'=91%

Test for overall effect: Z=0.99 (p=0.32)

1.6.2 1 week

Choi etal. [21](2019) 0.19+0.53 35 0.17£0.7 35 31.1 0.02 (-0.27t0 0.31)

Kang et al. [22] (2021) 047+£3.0312 47 1.66+5.211 47 5.6 -1.19 (-2.91 t0 0.53) ‘i

Subtotal (95% CI) 82 82 36.8  -0.27 (-1.29 to 0.74)

Heterogeneity: tau’=0.33; ’=1.84, df=1 (p=0.17); '=46%

Test for overall effect: Z=0.53 (p=0.60)

1.6.3 2 weeks

Choi et al. [21] (2019) 0.19+0.53 35 041+24 35 16.3 -0.22 (-1.03 to 0.59) =

Kang et al. [22] (2021) 0.47£3.0312 47 047420095 47 121 0.00 (-1.04 to 1.04) —_

Subtotal (95% CI) 82 82 284 -0.14 (-0.78 to 0.50) <

Heterogeneity: tau’=0.00; ¥’=0.11, df=1 (p<0.74); =0%

Test for overall effect: Z=0.42 (p<0.68)

Total (95% CI) 246 246 100.0 -0.29 (-0.73 to 0.16) ‘ ‘ ‘] ‘

Heterogeneity: tau’=0.14; y’=13.32, df=5 (p=0.02); '=62%
Test for overall effect: Z=1.27 (p=0.21)
Test for subgroup differences: 7=0.81, df=2 (p=0.67); '=0%

Fig. 5. Forest plot showing the comparison of C-reactive protein levels pre- and post-procedure at different time points. SD, standard deviation; IV, inverse vari-

ance; CI, confidence interval; df, degrees of freedom.
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Fig. 6. (A-F) Funnel plot assessing publication bias. The plot displayed asymmetry, as evaluated by the Review Manager (RevMan; Cochrane, UK), with visual
inspection suggesting a possible publication bias in the meta-analysis. VAS, Visual Analog Scale; ODI, Oswestry Disability Index; SE, standard error; MD, mean

difference.

radiological data, no significant differences were found
in the disc height or sagittal angle before and after the
intervention. No significant differences in CRP levels
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were found; however, a significant decrease in postop-

erative hemoglobin levels was noted. Dural tears were
the most frequent intraoperative complication, occur-
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Table 3. Sensitivity analysis of the mean difference

Table 4. Sensitivity analysis of pooled incidences

Random effect model (%)

Bliectas Incidence (95% CI)

Analysis by levels

Dural tear

>30% multilevel

<30% multilevel

Incomplete decompression

>30% multilevel

3.65 (0.00 to 9.04)
6.18 (4.02 to 8.34)

1.50 (0.32 to 2.68)

Lbiiresicivze parlji(c)i[;):nts Ranl\(/ll(;)m(;g’e/:tcnll)()del F ey
Analysis by levels
VAS back pain
>30% multilevel 1,788 4.44 (3.98 t0 4.90) 90
<30% multilevel 1,944 3.84 (3.49 t0 4.19) 81
VAS leg pain
>30% multilevel 1,858 4.99 (4.47 to 5.51) 93
<30% multilevel 2,082 5.82(5.63 t0 6.01) 28
ODI
>30% multilevel 1,522 41.38 (36.49 to 46.27) 87
<30% multilevel 2,082 34.68 (30.95 to 38.42) 92
CRP
>30% multilevel 282 -1.41 (-3.36 t0 0.54) 79
<30% multilevel 210 -0.06 (-0.27 to 0.15) 0
Uniportal vs. biportal
VAS back pain
Uniportal 2,278 4.29 (3.75 10 4.82) 89
Biportal 1,454 3.89 (3.41 t0 4.37) 93
VAS leg pain
Uniportal 2,486 5.82(5.63 t0 6.02) 41
Biportal 1,454 5.09 (4.65 to 5.53) 89
ODI
Uniportal 2,486 38.71 (35.06 to 42.35) 89
Biportal 1,118 31.37 (24.66 to 38.09) 97

MD, mean difference; CI, confidence intervals; VAS, Visual Analog Scale;
ODI, Oswestry Disability Index; CRP, C-reactive protein.

ring in 5.46% of the cases; however, it was resolved in
all instances and did not cause permanent harm to the
patients. Furthermore, studies of patients with a higher
percentage of stenosis experienced severe leg pain, and
the incomplete decompression rate was significantly
higher in the group with <30% multilevel stenosis. The
incidence of dural tears was significantly higher in bi-
portal endoscopy than in uniportal endoscopy.

The results related to PROMs in the present study are
consistent with findings from previous studies [6,11].
Clinically significant improvements in the quality of
life and pain were observed in all follow-up periods.
Although the average VAS and ODI scores could be
influenced by outliers, the effectiveness of endoscopy
was confirmed by the finding that >90% of patients
achieved excellent or good outcomes. The lack of differ-
ences in disc height or sagittal angle correction may be
caused by the limited number of studies that addressed
these variables. In addition, other potential reasons

<30% multilevel 4.75(2.89 10 6.61)
Excellent

>30% multilevel 42.05 (0.00 to 85.66)

<30% multilevel 62.03 (47.08 to 76.98)
Poor

>30% multilevel 3.80 (3.76 to 3.84)

<30% multilevel 4.12 (2.07t0 6.18)

Uniportal vs. biportal

Dural tear
Uniportal 3.33 (1.31 to 5.35)
Biportal 7.05 (6.18 to 7.91)

Incomplete decompression

Uniportal 2.35(0.00 to 5.19)

Biportal 3.90 (0.37 to 7.43)
Excellent

Uniportal 46.72 (16.40 to 77.05)

Biportal 72.65 (56.28 to 89.02)
Poor

Uniportal 3.87(2.31t0 5.44)

Biportal 4.80 (4.71 t0 4.89)

exist, such as the relatively novel nature of endoscopic
approaches in spinal surgery, which may present cer-
tain technical limitations compared with other surgical
methods. Multilevel stenosis is associated with exten-
sive structural changes in the spine. Note that endos-
copy in spinal surgery can be performed by different
surgeons, which may result in surgical technique varia-
tions.

Complications were generally low in this study. A du-
ral tear was observed in 5.46% of the patients; however,
all cases resolved without long-term sequelae. In some
cases, conversion to open or microscopic surgery was
necessary because of bleeding and difficulty in visual-
ization. However, successful management of dural tears
using gelfoam and TachoSil sealant has been reported,
with no cases of persistent cerebrospinal fluid leakage
or cases requiring revision surgery. The frequency of
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conversion to open or microscopic surgery was low
(<2%), and one of the causes was rupture of the endos-
copy lens. Despite the low complications, with small
sample sizes, even one or two complications can result
in high percentages; thus, the actual rate would be low-
er. On the contrary, dural tears in other techniques such
as microscopy or open surgery have also been observed
in up to 7% of cases. Despite the disadvantages of en-
doscopy, constant irrigation is performed during en-
doscopy, which helps maintain a wider epidural space
and facilitates structural differentiation. Dural tears
usually occur during ligamentum flavum resection. Re-
garding readmission rates, Wu et al. [27] reported a 3%
readmission rate in unilateral and bilateral cases, and
the reoperation/revision rate was 2.22%, which is low.
One of the advantages of endoscopy is its lower tissue
aggression. This was observed in the measurement of
the levels of CRP, an inflammation marker [29,30], for
which no significant differences were found between
the preoperative and postoperative levels, suggesting
mild aggression. When analyzing the studies separately,
a significant increase in CRP levels was observed in the
microscopic and open techniques compared with the
level in endoscopy. Transfusion was the most frequent
complication, although the rate was also low (8.6%).
The mean hemoglobin levels also decreased significant-
ly at the end of the follow-up but did not fall <12 g/dL.
Despite the low intraoperative blood loss, most studies
did not report it. Overall, benefits included early dis-
charge, although they were also dependent on central
policies.

In the regression analysis by Kim et al. [23], no sig-
nificant association was found between the final VAS
score and variables such as age, sex, number of levels
of spinal decompression, presence of spondylolisthesis,
and symptom duration. However, this multiple linear
regression analysis was based on a limited sample of 48
patients, which may have affected the ability to detect
significant associations. In addition, considering the
results of the included studies, >50% of the studies origi-
nated from South Korea, indicating extensive experience
in spinal surgery in that country. Upon visual inspection
of the outcome graphs, studies published in South Korea
showed greater improvement in the ODI and a higher
proportion of excellent outcomes. Furthermore, these
studies reported a lower incidence of dural tears, incom-
plete decompression, and conversion to open or micro-
scopic surgery. A significantly shorter average surgery
duration was also noted in South Korea with an average
of 48 minutes compared with other countries with 103.2
minutes. Although two studies reported a slightly higher
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average age (>70 years), with no apparent differences in
terms of efficacy and safety upon visual inspection, age
was relatively homogeneous across the included stud-
ies. These observations are descriptive and highlight
the need for future studies to address these points and
consider potential confounding factors to optimize the
outcomes of endoscopy in spinal surgery.

This study also compared uniportal and biportal
endoscopies in patients with multilevel spinal stenosis
and found similar efficacy in pain relief, disability, and
patient satisfaction between these techniques; however,
biportal endoscopy had a higher incidence of dural
tears, which could be attributed to the wider access it
provides. One explanation for the higher incidence of
dural tears in biportal endoscopy is that this technique
has a shorter historical evolution, resulting in a steeper
learning curve compared with uniportal endoscopy.
Consequently, the incidence of complications may have
been slightly higher. Thus, beginners require further
learning to experience fewer complications than their
masters. In contrast, with the uniportal technique, sur-
geons require greater skills to perform more complex
cases of canal stenosis. Essentially, surgeons performing
biportal endoscopy start performing complex steno-
sis cases earlier, which can increase the likelihood of
complications, such as dural tears. Both uniportal and
biportal endoscopies demonstrated effective decom-
pression. However, they differ in certain aspects. Uni-
portal endoscopy offers superior esthetics with higher
muscle preservation and a lower rate of conversion to
open surgery. Conversely, biportal endoscopy allows
for improved triangulation during the procedure. Note
that bipolar radiofrequency can be utilized in both uni-
portal and biportal approaches. Meta-analyses and re-
cent studies support the safety and effectiveness of both
techniques, with biportal endoscopy showing greater
ease of decompression [31,32] and uniportal endoscopy
demonstrating less dural expansion and a smaller facet
angle than microscopic endoscopy but a larger facet
angle than biportal endoscopy [32].

The learning curve for spinal endoscopy, whether
uniportal or biportal, is a crucial factor influencing pro-
cedural safety and efficacy and complication rate. Com-
pared with microsurgery or other conventional tech-
niques, endoscopy requires surgeons to become deeply
familiar with the spinal anatomy in a three-dimensional
environment through indirect visualization, which can
be more challenging. For example, according to Kim et
al. [33], competence in biportal endoscopy is achieved
in approximately 34 cases, and Choi et al. [34] reported
a complication rate of 10.3% during the initial learning
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period in lumbar discectomy, and competence can be
acquired after the first 14 cases. However, these studies
did not focus on multilevel spinal stenosis, an area in
which anatomical complexity could make the learning
curve even more pronounced.

This meta-analysis had some limitations that affected
the consistency and robustness of the results. First, the
limited number of articles included in the analysis re-
duced the ability to obtain consistent results for certain
variables of interest. Second, the insufficient data col-
lected inhibited meta-regression to explore potential
moderating factors. Third, the sensitivity analyses also
showed inconsistencies in some cases, which can affect
the reliability of the findings. To homogenize the re-
sults, several close follow-ups during the first week and
first month were grouped, which may have introduced
some biases in the interpretation of the results. Fourth,
of standard deviations were estimated based on the Co-
chrane methodology, which can influence the precision
of the results. Some complications were not reported in
certain studies because of data collection issues or they
were not considered relevant, which could result in an
overestimation of complications. Fifth, the follow-up
time was generally short. Sixth, studies often did not
stratify the outcomes according to etiology, making it
difficult to discriminate results based on whether the
surgery was indicated for spondylolisthesis or disc her-
niation. Finally, in the comparative analysis between
the uniportal and biportal techniques, only variables
examined in a sufficient number of articles were includ-
ed, which may limit the generalizability of the results to
other variables of interest. In addition, only one study
included patients with multilevel stenosis, whereas the
other studies included both single-level and multilevel
stenoses without stratifying the results. A cutoft point
of 30% was established, classifying studies of patients
with >30% multilevel involvement in one group and
studies with <30% in another group. This grouping may
introduce some heterogeneity in the results and limit
the generalized interpretation of the findings, specifi-
cally for multilevel stenosis.

Conclusions

To the best of our knowledge, this first meta-analysis
evaluating the influence of endoscopy in multilevel
stenosis showed a significant improvement in pain
and functionality in patients undergoing endoscopy.
Furthermore, this improvement was maintained in all
follow-up periods, with a more pronounced effect at
the end of the follow-up. These findings support the

incorporation of endoscopy as a beneficial therapeutic
option for managing this condition, allowing surgeons
to offer patients a less invasive alternative with positive
long-term clinical outcomes. As regards radiological
and laboratory data, endoscopy demonstrated a safe
profile because no significant differences were noted in
the disc height or postoperative sagittal angle, and CRP
levels remained stable, indicating a low level of postop-
erative inflammation. The incidence of complications
was low. Different complications were identified, such
as dural tears, hematoma, incomplete decompression,
root injury, and need for reoperation or revision. These
findings inform spine surgeons of the potential risks
and complications associated with endoscopy. In the
level-specific analysis, studies that included patients
with a higher percentage of multilevel stenosis reported
higher leg pain scores and a lower incidence of incom-
plete decompression than studies with a lower percent-
age of multilevel stenosis. In the comparison between
uniportal and biportal endoscopy, no significant differ-
ences in the quality of life were found. However, a high-
er frequency of dural tears was observed with biportal
endoscopy than with uniportal endoscopy.

» Endoscopy is a safe and effective surgical tech-
nique for multilevel spinal stenosis.

* The incidence of complications is low, although
biportal endoscopy has a higher incidence of du-
ral tear.

* There are no clinical differences in quality of life
between the two endoscopic options.

* Incomplete decompression was significantly
higher in the group with less than 30% multilevel
stenosis.
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