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Abstract

Objective. To compare the safety and efficacy of endoscopic
versus microscopic stapedotomy in  patients with
otosclerosis.

Data Sources. PubMed, Embase, Web of Science, Scopus,
Google Scholar, and CENTRAL.

Review Methods. Eligible randomized controlled trials
(RCTs) were assessed for bias using Cochrane's instru-
ment. The specific outcomes included the mean duration
of surgery, the mean gain in air-bone gap (ABG), and the
rates of chorda tympani nerve (CTN) injury, CTN
manipulation, facial nerve (FN) injury, tympanic membrane
(TM) perforation, dysgeusia, dizziness, and pain score.
Continuous data were analyzed using mean difference
(MD) or standardized mean difference (SMD), and
dichotomous data with risk ratio (RR), with 95%
confidence intervals (Cls).

Results. Eleven RCTs with 515 patients were analyzed. There
was no significant difference between both groups in the
mean duration of surgery (MD=-10.42, 95% Cl [-26.26,
5.43]), mean gain in ABG (MD = 1.04, 95% CI [-0.48, 2.57]),
CTN injury (RR=0.46, 95% CI [0.20, 1.04]), FN injury
(RR=1.00, 95% CI [0.11, 9.27]), TM perforation (RR =0.99,
95% CI [0.23, 4.25]), and dizziness (RR =0.79, 95% CI [0.41,
[.53]). However, endoscopic stapedotomy significantly
reduced the need for CTN manipulation (RR=0.58, 95%
ClI [0.35, 0.96]), dysgeusia (RR=0.33, 95% CI [0.19, 0.57]),
and pain score (SMD = —1.59, 95% CI [-2.22, —0.97]).

Conclusion. Endoscopic stapedotomy significantly reduces
dysgeusia, CTN manipulation, and pain compared to
microscopic stapedotomy, with similar surgery durations,
audiometric gains, and comparable risks of CTN injury, TM
perforation, FN injury, and dizziness.
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tosclerosis is a disorder characterized by
O abnormal bone metabolism within the otic

capsule, leading to resorption and deposition
of bone that can result in conductive or sensorineural
hearing loss.! In clinical otosclerosis, lesions affecting the
stapes, the stapedial-vestibular joint, or the round window
membrane are the primary causes of conductive hearing
impairment.” Although various treatment options exist,
including both surgical and nonsurgical approaches such
as pharmacotherapy and hearing aids, stapedotomy
remains the gold standard for managing otosclerosis.
The traditional microscopic stapedotomy is the most
widely used approach in clinical practice.>”

Microscopic stapedotomy enables surgeons to use both
hands for improved stability, which is crucial in delicate
procedures like stapes surgery.” However, its narrow field
of vision, due to the typical 250 mm focal length of
otologic microscopes, restricts visualization to direct line-
of-sight areas. This often necessitates the manipulation or
removal of obstructive tissue, such as the stapes super-
structure, footplate, and chorda tympani nerve (CTN),
potentially increasing complications and prolonging the
procedure.>® Consequently, endoscopic stapedotomy has
emerged as a promising alternative to address these
limitations.

Endoscopy offers several advantages over traditional
microscopy in middle ear surgery, including reduced
postoperative pain and minimal scarring.” Moreover, the
endoscope provides superior visualization of complex
middle ear structures, minimizing the need for extensive
bone drilling and enabling less invasive, more physiologic
techniques.®” Enhanced magnification and illumination
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improve the safety and precision of manipulating the
stapes superstructure, footplate, and CTN.?

The choice of surgical technique should prioritize
achieving optimal audiological outcomes while mini-
mizing perioperative complications.'® Several randomized
controlled trials (RCTs) have compared endoscopic
and microscopic stapedotomy, yielding conflicting re-
sults.>>1%18 Therefore, we conducted this systematic
review and meta-analysis of RCTs to synthesize evidence
regarding the safety and efficacy of endoscopic versus
microscopic stapedotomy in patients with otosclerosis.

Methodology

Protocol Registration

This systematic review and meta-analysis were registered on
the International Prospective Register of Systematic Reviews
(PROSPERO) under the ID (CRD42024593774). This
systematic review and meta-analysis were conducted in
accordance with the guidelines set forth by the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement' and the Cochrane Handbook for
Systematic Reviews and Meta-analyses.*® Given the nature of
this research, ethical approval was not required.

Data Sources and Search Framework

A systematic electronic search was conducted on August 14,
2024, utilizing the following databases: PubMed, Web of
Science, Scopus, Embase, Google Scholar, and CENTRAL.
The search strategy employed the following search string:
(endoscop*) AND (microscop™) AND (“stapes surgery” OR
stapedotomy OR otosclerosis OR “stapes fixation” OR
otospongios* OR “congenital stapedial fixation” OR “con-
genital stapes fixation”). An unrestricted search was
performed without applying filters or constraints, except for
Scopus, where the search was limited to titles, abstracts, and
keywords. Detailed information regarding the search terms
and results for each database is presented in Supplemental
Table S1, available online. Furthermore, searches were
conducted on ClinicalTrials.gov, World Health Organi-
zation Clinical Trials Registry, and ResearchGate. To ensure
a comprehensive search, reference lists of relevant articles
were manually screened. No filters were specifically applied
based on the country or language of publication during the
search process.

Eligibility Criteria

We included clinical trials that adhered to the following
PICOS criteria: Population (P): adult patients (>18 years)
diagnosed with otosclerosis through clinical and etiolo-
gical assessment; Intervention (I): endoscopic stape-
dotomy, regardless of the type of endoscope used;
Control (C): microscopic stapedotomy, regardless of the
type of microscope used; Outcomes (O): our specific
outcomes included the mean duration of surgery and the
mean postoperative gain in air-bone gap (ABG), as well

as safety outcomes such as the rates of CTN injury, CTN
manipulation, facial nerve (FN) injury, tympanic mem-
brane (TM) perforation, dysgeusia, dizziness, and the
mean postoperative pain score; and Study Design (S):
limited to RCTs. On the contrary, the exclusion criteria
included procedures other than stapedotomy (ie, stape-
dectomy) and study types outside of RCTs (ie, case
reports, observational studies, review articles, and letters).

Study Selection and Data Handling

Two independent reviewers (H.A. and A.A.) assessed
each study twice for screening and eligibility. The process
consisted of 2 stages: first, reviewing titles and abstracts
for relevance, and second, evaluating full-text articles for
inclusion. Disagreements were resolved through discus-
sion with our senior (E.A.). A similar approach was used
for assessing the risk of bias, extracting data, and
performing meta-analysis.

Data Extraction

A pilot extraction was conducted after obtaining the full
texts of the relevant publications to design an Excel
extraction form. The form was organized into 3 sections:
summary characteristics of the included trials, baseline
characteristics of the included participants, and outcome
data. The summary characteristics section included details
such as the first author's name, year of publication,
country, study design, sample size, intervention specifics,
inclusion criteria, primary outcomes, and follow-up
duration. The baseline characteristics section captured
data on the number of patients in each group, age,
gender, weight, type of anesthesia, surgeons, and surgical
approach.

The outcome data included the mean duration of
surgery and the mean postoperative gain in ABG, which
is the difference between air conduction and bone
conduction hearing thresholds. A smaller ABG indicates
better hearing improvement following stapedotomy.
Safety outcomes encompassed the rates of CTN injury
(ie, transaction, ischemia, thermal damage, sacrifice, and
desiccation), CTN manipulation (ie, mobilization, or
displacement), FN injury, TM perforation, dysgeusia,
dizziness, and the mean postoperative pain score,
measured using either a 10-point Visual Analogue Scale
(VAS) or a 10-point Numeric Rating Scale (NRS). Both
scales have the same magnitude of effect, with lower
scores indicating less pain and higher scores indicating
more pain.

Dichotomous outcome variables were extracted in an
event and total format, while continuous outcome
variables were represented using means and standard
deviations. If the data were reported as medians with
interquartile ranges or ranges, we followed the formulas
provided by Wan et al to convert these to means and
standard deviations.?'
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Risk of Bias Assessment

We utilized the updated Cochrane Collaboration tool for
RCTs (Risk of Bias 2) to assess the potential risk of bias
in the included trials.”> The tool evaluated various
domains, including the randomization process, deviations
from planned interventions, incomplete outcome data,
outcome measurement, and selection of reported results.
Reviewers graded the risk of bias in each category and
assessed the overall quality of the studies as “low,” “some
concerns,” or “high.” Two reviewers (H.A. and A.A.)
independently assessed the risk of bias, and any disagree-
ments were resolved by the senior author (E.A.) or
through consensus.

Meta-analysis

The statistical analysis was conducted using STATA MP
Version 17 by StataCorp. We applied the risk ratio (RR)
to combine dichotomous outcomes and the mean
difference (MD) for continuous outcomes, both with a
95% confidence interval (CI). When different scales were
used to measure the same outcome, the standardized
mean difference (SMD) was employed.”’ We considered
P <.05 as statistically significant. A fixed-effects model
was utilized unless significant heterogeneity was de-
tected, in which case a random-effects model was
applied. Statistical heterogeneity among the included
studies was assessed using the y* test and I-squared
statistic (). A P value of <.l in the y* test was
considered indicative of potential heterogeneity, while I
values > 50% indicated significant heterogeneity.”® To
address significant heterogeneity and ensure the robust-
ness of pooled estimates, a sensitivity analysis was
conducted using the leave-one-out method. In this
approach, each trial was excluded individually to assess
its impact on the overall effect estimate, ensuring that no
single study disproportionately influenced the results.
Moreover, for outcomes with 10 or more pooled trials,
publication bias was assessed visually through funnel
plots and statistically using Egger's test.”?

Results

Search Results of the Systematic Search

Based on the search results, we identified 577 studies,
along with an additional record manually identified
through searching ResearchGate. These studies were
initially screened by evaluating their titles and abstracts.
After removing 427 irrelevant records and 130 studies that
did not meet the inclusion criteria during title and
abstract screening, 21 full-text articles were selected for
further review. Of these, 10 articles were deemed
irrelevant and excluded, as presented in Supplemental
Table S2, available online, leaving 11 RCTs>>1%18 {6 be
included in both the qualitative and quantitative
assessments, Figure 1.

Summary Characteristics of Included Randomized
Trials

Eleven RCTs with 515 patients were included in our
analysis.>>1%1® All trials recruited patients with oto-
sclerosis, with 5 trials conducted in India,>>!'"!%17 3 jn
Egypt,'>!'®!® 1 in Iran,' 1 in Turkey,'” and another in the
United States.!* The endoscopic group had 251 patients
while the microscopic group had 237 patients, with Kaya
et al. recruiting 27 patients in both groups as self-
control.'® The participants' ages ranged from 18 to
50 years. All included trials were single-centre RCTs,
with a follow-up duration ranging from 1 to 19.4 months.
Most of the included RCTs utilized the transcanal
approach under local anesthesia. Further details about
the included trials characteristics and baseline participant
data are available in Tables | and 2, respectively.

Risk of Bias Assessment Results

Six RCTs showed a low risk of bias,>>!%131316 2 RCTs
indicated some concerns of bias,'*'” and 3 RCTs
exhibited a high risk of bias.'"'*'® Harikumar and
Arun Kumar'” and Ramesh et al'* raised some concerns
in the selection bias domain due to insufficient details on
the randomization process and allocation concealment
methods. Bhardwaj et al'' demonstrated a high risk of
selection bias, as alternate randomization was used. In
contrast, Moneir et al'® showed a high risk of bias in both
selection and performance domains, as the study groups
were imbalanced, and multiple surgeons conducted the
procedures, Figure 2.

Duration of Surgery (Minutes)

After pooling 7 RCTs and 312 patients, there was no
significant difference between both groups (MD = —10.42,
95% CI [-26.26, 5.43], P = .20), Figure 3A. Pooled RCTs
were heterogeneous (I”=99.26%, P <.001). Leave-one-
out sensitivity analysis showed consistent results, demon-
strating no difference between both groups in all
scenarios, Supplemental Figure S1A, available online.

ABG (dB)

After pooling 7 RCTs and 290 patients, there was no
significant difference between both groups in the mean
gain in ABG (MD=1.04, 95% CI [-0.48, 2.57],
P =.18), Figure 3B. Pooled RCTs were homogenous
(> =36.48%, P =.15). Leave-one-out sensitivity ana-
lysis showed consistent results, demonstrating no
difference between both groups in all scenarios,
Supplemental Figure S1B, available online.

Also, there was no significant difference between both
groups according to subgroups: (i) 0 to 10 dB after pooling 5
RCTs and 224 patients (RR =1.12, 95% CI [0.88, 1.44],
P=.36), (i) 11 to 20dB after pooling 4 RCTs and 184
patients (RR =0.96, 95% CI [0.64, 1.45], P=.85), and (iii)
>20dB after pooling 3 RCTs and 162 patients (RR =0.69,
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Figure |. The Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram illustrates the systematic study selection process.

95% CI [0.24, 1.98], P=.49), Supplemental Figure S2,
available online. Pooled RCTs were homogenous in (i) 0 to
10dB (P =0%, P=.54), (i) 11 to 20dB (P =0%, P=.95),
and (iii) >20 dB (7 = 0%, P =.96).

Chorda Tympani Injury (%)

After pooling 8 RCTs and 384 patients, there was no
significant difference between both groups (RR =0.46,
95% CI[0.20, 1.04], P =.06), Figure 4A. Pooled RCTs
were homogenous (I*=0%, P=.98). Leave-one-out

sensitivity analysis showed consistent results, demon-
strating no difference between both groups in all
scenarios, Supplemental Figure S1C, available online.

Chorda Tympani Manipulation (%)

After pooling 7 RCTs and 386 patients, endoscopic
stapedotomy significantly reduced the need for CTN
manipulation (RR=0.58, 95% CI [0.35, 0.96],
P=.03, Figure 4B. Pooled RCTs were heterogeneous
(P =77.74%, P=.01). Leave-one-out sensitivity analysis
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Table 2. Baseline characteristics of the included randomized trials and participants
Sample Sex, n [male/

Study ID Group size Age, y female] Anesthesia Surgeon Surgery approach Pain tool

Bhardwaj et al.''  Endoscopic  n=20 33.1 [12/8] Local Single surgeon Transcanal or NR
Microscopic  n=20 329 [11/9] endaural

Das et al.’ Endoscopic  n=32 40 [4/60] Local Single surgeon Transcanal 10-point NRS
Microscopic  n=32 385

Emami et al.'® Endoscopic n=16 34.38+9.28 [4/12] General  Single surgeon Transcanal 10-point VAS
Microscopic n=16 35.8+7.07 [6/10]

Fan et al."? Endoscopic  n=11 43 (27-61) [4/7] NR Two surgeons Transcanal NR
Microscopic n=11 46 (31-60) [3/8]

Harikumar Endoscopic  n=30 405 [10/20] General NR Transcanal or 3-point scale

et al.'? Microscopic  n=30 41.5 [12/18] postaural

Kaya et al.'® Endoscopic = n=27 39.8£5.6 [9/18] NR Single surgeon Transcanal or 10-point VAS
Microscopic  n=27 39.8+5.6 [9/18] endaural

Moneir etal.'®  Endoscopic n=14  33.6+103 NR Local Different Transcanal NR
Microscopic n=128 33+£11.2 NR surgeons

Moneir et al.'® Endoscopic  n=44 36 [39/49] Local Two surgeons Transcanal NR
Microscopic n=44

Ojha et al.? Endoscopic  n=20 42 [4/36] Local Single surgeon Transcanal 10-point NRS
Microscopic  n=20 395

Ramesh et al."* Endoscopic  n=30 21-50 [10/20] Local Single surgeon Transcanal or NR
Microscopic  n=30 21-50 [9/21] endaural

Tolba et al.'? Endoscopic  n=20 18-50 [14/26] General NR Transcanal NR
Microscopic n=20

Abbreviations: NR, not reported; NRS, Numeric Rating Scale; VAS, Visual Analog Scale.

showed that the pooled estimate changed to no significant
difference between both groups after excluding Bhardwaj
et al,''" Harikumar and Aun Kumar'’ Kaya et al,' or
Tolba et al,'> Supplemental Figure SID, available
online.

FN Injury (%)

After pooling 3 RCTs and 94 patients, there was no
significant difference between both groups (RR =1.00,
95% CI [0.11, 9.27], P=1.00), Figure 4C. Pooled
RCTs were homogenous (I°=0%, P=1.00). Leave-
one-out sensitivity analysis showed consistent results,
demonstrating no difference between both groups in
all scenarios, Supplemental Figure SI1E, available
online.

TM Perforation (%)

After pooling 4 RCTs and 172 patients, there was no
significant difference between both groups (RR =0.99,
95% CI1[0.23, 4.25], P =.99), Figure 4D. Pooled RCTs
were homogenous (I°=0%, P=.86). Leave-one-out
sensitivity analysis showed consistent results, demon-
strating no difference between both groups in
all scenarios, Supplemental Figure SI1F, available
online.

Dysgeusia (%)

After pooling 11 RCTs and 542 patients, the endo-
scopic approach significantly decreased the risk of
postoperative dysgeusia (RR =0.33, 95% CI [0.19,
0.57], P<.001), Figure 5A. Pooled RCTs were
homogenous (I =0%, P=.85). Leave-one-out sensi-
tivity analysis showed consistent results, favoring the
endoscopic approach in all scenarios, Supplemental
Figure S1G, available online. Also, no significant
publication bias was assessed visually through the
funnel plot (Figure 5B) or statistically through Egger's
test (P =.68).

Dizziness (%)

After pooling 6 RCTs and 258 patients, there was no
significant difference between both groups (RR =0.79,
95% CI [0.41, 1.53], P=.48), Figure 6A. Pooled RCTs
were homogenous (I°=0%, P=.98). Leave-one-out
sensitivity analysis showed consistent results, demon-
strating no difference between both groups in all
scenarios, Supplemental Figure S1H, available online.

Postoperative Pain Score

After pooling 4 RCTs and 190 patients, the endoscopic
approach significantly decreased the mean postoperative
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Figure 2. Risk of bias graph and summary of the included randomized controlled trials. The upper panel presents a schematic
representation of risks (low = green, some concerns = yellow, and high = red) for specific types of biases of each study in the review.
The lower panel presents risks (low = green, some concerns = yellow, and high = red) for the subtypes of biases of the combination of studies

included in this review.

pain score (SMD=-1.59, 95% CI [-2.22, —0.97],
P <.001), Figure 6B. Pooled RCTs were heterogeneous
(?=171.36%, P=.02). Leave-one-out sensitivity analysis
showed consistent results, favoring the endoscopic
approach in all scenarios, Supplemental Figure Sl1I,
available online.

Discussion

Summary of The Review Main Findings

This systematic review and meta-analysis of 11 RCTs,
involving 515 patients with otosclerosis, compared out-
comes between endoscopic stapedotomy (278 ears) and
microscopic stapedotomy (264 ears). The methodological
quality of the included studies varied: 6 RCTs had a low
risk of bias, 2 had some concerns of bias, and 3 had a high

risk of bias. Endoscopic stapedotomy significantly re-
duced the risk of postoperative dysgeusia, the need for
CTN manipulation, and mean postoperative pain com-
pared to the microscopic approach. However, endoscopic
stapedotomy demonstrated comparable results to micro-
scopic stapedotomy in terms of mean surgery duration,
mean ABG gain, and the rates of CTN injury, FN injury,
TM perforation, and postoperative dizziness. Leave-one-
out sensitivity analysis confirmed the robustness of all
outcomes except CTN manipulation. Publication bias,
assessed only for dysgeusia, showed no significant bias.
Most pooled outcomes were homogeneous; however, 3
outcomes—surgery duration, CTN manipulation, and
postoperative pain—exhibited heterogeneity. This ob-
served heterogeneity may be attributed to several factors,
including differences in surgical experience with
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Endoscopic Microscopic Mean difference Weight
Study ID N Mean SD N Mean SD with 85% CI (%)
Das et al. 2019 32 56.03 345 32 8787 432 @ -31.84 [ -33.76, -29.92] 14.74
Emami et al. 2023 16 4758 15.16 16 47.75 13.53 —— -0.17[-10.13, 9.79] 13.96
Fan et al. 2021 " 546 152 1 49.8 22 —®—— 480[-11.00, 20.60] 12.88
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Overall —_— -10.42[ -26.26, 5.43]
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Test of 6 = 6;: Q(6) = 453.87, p = 0.00
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Kaya et al. 2024 27 187 45 27 1841 4 - 060[ -1.67, 2.87] 45.06
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Tolba et al. 2021 20 275 92 20 3225 1011 ——=—H -4.75[-10.74, 1.24] 6.48
Overall » 1.04[ -048, 2.57]
Heterogeneity: I = 36.48%, H” = 1.57
Test of 6= 6 Q(B8) = 9.45, p=0.15
Testof@6=0:z2=1.34,p=0.18
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Figure 3. Meta-analysis of (A) the mean duration of surgery (minutes) and (B) the mean gain in air-bone gap (dB). Cl, confidence interval.

endoscopic and microscopic techniques among surgeons,
slight variations in methodological quality, and patient-
related characteristics. This highlights the need for further
standardization of surgical techniques to minimize
variability in outcomes and enhance the reliability of
findings across studies.

Clinical Interpretation and Implications

The CTN's exposed course in the middle ear renders it
susceptible to damage not only from disease processes but
also iatrogenic injury during middle ear surgery.>* The
CTN can sustain injury during surgery through various
mechanisms, such as transaction, stretching, ischemia,
thermal damage, sacrifice, excessive manipulation, and
desiccation.'® The manipulation of CTN presents a
notable challenge in the context of stapes surgery. In
the conventional microscopic technique, the CTN is
elongated downwards, providing space for additional
manipulation of the incudostapedial complex through the
gap between the stretched CTN and the posterosuperior
canal wall.” However, in endoscopic stapes surgery, this is
unnecessary because angled endoscopes (30°) offer a
broader panoramic view, allowing for sufficient access to

the operative site and avoiding unnecessary CTN
manipulation.”>?® Our findings support this, as endo-
scopic stapedotomy decreases the need for CTN manip-
ulation and, subsequently, postoperative dysgeusia. This
effect was noticed even with comparable rates of CTN
injury, implying that CTN manipulation is a significant
risk factor for postoperative dysgeusia without frank
injury or transaction.

Moreover, the endoscopic approach significantly re-
duced postoperative pain. In some studies, the higher pain
levels observed in the microscopic group may be due to
the use of endaural incisions.'’?” The endoscopic
approach offers superior visualization of the middle ear
structures without necessitating extensive removal of the
posterosuperior bony canal wall, which is often required
in the microscopic approach to improve the surgical
view.> This wider panoramic visualization reduces the
need for bone removal and minimizes soft tissue
manipulation.” Emami et al'> who exclusively employed
the transcanal incision approach for all patients, observed
significantly lower postoperative pain scores in the
endoscopic group compared to the microscopic group.
The lower pain scores observed in the endoscopic group
may also result from less extensive curetting of the
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Endoscopic Microscopic Risk ratio Weight
Study ID Event Total Event Total with 95% CI (%)
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Tolba et al. 2021 2 20 4 20 - 0.55[ 0.11, 2.69] 22.15
Overall - 0.46 [0.20, 1.04]
Heterogeneity: I’ = 0.00%, H® = 1.00
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Endoscopic Microscopic Risk ratio Weight
Study ID Event Total Event Total with 95% CI (%)
Bhardwaj et al. 2018 6 20 13 20 ————e —{— 0.50[0.26, 1.33] 13.65
Das et al. 2019 26 32 30 32 —® — 0.93[063, 1.36] 19.12
Harikumar et al. 2017 2 30 30 30 — 0.12[0.03, 0.49] 8.26
Kaya ot al. 2024 2 27 21 27 B 0.16 [0.04, 0.62] 8.19
Moneir et al. 2023 a2 a4 40 44 —@ — 1.03[0.75, 1.40] 19.88
Ojha el al. 2023 15 20 19 20 0.88 [0.53, 1.45] 17.73
Tolba et al. 2021 5 20 17 20 - 0.44[0.18, 1.03] 13.18
Overall —~— 0.58 [ 0.35, 0.96]
Heterogeneity: 1° = 0.80, |I° = 77.74%, H* = 4.49
Test of 8 = 6;: Q(6) = 17.99, p = 0.01
Testof ©=0:z=-2.11, p=0.03
1716 /8 1/4  1/2 1
(©)
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1/‘32 1}4 é 16
(D)

D Endoscopic Microscopic Risk ratio Weight
Study ID Event Total Event Total with 95% CI (%)
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Tolba et al. 2021 2 20 1 20 - 1.91[0.19, 19.52] 29.24
Overall —_— 0.99[0.23, 4.25]
Heterogeneity: I° = 0.00%, H® = 1.00
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Figure 4. Meta-analysis of the rates of (A) chorda tympani injury, (B) chorda tympani manipulation, (C) facial nerve injury, and (D) tympanic

membrane perforation. Cl, confidence interval.

posterior bony canal, reduced damage to the ear canal
skin caused by curetting, and decreased pressure exerted
by the ear speculum in the external auditory canal in the
microscopic group.'> In the present meta-analysis, the
observed reduction of 1.59 points in pain scores is not
only statistically significant but also clinically meaningful,
exceeding the minimal clinically important difference
threshold of a >1-point improvement.

Meanwhile, there was no difference between both
groups in the mean postoperative ABG gain. The
improvement of hearing following stapedotomy is con-
tingent upon factors such as piston placement, piston
length, perilymph leakage, piston displacement, and

erosion of the long process of the incus. This improve-
ment is not influenced by the utilization of a microscope
or endoscope.!' Endoscopes facilitate the visualization of
crucial anatomical structures, such as the ossicles and FN,
particularly in narrow canals. They employ a minimally
invasive technique, enhancing exposure, footplate fenes-
tration, and piston placement. This may imply that the
endoscopic approach would decrease the surgery dura-
tion; however, this effect was not observed, with no
difference between the groups and notable heterogeneity
in the included trials.

The process of microscopic stapedotomy requires a
longer duration to curette/drill the posterior bony wall
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Study ID Event Total Event Total with 95% CI (%)
Bhardwaj et al. 2018 0 20 0 20 1.00[0.02, 48.09] 0.99
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Figure 5. (A) Meta-analysis of the rate of dysgeusia and (B) publication bias graph for dysgeusia. Cl, confidence interval.

and involves more maneuvering of the CTN to achieve a
clear field of view.® Nevertheless, although endoscopic
stapedotomy holds potential benefits, it could present
difficulties for surgeons needing more otologic expertise.
The technique's single-handed nature and limitations
in stereoscopic visualization can contribute to a more
challenging learning curve than the microscopic ap-
proach.'® Additional challenges may involve the intermit-
tent application of suction, the removal of blood from the
surgical area, and frequently cleaning a fogged or blood-
stained endoscope tip. Despite the initial obstacles posed by
single-handed manipulation, proficient surgeons can
achieve faster stapedotomy times through the endoscopic
approach.'! Therefore, the endoscopic approach's lack of
benefit and heterogeneity in decreasing the surgery duration
in the absence of curettage and other interventions can be

justified by the varying degree of experience in endoscopic
surgery from one center to another."!

This slight technical complexity of endoscopic stape-
dotomy poses challenges for less-experienced surgeons
due to its single-handed nature and limited stereoscopic
visualization. Incorporating structured training, such as
simulation-based practice and mentorship, could improve
proficiency. Future research should focus on assessing the
learning curve, the number of procedures needed for
proficiency, and the potential of virtual reality in surgical
training. Moreover, comparing outcomes between novice
and experienced surgeons in endoscopic and microscopic
techniques would provide valuable insights for optimizing
education.

Several systematic reviews were conducted on the same
matter.”?*° Our findings align with previous endeavors.
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Figure 6. Meta-analysis of (A) the rate of dizziness and (B) mean postoperative pain score. Cl, confidence interval.

Endoscopic stapedotomy showed comparable functional
outcomes with a decreased risk of some complications,
especially pain and dysgeusia. However, Koukkoullis
et al, after pooling 6 nonrandomized studies, showed a
significant decrease in CTN injury with the endoscopic
approach.®® Also, Fang et al reported significantly
improved functional outcomes with the endoscopic
approach, enhancing ABG gain.?® All previous reviews
recommended further assessment of this matter, by
conducting RCTs.>283°

Strengths and Limitations

To the best of our knowledge, this is the first systematic
review and meta-analysis comparing the safety and efficacy
of endoscopic versus microscopic stapedotomy that exclu-
sively pooled data from RCTs, eliminating several con-
founders present in nonrandomized studies. As such, this
study can be considered the gold standard of evidence in
this area. Further strengths include the reporting of
multiple outcomes and the use of robust analyses, such
as leave-one-out sensitivity analyses. We adhered to the
PRISMA guidelines and prospectively registered in
PROSPERO to minimize reporting bias. However, our
review has some limitations: several investigated outcomes
(eg, CTN manipulation) exhibited significant heterogeneity,

which should be interpreted with caution. The lack of
explicit definitions for CTN manipulation in the included
RCTs limits the consistency of the findings. Additionally, 3
studies showed a high risk of bias. The small number of
studies per outcome (ie, fewer than 10) prevented us from
reliably assessing publication bias using Egger's regression.
Also, the limited detailed information provided by the
included RCTs prevents us from conducting a subgroup
analysis (ie, endaural incision vs transcanal) for certain
outcomes (ie, postoperative pain score).

Conclusion

This systematic review and meta-analysis of 11 RCTs
demonstrates that endoscopic stapedotomy significantly
reduces the risk of postoperative dysgeusia, CTN manipula-
tion, and pain compared to microscopic stapedotomy.
However, endoscopic stapedotomy showed similar surgery
durations, audiometric gains, and comparable risks of CTN
injury, TM perforation, FN injury, and dizziness. Further
research is needed to consolidate our findings.
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