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endoscopic technique in revision
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Introduction: In this study, we aimed to evaluate the differences in hearing
outcomes and surgical complications after revision stapes procedure using
endoscopic and microscopic techniques.

Methods: Systematic literature review was performed following the Preferred
Reporting ltems for Systematic reviews and Meta-Analyses (PRISMA) checklist.
A comprehensive search with timeline from January 2010 to May 2024 was
performed using PubMed, Scopus, and Google Scholar databases. The following
keywords were used: “otosclerosis revision surgery and outcome,” “otosclerosis
revision and endoscopic surgery,” “otosclerosis revision surgery and quality of
life,” "otosclerosis revision surgery and indication,” “otosclerosis revision surgery
and risk,” “otosclerosis revision surgery and results.” Only articles published in
English were included. Data on the causes of reintervention, audiological tests,
and post-surgical complications were extracted, analyzed, and compared.

Results: Fourteen studies, involving 686 patients and 690 procedures, were
included. All articles had a retrospective cohort design, with the number of
included patients ranging from 6 to 156. Revision surgery was prevalently
performed for recurrence of conductive hearing loss (420 cases, 60.8%). Twelve
procedures were performed using an endoscopic approach, while 690 surgeries
were performed using the traditional microscopic technique. No statistically
significant difference was observed in the audiological tests before (p = 0.4;
Cohen’s d 0.52) and after surgery (p = 0.5; Cohen'’s, 0.7) between patients
treated with endoscopy and microscopy. Statistically significant differences were
observed in post-surgical complications. Endoscopic surgery resulted in taste
disorders in more patients (p = 0.03), whereas microscopic surgery led to more
sensorineural hearing loss (p = 0.02) and tinnitus (p = 0.04) as post-surgical
negative outcomes.

Conclusion: The two techniques appear equal in terms of audiological results
but differed slightly considering surgical complications. However, because the
groups were highly unbalanced; therefore, our results must be considered
preliminary and interpreted carefully.

KEYWORDS

otosclerosis, revision surgery, microscope, endoscope, audiological outcomes,
complication
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1 Introduction

Otosclerosis causes abnormal bone overgrowth around the oval
window and clinically manifests as conductive mixed hearing loss
(CHL; Blijleven et al., 2019).

The first treatment approach is surgical replacement of stapes
with a piston (Ricci et al., 2022); in case of failure or recurrence
of the disease, treatment includes a combination of reintervention
and hearing aids to improve hearing (Ricci et al, 2023). The
optimal result is air-bone gap (ABG) closure to < 10 dB (American
Academy of Otolaryngology-Head Neck Surgery Foundation,
1995).

Currently, due to technological improvements, stapedoplasty
can be performed using a traditional microscopic approach or
endoscopy (lannella et al, 2018). Recent meta-analyses have
identified overlapping results in first stapes surgery by comparing
endoscopic and traditional microscopic approaches (Ho et al., 2021;
Bartel et al., 2021; Fang et al., 2021; Koukkoullis et al., 2020).

Unfortunately, ~20% of patients who undergo stapes surgery
require a revision surgery for progression of otosclerosis into
the cochlea or for recurrence of CHL (Luryi et al., 2021). Other
causes of reintervention are prosthesis displacement, inadequate
stapedotomy, or presence of concomitant reasons for CHL, such
as superior semicircular canal dehiscence or lateral chain fixation.
In addition, incus necrosis, footplate regrowth, and development of
tinnitus or vertigo may require surgical revision.

The likelihood of positive and satisfactory outcomes is inversely
related to the number of reinterventions; it is estimated that
revision outcomes are ~40-80% less satisfactory than primary
stapedectomy (Wegner et al., 2018). In particular, there is a higher
risk of postoperative sensorineural hearing loss (SNHL; 1-8%)
compared to primary surgery (< 1%; Wegner et al., 2018).

Thus far, original comparative studies or systematic reviews
evaluating the differences in audiological outcomes and
complications between endoscopic and microscopic approaches
remain lacking.

In this systematic literature review, we aimed to evaluate
results and

audiological the occurrence of postoperative

complications by comparing endoscopic and microscopic

approaches in stapes revision procedures.

2 Materials and methods

2.1 Search strategy

This study was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
checklist and statement recommendations. This review did not
require Institutional Review Board approval.

A comprehensive search strategy developed in partnership
with a medical librarian was performed using PubMed, Scopus,
and Google Scholar with a timeline from January 2010 to May
2024. The following combined keywords were used: “otosclerosis

» «

and surgery,

»

otosclerosis and audiological findings,” “otosclerosis

» «

revision surgery;, “otosclerosis revision surgery and indication,”

« . .. e o« . .
otosclerosis revision surgery and risk;” “otosclerosis revision

» «

surgery and results;,” “otosclerosis revision surgery and outcome,’
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“otosclerosis revision and endoscopic surgery,” and “otosclerosis
revision surgery and quality of life.” Only articles published in
English language were considered for analysis.

Two independent investigators reviewed the articles extracted
from literature. Duplicates were removed, and each reviewer
individually filled in an Excel data sheet (Microsoft Corporation,
Redmond, WA, USA), including information extracted from the
articles. The results were compared and disagreements regarding
included/excluded papers were debated until a consensus was
reached among the researchers (FMG, MR, MRe, and ADS). Only
papers with full consensus were considered.

2.2 Study selection criteria

The inclusion criteria were articles on revision surgery
for otosclerosis written in English with available full-text,
longitudinal, observational, case-control studies, and clinical trial
designs. The articles had to report the following information:
method of surgery (microscopy or endoscopy), details regarding
intraoperative findings observed during revision surgery, post-
surgical complications, and audiological outcomes (assessed by
comparing presurgical and post-surgical mean ABG levels).

Exclusion criteria were articles discussing auditory
rehabilitation or medical treatment for otosclerosis, written
in languages different from English, including French and Italian,
case report, case series, review, systematic review and meta-
analyses designs, and papers published before 2010, because
“endoscopic middle ear surgery” was not available prior to 2010.

The selected articles were read in full to assess the study
objectives and results. Details regarding sex, age, type of surgical
approach, audiological tests before and after surgery, intraoperative

findings, and complications were extracted for statistical analysis.

2.3 Statistical analysis

T-test (r) was used to compare numerical data such as sample
size. Post-surgery outcomes (nominal data) of traditional and
endoscopic revision stapedectomy were compared using the chi-
square test (% ). Audiological findings before and after surgery were
compared using one-way analysis of variance (ANOVA). Cohen’s
test was used to evaluate the effects of different sample sizes. The
value of p was considered significant at < 0.05. Analyses were
performed using PRISM 10.3.

3 Results

Fourteen studies comprising 686 patients and 690 procedures
met the inclusion criteria and were included in the review
(Figure 1). The main characteristics of the selected studies are
summarized in Table 1. All the included studies had a retrospective
cohort design. The number of patients varied among the studies,
ranging from 6 to 156. In 60.8% (420 cases) the reason for revision
surgery was recurrence of CHL.

Details of intraoperative findings were reported in 58.5%
of cases (404/690 procedures). Twelve studies (85.7%) reported
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FIGURE 1
Flow chart showing study selection.
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audiological outcomes, as mean (pre and post-surgical) ABG
pure-tone audiometry (PTA) values. The mean presurgical ABG-
PTA was 329 dB while post-surgical ABG-PTA was 13.1
dB. Eleven studies (78.6%) provided information on post-
treatment complications.

It was not possible to perform a meta-analyses as first for the
heterogeneity of the outcome measures, i.e., only 58.5% of the study
had details about intra-operative findings, secondly because the the
endoscopy sample was too small.

None of the studies had overlapping cohort, no great potential
bias were identified.

3.1 Comparison between traditional and
endoscopic surgery

Considering the two techniques, 620 patients (625 procedures)
underwent revision with traditional surgery (microscopy) and 12
patients (12 procedures) with endoscopy. The difference between
the patients treated in the two groups was statistically significant
(t-test, p < 0.00001).

All patients underwent traditional microscopic surgery as the
first surgery. In the traditional surgery group, 408 procedures
were performed for CHL and 62 for other causes (Table 2), while
in the endoscopic surgery group, all procedures were performed
for CHL. In the traditional surgery group, we observed the
following intraoperative findings: 34.3% prosthesis dislocation
(132 cases), 33.3% incus erosion (128 cases), 12.7% adhesion

(49 cases), 6.2% incomplete previous surgery (24 cases), 5.4%
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others (21 cases), 4.1% normal anatomy with good prosthesis
placement (16 cases), 2% lateral chain fixation (8 subjects), 1.3%
obliterative otosclerosis (5 cases), 0.2% reparative granuloma
(I case). Table2 shows the list of intraoperatory findings.
Table 3 shows the other causes that conducted patients to re-
intervention.

Patients treated with endoscopy showed 8.3% incus erosion
(1 case), 41.6% prothesis dislocation (5 patients), and 50% lateral
chain fixation (6 patients).

Presurgical ABG-PTA was 33.1 £ 5.8 in patients who
underwent revision surgery with microscope; notably, two studies
including 150 patients did not report this detail (Luryi et al., 2021;
Ying et al., 2011) and therefore ABG-PTA data were not available
for 177 patients. In this group, post-surgical ABG-PTA was 12.6 &
2.7; however, the same abovementioned studies did not report this
data, and consequently the ABG-PTA average was obtained only for
341 patients.

The presurgical ABG-PTA was 33 & 2.7 in the group of patients
who underwent endoscopic revision surgery; after revision surgery,
the ABG-PTA was 14.5 +0.7.

The following post-surgical complications were observed in
patients treated with microscopic procedure: 2.3% SNHL (10
patients), 0.4% tinnitus (2 cases), 0.1% taste alterations (1 person),
and 0.8% vertigo (4 subjects). Three studies, including 23 (Polony
et al,, 2021), 26 (Rouhani and Lavy, 2019), and 27 patients (Ying
et al, 2011), did not include any information on post-surgical
outcomes. The percentages were calculated for 442 patients.

None of the patients treated endoscopically reported SNHL or
tinnitus. Contrarily, taste disorders were observed in 25% (3 cases)
and vertigo in 41.6% of patients (5 cases).
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TABLE 1 Main characteristics of the selected studies.

References

No. of patients No. of procedures

Reasons for

revision

Surgical technique

Adhesion
Incus erosion

Intraoperative findings

Prothesis dislocation

Incomplete previous surgery
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Reparative granuloma

Lateral chain fixation

Obliterative otosclerosis

Hearing outcomes

Pre surgical mean ABG-PTA

Post surgical mean ABG-PTA

Post surgical
complications

Sensorineural hearing loss
Tinnitus
Taste disturbance

Bakhos et al. (2010) 88 89 82 7 n/a | n/a n/a | n/a n/a|n/a n/a n/al n/al 25dB 14 dB 2 | n/a n/a| n/a
Ying et al. (2011) 27 27 27 0 4 10 12 0 0 0 0 8 3 n/a n/a n/a | n/a | n/a | n/a
Van Rompaey et al. 20 20 20 0 M n/a | n/a | n/a n/a | n/a| n/a|n/aln/a n/a|42.8dB 14.3 dB 0 0 0 0
(2011)

Stucken et al. (2012) 26 26 18 8 M 8 | 4 11 0 0 0 0 0 3 | 339dB 10.6 dB 0 0 0 1
House et al. (2014) 37 37 n/a n/a M 0 | 37 0 0 0 0 0 0 0 | 31.1dB 8.8dB 0 2 1 3
Skrivan et al. (2014) 43 43 43 0 M 12 | 7 11 0 0 0 3 0 10 | 29.4dB 11.6 dB 1 | n/a | n/a n/a
Tannella et al. (2018) 6 6 6 0 E 00 0 0 0 0 6 0 0 35dB 14 dB 0 0 2 4
Nassiri et al. (2019) 6 6 6 0 E 0 |1 5 0 0 0 0 0 0 | 31.1dB 15dB 0 0 1 1
Rouhani and Lavy, 26 26 26 0 M 02 0 0 0 0 0 0 0 | 293dB 9.9dB n/a | n/a | n/a | n/a
2019

Blijleven et al. (2019) 63 66 40 26 M 4 |3 31 | 24 0 0 2 0 2 34 dB 15dB 3 0 0 0
Jervis-Bardy et al. 15 15 n/a n/a M 1]0 3,0 8]0 1 0 | 2 |414dB 11.9dB 0O} 0 0 0
(2020)

Polony et al. (2021) 23 23 23 0 M 12 | 2 6 0 0 0 1 1 1 | 31.1dB 17.2dB n/a | n/a  n/a | n/a
Luryi et al. (2021) 150 150 129 21 M 8 |49 | 58 0 8 1 1 4 0 n/a n/a 4 | n/a| n/a| n/a
Pauli et al. (2023) 156 156 n/a n/a n/a n/a | n/a | n/a| n/a|n/a|n/aln/aln/aln/al3l4dB 15.6 dB 2 17 | 7 3
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TABLE 2 List of other intraoperative pathological findings.

References Other pathological Number of
findings patients

Jervis-Bardy et al. No prosthesis seen 2

(2020)

Blijleven et al. Missing data 2

(2019)

Polony et al. (2021) Narrow fenestration 1

Ying et al. (2011) Small fenestra size 1
Piston binding against the 1

lip of oval window

Short prosthesis 1
Stucken et al. (2012) Prosthesis too long 3
Skrivan et al. (2014) Short prosthesis 1
Missed incus 1
Previous mobilization 8

TABLE 3 List of other reasons for performing surgical revision procedure.

References Other reasons for Number of
revision than CHL patients
Bakhos et al. (2010) Vertigo 7
Luryi et al. (2021) n/a 21
Blijleven et al. Vertigo 2
(2019)
Incomplete previous 24
surgery
Stucken et al. (2012) Vertigo 3
Tinnitus 4
Barotrauma 1

3.2 Comparison between the two groups

No statistically significant difference was observed in ABG-
PTA before (p = 0.4; Cohen’s, 0.52) and after surgery (p = 0.5;
Cohen’s, 0.7).

The comparison

of post-surgical complications was

statistically ~ significant for SNHL (p = 0.02), tinnitus
(p = 0.04), and taste disorders (p = 0.03), but not
for vertigo (p = 0.5). SNHL and tinnitus were the
most common negative outcomes in patients who

underwent revision surgery with microscope; indeed, taste
disorders were the most common complications in the

endoscopic approach.

4 Discussion

Based on the results of this systematic literature review, the
two techniques appear equal in terms of audiological results
but differ slightly in terms of postoperative complications.
The different
to the

incidence of complications might be due

instruments used; the endoscope touching the
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canal wall may present a higher risk of damaging the
chorda tympany, causing taste disorders, and a microscope
providing a limited view might increase the risk of perilymph
leak during surgery with consequent SNHL and tinnitus
(Figure 2).

Because the groups were highly unbalanced, our results must be
considered preliminary and interpreted carefully.

It is also important to consider additional aspects that can
affect the outcomes independent of the approach. First, although
most patients in both groups underwent reintervention, the main
cause of reintervention could have affected the result. Some aspects,
such as the condition of the incus and closure of the oval
window, could negatively impact audiological outcomes and even
increase the risk of complications after reintervention. Another
important aspect that can impact (positively or negatively) the
outcomes is the surgical experience of the surgeon. In this
systematic review, we included data from different studies with
different surgeons, and this aspect could have impacted the
results independent of the surgical approach used (microscope
or endoscope).

It is important to underline that the evidences about using
endoscope for re-intervention are very limited; the sample size is
minimal—six patients in each study-, there is an important variable
related to the two surgeons who performed the surgery and the
follow-up post revision surgery is short. However, if we consider the
comparison between the two techniques made for primary stapes
surgery, the results of the systematic review and meta-analyses
support our current results. Koukkoullis et al. (2020) analyzed the
odds ratio (OR) of different parameters comparing endoscope and
microscope approach for primary stapedoplasty; the authors found
an increased risk of damaging chorda tympani (OR:3.51) with taste
alteration (OR: 2.36) or post-operative dizziness (OR: 2.15) using
the microscope approach vs. the endoscope approach. These results
overlap the findings we observed comparing the same technique in
revision surgery.

A recent systematic review (Mikahail et al, 2024) on
the same topic confirmed Koukkoulliss results regarding the
chorda tympani damage, but not regarding dizziness and taste
disorders. Additionally, the authors found a considerably increased
postoperative air-bone gap in the microscopic group. The latter
was in contrast with our results.

4.1 Post-surgical audiological outcomes
(endoscope vs. microscope)

Our results showed similar mean postoperative ABG for the
microscopic and endoscopic revision procedures. This agrees with
previously published studies (meta-analyses), where audiological
outcomes were compared between endoscope and microscope
techniques for primary stapes procedures (Ho et al., 2021; Bartel
et al.,, 2021; Koukkoullis et al., 2020).

Cohen’s test, used to evaluate the impact of different sample
sizes on the statistical results, showed a medium effect (0.52)
of different sample sizes on presurgical auditory findings and
a medium-large effect (0.7) on post-surgical auditory outcomes.
Because the two groups did not present statistically significant
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Microscopic Stapedotomy

FIGURE 2

Images showing the comparison between microscopic and endoscopic views during stapes revision surgery.

Endoscopic Stapedotomy

differences, the effect of Cohen’s test is not relevant to interpret
our results. In fact, Cohen’s test is generally considered in the case
of statistically significant comparisons. However, we believe that
our data should be carefully interpreted because of the effect of
different sample sizes on the statistical results, although it is non-
significant.

Nevertheless, Fang et al. (2021) observed better audiological
results after surgery (with a statistically significant value) in
patients treated with endoscopic procedure compared those treated
by microscope.

Unfortunately, none of the studies included in this review
reported data on ABG closure (< 10 dB); however, in all
cases, the authors described an ABG < 20 dB. Although
not excellent, an ABG of ~20 dB could be an acceptable
result, particularly for revision surgery (Ricci et al, 2023).
However, changes in the ABG must be considered with
caution. In fact, both in primary and revision otosclerosis,
the surgical procedures can cause SNHL with a worsening
of bone conduction, and this might superficially mimic
ABG closure.

Frontiersin Audiology and Otology

4.2 Post-surgical complications
(endoscope vs. microscope)

Tinnitus or transitory dizziness are frequently reported after
revision stapes surgery. This event may be a consequence of lack
of perilymph during surgery. Because a minimal loss of perilymph
can be replaced in 1 week (Di Stadio et al., 2024), these symptoms
are transitory and tend to spontaneously disappear within a week
in the majority of cases. In contrast, the post-surgical worsening
of bone conduction threshold is a more serious complication.
Worsening of the auditory threshold is related to excess perilymph
loss during the procedure (Alicandri-Ciufelli et al., 2019). The rate
of SNHL tends to be higher after revision stapes surgery compared
to primary surgery; up to 20% of SNHL cases have reportedly
occurred after revision surgery (Gros et al., 2005). This can result
from an alteration in the normal anatomy due to prior surgery and
unpredictable bony regrowth of the oval window.

The results of our review showed better auditory outcomes with
the endoscopic technique, although endoscopy is associated with a
high risk of taste disorders.
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Considering post-surgical complications, the differences we
observed were the same as those reported by other authors (Ho
etal., 2021; Bartel et al., 2021; Koukkoullis et al., 2020). In literature,
only one study favored the endoscopic approach to reduce the risk
of chorda tympani lesions (Fang et al., 2021).

4.3 The emerging role of endoscopic
approach in stapes surgery

Fifteen years ago, thanks to the development of endoscopy
technology, some surgeons began to use this technique to approach
the middle ear and perform surgical treatment for chronic otitis
and cholesteatoma (Presutti et al., 2014). The use of an endoscope
enabled a clear view of the middle ear. In the following years,
“endoscopic middle ear surgery” was extended to treat other
conditions such as otosclerosis.

Several studies, including meta-analyses, have compared the
outcomes between endoscopic and microscopic techniques (Ho
et al,, 2021; Bartel et al., 2021; Fang et al., 2021; Koukkoullis et al.,
2020). To date, meta-analyses have only analyzed the results of the
primary surgery.

The results of this systematic review showed similar
audiological outcomes between endoscopic and microscopic
techniques, with slightly fewer auditory complications with the
endoscopic technique than with the microscopic technique.

We believe that the use of an endoscope can also benefit
teachers. Stapes surgery performed using traditional non-
video-assisted microscope is challenging to be followed by
a non-expert in the field (i.e, residents in otolaryngology
or first-year fellows in neurotology). Indeed, the second
ocular of the microscope only allows a two-dimensional view
that makes it difficult to fully understand the details of the
procedure. An endoscope that allows direct and complete
visualization of the middle ear could be a useful tool to
simplify the teaching of this complex procedure, particularly
during reintervention.

4.4 Limitations of the study

Our review has several limitations. First, fewer cases were
treated using the endoscopic approach than with the microscope.
This drawback makes it difficult to reach definitive conclusions
regarding the advantages of endoscopy in stapes revision
procedures because the groups were highly unbalanced. However,
despite the scarcity of cases, our results overlap with those
of previous meta-analyses comparing the two techniques in
treating primary otosclerosis. Another important limitation was
the failure of the primary surgery, which necessitated a revision
procedure. Otosclerosis is a progressive condition, and surgery
is performed to restore the auditory capacity, which has limited
effects on disease progression. Analysis of intraoperative findings
could be useful for understanding the cause of recurrent
CHL. Moreover, understanding whether prosthesis dislocation or
cochlear ossification was the cause of hearing loss could be useful
in predicting the auditory outcomes related to different techniques.
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In addition, the causes of revision surgery differed between
the two groups. Further studies should compare homogeneous
causes of revision to limit confounding factors, that is, better
post-surgical outcomes in piston displacement than in scar
adhesion or incus erosion. Every specific condition may represent
an enormous confounding factor in the consideration of final
outcomes and complications, regardless of the surgical approach.
Unfortunately, the number of studies analyzing the final outcomes
separately with respect to intraoperative pathological findings
remains limited.

Finally, other elements can influence the results of the surgery
in addition to the surgical approach, such as the use of laser
(alone or combined with a microdrill), type of anesthesia, and
model of the prosthesis used. These elements were not considered
in this systematic review because of missing data. However, all
the abovementioned elements can impact both audiological results
and complications.

5 Conclusion

This systematic review included a large series of revision stapes
surgeries and is the first study to analyze hearin g outcomes
and complication rates by comparing microscopic and endoscopic
approaches. However, because of the strong important difference
in term of cases between microscope and endoscope approach,
620 vs. 12, although the statistical analyses identified overlapping
auditory results between the two, with differences in post-surgical
complications that could be related to the different approaches,
our results must absolutely be considered as preliminary. The data
on endoscopic approach in revision stapes surgery are still too
limited to make an equal comparison with the microscope; larger
prospective studies or clinical trial perfomed by the same surgeon
are a must to confirm or not the findings of this systematic review.
To reiterate, despite intriguing, our results are only preliminary.
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