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Abstract

Objective The most widely accepted treatment for otosclerosis is currently microscopic stapes surgery under either local
or general anesthesia. The aim of the study is to describe the surgical steps in endoscopic stapes surgery and to evaluate the
audiologic and surgical outcomes.

Materials and methods All patients who underwent exclusive endoscopic stapes surgery or revision surgery for previous
stapedotomy between November 2014 and September 2018 were enrolled in this study. Demographic data, surgical informa-
tion, preoperative and postoperative pure tone averages and air bone gaps, intraoperative and postoperative complications
and follow-up data were summarized and gathered in a database for further consideration and analysis.

Results In the period examined, 181 stapes surgical procedures were performed and out of these 150 met the inclusion
criteria. There were no cases of major intraoperative complications. Sensorineural hearing loss was observed in one case.
In one patient a gusher effect occurred during surgery. The postoperative air—bone gap improved significantly compared to
the preoperative gap (8 vs 29 dB HL, respectively), and the mean air—bone gap closure was 20 dB HL. In 78.7% of cases,
the observed postoperative air—bone gap was less than 10 dB HL and in 14% it was between 11 dB HL and 20 dB HL. An
ABG closure lower than 20 dB HL was achieved in a total of 92.7% of patients.

Conclusions Endoscopic stapes surgery is a safe procedure with a low risk of peri- or postoperative complications and is a
possible alternative to the traditional microscopic surgical procedure in the treatment of otosclerosis.
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Introduction the stapes, which is referred to as a stapedotomy, or a total

or partial removal of the stapes footplate which is known

Otosclerosis is a complex and progressive disease that
mainly affects the stapes footplate, and in more advanced
stages, the otic capsule of the temporal bone. The location
and extent of the remodeled pathological bone lesions deter-
mine the symptomatology, which is most often a conductive
or mixed hearing loss [1, 2]. The most widely accepted treat-
ment for otosclerosis is microscopic stapes surgery [1-3].
This is a minimally invasive and safe procedure performed
under general or local anesthesia, with favorable hearing out-
come and a low risk of complications. Surgical corrections
may include a small opening within the central footplate of
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as stapedectomy [2, 3]. In recent years, advances in optics
have revolutionized medical practice with the concept of
minimally invasive surgical procedures. Recently, the endo-
scope has been introduced in otologic surgery and is gaining
popularity worldwide as an exclusive or complementary tool
in many otologic procedures. In stapes surgery, the good
exposure and wide field of view provided by the endoscope
improve visualization of middle ear anatomy resulting in a
great advantage, in particular, in malformed ears or in revi-
sion procedures [4—7]. Since it is a recently introduced tech-
nique, only a few studies have been published about assisted
or fully endoscopic stapes surgery. The aim of the study is to
describe the surgical steps of endoscopic transcanal stapes
surgery assessing the outcomes in terms of hearing gain and
surgical complications.
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Materials and methods

This is a retrospective review of patients who underwent sta-
pes surgery using the stapedotomy technique at our tertiary
referral center in the period between November 2014 and
September 2018. The inclusion criteria were:

— patients diagnosed with otosclerosis, confirmed by an
intraoperative stapes footplate fixation;

— patients who underwent exclusive endoscopic stapedot-
omy or who required revision surgery;

— at least 6 months of postoperative follow-up.

Exclusion criteria were:

— patients with otosclerosis and coexisting ossicular chain
anomalies;

— patients with middle ear and retrocochlear pathology;

— microscopic stapes surgery or combined microscopic—
endoscopic stapes surgery;

— lack of postoperative audiometric evaluation or clinical
follow-up.

Demographic data and surgical information such as date
of surgery, surgical reports, operated ear, operative times,
types of endoscope and prosthesis used, ossicular chain
anomalies encountered, intraoperative complications and
their management were collected and gathered in a database.
The procedures were categorized as primary stapes surgery
or revision surgery after prior stapedotomy. Preoperative and
postoperative pure-tone averages from air and bone conduc-
tion thresholds at frequencies of 0.5, 1, 2, and 3 kHz were
calculated. The air-bone gap (ABG) was obtained by sub-
tracting the bone conduction threshold (BCT) from the air
conduction threshold (ACT) as recommended by the Hear-
ing Committee of the American Academy of Otolaryngol-
ogy—Head and Neck Surgery [8]. Complications during
surgery and postoperative follow-up were also investigated
and subdivided as follows:

— intraoperative complications, including chorda tympani
or facial nerve injury, sensorineural hearing loss, exces-
sive bleeding, tympanic—ossicular system injuries and
stapes gusher phenomenon;

— early postoperative complications, occurring within 1
month after surgery, including dizziness, facial nerve
weakness, tympanic membrane perforation, infections
and dysgeusia;

— late postoperative complications, observed after the first
postoperative month, including prosthesis extrusion or
dislocation and iatrogenic cholesteatoma.
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Preoperative assessment

In the preoperative evaluation, patients underwent an
otoendoscopic examination using either a 0°, 3—4 mm
diameter, 14—18 cm long scope (Karl Storz®, Tuttlingen,
Germany) or a 45°, 3—-4 mm diameter, 14—-18 cm long
scope (Karl Storz) to eliminate external ear canal pathol-
ogy or other middle ear diseases. Pure tone audiometry,
tympanometry and stapedial reflex tests were also per-
formed in all patients. Indications for surgical management
of otosclerosis included conductive or mixed hearing loss
with > 30 dB preoperative ABG, the absence of a stapedial
reflex or an on—off phenomenon, the presence of a type A
tympanometry and normal endoscopic findings. A CT scan
was routinely performed to exclude middle ear malforma-
tions and possible concurrent middle or inner ear diseases.

Surgical procedure

— The procedures were performed under general anes-
thesia. The video equipment was placed in front of
the surgeon. The instruments used were 0° and 45°, 3
mm-diameter and 14 cm-long endoscopes (Karl Storz).
Occasionally, if the external auditory canal (EAC) was
wide enough, a 4 mm-diameter, 18 cm-long endoscope
was also used to ensure better image quality. Hemosta-
sis was obtained by maintaining a hypotensive status
(blood pressure < 90/60 mmHg) and placing epineph-
rine (1:2000)-soaked cottonoids in the EAC for 5 min.

— After adequate local anesthesia infiltration, using 0°
endoscopic view, an ear canal skin incision was made
from the 5 to the 12 o’clock position allowing elevation
of the tympanomeatal flap (Fig. 1a, b).

— Occasionally, part of the scutum had to be curetted or
drilled to increase exposure of the stapes, oval window,
footplate, and facial nerve, to allow instrument access to
the retrotympanic region of the middle ear and to facili-
tate the surgical maneuvers. In this case, it is important to
visualize and take special care around the chorda tympani
to avoid injuries to this structure (Fig. 1c).

— Exploration of the middle ear with 0° or 45° endo-
scopes allowed the anatomical landmarks to be
checked. The facial nerve runs closely to the oval win-
dow and the footplate, so attention must be given to
ensure that it is not displaced onto the footplate. Then
stapes fixation was confirmed by testing ossicular chain
mobility with a hook. After this step, the stapedial ten-
don and then the posterior stapes crura were cut with a
scissors, the incudo-stapedial joint was disarticulated,
and the stapes superstructure was carefully removed
leaving the footplate in place (Fig. 1d).
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Fig. 1 a External auditory canal skin incision using a round scalpel.
b Elevation of the tympanomeatal flap. ¢ Visualization of the chorda
tympani and incudo-stapedial joint after curettage of the posterior
wall of the EAC. d Stapedial tendon section. e, f Platinotomy using
a microdrill. g, h Positioning of the prosthesis and its fixation at the

handle of the malleus. EAC external auditory canal, m malleus, tm
tympanic membrane, rw round window, i incus, s stapes, ct chorda
tympani, pr promontory, st stapedial tendon, sp stapes plate, p pros-
thesis, fn facial nerve
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— A microdrill was then used to perform a calibrated
platinotomy using a 0.6 mm diameter diamond drill bur
(Skeeter®, Otologic Drill System, Medtronic Xomed,
Dublin, Ireland) at the medial or posterior portion of the
footplate. A piston-type titanium prosthesis 0.6 X 4—6 mm
(K-Piston stapes prosthesis, Kurz, Dusslingen, Germany)
was then inserted and placed between the oval window
and the incus (Fig. le-h). This surgical step represents
the main difference between the microscopic and endo-
scopic technique: since the endoscopic technique is
one-handed, precautions are required in the handling
and positioning of the prosthesis. A suction tube with
diameter smaller than the piston hook is used, adjusted
to a power barely sufficient to pick up the prosthesis and
insert it through the EAC in the middle ear, close to the
platinotomy. It is very important to pick up the prosthe-
sis from the uppermost portion of the hook to guide the
piston toward the platinotomy. At this point, to perfect
the positioning and proceed to inserting the piston in the
platinotomy, a straight instrument (e.g., a Rosen’s needle)
is used. After correct positioning, a crimper is used to fix
the prosthesis to the long process of the incus.

— After that, the malleus was carefully palpated to ensure
the mobility of the ossicular chain through the prosthesis,
checking the movement of the round window membrane
after gently pushing on the handle of the malleus.

— The tympanomeatal flap was finally relocated into its
original position, fixed in this position with Gelfoam
(Pfizer, New York, USA) and treated with antibiotic oto-
logic drops during the postoperative period.

Postoperative follow-up

Regular healing of the tympanic membrane and the absence
of early postoperative complications were confirmed in
the first endoscopic examination, 30 days after surgery. A
second evaluation was performed at 4 months follow-up to
assess the hearing gain and to monitor the occurrence of any
late complications.

The percentage recovery after the procedure was calcu-
lated and compared with the best possible recovery (com-
plete closure of the ABG) using the following formula:

[(Preoperative ABG — postoperative ABG)/
preoperative ABG] % 100.

In this way, complete closure of the ABG was considered
to be 100% recovery, and at the opposite end complete lack
of improvement was calculated as 0% recovery. Negative
values correspond to worsening of the ABG after surgery.
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Fig.2 Flowchart: patient included in the present study

Ethical approval

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional (Comitato etico delle province di Verona e
Rovigo) and national research committee and with the 1964
Helsinki Declaration and its later amendments or compara-
ble ethical standards.

Informed consent

Informed consent was obtained from all individual partici-
pants included in the study.

Statistical analysis

Student’s T test was used to compare the pre- and postopera-
tive means with normally distributed data, Mann—Whitney
U test was used to compare independent samples among the
same group of patients and p values <0.05 were considered
statistically significant.

Results

Between November 2014 and September 2018, 181 patients
underwent endoscopic stapedotomy in our Department of
Otorhinolaryngology and Head and Neck Surgery. Out
of these, 150 patients met the inclusion criteria and were
enrolled in the present study (Fig. 2).

The mean age of the patients was 48.02 years (range 678
years), 84 (56.0%) were female and 66 (44.0%) were male.
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Table 1 Intraoperative, short-term or long-term postoperative com-
plications in this study

Intraoperative complications

Facial nerve lesion 0 (0%)
Vascular structure lesion 0 (0%)
Gusher 1(0.7%)
Sensorineural hearing loss 1(0.7%)
Ossicular chain dislocation 0 (0%)
Tympanic membrane lesion 6 (4.0%)
Chorda tympani lesion 1 (0,7%)
Short-term postoperative complications
Persistent tympanic membrane perforation 1 (0.7%)
Infection 0 (0%)
Dizziness or vertigo 9 (6.0%)
Long-term postoperative complications
Iatrogenic cholesteatoma 0 (0%)
Prosthesis dislocation 1(0.7%)

the chorda tympani occurred during surgery. Revision
surgery was needed in three patients (2.0%) because of
progressive conductive hearing loss at long-term follow-
up. Out of these, the prosthesis was dislocated in only one
case, while in the other two patients, the prosthesis was
blocked by scar tissue.

Complications classified as intraoperative, short-term
or long-term postoperative are summarized in Table 1.

Audiological results

Preoperative audiometric evaluation of the hearing threshold
(dB HL) at frequencies of 0.5, 1, 2, and 3 kHz showed a
bone conduction (mean + SD) of 26 +20 dB HL, while the
air conduction was 55 +24 dB HL; therefore, the preopera-
tive air—bone gap (ABG) was 29+21 dB HL. In the post-
operative audiometric evaluation, performed between 3 and

Table 2 Preoperative and
postoperative audiological

results

Preoperative Postoperative p value®
Bone conduction, mean + SD, dB HL?* 26+20 23+22 0.99202
Air conduction, mean + SD, dB HL*? 55+24 32+24 <0.00001
Air-bone gap 29+21 8+21 <0.00001

Percentage recovery 73.85%

*Average of the frequencies at 0.5, 1, 2, and 3 kHz
°Calculated with Mann—Whitney U test

The disease was present on the right side in 90 (60.0%)
patients and on the left side in 60 (40.0%).

Regarding the type of surgery, 128 out of 150 were under-
going a first procedure (85.3%) and 22 were revision surger-
ies (14.7%). The average length of the procedure was 34
min (range 18—76 min). Considering the intraoperative data,
in 84 patients (56.0%) it was necessary to remove, using a
curette, a part of the postero-superior bone frame of the pos-
terior wall of the EAC, to expose the incus—stapes joint and
the oval window to ease the following surgical steps. A total
of 11 intraoperative complications (7.3%) were observed in
our sample. The most frequent adverse event was a lesion
of the tympanic membrane, involving six patients (4.0%)
during tympanomeatal flap elevation.

In one case (0.7%), there was a modest gusher effect
during the stapedotomy which resolved without further
consequences.

Early complications (<30 days after surgery) were
reported in 11 patients (7.4%) including 9 patients (6.0%)
who complained of self-limited postoperative vertigo, and
one patient (0.7%) with persistent tympanic membrane
perforation, treated successfully with endoscopic type I
tympanoplasty using a temporalis fascia graft. In one case
a postoperative dysgeusia was reported, since a lesion to

6 months after surgery, air conduction was 32 +24 dB HL
and bone conduction was 23 +22 dB HL. The correspond-
ing ABG was 8 +21 dB HL. Moreover, there was a statisti-
cally significant improvement in ABG closure of 20422
dB HL between the preoperative and postoperative ABG
(Mann—Whitney U test p <0.00001) (Table 2).

In our study, the average recovery rate (calculated with
the formula explained in “Materials and methods”) was
73.85% of the maximum expected recovery, and 127 patients
(84.7%) achieved an ABG closure of > 50%. Moreover, an
ABG lower than 10 dB HL was achieved in 118 patients
(78.7%) and an ABG between 11 dB HL and 20 dB HL was
obtained in 21 patients (14%), with an ABG closure lower
than 20 dB HL in a total of 139 patients (92,7%). One case
(0.7%) suffered sensorineural hearing loss (the patient had
preoperative severe hearing loss of 60 dB HL for bone con-
duction and 107 dB HL for air conduction).

Audiological results were also compared between the
first procedure and revision surgery. A postoperative ABG
closure of 20+21 dB HL was obtained in the first surgery,
while it was 21 +26 dB HL in the revision surgery. The
difference between the two groups was not statistically
significant (Student’s T test, p =0.22554).
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Discussion

Recently, the endoscope has been introduced as an exclu-
sive tool to perform stapedotomy. In 2016, Hunter et al.
reported the first multi-institutional endoscopic stapes sur-
gery study in 65 subjects from four tertiary care otologic
referral centers [4]. With a mean preoperative air—bone
gap of 35.0 dB, they described a 5-month mean postop-
erative air-bone gap of 9.0 dB, a statistically significant
improvement.

In our study, preoperative pure tone audiometry (PTA)
for air conduction was 55 dB HL, whereas for bone con-
duction, it was 26 dB HL resulting in a preoperative ABG
of 29. This result is consistent with the scientific literature
with regard to microscopic stapes surgery [2, 9-22]. Fol-
lowing surgery, a significant improvement was obtained
in all three parameters in our study, with a postoperative
ABG of 8 dB HL. This is also consistent with the scien-
tific literature. In our study, the percentage of procedures
that obtained a good result (defined as an ABG of 10 or
less) was 78.7%, whereas the percentage of procedures
that obtained an acceptable result (ABG of 20 or less) was
92.7%. Both results are consistent with the literature [9,
11, 13, 15, 18-20, 23-26].

Another interesting aspect from our study is that no dif-
ference in outcome was noted between patients undergoing
first surgery or revision surgery. This is in contrast to the
current literature, in which results obtained with classic
microscopic techniques have been shown to be worse dur-
ing revision surgery [27-29]. However, one of the limita-
tions of our study is represented by the absence of a con-
trol microscopic stapes surgery group, so this comparison
is only based on data offered by current literature.

As far as duration of surgery is concerned, four stud-
ies [21, 23-25] reported a mean duration of surgery of
55 min versus 34 min obtained in our study. This dispels
the criticism that might arise with regard to the increas-
ing duration of surgery when considering a one-handed
technique, especially about positioning of the prosthesis
and management of bleeding. In fact, the mean duration
of stapes surgery in our study turned out to be among the
shortest in the literature, probably due to the lack of need
for EAC calibration when compared to traditional proce-
dures. Anyway, this does not imply that a shorter surgical
time is to be expected in all cases for endoscopic stapes
surgery: a possible bias of this comparison may lie in the
fact that all procedures at our institution were carried out
by a single senior ear surgeon, particularly experienced in
endoscopic ear surgery, and not by a group of surgeons.

As far as the risk of sensorineural hearing loss is
concerned, it was observed in only 0.7% of cases in our
series, a result close to that reported in publications on
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microscopic stapes surgery [2, 10-20, 22, 25, 30, 31], thus
challenging the heating-related injury assumed in some
articles [32]. Further publications [33] have clearly dem-
onstrated that the use of low-intensity LED lighting during
endoscopic ear surgery is completely safe, and does not
affect the clear visualization of middle ear structures. In
support of this, other publications [34] have pointed out
that a 4 mm LED scope, set at the lighting intensity gener-
ally used during endoscopic ear surgery, does not cause
an increase in middle ear temperature above 31 °C. When
considering the manipulation of the chorda tympani needed
to gain an adequate view of the oval window and stapes
during drilling of the posterior wall of the EAC, under
microscopic view this is required in 100% of cases [14,
20, 23-25, 31], whereas it was needed in 56% of our series.
To support this, dysgeusia is reported in 8.11% of cases in
microscopic stapes surgery [2, 13, 14, 16, 20, 23-25, 30,
31], against 2.0% reported in this study.

The lack of a tridimensional view during endoscopic ear
surgery is one of the main criticisms against it. Neverthe-
less, this is very rarely perceived to be a problem by endo-
scopic ear surgeons adequately trained in the technique and
can easily be overcome due to the different angles offered
by the endoscopic view. On the other hand, the magnifica-
tion allowed by the endoscope does not negatively affect the
manipulation of important structures and tissues and can
represent a useful feature in cases of anatomical alteration
such as ossicular chain malformations and/or facial nerve
dehiscence [35]. Coherently with this remark, no lesion of
the ossicular chain or facial nerve injury has been reported
in our series.

With respect to the lack of improvement or worsen-
ing of the ABG, this issue can be attributed to various
causes (prosthesis dislocation, erosion of the long process
of the incus, short prosthesis or loosening of its attach-
ment to the incus, granuloma formation, fixation of the
stapes footplate due to reossification) [19], often leading
to revision surgery. In our series, 2.0% of cases required
further surgery, consistently with literature [9, 10, 12, 16,
18, 30]. This confirms the adequate prosthesis position-
ing allowed by the endoscopic one-handed technique.
Of course, this technique presents some disadvantages,
especially related to inadequate EAC dimensions and
the possibility of bleeding during opening of the tympa-
nomeatal flap, which result in increased difficulty during
surgery and require adequate preoperative evaluation of
the patient as well as active collaboration by the anesthe-
siologist during surgery. In particular, our study shows that
one of the most frequent intraoperative complications is
the adventitious laceration of the tympanic membrane. In
cases in which such injury occurred, the tympanic mem-
brane was markedly thinned and therefore a lesion during
the tympanomeatal flap elevation represented a possible
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complication. Moreover, two out of six lesions happened
during revision surgery, characterized by frail tympanic
membrane due to the scars resulting from previous sur-
gery. In all cases, the tympanic membrane lesion was small
and it was promptly repaired with an underlay technique
during surgery, and the stapes surgery was regularly final-
ized. Nonetheless, it is possible to have difficulties in the
management of the tympanomeatal flap using one hand
even for an experienced endoscopic ear surgeon, especially
in case of bleeding.

Another step that is considered as particularly difficult
is the positioning and crimping of the prosthesis using one
hand during endoscopy: these operations, if carried out by
inexperienced hands, can potentially cause a dislocation of
the incus. In our case series, no intraoperative complications
regarding these steps occurred, but our opinion is that endo-
scopic stapedotomy should be considered as an operation to
be performed at the end of an appropriate endoscopic skill
training, after numerous exclusive endoscopic procedures
such as type I tympanoplasty, middle ear cholesteatoma
removal, etc. In fact, in our opinion, microscopic stapedot-
omy should be preferred in case the endoscopic ear surgery
training is insufficient, the microscopic technique being
a standardized procedure with safe and well-established
results. Ultimately, in the case of a gusher identified during
endoscopic surgery, a microscopic approach is advised to
adequately address the pathology). In the author’s opinion,
in fact, endoscopic stapes surgery has to be considered as
a possible alternative to microscopic stapes surgery only in
institutions with a strong expertise in endoscopic ear sur-
gery. In all other cases, microscopic stapes surgery still rep-
resents the gold standard technique for the surgical treatment
of otosclerosis.

Conclusions

Endoscopic stapes surgery in our case series revealed itself
to be a safe procedure in terms of complications and out-
comes. Audiological results are consistent with the scientific
literature on microscopic stapedotomy. Thanks to its better
visualization of middle ear structures, the use of the endo-
scope can be advantageous in revision surgery and when a
malformation of the ossicular chain or facial nerve disloca-
tion is present. In conclusion, endoscopic stapes surgery can
be considered as an alternative to microscopic procedures
for surgeons with appropriate endoscopic ear surgery skills,
even though the microscopic technique still embodies the
gold standard surgical treatment for otosclerosis.
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