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Introduction

Stapes surgery is generally performed micro-
scopically, transcanal endomeatal approach is 
the most widely used technique and the endaural 
approach is generally preferred in the European 
countries.1 However, since the external auditory 
canal is more narrow and curved in Japanese and 
Korean patients, it may be necessary to use a 
postauricular approach in those countries.2

An endoscopic ear surgery (EES) has recently 
become popular due to its advantages like the wide 
angle of view and improved visualization of the 
structures which are parallel to the microscope line 
of sight.  Endoscopes allow the surgeon to look 
around the corners.3,4 EES is increasingly preferred 
for the surgical treatment of a variety of ontological 
disorders, including otosclerosis, chronic otitis 
media, cholesteatoma, congenital malformations 
and other conditions like traumatic facial palsy.3,4,5, 

6-10 Exploratory tympanotomy for a conductive 
hearing loss due to otosclerosis or other middle ear 
lesions is considered as the most suitable indication 
for EES due to the excellent vision and adequate 
exposure.10

The main disadvantages of EES are its inherent 
nature of being a one hand technique and the two 
dimensional surgical view. One hand surgery may 
be difficult, but since bleeding is minimal and 
aspiration is rarely needed, the operation can be 
completed with one hand in most surgeries. Since 
there is no stereoscopic vision, it may be difficult to 
perceive subtle depth differences at the beginning 
7-11, but increasing experience would eventually 
make the lack of depth perception less important. 
However, it is necessary to develop hand and eye 
coordination abilities and there is a definite learning 
curve while shifting from the microscope to the 
endoscope. But this period is shorter than expected 
for the experienced microsurgeons and surgeons 
practicing endoscopic sinus surgery techniques. 4,7-10

In this study, a retrospective evaluation 
was performed by comparing the surgical and 
functional outcomes of transcanal endoscopic and 
conventional microscopic stapes surgeries.

Materials and methods

All operations were performed for the treatment 
of conductive hearing loss due to otosclerosis 
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For the microscopic surgeries, a small relaxing 
endaural incision was performed to increase the 
surgical exposure. Depending on the adequacy of 
the exposure, a rigid system stapedotomy1 (Figure 1) 
or a small fenestra stapedotomy was performed 
(Figure 2). Micro-perforators of serially increasing 
size or flexible hand-held CO2 laser (Omniguide, 
Lexington, USA) were used to create a fenestra of 
0.8 mm in diameter (Figure 3). In both techniques, 
Teflon piston prosthesis of 0.6 mm in diameter 
and 4.5 to 5 mm in length was inserted into the 
hole, attaching its loop on the long process of the 
incus at the same time. Fat globules were placed to 
surround the piston and cover the fenestra and the 
flap was returned to its original position followed 
by packing. 

and only patients with a postoperative follow-up 
period of ≥12 months were included in the study. 
Informed consent was obtained from all patients 
pre-operatively. There were 32 ears of 31 patients 
in the endoscopic group, with 18 females and 13 
males; the mean age was 42 years, Endoscopic 
stapes surgery was performed on the right ears of 
18 cases, on the left ears of 12 cases and on both 
ears of 1 patient. The microscopic group included 
32 ears of 25 patients; there were 14 females and 
11 males, the mean age was 45.3 years and the 
surgery was performed on the right ears of 10 cases, 
on the left ears of 8 cases and on both ears of 7 
patients. In bilaterally operated cases, there was a 
minimum interval of 6 months (mean: 10 months) 
between the surgeries in both groups. These 64 
ears were operated in our center between 2010 
and 2016. Since 2012, we are performing mostly 
endoscopic stapedotomy. The majority of the cases 
operated by the senior author since 2012 (32 out 
of 35) were performed endoscopically. Twenty-one 
microscopic stapes surgeries were also performed 
by the senior author and the rest of the microscopic 
stapes surgeries (11 cases) were performed by the 
second author under the supervision of the senior 
author.

The postoperative follow-up period ranged from 
14 to 40 months (mean: 16.4 months) and from 12 
to 70 months (mean: 26.2 months) in the endoscopic 
and microscopic groups, respectively (Table I).

n
(E, P)

Age Sex
(F, M)

Side
(R, L, B)

Follow 
up

Endoscopic 32, 31 42 18, 13 18, 12, 1 16.4

Microscopic 32, 25 45.3 14, 11 10, 8, 7 26.2

Table I
Demographic features of endoscopic and microscopic stapes 

surgery groups.

(n: number of operated ears and patients, Gender as F: female 
or M: Male, Age: mean age, Sex: number of female and male 
cases, Side: number of rights, left and bilateral operations, 
Follow up: mean postoperative follow-up duration in months).

Standard otological microsurgery instruments 
were used in both groups. In endoscopic operations, 
wide view 00 straight 4 mm and 300 angulated 3mm 
otoendoscopes, which are both 6 cm long were used, 
by attaching them to an HD camera and monitor 
(Karl Storz, Tuttlingen, Germany). All 64 ears 
were operated under general anesthesia; transcanal 
approach was used for the endoscopic surgeries. 

Figure 1 a-i
Endoscopic rigid system stapedotomy. After elevating the 
tympanomeatal flap (a), creating the first hole with the perfo-
rator while the incudostapedial joint, stapedial tendon and the 
superstructure were intact (b), the 04. mm hole (c), the 0.8 mm 
hole (d), starting to insert the 0.6 mm piston (e), piston inserted 
(f), cutting the tendon (g), removing the superstructure (h), the 
final situation (i).

Pure tone audiometry (PTA), speech audiometry 
and acoustic immittance measurements were 
performed before the surgery and obtained at the 
1.st, 3.rd, 6.th and 12.th post-operative months and 
repeated annually thereafter. Air and bone conduction 
thresholds at the frequencies of 500, 1000, 2000, 
and 4000 Hz were measured and the mean (±SD) 
ABG was noted before and after the surgeries. The 
mean postoperative PTA air conduction (AC) and 
bone conduction (BC) levels were calculated as 
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Figure 2 a-h
Endoscopic stapedotomy. Cutting the stapedial tendon (a), cut 
tendon (b), seperating the incudostapedial joint (c), fracturing 
the posterior crus (d), inserting the piston prosthesis (e-h).

Figure 3 a-i
Endoscopic laser stapedotomy using a flexible CO2 laser. 
Vaporizing the tendon (a), cut tendon (b), vaporizing the anterior 
crus after the posterior one (c), removing the superstructure (d), 
starting to make laser shoots on the footplate (e), completing 
the laser shots on the footplate (f), after making a hole with the 
perforator (g), inserted piston in place (h), sealing the fenestra 
(i).

suggested by the AAO-HNS Committee on Hearing 
and Equilibrium guideline. Computed tomography 
of the temporal bone was obtained in all patients 
before the operations and evaluated for the presence 
of other lesions like superior semi-circular canal 
dehiscence, ossicular malformations, and middle 
ear masses; the morphology of the internal auditory 
canal and modiolus were also checked to determine 
the risk of the perilymph gusher.

The severity of postoperative vertigo and 
postoperative pain were determined using visual 

analog scales approximately 4 hours after the 
surgery. The severity of vertigo was recorded as 
almost no vertigo, moderate vertigo accompanied 
by a 1st. degree of nystagmus or severe vertigo 
accompanied by a 2nd. or 3th. degree nystagmus 
requiring IV vestibulosuppressant treatment. The 
severity of pain was recorded as almost no pain, 
moderate pain requiring per oral or severe pain 
requiring IV analgesic treatment.

The data in both groups were compared with the 
Student’s t-test for normally distributed data and the 
categorical variables between groups were analyzed 
using the Chi-square test and the Statistical Package 
for the Social Sciences (SPSS) v 20.0 software 
(SPSS Inc., Chicago, IL, USA). Results were 
presented as mean (±SD), median and percentage; 
p values were calculated with a 95% confidence 
interval.

Results

The mean duration of the operation was 46.4 
minutes in the endoscopic and 47.6 minutes in 
the microscopic groups (p>0.05). It was necessary 
to remove a part of the scutum to obtain adequate 
exposure by curettage or drilling in 19 (59.3%) 
endoscopic procedures; however, this step was 
routinely done in all operations performed under 
the microscope. The need for scutum removal 
was significantly less necessary in endoscopic 
procedures (p<0.05). In endoscopic stapedotomy, 
it was necessary to mobilize the chorda tympani 
in 23 (71.8%) cases, while this step was also 
routinely performed in all cases operated with the 
microscopic technique; the difference between 
this two groups was also significant regarding this 
parameter (p<0.05). It was difficult to place the 
prosthesis properly with more than one attempt in 
6 (18.7%) endoscopic and 4 (12.5%) microscopic 
procedures with no significant differences between 
the groups (p>0.05). The number of complications 
was 3 (9.3%) in the endoscopic group with 1 flap 
laceration, 1 chorda tympani injury and 1 high-
frequency sensorineural hearing loss at 4 kHz at 
the 12.th postoperative month. There were 2 (6.2%) 
complications in the microscopic group, one being 
a tympanic membrane perforation, which required 
secondary myringoplasty and the other was a 
suspected perilymph fistula successfully treated 
with bed rest and IV steroids. There were no other 
complications like floating footplate, immediate or 
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Discussion

The operating microscope plays the major role in all 
ear surgeries. However, endoscopes are increasingly 
being used to visualize important areas such as 
retrotympanum, hypotympanum and anterior 
epitympanum and treating diseases in these hidden 
areas are easier with the improved visualization of 
structures brought about by the endoscopes. This 
superior visualization with a wide angle of view is 
a definite advantage; it enables one to observe the 
finest structures in detail by bringing the endoscope 
closer. On the other hand, one can accurately assess 
the relations of surrounding structures easily and 
very quickly by pulling the endoscope backward 
and turning sideways. In contrast to the direct 
line of sight of the microscope, endoscopes allow 
the surgeons to look around the corners and this 
helps to improve the surgical outcomes such as 
reduced rate of recidivism and increased graft take. 
2, 3, 9,10 Following recent innovations, series of pure 
endoscopic ear surgeries for various ear disorders 
have been reported. 2- 11, 13- 20 

The main disadvantages of EES are its inherent 
nature of being a one hand technique and the two-
dimensional surgical view. Also, it is necessary 
to develop hand and eye coordination skills and 
there is a learning curve. However, shifting from 
microscope to the endoscope does not take so 
long 10, keeping in mind that the learning curve 
of an inexperienced surgeon would be much longer 

late facial palsy and permanent taste disturbances in 
both groups. The number of complications was not 
significantly different between the groups (p>0.05). 
The mean preoperative ABG was not different 
between the groups; the mean postoperative 
ABG was 6.4 dB in the endoscopic and 6.5 dB 
in the microscopic groups, which were also not 
significantly different (p>0.05). The number of 
patients with a mean postoperative ABG ≤10 dB 
was 26 (81.2%) and 26 (81.2%), and the number 
of patients with a mean postoperative ABG ≤20 
dB was 6 (18.7%) and 6 (18.7%), respectively in 
the endoscopic and microscopic groups. The mean 
postoperative ABG and the number of patients with 
a mean postoperative ABG ≤10 or ≤20 dB were not 
different between the endoscopic and microscopic 
groups (p>0.05). There were 7 (21.8%) cases with 
postoperative vertigo (4 moderate and 3 severe) in 
the endoscopic and 16 (50%) cases (10 moderate 
and 6 severe) in the microscopic group. The 
number of cases with postoperative vertigo was 
significantly less in the endoscopic group (p<0.05). 
There were 18 (56.2%) cases with moderate and 
severe postoperative pain (13 moderate and 5 
severe) in the endoscopic and 20 (62.5%) cases (14 
moderate and 6 severe) in the microscopic groups. 
The number of cases with postoperative pain was 
not significantly different between the groups 
(p>0.05) (Table II).

n D R Ch Pl C Pre Post ABG 10 ABG 20 V P

Endoscopic 32 46.4 19 23 26/6 3 36.8 6.4 26 (81.2%) 6 (18.7%) 4/3 13/5

Microscopic 32 47.6 32 32 28/4 2 31.4 6.5 26 (81.2%) 6 (18.7%) 10/6 14/6

p value NS S S NS NS NS NS NS NS S NS

Table II
The investigated surgical and functional parameter of endoscopic and microscopic stapes

surgery groups.

(n: number of ears, D: mean duration of operation in minutes, R: number of surgeries in whom scutum removal was necessary, Ch: 
number of surgeries in which mobilization of the chorda tympani was necessary, Pl: ease of prosthesis placement as E/H (E: easy, H: 
hard), C: number of complications, Pre: mean preoperative air conduction hearing levels, Post: mean postoperative air conduction 
hearing levels, ABG 10: number of patients with an average postoperative AB gap ≤ 10 dB, ABG 20: number of patients with an aver-
age postoperative AB ≤ 20 dB, V: number of cases with moderate/severe postoperative vertigo, P: number of cases with moderate/
severe postoperative pain, NS: not significant, S: significant).
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not be a benefit regarding patient safety and cost-
effectiveness. However, we agree that the average 
operation time gradually decreases as the surgeon 
gains technical expertise.10

The part removal of a posterior superior, the part 
of an external auditory canal (scutum) by a curette 
or drill is an important step in stapes surgery to 
expose the horizontal facial nerve, incudostapedial 
joint, pyramidal process, stapedial tendon and 
stapes suprastructure. This surgical step is almost 
always necessary when using the microscope and 
generally performed more extensively in patients 
with curved ear canals with the risks of inadvertent 
chorda tympani trauma, incus dislocation and later 
retraction pockets.2,16 However, it was noted that 15- 
37% of the cases may not require scutum removal 
with the endoscopic technique7,10,15, especially when 
using a 30 degree endoscope and curved instruments 
enabling to complete the surgery without drilling in 
some cases.4 In our series, it was not necessary to 
remove a part of the scutum in13 (40.6%) endoscopic 
procedures, while this step was performed in all 
operations when using the microscope (p<0.05). 

The chorda tympani should be identified and 
generally mobilized for a better exposure in stapes 
surgery. However, with the advantage of the 
endoscopes, it may not be necessary to manipulate 
the chorda tympani in 8 - 80% of endoscopic stapes 
surgeries 4, 7, 10, 16 preventing postoperative 
taste disturbances. It was necessary to mobilize the 
chorda tympani in 23 (71.8%) of 32 endoscopic 
cases in our series, while this was routinely 
performed in all microscopic procedures (p=0.05).

We also compared the ease of prosthesis 
insertion between the groups, it was difficult to 
place the prosthesis with more than one attempt in 
6 (18.7%) endoscopic and 4 (%12.5) microscopic 
procedures with no significant differences between 
them (p>0.05).

The rate of complications of the endoscopic 
technique was reported to be lower 4,14,18 higher or 
mostly similar to the microscopic technique.7-8 In 
our series, there were 3 (9.3%) complications in 
the endoscopic group, the number of them being 
not significantly different from the microscopic 
technique (p>0.05). It is also our opinion that the 
incidence and spectrum of the complications are not 
different between the microscopic and endoscopic 
stapes surgeries owing to the procedural similarities 
between them. However, appropriate precautions 
should be exercised and the team should always be 

than that of the experienced ear ones. Despite 
the difficulty of manipulation with one hand, the 
limited amount of bleeding and aspiration during 
stapes surgery may enable an experienced surgeon 
to complete the operation with one hand. Attaching 
the endoscope to the microscope by a holder to 
perform two-handed EES has been described 21, but 
this technique is not practical and may be dangerous 
in cases of an inadvertent movement of the patient 
or the operating table.2 A stereoscopic vision cannot 
be obtained during EES by the two-dimensional 
nature of current monitoring systems; however, 
the surgeon may convert the two dimensional 
endoscopic view into a three dimensional one in 
the brain by using his/her previous experiences 
after performing several procedures. A surgeon 
experienced in ear surgery and endoscopic surgery 
with other procedures can rapidly get accustomed 
to the required manipulations, making lack of 
stereoscopic vision less important eventually. 

The first endoscopic stapes surgery was 
performed by Tarabichi in 19993 and one year later, 
Poe described endoscope assisted laser stapedotomy 
22. Later, Hunter classified the surgical techniques 
as endoscopic laser stapedotomy, endoscopic drill 
stapedotomy, and endoscopic laser stapedectomy 
8. The successful application of endoscopic stapes 
surgery has been reported by various authors 
emphasizing its technical advantages like the 
reduced need for drilling of scutum, less need for 
head turning, usefulness in cases with anatomical 
abnormalities, decreased chorda tympani handling 
and decreased postoperative dysgeusia and pain. 
2-5, 7-10,13-19 The useful role of endoscopic surgery in 
identifying the cause of failure in revision cases 
has also been described.8,16 All surgery can be 
performed with a 0 endoscope, keeping in mind that 
the smaller endoscopes have poorer illumination, a 
30-degree endoscope may be used to improve the 
visualization of important structures.4 

The average operation duration of an endoscopic 
stapes surgery was reported to be between 20-
170 minutes, including primary and revision 
cases.2,8,10,16-18 In our series, the mean operation 
duration was 46.4 minutes in the endoscopic and 
47.6 minutes in the microscopic surgeries, with 
no significant differences between the groups. 
In spite of the reported comparable operation 
durations in endoscopic and microscopic stapes 
surgeries, we believe that endoscopic stapedotomy 
is a longer operation at the beginning and this may 
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the endoscopic group had postoperative vertigo 
in contrast to 50% of the cases in the microscopic 
group (p<0.05) In our series, the number of cases 
with postoperative pain was not significantly 
different between the groups (p>0.05).

In summary, we found that it was less necessary 
to remove a part of the scutum and mobilize the 
chorda tympani nerve in the endoscopic stapes 
surgery group; also, postoperative vertigo was 
lower after endoscopic surgeries. The rate of 
complications and postoperative hearing outcomes 
were found to be similar in both endoscopic and 
microscopic techniques.

	
Conclusion

Transcanal endoscopic stapes surgery is a 
valid minimally invasive procedure with less 
intraoperative chorda tympani manipulation and 
postoperative vertigo with similar postoperative 
audiological results as compared with microscopic 
stapes surgery. 
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