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Abstract
Purpose of Review  Summarizing the main steps that have led the endoscope to become one of the established tools in oto-
logical and neurotological surgery and evaluating the possible future applications of this device.
Recent Findings  Many are the features of the endoscope that are being improved. First the quality of the images, thanks to 
the introduction of 4K technology and the earliest 3D endoscopes, then the employment of robotic surgery with endoscope 
holders that ideally combine the endoscopic benefits with a two-handed technique.
Summary  Nowadays the endoscope is both used as the sole instrument and as an adjunct to the operative microscope for 
both ear and lateral skull base surgery. Thanks to courses and conventions this technique has spread worldwide, so many 
young surgeons have become proficient in both the operative microscope and endoscope and able to choose the appropriate 
treatment tool. However, further technological advancements are to be advocated.

Keywords  Endoscopic ear surgery · Middle ear · Cholesteatoma surgery · Lateral skull base

Introduction

The history of endoscopic ear surgery (EES) is centred 
around the rediscovery of the external auditory canal as the 
main door to the tympanic cavity. This concept also repre-
sents one of the main advantages of this kind of approach. In 
cholesteatoma surgery, the transcanal endoscopic procedure 
enables the surgeon to tackle the pathology in the tympanic 
cavity and follow it in its extensions into hard-to-reach areas 
such as the sinus tympani and the facial recess. In fact, the 
endoscope bypasses the narrow portion of the ear canal, 

which constitutes an obstacle for the operative microscope, 
and allows for a look “around the corner” [1••].

Moreover, the transcanal approach provides direct access 
to the most upstream system of ventilation of the middle ear 
(the Eustachian tube and the tympanic isthmus) whose fail-
ure has been related to chronic otitis media [2, 3], whereas 
the traditional microscopic access through the mastoid is 
focused on the most downstream part of the ventilation sys-
tem, the mastoid air cells.

Nowadays EES is performed in many ORs worldwide 
for tympanic neoplasm, otosclerosis, chronic otitis media 
and especially for cholesteatoma. It has turned out to be 
very effective in the treatment of the tympanic cavity and, in 
combination with the microscope, in case of mastoid exten-
sion of the lesion. Still a few drawbacks remain, in fact it 
is a one-handed technique with a steep learning curve, it 
provides a bidimensional vision and it is somewhat limited 
by a hard-to-manage intra-operative bleeding.

First Steps and Tools

In 1966, Harrold Hopkins developed the Hopkins rod endo-
scope with Karl Storz’s team and in 1984 Wullstein popu-
larized the use of angled endoscopes. Otosurgeons there-
fore started using the endoscope to examine the tympanic 
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membrane and to look through a tympanic perforation to 
observe the tympanic cavity, in particular to confirm peri-
lymphatic fistulae [4] and to identify other middle ear patho-
logical conditions [5]. Wullstein’s scope, a 2.7-mm optical 
system with 70° angle began to be employed for the inspec-
tion of the posterior recesses of the tympanic cavity. In 1988, 
the endoscope was first coupled with a micro-camera to 
obtain a video-monitored endoscopic experience.

The Endoscope as a Surgical Tool

While the diagnostic and documentation role of the endo-
scope initially played the most widely recognized part, later 
on this tool was employed as a companion device for the 
assistance in the removal of the disease. In 1990, Thomas-
sin was the first author who described the endoscopic use 
in order to identify a residual cholesteatoma during micro-
scopic surgery [6]. Later, McKennan described the technique 
of endoscopic second look, underlining the safety and reli-
ability of the endoscope in detecting residual or recurrent 
disease, with a lower morbidity [7]. Similarly, Badr-el-Dine 
reported the value of endoscopy to assist cholesteatoma sur-
gery and testified a reduced risk or recurrence thanks to its 
use [8], also confirmed by Ayache and colleagues [9].

Eventually the endoscope began to be used as the main 
working tool in ear surgery using a transcanal approach to 
access the tympanic cavity. The first report of endoscopic 
myringoplasty was published by El-Guindy in 1992 [10], but 
the main experience in cholesteatoma surgery dates back to 
1997 thanks to the work of Tarabichi [11] who also reported 
his understanding of endoscopic tympanoplasty and stapes 
surgery in the following years [12]. As the main advantage 
of the tool, he underlined the possibility to evaluate the 
whole tympanic membrane and to treat a disease within the 

facial recess, hypotympanum, sinus tympani, attic and the 
anterior part of the tympanic cavity. In addition, the author 
saw the endoscopic potential of viewing structures from a 
multiplicity of angles, as opposed to the microscope’s single 
axis along the ear canal.

The current author (D.M.) and Presutti reported their first 
experience in endoscopic middle ear surgery in 2006 at the 
93rd national congress of the Italian society of otolaryn-
gology head and neck surgery. They stated that the use of 
angled endoscopes at the end of traditional microscopic pro-
cedures for cholesteatoma surgery greatly reduced the risk of 
leaving residues in classically hard to reach sites.

The International Working Group 
and Further Developments

During the 2007 “8th International Conference on Choleste-
atoma and Ear Surgery” in Antalya (Turkey), Dr. Stephane 
Ayache proposed to create an otosurgeons’ group from all 
over the world, who was employing the use of the endoscope 
for otologic procedures. This assembly, later to be named 
International Working Group on Endoscopic Ear Surgery 
(IWGEES), was initially formed by Dr. Mohamed Badr-
El-Dine (Egypt), Muaaz Tarabichi (Dubai), Livio Presutti 
(Italy), Daniele Marchioni (Italy), Stephan Ayache (France), 
David Pothier (Canada) and Seiji Kakehata (Japan). They 
played a leading role in standardizing, teaching and spread-
ing these techniques. In fact, many courses and congresses 
were organized worldwide, based on the new anatomical 
concepts regarding the tympanic cavity and the new physi-
opathological principles, developed thanks to the use of 
endoscopic cholesteatoma surgery (Fig. 1). New perspec-
tives like the anatomical classification of the retrotympanic 
spaces and structures [13–15], the ventilation pathways of 

Fig. 1   a Some of the founders and developers of the endoscopic 
ear surgery, above from left Mohamed Badr-El-Dine, Joao Flavio 
Nogueira, Seiji Kakehata, below from left Daniele Marchioni, Livio 
Presutti, Muaaz Tarabichi at the 2012 Nagasaki international chole-

steatoma meeting, where Daniele Marchioni performed the first endo-
scopic dissection of the middle and inner ear. b Daniele Marchioni 
along with Livio Presutti during an endoscopic dissection
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the middle ear [16, 17] and the selective attical dysventila-
tion syndrome [3], which represents the rationale of the tran-
scanal endoscopic approach to attical cholesteatoma, were 
perfected by the current author (D.M.) in cooperation with 
the Italian group of Modena. Another important contribu-
tion to the anatomical endoscopic knowledge of the middle 
ear was also provided by Patel et al. who focused on the 
protympanum [18].

After all, the advantages transcanal EES turned out to 
have are many, namely, the preservation of the mastoid cav-
ity and its function, the conservation of the ossicular chain 
and the non-pathological mucosa, the magnification and pos-
sibility to work in the blind recesses of the middle ear avoid-
ing any residual disease and the restoration of the ventilation 
pathways, thus preventing recurrence [19, 20]. In particular, 
the application of the endoscope in cholesteatoma surgery 
showed an advantage over microscopic exclusive surgery, 
especially regarding residual rate. Badr-El-Dine claimed that 
in primary surgery after a complete microscopic procedure, 
the overall incidence of intraoperative residuals, detected 
through the endoscope, for both canal wall up and canal 
wall down techniques, was a significant 22.8% [8]. In 2017, 
Panetti et al. compared the endoscopic-assisted surgical pro-
cedure to the microscopic one to treat cholesteatoma and 
they noticed a lower residual rate when the endoscope was 
employed (16.1% before the introduction of the endoscope 
and 5.6% in the period after that) [21].

From the Middle Ear to the Lateral Skull Base

A further advancement in the endoscopic transcanal tech-
nique was introduced by our Italian school which codified 
the endoscopic transcanal approach to the inner ear, specifi-
cally the transcanal transpromontorial route that enables the 
surgeon to remove intralabyrinthine and intracanalicular ves-
tibular schwannomas in selected patients with a sensorineu-
ral hearing loss, the first case being successfully performed 
in 2013 [22]. This minimally invasive procedure avoids 
extended transtemporal approaches and the manipulation of 
the posterior and medial cranial fossa dura.

Relevant contributions to the spreading of the transcanal 
transpromontorial approach for vestibular schwannomas 
were given by Moon et al. [23•] and by the American work-
ing groups of Rivas and Isaacson [24], who adopted and 
further investigated this technique in their institutions.

In 2015, in addition to the previously mentioned transprom-
ontorial route, also the transcanal suprageniculate and infrac-
ochlear corridors were codified by the present author, to effec-
tively remove a pathological process involving the fundus of 
the internal auditory canal, the cochlea, the petrous apex and 
the geniculate ganglion region, with lower complication rates 

and less invasive procedures compared to traditional micro-
scopic approaches [25].

Endoscopic‑Assisted Cochlear Implantation

A further recent application of the endoscope in ear surgery 
is during cochlear implantation in association to a tradi-
tional microscopic retroauricular procedure [26]. An addi-
tional transcanal endoscopic approach to the tympanic cavity 
allows for a good exposure of the anatomical structures and 
the round window and it offers the possibility to perform an 
endoscopic cochleostomy through the round window mem-
brane or, if the round window is not accessible, a prom-
ontorial cochleostomy. Possible indications for this kind of 
approach are an anomalous course of the facial nerve, mal-
formations of the inner ear, an ossified cochlea [27], a high 
jugular bulb that prevents explorative tympanotomy and a 
sclerotic mastoid. In the opinion of the authors, endoscopic-
assisted surgery allows for the extension of the indications 
for cochlear implantation and reduces the morbidity associ-
ated with this surgical procedure.

The Modern Equipment for EES

Nowadays the essential tools needed for this type of sur-
gery include a rigid endoscope, a light source, an HD3-CCD 
camera and a video monitor [28]. The most widely used 
endoscopes are the 0°, the angled 30° and 45° ones, their 
diameter can be 2.7 or 3 or 4 mm and the most common 
working lengths can be 11 cm, 14 cm and 18 cm. According 
to the surgeon’s inclination, the light source can be halo-
gen, LED or xenon based. A HD3-CCD camera allows for 
a sharp, 1080p and clear video picture with appropriate col-
our rendering; suitable professional video monitors should 
be employed to fully exploit the quality produced by the 
camera.

Alongside the technical advancement of the endoscope, 
new powered devices have been introduced as better means 
to work in restricted surgical spaces with a one-handed tech-
nique. For instance, ultrasonic devices like Piezosurgery 
(Mectron) and Sonopet (Stryker) allow for bone removal 
avoiding damage to the tympanomeatal flap and other soft 
tissues, as proven by Kakehata et al. in the transcanal endo-
scopic approach to the antrum for cholesteatoma surgery 
[29].

Future Technical Perspectives

Since one of the main benefits of EES is the better surgical 
view, thanks to a higher magnification and a wider angle, the 
advances in optical technology and image processing are the 
first advancements to be expected in this surgical field. 4K 
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technology, that is gaining momentum in the ORs, increases 
the magnification, providing a more detailed view of both 
anatomical and pathological structures [30•].

In addition to 4K resolution, filters to highlight hypervas-
cularity, like narrow band imaging (NBI) used in oncologic 
surgery [31] could be used in the otologic field to recognize 
the avascular nature of cholesteatoma and tympanosclero-
sis and to identify the hypervascular structures such as the 
granulation tissue, preventing a small residual disease from 
being left behind during surgery.

Despite these visual technical improvements, one of the 
most well-known drawbacks of EES is the 2-dimensional 
image it provides and the subsequent lack of depth. With 
the recent release of a 4-mm (0° or 30°) high-definition 
3D endoscope, this disadvantage can be overcome, provid-
ing a benefit both for beginners and experienced surgeons 
[32]. However, no less than 4-mm diameter 3D endoscope 
is available, which makes the management of a narrow ear 
canal impossible, and the sole digital zoom capability some-
what limits the picture sharpness.

Another disadvantage underlined by EES opponents 
is the one-handed nature of the endoscopic procedures, 
which requires a long training time and limits the approach 
when bleeding is extensive. Endoscope holders have been 
designed with this problem in mind; they facilitate and 
allow two-handed surgery allowing for more delicate dis-
sections and constant suctioning if needed for a blood-free 
field [33]. Nevertheless, some technical issues remain espe-
cially due to the three tools in the narrow ear canal and the 
time-consuming management of the endoscope in and out 
of the field when cleansing is necessary. Moreover, the heat 
generated by a static endoscope could damage the structures 
and an abrupt head movement of the patient might cause 
iatrogenic injury.

A new viable alternative to surgical microscopes and 
endoscopes for otologic and neurotologic surgery is the 
3D-exoscope system which combines the features of both, 
while avoiding some of the limitations [34•]. This new sys-
tem is outside the body surface like a microscope, but while 
the latter has a large frame and a fixed cumbersome design, 
which forces the surgeons to have static positions and lim-
ited visual angles, the exoscope provides better ergonomics 
and an excellent visualization at extreme angles because the 
surgeon no longer relies on an eyepiece but works using 
3D-monitors. In comparison to the endoscope, which also 
allows for a comfortable working position and to operate 
looking at a monitor, the exoscope enables the surgeon to 
work with two hands and offers a stereoscopic visualiza-
tion. The main drawbacks of exoscopic surgery are its low 
illumination in narrow surgical corridors and its still lower 
image quality if compared to the microscope [35•], in addi-
tion, adequate training in both endoscopic and microscopic 
surgery is recommended, since skills in both techniques are 

necessary. The current author (D.M.) described the largest 
case series of lateral skull base diseases treated using exclu-
sively the exoscope, proving the feasibility of the technique 
and the value of the device [34•]. The possibility to use the 
exoscope as the sole viewing device was also analysed by 
Wanna et al. [36•] and by Lee et al. (35•), who significantly 
added to the body of evidence supporting this instrument in 
the treatment of lateral skull base lesions.

Conclusions

Over the course of 30 years, the endoscope has proved to 
be an efficient tool both for diagnostic purposes and for the 
treatment of otologic and neurotologic pathological pro-
cesses, in combination with the microscope for the man-
agement of possible residual disease as well as the main 
workhorse of the otologic surgeon.

Among others, a valid contribution was given by the 
Italian school of Marchioni and Presutti who in particular 
provided the endoscopic description of the anatomy of the 
retrotympanum and the ventilation pathways of the middle 
ear with important consequences on the surgical procedures. 
Moreover, they extended their knowledge to the lateral skull 
base, with the illustration of totally endoscopic transcanal 
approaches and the use of the endoscope as an additional 
tool in many surgical procedures to the skull base.

Thanks to the IWGEES endoscope-based surgery has 
considerably spread, three World Congresses on Endo-
scopic Ear Surgery took place due to the contribution of 
the working groups of Dubai, Modena and Boston, with the 
routine adoption of this technique by more and more young 
surgeons.

Given that a few limitations to endoscopic surgery still 
remain, we hope for some technological advancements like 
the production of yet smaller and more versatile endoscopes, 
which could automatically change their viewing angle, cou-
pled with cameras that provide an increasingly better image 
quality and a stereoscopic vision. Finally, the one-handed 
nature of the endoscopic approaches could be overcome with 
the introduction of less invasive and more flexible and man-
ageable robotic holders.

We believe that the knowledge of both the operative 
microscope, the endoscope and any other incoming estab-
lished surgical viewing tool, should be the basis of the sur-
gical expertise of future otologists so that they will be able 
to choose the proper instrument according to the patient’s 
needs.
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