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ABSTRACT

Endoscopic ear surgery is an innovative field of otologic surgery that has developed rapidly in the 21st century. The use of an endoscope allows
the surgeon to improve the visualization around the corners, with a larger field of view, through a narrow portal. Endoscopic ear surgery widens
the indications for minimal invasive surgery and has its pearls and pitfalls.

There is no reason to believe that complications for endoscopic ear surgery are higher than for microscope-based approaches.

This article serves as a primer for the otologist and otology resident embarking on endoscopic ear surgery and discusses important points such
as learning process, learning curves, and ergonomics. It provides some tips and tricks from the literature and from the author to avoid some

drawbacks and to gain proficiency with this technique.
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Introduction

Otologic surgery has progressed over the past century with
the introduction of the binocular operating microscope' by
Karl Zeiss in 1953.

Endoscopes were introduced for ear surgery in the 1990s,
and Thomassin et al? published a report in 1993 about endo-
scopic-guided otosurgery in the prevention of residual cho-
lesteatoma. Unfortunately, poor image resolution limited its
widespread application. With a dramatic improvement in the
optical chain, modern endoscopy systems can provide images
that outperform those of operative microscopes. The inter-
est in changing the surgical technique is mainly related to the
minimally invasive aspect of endoscopic surgery through the
external auditory canal,® but the hurdle to overcome is the
1-handed surgical technique and the bleeding control dur-
ing 1-handed dissection. The interest in this new surgery is
reflected in the growing number of scientific articles that deal
with this subject.* This shift over the last decade underlines
the importance of training through dissection courses and
other training modalities that may improve the future of sur-
gical education.®

In general, good vision and an understanding of the anatomy
are prerequisites before any surgical step. However, vision
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depends on the tool used. Endoscopic vision is quite different
from that of the microscope and requires training.

Otologic surgery has its indications, and the endoscope and
the microscope are tools to practice it. The type of pathology
and its extension will guide the surgeon in his choice of endo-
scopic, microscopic, or combined approach.

Learning must be progressive and depends on the experience
of each one. Endoscopic surgery allows everyone in the oper-
ating room to enjoy the same view and facilitates teaching.
Microscopic temporal bone dissection is the most common
practice in many countries. Endoscopic ear surgery (EES) train-
ing becomes prevalent in otolaryngology residency programs.

A few tips will help you avoid some of the pitfalls.

Learning Process

The principles are the same for any new surgical technique:
know the anatomy well, understand the indications and con-
traindications well, have a progressive course of action, chal-
lenge your knowledge with peers, and further your education
on an ongoing basis.

One of the most important EES training methods, especially
for residents, are dedicated otology fellowships. Fellowships
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provide unique opportunities to learn basic and advanced EES
skills under direct supervision of experienced EES surgeons.

Learning Anatomy

The anatomic perception is different depending on the tool,
microscope, or endoscope.

The endoscope allows an excellent understanding of the anat-
omy of the middle ear cavity, by its wide angle vision, and par-
ticularly its capacity to visualize the retrotympanum. To fully
understand the anatomy, temporal bone dissections are the
fundamental approach. As the microscope is the primary tool for
ENT, the dissection of the temporal bone under the microscope
is the beginning of the training, but in many countries, EES train-
ing is becoming increasingly prevalent across otolaryngology
residency programs.® The endoscopic anatomy is different and
must be learned first in books,” articles,®® lessons, meetings, and
of course surgical endoscopic dissection courses. Fresh speci-
mens are preferred over fixed ones as they are closer to reality
for some tasks such as elevating the tympanomeatal flap.

Dissection helps to build essential surgical skills."

To arouse interest and assist in teaching, the IWGEES
(International World Group on Endoscopic Ear Surgery) has
published several videos of endoscopic procedures (https:/
iwgees.org/how/). There is a free online cadaveric dissection
guide published by the Sidney EES research group (https://
sydneyearendoscopy.com/free-online-dissection-guide/).

Online videos are most helpful when the original recording
resolution is maintained, mirroring faithfully what the surgeon
was seeing in the operating room. Some guidelines on video
quality have been published.™

An animal model, on a sheep head, has been proposed by
Anschuetz et al'? to train in exclusive EES.

Radiologic anatomy must be analyzed before embarking into
surgery because pitfalls such as a deep sinus tympani (type C)
or an extension across the lateral semi-circular canal need to
be identified before surgery.'®

A recent study by Lubner and colleagues described a novel
trans canal reformatted computed tomography series in the
plane of the external auditory canal. These novel radiographic
landmarks are appreciated with more surgically relevant
relationships.™

Knowing Indications

There are no known absolute contraindications to EES.
Potential complications of EES are identical to that of tradi-
tional microscopic ear surgery.

It is commonly accepted that a lesion (cholesteatoma) that
exceeds the external semicircular canal requires a retroauricu-
lar approach, therefore requiring a drilling of the mastoid, easier
under microscope or exoscope control.

In cases of deep sinus tympani (type C with posterior exten-
sion with respect to the third portion of the facial nerve), it is
not always possible to have good control of the sinus tympani,
and hence a posterior retro facial approach is suggested.”®
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Of course, we all need to master working with both instru-
ments, endoscope and microscope or exoscope.

Learning Curve

Learning curve is similar to that for other surgical procedures,
such as microscopic ear surgery, that is, growing gradually and
then plateauing once ability is attained. The most universal
measures about the learning curve are the operative time and
postoperative complications. Published data about the learn-
ing curve in EES are not available for now, but it seems reason-
able to assume that the learning curve for EES requires around
50 procedures to attain competency.'

To avoid discouragement, the quality of the optical chain is
critical.

It is easier for a young otologist to learn endoscopic and micro-
scopic surgery at the same time than for an established sur-
geon to switch from microscope to endoscope. In a study to
assess and compare the learning curve for type | endoscopic
tympanoplasty between a microscopically trained and endo-
scopic native ear surgeon, Monteiro et al'® show similar results
and learning curves in the 2 groups. The authors recommend
the parallel learning of both techniques, if possible.

For an experienced surgeon, it is necessary to accept that he
will initially be less efficient with his new tool."® However, after
a few dozen cases, he will achieve the same functional results,
in the same time and even faster, thanks to the time saved by
a more direct approach."”

Even for experienced microscopic surgeons, EES train-
ing should follow a graduated approach to minimize risk for
patients and optimize outcomes and avoid frustration.'®

Surgeons who performed otological cases via microscopic
techniques may generally start being assisted by the use of
an endoscope. This improves anatomical understanding and,
in turn, provides confidence in surgical procedures both endo-
scopically and microscopically. It is an excellent way to learn
EES-specific techniques and, step by step, to replace the
microscope for dissection purposes.’® At the beginning, the
microscope should be draped for all endoscopic surgeries and
will be used very often to control the different steps. With gain
of proficiency, endoscopes will replace microscope as a tool for
all the external and middle ear surgeries.

For Residents

The Sidney EES Task Specific checklist, proposed by Ryan
et al'* and modified by Lin et al (2009), provides comprehen-
sive and detailed guidelines for training

Kozin et al'® proposed a stepwise training schedule with a dif-
ferent progressive task checklist.

1. Use the endoscope during chronic ear surgery after micro-
scope-based dissection to
* look for hidden disease;
+ perform a complete 360° endoscopic survey with a
30° endoscope;
e assess the ossicular chain and round window.
2. Perform a basic transcanal procedure: cerumen removal,
tympanostomy, and tube placement.
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3. Perform a myringoplasty (without drum elevation).

4. Elevate the tympanomeatal flap with your microscope but
enter the middle ear cavity, elevating the annulus with a 0°
endoscope. Raising the tympanomeatal flap is one of the
hardest steps with the endoscopes, but unfortunately, this
is the first step to the procedure. Performing this step with
the microscope and switching to the endoscope once the
middle ear is reached can prevent the learner from getting
immediately frustrated and discouraged.'®

It is important not to expect to be able to perform a case from
beginning to end using an endoscope. A good advice is to use
the endoscope for limited aspects of cases and then gaining
confidence to do less with the microscope and more with the
endoscope.

Established surgeons generally bring a high cognitive bias
(regarding the benefits of traditional microscopic methods)."
Learning for experienced surgeons begins with prereading'
and watching anatomy and surgical videos online (https://iw
gees.org/how) (http://www.sydneyearendoscopy.com).” The
established surgeon should then attend at least 1 course where
the endoscopic approach is taught and begin soon after with
a stepwise progression of cases. Prior to progression toward
more advanced techniques, the established surgeon should
consider visiting another surgeon familiar with EES methods
or asking such a surgeon to attend his operating sessions as a
mentor (https://iwgees.org/who/).

An experienced ear surgeon interested in the intraoperative
use of endoscopes may readily do so with only minimal addi-
tional equipment and setup.

Good outcomes and similar results can be maintained during
a surgeon's transition by adopting endoscopic tympanoplasty
and teaching it to residents. Several studies have suggested
that EES provides greater educational value than microscopic
ear surgery.

Equipment

Essential equipment for EES includes a light source, rigid
endoscopes, an HD 3CCD camera, and an HD video monitor.
These devices are already available in operating rooms when
performing sinus surgery.

Basic otology tools can be used when starting EES, but one
of the challenges of this surgery is to manage the bleeding

\
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in a 1-handed surgery. For this purpose, the use of aspirating
instruments can be very useful. The suction round knife is par-
ticularly helpful to decrease the difficulty of raising a tympa-
nomeatal flap.

Once the surgeon becomes familiar with the principles of EES,
specialized EES instruments that take advantage of the endo-
scope's wide field of view are usefull as shown in Figures 1 A, B:

* Ultra-High definition cameras and high-definition/4K
screens

3 mmrigid 0°, 30°, and 45° endoscopes

»  Short- and long-angled Thomassin dissectors

* Angled EES curettes

* Angled suckers

*  Angled micro-scissors

*  Angled cup forceps

e Bone removal tools such as guarded drill burrs, osteo-
tomes, and piezoelectric or ultrasonic device.

With regard to the choice of the endoscope, better picture
quality and size are obtained with an endoscope of larger diam-
eter; thus the most useful is the largest one that can fit into an
ear canal. The 3 mm diameter appears to offer the best bal-
ance between image quality and ability to fit in most ear canals.

The standard length for most EES scopes is 11-14 cm.
A shorter scope may clash with the operating instrument in
the dominant hand. It is also possible to use an 18 cm sinus
optic with a shorter instrument in the standing position, with
shoulders relaxed.

The author generally recommends endoscopes which are
3 mm in diameter and 14 cm in length.

Optimizing the optical chain is essential to obtain the best sur-
gical image. It is clearly important for the surgeon to under-
stand how to troubleshoot the system.

Endoscopes wear out quickly and lose image quality: it is
important to have them serviced or to replace them regularly.

Ergonomics

From an ergonomic perspective, EES can be considered supe-
rior to microscopic ear surgery. This is important, as it has been
reported that among 323 ENTs, 72% had back pain and/or
neck pain, with otologists having the highest prevalence.'®2°

Figure 1. (A) 4K screen and 4K camera with an LED source. (B) Specialized endoscopic ear surgery instruments.
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Figure 2. Model operating room setup for endoscopic ear surgery. Top: left ear. Bottom: right ear.

The main ergonomic advantage of EES is that it is a "heads-up”
surgery.

Both standing and sitting positions can be adopted for EES. If
microscope use is likely, a sitting position should be adopted.
Standing, however, gives the surgeon some freedom in posi-
tioning the camera and body toward the attic, antrum, and ret-
rotympanum, which is harder to achieve while sitting.

Position in the operating room depends on whether the right
or left ear is operated as shown in Figure 2 top (left ear) and
bottom (right ear).

The monitor is placed directly across from the surgeon at eye
level (Figure 3). When the surgical assistant (or nurse) is also
across from the surgeon, it facilitates instrument transfer,
especially for a right ear if a second monitor is available.

Figure 3. Recommended ergonomic posture for endoscopic ear
surgery: the surgeon is sitting with a higher back perpendicular to the
ground, using armrest allowing shoulders to be relaxed, and the
screen is positioned directly in front of the surgeon.

Figure 4. Recommended ergonomic posture for endoscopic ear
surgery: the surgeon is sitting with a higher back perpendicular to the
ground, using armrest allowing shoulders to be relaxed, and the
screen is positioned directly in front of the surgeon.
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Right-handed surgeons are advised to start with a left ear.
Dissection is easier because the left hand holds the scope in
the inferior part of the canal while the right hand is directly
accessing the usual epitympanic pathology without crossing
instruments over. Moreover, the surgeon may intermittently
and gently rest his wrist on the patient’s shoulder to reduce
camera shake (Figure 4).'4

Of note, when compared to the microscope, exoscopes pro-
vide superior ergonomics, induce less neck strain, and give an
immersive video experience with a wide surgical field, which
is better for teaching (Figure 5). Endoscopes and exoscopes
allow a heads-up surgery; while the endoscope improves
access through small surgical corridors, the exoscope is best
suited for large surgical corridors, making them comple-
mentary modalities. In the midst of the current coronavi-
rus disease 2019 pandemic, heads-up surgery is favorable
due to compatibility with face covering personal protecting
equipment.2!22

Tips and Tricks

The following tips come from the author’s personal experi-
ence, capitalizing on different "Getting started” articles and on
the courses and congress:

1. Start with a left ear for a right-handed surgeon: endoscopic
dissection of the right ear is more difficult because of the
anterior bony canal overhang and of the less optimal view of
the epitympanum.

2. Both standing and sitting positions can be adopted for EES
depending on the size of the endoscope. Longer endo-
scopes should be used when standing.

Figure 5. Using an exoscope with 3D glasses.
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3. Patient setup: dorsal position proclive; the EAC in front of
the entry of the instruments, a hook to push aside the tra-
gus, +/—a pitch on the concha to straight and open the EAC,
a sponge or compress +antifog under the hook. Avoid intro-
ducing too much defog solution into the middle ear because
it is probably ototoxic. Kozin et al'® recommends wiping the
tip with a saline solution after defog applications.

4. Bleeding management is criticall Compared to 2-handed
surgery, achieving hemostasis during endoscopic approach
is difficult and is a skill that can only be learned in live sur-
gery. In early cases, spending time to control the bleeding is
one of the most important factors in getting comfortable
with the endoscopic methods. Local infiltration of xylo-
caine 1% + adrenaline at meatus and tragus should be per-
formed preoperatively after disinfection of the skin. Then,
at the beginning of the surgery, under optical control, the
anesthetic solution should be injected very slowly in the
vascular strip with a bent needle.

Bleeding is also managed by:

*  Anesthetic control of the mean arterial pressure and pulse

*  Gently proclive position

+  Cottonoids soaked in 1:1000 adrenaline and placed at the
edge of the flap are helpful, enforcing a sufficient time
delay before suctioning.

5. Prepare the auditory canal: proper trimming of ear hair with
fine sharp scissors, such as curved iris scissors, is critical
before the start of EES, to keep the lens clean and avoid
wiping it. Some surgeons from Japan propose the use of
depilatory cream with cotton ball protecting the ear drum.

6. Raise the tympanomeatal flap: begin the C-incision, more

laterally than you could expect. An adequate flap length

is particularly important where, for example, an extensive
atticotomy will be performed. To achieve an adequate tym-
panomeatal flap length, the diameter of the round knife

(approximately 3 mm) can be used as a guide in early EES.

A 5-6 mm tympanomeatal flap is adequate for most cases,

approximately twice the diameter of the round knife."

Raise the flap with a cotton ball and suction instrument.

8. Avoid overheating: decrease the lamp brightness as much
as possible and prefer an LED source. Increase the sensi-
tivity of the camera. Rinse thoroughly during surgery and
use suction at the tip of the endoscope to cool it. Take the
endoscope in and out often. The use of an endoscope holder
may induce a significant heat transfer to the middle ear
from a static endoscope tip. Moreover, endoscope holders
could cause ossicular or canal injury if the patient were to
move during surgery. overcome the lack of true depth per-
ception due to 2D view. With experience, surgeons learn to
evaluate the depth through the parallax effect with move-
ment of the endoscopes.

9. Do notignore the endoscope tip. Be careful with the angled
endoscopes. The vision is lateral, making it necessary to
remember where the tip of the endoscope is sitting. It is
easier to introduce the surgical instrument at the same
time as the endoscope.

10.See as well as possible. Control and revise your optics
often. Check your optical chain. Place a quality screen in
front of your eyes. Dim the light in the room. Have a good
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collaboration with the anesthetist and a good infiltration.
Control the bleeding.

11.Work in the Corners: seeing is not doing. View at a wide
angle is not enough. To work in angles, you need a bent
instrumentation such as forceps, aspirations, stripper,
and hook. It is easier to start with the 0° endoscope
and use the angled endoscope later on when having
good knowledge of the ear. Consider the indications of
transcanal endoscopic ear surgery. When starting the
endoscopic approach, particularly with attic and antral
disease, converting to mastoidectomy has to be consid-
ered when you are chasing the same antral disease for
more than 10 minutes by the clock measured by your
scrub nurse.

12.Do not overdo the atticotomy: usually, a small atticotomy
in conjunction with angled scopes gives the endoscopic
surgeon an adequate view of the disease. When chasing
posterior attic and antral disease, one could be tempted
to continue extending the atticotomy. Mastoidectomy
is preferred to large atticotomy which is difficult to
reconstruct.

13.To avoid problems linked to 1-hand operation, there are
several solutions:

e use suction instrumentation,

e work in pairs with 3 or 4 hands,

* use smooth forceps that do less adhering to the tis-
sues. A delicate preparation by the assistant on the
smooth forceps is important to facilitate the deposit
of an object (prosthesis, sponge graft, and so on) with-
out it getting stuck to the instrument. Indeed, we only
have 1 hand to deposit.

14.1f using several optics during surgery, some camera cov-
ers allow to change them without risk of desterilization
(Spiggle & Theis).

15.Change your habits as you gain experience. At the beginning
of the learning curve, the microscope should be dressed in
the room to be able to use it as needed. Yet, begin every-
thing endoscopically and then move to the microscope if
needed. You can also use magnifying glasses for certain
procedures such as preparing the perichondrium, the pros-
thesis, etc. if you have not dressed the microscope.

16.Consider biomaterials: TEES is a micro-invasive surgery.
When using biomaterials such as Bio-design (tissue engi-
neering), the surgery is less invasive because it avoid
incision, induce less pain and gain time. The author use a
technique from of biodesign origami butterfly to close TM
perforation less than 30% in size. This sandwich-type scaf-
fold favors epithelial regrowth.?324

Conclusion

Endoscopic ear surgery requires a deep understanding of the
complex anatomy that can be learned in books and teaching
video but need to be learned on cadaveric dissection.

The learning curve may be challenging because experience
gained with the microscope does not exempt you from learn-
ing. The 1-handed surgery disadvantage is balanced by specific
endoscopic techniques.

Learning endoscopic and microscopic approaches simultane-
ously is recommended for residents.
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Established surgeons who wish to adopt endoscopes may
readily start with minimal additional equipment. With expe-
rience, more complex indications will require more spe-
cific equipment. The quality of the optical chain is essential.
Endoscopic ear surgery allows a more confortable heads-up
position and improves mini-invasive surgery through small sur-
gical corridors.

Some tips can help surgeons to bypass some drawbacks such
as the 1-handed bleeding control and depth assessment.
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