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KEY POINTS

e Traditional binocular microscopy provides excellent image quality, magnification, and illu-
mination and 2-handed dissection.

e Binocular microscopy offer a heads-down approach that results in compromised ergo-
nomics and a narrow field of view when operating in a small corridor.

e Endoscopes offers superior ergonomics with a heads-up approach that enhances visual
access through the external auditory canal and decreases the need for mastoidectomy.

e Exoscopes also offer a heads-up approach and complement the endoscope. Exoscopes
are a viable alternative to binocular microscopy to deliver comparable image quality, an
immersive visual experience, and two handed dissection.

Full eye-covering personal protection equipment, such as face shields and powered air-
purifying respirator hoods, can be used with endoscopes and exoscopes to offer risk miti-
gation during the coronavirus disease pandemic without compromising visualization.

INTRODUCTION

The field of otology and neurotology requires dissection at high magnification to
ensure successful management of middle ear and mastoid disease and preservation
of anatomic structures. The ideal method of visualization should provide an unob-
structed wide field of view and excellent ergonomics Box 1. Although the binocular mi-
croscope remains the cornerstone of surgical illumination and magnification,
advances in video technology have enabled the use of heads-up techniques offered
by endoscopes and exoscopes (Fig. 1). The endoscope is ideal when utilizing small
surgical corridors to access the hidden recesses of the middle ear. The digital

Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, Harvard Medical School,
243 Charles Street, Boston, MA 02114, USA

* Corresponding author.

E-mail address: daniel_lee@meei.harvard.edu

Otolaryngol Clin N Am 54 (2021) 11-23
https://doi.org/10.1016/j.0tc.2020.09.024 oto.theclinics.com
0030-6665/21/© 2020 Elsevier Inc. All rights reserved.


mailto:daniel_lee@meei.harvard.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otc.2020.09.024&domain=pdf
https://doi.org/10.1016/j.otc.2020.09.024
http://oto.theclinics.com

12

Ridge et al

Box 1
Timeline—A brief history of endoscopes in otolaryngology

1960s: Walter Messerklinger in Austria performed endoscopic sinus surgery using a modified
cystoscope under local anesthesia.

1967: Bruce Mer described middle ear anatomy using otoendoscopy in cadavers, animal
models, and living patients.>?

1982: Yasuya Nomura used a needle otoscope to explore the middle ear using myringotomy in
living patients.”*

1985 to 1987: Rhinologist David Kennedy and radiologist Simion Zinreich developed computed
tomography parameters for sinus imaging and originated functional endoscopic sinus surgery
at Johns Hopkins University.>>°77

1990s: Jean-Marc Thomassin, Dennis Poe, and Muaaz Tarabichi described new otologic
applications of endoscopy, including management of cholesteatomas and perilymphatic
fistulas.>®¢7

1995: First workshop on otoendoscopy in the United States, at Saint Louis university (directed
by Eric Sargent, featuring Dennis Poe and Robert Jackler)®®

2008: International Working Group on Endoscopic Ear Surgery established

2010: First EES course in Europe, Malta (featuring Schembri Mismayer, Livio Presutti, Daniele
Marchioni, and Stephane Ayache)

2012: First workshop on EES in the United States, Saint Louis University (chairs: Anthony
Mikulec and Daniel Lee)

2015: 1st World Congress on Endoscopic Ear Surgery, Dubai, UAE (chair: Muaaz Tarabichi)

2017: 2nd World Congress on Endoscopic Ear Surgery, Bologna, Italy (chairs: Livio Presutti and
Daniele Marchioni)

2019: 3rd World Congress on Endoscopic Ear Surgery, Boston, Massachusetts (chairs: Michael
Cohen, Daniel Lee, Alicia Quesnel)

2022: 4th World Congress on Endoscopic Ear Surgery will be held in Kyoto, Japan (chair: Seiji
Kakehata)

extracorporeal scope, or exoscope, is complementary to the endoscope and was
designed to replace the operating microscope. The exoscope can be used for trans-
canal, transmastoid, and craniotomy procedures requiring two handed dissection.
When compared with the microscope, these two heads-up modalities provide an
immersive surgical view, greater depth of field, improved ergonomics, and enhanced
compatibility with personal protective equipment (PPE).

DISCUSSION
Limitations of the Operating Microscope

The traditional binocular microscope greatly advanced the field of otology and neurotol-
ogy by providing a stable, illuminated, magnified, and 3-dimensional (3-D) view of ear
and skull base anatomy. The ability to perform two handed dissection under high magni-
fication facilitated more accurate manipulation of delicate ear structures, leading to the
refinement of procedures, such as the tympanoplasty and stapedectomy.’

The surgical microscope consists of a binocular head with two adjustable eye-
pieces, an objective lens, and an illuminator (see Fig. 1). This system is attached to
a suspension arm and a stand, making the system bulky. Improvements in micro-
scopic technology also have taken a toll on the stack height of the binocular head,
compromising ergonomics for the user (Fig. 2A). The stack obstructs the view of
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Fig. 1. General specifications for binocular microscope, 2-D Hopkins rod telescope, and 3-D
exoscope. The microscope and exoscope are used with a line of sight approach, with similar
focal distances and true depth perception, allowing the user to operate with both hands. In
contrast, the 2-D endoscope has a much shorter focal distance but can be used in small cor-
ridors to provide a high contrast wide-angle view with enhanced depth of field. EAC,
external auditory canal. (Adapted from Smith S, Kozin ED, Kanumuri V V., et al. Initial Expe-
rience with 3-Dimensional Exoscope-Assisted Transmastoid and Lateral Skull Base Surgery.
Otolaryngol - Head Neck Surg (United States). 2019; with permission.)

the surgical field for operating room (OR) personnel and requires a static posture with
the neck flexed and arms stretched forward (see Fig. 2A). The optical system also is
far from the surgical field, and magnification and illumination are needed to maximize
image quality. Field of view and depth of field, however, decrease as magnification

Fig. 2. Traditional heads-down microscopic surgery is associated with unfavorable ergonomics.
Arrowsillustrate the posture of the surgeon and the corresponding line of sight when using each
device. (A) Binocular microscopy, even with armrests, Trendelenburg positioning, and 250-mm
focal length placesstrain on the neck, shoulders and back during prolonged dissection. The stack
height of the microscope increases the distance between the end of the oculars to the ear,
requiring outstretched arms. (B) Heads-up exoscopic surgery results in a relaxed posture and
enhanced body mechanics. (Adapted from Smith S, Kozin ED, Kanumuri V V., et al. Initial Expe-
rience with 3-Dimensional Exoscope-Assisted Transmastoid and Lateral Skull Base Surgery. Oto-
laryngol - Head Neck Surg (United States). 2019; with permission.)
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increases, and anatomic boundaries can obstruct light transmission. Consequently,
the microscope has a shallow depth of field and narrow field of view, necessitating
soft tissue and bony dissection to overcome these limitations. These constraints
necessitate frequent adjustments intraoperatively. A 2015 study found that neurosur-
geons used the microscope handgrip controls to change focal length, zoom, or posi-
tion an average of once every 114 seconds, which accounted for 8% of the total case
time. Remarkably, surgeons modified several behaviors in order to prevent loss of
alignment and further need for microscopic readjustment, such as avoiding looking
away from the oculars during handoffs, maintaining unergonomic body postures,
and even operating using a nonfocused view or at the edge of the field of view.?

Endoscopes

The endoscope has become an essential tool in many otolaryngologic disciplines,
including rhinology. In otology and neurotology, endoscopes have advanced from
an observational instrument (otoendoscopy) to an operative one (endoscopic ear sur-
gery [EES]) at a growing number of centers. Although there has been a rapid increase
in the adoption of EES within the past decade,® the endoscope continues to generate
debate among surgeons as a primary modality for performing middle ear surgery.
Many of the arguments raised against EES match those made by rhinologists when
the Hopkins rod telescope was introduced for sinus surgery.*°

The most common endoscope used in EES is the Hopkins rod telescope (see
Fig. 1). The endoscope can be used with the naked eye or coupled to a standard defi-
nition, high-definition, or 4K video camera. A flexible fiberoptic cable is attached to the
endoscope to provide radiant energy from a halogen, xenon, or light-emitting diode
(LED) light source. The system integrates with proprietary components that enable
transmission of a live video feed to a monitor (mounted on a tower or surgical
boom) as well as recording of imaging data for documentation.” This feature allows
all participants to (1) share an operative view with the surgeon, improving both teach-
ing and coordination with OR personnel, and (2) allows the surgeon to sit comfortably
in an ergonomic heads-up posture.

Endoscopes have a short focal length and deliver light through small openings,
bypassing visual obstructions (see Fig. 1). These features make the endoscope an
ideal choice for transcanal dissection, especially in patients with small or tortuous ca-
nals. Additionally, the wide-angle view, angled optics, and high-contrast light source
allow surgeons to look around corners,® gaining visual access to hidden recesses
(Fig. 3). Importantly, this reduces the need for soft tissue retraction and bony dissec-
tion.® Finally, mastoidectomy is an aerosol-generating procedure (AGP),%'° and surgi-
cal aerosols can carry viral pathogens.'’ Endoscopes play an important role in risk
mitigation during the era of the coronavirus disease (COVID-19) pandemic, reducing
the need for mastoidectomy.

Transcanal EES (TEES) is an ideal approach for the management of cholesteatoma,
because the pathology can be followed along the anatomic growth pattern from the
tympanic membrane to the tympanic cavity and hidden recesses.> A scope holder
is not recommended because motion parallax creates a sense of depth perception
when using a 2-D video camera system. TEES diminishes the need for a canal wall-
up mastoidectomy in some cases'? and facilitates en bloc removal of cholesteatoma,
with an improved chance of ossicular preservation'® and decreased rates of residual
and recurrent disease.'* In studies comparing TEES to microscopic surgery for cho-
lesteatoma, results have shown comparable or improved rates of control,'® improved
quality of life, decreased surgical morbidity, shorter healing time, and less postoper-
ative pain due to avoidance of postauricular incisions.’® TEES for tympanoplasty
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ScC

30° endoscopy 45° endoscop

Fig. 3. Transcanal endoscopic tympanotomy, left ear. Endoscopes provide a wide-angle view
and greater depth of field with minimal soft tissue and bony dissection compared with
binocular microscopy. (Left panel) A 30° endoscopic view of the left ear mesotympanum
and retrotympanum. (Right panel) A 45° endoscopic view of the protympanum. AP, anterior
pillar; CA, carotid artery; CN7, facial nerve; Co, cochlea; CP, cochleariform process; ET, eEus-
tachian tube; Fi, finiculus; Fu, fustis; Po, ponticulus; PP, posterior pillar; Py, pyramidal pro-
cess. SC, semicanal; ScC, subcochlear canaliculus; ST, sinus tympani; Su, subiculum; TM,
tympanic membrane.

results in similar outcomes compared with microscopic approaches.'”'® Endoscopic-
assisted stapedectomy in some series was associated with decreased chorda
tympani injury and postoperative pain along with comparable audiological outcomes
and operative times.!”

In cases where a postauricular approach cannot be avoided, an endoscopic-
assisted transmastoid approach can be used (Fig. 4). Transmastoid EES (TMEES)
requires a smaller mastoidectomy compared with a traditional microscopic transmas-
toid approach. In the treatment of extensive cholesteatoma extending to the antrum,
the use of TMEES has been shown to decrease the need for a canal wall-down
mastoidectomy.'®

The endoscope is an invaluable tool for the management of neurotology patients.
Underwater endoscopic-assisted dissection can be used with a transmastoid
approach for the management of superior canal dehiscence.'® Angled endoscopes
aid in the identification of subtle superior canal defects located along a down-
sloping tegmen following middle fossa craniotomy that otherwise escape detection
when using the microscope.?° Fully endoscopic resection of vestibular schwannomas
has been reported to be a safe and effective means for hearing preservation and re-
quires a smaller cranial opening and less manipulation of the cerebellum and other
structures.?" Finally, the endoscope can be utilized to visualize the posterior fossa us-
ing a transmastoid craniotomy (Fig. 5 for labyrinth-sparing resection of endolymphatic
sac tumor) or dissection of the lateral recess of the fourth ventricle through a retrola-
byrinthine craniotomy for auditory brainstem implant surgery (Fig. 6).

Disadvantages of endoscopic surgery include lack of true depth perception (some
systems now are available with 4K 3-D), one handed dissection, steep learning curve,
and fewer opportunities for training (especially during residency and fellowship)
compared with the microscope.? Special consideration for safe EES include conser-
vative use of antifog solution (shown to be ototoxic in animal models) and avoidance
of thermal injury. Excess antifog solution can be prevented from entering the middle
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Fig. 4. TMEES, left ear. (A) Following a canal-up mastoidectomy for extensive cholestea-
toma, a 30° or 45° endoscope (stabilized with a gauze sponge) is introduced into the aditus
ad antrum to visualize residual disease. (B) Angled endoscopy directed anteroinferiorly re-
veals the posterosuperior surfaces of relevant anatomy that can be difficult to visualize
transcanal. CP, cochleariform process. St, stapes; TM, tympanic membrane; TTT, tensor
tympani tendon.

ear by wiping the endoscope with saline after application.?? Endoscopes have the po-
tential to cause thermal damage to middle ear structures,?® but injury can be avoided
by maintaining light intensity at 50%, using suction and irrigation for rapid cooling,
keeping the endoscope tip at least 8 mm away from tissues, and removing the endo-
scope frequently.24-26

Exoscopes

The extracorporeal video microscope or exoscope is a recent addition to the micro-
surgical armamentarium and was designed to replace the operative microscope.?’
Most of the initial experiences with exoscopes are documented in the neurosurgical
literature. The exoscope consists of a high-definition or 4K video camera with

Fig. 5. Endoscopic and exoscopic-assisted retrolabyrinthine craniotomy for removal of com-
plex skull base neoplasm. The entire procedure was performed under a barrier drape (Oto-
Tent) to reduce particle dispersion during an AGP in April 2020.
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Fig. 6. Endoscopic dissection of the lateral recess of the IV ventricle following retrolabyrin-
thine craniotomy, left ear. A 30° endoscope was oriented posteriorly and introduced into
the posterior fossa, resulting in a wide-angle view with enhanced depth of field. In contrast,
the foramen of Luschka and root entry zones of cranial nerves IX, X, and Xl cannot be visu-
alized microscopically using this same approach without sacrificing the posterior canal. En-
doscopes enable less-invasive auditory brainstem implant surgery for deaf patients with
cochlear nerve aplasia and other cochlear anomalies. PICA, posterior inferior cerebellar
artery.

optical and/or digital zoom and a fiberoptically delivered or LED light source. This
system is suspended above the surgical field with a manually actuated articulating
holder or robotic arm, which transmits a 2-dimensional (2-D) or 3-D image to a
high-resolution monitor placed at eye level directly across from the surgeon (see
Fig. 2B).

The exoscope has distinct advantages over the traditional binocular microscope.
These include a large field of view, a longer focal length creating ample working space,
and the ability to easily adjust the surgical view without anatomic constraints.?® The
microscope and the exoscope are external to the body cavity and can provide 3-D
visualization of the surgical field (see Fig. 1). The exoscope utilizes an external video
monitor, which allows the surgeon to assume a heads-up posture and allows others to
share the surgeon’s view.?® A 2019 systematic review found that the exoscope was
equivalent or superior to the microscope in terms of image quality, magnification, light-
ing, focal length, and depth of field. When a 3-D exoscope was used, stereopsis also
was found to be equivalent or superior. The exoscope also was reported to be less
expensive, more comfortable to use, more manageable and maneuverable, less
obstructive of the surgical field, and better for teaching.>°

Following the initial studies that demonstrated its efficacy and safety in microneur-
osurgery, the exoscope has been adopted by various otolaryngologic subspe-
cialties.?®®1°2 Reports have demonstrated successful use of the exoscope in
cochlear implantation, mastoidectomies, vestibular schwannoma resections, tempo-
ral lobe encephaloceles, and cholesteatomas.?”33-3°

A disadvantage with exoscopes is lack of training opportunities. With experience,
however, there does not appear to be significant differences in operating time or
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complication rates when comparing the exoscope to the microscope.®'*° Other dis-
advantages include reduced image resolution at higher magnifications and decreased
illumination in narrow surgical corridors,?” supporting the idea that the exoscope is
best suited for large surgical corridors.

In conclusion, exoscopes offer superior depth of field and ergonomics compared
with microscopes at a competitive cost. Finally, a heads-up approach is compatible
with full PPE (see Fig. 5). Future developments will include (1) a more compact working
head, (2) greater optical zoom capability, and (3) improved focused illumination.

Ergonomics

Ergonomics is the study of work-related efficiency and safety. Surgical ergonomics
include optimization of OR layout and body mechanics to decrease musculoskeletal
pain and disability. Poor ergonomics can affect cost, efficiency, performance, and
patient safety.®® Survey studies show that 47% to 74% of otolaryngologists report
work-related musculoskeletal pain attributable to poor ergonomics.®” Among the
otolaryngology subspecialties, neck and back pain commonly have been associated
with otologists or those performing otologic surgery.®° This phenomenon likely is
due to frequent use of the operating microscope, which requires the surgeon to main-
tain a static heads-down position with the neck flexed and arms stretched forward in
order to maintain a proper view through the rigid binocular eyepiece (see Fig. 2A). Cer-
vical and thoracic pain have been associated with 3 or more hours of microscope us-
age per week.*°

In contrast to the heads-down posture assumed during microscope use, the endo-
scope and exoscope utilize a video monitor placed at eye level, directly across from
the user. Such eye-level displays are inspired by the heads-up display system devel-
oped for military aviation, which present data on transparent displays directly in front
of the pilot.* Heads-up technology and eye-level displays have been adapted for the
OR, allowing the surgeon to view the surgical field while maintaining proper natural
neck joint alignment (see Fig. 2B). This posture avoids stress on the cervical and
thoracic spine.*°

The 3-D heads-up systems have been associated with a significant increase in sur-
geons’ rating of ergonomic comfort*? and decrease in back and eye strain*® and may
reduce asthenopia and subsequent difficulties in concentration that can accompany
prolonged microscopic ocular use.

Heads-up Surgery in the Era of the Coronavirus Disease Pandemic

The COVID-19 pandemic has had an impact on PPE requirements and safety recom-
mendations for medical providers globally. Enhanced protection is of particular impor-
tance for otolaryngologists, who are at increased risk of nhosocomial spread when
performing AGPs on the upper aerodigestive tract, which has a high severe acute res-
piratory syndrome (SARS)-coronavirus 2 (CoV-2) viral load in infected individuals.*4*°
It is not yet known if the respiratory mucosa that lines the middle ear and mastoid cells
also demonstrates high viral loads, but this likely seems due to its continuity with the
nasopharynx and previous reports of unspecified coronavirus present in cases of otitis
media.*® SARS-CoV-2 has been isolated from the middle ear and mastoid in a cadav-
eric specimens from individuals with COVID-19*" and other respiratory viruses,
including previous strains of coronavirus, have been previously identified in middle
ear fluid samples.*®“° Suctioning, cautery, and drilling on these areas with the poten-
tial for high viral loads, therefore, are considered high-risk AGPs, including
mastoidectomies.® 1044
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Although personal respirator masks can prevent inhalation of aerosol particles, a
face shield should be used to prevent ocular exposure to viral particles when perform-
ing an AGP. Otolaryngologists, therefore, are recommended to wear an N95 or FFP2/3
mask in combination with a face shield, goggles, or powered air—purifying respirator
hood when operating on high-risk or COVID-19-positive patients. Eye or face PPE,
however, often interferes with a surgeon’s ability to use binocular eyepieces.*>" En-
doscopes and exoscopes are ideal alternatives to the microscope due to (1) full
compatibility with eye covering PPE and (2) the decreased need for mastoidectomies
when performing EES.*°

A barrier drape, or Ototent, has been shown to reduce both large and small particle
dispersion during bony dissection with powered instrumentation (see Fig. 5).° A recent
report described the use of a draping method with a 3-D exoscope during mastoidec-
tomy. They found that the 3-D image was obscured when looking through 3-D glasses
under a face shield but that the image was restored when the glasses placed on the
outside.®? They reported a minimal learning curve, improved ergonomics, and similar
surgical time and recommend the use of transmastoid exoscopic and transcanal endo-
scopic approaches to perform surgery safely while wearing the necessary PPE.

SUMMARY

The binocular microscope revolutionized modern surgery, transformed the field of
otology and neurotology. Despite its historical importance, the traditional operating
microscope has several significant drawbacks compared with the modern endoscope
and exoscope. Microscopic surgery is performed using a heads-down posture that
has been associated with musculoskeletal pain and disability, and the microscopic
view is limited by the size and shape of small surgical corridors.

The endoscope and exoscope are ergonomically superior to the operating micro-
scope, overcoming many of its limitations and yielding comparable or improved out-
comes. The endoscope improves access through small surgical corridors, whereas
the exoscope is best suited for large surgical corridors, making them complementary
modalities. In the midst of the current COVID-19 pandemic, heads-up surgery is favor-
able due to compatibility with face covering PPE. The endoscope provides additional
protection by reestablishing the external auditory canal as a minimal access surgical
corridor, thereby avoiding aerosol-generating mastoidectomies. These advantages
make the endoscope and exoscope valuable tools for the modern era of otology
and neurotology.

CLINICS CARE POINTS

e Endoscopes can enhance visual access through small surgical corridors such as
the external auditory canal, thereby decreasing the need for extensive soft tissue
dissection and aerosol generating mastoidectomies.

e Exoscopes are a viable alternative to binocular microscopy and are best suited
for access through large surgical corridors.

e Endoscopes and exoscopes rely on eye-level monitors and enable surgeons to
operate using a heads-up approach, with a relaxed and ergonomically superior
posture compared with the binocular microscope.
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