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Abstract Virtual endoscopy in otology

Virtual endoscopy (VE) is a technique involving the transformation of
two-dimensional datfa into a three-dimensional fly-through image of
hollow anatomical structures, enabling a realistic integrafion of
complex anatomical cavities such as sinuses, larynx, and ears. The
absence of updated literature on this tfechnology in otolaryngology
prompted a review on the ufility of this technology in the field. Primary
research articles were extracted from PubMed, Scopus, and other
online libraries and their abstract was screened for relevance. VE can
serve as an educational tool for novice frainees and in pre-operative
planning in the field of otolaryngology. The paper is the first updated
literature review article on the role of virtual endoscopy in sinus
surgery, otology, and upper airway assessment.

Infroduction

Virtual endoscopy is a non-invasive technique that generates three-
dimensional images of hollow anatomical structures using CT or MRI
data. The application of this technology has been widely explored in
assessments of the colon and the lower airway dating back fo the
end of the 20t century. The complex and highly variable cavities of
the head and neck cavities warrant an investigation on the ufility of
VE in current ofolaryngology practice. With recent technological
advancements, virtual endoscopy has the potential to provide
redlistic representations of sinuses, ears, and larynx, offering practical
and tfime-saving benefits to both novice and experienced
otolaryngologists.

A bibliographic search was performed using: PubMed, Scopus,
Embase, Web of Science, and Google scholar using MeSH terms,
free text, and Boolean functions. To ensure thorough capture of the
literature, the inclusion criteria consisted of: primary research
articles, English language, full-text, virtual endoscopy in the context
otology, laryngology, and upper airway assessment. The reviewers
independently screened and reviewed papers on relevance to the
research objective of excluding papers failing to meet the criteria.

Virtual Endoscopy in sinus surgery

Rhinologists in the late 90s first applied VE fo visualize paranasal sinus
anatomy and the nasal cavity (1,2). Patel et al. 2017 used high-
resolution CT data for manual VE creation using 3D rendering
software (3). Abarca-Olivas et al. (2022) employed Osirix software to
produce virtual endonasal images, aiding evaluatfion of intro-
sphenoidal structures in 67 patients with sellar fumors, even in cases
obscured by tumor or bone (4).

Rotariu et al. (2017) used VE to evaluate landmarks (sphenoid os and
carotid artery) for endoscopic franssellar surgery (figure 1). VE
showed adequate similarity to genuine images but had limitations in
displaying the sellar floor and content. Occupied or non-cerated
sphenoid sinuses hindered clear structure differentiation at the sellar
level and prevented simulation of working instruments (5).

Figure 1. Identification of nasal cavity anatomical structures
A) intraoperative image B) VE image, MT: middle turbinate, NS: nasal septum,
SO: sphenoid ostia, Ch: choana, dotted line: sphenoethmoidal recess (SER) (5).
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In examining middle ear pathology, Jiang et al. 2008 used VE to assess
ossicular chain integrity post-tfraumatic ear injury. VE demonstrated
accurate defection of incudomalleal and incudostapedial joint
dislocation, incal dislocation or fracture, incus shiffing and stapes
separation. VE replicated intra-operative findings accurately (Figure
2), provided superior visuadlization for fraumatic ossicular chain
disruption, and detected subtle injuries missed on CT. This prompt
identification may minimize diagnostic delays reducing long-term
consequences such as conductive hearing loss (6). VE shows promise
in evaluating inner ear disorders, Guigou et al. 2015 established how
VE can provide surgeons with sufficient insight into the expected intra-
operative views allowing for safe and minimally invasive planning of
frans-tympanic surgeries (7).

Figure 2. (7) VE of Incal shedding and dislocation. (8) Intra-operative findings consistent
with Malleoincudal and incudostapedial joint separation and incal shedding and
reversing. (9) Post-operative VE showing malleoincudal and incudostapedial joint
connection (é).

Virtual endoscopy in laryngology

VE may appeal fo otolaryngologists in planning for safer and more
efficient intferventions. It offers non-invasive evaluations of upper
airway anafomy, including patency, site, morphology, extension, and
location of lesions. Guarnizo et al. (2021) demonstrated clear

identification of laryngeal structures with moderate to significant inter-
observer agreement in 42 cases of laryngeal lesions (8). El-Gerby et al.
(2013) compared Virtual laryngoscopy (VL) to nasopharyngoscopy,
finding 96% sensitivity and 100% specificity in diagnosing laryngeal
lesions in 40 cases (figure 3) (?). Rashid et al. (2022) reported an 89%
positive predictive value of VL in diagnosing laryngeal carcinoma (10).

Figure 3. A) Nasopharyngoscope of sessile right VF polyp. (C) VL showing right VC polyp (9).

Virtual endoscopy has a limited role in assessing vocal fold motility or
fracheomalacia due to its static nature. Poor aeration and CT image
seftings can affect image resolution and disease severity. Interpreting
luminal color, confour, and fexture may pose challenges in
distinguishing lesions from secretions (8). Additionally, flat or subtle
lesions can result in false negative results.

Conclusions

Virtual endoscopy offers valuable applications for ofolaryngologists
as both a surgical planning and educational fool. It provides
interpretable and reliable representations of luminal anatomy. The
complex and highly variable head and neck anatomy can pose a
challenge to surgeons. Nevertheless, acknowledgement of the
limitations of VE is crucial and therefore it should be considered as
adjunctive diagnostic tool rather than an alternative fo conventional
endoscopy.
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