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Eustachian tube dysfunction (ETD) poses diagnostic challenges due to its complex pathophysiology and
varied clinical presentation. Traditional diagnostic methods often lack direct visualization of the Eustachian
tube (ET) function, leading to suboptimal evaluation and management. Dynamic slow-motion video
endoscopy (DSVE) has emerged as a novel approach to address these limitations, offering real-time
visualization of ET dynamics with enhanced clarity and precision. This comprehensive review provides an
overview of DSVE as a promising tool for evaluating ETD. We discuss its methodology, clinical applications,
comparative analysis with traditional methods, and future directions. Key findings from the literature
highlight DSVE's ability to enhance diagnostic accuracy, facilitate targeted treatment strategies, and
improve patient outcomes. Integrating DSVE into routine clinical practice holds significant implications for
the diagnosis and management of ETD, offering clinicians valuable insights into underlying
pathophysiology and guiding personalized treatment interventions. Future research should focus on
standardizing DSVE protocols, validating its diagnostic accuracy, and exploring its role in guiding novel
treatment modalities. By advancing our understanding of ETD and optimizing diagnostic and therapeutic
approaches, DSVE has the potential to revolutionize the management of this common yet challenging
otologic condition.
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Introduction And Background

The Eustachian tube (ET) plays a crucial role in middle ear health, and its dysfunction (Eustachian tube
dysfunction (ETD)) remains a significant challenge in otology due to the region's limited accessibility. ETD is
recognized as the primary contributing factor in the development of middle ear diseases. However, there is
currently no single test that comprehensively evaluates both the anatomical and physiological functions of
the ET. Most endoscopic investigations have primarily focused on static examinations of the ET orifice or
lumen, rather than dynamic monitoring of tubal motion. Dynamic slow-motion video endoscopy (DSVE) is a
relatively novel approach for assessing ET dilatory movements. This comprehensive review provides an
overview of DSVE as a promising tool for evaluating ETD. It discusses the methodology, clinical
applications, comparative analysis with traditional methods, and future directions of this technique. Key
findings from the literature highlight DSVE's ability to enhance diagnostic accuracy, facilitate targeted
treatment strategies, and improve patient outcomes in ETD management. Integrating DSVE into routine
clinical practice holds significant implications for the diagnosis and management of ETD, offering clinicians
valuable insights into underlying pathophysiological mechanisms and guiding personalized treatment
interventions. Future research should focus on standardizing DSVE protocols, validating its diagnostic
accuracy, and exploring its role in guiding novel treatment modalities. By advancing our understanding of
ETD and optimizing diagnostic and therapeutic approaches, DSVE has the potential to revolutionize the
management of this common yet challenging otologic condition.

Review

The ET plays a pivotal role in regulating pressure equilibrium between the middle ear and the nasopharynx,
ensuring optimal ventilation of the middle ear cavity. Inflammation of the ET impedes its ability to facilitate
gas exchange between the middle ear and the nasopharynx, resulting in auditory impairment or a sensation
of aural fullness. Irrespective of causality, tubal inflammation precipitates an inability to effectively clear
middle ear secretions, leading to stasis and predisposing to the development of otitis media. ETD poses
diagnostic challenges due to its intricate pathophysiological mechanisms and diverse clinical manifestations
[1]. Conventionally, the assessment of ETD has relied on subjective patient reports, otoscopic examination,
tympanometry, and audiometry, which often fail to provide direct visualization of ET function and may not
accurately capture dynamic changes within the tubal lumen [2]. Recognizing the limitations of traditional
diagnostic modalities, DSVE has emerged as a promising technique for evaluating ETD. DSVE facilitates
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real-time visualization of ET dynamics with enhanced clarity and precision, offering insights into the
underlying mechanisms of dysfunction and enabling differentiation between mechanical and functional
etiologies, thereby facilitating targeted therapeutic interventions [3]. This review aims to provide a
comprehensive overview of DSVE as a novel approach for evaluating ETD. By synthesizing existing literature
and discussing clinical applications, methodology, comparative analysis with traditional methods, and
future directions, this review seeks to elucidate the potential of DSVE in advancing the diagnosis and
management of ETD.

Traditional techniques to assess ETD

The progression of endoscopic evaluation techniques has witnessed substantial advancements over time.
Traditional approaches have evolved into more sophisticated and minimally invasive procedures, offering
enhanced diagnostic and therapeutic capabilities. Several techniques have been developed recently to
evaluate tubal function. Advances in radiologic imaging and the widespread use of fibreoptic endoscopes
have provided a more detailed understanding of the ET's structure and function [4]. However, otologists still
find it difficult to distinguish between anatomical and physiological dysfunctions of the ET, despite the
availability of various tubal function tests [4]. A single technique that assesses anatomical and physiological
aspects has yet to be developed [5].

Otoscopy

ETD was initially assessed clinically by otoscopy, which revealed features like a retraction of pars tensa and
pars flaccida and mobility of the tympanic membrane (TM) by performing Valsalva and Toynbee maneuvers
to assess the patency. Still, their reliability is limited, as up to one-third of healthy individuals may fail these
tests [5]. While these otoscopic findings provide some insight into middle ear pressure and ET patency, they
are not sensitive measures of the ET's current physiological performance [5].

Manometric Tests

Manometric tests are tools designed to evaluate the ventilatory and pressure equalization abilities of the

ET with intact TM. Tympanometry, part of immittance audiometry, measures middle ear pressure and
detects middle ear effusions with high sensitivity and specificity. However, it has limitations, such as failing
to detect subtle anatomical abnormalities and fluctuating middle ear pressures [5]. Simple manometric tests
like the Valsalva and Toynbee maneuvers can indicate ET patency, but their reliability is variable. Advanced
tests such as tubo-tympano-aerodynamic-graphy (TTAG) and formal manometric tests, including the
inflation-deflation test, forced response test, and nine-step test, offer more controlled and detailed
assessments that measure both active and passive ET functions, with varying degrees of sensitivity and
specificity. The inflation-deflation test evaluates active ET function by applying positive and negative
pressures to the middle ear. In contrast, the forced response test measures passive ET opening by applying
steady pressure until the ET opens. The nine-step test assesses ET function with an intact TM by inducing
middle ear pressure changes through external canal pressure variations. Combining multiple manometric
test parameters can improve diagnostic accuracy for ET dysfunction. Tympanometry can also detect
patulous ET by identifying respiratory-synchronous compliance patterns in the ear canal pressure trace.

Sonotubometry

Sonotubometry (STM) evaluates the physiological assessment of ET function in a non-invasive method,
using a sound source applied to the nostril and a microphone in the external auditory canal, and detects
increased sound levels when the ET opens during swallowing. However, it is not always effective in detecting
middle ear effusions, and about 10-20% of healthy individuals do not show detectable ET opening during
swallowing. Combining STM with other tests, like the nine-step test, improves its diagnostic utility [5].

Tubomanometry

Tubomanometry (TMM) involves the patient sitting with a pressure receiver in the external auditory canal
and a nasal applicator to create a defined nasopharyngeal pressure. The patient swallows, triggering a
synchronized pressure increase in the nasopharynx. TMM assesses both active and passive ET openings and
records pressure changes in the nasopharynx and middle ear, but no direct visualization of the ET [5].

Impedance Audiometry

Impedance audiometry is the most used method to evaluate middle ear pressure regulation in patients with
middle ear diseases [5]. Although tympanometry is an objective test, there is considerable variability in the

results from different tympanometry-based ET function tests, and it often fails to detect subtle anatomical

abnormalities that lead to functional deficits [5].

Limitations of Traditional Endoscopy in ETD Diagnosis
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Traditional endoscopic evaluation techniques often fall short when it comes to diagnosing ETD. Most
evaluations of ET dysfunction fail to distinguish the type of dysfunction between mechanical and functional
types of dysfunction [6]. Due to the relative inaccessibility of the ET and the significant variability in results
among different tympanometric tests for ET function, the search for an optimal method of assessing ET
dysfunction continues [6]. However, DSVE has emerged as a promising solution to address these limitations.
Numerous studies have underscored DSVE's potential to identify and classify pathologic changes within the
ET, providing crucial insights into structural and functional abnormalities [7].

Introduction of High-Speed and Slow-Motion Endoscopy

Introducing high-speed and slow-motion endoscopy is a significant leap forward in evaluation techniques.
These cutting-edge technologies offer unprecedented insights into the dynamic behavior of various
anatomical structures, revolutionizing the diagnostic and treatment planning processes. High-speed video
endoscopy (HSV) stands out as a remarkable innovation, allowing for the capture of vocal fold vibrations at
an exceptionally high frame rate, often surpassing 2000 frames per second [8,9]. By detecting subtle
abnormalities in vocal fold vibration patterns, HSV contributes to diagnosing both benign and malignant
lesions, thereby improving clinical outcomes [9]. Similarly, dynamic slow-motion video endoscopy (DSVE)
represents another milestone in endoscopic evaluation techniques. DSVE captures endoscopic images at a
high frame rate, followed by playback at a slower speed, facilitating meticulous observation of dynamic
processes [10]. This versatile technique finds application across various fields evaluating ETD in chronic
otitis media patients [9].

Advantages of Dynamic Slow-Motion Video Over Traditional Techniques

Enhanced visualization is a hallmark feature of DSVE, as it captures endoscopic images at a high frame rate
and replays them at a slower speed, facilitating detailed observation of dynamic processes within the ET [7].
This advanced technique offers superior visualization of subtle structural changes compared to traditional
endoscopy methods. Furthermore, DSVE has demonstrated improved diagnostic accuracy in identifying
ETD. Studies have revealed significant differences in DSVE grades between ears affected with chronic otitis
media and healthy ears, underscoring its potential as a diagnostic tool [7,8]. DSVE's ability to detect
abnormalities that might evade detection with traditional techniques enhances its diagnostic utility. The
DSVE findings add another layer of diagnostic precision where clinicians can glean valuable preoperative
insights into ETD with other nasal and nasopharyngeal pathologies in one setting when combined with
diagnostic nasal endoscopy [8]. This synergistic approach enhances the overall assessment and helps in
assessing the effects of interventions on ET function; DSVE enables clinicians to monitor treatment progress
and tailor patient management strategies accordingly [11]. This capability for longitudinal assessment
contributes to more effective patient care and improved treatment outcomes.

DSVE: methodology
Overview of DSVE Procedure

The DSVE procedure employs slow-motion video analysis to visualize and evaluate dynamic structural
alterations in the ET. Dynamic video endoscopy is valuable for visualizing and assessing the movements of
the nasopharyngeal opening of the ET, aiding in diagnosing underlying pathologies in dysfunctional tubes.
Grading ET function is crucial for predicting surgical outcomes for middle ear diseases. Employing slow-
motion endoscopic video analysis, the DSVE procedure captures dynamic structural shifts in the ET,
furnishing invaluable insights into the diagnosis and assessment of ETD [7]. Abnormal muscle action could
stem from primary muscle weakness, inadequate insertion of the tensor veli palatini or dilator tubae, or a
lack of coordinated effort between these muscles. Additionally, all cases of adhesive otitis media in our
study exhibited ET dysfunction, reaffirming that ET dysfunction is a key factor in the pathogenesis of
adhesive otitis media.

Equipment Required for DSVE

DSVE necessitates specific equipment tailored to visualize dynamic structural alterations within the ET.
Typically, this includes an endoscope capable of capturing slow-motion video footage to facilitate precise
observation of these changes. Depending on the preferences and specifications of the medical facility or
research institution, the endoscope may be either flexible or rigid. Moreover, a high-quality video recording
system is indispensable for meticulously documenting the endoscopic examination, enabling the recording
of slow-motion footage for subsequent analysis [12]. Given the paramount importance of adequate lighting
for clear visualization during endoscopic procedures, a compatible light source is invariably utilized with the
endoscope. To facilitate real-time observation and analysis, a monitor is essential to display the live feed
from the endoscope throughout the DSVE procedure. This enables medical professionals to scrutinize and
interpret the dynamic behavior of the ET as it unfolds. In some instances, specialized software may
complement the DSVE setup, facilitating the analysis of captured footage, measurement of dynamic
structural changes, and precise interpretation of results [12,13].
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Patient Preparation and Procedure Steps

Patient preparation for DSVE to evaluate ETD involves several essential steps to ensure thorough
assessment and tailored treatment planning. During the DSVE procedure, the ET is meticulously visualized
using slow-motion endoscopic video analysis to capture dynamic structural changes. Subsequently, DSVE
grades are assigned to evaluate ET function in patients with COM and contralateral ears, which is considered
normal. By comparing DSVE grades between ears with COM and normal ears, clinicians can discern
significant differences, underscoring the potential of DSVE as a diagnostic tool for ETD [3]. Furthermore,
DSVE is often integrated with other diagnostic tests as a comprehensive approach allows to assess ET
function holistically. It helps healthcare providers obtain detailed information on the ET's structural and
functional aspects, thereby enhancing ETD's diagnostic capabilities and guiding appropriate treatment
strategies [14].

Video Recording and Analysis Techniques

Video recording and analysis techniques are integral components of DSVE for evaluating ETD. DSVE uses a
rigid endoscope with specific characteristics, such as a 30-degree angle and 4 mm diameter, to visualize the
nasopharyngeal area and the ET orifice. The patient is instructed to swallow saliva and breathe nasally
throughout the procedure. At the same time, the endoscope captures the opening and closing of the ET,
which is recorded in slow-motion video clips at 0.2-0.4 speed settings. These recordings of nasal endoscopy
enable a meticulous analysis of dynamic structural changes within the ET which are scrutinized by
experienced otolaryngologists, who assess the grade of ETD based on specific criteria [6,15]. This assessment
includes evaluating factors such as the opening of the tubal lumen during swallowing and the presence of
edema or congestion in the orifice mucosa [16,17].

Clinical applications of DSVE in ETD evaluation

Visualization of ET Function in Real-Time

The visualization of ET function in real-time has been explored across various imaging modalities. DSVE not
only helps distinguish the type into mechanical and functional but also helps grade the ETD from normal to
patulous under direct visualization. One notable study employed real-time MRI to observe the ET opening
during the Valsalva maneuver in patients with confirmed dysfunction, shedding light on the dynamic
function of the ET amidst specific maneuvers [1]. Furthermore, imaging techniques such as CT and MRI have
proven effective in identifying features associated with obstructive or patulous ETD. However,
comprehensive function assessments have been achieved with contrast-enhanced radiographs and
scintigraphy, highlighting the potential for dynamic imaging to play a pivotal role in evaluating patients
with ETD [18,19]. These findings underscore the significance of real-time imaging methods like MRI in
capturing the dynamic function of the ET, providing valuable insights into its functionality during various
physiological processes and in cases of dysfunction [1,18,20].

Identification of Specific ETD Pathologies

DSVE has emerged as a promising tool for identifying ETD pathologies. A study revealed that slow-motion
endoscopic video analysis could be instrumental in categorizing types of pathologic changes in the ET [6,7].
In normal subjects, consistent muscle movement patterns were observed, contrasting with the absence of
such patterns in abnormal subjects, indicating that DSVE offers valuable insights into ET anatomy and
physiology [6,7]. DSVE was a valuable adjunct in providing information regarding the structural and
functional status of the pharyngeal end of the ET [6,7]. This underscores the importance of effectively
employing DSVE to identify specific ETD pathologies. Few studies have raised doubts over its efficacy as a
standalone test, where authors felt that its utility is significantly enhanced when combined with other
complementary diagnostic techniques [12,21]. However, some other recent studies have recommended the
utility of DSVE as a single modality that has outstood other tests for ETD, as it has the added advantage of
diagnosing the nasal, paranasal, and nasopharyngeal conditions associated with ETD at the same sitting
[6,7,8]. The findings of ETD with signs and symptoms related to COM correlate better with DSVE than any
other investigation alone [6,7,8,22]. This is also supported by the DSVE value being higher in COM ears than
in contralateral ears with a higher grade of ETD [7,8].

Assessment of Mucosal Changes and Inflammation

The assessment of mucosal changes and inflammation in ETD is pivotal for comprehending the underlying
pathophysiology of tubal dysfunction. DSVE has proven effective in evaluating these changes. DSVE not
only helps in the assessment of the type of ETD, which is functional and mechanical but also helps in
grading the ETD into grades 0,1,2,3, and patulous [6]. It helps identify and address the nasal, paranasal, and
nasopharyngeal pathology affecting the ETD and correlates with it [6]. Research indicates a significant
correlation between mucosal inflammation and ETD, underscoring the importance of assessing mucosal
changes within the context of ETD evaluation [19]. Furthermore, DSVE plays a crucial role in grading ET
movements based on the severity of tubal pathology depending on the mobility of the lumen, offering
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valuable insights into the structural and functional status of the ET [6,7]. The technique has been
particularly beneficial in predicting outcomes after middle ear surgery, emphasizing its significance in
clinical practice [7].

Correlation Between DSVE Findings and Patient Symptoms

The correlation between DSVE findings and patient symptoms is important in evaluating conditions like
ETD, nasal, paranasal, and nasopharyngeal pathology. Research indicates that DSVE effectively diagnoses
ETD by analyzing the movements and structural changes of the ET, shedding light on the pathophysiology of
tubal dysfunction [20]. Moreover, studies have revealed a substantial relationship between DSVE findings
and middle ear disease, underscoring the necessity of aligning visual observations with patient symptoms
[8,21,22]. Furthermore, DSVE plays a pivotal role in grading ET movements based on the severity of tubal
pathology, establishing a direct connection between the visual assessment provided by DSVE and the
symptoms experienced by patients with middle ear conditions [21]. By scrutinizing the dynamic structural
changes in the ET, DSVE offers valuable insights into the functional status of the ET, potentially guiding
treatment decisions based on the observed correlations between visual findings and patient-reported
symptoms [8,23]. It helps to assess not only preoperative findings but also compare the improvement and
effectiveness of the treatment in the postoperative period [6,24].

Comparative analysis: DSVE versus traditional methods
Accuracy and Reliability of DSVE Compared to Traditional Diagnostic Methods

DSVE stands out for its advantages in terms of accuracy and reliability when compared to traditional
diagnostic methods. Accuracy, denoting the closeness of a measurement to the true value, and reliability,
reflecting the consistency of measurements over time, are key metrics in assessing diagnostic techniques
[25]. DSVE excels in both aspects by offering precise assessments by capturing dynamic structural changes in
the ET, facilitating the diagnosis of ETD diagnosis, and predicting outcomes following middle ear surgery
[6,26]. This accuracy is paramount in comprehending the pathophysiology of tubal dysfunction and guiding
treatment decisions for patients with middle ear conditions [25,26,27]. Moreover, DSVE demonstrates
reliability by providing consistent and repeatable measurements of ET movements, notwithstanding
occasional inaccuracies due to factors such as systematic errors or instrument calibration issues [25]. The
reliability of DSVE is underscored in studies correlating its findings with middle ear disease, illustrating its
effectiveness in grading tubal movements based on the severity of tubal pathology [26]. Compared to
traditional diagnostic methods, DSVE's combination of accuracy and reliability positions it as a superior tool
for evaluating ETD. Its ability to offer precise and consistent measurements of ET function distinguishes it
from conventional approaches, providing a more comprehensive and dynamic assessment that can
significantly influence clinical decision-making and patient outcomes [25-28].

Cost-Effectiveness and Efficiency of DSVE

DSVE has proven cost-effective and efficient in evaluating ETD. By assessing dynamic structural changes in
the ET and correlating with established diagnostic measures such as the Valsalva maneuver, DSVE offers a
comprehensive evaluation of ETD [7]. DSVE enhances the preoperative assessment of ETD, demonstrating
its cost-effectiveness in diagnosing and assessing the type and grading tubal movements based on the
severity of tubal pathology [7]. This approach highlights the significance of evaluating the effectiveness and
efficiency of diagnostic techniques like DSVE, ensuring optimal resource utilization and improved
healthcare outcomes.

Patient Comfort and Safety Considerations

Patient comfort and safety considerations are paramount when employing DSVE to evaluate ETD. The
research underscores DSVE's significance as an adjunct to impedance audiometry in assessing ET function,
highlighting its role in diagnosing ETD and predicting outcomes following middle ear surgery [6,24]. Strong
correlations between DSVE findings and middle ear disease emphasize its effectiveness in diagnosing ETD
and grading tubal movements based on the severity of tubal pathology [6,24,29]. Regarding patient comfort,
DSVE offers a non-invasive and well-tolerated method for evaluating ETD. The procedure entails transnasal
endoscopic examination of the nasal, paranasal, and nasopharyngeal openings of the ET during rest,
swallowing, and yawning, providing valuable insights into tubal movements and structural changes [27,29].
Regarding safety considerations, DSVE is deemed a safe diagnostic tool when conducted by trained
professionals. The procedure enables visualization of dynamic structural changes in the ET without
requiring invasive measures, reducing the associated risks compared to traditional diagnostic methods.
Furthermore, DSVE furnishes valuable information about the structural and functional status of the ET,
facilitating diagnosis and potentially influencing treatment decisions for patients with middle ear conditions
[7,29]. This emphasis on patient comfort and safety underscores DSVE's role as a valuable and reliable
diagnostic tool in evaluating ETD.

Current research and future directions
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Recent Studies Utilizing DSVE for ETD Evaluation

Recent studies have utilized DSVE to evaluate ETD with promising outcomes. This study focused on grading
ET movements based on DSVE observations to gauge the severity of tubal pathology [6]. In one retrospective
study, patients diagnosed with chronic otitis media underwent surgery and were evaluated using DSVE
alongside the Eustachian Tube Dysfunction Questionnaire (ETDQ-7). The findings revealed a significant
correlation between DSVE results and intraoperative obstruction of the ET, underscoring the efficacy of
DSVE in assessing preoperative ETD status [7]. Another research concluded that DSVE is a crucial tool in
diagnosing ET dysfunction among patients with middle ear disease, highlighting the necessity for further
investigations to explore DSVE's role in predicting outcomes following middle ear surgery [6,29]. These
recent studies underscore the escalating significance of DSVE in ETD evaluation, offering valuable insights
into ET's structural and functional changes. Moreover, they emphasize DSVE's potential to impact treatment
decisions for patients with middle ear conditions [3,22].

Ongoing Research and Potential Advancements in DSVE Technology

Artificial intelligence (AI) holds tremendous potential in revolutionizing medical imaging technologies such
as DSVE. By integrating Al algorithms, DSVE's analysis and interpretation of dynamic structural changes in
the ET can be significantly enhanced. Al can improve the accuracy and efficiency of diagnosing ETD through
DSVE imaging, potentially leading to more precise and timely diagnoses [30]. Innovations in data processing
and visualization tools offer further opportunities to enhance DSVE analysis. By leveraging advanced data
processing techniques, researchers and clinicians can conduct more detailed assessments of tubal
movements and structural changes observed in DSVE images. Real-time data processing capabilities
improve diagnostic accuracy and expedite the evaluation process, thereby enhancing the efficiency of DSVE
evaluations [30]. The development of smart devices, including advanced cameras and sensors, is poised to
elevate the quality and precision of DSVE imaging. Integrating these smart devices with DSVE technology
equips researchers and clinicians with sophisticated tools for capturing and analyzing dynamic movements
in the ET. This integration holds promise for enhancing the overall capabilities of DSVE, leading to improved
diagnostic outcomes and better-informed treatment decisions [31].

Integration of DSVE Into Routine Clinical Practice

The integration of DSVE into routine clinical practice for evaluating ETD represents a promising approach
with significant potential to enhance the diagnosis and management of this condition [6,32,33]. This
integration of clinical tools streamlines the diagnostic process and facilitates informed treatment decisions
for patients with ETD [27,32,353]. Furthermore, DSVE has demonstrated utility in predicting outcomes
following middle ear surgery, underscoring its importance in clinical practice where septoplasty can be one
of the treatment plans for middle ear pathology where the causative factor is ETD due to deviated nasal
septum. This may help in better prognosis and better outcomes of graft approval on a long-term basis
[22,27,32]. Through incorporating DSVE into routine clinical workflows, healthcare providers gain enhanced
capabilities to assess tubal function, grade the severity of tubal pathology, and make well-informed
decisions regarding surgical interventions [32]. To successfully integrate DSVE into routine clinical practice,
a coordinated effort involving various stakeholders within the healthcare system is imperative [33]. This may
entail establishing standardized protocols for DSVE acquisition and interpretation, integrating DSVE
findings into electronic health records, and providing comprehensive training and education to healthcare
professionals on the utilization and interpretation of DSVE [33]. Such concerted efforts ensure the seamless
integration of DSVE into clinical practice, thereby optimizing patient care and outcomes in evaluating and
managing ETD.

Conclusions

In conclusion, DSVE emerges as a transformative tool in evaluating ETD. Literature findings underscore its
efficacy in enhancing diagnostic accuracy by enabling direct observation of ET function and facilitating the
identification of specific pathologies contributing to ETD symptoms. Further research is needed to assess
the utility of DSVE as a standalone and gold standard test for diagnosing eustachian dysfunction, though
most of the studies seem to recommend DSVE as a highly useful tool for the assessment of ETD.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Nimisha Patil, Shraddha Jain, Smriti Wadhwa
Acquisition, analysis, or interpretation of data: Nimisha Patil, Shraddha Jain, Smriti Wadhwa

Drafting of the manuscript: Nimisha Patil, Shraddha Jain, Smriti Wadhwa

2024 Patil et al. Cureus 16(7): €63811. DOI 10.7759/cureus.63811 6 of 8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

an

[y
Part of SPRINGER NATURE B College

SR
Cureus { @ Published via DMIHER Datta Meghe Medical

Critical review of the manuscript for important intellectual content: Nimisha Patil, Shraddha Jain,
Smriti Wadhwa

Supervision: Nimisha Patil, Shraddha Jain, Smriti Wadhwa

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

I want to express my deep appreciation for the integral role of Artificial Intelligence (AI) like Grammarly,
Paperpal, and ChatGPT in completing this research paper. The ChatGPT language model (OpenAl, San
Francisco, California) was employed to assist in the formulation of key arguments, structuring the content,
and refining the language of our manuscript. It provided valuable insights and suggestions throughout the
writing process, enhancing the overall coherence and clarity of the article. It was also utilized to assist in
editing and rephrasing the work to ensure coherence and clarity in conveying the findings.

References

1. Casale ], Shumway KR, Hatcher JD: Physiology, eustachian tube function. StatPearls Publishing, Treasure
Island (FL); 2024.

2. Smith ME, Takwoingi Y, Deeks ], et al.: Eustachian tube dysfunction: a diagnostic accuracy study and
proposed diagnostic pathway. PLoS One. 2018, 13:0206946. 10.1371/journal.pone.0206946

3. Mathew GA, Kuruvilla G, Job A: Dynamic slow motion video endoscopy in eustachian tube assessment . Am |
Otolaryngol. 2007, 28:91-7. 10.1016/j.amjot0.2006.06.019

4. Sanu SE, Divakaran S, Vijayakumar S, Saxena SK, Alexander A, Gopalakrishnan S: Dynamic slow motion
video endoscopy as an adjunct to impedance audiometry in the assessment of eustachian tube function. Int
Arch Otorhinolaryngol. 2018, 22:141-5. 10.1055/5-0037-1603920

5. Smith ME, Tysome JR: Tests of Eustachian tube function: a review . Clin Otolaryngol. 2015 , 40(4):300-11.
10.1111/coa.12428.

6. Shraddha Jain, Minal Gupta, Pragya Singh: Dynamic video endoscopy in Eustachian tube dysfunction: is it
better than impedance audiometry. Innov ] Med Health Sci. 2016, 6:88-92.

7. Han WG, Yoo ], Rah YC, et al.: Analysis of eustachian tube dysfunction by dynamic slow motion video
endoscopy and Eustachian tube dysfunction questionnaire in chronic otitis media. Clin Exp
Otorhinolaryngol. 2017, 10:315-20. 10.21053/ce0.2016.01683

8. Gupta M, Jain S, Gaurkar S, et al.: Role of dynamic slow motion video endoscopy in etiological correlation
between eustachian dysfunction and chronic otitis media: a case-control study. Indian J Otol. 2015, 21:19-
24.

9. Deliyski DD, Hillman RE, Mehta DD: Laryngeal high-speed videoendoscopy: rationale and recommendation
for accurate and consistent terminology. ] Speech Lang Hear Res. 2015, 58:1488-92. 10.1044/2015 JSLHR-S-
14-0253

10. LiY,ZhuZ,Jing]C, et al.: High-speed integrated endoscopic Photoacoustic and Ultrasound Imaging System .
IEEE ] Sel Top Quantum Electron. 2019, 25:7102005. 10.1109/JSTOE.2018.2869614

11.  Eravci FC, Yildiz BD, Ozcan KM, et al.: Analysis of the effect of weight loss on Eustachian tube function by
transnasal videoendoscopy. ] Craniofac Surg. 2022, 33:e219-21. 10.1097/SCS.0000000000007965

12.  Augustine AM, Varghese L, Michael RC, Albert RR, Job A: The efficacy of dynamic slow motion video
endoscopy as a test of eustachian tube function. ] Laryngol Otol. 2013, 127:650-5.
10.1017/S0022215113001023

13.  Moon S, Lee Y, Jung ], Moon IS, Bae SH: Association between Eustachian tube dysfunction questionnaire-7
scores and Eustachian tube function test results in symptomatic patients with a normal drum. J Audiol Otol.
2022, 26:142-6. 10.7874/ja0.2021.00654

14. Dwivedi G, Gupta V, Singh Y, Basu A, Upadhyay K, Bhatia R: Evaluation of eustachian tube function in cases
of chronic otitis media by dynamic slow motion videoendoscopy and impedance audiometry. Indian J
Otolaryngol Head Neck Surg. 2022, 74:339-44. 10.1007/s12070-020-02131-1

15. Padhya C, Sharma Y, Mishra G: To assess the efficacy of modality slow motion dynamic video endoscopy of
eustachian tube in chronic middle ear pathologies. Indian ] Otolaryngol Head Neck Surg. 2014, 67:81-7.
10.1007/s12070-014-0792-5

16. Poe DS, Abou-Halawa A, Abdel-Razek O: Analysis of the dysfunctional eustachian tube by video endoscopy .
Otol Neurotol. 2001, 22:590-5. 10.1097/00129492-200109000-00005

17.  McCoul ED, Anand VK, Christos PJ: Validating the clinical assessment of eustachian tube dysfunction: the
Eustachian Tube Dysfunction Questionnaire (ETDQ-7). Laryngoscope. 2012, 122:1137-41.
10.1002/1ary.23223

18.  Smith ME, Scoffings D], Tysome JR: Imaging of the Eustachian tube and its function: a systematic review .
Neuroradiology. 2016, 58:543-56. 10.1007/500234-016-1663-4

19.  Smith ME, Tysome JR: Tests of Eustachian tube function: a review . Clin Otolaryngol. 2015, 40:300-11.
10.1111/coa.12428

20. Studer E, Nilsson S, Westman A, Pedersen NL, Eriksson E: Significance and interrelationship of the

2024 Patil et al. Cureus 16(7): €63811. DOI 10.7759/cureus.63811 70f8


https://www.ncbi.nlm.nih.gov/books/NBK532284/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0206946?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0206946?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjoto.2006.06.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjoto.2006.06.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0037-1603920?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0037-1603920?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/coa.12428.?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/coa.12428.?utm_medium=email&utm_source=transaction
https://www.researchgate.net/publication/304772049_Shraddha_Jain_Minal_Gupta_Pragya_Singh_Dynamic_Video_Endoscopyin_Eustachian_tube_dysfunction_is_it_better_than_impedance_audiometry_Innovative_Journal_of_Medical_and_Health_Science_63_May_-_June_2016_/citation/download?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21053/ceo.2016.01683?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21053/ceo.2016.01683?utm_medium=email&utm_source=transaction
https://www.google.com/search?gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTE0NzZqMGoxNagCCLACAQ&ie=UTF-8&oq=Gupta M%2C Jain S%2C Gaurkar S%2C Deshmukh PT. Role of dynamic slow motion video endoscopy in etiological correlation between eustachian dysfunction and chronic otitis media%3A A case-control study. Indian J Otol 2015%3B21%3A19-24&q=Gupta M%2C Jain S%2C Gaurkar S%2C Deshmukh PT. Role of dynamic slow motion video endoscopy in etiological correlation between eustachian dysfunction and chronic otitis media%3A A case-control study. Indian J Otol 2015%3B21%3A19-24&sourceid=chrome&utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1044/2015_JSLHR-S-14-0253?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1044/2015_JSLHR-S-14-0253?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1109/JSTQE.2018.2869614?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1109/JSTQE.2018.2869614?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/SCS.0000000000007965?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/SCS.0000000000007965?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0022215113001023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0022215113001023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7874/jao.2021.00654?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7874/jao.2021.00654?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-020-02131-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-020-02131-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-014-0792-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-014-0792-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00129492-200109000-00005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00129492-200109000-00005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lary.23223?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lary.23223?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-016-1663-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-016-1663-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/coa.12428?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/coa.12428?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1176/appi.prcp.20220007?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

' :ﬁ: Published via DMIHER Datta Meghe Medical
College

symptoms listed in the DSM criteria for premenstrual dysphoric disorder. Psychiatr Res Clin Pract. 2023,
5:105-13. 10.1176/appi.prcp.20220007

Trojanowska A, Drop A, Trojanowski P, Rosiriska-Bogusiewicz K, Klatka ], Bobek-Billewicz B: External and
middle ear diseases: radiological diagnosis based on clinical signs and symptoms. Insights Imaging. 2012,
3:33-48.10.1007/513244-011-0126-z

Murali M, Jain S, Hande V, et al.: Association of various factors related to mastoid buffer and middle ear
ventilation in etiopathogenesis of squamous chronic otitis media—a cross-sectional study. Egypt |
Otolaryngol . 2023, 39:107. 10.1186/s43163-023-00471-7

Differentiate between accuracy and reliability in measurements. | TutorChase . (2023). Accessed: April 4,
2024: https://www.tutorchase.com/answers/ib/physics/differentiate-between-accuracy-and-reliability-in-
measurements.

Jain S, Bhalerao P, Singh C, et al.: A new endoscopic and anatomical classification of deviated nasal septum
with clinical relevance medical science. Medical Science. 2020, 24:2544-54.

What is the difference between accurate results and reliable results? Which is more important? . (2023).
Accessed: May 22, 2024: https://homework.study.com/explanation/what-is-the-difference-between-
accurate-results-and-reliable-results-which-is-....

Kumar N, Singh A: Efficiency analysis of banks using DEA. Int ] Adv Res. 2014, 2:1-8. 10.51976/ijari.211401
Jain S, Singh P, Methwani D, Kalambe S: Role of eustachian dysfunction and primary sclerotic mastoid
pneumatisation pattern in aetiology of squamous chronic otitis media: a correlative study. Indian |
Otolaryngol Head Neck Surg. 2018, 71:1190-6. 10.1007/s12070-018-1259-x

What is the difference between accurate results and reliable results? Which is more important? . (2024).
Accessed: May 22, 2024: https://homework.study.com/explanation/what-is-the-difference-between-
accurate-results-and-reliable-results-which-is-....

Brush JE Jr, Radford MJ, Krumholz HM: Integrating clinical practice guidelines into the routine of everyday
practice. Crit Pathw Cardiol. 2005, 4:161-7. 10.1097/01.hpc.0000173342.41305.b0

Seven technology trends transforming the market research industry . (2022). Accessed: April 4, 2024:
https://kadence.com/seven-technology-trends-transforming-the-market-research-industry/.

Top 8 technology trends & innovations driving scientific research in 2023 . (2024). Accessed: May 22, 2024:
https://www.startus-insights.com/innovators-guide/scientific-research-technology-trends-innovation/ .
Posternak MA, Zimmerman M, Solomon DA: Integrating outcomes research into clinical practice. Psychiatr
Serv. 2002, 53:335-6. 10.1176/appi.ps.53.5.335

Hanna MG, Ardon O, Reuter VE, Sirintrapun SJ, England C, Klimstra DS, Hameed MR: Integrating digital
pathology into clinical practice. Mod Pathol. 2022, 35:152-64. 10.1038/s41379-021-00929-0

2024 Patil et al. Cureus 16(7): €63811. DOI 10.7759/cureus.63811

8of8


https://dx.doi.org/10.1176/appi.prcp.20220007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s13244-011-0126-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s13244-011-0126-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s43163-023-00471-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s43163-023-00471-7?utm_medium=email&utm_source=transaction
https://www.tutorchase.com/answers/ib/physics/differentiate-between-accuracy-and-reliability-in-measurements?utm_medium=email&utm_source=transaction
https://www.tutorchase.com/answers/ib/physics/differentiate-between-accuracy-and-reliability-in-measurements?utm_medium=email&utm_source=transaction
https://www.researchgate.net/publication/346051166_ARTICLE_A_new_endoscopic_and_anatomical_classification_of_Deviated_Nasal_Septum_with_clinical_relevance_Medical_Science/citation/download?utm_medium=email&utm_source=transaction
https://homework.study.com/explanation/what-is-the-difference-between-accurate-results-and-reliable-results-which-is-more-important.html?utm_medium=email&utm_source=transaction
https://homework.study.com/explanation/what-is-the-difference-between-accurate-results-and-reliable-results-which-is-more-important.html?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.51976/ijari.211401?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.51976/ijari.211401?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-018-1259-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-018-1259-x?utm_medium=email&utm_source=transaction
https://homework.study.com/explanation/what-is-the-difference-between-accurate-results-and-reliable-results-which-is-more-important.html. ?utm_medium=email&utm_source=transaction
https://homework.study.com/explanation/what-is-the-difference-between-accurate-results-and-reliable-results-which-is-more-important.html. ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.hpc.0000173342.41305.b0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.hpc.0000173342.41305.b0?utm_medium=email&utm_source=transaction
https://kadence.com/seven-technology-trends-transforming-the-market-research-industry/?utm_medium=email&utm_source=transaction
https://kadence.com/seven-technology-trends-transforming-the-market-research-industry/?utm_medium=email&utm_source=transaction
https://www.startus-insights.com/innovators-guide/scientific-research-technology-trends-innovation/ ?utm_medium=email&utm_source=transaction
https://www.startus-insights.com/innovators-guide/scientific-research-technology-trends-innovation/ ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1176/appi.ps.53.3.335?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1176/appi.ps.53.3.335?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41379-021-00929-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41379-021-00929-0?utm_medium=email&utm_source=transaction

	Unveiling the Potential: A Comprehensive Review of Dynamic Slow-Motion Video Endoscopy for Eustachian Tube Dysfunction Evaluation
	Abstract
	Introduction And Background
	Review
	Traditional techniques to assess ETD
	DSVE: methodology
	Clinical applications of DSVE in ETD evaluation
	Comparative analysis: DSVE versus traditional methods
	Current research and future directions

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


