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1. Introduction

The practice of medicine has long aspired to treat the individual rather than the disease,
yet it has only been in recent decades that the scientific and technological tools required to
fulfill this aspiration have begun to mature [1]. In otolaryngology—a specialty that encom-
passes the remarkably diverse domains of oncology, neurotology, rhinology, laryngology,
audiology, and head and neck surgery—the translation of personalized medicine principles
into daily clinical practice carries particular relevance. The anatomical complexity, func-
tional intimacy, and profound quality-of-life implications associated with disorders of the
ear, nose, throat, and related structures make the “one-size-fits-all” paradigm especially
inadequate. It was with this conviction that the present Special Issue was conceived: to
gather original research, systematic reviews, consensus statements, and clinical trials that
collectively advance our understanding of how individualized approaches can transform
outcomes across all subspecialties of otolaryngology.

This closing editorial reflects on the eleven contributions that have shaped this Special
Issue, acknowledging the breadth of the methodology, clinical scope, and translational am-
bition that they represent, and looking ahead to the horizon that their findings illuminate.

2. Head and Neck Oncology: From Population Trends to
Precision Surgery

Two contributions in this Special Issue directly address the oncological domain, each
from a distinct but complementary vantage point. The study by Lin and Hung on the diag-
nostic gap between clinical and pathological extranodal extension (ENE) in head and neck
cancers represents a timely and methodologically rigorous contribution (Contribution 1).
Using a five-year nationwide trend analysis from Taiwan, the authors expose a persis-
tent and clinically consequential discordance between radiological or clinical staging and
histopathological findings. Given that ENE is among the most powerful prognostic deter-
minants in head and neck squamous cell carcinoma—driving decisions regarding adjuvant
chemoradiation, surgical margins, and overall treatment intensity—this gap carries direct
implications for individualized treatment planning [2]. The population-level scope of the
analysis lends robustness to these findings and underscores the need for improved imaging
protocols, intraoperative assessment tools, and perhaps molecular biomarkers that are
capable of bridging this diagnostic divide.

Advancing personalized oncological care from a surgical perspective, the work on
transoral cordectomy with microelectrodes (TOMES) on an outpatient basis demonstrates
the feasibility of leveraging predictive models to tailor the perioperative experience for
patients with early-stage laryngeal disease (Contribution 2). By integrating outcome pre-
diction into the decision-making process for outpatient versus inpatient surgical pathways,
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this study exemplifies how data-driven personalization can simultaneously enhance patient
comfort, streamline resource utilization, and maintain oncological safety. The incorporation
of microelectrode technology into cordectomy further reflects the broader trajectory of
precision surgical instrumentation in the specialty.

3. Neurotology and Inner Ear Disorders: Tailoring Rehabilitation
and Therapy

The neurotological contributions to this Special Issue are notable both for their clinical
relevance and for the heterogeneity of approaches that they employ. The manuscript on per-
sonalized vestibular assessment in older patients with cochlear implants addresses one of
the more nuanced challenges at the intersection of auditory rehabilitation and balance
medicine (Contribution 3). Cochlear implantation is well-established as a transformative
intervention for severe-to-profound sensorineural hearing loss, yet its effects on vestibular
function—particularly in an aging population that is already predisposed to multifacto-
rial disequilibrium—deserve careful individual characterization [3]. The authors’ call for
tailored vestibular assessment protocols in this cohort not only refines candidacy evalua-
tion and preoperative counseling but also informs postoperative rehabilitation strategies,
underscoring that successful implantation extends beyond audiological outcomes alone.

Equally innovative is the proposal to repurpose SGLT-2 inhibitors as a novel therapeu-
tic strategy for treatment-resistant Meniere’s disease (Contribution 4). Meniere’s disease
remains one of the most therapeutically challenging conditions in otolaryngology, with a
subset of patients failing conventional diuretic, dietary, and intratympanic interventions. By
drawing on the well-characterized endolymphatic-decompressing and anti-inflammatory
properties of sodium-glucose cotransporter-2 inhibitors—a drug class that was originally
developed for glycemic control in type 2 diabetes—this contribution represents a paradig-
matic example of pharmacological repurposing guided by pathophysiological reasoning.
In an era where personalized pharmacotherapy increasingly incorporates comorbidity
profiling and metabolic phenotyping, this proposal invites prospective investigation and
may open a novel therapeutic corridor for a historically underserved patient population.

4. Rhinology and Sinonasal Disease: Evidence Synthesis
and Consensus Building

The rhinological contributions to this Special Issue are united by a commitment to
evidence synthesis and the formalization of clinical decision-making in complex scenarios.
The systematic review of endoscopic sinus surgery in a frontal sinus inverted papilloma pro-
vides a comprehensive appraisal of surgical approaches, recurrence rates, and oncological
outcomes in a condition characterized by significant anatomical variability and malignant
transformation risk (Contribution 5). The findings reinforce the importance of individual-
ized surgical planning—accounting for tumor origin, Krouse staging, frontal sinus anatomy,
and surgeon experience—as determinants of both radicality and functional preservation.

The Young-IfOS consensus on the comprehensive management of cocaine-induced
midline destructive lesions (CIMDL) addresses a clinically under-recognized yet growing
entity that demands a highly personalized, multidisciplinary approach (Contribution 6). The
destructive potential of CIMDL, combined with the psychiatric, social, and immunological
complexity of affected patients, renders standardized treatment algorithms insufficient [4].
The consensus framework developed by an international panel of young otolaryngologists
provides a valuable decision-support tool while explicitly accommodating patient-specific
variables including addiction status, the extent of tissue destruction, immune profile, and
psychosocial circumstances. The involvement of a junior faculty consortium also signals a
generational commitment to advancing personalized care paradigms in rhinology.
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5. Audiology and Hearing Rehabilitation: Digital Health
and Cognitive Horizons

Two contributions in this Special Issue explore the intersection of audiology with
digital health and cognitive medicine, respectively, each reflecting the expanding scope of
personalized audiological care. The systematic review and meta-analysis of internet-based
therapies for tinnitus synthesizes evidence from randomized controlled trials to evaluate
the efficacy of digital cognitive behavioral therapy (CBT), mindfulness-based interventions,
and other web-delivered programs in this highly prevalent and quality-of-life-impairing
condition (Contribution 7). Tinnitus affects a significant proportion of the adult population,
yet access to specialized audiological and psychological care remains inequitable. Internet-
delivered therapies hold particular promise in democratizing access to evidence-based
intervention, and the granular analysis of effect sizes across outcome domains—tinnitus
distress, anxiety, depression, and sleep quality—provides a nuanced basis for matching
digital therapeutic modalities to individual patient profiles [5,6].

The study examining the association between hearing aid use and cognitive function
in persons with hearing impairment, stratified by cardiovascular risk, addresses one of
the most consequential questions in contemporary audiology (Contribution 8). The grow-
ing body of evidence linking untreated hearing loss to accelerated cognitive decline has
elevated hearing rehabilitation from a quality-of-life intervention to a potential neuroprotec-
tive strategy. By stratifying outcomes according to cardiovascular risk—a well-established
cognitive comorbidity—the authors contribute important nuance to the personalization of
hearing aid prescription and counseling. The findings suggest that the cognitive benefits
of amplification may be modulated by vascular health status: a finding with meaningful
implications for the integrated management of older patients.

6. Laryngology and Voice Medicine: Electrophysiological Phenotyping

The characterization of the normal male and female voice using surface electromyo-
graphic (SEMG) parameters represents a foundational contribution to the laryngological
component of this Special Issue (Contribution 9). Voice disorders are among the most
functionally disabling conditions managed within otolaryngology, affecting professional
voice users, patients recovering from laryngeal surgery, and individuals with neurological
disease, among others. The establishment of normative sSEMG profiles stratified by bio-
logical sex provides a critical reference framework for the objective, electrophysiological
characterization of dysphonia—complementing acoustic and aerodynamic analyses and
paving the way for individualized voice rehabilitation protocols. As artificial intelligence
and machine learning tools increasingly enter the diagnostic landscape of laryngology,
normative datasets such as those presented here become foundational infrastructure for
personalized voice medicine.

7. Perioperative Care: Individualized Analgesia
After Oropharyngeal Surgery

The randomized, double-blind trial evaluating pain after licorice or sugar-water gar-
gling in patients recovering from oropharyngeal surgery contributes to the underexplored
but clinically important domain of personalized perioperative analgesia (Contribution 10).
Postoperative pain following tonsillectomy, uvulopalatopharyngoplasty, and related pro-
cedures remains a primary determinant of patient satisfaction, recovery duration, and
analgesic consumption. The investigation of a simple, low-cost, pharmacologically active
gargling intervention as an adjunct to standard analgesia reflects the spirit of personalized
care at the bedside—identifying accessible, evidence-based strategies that may benefit
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specific patient subgroups while minimizing the opioid dependency risk. The rigorous
randomized design strengthens the evidentiary value of this contribution.

8. Methodology and Reporting Standards: The Delphi Consensus
in Otolaryngology

Underpinning all clinical and translational endeavors in personalized medicine is
the quality of the evidence and consensus processes that guide them. The systematic
review assessing the reliability and reporting completeness of Delphi consensus studies
in otolaryngology addresses a methodological dimension that is of critical importance
(Contribution 11). Delphi methodology is increasingly deployed in our specialty to for-
malize expert agreement in areas where randomized evidence is sparse—precisely the
conditions that often characterize emerging personalized medicine interventions. The iden-
tification of heterogeneity in reporting standards and the proposal of quality benchmarks
represent a significant contribution to the methodological rigor of the field, ensuring that
future consensus statements—such as those included in this Special Issue—are held to
transparent and reproducible standards.

9. Synthesis and Outlook

Taken together, the eleven papers assembled in this Special Issue articulate a com-
pelling and multi-dimensional vision of personalized medicine in otolaryngology. Several
cross-cutting themes emerge from this collection. First, the importance of biomarker-
driven and data-informed stratification is evident across contributions ranging from ENE
assessment in head and neck cancer to cardiovascular risk stratification in audiological
rehabilitation. The trajectory of the field points unmistakably toward the integration of
molecular, genetic, electrophysiological, and digital health data streams into routine clinical
workflows. Second, the therapeutic potential of drug repurposing, digital health platforms,
and minimally invasive surgical innovation underscores that personalization is not synony-
mous with complexity or cost. Many of the most promising individualized interventions
described in this Special Issue are accessible, scalable, and grounded in established bi-
ological rationale. Third, the methodological diversity of contributions—encompassing
nationwide epidemiological analyses, randomized controlled trials, systematic reviews,
meta-analyses, consensus processes, and basic science characterization studies—reflects the
pluralistic evidentiary foundation that personalized medicine requires. No single method-
ology suffices; rather, it is the convergence of complementary approaches that advances
understanding. Fourth, the recurring emphasis on quality of life—from vestibular reha-
bilitation following cochlear implantation, to tinnitus management, to postoperative pain
control—affirms that personalized medicine in otolaryngology is not exclusively about
survival or disease eradication, but it is about the restoration and preservation of the full
spectrum of human sensory and communicative function.

Looking ahead, the field will be shaped by advances in genomics, proteomics, and
microbiomics as applied to head and neck oncology and chronic sinonasal disease; by the
maturation of gene and stem cell therapies for hereditary hearing loss and laryngotracheal
disorders; and by the integration of artificial intelligence into diagnostic imaging, audiolog-
ical assessment, and surgical planning. The contributions in this Special Issue represent
not an endpoint but a foundation—a demonstration of what rigorous, clinically motivated,
and methodologically diverse scholarship can achieve in advancing individualized care for
patients across the full breadth of our specialty.

I am deeply grateful to all the authors, reviewers, and editorial colleagues whose
intellectual generosity and scientific rigor made this Special Issue possible. It is my sincere
hope that the work presented here will serve as both a reference and an inspiration for
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the next generation of clinicians and researchers who are committed to the promise of
personalized medicine in otolaryngology.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: The purpose of this study was to conduct a cross-sectional analysis of the association
between hearing aid use and cognitive decline in community-dwelling older adults with hearing
impairment, stratified by cardiovascular risk level. This cross-sectional study covers 1857 hearing-
impaired individuals selected among 10,674 community-dwelling older adults (>65 years of age)
in Japan. We investigate the association between hearing aid use and cognitive decline stratified
by cardiovascular risk level, by assessing self-reported hearing impairment and hearing aid use,
absolute cardiovascular risk, cognitive function, and potential confounding factors. The association
between hearing impairment severity and increased cardiovascular risk, and the benefit of hearing
aid use in preventing cognitive decline, were examined in a binomial logistic regression analysis,
with the presence of cognitive decline as the objective variable. In the low cardiovascular risk group,
hearing aid users had a lower odds ratio for decline in executive function than non-users (odds ratio
=0.61, 95% confidence interval: 0.39-0.98). However, there was no significant association between
hearing aid use and cognitive decline in the high cardiovascular risk group (p > 0.05). Among older
adults with hearing impairment, hearing aid use was associated with the maintenance of executive
function in individuals of low cardiovascular risk.

Keywords: cardiovascular risk; cognitive function; hearing aid; hearing impairment; older adults

1. Introduction

Age-related hearing impairment is the most common sensory impairment associated
with aging, with an estimated 1.57 billion people worldwide with hearing impairment by
2019 [1]. This condition leads to increased disability-adjusted life years, which represent
health losses [2]. Hearing impairment has been reported to cause communication diffi-
culties, social isolation, and depression, and has been associated with cognitive decline
and dementia [3,4]. A previous study reported that a decrease in the frequency of daily
conversation is associated with an elevated risk of developing dementia [5]. The associa-
tion between dementia and hearing impairment has received significant societal attention
in recent years, as hearing impairment has been reported to be the most relevant of the
modifiable risk factors for dementia [6]. Hearing impairment has also been reported to be
associated with mild cognitive impairment [7]; thus, appropriate countermeasures should
be taken as early as possible when people begin to notice hearing impairment.

Age-related hearing impairment is a sensorineural hearing impairment, characterized
by damage to the areas that perceive sound [8]. The main cause is reported to be age-related
damage to the hair cells in the cochlea, resulting in a decrease in their number and loss
of auditory hairs [9]. Since hair cells are responsible for detecting and amplifying sound,
it has been suggested that, when hair cells are damaged, they are unable to successfully
transmit sound information to the brain, leading to cognitive decline [10]. In particular,
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atherosclerotic diseases such as hypertension, diabetes, and cardiovascular disease are
thought to increase microcirculatory disturbances, chronic inflammation, and oxidative
stress, which can damage the cochlea and auditory nerve and promote more severe hearing
impairment [11]. It has also been reported that subclinical atherosclerosis in midlife is
associated with hearing impairment in older adults, suggesting that the prevention and
control of carotid atherosclerosis in midlife may have a positive impact on hearing health
in older adults [12].

Currently, there is no curative treatment for age-related hearing impairment, and it has
been reported that compensating for hearing impairment through the use of hearing aids
can help prevent dementia and improve quality of life [13]. Recently, it has been shown that
hearing impairment is associated with frailty [14], and preventing and controlling hearing
impairment is becoming increasingly important in maintaining physical, mental, and
cognitive function. In addition, a longitudinal study investigating the association between
hearing impairment and physical function decline made the observation that hearing aid
users have greater walking endurance [15]. Therefore, hearing aids can be an important
tool for older adults with hearing impairment to maintain an active lifestyle. However,
a nationwide survey in Japan suggests that hearing aids are not widely used in Japan
compared to the United States and Europe, and that the benefits of hearing aids may not be
maximized, because the introduction of hearing aids is considered only after the hearing
impairment has become more severe [16]. As noted above, microcirculatory disturbances,
such as those caused by cardiovascular disease, can damage the cochlea and auditory
nerves and accelerate age-related hearing impairment [17]. In this context, the relationship
between hearing aid use and cognitive function in the hearing impaired should be examined
for individual conditions, especially in light of the impact of cardiovascular risk.

Therefore, the purpose of this study was to conduct a cross-sectional analysis of the
association between hearing aid use and cognitive decline in community-dwelling older
adults with hearing impairment, stratified by cardiovascular risk level. We hypothesized
that, in Japan, where the introduction of hearing aids tends to be delayed, those at a higher
risk for cardiovascular disease would have a more severe hearing impairment, which could
reduce the benefits of hearing aid use.

2. Materials and Methods
2.1. Participants

This cross-sectional study involved community-dwelling older Japanese adults
(=65 years of age), who resided in Japan. They were recruited from a sub-cohort of a
large cohort study, which aims to identify the risks of geriatric syndromes that occur with
aging and to identify effective ways to treat them [18].

Individuals were interviewed regarding their self-report questionnaire assessment
of hearing impairment and hearing aid use; those that were not hearing-impaired and
those who had deficits in their assessment results were excluded. We then applied the
following exclusion criteria: (1) a history of Alzheimer’s disease, Parkinson’s disease, or
stroke; (2) impairment in basic activities of daily living (ADLs); (3) needing support and
care by the long-term care insurance (LTCI) system at the time of assessment; (4) severe
cognitive impairment (Mini-Mental State Examination [MMSE] score < 21); and (5) missing
data of exclusion criteria. Participants were evaluated by medical history assessments,
sociodemographic information, blood sampling, and physical activity measurements.

The health check-up survey was undertaken by well-trained nurses and study assis-
tants in community centers. All staff received training from the authors in terms of the
protocols for administering the assessments prior to study commencement.

2.2. Ethical Approval

This study was conducted in accordance with the principles of the Declaration of
Helsinki. The study protocol was approved by the Ethics Committee of the National Center
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for Geriatrics and Gerontology (approval number: 1440-5). Written informed consent was
obtained from all participants before their inclusion in the study:.

2.3. Measures
2.3.1. Assessment of Self-Reported Hearing Impairment and Hearing Aid Use

Prior to the start of the study, the authors trained staff on the protocols for administer-
ing participant assessments. During these assessments, nurses asked participants whether
they used hearing aids on a daily basis.

Participants also completed the Hearing Handicap Inventory for the Elderly Screening
Version (HHIE-S) [19]. The HHIE-S questionnaire measures activity and participation
restrictions caused by hearing impairment in various situations of daily life. The 10 items
of the HHIE-S are classified into two subscales: one exploring emotional consequences,
and another exploring social or situational effects. Each item has three response options:
“yes” (score = 4), “sometimes” (2), and “no” (0). Hearing aid users and those with a total
HHIE-S score greater than 8 were classified as having a hearing impairment [19].

2.3.2. Estimation of Absolute Cardiovascular Risk

The revised WHO risk estimation chart was used to evaluate 10-year cardiovascular
disease risk [20]. This chart shows the absolute risk of cardiovascular disease events
according to an individual’s risk status, with higher risk scores indicating a greater burden
of risk factors. The development group calibrated the prediction model for 21 regions
of the world, with region-specific prediction charts. Two types of prediction tables are
available: laboratory-based models that include medical history and blood data, and non-
laboratory-based models consisting of convenient variables in resource-limited settings. In
this study, we used a laboratory-based risk estimation model including age, sex, a history
of diabetes, smoking status, systolic blood pressure, and total cholesterol for a high-income
Asia—Pacific region, including Japan [20].

A current history of diabetes was assessed during a face-to-face interview with a
nurse. The nurse measured systolic blood pressure using an automated blood pressure
monitor, while the participant was seated. Serum total cholesterol levels (in mmol/L) were
measured by the cholesterol oxidative enzymatic (COD-POD) method in a laboratory (SRL,
Inc., Japan, Tokyo). Smoking status (smoked regularly, current vs. former/never) was
assessed by the research assistants. Finally, we calculated absolute cardiovascular risk (%),
based on the above risk status, using the revised WHO risk estimation charts and stratified
cardiovascular risk levels, namely, low (<20%) and high (>20%).

2.3.3. Measurements of Cognitive Function

Cognitive function was assessed using the National Center for Geriatrics and
Gerontology-Functional Assessment Tool (NCGG-FAT) [21,22], which was administered by
well-trained staff using appropriate testing protocols. The primary outcomes included four
cognitive domain tests: memory (word list memory-I [immediate recognition], word list
memory-II [delayed recognition]), attention (electronic tablet version of the Trail Making
Test [TMT] Part A), executive function (electronic tablet version of the TMT Part B), and
processing speed (electronic tablet version of the Symbolic Digit Substitution Test). The
NCGG-FAT has been found to have high test-retest reliability and moderate-to-high validity
among community-dwelling older adults [21]. All the tests have established standardized
thresholds for defining objective cognitive impairment in the corresponding domains (a
score of >1.5 standard deviations [SD] below the age- and education-specific means, based
on an algorithm obtained from a database including over 10,000 community-dwelling older
adults), which were derived from a population-based cohort [23].

2.3.4. Potential Confounding Factors

Potential confounders of dementia and hearing impairment included age, gender, body
mass index (BMI), years of education, and exercise habits [6]. The BMI was calculated using
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height and weight and measured using a bioelectrical impedance analyzer (Tanita MC780A;
Tanita Corporation, Tokyo, Japan) [24]. To assess exercise habits, participants were asked,
“Do you exercise moderately for your health?” and participants who answered “no” were
considered physically inactive. Otherwise, depression was assessed using the 15-item Geriatric
Depression Scale (GDS) [25]. A cutoff score of 6 or higher has an 82% sensitivity and 75%
specificity in a structured clinical interview for depression [26]. Cognitive functioning was
assessed using the Mini-Mental State Examination (MMSE) [27,28].

2.4. Statistical Analysis

Baseline characteristics were compared according to cardiovascular risk levels (low-
and high-risk levels), using the unpaired t-test for continuous variables and a x2 test for
categorical variables.

To examine the association between hearing aid use and cognitive function, a binomial
logistic regression analysis was performed in the presence or absence of functional decline
in each cognitive domain as the objective variable. This model was applied to the overall
sample and to the cardiovascular-risk-level-stratified sample (low and high risk). In these
models, odds ratios (ORs) and 95% confidence intervals (Cls) for cognitive function were
calculated in crude and adjusted models, using hearing aid use as the explanatory variable.
Adjusted models were adjusted for the following potential confounding factors: age, sex,
BMI, educational level, and exercise habits. Analyses were conducted using IBM SPSS
Statistics software package version 27.0 (SPSS Corp., Armonk, NY, USA). The level of
statistical significance was set a priori at p < 0.05.

3. Results
3.1. Participants

Among the 10,674 individuals that participated in the health check-up survey, 2330
were hearing-impaired and, therefore, pre-selected for the study. After exclusion criteria
were applied, 1857 individuals were enrolled (Figure 1). Data for analysis were obtained
from medical history and sociodemographic information, blood sampling, and physical
activity measurements.

Participants enrolled in Tokai and Toyoake City

n=10,674

Exclusion, n = 8344

No hearing impairment, n = 8223

Missing data on hearing impairment assessment, n = 121

Participants with hearing impairment

n=2330

Exclusion, n =473

Health problems (dementia, Parkinson’s disease, stroke), n =
196

ADL limitation, n =11

Using long-term care due to disability, n =41
Severe cognitive impairment (MMSE = 21 [n= 127])

Missing data on exclusion criteria, n = 98

Participants enrolled in this study

n=1857

Figure 1. Flowchart of sample selection.
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3.2. Characteristics of Hearing Impaired by Estimated Cardiovascular Risk Level

Among the 1857 participants with hearing impairment, 985 (53.0%) were allocated to
the cardiovascular low-risk group and 872 (47.0%) were allocated to the high-risk group.
The differences in participant characteristics between the two cardiovascular risk groups
are shown in Table 1. Significant differences were found in all components of the WHO risk
estimation model: age (p < 0.001), sex (p < 0.001), diabetes prevalence (p < 0.001), percentage
of current smokers (p < 0.001), systolic blood pressure (p < 0.001), and total cholesterol
(p < 0.001). In addition, there were significant differences between cardiovascular risk
levels in BMI (p < 0.001), education level (p = 0.038), and hearing aid use (p = 0.014). There
were no significant differences in history of depression, HHIE-S scores, MMSE scores, and
exercise habits (p > 0.05).

Table 1. Characteristics of hearing-impaired participants stratified by estimated cardiovascular risk

level.
Cardiovascular Risk Levels
Overall - p
n = 1857 Low-RlskoGroup High-Risk Group (=20%)
(<20 /o) o
n = 985 (53.0%) n =872 (47.0%)

Age years 76.1 £ 6.0 751+ 6.2 773 £5.6 <0.001 4
Sex, female n (%) 875 (47.1) 568 (57.7) € 307 (35.2) 4 <0.001b
Diabetes mellitus, yes n (%) 260 (14.0) 24 (2.4)9 236 (27.1) <0.001P
Smoking status, yes n (%) 142 (7.6) 120 (12.2) © 22 (2.5) 4 <0.001P
Systolic blood pressure mmHg 145.1 £ 19.6 1343 £15.6 157.3 £16.3 <0.0012
Total cholesterol mmol/1 53+09 52 +0.8 54409 <0.001 @
BMI point 231 +3.1 228 +3.2 234429 <0.001 2
Depression, yes n (%) 37 (2.0) 24 (2.4) 13 (1.5) 0.146 P
Education level years 11.5+24 11.6 £24 11.3+24 0.038@
MMSE score 26.7 £2.3 26.8 +2.3 26.6 +2.3 0.059 2
HHIE-S score 16.8 + 8.0 16.5+79 17.2 £ 8.1 0.0732
Hearing aid use, yes n (%) 454 (24.4) 218 (22.1) ¢ 236 (27.1) 0.014 b
Exercise habits, yes n (%) 563 (30.3) 306 (31.1) 257 (29.5) 0.456 b

BMI, Body mass index; MMSE, Mini-Mental State Examination; HHIE-S, Hearing Handicap Inventory for the
Elderly-Screening. Data are expressed as mean =+ standard deviation or numbers (%). = p-values reported from
unpaired t-test. ® = p-values obtained by Pearson’s chi-squared test. © = Statistically significant association by

adjusted standardized residual > 1.96 [p < 0.05]. ¢ = Statistically significant association by adjusted standardized
residual < —1.96 [p < 0.05].

3.3. Associations between Hearing Aid Use and Cognitive Function

Table 2 presents the results of the binomial logistic regression analysis for the total
sample (n = 1857), the presence of a functional decline in each cognitive domain as the
objective variable, and hearing aid use as the explanatory variable.

Table 2. Binomial logistic regression results showing associations between hearing aid use and
cognitive function.

. . Crude Model Adjusted Model
Cognitive Function Variables
OR (95% CI) p-Value OR (95% CI) p-Value
Memory (Score < 1.55D), yes Hearing aid user 0.88 (0.59-1.31) 0.526 0.94 (0.62-1.42) 0.771
Age 0.98 (0.95-1.01) 0.180
Sex, female 0.60 (0.42-0.85) 0.004
BMI 1.00 (0.95-1.06) 0.954
Education level 0.91 (0.84-0.98) 0.015
Exercise habits 0.63 (0.42-0.95) 0.028
Attention (Time < 1.55D), yes Hearing aid user 0.92 (0.59-1.42) 0.691 0.94 (0.62-1.42) 0.601
Age 1.01 (0.98-1.04) 0.537
Sex, female 0.85 (0.59-1.24) 0.408
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Table 2. Cont.

. . Crude Model Adjusted Model
Cognitive Function Variables
OR (95% CI) p-Value OR (95% CI) p-Value
BMI 1.00 (0.95-1.07) 0.906
Education level 0.95 (0.87-1.03) 0.182
Exercise habits, yes 0.59 (0.38-0.94) 0.025
Executive function (Time < 1.55D), yes Hearing aid user 0.93 (0.69-1.25) 0.615 0.76 (0.55-1.03) 0.075
Age 1.07 (1.05-1.10) <0.001
Sex, female 1.15 (0.89-1.50) 0.279
BMI 1.02 (0.98-1.06) 0.359
Education level 0.88 (0.83-0.93) <0.001
Exercise habits, yes 0.65 (0.47-0.88) 0.006
Processing speed (Score < 1.5SD), yes Hearing aid user 0.75 (0.37-1.51) 0.416 0.71 (0.35-1.46) 0.357
Age 1.02 (0.97-1.07) 0.430
Sex, female 0.90 (0.51-1.59) 0.718
BMI 1.02 (0.93-1.11) 0.744
Education level 0.90 (0.79-1.02) 0.092
Exercise habits, yes 1.04 (0.56-1.93) 0.910

In both the crude and adjusted models, there was no significant association between
hearing aid use and cognitive function for functional decline in each cognitive domain
(memory, attention, executive function, and processing speed) (p > 0.05).

3.4. Associations between Hearing Aid Use and Cognitive Function Stratified by Cardiovascular
Risk Levels

The results of the binomial logistic regression analysis in the cardiovascular-risk-level-
stratified sample are shown in Table 3. In the low cardiovascular risk group (n = 985), there
was an association between hearing aid use and cognitive function in persons with hearing
impairment in the cognitive domain of executive function (OR, 0.61; 95% CI: 0.39-0.98;
p = 0.039). However, no other statistically significant associations with cognitive function
were detected. In the high cardiovascular risk group (n = 872), the association between
hearing aid use and cognitive function in persons with hearing loss was not significant
with any cognitive function (p > 0.05).

Table 3. Binomial logistic regression showing associations between hearing aid use and cognitive
function, stratified by absolute cardiovascular risk levels.

Cardiovascular Risk Levels

Cognitive Function Variables Low-Risk Group (<20%) High-Risk Group (=20%)
OR (95% CI) p-Value OR (95% CI) p-Value
Memory (Score < 1.55D), yes Hearing aid user 0.86 (0.49-1.54) 0.621 1.04 (0.57-1.89) 0.910
Age 0.98 (0.94-1.01) 0.213 1.00 (0.95-1.05) 0.966
Sex, female 0.59 (0.38-0.93) 0.024 0.48 (0.26-0.89) 0.019
BMI 0.96 (0.89-1.03) 0.221 1.08 (0.99-1.18) 0.080
Education level 0.90 (0.81-0.99) 0.038 0.92 (0.82-1.04) 0.168
Exercise habits, yes 0.62 (0.36-1.06) 0.082 0.68 (0.36-1.30) 0.216
BMI 0.96 (0.89-1.03) 0.221 1.08 (0.99-1.18) 0.080
Education level 0.90 (0.81-0.99) 0.038 0.92 (0.82-1.04) 0.168
Exercise habits, yes 0.62 (0.36-1.06) 0.082 0.68 (0.36-1.30) 0.216
Attention (Time < 1.55D), yes Hearing aid user 0.87 (0.47-1.61) 0.653 0.93 (0.49-1.79) 0.831
Age 1.02 (0.98-1.06) 0.400 1.01 (0.95-1.06) 0.860
Sex, female 0.67 (0.40-1.10) 0.111 1.06 (0.59-1.89) 0.844
BMI 1.00 (0.92-1.08) 0.937 1.02 (0.93-1.12) 0.735
Education level 0.94 (0.84-1.05) 0.248 0.95 (0.83-1.08) 0.400
Exercise habits, yes 0.69 (0.39-1.24) 0.219 0.49 (0.23-1.03) 0.058
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Table 3. Cont.

Cardiovascular Risk Levels

Cognitive Function Variables Low-Risk Group (<20%) High-Risk Group (=20%)
OR (95% CI) p-Value OR (95% CI) p-Value
Executive function (Time < 1.55D), yes Hearing aid user 0.61 (0.39-0.98) 0.039 0.93 (0.61-1.42) 0.740
Age 1.08 (1.05-1.11) <0.001 1.07 (1.03-1.11) <0.001
Sex, female 0.93 (0.65-1.34) 0.698 1.33 (0.91-1.95) 0.141
BMI 1.02 (0.96-1.08) 0.526 1.02 (0.96-1.09) 0.515
Education level 0.84 (0.77-0.91) <0.001 0.92 (0.84-1.00) 0.047
Exercise habits, yes 0.65 (0.42-0.99) 0.045 0.66 (0.42-1.04) 0.070
Processing speed (Score < 1.55D), yes Hearing aid user 0.67 (0.25-1.80) 0.424 0.81 (0.28-2.29) 0.688
Age 1.04 (0.98-1.11) 0.205 1.00 (0.92-1.08) 0.898
Sex, female 0.78 (0.37-1.70) 0.526 0.88 (0.35-2.19) 0.777
BMI 0.94 (0.83-1.07) 0.338 1.12 (0.98-1.28) 0.108
Education level 0.78 (0.65-0.93) 0.007 1.04 (0.87-1.25) 0.677
Exercise habits, yes 1.48 (0.67-3.30) 0.337 0.68 (0.25-1.89) 0.464

4. Discussion

This cross-sectional study used a logistic regression analysis with data from
1857 community-dwelling older adults with a hearing impairment, stratified by cardio-
vascular risk level, to determine associations between hearing aid use and the function of
cognitive function. The result, a stratified analysis by cardiovascular risk level, showed no
association between hearing aid use and the function of cognitive function in the high-risk
group. This association, however, was found in the cardiovascular low-risk-level group.
A possible explanation for this discrepancy is that high cardiovascular risk levels may
adversely affect the progression of hearing impairment, possibly overriding the benefit of
hearing aid use. As shown in Table 1, the group at higher cardiovascular risk has more
people with diabetes, a smoking habit, higher blood pressure and total cholesterol levels,
and a significantly higher BMI than the group at a lower cardiovascular risk. The number
of hearing aid users is also significantly higher in the high cardiovascular risk group. The
results emphasize the importance of introducing hearing aids before the hearing impair-
ment becomes more severe and maintaining a lifestyle that keeps the level of cardiovascular
risk low, in order to maximize the benefits of hearing aids.

Currently, there is no definitive cure for dementia, and attempts are being made to
develop a variety of preventive interventions and treatments to delay its onset and pro-
gression. Hearing impairment has been reported as a relevant risk factor for dementia [6].
It has been suggested that hearing impairment limits the activities of daily living and
narrows the life space [29] and may make it difficult to maintain an active lifestyle, which
is important for dementia prevention [29]. Furthermore, it has been reported that the risk
of nursing care is 1.7 times higher for those with hearing impairment, when accompanied
by a feeling of loneliness [30]. In Japan, dementia is the leading cause of the need for
nursing care [31], and appropriate care for hearing impairment may lead to the prevention
of dementia and the need for nursing care. Indeed, early intervention with the use of
hearing aids has been reported to prevent the onset of dementia and the progression of
its symptoms [13]. However, the mechanisms linking hearing impairment and dementia
have not been elucidated, and it remains unclear how hearing impairment affects various
cognitive domains. This study showed an association between hearing aid use and a
reduced decline in executive function in community-dwelling older adults with hearing
impairment and low levels of cardiovascular risk. Executive function represents cognitive
and intellectual abilities controlled by the frontal lobes, which are considered higher in the
cognitive hierarchy than cognitive domains such as memory, perception, language, etc. [32].
Executive dysfunction has also been reported to be associated with depression, and the
clinical features of depression and frontal lobe disorders are thought to be similar [33].
Age-related hearing impairment has been associated with depression and has been linked
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to cognitive decline and dementia [34]. Thus, in individuals with hearing impairment, it
may promote a decline in executive function, which is regulated by frontal lobe function.

Age-related hearing impairment is a sensorineural hearing impairment caused by
age-related damage to the outer hair cells of the cochlea and a decrease in the number
of cells [34]. Recent evidence indicates that reactive oxygen species are involved in the
development of hearing impairment [35]. Previous studies have shown that age-related
hearing impairment is accelerated by microcirculatory disturbances, chronic inflammation,
oxidative stress, and cardiovascular disease [11]. It has also been reported that subclinical
atherosclerosis in midlife is associated with hearing impairment in older adults [12]. These
findings suggest that, when cardiovascular risk is high, microcirculatory impairment,
chronic inflammation, and oxidative stress accelerate the cell death of outer hair cells in the
inner ear, the cause of age-related hearing impairment, resulting in a more severe hearing
impairment. As an effective countermeasure for these problems, it has been suggested that
increasing physical activity through exercise may promote antioxidant activity and help
prevent hearing impairment [36]. However, sufficient evidence has not yet been obtained
to verify whether exercise contributes to the improvement of hearing impairment or to the
maintenance of hearing function. Therefore, the introduction of hearing aids is considered
to be the first choice for hearing impairment, and it is increasingly important to establish
the timing of their introduction and appropriate evaluation methods.

This study is a large-cohort study of community-dwelling older adults with hearing
impairment. Although a number of cardiovascular risks have been reported to be associated
with hearing impairment, their impact on hearing aid use has not been fully explored.
Therefore, we consider this study to provide a baseline for further research. However,
there are several limitations to this study. First, the participants” hearing tests were based
on self-report questionnaires and did not use objective measures. Also, because this is a
cross-sectional study, it is unclear whether hearing aid use contributed to cognitive function
in a causal manner. In addition, another limitation is the lack of information about when
participants started using hearing aids, their compliance and degree of hearing impairment,
the character of their hearing problems, and the duration of their hearing impairment. In
future studies, we would like to add objective assessments to the hearing screening, and
analyze the effects of hearing aid use on cognitive function longitudinally to examine the
relationship between hearing impairment and cognitive function in more detail.

5. Conclusions

The association between hearing aid use and cognitive function, stratified by cardio-
vascular risk level, was investigated in a cross-sectional analysis of community-dwelling
older adults with hearing impairment. Among older adults with a hearing impairment,
hearing aid use was associated with the maintenance of executive function in individuals
of low cardiovascular risk. Increased cardiovascular risk level may promote arteriosclerotic,
and increase the severity of sensorineural, hearing impairment. These results suggest that
it is important to consider hearing aid use even before hearing impairment becomes severe,
to keep the cardiovascular disease risk level low and to maintain lifestyle habits that limit
inner ear dysfunction. Further verification is required to determine what effect the use of
hearing aids has on the health status of older adults, including the prevention of cognitive
decline.
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Abstract: Currently, there is no consensus on the characterization of the human voice. The objective
of the present study is to describe the myoelectric behavior of the extrinsic musculature of the larynx
in 146 people with normal voice (Spanish speakers), aged between 20 and 50 years old. Different
vocal tasks were recorded using a surface electromyograph (SEMG). In all vocal tasks, it was observed
that women had higher activation (1V) in the suprahyoid and sternocleidomastoid muscles than
men, while men had higher activation in the infrahyoid muscles. SEMG is a valid procedure to help
define normal vocal characteristics in the studied population, providing reference values during
clinical examination. However, it is necessary to adopt a universal system of assessment tasks and
standardized measurement techniques to allow for comparisons with future studies.

Keywords: voice; characterization; surface electromyography

1. Introduction

Among the procedures for the study of muscle electrical activity are electromyogra-
phy (EMG) and surface electromyography (SEMG). The former analyzes and records the
myoelectric activity of muscle fibers for the diagnosis of neuromuscular diseases, using
needle insertion [1]. SEMG uses surface electrodes, one of which serves as a reference
(neutral electrode) located in the vicinity of electrically inactive tissue such as bones or
tendons, for example, in our case, as will be described below, in the olecranon, in order to
avoid interference.

Surface electromyography (SEMG) records myoelectric activity (depolarization of the
muscle cell membrane [2]) and contributes to the diagnosis of motor disorders [3] and,
specifically, that of the most superficial muscles, identifying their contribution (and the
importance of the same) in a given task [4]. This technique is based on the detection of
the action potential of muscle fibers and motor units in the surrounding tissues or the skin
during muscle activity [5]. The signal is represented through voltage, measured in pV.
SEMG allows researchers to know the muscle excitation and describe the muscle patterns,
giving information about the recruited motor units in a non-invasive way [6].

SEMG is used in a wide variety of disciplines, such as physiology, engineering, biome-
chanics, medical sciences, and clinical neuroscience [7,8], but in speech therapy, the use of
SEMG is not very frequent. Speech-language pathologists and speech therapists use it to
help in the evaluation, diagnosis, and therapy of different functions, especially stomatog-
nathic functions such as chewing and swallowing, proper to the orofacial motor area [9], as
well as the masticatory muscles” activity [10]. It is a non-invasive technique, easy to apply,
and reports muscle activity in real time [11].
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The electromyogram obtained is the result of the sum of the motor unit action poten-
tials produced during the contraction of the neuromuscular units [7,12,13]. The amplitude
(maximum height of the action potential) is expressed in microvolts, while the frequency is
measured in hertz, indicating the number of times the potential is repeated per unit of time
(usually in one second) [5].

Recently, high-density surface electromyography [14] has been used to study muscles
associated with swallowing. This technique appears to be useful for the analysis of the
motor unit recruitment in the suprahyoid muscles—mylohyoid, geniohyoid, digastric, and
stylohyoid [15].

The standardization of the recording, analysis, and interpretation of the electromyo-
graphic signal is a pending issue and urgently needed, for which interesting projects have
been initiated [16].

Research related to the study of the voice together with SEMG is scarce and with a
great dispersion in the aspects analyzed, from the sample size to the vocal tasks that have
been developed or the muscles studied [3].

The aim of this cross-sectional study is to analyze the most relevant surface electromyo-
graphic parameters during vocal emission in Spanish speakers, in a sample of 146 adults
(women and men), for the characterization of normality patterns of muscular activity in
vocal production tasks.

The hypotheses proposed are as follows: (1) there is a characteristic pattern of SEMG
signals associated with normal voice emission, without vocal pathology, and (2) there are
differences between sexes.

2. Materials and Methods
2.1. Study Design

Taking into account the objectives of this study, a cross-sectional descriptive design
was chosen. Before starting the study, a favorable report on the project was obtained from
the Human Research Ethics Committee (CEIH) of Universitat de Valencia with procedure
number 1054131.

2.2. Participants

The sample consisted of a total of 146 people (after calculating the sample size), all
Spanish speakers, comprising 72 males and 74 females (self-identified as such) between
20 and 50 years of age. All participants who presented a subjective perception of normal
voice (both by the person participating in the study and by 3 members of the research team,
all voice specialists) were included, as well as those without known vocal pathology (both
organic and functional) at the time of the examination and without relevant medical history.

2.3. Materials

The MioTool Face surface electromyograph from Miotec Suite 1.0 (Miotec, Porto Alegre,
Brazil) connected to a laptop computer (MSI GP62 2QE Leopard Pro with a Windows 10
operating system) via a USB connection was used to record myoelectric activity. This
equipment allows for collecting a maximum of 2000 samples per second.

To capture the electrical potentials (recorded in V) of the muscles to be studied, the
Myotool software incorporated into the electromyograph was used. Of the eight channels
that the equipment allows, six were used. The Miograph software (Miotec, Porto Alegre,
Brazil) was used for the subsequent visualization and processing of the data.

Adhesive Meditrace Kendall pediatric electrodes—Covidien, Dublin, and Ireland—
(@ =3 cm) were used, which allowed for more selective recordings due to the spacing
between electrodes. These were composed of a white polyethylene foam support with a
clasp-shaped adapter and a carbon polymer sensor coated with silver and silver chloride,
immersed in a layer of conductive and adhesive hydrogel, to conduct the signal of the
muscular electrical activity.
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The collection of electromyographic recordings was carried out in a room of the Speech
Therapy Clinic of the Fundacio Lluis Alcanyis of the Universitat de Valéncia.

2.4. Procedure

During the examination, the subjects who were part of the sample remained seated in
a chair with knee and hip flexion of 90°, feet on the floor, back of the hands resting on the
legs, and with their gaze fixed on a visual reference to the front. They had support on their
backs but not on their heads.

Each participant was asked to swallow to stabilize the larynx, and then the muscles
involved in the study were palpated. The neck region corresponding to the suprahyoid,
infrahyoid, and sternocleidomastoid muscles was cleaned with gauze soaked in 70° ethyl
alcohol (Kern Pharma, Madrid, Spain) before attaching the electrodes. This was intended
to decrease the impedance of the skin to better capture the electromyographic signal of the
selected muscles and thus provide a better fixation condition for the electrodes [10]. All
males who participated in this study had the scanning area completely shaved.

Six electromyography channels (one for each muscle group, namely suprahyoid (SH),
infrahyoid (IH), and sternocleidomastoid (ECM), both right (R) and left (L)), and the
corresponding 13 disposable electrodes made of hypoallergenic material were used to
capture the electrical signal of the muscle: 12 recording electrodes (2 for each channel),
separated 1 cm (center to center), and another reference electrode on the olecranon [9]—the
most prominent part of the posterior aspect of the elbow—away from the study area to
avoid interference.

For the SH muscle group, the electrodes were placed in the submandibular region,
longitudinally to the fibers of the mylohyoid and digastric muscles, which are more super-
ficial. For the IH muscle group, they were placed bilaterally and sagittally, 1 cm from the
thyroid protuberance. The distance was measured with a digital anthropometric caliper.
As for the ECM muscle group, they were positioned in the central part of the muscle in the
direction of the clavicle (Figure 1). This is also illustrated anatomically in Figure 2.

Figure 1. Distribution of SEMG electrodes and channels: Channel 1: R SH; Channel 2: L SH;
Channel 3: R IH; Channel 4: L IH; Channel 5: R ECM; Channel 6: L ECM.
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Left supra-hyoid
Left ECM
Left infra-hyoid

Right supra-hyoid
Right EMC
Right infra-hyoid

Figure 2. Anatomical positioning of the electrodes.

Surface electromyographic parameters were analyzed in different vocal tasks (Table 1).

Table 1. Surface electromyographic parameters studied in selected vocal tasks.

Electromyographic Surface

Vocal Task Parameters Studied
Reading aloud (SEMG signal normalization task) Peak (1V)
Vowel /a/ at comfortable frequency and intensity Mean (itV)

Minimum (pV)

Upward glissando with the vowel /i/ (low and high
part)

Rest (time of no vocal activity) Average frequency (Hz)

Standard deviation (V)

Peak (uV): numerical result of the maximum value of electrical activity recorded in the interval analyzed; mean
(1V): average value of electrical activity recorded in the interval selected for analysis; minimum (uV): numerical
result of the minimum value of electrical activity recorded in the interval analyzed; standard deviation (itV):
difference found from the mean value to the extremes of maximum and minimum electrical activity recorded in
the interval selected for analysis; mean frequency (Hz) [17].

The selection of the SEMG recording period was carried out in coordination with voice
recording. External noise was removed from the SEMG signal with Butterworth-type digital
filtering. The following data were then obtained (Table 1): peak (1V) (maximum muscle
activity), the mean of muscle activation (1V), the minimum value of muscle activation (1V),
and standard deviation (1V) and mean frequency (Hz) of the number of times the action
potential is repeated per unit of time.

The dynamic normalization method (with dynamic tasks that were neither isotonic
nor isometric) was used in this study, as several authors claim that there is strong evidence
of reduced inter-subject variability compared to other normalization methods [13].

The “read-aloud” task was chosen as the baseline activity for signal normalization, as
it was felt that it could provide much more information than the other isolated tasks.

Electrical activity was also collected during rest or static assessment [4], which was
electrically silent and progressively activated in relation to muscle contraction (Table 1).
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2.5. Statistical Analysis

Data were analyzed using SPSS 26.0 (SPSS Inc., Chicago, IL, USA). Cohen’s kappa
test (k) was used to determine the concordance between external evaluators, and the
Kolmogorov-Smirnov test was used to analyze whether the quantitative variables had a
normal distribution. A descriptive analysis was performed for each of the sample variables,
namely absolute frequency and percentage for qualitative variables and mean and standard
deviation for quantitative variables. The Mann-Whitney U test was used to analyze
whether the differences observed were statistically significant when dealing with variables
that did not have a normal distribution. To analyze quantitative variables that followed a
normal distribution, a t-test was applied.

3. Results

During rest (time of no vocal activity), the myoelectric activity (V) in women was
higher than in men for most of the muscles analyzed, while the frequency of the electrical
signal (Hz) was higher in men than in women in all the explored muscles. The results
obtained in the suprahyoid (C1 and C2) and sternocleidomastoid (C5 and C6) muscles in
both sexes showed statistically significant differences (Table 2).

Table 2. Resting muscle electrical activity in men and women.

Men Women Men Women
nv uv p Hz Hz p

C1 Mean 6.67 9.11 <0.01 345.98 311.95 <0.01
SD 4.27 6.66 59.14 54.79

C2 Mean 7.50 7.77 <0.05 286.00 266.12 <0.01
SD 6.08 3.99 41.09 38.81

C3 Mean 6.05 6.16 0.53 339.03 332.16 0.28
SD 2.57 2.72 33.18 40.16

C4 Mean 5.48 5.14 0.90 362.52 358.68 0.19
SD 3.76 2.39 67.33 37.24

C5 Mean 12.79 20.40 <0.05 245.20 212.61 <0.01
SD 10.31 18.41 52.98 54.82

C6 Mean 6.71 7.03 <0.05 331.22 303.57 <0.01
SD 6.59 4.49 48.18 51.50

C1: right suprahyoid channel 1; C2: left suprahyoid channel 2; C3: right infrahyoid channel 3; C4: left infrahyoid
channel 4; C5: right ECM channel 5; C6: left ECM channel 6; C7: right ECM channel 6; C8: right ECM channel 6;
C9: right ECM channel 6. SD: standard deviation.

Regarding the “comfortable /a/ vowel” task, women obtained higher results than men
in most of the analyzed variables and explored muscles, except in the channels referring to
the infrahyoid muscles (C3 and C4), where men engaged a greater number of motor units
and obtained higher results. Statistically significant differences were observed between
men and women (Table 3) both in the mean myoelectric activity (1V) and in the mean
frequency (Hz) of the electromyographic parameters in each of the recorded channels,
except in Channel 3, referring to the right infrahyoid muscle group (p = 0.66). The greatest
statistically significant differences were observed in the channels of the suprahyoids (C1
and C2). In the left ECM muscle channel (C6), no differences were observed in terms of
mean frequency (Hz), while in the right ECM (C5), they were.
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Table 3. Resting muscle electrical activity in the task “vowel /a/ at comfortable frequency and
intensity” in men and women.

Men Women Men Women
uv nv p Hz Hz p

C1 Mean 10.11 13.49 <0.01 296.17 275.61 <0.01
SD 1.86 2.52 41.87 39.16

C2 Mean 10.56 12.59 <0.01 269.65 253.68 <0.05
SD 1.94 2.67 38.37 30.69

C3 Mean 11.91 11.35 0.66 264.13 268.93 0.56
SD 3.08 2.45 44.51 40.12

C4 Mean 12.98 10.01 <0.05 265.44 271.87 0.38
SD 3.56 2.14 4911 38.74

C5 Mean 12.75 21.47 <0.01 252.79 236.37 <0.01
SD 1.10 1.59 45.20 57.72

C6 Mean 8.41 9.99 <0.01 297.31 278.33 0.07
SD 0.93 1.64 56.99 55.97

C1: right supra-hyoid channel 1; C2: left supra-hyoid channel 2; C3: right infra-hyoid channel 3; C4: left
infra-hyoid channel 4; C5: right ECM channel 5; C6: left ECM channel 6.

There were significant differences in the task “reading aloud” between both sexes
(Table 4), in the suprahyoid muscles (C1 and C2) and the peak (1V) and mean (nV) elec-
tromyographic parameters (p < 0.01).

Table 4. Muscle electrical activity in the task “reading aloud” in men and women.

Men Women Men Women

Mean Frequency =~ Mean Frequency

Mean (V) Mean (1V) (Hz) (Hz) P

C1 Mean 20.57 29.36 <0.01 229.91 219.99 <0.05
SD 8.17 10.70 23.03 22.18

C2 Mean 22.81 29.42 <0.01 219.58 213.80 0.12
SD 9.72 11.46 19.99 17.43

C3 Mean 22.72 21.06 0.19 209.85 216.02 0.10
SD 9.45 7.92 31.18 33.53

C4 Mean 25.46 18.87 <0.01 202.61 220.49 <0.01
SD 11.13 7.14 27.51 25.16

C5 Mean 15.84 21.09 <0.05 237.78 228.84 0.12
SD 2.84 2.79 30.07 24 .47

C6 Mean 11.15 11.09 0.17 269.53 257.43 0.09
SD 3.57 2.92 48.32 33.04

C1: right supra-hyoid channel 1; C2: left supra-hyoid channel 2; C3: right infra-hyoid channel 3; C4: left
infra-hyoid channel 4; C5: right ECM channel 5; C6: left ECM channel 6.

In the task “ascending glissando with the vowel /i/”, significant differences were
observed (Table 5) between men and women in the mean (V) of the myoelectric activity of
the suprahyoid and left infrahyoid and right ECM muscles (p < 0.01), as well as the mean
electromyographic frequencies (Hz) of the right suprahyoid and left infrahyoid (p < 0.01).

In all the previously analyzed tasks, both suprahyoid muscle electrical activity (C1 and
C2) and that of the ECM (C5 and C6) were greater (p < 0.01) in women, while men presented
greater myoelectric activity at the level of infrahyoid muscles (C3 and C4) (p < 0.01).
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Table 5. Muscle electrical activity in the task “upward glissando with /i/” in men and women.

Men Women Men Women

Mean Frequency Mean Frequency

Mean (1V) Mean (uV) (Hz) (Hz) p

C1 Mean  11.34 16.35 <0.01 280.08 254.95 <0.01
SD 2.04 2.89 41.73 36.54

2 Mean  12.80 15.30 <0.01 251.92 239.84 <0.05
SD 2.50 2.82 36.13 32.66

C3 Mean  24.34 16.12 <0.01 232.93 249.36 <0.01
SD 8.34 4.01 46.11 41.77

C4 Mean  25.92 13.59 <0.01 236.10 263.03 <0.01
SD 8.60 3.49 47.93 47.69

(€5 Mean  12.88 2096 <0.01 239.73 220.68 <0.01
SD 1.33 1.33 38.84 42.89

Cé6 Mean 7.96 9.37 <0.01 299.98 279.11 <0.01
SD 0.90 1.41 52.59 41.49

C1: right supra-hyoid channel 1; C2: left supra-hyoid channel 2; C3: right infra-hyoid channel 3; C4: left
infra-hyoid channel 4; C5: right ECM channel 5; C6: left ECM channel 6.

4. Discussion

This study aimed to provide information to establish electromyographic normative
parameters, typical of voice tasks and where participants present a euphonic voice, not
pathological, to help professionals make clinical decisions. For this purpose, the behavior of
the extrinsic musculature of the larynx was assessed at the surface electromyographic level
during different vocal tasks in men and women with a normal voice. The methodological
procedure was based on the results obtained in a recent systematic review of the scientific
literature on normal voice [18]. To the best of our knowledge, no studies have been found in
Spanish speakers that analyze normal voice in conjunction with surface electromyography.

Balata (2013) [9] studied the electrical activity of extrinsic laryngeal muscles in people
with and without dysphonia. His sample consisted of 36 women and 5 men aged between
28 and 57 years. In his study, he used the same equipment as that used in our work (surface
electromyograph, adhesive surface electrodes, and software). His analysis included a
smaller number of vocal tasks (vowel /¢/ at comfortable intensity, vowel /¢/ at strong
intensity, counting from 20 to 30 at comfortable intensity, and counting from 20 to 30 at
strong intensity, together with rest), with three electromyography channels: right and left
IH muscles and SH (without specifying the side).

Electromyographic recording depends on electrode placement and application, skin
perspiration and temperature, muscle fatigue, contraction speed, muscle bulk, contamina-
tion of nearby muscles, subcutaneous fat thickness, or slight variations in the execution of
the task [12,13]. Therefore, the signal must be normalized for interpretation and comparison,
which is not simple [2]. Lehman and McGill (1999) [12] proposed that electromyographic
normalization be performed by means of a reference task, through which the activity values
of the electrical signal are expressed as a percentage of the electrical activity of the muscles
to be studied during contraction.

The aim is to have a standardized and reliable reference value, by changing the data
scale from microvolts to percentages to compare the electrical activity of muscles in a task
over time between different muscles and participants [19-21].

Research dedicated to the study of the voice in conjunction with SEMG is limited
and studies different variables and uses different methodological components such as the
muscle groups analyzed, the phonatory tasks recorded, materials, sample size, etc., making
it difficult to compare results.

Although SENIAM (surface electromyography for the non-invasive assessment of
muscles) is recommended in Europe for the correct placement and location of sensors and
is used as the methodology for signal processing, there is currently no specific protocol on
the placement of sensors in the extrinsic muscles of the larynx (specifically the suprahyoid
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(SH) and infrahyoid (IH)) and neck (part of which is the sternocleidomastoid (ECM)). In
our case, we decided to place them as previously explained and as shown in Figure 1.
Obviously, a consensus standard would be desirable to unify the methodology in this type
of research.

In the present study, we chose to study the ECM muscles bilaterally (in addition to the
SH and IH) since, according to Behlau and Pontes (1995) [22], these muscles tend to elevate
the rib cage constantly, along with the laryngeal elevation and restriction of movements in
subjects with vocal pathology. Authors such as Ramos et al. (2018) [23] state that ECMs are
muscles in which people with vocal pathology tend to present more pain.

There are other studies using SEMG with vocally normal and dysphonic subjects,
although with different objectives. The study by Silvério (1999) [24] analyzed the electrical
activity of the ECM and trapezius muscles (upper fibers) in normal and dysphonic individ-
uals. Sapir et al. (2000) [25] evaluated variations in the fundamental frequency together
with electrical activity but, in this case, induced by mechanical disturbance of the larynx.
Silvério (2002) [26] studied vocal evaluation together with the electrical activity of SH
and ECM muscles but in women aged between 20 and 40 years with temporomandibular
dysfunction, at rest and phonation. Once again, the variability of the published studies
makes comparative analysis difficult.

The recording of the SEMG data required, initially, the precise selection of the period
to be studied, taking the time of the voice recordings as a reference. In this way, the exact
time window was calculated with SEMG, since it only uses the time variable as a guide for
the analysis. To perform both recordings at the same time, the “start” option was selected
simultaneously, but on some occasions, the SEMG recording took a few milliseconds longer
to start than the vocal recording. For this reason, it was decided to count from the end,
stopping the recording again at the same time and ensuring accuracy in data extraction.

The applied digital filtering, Butterworth type [9], attenuates the undesirable fre-
quencies of the signal through two second-order filters, a high-pass filter at 20 Hz that
lets through the frequencies above that frequency and a low-pass filter at 450 Hz, letting
through the frequencies below that frequency [27], which were configured as cutoff frequen-
cies to define the upper and lower filtering limits since the highest-frequency components
contained in the SEMG signals are below 400-500 Hz [7].

The dynamic normalization method (with dynamic tasks that were neither isotonic
nor isometric) was used in this study, as it has been revealed that there is strong evidence
of reduced inter-subject variability compared to other normalization methods [13,20]. The
“read-aloud” task was chosen as the reference activity for signal normalization, as it was
considered to be one that could provide more information than the other isolated tasks.
Electrical activity during rest (statically) was also recorded, which is electrically silent and
allows for the assessment of the muscle without load [28]. In a general way, it can be seen
how “reading aloud” is the task that recruits more motor units than the others, taking “rest”
or “no muscle activity” as a reference.

During the task “upward glissando with the vowel /i/”, the mean myoelectric activity
was slightly higher in the infrahyoid and ECM muscles at low frequencies, while the mean
myoelectric activity of the suprahyoids was slightly higher at high frequencies. A plausible
explanation for the higher amplitude of the ECM electrical signal at low frequencies may
be due to the onset of inhalation (high/clavicular breathing may have occurred at most
phonatory onsets) or a very rapid inhalation at the time of first uttering a low frequency [29].
Another reasonable, although unconfirmed, explanation would be the possible involvement
of ECMs in an attempt to lower the larynx at lower pitches. The higher amplitude at high
frequencies in the supra-hyoid muscles is due to the laryngeal rise that occurs during
higher-pitched vocal emissions, due to the increased activity of the cricothyroid muscle
responsible for the progressive elevation of the vocal ligament [30,31].

In our work, in general (since several SEMG channels were analyzed in different
vocal tasks), women presented a higher mean myoelectric activity (uV) at the SH and
ECM muscle levels than men, while the mean frequency of the electrical signal (Hz) was
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higher in men than in women. This may be due to the fact that the higher the amplitude of
the SEMG (V) (i.e., the higher the recruitment of motor units), the lower the conduction
velocity of muscle action potentials (i.e., the lower the SEMG frequencies (Hz)) [32]. The
changes that may occur at the level of the amplitude and frequency of the SEMG signal
are related to constant changes in the performance of force, the length of the muscle fibers,
the placement/position of the surface electrodes, and the active muscle fibers during the
different tasks [33].

An important aspect to take into account is the variety of vocal tasks that were studied
in the present study. It is important to consider that continuous speech is a much more
complex task than sustained vocal emission because, in the former, many more orofacial
structures are activated.

The results obtained regarding the mean muscle electrical activity of the SH and ECM
muscles, both in men and women, presented statistically significant differences in our
work, aspects that cannot be compared due to the lack of similar studies. Research by
Silvério (1999) [24] and Balata (2013) [9] compared dysphonic and euphonic subjects and
did not analyze differences between sexes. The analysis of SEMG results revealed a large
interindividual variation, even in subjects performing the same task [34,35].

The results of the present study, performed on a population without pathology, show
differences by gender, but these obviously cannot be extrapolated to populations with
dysphonia. On the other hand, the scarcity of evidence in this field does not allow us to do
so either.

SEMG is not widely used in clinical speech therapy practice (recognition of dysfunc-
tions) or the control of therapy; these cases involve procedures for recording information
that is not uniform, which implies the translation of the analyses performed [4]. It is evident
that without a methodological standardization that minimizes individual variations [24], it
is not possible to adequately broaden the spectrum of knowledge in this field, since the
capacity for comparison with other studies is limited.

5. Conclusions

Within the characteristics and limitations of this study, the following conclusions can
be drawn:

SEMG provides valid and objective data on the extrinsic muscular activity of the
larynx during phonation, but this tool cannot precisely define such markers since the
electrophysiological assessment of phonation is subject to many individual variables.
On the other hand, we wish to highlight the potential of surface electromyography as
biofeedback and the benefits that its use can bring from a clinical point of view.

The dynamic tasks related to connected speech best describe the myoelectric behavior
of the extrinsic structures of the larynx involved in the phonatory process. The mean
myoelectric activity of the suprahyoid musculature and that of the sternocleidomastoid
muscles was higher in women, whereas the mean myoelectric activity of the infrahyoid
musculature was higher in men.

Therefore, the proposed hypotheses are accepted. The behavior of the SEMG signals
was analyzed, and differences between sexes were observed for the studied population.
However, it is necessary to establish a system of standardization of the scans and conduct
further research to make the data comparable with each other and with other populations.
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Abstract: Background: Tinnitus presents a major public health challenge, impacting quality of
life. With conventional therapies being often time-consuming and costly, interest in Internet-based
treatments, such as auditory treatments and Internet-based cognitive behavioral therapy, has grown
due to their improved patient adherence. This meta-analysis aims to review existing scientific
literature to assess the effectiveness of Internet-based therapies (IBTs) in treating tinnitus. Methods:
Studies up to February 2024 using the Tinnitus Functional Index (TFI), Tinnitus Handicap Inventory
(THI), or Tinnitus Reactions Questionnaire (TRQ) to monitor tinnitus before and after IBTs were
searched in PubMed, Google Scholar, Web of Science, and the Cochrane Central Register of Controlled
Trials. Variation of the score with time was analyzed and a comparison was made with non-IBT
studies. Treatment effects were analyzed using Cohen’s d model. Results: A total of 14 articles were
considered, with a total of 1574 patients. Significant improvements in questionnaire scores were
noted post-treatment. In the IBT group, THI and TFI decreased by 17.97 and 24.56 points, respectively
(Cohen’s d THI: 0.85; TFI: 0.80). In the control group, THI and TFI decreased by 13.7 and 4.25 points,
respectively (Cohen’s d THI: 0.55; TFI: 0.10). Conclusions: Internet-based therapies showed reliable
effectiveness, possibly due to improved patient compliance, accessibility, cost-effectiveness, and
customization.

Keywords: tinnitus; internet-based treatment; Tinnitus Functional Index (TFI); Tinnitus Handicap
Inventory (THI); Tinnitus Reactions Questionnaire (TRQ)

1. Introduction

Tinnitus, colloquially referred to as “ringing in the ears”, is “an auditory sensation
without an external sound stimulation or meaning, which can be lived as an unpleasant
experience, possibly impacting quality of life” [1]. Over the past 20-30 years, it has
emerged as a serious public health issue, affecting 760 million people worldwide [2,3].
Tinnitus is a symptom, not a disease, and although it is often associated with curable
and non-critical conditions, it impacts quality of life, partly due to inherent challenges
in its treatment [4]. In fact, it often manifests without any objective signs, and due to
inadequate understanding of its pathology, it can be a symptom of various disorders such
as otological, orofacial, cardiovascular, and neurological diseases [5]. Tinnitus may originate
from cochlear abnormalities or hearing loss and is then maintained by neural changes in
the central auditory system, with altered neuronal activity [5]. Arterial and arteriovenous
pulsatile tinnitus could result from arterial stenosis, skull base anatomical variants, or
vascular skull base tumors, while somatic inputs such as temporomandibular disorders
can influence tinnitus perception in a condition known as “somatosensory tinnitus” [6,7].
As a neurological disorder, it is known that tinnitus may be associated with migraine
phenomena, as both are similarly elusive in etiology but possibly share a pathophysiology
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linked by the central nervous system [8]. The absence of an objective measure for tinnitus
has resulted in self-report questionnaires being the preferred method to evaluate tinnitus
symptoms and quantify the degree to which quality of life is affected negatively [9]. There
are several tinnitus questionnaires available, with widely used ones including the Tinnitus
Reaction Questionnaire (TRQ) [10], Tinnitus Handicap Inventory (THI) [11], and Tinnitus
Functional Index (TFI) [12]. The THI is a 25-item survey with three subscales: functional
(12 items), emotional (eight items), and catastrophic response (five items), and is a robust
measure of tinnitus impact on everyday life. The TFI, also a 25-item index, scales tinnitus
severity, identifies domains affecting it and measures treatment-related changes, with
scores ranging from 0 to 100, categorized into five severity levels from ‘not a problem’
to “very big problem’. The TRQ consists of 26 items rated from 0 to 4, summed into a
total score from 0 to 104, and describes the distress associated with tinnitus. In all three
questionnaires, higher scores correspond to greater severity of tinnitus. After assessing the
severity of tinnitus and its impact on quality of life, treatment in these patients should focus
on addressing the underlying or concurrent disorder (if present) and implementing specific
treatments aimed at reducing the severity of the tinnitus. Treatments for managing tinnitus
include psychological interventions such as counseling and psychoeducation, auditory
stimulation such as sound therapy, and, when necessary, interventions to reduce distress
such as relaxation therapy [2,13,14]. Based on the possibility that tinnitus is linked to high
spontaneous neuronal activity, brain stimulation therapies, such as transcranial magnetic
stimulation, transcranial direct current stimulation, and deep brain stimulation, represent
valid treatment options for these patients [5,15-17]. Furthermore, in recent years, there
has been a growing interest in Internet-based therapies (IBTs). These approaches hold
promise in overcoming some of the limitations associated with conventional therapies,
ensuring accessibility, cost reduction, and consequently enhancing patient compliance.
They include questionnaires, auditory treatments, internet-based cognitive behavioral
therapy (iCBT), and games present in different operating systems for tinnitus monitoring
and management [4].

The purpose of this study was to review peer-reviewed publications on the effective-
ness of internet-based therapies for tinnitus to analyze the efficacy of these treatments. The
primary aim was to assess tinnitus improvement resulting from IBT by examining how
patient questionnaire scores (THI, TFL, and TRQ) varied over time, reported as medians and
with a 95% confidence interval. The secondary objective was to compare outcomes between
patients receiving IBT (case group) and non-IBT patients (control group treatment, CGT).
This meta-analysis intentionally selected studies concerning IBTs that vary significantly
from one another, both in terms of delivery methods (e.g., smartphone-based, web-based,
computer-based) and types of therapy (e.g., cognitive-behavioral therapy, music therapy).
This approach has allowed us to include a larger number of studies and to analyze the
overall effectiveness of IBT compared to face-to-face therapies.

2. Materials and Methods
2.1. Search Strategy

This manuscript is based on the PRISMA guidelines. PROSPERO registration was
completed (ID 565308). The databases PubMed, Google Scholar, Web of Science, and the
Cochrane Central Register of Controlled Trials were searched up to February 2024. The
bibliographic research was conducted by a health sciences librarian. The search syntax
was adapted for each database to account for variation in thesaurus terms/controlled
vocabulary across databases. Keywords were used to identify paper sources that included
the following: (1) the condition being studied (“tinnitus”); (2) the proposed intervention
(“therapy” OR “intervention” OR “treatment”); (3) the method of intervention delivery
(“mobile” OR “internet” OR “in-person”). Covidence software (https://www.covidence.
org/ accessed on 1 July 2024) was used for the research and to deduplicate results. Exact
search terms used in each database are presented in Appendix A.
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2.2. Study Selection

Only studies that quantified the intensity of tinnitus using the TFI, THI, and TRQ were
considered. Only full text articles were included. The PICO framework was employed
to clearly define study eligibility, as follows: (P) patients with tinnitus; (I) Internet-based
therapies (including mobile, internet, and in-person); (C) control patients; (O) variation of
tinnitus intensity based on the chosen questionnaires.

The exclusion criteria were as follows: (1) reviews, editorials, and non-full-text articles;
(2) non-English language studies; (3) studies that evaluated a therapeutic period shorter
than 6 weeks; (4) studies containing aggregated and non-extractable data, or duplicated
data from previously published work.

2.3. Data Extraction

An electronic data-collection form was used to collect the data. The following infor-
mation were collected: (1) study information: author, year of publication, country of the
cohort, type of study; (2) Internet-based therapies: modality, type of treatment, duration
of treatment, type of questionnaire, number of patients pre- and post-treatment, pre- and
post-treatment median and standard deviation across various questionnaires; (3) follow-up:
number of patients, median and standard deviation across various questionnaires at 2, 3, 6,
and 12 months; (4) control group: treatment type, number of patients, median and standard
deviation across different questionnaires before and after treatment.

2.4. Statistical Analysis

The median scores across different questionnaires, along with the number of patients
and standard deviations for both cases and controls, were extracted from the studies.
A 95% confidence interval (CI) was calculated for each questionnaire, assessing scores
pre-treatment and at the end of treatment. Additionally, scores harvested 12 months
after the beginning of therapy were considered in the cases group. Calculations were
performed using random effects models by DerSimonian and Laird, employing a weighted
average approach that assigned each study a weight proportional to its precision and
incorporated both within- and between-study variability [18]. The results of the meta-
analysis were graphically presented using forest plots, which included summary estimates
and a corresponding 95% CI. Differences in the effect size among the cases over time and
disparities in outcomes between cases and controls were assessed using Cohen’s d model.
All statistical analysis were calculated using RStudio Desktop, version 2023.09.0+463.

3. Results
3.1. Search Results and Study Selection

Once the duplicates were eliminated, 259 items were screened, leading to the exclusion
of 156 articles based on the title. The full text of the remaining 103 articles was further
reviewed, and 15 articles met the inclusion criteria for the meta-analysis, as depicted in
Figure 1. Data describing the characteristics of the included studies are reported in the
Table presented in Appendix B.

The work of Searchfield and colleagues [19] was excluded from the statistical analysis
due to the presentation of its results, which were not compatible with our data collection
and statistical analysis procedures. The included articles [20-33] involved 1574 patients.
Among the selected articles, nine studies were randomized control trials (RCTs), two were
pilot trials, one was a repeated measure design, one an effectiveness trial, one a preliminary
study, and one a single group open trial. Two of the articles [23,28] described RCTs where
patients were monitored using two questionnaires; for this reason, they were considered
separately for our statistical analysis. Two other studies [25,26] were three-arm RCTs,
with, respectively, two case groups and two control groups. For this reason, they were
considered as different studies for our statistical analysis; thus, they were counted as four
separated studies.
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Figure 1. Selection of articles according to the PRISMA statement flow diagram.

3.2. Pre- and Post-Internet-Based Treatment (IBT) Differences

A total of 987 patients underwent IBT between 8 and 12 weeks. In particular, 800 partici-
pants underwent iCBT treatment (internet-delivered cognitive behavioral therapy) [21-28,31],
93 iCBT with therapist guidance [30,32], 26 were subjected to music therapy [29], 35 partici-
pated in iACT (internet-delivered acceptance and commitment therapy) [25], 20 engaged
in a combined treatment approach of iCBT and music therapy [20], and 61 underwent
virtual reality treatment [33]. In terms of outcomes, before commencing the treatment,
405 patients were assessed with the THI questionnaire, 383 with the TFI questionnaire,
and 319 with the TRQ. At the conclusion of the treatment, a total of 812 patients had their
tinnitus assessed, with 355, 297, and 209 patients, respectively, using the THI, TFI, and TRQ
questionnaires. According to the random effects model calculation (Figure 2), the mean THI
score in patients who underwent Internet-based therapy was 48.64 (95% CI: 38.18-59.11)
at pre-treatment, decreased to 30.67 (95% CI: 19.87—41.46) at post-treatment, and slightly
increased to 36.44 (95% CI: 15.34-57.53) at the 1-year follow-up. Data regarding TFI score
are presented in Figure 3: at pre-treatment, the TFI score was 57.02 (95% CI: 40.93-73.11),
which decreased to 32.43 (95% CI: 13.49-51.38) at post-treatment and remained relatively
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stable at the 1-year follow-up [33.43 (95% CI: —0.77-67.62)]. Finally, the mean TRQ score
(Figure 4) at pre-treatment was 29.62 (95% CI: 5.79-53.45), and at post-treatment, it was
20.66 (95% CI: —2.70-44.02). Data on tinnitus status at the 1-year follow-up, assessed using
THI and TFI questionnaires, are provided in Appendix C.
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Figure 2. THI scores in patients who underwent internet-based therapies. (a) Pre-treatment scores;
(b) post-treatment scores. This figure shows a THI decrease of 17.97 points (from 48.64 pre-treatment
to 30.67 post-treatment). 1: iCBT studies; 2: a sound therapy study; 3: an iCBT + therapist study; 4:
an iCBT + sound therapy study; 5: a virtual reality study [21,23,26,27,29-32,34].
(a) TFI, Pre-Treatment (b) TFI, Post-Treatment
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Figure 3. TFI scores in patients who underwent internet-based therapies. (a) Pre-treatment scores;
(b) post-treatment scores. This figure shows a TFI decrease of 24.59 points (from 57.02 pre-treatment
to 32.43 post-treatment). 1: iCBT studies; 2: an iCBT + therapist study [22-25,33].
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Figure 4. TRQ scores in patients who underwent internet-based therapies. (a) Pre-treatment scores;
(b) post-treatment scores. This figure shows a TRQ decrease of 8.96 points (from 29.62 pre-treatment
to 20.66 post-treatment). 1: iCBT studies [28,29].

3.3. Control Group Treatment (CGT)

The total number of patients included in the CGT was 494. Specifically, 221 patients
participated in a discussion forum (DF), 179 underwent cognitive-behavioral therapy
(CBT), 46 received face-to-face therapy (F2F), and 48 underwent music therapy. Before
commencing the treatment, 373 patients were assessed using THI, 119 using TFI, and
25 using TRQ. At the conclusion of treatment, the total number of controls was 414, with
332, 116, and 24 using THI, TFI, and TRQ), respectively, to assess tinnitus improvement.
According to the random effects model calculation, the mean THI score in the control
group was 51.88 (95% CI: 40.00-63.77) at pre-treatment, notably decreasing to 38.16 (95%
CI: 25.25-51.80) at post-treatment. The mean TFI score at pre-treatment was 57.99 (95% CI:
30.61-85.37), decreasing to 53.74 (95% CI: 46.19-61.29) at post-treatment. Due to having
only one study with TRQ scores in the control group, a forest plot for TRQ values in the
control group was not created [28]. Data are shown in Figure 5.
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Figure 5. THI and TFI scores of the control group treatment (CGT, patients who did not undergo
internet-based therapies). This figure shows a THI decrease of 13.72 points and a TFI decrease of
4.25 in the CGT group. (a) Pre-treatment THI scores; (b) post-treatment THI scores; (c) pre-treatment
TFI scores; (d) post-treatment TFI scores. 1: studies with DF as control group treatment; 2: a study
with iCBT as control group treatment; 3: studies with CBT as control group treatment; 4: a study with
F2F as control group treatment [21,23,24,26,27,29,31,32,34].

3.4. Size Effect Analysis

In order to measure the effect size of IBT, calculations were made according to a
Cohen’s d model to highlight the standardized difference between the means of two groups.
Cohen’s d values should be interpreted as follows: small effect (around 0.2), medium effect
(around 0.5), and large effect (around 0.8 or higher). Cohen’s d was calculated based on the
pre- vs. post-IBT variation in the scores of THI and TFI, aiming to highlight the effect of
IBT on tinnitus (Table 1). The Cohen’s d for THI and TFI was 0.85 and 0.71, respectively,
indicating a high effect of the treatment on THI and a moderate-high effect on TFI. Cohen’s
d for TRQ variation was 0.19, indicating a low effect of IBT.

Table 1. Cohen’s d calculation among different groups.

Groups Compared Questionnaire Used Cohen’s d Calculation
Pre- vs. post-IBT THI 0.8460
Pre- vs. post-IBT TFI 0.7068
Pre- vs. post-IBT TRQ 0.1895
Pre- vs. post-CGT THI 0.5541
Pre- vs. post-CGT TFI 0.1052
Pre-CGT vs. pre-IBT THI 0.1451
Pre-CGT vs. pre-IBT TFI 0.02505
Post-CGT vs. post-IBT THI 0.3156
Post-CGT vs. post-IBT TFI 0.6432

Cohen’s d was calculated based on the THI, TFI, and TRQ scores at pre-IBT vs. post-IBT and at pre-CGT vs.
post-CGT to show the effect size of the treatment on tinnitus. Cohen’s d was also calculated for the THI and TFI
scores at pre-CBT vs. pre-IBT and at post-CBT vs. post-IBT to highlight any potential baseline disparities between
the control and case cohorts. A Cohen’s d of 0.2 indicates a small effect size, 0.5 a medium effect size, and 0.8 a
large effect size. IBT: Internet-based treatment; THI: Tinnitus Handicap Inventory; TFI: Tinnitus Functional Index;
TRQ: Tinnitus Reactions Questionnaire; CGT: control group treatment.

Cohen’s d was also calculated for patients who did not receive IBT (case control group,
CGT), resulting in 0.55 for THI variation and 0.11 for TFL. This indicates a moderate effect
on THI score and almost no effect on TFL. Cohen’s d calculation was not performed in
the CGT due to the limited sample size. Cohen’s d calculation was also used to examine
potential baseline disparities between the control and case cohorts, aiming to elucidate the
impact of IBT. Among patients monitored using the THI, Cohen’s d between cases and
control was 0.15 at pre-treatment, while for those monitored with TFI, it was 0.03. These
data show no baseline differences. Cohen’s d calculation among the IBT group and CGT
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are shown in Table 1, demonstrating a difference in outcomes among the groups at the end
of treatment, which is low-to-moderate for THI and moderate for TFIL.

4. Discussion

This systematic review and meta-analysis aimed to investigate the efficacy of internet-
based therapies for patients with tinnitus. The management of tinnitus primarily involves
identifying and treating any underlying organic causes. However, in most cases, the
origin of tinnitus remains unknown, necessitating a focus on reducing the intensity of the
symptom and the associated distress. For acute tinnitus, particularly when linked to sudden
hearing loss, current guidelines recommend systemic or intratympanic corticosteroid
therapy [34]. In the case of chronic tinnitus without an identifiable cause, various treatment
options exist, though the supporting evidence is often limited. The clinical efficacy and
safety of repetitive transcranial magnetic stimulation (rTMS) in chronic tinnitus have been
studied, but results are frequently divergent and sometimes contradictory, highlighting
the need for further research in this area [2]. Sound therapy is another treatment often
considered, since there have been no associated adverse effects, even though evidence
for sound therapy as an effective solo treatment is inconclusive [2,35]. CBT stands out
as the only treatment with moderate- to high-quality evidence supporting its efficacy [2].
However, CBT also presents some limitations associated with low patient compliance. For
this reason, therapies administered via the internet have gain interest. Our results revealed
a significant improvement in tinnitus severity and quality of life among patients who
underwent internet-based therapies compared to treatments such as cognitive behavioral
therapy, discussion forum, and face-to-face therapy.

Given the challenges in objectifying symptoms like tinnitus, THI, TFL, and TRQ
questionnaires were used to assess both the subjectivity of the symptom and the efficacy
of the treatment. More precisely, TRQ focuses on analyzing psychological distress, THI
describes the impact of tinnitus on daily living, while TFI is validated to assess both the
severity of tinnitus and measure treatment-related changes [9]. Our data highlighted that
IBT positively impacted both THI and TFI (Cohen’s d pre- vs. post-IBT was, respectively,
0.85 and 0.71). This indicates that IBT had a high positive impact on everyday life, as
reflected in the decrease in THI scores. Furthermore, the decrease in TFI scores suggests
a moderate to high efficacy of IBT in treating symptoms of tinnitus. On the other hand,
TRQ showed a low decrease in scores, which could be attributed to the fact that only two
studies using TRQ were considered for the analysis. When available, data on tinnitus
status at the 1-year follow-up were considered to determine the long-term efficacy of IBT.
Compared to the end of treatment, at the 1-year follow-up, TFI increased by one point,
and THI increased by 5.77 points. This slight increase in scores at the 1-year follow-up
compared to those immediately after therapy could be explained by a greater short-term
effect compared to the long term. Overall, the total case population sustained improvements
over time compared to the beginning of therapy, albeit with a slight decline compared to
the immediate post-treatment period.

Finally, a few more considerations can be made when comparing the IBT group and
CGT. Considering that TFI and THI scores were almost overlapping pre-treatment among
cases and controls (Cohen’s d lower than 0.2), there is a difference in the improvement
of THI and TFI scores after treatment, with better results in the IBT group. Specifically,
when comparing the IBT group with CGT, at the end of the treatment, the variations in
THI and TFI describe a low—moderate difference in the subjective perception of tinnitus
and a moderate difference in the efficacy of the treatment, respectively, highlighting better
outcomes in the IBT group. These results could be attributed to better patient compliance
resulting from the accessibility, cost-effectiveness, and customization of IBT.

While the number of available reviews is limited, our study aligns with existing litera-
ture, showing promise for future treatments. For instance, Beukes et al. [32] conducted a
review specifically on internet-delivered cognitive behavioral therapy for tinnitus patients,
finding a significant preference for Internet-based interventions over both inactive and
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active controls. Another systematic review by Demoen et al. [36] demonstrated low to
moderate evidence of reduced tinnitus severity and distress in patients treated with tel-
erehabilitation. However, high dropout rates due to factors like lack of time, engagement,
motivation, and patient openness were noted, leading to concerns about bias and certainty
levels. A slightly different conclusion was drawn from the systematic review conducted
by Nagaraj et al. [4], which focused on internet- and smartphone-based applications for
treating tinnitus. Their analysis revealed a comparable improvement in both traditional and
internet-delivered forms of tinnitus treatment, highlighting their effectiveness. However,
unlike previous studies, Nagaraj and colleagues did not find a significant difference in
treatment outcomes for patients undergoing internet-delivered therapies than conventional
ones. Moreover, various causes of tinnitus are described in the literature [5,37]. Some of
these causes could be transient, a factor that should be considered when analyzing data
regarding tinnitus. However, even if patients who would have naturally improved or
recovered “on their own” were included in this analysis, our findings still demonstrate a
better outcome in patients undergoing IBT compared to the CGT.

IBTs hold promise in overcoming some of the limitations associated with conventional
therapies, ensuring accessibility, cost reduction, and consequently enhancing patient com-
pliance. More precisely, from a practical and economic perspective, the cost of management
is a significant consideration for many patients with tinnitus. In countries with insurance-
based healthcare systems, tinnitus management is often not covered by many insurance
companies. Thus, the accessibility of internet-based therapies represents an important
advancement in providing a non-invasive, supportive, and more affordable method of
tinnitus management. Furthermore, given the easy accessibility associated with IBTs, these
technologies could achieve widespread adoption among patients. This widespread use has
the potential to significantly improve the quality of life for a large number of individuals,
ultimately resulting in a more productive and functional role for patients in society.

A few considerations should be made about the limitations of this meta-analysis.
First, the heterogeneity of treatment observed within both the patient and control groups
presents a challenge. The meta-analysis intentionally did not focus on the comparison
of a specific internet-based therapy with its face-to-face counterpart but rather sought to
examine the overall efficacy of IBTs without focusing on specific modalities. The goal of
this meta-analysis was indeed to assess the efficacy and reach of digital interventions as a
whole. This certainly represents a limitation, but at the same time it could be considered
as a direction for future studies. Despite the utilization of standardized questionnaires,
the subjective nature of tinnitus symptoms and individual variations in response to it
represent an element that is not easily standardizable into a meta-analysis. Furthermore,
the small sample size hindered our ability to conduct uniform statistical analyses across all
the groups of patients monitored with different questionnaires. This limitation underscores
the need for larger and more diverse datasets to provide more robust conclusions in future
studies. This approach would help identify the most suitable therapy to improve the
quality of life of patients with tinnitus. Finally, exploring the variables that influence
patient compliance and the adoption of IBTs could provide further insights into how to
optimize these therapies for greater economic and therapeutic impact.

5. Conclusions

Despite improvements observed in patients undergoing therapies such as CBT, discus-
sion forum, and face-to-face therapy, internet-based treatments have demonstrated reliable
effectiveness in significantly reducing THI and TFI scores. This suggests that internet-based
therapies offer a promising avenue for enhancing tinnitus management strategies, ensuring
accessibility, reducing costs, and consequently improving patient compliance.
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Appendix A
List of exact search terms used in each database.

PubMed Search. Search: (((Tinnitus[mh] OR Tinnitus[tiab]) AND (Therapy/Narrow(filter]))
OR ((Tinnitus[mh] OR Tinnitus[tiab]) AND (Random*[tiab] OR RCT[tiab]))) AND (Smart-
phone OR &quot;smart phone*&quot; OR handheld computer OR Internet OR Mobile
Device OR Tablet Computer OR Mobile Applications OR mobile app OR Telemedicine OR
Online OR Virtual Medicine OR Telehealth OR eHealth OR Telecare OR Mobile Health OR
mHealth OR virtualHealth OR &quot;Virtual Health&quot; OR virtual visit* OR Distance
Counseling OR Telepathology OR Telerehabilitation OR E-therapy OR E-Counseling OR
Virtual Healthcare)

Scopus Search. Tinnitus AND (Smartphone OR &quot;smart phone*&quot; OR “handheld
computer” OR Internet OR “Mobile Device” OR Tablet OR “Mobile Application*” OR
“mobile app” OR Telemedicine OR Online OR Virtual* OR Telehealth OR eHealth OR
Telecare OR “Mobile Health” OR mHealth OR “Distance Counseling” OR Telepathology
OR Telerehabilitation OR “E therapy” OR “E Counseling”)

Cochrane CENTRAL. 121 Trials matching tinnitus in Title Abstract Keyword AND (Smart-
phone OR &quot;smart phone&quot; OR handheld computer OR Internet OR Mobile
Device OR Tablet Computer OR Mobile Applications OR mobile app OR Telemedicine OR
Online OR Virtual Medicine OR Telehealth OR eHealth OR Telecare OR Mobile Health OR
mHealth OR virtualHealth OR &quot;Virtual Health&quot; OR virtual visit* OR Distance
Counseling OR Telepathology OR Telerehabilitation OR E-therapy OR E-Counseling OR
Virtual Healthcare) in Title Abstract Keyword—(Word variations have been searched)

Web of Science Core Collection. Tinnitus AND (Smartphone OR &quot;smart phone*&quot;
OR “handheld computer” OR Internet OR “Mobile Device” OR Tablet OR “Mobile Ap-
plication*” OR “mobile app” OR Telemedicine OR Online OR Virtual* OR Telehealth OR
eHealth OR Telecare OR “Mobile Health” OR mHealth OR “Distance Counseling” OR
Telepathology OR Telerehabilitation OR “E therapy” OR “E Counseling”) (All Fields) and
Random* OR RCT (All Fields) and Article (Document Types)

Appendix B

Table A1. Characteristics of the included studies.

Type of

Total Number of . Type of . Time of . .
Author Ye?r O.f Country of Number of Case Group Modality of Treatment in Treatment in Treatment Questionnaire
Publication Cohort . . Treatment Control Groups Used
Patients Patients Case Groups . (Weeks)
(if RCT)
Weise 2016 Germany 124 62 PC iCBT DF 8 THI
Kim 2017 Korea 26 26 Smartphone Music 12 THI
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Table A1. Cont.

Type of

Total Number of . Type of . Time of . .
Author Ye:ar of Country of Number of Case Group Modality of Treatment in Treatment in Treatment Questionnaire
Publication Cohort . . Treatment Control Groups Used
Patients Patients Case Groups . (Weeks)
(if RCT)
Rheker 2015 Germany 112 56 Person ICBT + iCBT 8 THI
therapist
Beukes 2022 USA 200 200 PC iCBT 8 TFI
Kaldo 2013 Sweden 293 293 PC iCBT 8 TRQ
26 PC iCBT CBT 8 TRQ
Kaldo 2008 Sweden 51
26 PC iCBT CBT 8 THI
41 PC iCBT CBT 10 THI
Jasper 2014 Germany
41 PC iCBT DF 10 THI
32 PC iCBT DF 8 THI
Hesser 2012 Sweden 99
35 PC ACT DF 8 THI
Beukes 2018 UK 146 73 PC iCBT DF 8 TFI
TFI
Beukes 2018 UK 92 46 PC iCBT F2F 8
THI
Beukes 2021 USA 27 27 PC iCBT 8 TFI
Abouzari 2021 UsA 30 20 Smartphone BT *+sound DF 8 THI
therapy
Beukes 2017 UK 37 37 PC ICBT + 8 TFI
therapist
Malinvaud 2016 France 148 61 PC Virtual reality CBT 12 THI

RCT: randomized control trial; iCBT: internet-based cognitive behavioral therapy; CBT: cognitive behavioral
therapy; DF: discussion forum; ACT: acceptance and commitment therapy; F2F: face-to-face; THI: Tinnitus
Handicap Inventory; TFIL: Tinnitus Functional Index; TRQ: Tinnitus Reaction Questionnaire.

Appendix C
Weise (2016)  n=55 = 29.14[-9.80, 68.08]
Rheker (2015)  n=40 33.25 [-11.63, 78.13]
Hesser (2012)  n=30 40.47 [ -1.57, 82.51]
Hesser (2012)  n=31 44.26 [ 0.65, 87.87]
RE Model ———eER—— 36.44 [ 15.34, 57.53]
I T T T T 1
-20 0 20 40 60 80 100

Observed Outcome

Figure A1. THI at 12-month follow-up in Internet-based treatment group [26,31,32].

Beukes (2022) n=132 - 30.15[-17.89, 78.19]
Beukes (2018) n=50 36.79 [-11.90, 85.48]
RE Model ————Ee——— 33.43[-0.77, 67.62]
I T T T T 1
-20 20 40 60 80 100

Observed Outcome

Figure A2. TFI at 12-month follow-up in in Internet-based treatment group [22,23].
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Abstract: Background: Glycyrrhiza glabrata (licorice) is used in traditional medicine and herbal
remedies and reduces sore throats consequent to intubation, but whether it is protective for more
intense pain after oropharyngeal surgery remains unclear. We thus tested the joint hypothesis that
gargling with licorice, which has anti-inflammatory and antioxidant properties, reduces postoperative
pain and morphine consumption. Methods: We enrolled patients having elective oropharyngeal
surgery. Participants were randomly allocated to gargle with either 1 g licorice or a sugar placebo
before and for up to three days after surgery. A numerical rating scale (NRS) for pain along with
morphine consumption was evaluated every 30 min during the post-anesthesia care unit (PACU) stay
and then three times daily for three days. We pre-specified that licorice gargling would be deemed
better than sugar gargling only if found non-inferior on both morphine consumption and pain score
and superior on at least one of the two. Results: 65 patients were randomized to the licorice group and
61 to placebo. We found noninferiority (NI) in pain scores with an estimated mean difference of —0.09
(95.2% CI: —0.88, 0.70; p = 0.001; NI delta = 1) between licorice and placebo gargling. There were
no adverse events reported in either group that required treatment discontinuation. Conclusions:
Gargling with licorice did not significantly or meaningfully reduce postoperative pain or morphine
consumption in patients recovering from oropharyngeal surgery. While higher doses might prove
more effective, our results suggest that other topical analgesics should be considered.

Keywords: anesthesia; licorice; postoperative pain; analgesia; oropharyngeal surgery; gargling;
pain management

1. Introduction

Postoperative pain is a major cause of patient dissatisfaction [1]. Severe pain and
difficulty in swallowing that compromise food intake are common in patients recovering
from oropharyngeal surgery, and both impair well-being and sleep [2,3]. For example,
Coulthard et al. reported that 93% of patients after oral and maxillofacial surgery experi-
enced postoperative pain, ranging from moderate (47%) to severe (34%) [4]. Effective acute
analgesia may prevent central sensation and the development of prolonged pain states.
Pain is therefore a substantial issue for a large proportion of patients recovering from oral
and maxillofacial surgery.
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Topical treatments have the advantage of avoiding systemic effects, especially those
caused by opioids. Various types of mouthwash and topical analgesic sprays reduce
postoperative throat pain [5-8]. Gargling with an analgesic solution, for example, provides
topical pain relief [9-12]. Postoperative licorice gargling is a well-documented method
of preventing sore throats subsequent to intubation. Two trials each report that licorice
reduces post-intubation sore throat, hoarseness, and coughing by a factor of two [13,14].

Licorice is a unique-tasting herb derived from glycyrrhiza glabra that contains various
active ingredients, the most important of which are glycyrrhizic acid, glycyrrhizin, liquilitin,
liquiritigeninglabridin, and hispaglabridins [15,16]. Glycyrrhizic acid is the main active
ingredient in licorice root, and it is a triterpenoid saponin. It is a natural sweetener and
flavoring agent commonly used in food and beverages, as well as in traditional medicine.
Glycyrrhizic acid has various pharmacological effects, including anti-inflammation via in-
hibition of cyclooxygenase activity, prostaglandin formation, and platelet aggregation [17].

Glycyrrhetic acid is a metabolite of glycyrrhizic acid, formed by enzymatic cleavage
of glycyrrhizic acid in the body. It is pharmacologically similar to glycyrrhizic acid and
has similar anti-inflammatory, antioxidant and antiviral effects. Its other pharmacological
activities include inhibiting type two 11-beta-hydroxysteroid dehydrogenase, which causes
a cortisol-induced mineralocorticoid reaction [18]. Consequently, glycyrrhizin inhibits the
production of pro-inflammatory cytokines and chemokines, which are involved in the
initiation and progression of inflammatory processes [19]. Licorice flavonoids, such as
liquiritigenin and isoliquiritigenin, also exhibit anti-inflammatory activity through the
suppression of the nuclear factor kappa B pathway, which is involved in the regulation of
immune responses and inflammation. Other anti-inflammatory properties include reduced
expression of tumor necrosis factor-«, interleukin-6, inducible nitric oxidase synthase, and
cyclooxygenase-2 in animal models [20,21].

A recent study evaluated the dose-dependence of licorice on postoperative sore throat,
concluding that analgesia is better with 1 g licorice than at lower doses [22]. However,
pain after oral surgery is far more intense than that from laryngoscopy and intubation.
Whether gargling with licorice provides adequate analgesia after oropharyngeal surgery
remains unknown. We therefore tested the joint primary hypotheses that gargling with1 g
licorice reduces pain scores and decreases morphine better than gargling with sugar water
in patients recovering from elective oropharyngeal surgeries.

2. Materials and Methods

This trial was approved by the Medical University of Vienna Institutional Review
Board (IRB #1308/2016), and written informed consent was obtained from all subjects par-
ticipating in the trial. The trial was registered prior to patient enrollment at clinicaltrials.gov
(NCT 02968823, Principal investigator: Olga Plattner MD, Date of registration: 16 Novem-
ber 2016).

2.1. Subject Selection

We enrolled children and adults between the ages of 12 and 99 years who were
scheduled for elective oropharyngeal surgeries at the Department of Otorhinolaryngology
in the Medical University Vienna, Austria. Legal guardians consented on behalf of patients
<18 years old; patients 16-17 years old also assented; and patients >18 years old consented.

We included patients who had an American Society of Anesthesiologists (ASA) phys-
ical status 1-3. Elective oropharyngeal surgeries included panendoscopic surgery with
larynx intubation using a small endotracheal tube followed by the introduction of a rigid
airway for patients with tumors in the pharyngeal, hypopharyngeal, or laryngeal area.
Other surgeries included tonsillectomy-adenotonsillectomies or biopsies for suspected
tongue carcinoma.

We excluded patients with known or suspected allergies to licorice or its components,
insulin-dependent diabetes mellitus, liver disease, or liver failure with bleeding disorders.
We also excluded patients who took non-steroidal anti-inflammatory drugs within 24 h
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before surgery, chronically used morphine, were unable to use an intravenous patient-
controlled analgesia pump, had a severely infected oropharyngeal tumor, required rapid
sequence induction, or were expected to need mechanical ventilation after surgery.

2.2. Protocol

Participating patients were randomly assigned to gargle with licorice solution or
placebo. Randomization was based on computer-generated codes with random blocking
and no stratification. Assignments were kept in sequentially numbered opaque envelopes
that were opened shortly before surgery. Allocation was thus concealed as long as practical.

The licorice solution consisted of 1 g licorice (extractum liquiritiae fluidum) diluted
in 30 mL of water. The placebo solution was 5 g sugar, also diluted in 30 mL water, an
amount that is comparably sweet. The solutions were kept in identical-looking bottles.
Patients were asked to gargle with the trial solution for 60 s without swallowing, under the
supervision and direct observation of an investigator not subsequently involved in data
collection. Gargling was repeated two hours postoperatively and then three times daily
for three days while patients remained hospitalized. As practical, gargling was timed to
30 min before eating. Patients, clinicians, and investigators were blinded to all treatments.
Participating patients were told that two comparably sweet solutions were used for this
trial but were not told what flavors were being tested or the trial hypothesis.

General anesthesia was induced with propofol (3-5 mg kg’l), fentanyl (3-5 ug kg’l)
and rocuronium (0.6 mg kg~!) for muscle relaxation, and anesthesia was maintained
with remifentanil 0.15-0.4 pg/kg/min and propofol 3-5 mg/kg/h. The trachea was
gently intubated with a flexible tube size of 6-6.5 mm inner diameter for women and
7-7.5 mm inner diameter for men. Anesthetic administration was titrated to target a
Narcotrend range between 40 and 55 (MonitorTechnik, Bad Bramdstedt, Germany) and to
mean arterial pressure within 20% of pre-induction values. Mechanical ventilation with an
oxygen-air mixture was adjusted to maintain end-tidal PCO; between 32 and 35 mmHg as
clinically practical.

Before transfer to the post-anesthesia care unit (PACU), patients were connected to
an intravenous patient-controlled-analgesia (PCA) pump, starting with a bolus of 2 mg
morphine hydrochloride at initiation of PCA, followed by demand doses of 2 mg with a
lockout interval of 10 min and an hourly limit of 12 mg. A single dose of 500 mg metamizole
IV (or paracetamol 500 mg in patients allergic to metamizole) was given during surgery.
An additional dose was given in the PACU if necessary. Thereafter, pain was treated with
morphine hydrochloride boluses per PCA until the first postoperative day, when patients
were transitioned to oral metamizole, paracetamol, and dexibuprofen as necessary. Patients
stayed at least one night in the hospital. They were discharged home with a supply of
metamizole 500 mg tablets and dexibuprofen 400 mg tablets for analgesia.

2.3. Measurements

Demographic and morphometric characteristics, including sex, age, body weight,
height, ASA Physical Status, and Mallampati Score were recorded. Anesthetic and surgical
characteristics included type of surgery and total amounts of propofol, remifentanil, and
fentanyl. Pain scores, incidence of coughing, and overall analgesic consumption during the
initial three days after surgery were observed.

Patients were asked to record the severity of pain, cough intensity, adverse effects,
and pain medications three times daily on each of the initial 3 postoperative days. Verbal
pain scores were based on a Likert scale from 0 to 10, with 0 signifying no pain and
10 signifying the worst imaginable pain. Pain scores were recorded immediately after
tracheal extubation every 30 min in the PACU for the first 2 h, on surgical wards 1 h
after gargling, and then daily for up to 3 postoperative days at home. Other outcome
assessments included coughing intensity (rated as none, mild, moderate, or severe) at 30,
60, 90, and 120 min after arrival in the PACU.
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2.4. Statistical Methods

Demographic characteristics, including age, sex, weight, and race, ASA physical status,
Mallampati score, surgery type, and intraoperative anesthetic variables, are summarized
in Table 1. Baseline variables with an absolute standardized difference (ASD) > 0.349
(i.e., 1.96x 4/ nil + n%)/ where n; and n; are the number of patients in each group, were
considered imbalanced and adjusted for in all analyses. Analyses were conducted based on
a modified intent-to-treat basis where we included all randomized patients who received
the treatment at least once.

Table 1. Baseline and demographic characteristics.

Sugar (n = 61) Licorice (1 = 65) ASD
Age, years 37 + 18 43+ 19 0.306
Female 25 (41) 31 (48) 0.135
White 60 (98) 65 (100) 0.183
Weight, kg 75+ 17 74 +15 0.036
Height, cm 172 +9 171 £ 10 0.116
ASA status, n, % 0.468
1 41 (67) 29 (45)
2 17 (28) 31 (48)
3 3(5) 5(8)
Mallampati score 0.345
1 40 (66) 35 (54)
2 19 (31) 23 (35)
3 2(3) 6(9)
4 0(0.0) 1(2)
Type of surgery 0.524
Pan-Endoscopy 17 (28) 30 (46)
Tonsillectomy/ Adenotonsillectomy 41 (67) 34 (52)
Biopsy/demarcation of Ca of tongue 0(0.0) 1(2)
Other 3(5) 0(0.0)
Preoperative pain score 0.31 £ 0.87 0.37 £ 1.17 0.054
Intraoperative
Propofol, mg 450 [360, 590] 385 [304, 515] 0.228
Remifentanil, mg 820 [461, 1000] 719 [500, 1000] 0.052
Fentanyl, mg 150 [100, 200] 150 [100, 200] 0.115
Metamizole, mg 1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 0.008
Immediate cough after surgery 0.323
0 44 (72) 54 (83)
1 13 (21) 7 (11)
2 3(5) 2(3)
3 1(2) 2 (3)

Variables are presented as means £ SDs, counts (percent), or medians [Q1, Q3] appropriately. ASA physical
status: American Society of Anesthesiologists physical status. ASD: absolute standardized difference, defined
as difference in means of proportions divided by pooled standard deviation. Baseline variables with absolute

standardized difference (ASD) > 0.349 (i.e., 1.96 % , / an + nl—z) were considered imbalanced.

2.4.1. Primary Analysis

The primary outcomes were total morphine consumption and pain scores at rest
during the first 2 h after the surgery. The effect of licorice gargling on pain scores and total
morphine consumption during the first 2 h after arrival in PACU was assessed using a
“joint hypothesis testing” framework. Using this framework, we pre-specified that licorice
gargling would be deemed better than sugar gargling only if it was found to be non-inferior
on both morphine consumption and pain score and superior on at least one of the two
(Supplemental Figure S1).

We assessed the treatment effect on pain score over time in a repeated-measures
linear model assuming autoregressive within-subject correlation structure. If there was
a treatment-by-time interaction detected (p < 0.10), we would assess group differences at
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each measurement time. If the interaction was not significant, we would assess the group
difference over all the measurements. We assessed the effect on morphine consumption in
a linear regression model using log-transformed morphine consumption as the outcome,
with the treatment effect expressed as a ratio of geometric means.

Using the estimated difference between licorice and sugar-water groups, noninferiority
was tested using both the confidence interval method and a statistical test for noninferiority.
Specifically, noninferiority would be claimed for morphine consumption if the upper limit
of the 95% 2-sided confidence interval for the ratio of geometric means of total morphine
consumption was less than the noninferiority delta of 1.15, and for pain if the difference in
mean scores was less than the noninferiority delta of 1 (on our 11 point scale).

If noninferiority was claimed on both primary outcomes, superiority testing in the
same direction would be conducted using the confidence interval method and statistical
tests. Superiority would be claimed if the upper limit of the 97.5% confidence interval of
the ratio of means was less than 1 for morphine consumption or if the 97.5% confidence
interval of the pain score difference was less than 0 for pain scores.

2.4.2. Secondary Analysis

We did not analyze the amount of coughing in the PACU since coughing scores were
all 1 or O; thus, an analysis of coughing incidence was sufficient. For pain, we used a
generalized linear mixed model with binomial distribution with logit link assuming a
covariance type of variance components (VC) to account for within-subject correlation.
For pain scores from the end of surgery until the first postoperative morning, pain scores
during postoperative day 1 (POD1) up to postoperative day 3 (POD3), separate linear
mixed models were used to estimate the treatment effect on each corresponding outcome,
assuming an autoregressive correlation structure to account for within-subject correlation.
For total morphine consumption until postoperative day 1 morning and pain medication
during POD1-POD3, a separate generalized linear model with Gaussian distribution and
identity link was used with log-transformation applied on each corresponding cumulative
morphine consumption.

The significance level for joint hypothesis testing was 0.05 overall and thus 0.025 over-
all in one direction for the noninferiority and superiority tests. No adjustment for 2 non-
inferiority tests was needed since noninferiority was required on both primary outcomes
(95% CI used for each noninferiority test). Bonferroni correction was used for superiority
testing since significance on either outcome was sufficient (97.5% confidence interval CI
used for superiority tests). The significance level was 0.024 for this final analysis for non-
inferiority testing after adjustment for the sequential design, specifically spending alpha
of 0.001 at the first interim analysis). Thus, 95.2% confidence intervals were calculated for
the noninferiority tests. The significance level was 0.05 overall for the two-sided tests in
secondary analyses, and thus the significance criterion was 0.01 for each secondary analysis
after Bonferroni correction for multiple testing (0.05/5 = 0.01).

2.5. Sample Size and Power

A total of 252 patients were needed to achieve 90% power to detect noninferiority
on both pain score (noninferiority delta of 1 on a scale of 0-10) and total morphine con-
sumption (noninferiority delta of 1.15) and superiority on either outcome at the overall
0.025 significance level, including 3 interim analyses. Power was estimated using the statis-
tical software suite (SAS) macro (developed for designs with joint hypothesis testing) and
the SAS Seq Design procedure. The power calculation was based on 1000 simulations, as-
suming a mean (SD) pain score of 2 (2) and 3 (2) for the licorice and the sugar-water groups,
respectively, and a coefficient of variation (standard deviation SD/mean) for morphine
consumption of 0.25 for both groups. For both outcomes, we assumed an autoregressive
correlation structure with an adjacent pairwise correlation of <0.30 and no interaction
between group and time.
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3. Results

The Executive Committee stopped the trial after the second interim for pragmatic
reasons related to enrollment difficulties. The decision was made without access to any
by-group analyses. A total of 127 patients (licorice group n = 65, control group n = 61) were
enrolled when the trial stopped, and 1 who received no trial treatment was excluded from

the analysis (Figure 1).

N =136 patients screened

h

— .

N = 9 patients excluded

not meeting the criteria (n=9)

N =127 patients randomized

.

|

N = 66 allocated to Licorice gargling

* N =1 withdrew and excluded due to
not receiving any treatment

l

Figure 1. Patient Flowchart.

N = 65 analyzed

The ASA physical status and type of surgery were unbalanced and thus were adjusted
for analysis. The mean & SD ages of licorice patients was 43 & 19 years versus 37 & 18 years
in patients randomized to sugar water (Table 1). The mean NRS results for each group

|

N = 61 allocated to sugar gargling

N = 61 analyzed

within different intervals after surgery are illustrated in Table 2.

Table 2. The effect of licorice on secondary outcomes (1 = 126) during PACU included 30, 60, 90, 120

min in PACU.
Sugar Licorice Effect Estimate-Licorice
(n=61) (n = 65) Versus Sugar (99% CI) © p Value
During PACU
Cough incidence Odds ratio (99.75% CI) 2
30 min 7 (11) 10 (15) 1.27 (0.25, 6.54) 0.656
60 min 11 (18) 3(5) 0.19 (0.02, 1.51) 0.015
90 min 8 (13) 2 (3) 0.18 (0.02, 2.15) 0.036
120 min 6 (10) 4 (6) 0.53 (0.07, 4.16) 0.346
Until postoperative day 1 morning
Difference in means
Pain score 28+23 24+24 —0.05 (—0.90,0.79) © 0.870
Ratio of geometric means
Total morphine consumption, mg 14 [4, 36] 8[4,31] 0.93 (0.60, 1.44) 4 0.665
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Table 2. Cont.

Sugar Licorice Effect Estimate-Licorice

(n=61) (1 = 65) Versus Sugar (99% CI) p Value

POD1-POD3

Ratio of geometric means

Total morphine consumption 12[1, 25] 410,18] 0.80 (0.44, 1.47) 4 0.346

Difference in means

Pain score 23+22 23+25 0.14 (—0.73,1.02) © 0.668

Until postoperative day 1 morning included measurements in PACU and measurements afterwards until postop-
erative day 1 morning at 8 a.m. POD: postoperative day. Summary statistics are presented as 7 (%), means + SDs,
or medians [Q1, Q3]. The significance criteria was 0.01 for each secondary analysis after Bonferroni correction
for multiple testing. ASA status and type of surgery were adjusted for in all the secondary analyses. (a) A
generalized linear mixed model with binomial distribution with logit link assuming a covariance type of variance
components (VC) to account for within-subject correlation was used. A significant treatment-by-time interaction
was found on the effect of licorice on cough incidence during PACU (p = 0.080). The treatment effect was thus
estimated at each separate measurement time along with 99.75% CI (0.01/4 = 0.0025) after multiple comparisons.
(b) A 99% confidence interval was provided unless specified otherwise. (c) A linear mixed model assuming an
autoregressive correlation structure for within subjects correlation was used to estimate the treatment effect on
pain score. We did not find treatment-by-time interaction on either pain score until postoperative day 1 morning
(p = 0.385) or during POD1-POD3 (p = 0.869). (d) A generalized linear model with Gaussian distribution and
identity link with log transformed cumulative morphine consumption was fit to estimate the treatment effect on
total morphine consumption.

We found noninferiority on pain score with an estimated difference in means of —0.09
(95.2% CI: —0.88, 0.70; p = 0.001; NI delta = 1) between licorice versus sugar gargling
(Table 3). We did not find noninferiority on morphine consumption during the initial
2 postoperative hours, with an estimated ratio of geometric means of 0.85 (95.2% CI: 0.54,
1.36; p = 0.074; NI delta = 1.15) between licorice and sugar gargling. However, the absolute
difference in median of morphine consumption was only 2 mg, which is not a clinically
meaningful amount (Table 3). No superiority testing was conducted since we could not
claim noninferiority on both primary outcomes.

Table 3. Primary noninferiority analysis: comparison on pain score and total morphine consumption
during postoperative 2 h.

Sugar Licorice NI Delta Effect Estimate (95.2% CI), Noninferiority
(n=61) (n = 65) Noninferiority Test p-Value $

Difference in means
Pain score * 29425 24425 (Licorice versus sugar)

—0.09 (—0.88, 0.70) 0.001

115 Ratio of Geometric means
Total morphine 62, 11] 412,10] ’ (Licorice versus sugar)

ti ¥
consumption (mg) 0.85 (0.54, 1.36) 0.074

NI = noninferiority; CI = confidence interval. Summary statistics are presented as means + SDs or medians
[Q1, Q3]. § Significant when p < 0.024 for noninferiority test in this final analysis after adjusting p value for
sequential design. Noninferiority would be claimed if the upper bound of CI does not exceed the NI delta (1 for
pain score and 1.15 for total morphine consumption). * Difference in means of pain scores were assessed using a
mixed-effects model with repeated measures with an auto-regressive correlation structure. The difference on pain
score was not different over time (group-by-time interaction p = 0.759). ¥ Ratio of geometric means for morphine
consumption between two groups was assessed using a linear regression model after logarithm transformation
on total morphine consumption.

We found a significant treatment-by-time interaction on the effect of licorice on cough-
ing in PACU (p = 0.080). Thus, the treatment effect was estimated at each measurement
time (Table 3). No significant treatment effect on coughing incidence was found at any
measurement time (significance criterion = 0.0025 after multiple testing adjustment). Nor
did we find any significant treatment effects for other secondary outcomes.
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With the observed coefficient of variation (CV) of 0.85, we had a power of 0.18 to
detect noninferiority with a noninferiority delta of 1.15 if we assume that the true ratio of
geometric means is 1.0 between licorice and sugar gargling (Supplemental Figure S1) and a
power of 0.78 if we assume the true ratio of geometric means is 0.8 at a significance level of
0.025 for one-sided test. The observed CV of 0.85 was higher than the 0.25 estimate used
to estimate sample size, thus explaining our current actual power. Because it would have
been impractical to enroll more patients, we did not conduct the planned re-estimation of
the coefficient of variation.

This plot shows the power we had for detecting noninferiority on total morphine
consumption with a noninferiority delta of 1.15 with different assumed treatment effects
as ratios of geometric means, with observed coefficient variation of 0.85 and our current
sample size of 126 at a significance level of 0.025.

4. Discussion

Previous work indicates that gargling with just 0.5 g of licorice reduces post-intubation
pain and coughing [13,14]. Incisional pain is, of course, considerably more intense than
post-intubation pain. We therefore used 1 g licorice dissolved in 30 g water. Nonetheless,
gargling with licorice was significantly non-inferior on pain than gargling with sugar water.
Morphine consumption during the initial 2 postoperative hours was not significantly non-
inferior but differed by only 2 mg, which is not a clinically meaningful amount. Gargling
with licorice thus provided little if any benefit on morphine consumption.

Topical analgesics and local anesthetics such as aspirin, diclofenac, ketamine, mor-
phine, and lidocaine reportedly reduce postoperative pain, sore throat, discomfort, and
even analgesic requirements within 24 h after surgery [5-12,23]. Gargling with a solution
of honeysuckle and semen oroxyli (a traditional Chinese medicine) reportedly relieves
both resting and swallowing throat pain during the initial 2 weeks after oropharyngeal
surgery [24]. In contrast, various studies report that benzydamine hydrochloride, hy-
drogen peroxide oral rinses, or tantum verde mouthwash do not provide meaningful
analgesia [25-27]. Two previous trials reported that gargling licorice before endotracheal
intubation reduced postoperative sore throat and pain [13,14]. However, few trials directly
compare the efficacy of various gargle solutions for analgesia after head and neck surgery.
Our results indicate that licorice gargling provides trivial if any benefit after oropharyngeal
surgery. Gargling licorice may thus reduce pain after minor airway trauma but is ineffective
for more severe postsurgical pain.

Pain after head and neck surgery may partially result from colonization of bacteria in
the surgical field and consequent painful inflammation—although the process presumably
takes at least several hours. Oral rinses that reduce microbiological colonization and
inflammation, such as hydrogen peroxide [27], benzydamine hydrochloride [26], and
topical antibiotics [28], reduce postsurgical pain, presumably by reducing inflammation. A
concern about perioperative licorice gargling is that the sweet herb might promote bacterial
colonization within incisions, which might in turn augment pain. We saw no increase
in pain over some hours, but longer-term effects remain possible. But given the lack of
efficacy, it seems unlikely that licorice will be used for perioperative analgesia.

An obvious limitation of our trial is that it was stopped early for practical reasons
related to low enrollment. However, there was no obvious benefit from licorice gargling,
and it seems unlikely that a larger trial would demonstrate clinically meaningful benefit.
Possibly a higher concentration of licorice, a different formula like gel or spray, and a
combination with other anti-inflammatory and analgesic herbs would have been more
effective. Sufficiently large amounts of ingested licorice can be toxic [29], but toxicity is not
a concern when the herb is applied topically and not swallowed. Nonetheless, the dose is
limited by the herb’s intense flavor, making higher concentrations increasingly unpalatable.
Another limitation is our sugar placebo. Both solutions were comparably sweet, but based
on its distinctive taste, patients would surely identify licorice. Without knowing the study
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hypothesis, it seems unlikely that identifying licorice would provide a substantial placebo
effect—especially given the observed lack of benefit.

Patients were instructed to gargle three times a day for three days, which is consistent
with previous studies, which specified treatments ranging from once daily [30] to every
6 h [24]. However, we failed to assess patient compliance or evaluate the adequacy of the
gargling technique once patients left the post-anesthesia care unit. Poor compliance may
therefore have compromised the treatment’s efficacy. Furthermore, the extent to which the
intervals and duration of gargling influence analgesia remains unknown. Presumably more
frequent and longer gargling would improve efficacy. It is also possible that an alternative
application process would be more effective. For example, licorice lozenges would provide
a longer exposure.

5. Conclusions

In summary, preinduction and postoperative licorice gargling did not produce mean-
ingful analgesia or morphine sparing at any time during the initial three days after oropha-
ryngeal surgery and is therefore discouraged in these patients. Our results contrast with
previous trials reporting benefit from licorice gargling for less intense post-intubation sore
throat. We conclude that clinicians consider alternative analgesic approaches for patients
recovering from oropharyngeal surgery.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jpm14101056/s1, Figure S1: Power to detect noninferiority on
total morphine consumption in PACU assuming different treatment effect based on observed data.
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Abstract: Background: Frontal sinus inverted papilloma (IP) is a particularly rare form
of IP and its management is challenging, with a high rate of recurrence. Objectives: Our
aim was to evaluate the recurrence rate of frontal sinus IP after surgery and compare
this rate according to the surgical modality (purely endoscopic sinus surgery vs. a com-
bined/open approach). Design: A systematic review without meta-analysis conducted by
a working group of the Young Otolaryngologists of the International Federation of Otorhi-
nolaryngological Societies (yo-IFOS). Data Sources and Methods: A systematic analysis of
the literature was performed and reported following the criteria laid down in the SWiM
guidelines. The review was registered on Prospero, a dedicated software was used for
screening (Covidence), and R (v.4.2.2) was used for statistical analysis. Eligible articles were
studies reporting at least five cases of frontal sinus IP surgically treated. Results: A total of
2925 studies were identified based on the MeSH equation, and 39 studies were included
(n = 642 patients). Among the studies included, the recurrence rate was 18.4% (118/642)
with a mean time to recurrence of 25.6 (+11.7) months. The difference between surgical
modalities was not statistically significant in terms of recurrence rate (14.7% vs. 16.5%;
p = 0.675). Conclusions: The recurrence rate of frontal sinus IP is not different between
surgical modalities. However, it does not reduce the need for a tailored therapeutic strategy,
as other factors also need to be considered (time to recurrence, complications, quality of
life) when choosing the most appropriate approach.
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1. Introduction

Sinonasal inverted papilloma (IP) is a rare benign neoplasm accounting for 0.5-4%
of nasal sinus neoplasms [1,2]. There is a male predominance, a male-to-female ratio of
3.4:1, and a mean age of 55 years [3], and an incidence of 0.01 to 0.33/100,000 person—
years [4]. Although smoking, viral infections, diabetes, allergies, and chronic inflammation
are possible causes, human papillomavirus (HPV) is considered a significant cofactor in the
pathogenesis—especially types 6, 11, 16, and 18 [5,6]. Recent reports have also suggested
that occupational exposure is a risk factor for sinonasal IP [7]. Sinonasal IP has a recurrence
rate of 15-30%, with locally aggressive features that lead to the destruction of adjacent
bony structures and the compression of neurovascular adjacent structures. Recurrence is
defined here as any positive imaging or endoscopic abnormalities where biopsies were
performed and recurrence histologically proven. It is also known that IP is associated with
malignant transformation, with a rate of transformation into squamous cell carcinoma
(SCC) between 7 and 9% [3,8]. As a result, an extended surgical excision is essential,
requiring the removal and drilling of the tumor’s bony attachment point [9]. Sinonasal IP
treatment has evolved from an open surgery to a purely endoscopic sinus surgery. The most
frequent site of attachment is the lateral nasal wall, followed by the maxillary and ethmoid
sinuses and walls. Less commonly, IP can arise in the frontal sinus, nasal septum, or
sphenoid sinus [10,11]. The size and origin of the tumor can be preoperatively determined
using imaging with an accuracy of 74-90%. They are both of the utmost importance for
surgical planning and success [10].

Frontal sinus IP is a particularly rare form of this condition, representing only 2.5-5%
of all IP cases [12,13]. Frontal sinus IP is suspected to carry a higher likelihood of recurrence
compared to IP arising in other areas of the sinonasal cavity [12,14]. However, there is
currently no robust data in the literature to support this point. Indeed, most authors use the
Krouse classification [15], which gathers the frontal, sphenoid, and non-medial maxillary
wall locations in stage III. When feasible, a purely endoscopic sinus surgery is the preferred
treatment method for frontal sinus IP. This is due to its favorable outcomes and lower
morbidity compared to more invasive open surgery [16]. Some challenging anatomical
factors, such as limited access to the tumor’s pedicle, may dictate a combined surgical
approach (endoscopic and open approach). This kind of combined approach enables its
total removal and regional control [11].

The aim of this systematic review, conducted by a working group of the Young
Otolaryngologists of the International Federation of Otorhinolaryngological Societies (YO-
IFOS), was to evaluate the recurrence rate of frontal sinus IP after surgery and com-
pare this rate according to the surgical modality (purely endoscopic sinus surgery or
combined/open approach).

2. Materials and Methods
2.1. Synthesis Without Meta-Analysis Criteria

The systematic analysis of the literature was performed and reported following the
criteria laid down in the Synthesis Without Meta-Analysis guidelines (SWiM) [17] and
the PRISMA checklist (attached) to ensure that the research strategy and statistics would
be reproductible.
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2.2. Protocol and Registration

The study was registered in the Prospero database in April 2024 (n°® CRD42023487678)
as a systematic review of health research studies including human subjects.

2.3. Inclusion Criteria

Eligible articles were articles reporting original clinical or preclinical research on
modalities, effectiveness, and the safety of surgical treatment of frontal sinus IP, published
in the medical literature at any time between 1960 and 2024. Although the inclusion period
began in 1960, we performed a sensitivity analysis focused on studies published after
2000 to assess consistency with modern surgical techniques. Only articles reporting the
main outcome (i.e., the exact number of recurrences from IP emerging from the frontal
sinus) were included. The human studies included randomized controlled trials (RCTs),
non-randomized controlled trials, and observational studies. Systematic analyses, with
or without meta-analyses, narrative analyses, and case reports of a single patient were
excluded. Reviews, although not included, were examined individually to analyze their
reference lists for articles liable to meet the inclusion criteria.

2.4. Sources

Studies were identified in the Pubmed/Medline (US National Library of Medicine),
Web of Science (Clarivate), CENTRAL, SciELO and Embase (Elsevier) databases. They
were queried on 04/24/2024. Further references were sought in the articles” reference
lists. Automatic alerts were set up for each database to monitor the publication of studies
likely to enrich the work during the writing and analysis phase. The literature watch was
continued up to 15 March 2025 (submission).

2.5. Literature Search Strategy

The search formula was drawn up using Medical Subject Headings (MeSH) and
free-text abbreviations and terms relating to allergic and non-allergic rhinitis. Keywords
included but were not limited to “Papilloma, Inverted” AND “Frontal Sinus” OR “Paranasal
Sinus Neoplasms” OR “Paranasal Sinuses”. We did not use a time limit in our research.
Only studies published in the following languages were selected: English, French, Spanish,
Italian, German, and Portuguese. The search formulae were defined by an information
specialist of the Lyon university hospitals (C.G.); the MeSH and free-text equations are
detailed in the Supplementary Material S1.

2.6. Article Selection

Figure 1 shows the SWiM flowchart for article selection drawn up using Covidence,
which was used to carry out the double-blind screening work. Retrieved citations and
abstracts were compiled in a single reference list. The software eliminated duplicates.
Selection proceeded in two phases: the selection of titles and abstracts (MF, PN), then
selection on full text (VF, ASM). Relevant articles were examined in greater depth, and those
not meeting the inclusion criteria were rejected. In case of disagreement, a third opinion
was sought from another investigator (FC). If the data in the abstract were insufficient for a
decision, the full text of the article was obtained and read. When full text was not available
(presentations or lectures), an inter-library loan was requested and, if the full text was still
not available, the article was excluded. The full-text articles included were examined to
extract title, author, date, journal, number of references, type of study, surgical modality,
sample size, gender, age, follow-up duration, type of intervention, Krouse classification,
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recurrence rate, time to recurrence, complications, and risk of bias; these data were entered
in a standardized Microsoft Excel® spreadsheet for systematic reviews.

Studies from databases/registers (n = 2925)
PubMed (n = 1167) Studies from other sources (n = 0)
Embase (n = 892) Citati rching (n=0)
Web of Science (n = 852) Grea lﬁtnei:tau:e (r:]g_ g)_
CENTRAL (n = 8) Y -
= SciELO (n=6)
&)
=]
o
=
&=
=]
§ |
=
Studies removed (n = 1275)
Duplicates identified manually (n = 12)
Duplicates identified by Covidence (n = 1263)
Studies screened (n = 1650) [—>]| Studies excluded (n = 1348)
Wrong outcomes (n = 535)
Wrong study design (n = 324)
Wrong patient population (n = 489)
o0
&
3 Studies sought for retrieval (n = 302) —>| Studies not retrieved (n = 0)
5
2. 4
Studies excluded (n = 263)
Studies assessed for eligibility (n = 302) —> Case report (n = 68)
Wrong outcomes (n = 79)
Congress abstract (n = 30)
Wrong study design (n = 35)
Wrong patient population (n = 51)

Studies included in review (n = 39)

Figure 1. SWiM flowchart. Footnotes: The flowchart was automatically generated using the software
Covidence, which enabled double-blind screening for both phases (title and abstract; full text).

2.7. Data Collection and Selection

Data were extracted from texts, tables, or graphs. International units were used, with
conversion as necessary. Continuous data were used if possible, and dichotomous or
categoric variables if not.

2.8. Risk of Bias Assessment Methods

The bias analysis was carried out by two investigators (MF, VF) using the Methodolog-
ical Index for Non-Randomized Studies (MINORS) tool, which is a validated instrument
designed for assessing the quality of non-randomized surgical studies [18]. The MINORS
tool consists of 12 items related to the analysis of methodological points of comparative
(ideal score = 24) and non-comparative studies (ideal score = 16).

2.9. Main Results

The main outcome was the proportion of recurrence after surgery in patients with
frontal sinus IP. The secondary outcome was the comparison of recurrence rate according
to the surgical modality, i.e., purely endoscopic sinus surgery or other surgical approach.
The latter was defined herein as either open surgery alone or open and endoscopic surgery
combined. First, the demographics, surgical modalities, type of intervention (primary or
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revision surgery), quality of life scores, safety (minor and major adverse events), and tumor
characteristics (Krouse classification) of the included studies were described. A minimum
of 5 studies was considered sufficient to perform such a descriptive analysis. Then, the
main and secondary outcomes were reported. Finally, the risk of bias was assessed. Data
analysis was performed using R software (version 4.3.3).

3. Results
3.1. Study Selection

A total of 2925 studies were identified based on the MeSH equation; 302 were assessed
for full-text screening after duplicates (n = 1275) and non-eligible studies based on the title
and abstract were excluded (n = 1348, Figure 1). Finally, 39 studies (n = 642 patients), all
observational, were included in the analysis—34 of these met the initial inclusion criteria
and 5 were added based on the literature update pursued until submission. The majority
of included studies (97.4%) were published after 2000 (only 1 was published in 1995).

3.2. Description of Included Studies

Among the 39 studies included [12,14,16,19-54], 16 (£14) patients per study were included
in average, at a mean age of 55.5 (:3.5) years old, and for a mean follow-up of 39.8 (£17.9)
months. There was a male-to-female ratio favoring males, with 70.4% male patients (152/216;
data available for 6 studies) [16,22,41,47,49,51]. Regarding surgical modality, data were available
for 64.0% of studies (25/39; n = 485 patients); a total of 71.3% (346/485) of patients underwent
purely endoscopic sinus surgery and the other 28.7% (139/485) underwent other approaches
(Table 1). Type of intervention (primary or revision surgery), quality of life, safety, and Krouse
classification could not be included in the analysis because of a lack of data regarding the specific
frontal sinus location (less than 5 studies had available data).

Table 1. Comparison between surgical modalities.

(il;a;(:tsiﬁztit:) Other Approaches Purely Endoscopic p-Value
Mean number of patients per study (+SD) 5.6 (7.0) 13.8 (15.2) 0.003
Age in years (+SD) 59.0 (5.6) 52.6 (2.8) 0.095
Follow-up in months (+SD) 40.2 (0.4) 30.7 (11.7) 0.381
Rate of recurrence 16.5% 14.7% 0.675
Time to recurrence; n = 5 studies 73.2 (40.8) 28.0 (11.3) 0.095

Numeric variables were expressed as mean with standard deviations (SD) and discrete outcomes as abso-
lute and relative (%) frequencies. Other approaches were either open surgery alone or open and endoscopic
surgery combined.

3.3. Recurrence Rate After Surgery in Frontal Sinus IP

Among the 39 studies included, the recurrence rate was 18.4% (118/642) with a
mean time to recurrence of 25.6 (+11.7) months. Among patients who underwent purely
endoscopic sinus surgery, the recurrence rate was 14.7% (51/346) compared to 16.5%
(23/139) in patients who underwent other approaches (p = 0.675). Regarding time to
recurrence, which was available in five studies [19,20,30,39,49], it was 28.0 (+£11.3) months
in patients who underwent a purely endoscopic sinus surgery and 73.2 (£40.8) months in
patients who underwent other approaches with no significant difference (p = 0.095; Table 1).

3.4. Risk of Bias Assessment

Among the 39 studies included, 25 had a control group and were considered as compar-
ative studies. The mean MINORS score for all studies included was 13.1 (£2.8). Among the
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comparative studies (n = 25), the mean MINORS score was 15.1/24 (£0.99), and among the

non-comparative ones (n = 14), the mean MINORS score was 9.6/16 (4-0.93; Table 2).

Table 2. Synthesis of included studies.

Author. Year S?mple Age Follow up Recurrence (n) .Recurrence MINOR Nﬁill\ln?ulin
Size (n) (Years) (Month) Time (Month) Score Score

Lawson. 1995 [35] 7 57.3 54.0 3 NA 11 16
Bertrand. 2000 [22] 85 58.4 419 15 8 16 24
Lawson. 2003 [36] 13 NA NA 3 NA 14 24
Dubin. 2005 [27] 6 NA NA 5 13.3 14 24
Von Buchwald. 2005 [48] 13 61.0 37.0 0 9 16 24
Minovi. 2006 [39] 13 NA NA 0 NA 14 24
Holzmann. 2007 [31] 9 NA 35.0 1 35 11 16
Woodworth. 2007 [53] 9 NA 40 4 NA 11 16
Sautter. 2007 [43] 5 55.0 NA 0 16.8 14 24
Kim. 2008 [34] 5 51.4 419 0 NA 16 24
Zhang. 2008 [51] 9 50.2 15.1 0 NA 15 24
Yoon. 2009 [49] 18 55.0 36.6 4 36 16 24
Dragonetti. 2011 [26] 8 NA NA 1 NA 14 24
Lombardi. 2011 [37] 27 NA NA 2 NA 14 24
Kamel. 2012 [32] 6 49.0 27.0 0 NA 16 24
Kim. 2012 [14] 22 54.1 41.0 6 32.6 16 24
Sciarretta. 2014 [44] 9 58.7 18.0 2 18 14 24
Promsopa. 2015 [42] 17 55.0 75 0 75 10 16
Adriaensen. 2015 [20] 20 53.7 47.6 2 42 16 24
Karligkiotis. 2015 [33] 5 48.0 40.6 0 NA 16 24
Akkari. 2016 [21] 12 NA NA 3 23.6 9 16
Nygren. 2016 [40] 10 NA NA 10 NA 9 16
Takahashi. 2016 [46] 10 58.4 39.5 0 NA 11 16
Adriaensen. 2016 [19] 17 NA NA 3 26.6 14 24
Healy. 2016 [30] 26 56.9 96.0 4 324 16 24
Verillaud. 2016 [47] 27 58.0 40.0 2 40 16 24
Choi. 2019 [24] 23 NA NA 6 37.76 9 16
Pietrobon. 2019 [41] 47 57.0 43.0 2 24 16 24
Coutinho. 2020 [25] 5 NA NA 1 114 9 16
Ferrari. 2020 [28] 12 NA NA 1 34 9 16
Lee. 2020 [12] 14 NA NA 9 NA 14 24
Sham. 2020 [45] 29 55.0 56.4 12 39.8 16 24
Minni. 2021 [38] 21 NA NA 3 NA 14 24
Glikson. 2022 [29] 17 NA NA 3 NA 9 16
Yu. 2023 [50] 9 NA NA 1 NA 14 24
Cho. 2024 [23] 13 60.6 NA 0 NA 9 16
Delaine. 2024 [52] 5 55.5 NA 3 23.8 9 16
SamimiArdestani. 2024 [54] 9 NA NA 4 NA 9 16
Gaudioso. 2024 [16] 30 57 37 3 NA 16 24

For each study, first author, date of publication, sample size (number of patients per study), recurrence details,

and MINORS score is given. NA; not available.
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4. Discussion

This systematic review included 39 studies corresponding to 642 patients, representing
one of the largest systematic reviews to date with a focus on frontal sinus IP. The overall
recurrence rate was 18.4%, and although it was not statistically different, the recurrence rate
appeared to be lower among patients who underwent a purely endoscopic sinus surgery
(14.7%) compared to those with other approaches (16.5%).

The demographics of the population suffering from frontal sinus IP described herein
was similar to that of patients with IP of other locations, with a mean age of 55 years at
diagnosis, as described in other locations (maxillary, ethmoid, or others), and a difference
in male-to-female ratio [3,4,12]. However, the latter might be subject to sampling bias, as
data were missing for 33 studies and should thus be considered with caution.

In the present study, the mean follow-up was 40 months with a recurrence rate of
14.7% for the purely endoscopic sinus surgery group, which is comparable to the described
recurrence rate of 15% after endoscopic resection for IP of other locations [55]. The results
herein are concordant with the literature. In a recent review of the literature on the long-
term follow-up of IP, Kuan et al. found a recurrence rate of 16.1% (£9.1%) with a mean
time to recurrence ranging from 8 to 45.5 months [11]. One of the hypotheses supporting
this result is the role of endoscope magnification, which helps to clean the surgical field as
easily as during an open approach in carefully selected patients [56].

In the present study, the mean recurrence rate of frontal sinus IP was 18.7% (121/647)
with no significant difference found between purely endoscopic and combined approaches.
Similarly, Gaudioso et al. recently reviewed the surgical outcomes of frontal IP [16]. They
included both frontal sinus and frontal recess locations of the pedicle and found a similar
18.9% rate of recurrence. However, they found a higher recurrence rate when combined
approaches were performed without osteoplastic flaps (not studied herein). This difference
could be explained by how the authors grouped frontal sinus IP. Authors believe that given
the widespread use of endoscopic sinus surgery even for extended approaches, purely
intra-frontal and frontal recess IP should be distinguished, as the second one is not so
difficult to access. Further data are needed as, to date, the difference is not clear within the
available literature.

In most studies, the mode of frontal sinus involvement (i.e., bulging tumor or tumor
pedicle) was not reported. Kim et al. found 17 cases of frontal sinus IP in a Korean
multicenter study involving 939 patients, and among them, the frontal sinus was the
origin site in 3% of cases, but the frontal sinus was involved in 16.6% of cases [14]. A
more precise description of the IP implantation site should be performed to allow for a
comparison between open/combined and purely endoscopic approaches for future studies.
This description could be based on already existing classifications, such as the one on
malignant tumors proposed by Bastier et al. [57]. The latter enables a precise description of
the pedicle location. This detail is the most important factor in preventing the recurrence,
as described by Adriaensen et al. [19]. Also, the completeness of resection in the primary
endoscopic surgery is of course essential and should remain the main goal for every patient.
The authors believe that the Krouse classification [15] is not up to date anymore, which is
necessary to ensure a precise description of the origin site of the tumor in frontal sinus IP,
and it could be one of the future aims of the European Position Paper on Sinus (EPOS).

Furthermore, several methodological limitations affect the strength of the evidence.
There was no double-blind randomized controlled trials, and among the included studies,
the number of studies with details regarding the surgical modalities were low. Due to
inconsistent reporting of tumor staging, particularly the Krouse classification, we were
unable to assess the potential impact of tumor stage on recurrence. This constitutes a major

58



J. Pers. Med. 2025, 15, 183

limitation in interpreting surgical outcomes. Overall, most of the studies analyzed had a
high risk of bias. This risk is attributed to study designs and precisions on the surgical
modalities and tumor location, which directly limits the strength and generalizability of
our conclusions.

The authors wish to highlight that they conducted a comprehensive and rigorous
search of literature on frontal sinus IP, which ultimately yielded 39 studies. However, the
heterogeneity among these studies was high, both in methodology and in reporting, which
inherently limits the strength of the conclusions one could draw. This is a recognized
challenge in systematic reviews on rare and complex pathologies such as frontal sinus
IP. The authors intentionally focused their analysis on endpoints that were consistently
and explicitly reported across studies—namely, the surgical approach and recurrence rate.
While many additional factors can influence recurrence, such as tumor extent, surgeon
experience, and follow-up duration, the available data did not allow for a detailed subgroup
analysis of these variables. Nonetheless, recurrence remains a clinically relevant endpoint
that strongly influences surgical decision making, and we believe that synthesizing the
currently available data provides value to the field. This clarification underscores our
cautious interpretation of the findings and the incremental contribution of this systematic
review to the ongoing discussion on optimal management strategies for frontal sinus
IP. Different factors should be mentioned when performing a study on frontal sinus IP.
Among them, the preoperative suspected location of the IP pedicle [58], the preoperative
risk of malignant transformation [59], the reasons to choose an either purely endoscopic
or combined approach (imaging data, tumor characteristics, and the experience of the
surgeon), and the final location of the pedicle during the surgery are particularly important
factors. Although, pre-operative informed consent from the patient is mandatory and it
should be mentioned that even in case of an endoscopic approach, a possible conversion
into an open approach might be needed [60].

5. Conclusions

Even if no robust conclusion could be drawn, it seems that the recurrence rate of
frontal sinus IP is not different between surgical modalities. However, it does not reduce
the need for a tailored therapeutic strategy, as other factors also need to be considered (time
to recurrence, complications, quality of life) when choosing the most appropriate approach.
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Abstract: Background: Recreational nasal cocaine use (RNCU) presents a significant chal-
lenge for rhinologists due to cocaine-induced midline destructive lesions (CIMDLs). This
clinical consensus statement (CCS) offers guidelines for diagnosing, assessing, and manag-
ing both proven and suspected cases of CIMDL (including those without a prior RNCU
history). It aims to support clinicians in addressing these complex cases effectively. Meth-
ods: An international, multidisciplinary panel of 18 specialists employed a three-round
modified Delphi-method survey to evaluate statements covering CIMDL management
issues such as definition, clinical evaluation and diagnosis, initial management approaches,
and surgical management of complications and reconstructions. This study primarily
targets otorhinolaryngologists. Results: Out of 44 evaluated statements, 20 achieved strong
consensus, 20 reached consensus, 3 approached near-consensus, and 1 failed to achieve
consensus. Consensus-covered areas included the definition of CIMDL, clinical evaluations,
first-line management, and management of complications. However, reconstructive tech-
niques remained a contentious topic. Conclusions: In the absence of extensive data, this
CCS establishes a management framework for CIMDL, significantly bridging a knowledge
gap. It highlights the need for standardized assessments, multidisciplinary cooperation,
and customized follow-up care for patients with CIMDL. Considering the widespread
use of cocaine, physicians should consistently consider the possibility of RNCU when
encountering chronic inflammatory lesions in the sinonasal tract.

Keywords: endoscopy; computed tomography; recreational cocaine use; differential diag-
nosis; granulomatous disease; cocaine-induced midline destructive lesion

1. Introduction

Estimating the prevalence of cocaine snorting, or recreational nasal cocaine use
(RNCU), is complex due to its illegal status and potential survey underreporting. The
United Nations Office on Drugs and Crime’s World Drug Report 2021 estimated that
around 19 million people globally, or 0.4% of the population aged 15-64, used cocaine in
any form during 2019 [1]. In Europe, the European Monitoring Centre for Drugs and Drug
Addiction reported that 2.3% of individuals aged 15-34 years used cocaine in 2022 [2]. The
lifetime prevalence of RNCU is around 3.9% in Brazil, with European rates varying from
0.3% to 11% [2,3]. This makes RNCU notably significant due to the array of potential health
symptoms it can induce.

Chronic RNCU (defined as use for at least 6 months, administered at least 4 times
a month) can lead to severe health issues, including hyperthermia, cardiovascular problems,
and neurological disorders [4], significantly affecting patients” quality of life [5]. From a
rhinological perspective, RNCU can cause vasoconstriction and damage to the nasal mu-
cosa, progressively harming the nasal perichondrium and periosteum. This often results in
a damaging condition known as cocaine-induced midline destructive lesions (CIMDLs) [6].
Adulterants in cocaine, such as levamisole, may exacerbate these destructive effects through
autoimmune responses [6,7]. CIMDLs can vary from minor septal perforations to severe
skull base damage, with the Nitro et al. classification system developed to categorize these
injuries [5]. Early signs like septal perforations (Nitro et al. classification grade 1) often
present diagnostic challenges as they are not specific to RNCU [8].

Given the scarcity of research specifically addressing the diagnosis, assessment, and
management of CIMDL, predominantly retrospective, an expert-led clinical consensus
statement (CCS) has been developed. This CCS utilizes a modified Delphi process to
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provide management guidelines based on the best available evidence for proven and
suspected CIMDL, addressing common and complex clinical scenarios.

2. Materials and Methods

This CCS was developed according to the modified Delphi protocol by Rosenfeld
et al. [9]. The French Ethic Committee of otorhinolaryngology has issued a favorable
decision (n°® 2024-03-035-VF) to conduct the study.

2.1. Panelists and Scope of Consensus Statement

The Delphi committee was made up of 18 voluntary members of the Young Oto-
laryngologist section of the International Federation of Otorhinolaryngological Societies
(Yo-IFOS) rhinology research group from five countries across Europe and North America.
The YO-IFOS research group is an invitation-only group, whose members are selected
by the elected scientific committee of the YO-IFOS among worldwide board-certified oto-
laryngologists younger than 45 years old based on the extent and impact of their scientific
production. The group is further subdivided according to members’ subspecialties. As is
the case for this CCS, members are free to propose new projects and participate in proposals
according to their areas of expertise (though one completed proposal and two participations
every 24 months are required to retain membership). The core development team included
a chairperson (VF), a vice-chairperson (LN), and a methodologist (AMS). VF and LN were
selected as leading and proposing the research project, and AMS due to their extensive
experience both in CIMDLs and in Delphi consensuses. An additional team comprising
two rhinologists randomly chosen among panelists (FC and MF) enhanced the initial draft
of the CCS. These rhinologists joined on a voluntary basis from the Yo-IFOS or were recom-
mended by the group as experts in CIMDLs. The authors reported no conflicts of interest.
The CCS was designed to provide specific recommendations for managing CIMDLs.

2.2. Systematic Literature Review

An equation research systematic review adhering to PRISMA guidelines was carried
out across the MEDLINE, EMBASE, Scopus, and Web of Science databases to explore
management strategies for CIMDLs. Comprehensive search terms including both the
acronym and full definition of CIMDLs, along with ‘cocaine” and related terms pertaining
to the paranasal sinuses and nose, were employed on 19 July 2023. This search aimed to
identify studies published in English, Italian, German, French, or Spanish that presented
data derived from human participants.

The basic search string was (cocaine and (midline OR nose OR turbinate OR concha OR
nasal OR palate OR “skull base” OR sinus OR septum)) OR CIMDL OR “cocaine-induced
midline destructive lesion”.

Owing to the scarcity of high-quality research available, the scope of the systematic
review was broadened beyond the initially advised parameters for CCSs, which typically
encompass guidelines and systematic reviews [9]. It was expanded to incorporate random-
ized clinical trials relevant to the subject, adopting a methodological approach that aligns
with other recent CCSs in the field of head and neck research [10,11].

Based on the search equation and inclusion criteria set up initially to perform a
systematic review, 23 articles were included [5,6,12-32], representing the highest-quality
evidence available on the subject. However, as most of the studies were only descriptive
low-level-of-evidence (level 4 or 5) studies without any control group, a systematic review
could not be performed, justifying the choice of a CCS methodology. This compilation
was shared with all authors for review over a period of one month. Figure 1 illustrates
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the selection process of these articles using a PRISMA flow chart. The authors involved
were invited to suggest any additional literature they deemed crucial to the CCS’s breadth.
Consequently, one more article was added to this collection [33].

1047 unique items identified through computerized and manual
search on July 19, 2023 and screened for title and abstract

1002 abstracts excluded:

e 894 lower evidence studies (other than guidelines,
consensuses, meta-analyses, systematic reviews and
randomized clinical trials)

e 2 duplicate studies

o 3 studies in language other than English, Italian, French,
German or Spanish

e 1 non-human study

e 102 studies not focused on cocaine-induced midline
destructive lesions (CIMDL)

\4

A 4

45 full-texts screened for group literature review

22 full-texts excluded:

e 8 lower evidence studies (other than guidelines,
consensuses, meta-analyses, systematic reviews and
randomized clinical trials)

5| ¢ 1 duplicate study

e 1 study in language other than English, Italian, French,
German or Spanish

e 2 unavailable studies

e 9 studies not focused on CIMDL

A

23 studies selected for group literature review

Figure 1. PRISMA-style flow chart of the article selection process for the systematic review of the
literature about cocaine-induced midline destructive lesion (CIMDL) management.

2.3. Clinical Statement Development and Modified Delphi Survey

Guided by the literature review and the objectives of the CCS, the chair and assistant
chair crafted the initial clinical statements for the survey. These statements were then
elaborated, refined, and extended through discussions with the methodologist. Following
this, the secondary development group evaluated the preliminary draft prior to initiating
the Delphi rounds.

The statements were shaped by insights from the literature review and the devel-
opment group’s understanding of key clinical scenarios, resulting in a comprehensive
44-statement survey. This survey was disseminated to the authors via Google Forms
(Google LLC, Mountain View, CA, USA). Participants were asked to fill out the survey
anonymously, using a one-time link and a personal identification number (PIN) to prevent
duplicate responses and maintain anonymity. The coordination of PINs was managed by
a single coordinator, who was not directly involved in the CCS, ensuring the anonymity of
panelist responses. The authors rated each statement on a 9-point Likert scale ranging from
strongly disagree (1) to strongly agree (9). According to Rosenfeld [9], the outcomes for
each statement were categorized as follows: strong consensus was achieved if the mean
score was >8.00 without any outliers (an outlier being a rating that deviated by 2 or more
points from the mean in either direction); consensus was noted if the mean score was >7.00
with no more than one outlier; near-consensus was indicated by a mean score of >6.50 with
no more than two outliers; all other responses were categorized as having no consensus.
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All panelists were asked to provide comments explaining their refusal or proposing new
statements to be implemented in the following rounds.

3. Results

All panelists participated in three Delphi rounds. After the initial round, consensus
levels were as follows: 4 out of 44 statements achieved strong consensus, 9 reached con-
sensus, 16 reached near-consensus, and 15 did not reach consensus. The 31 statements
that did not achieve at least consensus were revised for greater inclusivity and clarity,
based on anonymous feedback from the authors. The revised second round included these
31 statements, resulting in 5 achieving strong consensus, 6 reaching consensus, 10 achieving
near-consensus, and 10 still lacking consensus. Following further revisions, a third and
final round was conducted with 20 statements, of which 11 statements achieved strong
consensus, 5 reached consensus, 3 reached near-consensus, and 1 did not achieve consensus.
Overall, from the total of 44 statements, 20 reached strong consensus, 20 reached consensus,
3 reached near-consensus, and 1 failed to reach consensus after all rounds. The progression
of the statements from the first round to their finalized versions is detailed in Appendix A.
The results of the Delphi process for all statements, including their mean scores, median
scores, score ranges, and the number of outliers, are documented in Tables 1-5. Definitions
of CIMDLs are shown in Table 1, clinical evaluation and diagnosis in Table 2, first-line man-
agement in Table 3, and surgical management of complications in Table 4, while statements
with no consensus are in Table 5.

Table 1. Statements and results from the Delphi process for items reaching consensus or strong

consensus: disease definition.

Item Statement Mean Median Min Max Outliers Result Delphi
No. Round
CIMDLs are defined as any structural lesion
of the sinonasal complex ascertained in the
1.1 context of a toxicological screening- or 7.44 7.5 1 9 1 consensus 1
patient history-confirmed cocaine-snorting
habit
12 CIMDLs can refer both to S}nonasal .and 8.83 9 8 9 0 strong 1
palatal lesions due to cocaine snorting consensus
CIMDL diagnosis should not rely on
auto-antibody testing, which might result strong
13 positive or negative results in CIMDL 8:50 ? 7 ? 0 consensus 3
patients
Table 2. Statements and results from the Delphi process for items reaching consensus or strong
consensus: clinical evaluation and diagnosis.
Item . . . Delphi
Statement Mean Median Min Max Outliers Result p
No. Round
Clinical assessment of potential
CIMDLs should include face stron
2.1 examination, anterior rhinoscopy, 8.61 9 7 9 0 5 1
. . consensus
oral examination, and
nasal endoscopy
The degree of nasal structures
2.2 involvement can be assessed via the 8.44 9 5 9 0 consensus 1

Nitro et al. classification of CIMDLs
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Table 2. Cont.

Item
No. Statement

Mean Median Min

Max  Outliers Result Delphi

Round
Differential diagnoses for CIMDLs

include vasculitis (including but not
limited to granulomatosis with
polyangiitis), T-cell or NK/T
lymphoma, infectious disease
(including, but not limited to, syphilis,
leishmaniasis, yaws, leprosy,
tuberculosis, and actinomycosis),
chronic intestinal bowel disease (e.g.,
Crohn’s disease), chronic use of
vasoconstrictor drugs,
rhinotillexomania, trauma, other
recreational intranasal drug use
(amphetamine,
acetaminophen—-oxycodone),
IgG4-related disease, relapsing
polychondritis, rhinoscleroma,
sclerosing orbital pseudotumor,
and iatrogeny

2.3

8.50 9

1 consensus 2

In the case of isolated septal
perforations, cocaine-snorting habits
should be investigated in the patient
history as well as traumas, prior
nasal or nose-involving procedures
24 (including radiotherapy and 8.67 9
intranasal oxygen therapy), consensus
prolonged intranasal vasoconstrictor
use, picking habits or history of
foreign bodies, known infectious
diseases, and known autoimmune
disease or vasculitis

7 9 0 strong

If an isolated septal perforation is not
identified as a CIMDL, but no other
causative factor can be identified, a
biopsy should be considered with
the patient, and—if ruled out—a
personalized follow-up should be
planned to check for lesion evolution,
possibly with measurement and
clinical image documentation

2.5

8.33 9 7 9 0 strong

2
consensus

Patients presenting with a potential
CIMDL grade II or higher, without a
history of cocaine-snorting, should
undergo a complete workup
including serology (ESR, ANA,
C-ANCA—with
26 immunofluorescence for NPO and 778 ?
PR3 if positive—IgG4, and
rheumatoid factor),
rheumatology/internal medicine
and infectious disease consultation,

and nasal biopsy

consensus 1
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Table 2. Cont.

Item
No.

Statement

Mean Median Min Max Outliers

Result

Delphi
Round

29

In patients presenting with a
potential CIMDL without a history of
cocaine snorting and with negative
workup and cocaine testing results,
other less common snorting
substances can be assessed (e.g.,
methamphetamine, heroin)

7.89 8 5 9 1

consensus

2.1

Destructive midline lesions due to
nasal administration of non-cocaine
recreational drugs (e.g.,
amphetamine,
acetaminophen-oxycodone) can be
clinically managed as CIMDLs

7.83 9 1 9 1

consensus

211

Patients presenting with a potential
CIMDL and confirming a
cocaine-snorting habit should be
considered de facto CIMDL patients
and receive adequate care and
follow-up, though biopsies might
still be discussed with the patient to
rule out differentials

8.06 9 3 9 1

consensus

2.12

Enlarging isolated septal
perforations in non-CIMDL patients
should undergo a complete workup

including serology (ESR, ANA,
C-ANCA—with
immunofluorescence for NPO and
PR3 if positive—IgG4, and
rheumatoid factor) and nasal biopsy
(for histological and microbiological
analysis), considering rheumatology,
internal medicine, or infectious
disease referral according to results

8.67 9 7 9 0

strong
consensus

2.13

Patients reporting complete cessation
of RNCU with an increase in CIMDL
involvement at follow-up should
undergo a complete workup
including serology (ESR, ANA,
C-ANCA, and rheumatoid factor),
rheumatology/internal
medicine/infectious disease
consultation, and nasal biopsy (both
for histological and microbiological
analysis)

8.56 9 7 9 0

strong
consensus
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Table 2. Cont.

Item
No.

Statement

Mean

Median

Min Max Outliers Result

Delphi
Round

2.14

In case of an increase in CIMDL
involvement at follow-up in patients
reporting stopping recreational
cocaine use, a drug test can be
considered

8.22

5 9 1 consensus

2.15

Patients with potential CIMDLs,
especially with negative workup, can
be offered a nasal mucosal biopsy
under local or general anesthesia to
assist with diagnosis

7.94

3 9 1 consensus

Table 3. Statements and results from the Delphi process for items reaching consensus or strong

consensus: first-line management of CIMDL patients.

Item
No.

Statement

Mean

Median

Min Max  Outliers Result

Delphi
Round

3.1

CIMDL patients could be
encouraged to meet a specialist in
addiction medicine

8.39

3 9 1 consensus

3.2

Pain management in CIMDL
patients should avoid strong
opioids and rely on an addiction
medicine service and/or pain
medicine services in case of
uncontrolled pain potentially
requiring strong opioids

8.67

strong
consensus

3.3

CIMDL patients must be advised
that the only known method for
halting lesion development is
ceasing recreational nasal
cocaine administration

8.61

strong
consensus

34

Patients with CIMDL should be
correctly informed that no “safe
threshold” of cocaine usage
prevents further CIMDL evolution

8.89

strong
consensus

3.5

After proper information, any
CIMDL patient can be offered a
complete workup including
serology (ESR, ANA,
C-ANCA—with
immunofluorescence for NPO and
PR3 if positive—IgG4, and
rheumatoid factor), rheumatology,
internal medicine and/or infectious
disease consultation, and nasal
biopsy for increasing compliance to
medical advice and therapies

8.22

8.5

strong
consensus
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Table 3. Cont.

Item

No.

Statement

Mean

Median

Max

Outliers

Result

Delphi
Round

3.6

Grade II or higher CIMDL patients
should always be assessed for signs
of rhinosinusitis even in
asymptomatic cases

8.50

consensus

3.7

Grade III or higher CIMDL patients
should be counseled for signs and
symptoms of orbital or skull base

complications and instructed to
report to emergency department or
specialty services promptly
for evaluation

8.17

consensus

3.8

Potential CIMDL extension and
signs of secondary rhinosinusitis
should be assessed with a CT scan,
with the use of contrast medium
limited to cases with suspected
osteitis or osteonecrosis

8.00

consensus

3.9

A baseline plain CT of the sinus
(including the orbits and skull base)
is recommended in patients
presenting with CIMDL stage 11
or higher

8.56

strong
consensus

3.1

The use of MRI in CIMDLs should
be limited to the evaluation of
orbital, skull base, intracranial, or
other soft tissue involvement

8.44

strong
consensus

3.11

The impact of CIMDLSs on
sinonasal health should preferably
be investigated with general nasal

health questionnaires, though
sinusitis-specific questionnaires
may have a clinical and
investigational role

8.39

consensus

3.12

CIMDL patients should be
instructed to employ daily saline
nasal lavages for nasal toilette and
can employ nasal emollients for
reducing crusting

8.44

consensus

3.13

Antibiotic therapy (systemic
and/or topical) should be reserved
for bacterial superinfections or
osteitis, obtaining bone cultures in
the latter scenario
whenever possible

8.72

strong
consensus

3.14

Endoscopic debridement of
crusting and necrotic tissues during
outpatient follow-up and/or
high-volume nasal lavages can be
offered to improve symptoms such
as nasal obstruction and cacosmia

8.72

strong
consensus
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Table 3. Cont.

Item
No.

Statement Mean Median Min

Max

Outliers

Result

Delphi
Round

3.15

CIMDL patients with palatal
perforation can be offered palatal
obturator prostheses as
first-line management

8.11 9 3

consensus

3.16

Grade IV CIMDL patients should
be proposed pneumococcal,
haemophilus and meningococcal
vaccine administration

8.22 9 3

consensus

3.17

Initial follow-up should be
personalized and planned
according to the CIMDL stage,
considering more frequent visits to
encourage RNCU cessation; in 8.28 9 7
stable patients, a 6-12 month
follow-up can be proposed up to
2-5 years after stopping
cocaine snorting

strong
consensus

Table 4. Statements and results from the Delphi process for items reaching consensus or strong

consensus: surgical management of complications and reconstructions.

Item

Statement Mean Median Min

Max

Outliers

Result

Delphi
Round

41

CIMDL patients with symptoms
and signs of rhinosinusitis should
be proposed adequate medical 8.44 9 5
and/or surgical treatment as per
EPOS/ICAR:RS guidelines

consensus

4.2

Patients with signs and symptoms
of osteitis or osteonecrosis should
be offered debridement of necrotic
tissue and adequate systemic
antibiotic treatment guided by
culture biopsy of a bony specimen
and planned together with an
infectious disease consultation

8.39 9 4

consensus

4.3

In patients with intraorbital
complications from CIMDL,
culture-guided antibiotic therapy
should represent the first-line
management, while endoscopic
transnasal surgical debridement
and drainage should be reserved
for cases with sudden visual acuity
reduction or loss of color
perception, large or
superior/lateral orbital abscesses,
or failing medical therapy

8.44 9 7

strong
consensus
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Table 4. Cont.

Item

Statement

Mean

Median

Min

Max  Outliers Result

Delphi
Round

44

Grade IV CIMDL without CSF
leaks or intracranial complications
should be managed conservatively

(nasal toilette, antibiotics
for superinfections,
vaccine recommendarions)

8.72

strong
consensus

4.5

In fit-for-surgery grade IV CIMDL
patients with ascertained CSF leaks,
thorough debridement of necrotic
tissues and prompt skull base
reconstruction are recommended,
and a neurosurgical consultation
should be considered

8.67

strong
consensus

4.6

Patients with intracranial
complications should be managed
with culture-guided antibiotic
therapy and/or surgical toilette via
an endonasal or combined
endonasal/craniotomy route, in a
multidisciplinary rhinological and
neurosurgical team, according to
the specific complication

8.72

strong
consensus

4.7

Septal, nasal, and palatal
reconstructions should not be
performed in CIMDL patients

unless the patient provides
adequate motivation and proves
cocaine use stopping by providing
toxicological analyses covering at
least 12 months

8.61

consensus

Table 5. Statements and results from the Delphi process for items not reaching consensus or

StI‘OIlg consensus.

Item

Statement

Mean

Median

Min

Max Outliers Result

Delphi
Round

1.4

CIMDLs are due to RNCU only, while
they are not related to medical nasal
cocaine administration

7.61

near-
consensus

2.7

Patients with suspected CIMDLs
denying RNCU and with negative
workup results should undergo a

cocaine drug test for cocaine to adjust
follow-up and treatment

7.83

no
consensus

2.8

RNCU can be identified via urinary
metabolites (3 to 15 days after use, also
according to the administered dose) or
hair analysis (up to 3 months after use)

8.28

near-
consensus

73



J. Pers. Med. 2025, 15, 231

Table 5. Cont.

Ttem Statement Mean Median Min Max Outliers Result Delphi
No. Round
Reconstructions for CIMDL patients
should be tailored to the patients;
though pedicled flaps and vascularized near-
4.8 free flaps usually represent the first 7.94 9 4 9 2 3
consensus

option, autografts can still be

considered, and allografts are usually
adequate for a minority of patients

The top-scoring items for strong consensus were “Patients with CIMDL should be
correctly informed that no “safe threshold” of cocaine usage prevents further CIMDL
evolution” (mean score 8.89, median 9, no outliers) and “CIMDL can refer both to sinonasal
and palatal lesions due to cocaine-snorting” (mean score 8.83, median 9, no outliers). A total
of 29 out of 44 items recorded a median score of 9.

The lowest-scoring items, with mean scores of 7.61 and 7.44 and a median score of 7.5
for both, stated “CIMDL are due to RNCU only, while they are not related to nasal cocaine
medical administration” and “CIMDL are defined as any structural lesion of the sinonasal
complex ascertained in the context of a toxicological screening- or patient history-confirmed
cocaine-snorting habit”. The first of these two items was eventually removed from the CCS,
while the second reached consensus.

4. Discussion

The multidisciplinary group of experts involved in the creation of this Delphi-method
consensus statement has delineated a specific all-around management guideline for
CIMDLs, thereby filling an important gap in the literature. Nitro et al. [5] proposed a
classification system for CIMDLs according to the severity of the disease, which has been
accepted by the panel. However, this initial article did not provide guidance on CIMDL
management. Despite the scarcity of solid evidence, this CCS aims to improve outcomes
and define a basic standard of care for CIMDL patients, focusing on complex diagnoses
and recurrences. Therefore, this CCS can guide general otolaryngologists in managing
challenging cases and allied specialties in referring patients for rhinology evaluation. A
common need for standardization of CIDML care is evident from the frequent outliers in
our peer-reviewed consensus statements, even in the disease definition sections. An overall
management framework graphic representation based on the Nitro et al. classification of
CIMDLs is reported in Figure 2.

4.1. Disease Definition

According to the panel, CIMDL is a clinical diagnosis based on the presence of at least
one sinonasal lesion and a patient-confirmed history of RNCU. This resolution represents a
significant step towards simplifying the diagnosis. It follows more modern views on the
subject [6,31], in contrast to older positions that required at least two lesions for CIMDL
diagnosis [34]. According to our CCS, there is no need to perform systematic auto-antibody
testing when the clinical history is clear, given the inconclusive significance of a positive
test in RNCU patients [6,35-37]. RNCU-induced mucosal membrane alteration leads to
CIMDLs, possibly affecting the palate, the sinonasal complex, and its neighboring structures
such as the orbits or the skull base [30,38]. This potential involvement justifies performing
a complete facial, nasal, and oral examination and the use of anterior rhinoscopy and nasal
endoscopy. Interestingly, the CCS failed to reach a consensus threshold regarding the use
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of medical nasal cocaine administration as a cause of CIMDLs. Medically administered

cocaine has a known risk of inducing n

asal lesions [18], but at present, CIMDLs should

remain confined to RNCU patients, given the peculiar disease course. It is worth remem-

bering that the recommended therapeutic topical dose of cocaine for local anesthesia is

1.5 mg/kg [39], and there is a 35% systemic absorption of topical nasal cocaine use [40],

with some reports of cardiac complications following medical nasal administration [41].

By contrast, such a dose is far from RNCU exposure, with daily “runs” of 1000 mg and

over [26], while recent studies have proven efficacy and safety profiles when medical co-

caine is properly administered [42]. It is worth noting that medical cocaine use is declining

in most regions [43], further reducing the potential for iatrogenic cocaine-induced lesions.

A challenge remains for the definition of CIMDLs when patients have withdrawn from

any RCNU in the past few months. When facing an isolated septal perforation, both the

duration of the abstinence from drug use and the clinical characteristics of the midline

lesion should be considered by physicians as time only is not reliable enough. As suggested

in statements 2.3, 2.4 and 2.5, if there was RCNU within the previous years but without any

recent consumption, the observation of

an isolated septal perforation with good healing

(neither crusting nor inflammation) could suggest a CIMDL. However, if there was active

inflammation or crusting regarding the

perforation, then further explorations should be

run and a differential diagnosis should be considered.
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Addiction
medicine

Stop

cocaine

CIMDL Grade 1

At least 12 months of abstinence
before considering reconstruction

Nasal
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emolients
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Figure 2. PRIMSA flow chart of the literature. Overview of the cocaine-induced midline destructive

lesion (CIMDL) management proposed according to Nitro et al.’s classification grades. Dotted circles

represent options to discuss with patients on
magnetic resonance imaging).

4.2. Clinical Evaluation and Diagnosis

a case-by-case basis (CT, computed tomography; MRI,

Given its scientific background and the lack of other significant options, our CCS

suggests using the Nitro et al. classification for grading CIMDLs. This classification was
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developed according to a literature review to standardize the report of sinonasal and
palatal anatomical structure involvement [5]. It describes four stages of increasing CIMDL
anatomical structure involvement: nasal septum (grade 1), inferior part of the lateral nasal
wall and hard palate (grade 2a and 2b), ethmoid and sphenoid region (grade 3), and orbit
or skull base involvement (grade 4).

Differential diagnosis is one of the most difficult aspects of CIMDL management
explored in this CCS. In a considerable number of cases, midline destructive lesions are not
linked to a declared history of cocaine snorting and/or caused by RNCU [44]. According to
the CCS, a patient with grade 2 or higher CIMDL with no history of drug snorting should
undergo a complete workup to search for autoimmune, infection, or tumoral lesions using
serology (ESR, ANA, C-ANCA—with immunofluorescence for NPO and PR3 if positive—
IgG4, and rheumatoid factor), rheumatology/internal medicine and infectious disease
consultation, and nasal biopsy. Also, differential diagnosis should always include RNCU
even if the patient initially denies it. In these cases, drug tests may be performed on-site
using urine tests or hair tests based on the suspected delay between the last consumption
and the visit. This diagnostic strategy could also be applied in case of enlarging septal
perforation during the follow-up because idiopathic midline lesions are rare [27]. To
improve sensibility, panelists proposed to perform a biopsy, either under local or general
anesthesia according to surgeons’ and patients’ preferences. It is important to remember
that any crusted lesion of the nasal mucosa may be cancer, but some lesions such as primary
sinonasal lymphoma can be challenging to diagnose even at the biopsy level and often
require collecting multiple samples [45].

For patients presenting with non-otherwise-explained rhinitis [46] or an isolated
septal perforation (grade 1 equivalent in the Nitro et al. classification), RNCU should be
investigated as well as the use of intranasal vasoconstrictors, picking habits, and traumatic,
infectious or autoimmune history. Of course, when there is any suspicion of tumoral
involvement in the mucosa, a biopsy should be performed. The choice of cocaine tests
(urinary metabolite analysis and/or hair analysis) in patients with potential CIMDLs
has been debated and only achieved a near-consensus in the third CCS round [47], with
panelists questioning the timing, modalities, and appropriateness of tests. Cocaine testing
was proposed to confirm CIMDLs in patients who denied RNCU [48]. While this approach
could be used on a case-by-case basis to offer patients a targeted support approach to
recover from addiction, it is important to remember that rare false positives exist and
might lead to wrong medical decisions [49]. Interestingly, levamisole can also be detected
in urine tests, and it could be relevant to include it in the drugs usually screened to
assess the risk of induced vasculitis [50]. In the case of non-cocaine-induced midline
lesions, other recreational nasal substance use should be assessed (e.g., heroin [51] or
methamphetamine [52]) and—if present—managed in a CIMDL-like framework.

At the other end of the severity spectrum, our CCS suggests that grade 3—4 CIMDL
patients should be assessed for unknown orbital and skull base complications at presen-
tation, as these patients require a specialized consultation with multidisciplinary clinical
evaluation [53].

The use of a plain computed tomography (CT) of the sinuses was recommended in
our CCS for CIMDL grade 2 patients or higher. In these cases, the CT scan can help to
distinguish between grades 2-3 and 3—4 and point clinicians toward the correct specific
management and follow-up plan. A CT scan with contrast should be reserved for suspected
cases of osteitis/osteonecrosis, as the non-necrotic mucosa in people who use cocaine
is extremely inflammatory and carries a risk of misinterpretation. Magnetic resonance
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imaging (MRI) must be proposed in case of orbit or skull base involvement to analyze the
extension and infectious complications.

4.3. First-Line Management of CIMDL Patients

As CIMDLs are considered a complication of repeated RNCU, if allowed by local
policies and medical facility availability, all patients should be encouraged to meet a
specialist in addiction medicine for psychological [54] and pharmacological help [55].
In patients with painful symptoms due to CIMDLs, strong opioids should be avoided
and intractable pain should be managed by an addiction/pain medicine service [56].
Furthermore, the CCS highlighted that there is no safe RNCU threshold and only complete
RNCU cessation can block the disease progression [31]. Last, as is usually the case with
complex conditions that transcend the boundaries of otolaryngological disease, our CCS
suggests that follow-up should be personalized to encourage cocaine-snorting cessation.

4.4. Surgical Management of Complications and Reconstructions

In extreme cases, CIMDL extension can lead to orbital [57,58], skull base [38,59], or
craniovertebral junction complications [60]. These potentially life-threatening infections
require multidisciplinary management. When possible, the CCS favored a conservative
treatment plan with nasal toilette, antibiotics for superinfection, and applying vaccine
recommendations to prevent pneumococcal, Haemophilus, and meningococcal meningitis.
The intracranial complications, such as infection or cerebrospinal fluid leaks, require collab-
oration with a neurosurgical team for a tailored surgical strategy. Skull base reconstruction
after necrotic tissue debridement should be performed in ascertained cerebrospinal fluid
leaks, using vascularized flaps when possible [61].

Apart from these life-threatening situations, reconstruction of a CIMDL defect—
septum or palate—should only be proposed in patients with evidence of cessation of
RNCU. Most groups performing reconstruction in CIMDL patients rely on repeated neg-
ative urine metabolite tests before considering surgery [62-64]. Our CCS recommended
at least 12 months of abstinence, supported by toxicological analysis, and strong patient
motivation to consider surgical repair. This threshold was suggested according to the
literature where the sustained remission phase begins after 12 months of abstinence from
drug use (Diagnostic and Statistical Manual of Mental Disorders fifth version criteria [65]).
Indeed, evidence showed that the longer the duration of abstinence, the lower the risk
of relapse. Unfortunately—but this is marginal concerning the scope of this CCS and
suffers from the anecdotal nature of the pertaining literature—we failed to reach a consen-
sus on the basic techniques that should be considered when treating CIMDL patients for
reconstructive purposes.

The use of hyperbaric oxygen therapy to accelerate the pre- and postoperative recon-
struction process may be an option to discuss but requires further evidence [66].

4.5. Limitations of the CCS

There were some limitations to the study due to its subjective nature. Authors tried
to assess all relevant questions pertaining to CIMDLs, while focusing on sinonasal cavity
lesions because they are responsible for almost all rhinology functional symptoms. Cocaine
snorting may also affect the dorsal septum, nasal pyramid or lips with aesthetic complaints
that were not assessed in the present study only involving rhinologists. A multidisciplinary
CCS including input from rhinologists, maxillofacial surgeons, and plastic/reconstructive
surgeons may be required to respond to the challenging management of nose deformities
following cocaine snorting. However, while this CCS aims to provide guidance on common
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cases, it does not intend to replace the medical decision-making process, or to challenge the
12-step approach to control relapse in outpatient treatment for cocaine abuse, especially
when physicians are facing heavily addicted users [67-69]. ENT specialists are neither
experts nor referents in this field, which falls within the remit of addictology, and patients
should be referred as recommended in paragraph 3.1: “CIMDL patients could be encour-
aged to meet a specialist in addiction medicine”. At this stage, even though this CCSis a
robust first step to guide physicians, many questions remain unanswered because of the
difficult relationship of trust between physicians and drug users. Indeed, most drug addicts
do not declare their consumption, and relapses are frequent. Unrepentant drug addicts,
but also those who have difficulty weaning themselves off, should all use nasal rinses like
any non-drug user suffering from rhinology symptoms [70]. It is also important to note
that even if this study only focuses on cocaine abuse, assessing for multiple drug abuse is
necessary as the latter can increase the complexity of CIMDL management. In these cases,
a multidisciplinary approach with a thorough addictology assessment and close follow-up
should be proposed, adapting the proposed statements on a case-by-case basis.

5. Conclusions

CIMDLs present significant obstacles in terms of diagnosis, addiction management,
and therapeutic approach. This clinical consensus statement (CCS) recommends standard-
izing initial assessments and implementing customized follow-up plans, which should
include multidisciplinary collaboration for more complex cases. Considering the preva-
lent use of cocaine in the general population, physicians should routinely consider co-
caine snorting as a possible cause when encountering chronic inflammatory lesions in the
sinonasal tract.
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Appendix A

Statements of the evolution across the three Delphi consensus rounds. (Blue: strong
consensus; green: consensus; yellow: near-consensus; red: no consensus).
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Abstract: Background: Meniere’s disease (MD) is a chronic inner ear disorder affecting
approximately 0.2% of the population, with 30% of patients remaining refractory to con-
ventional treatments. The pathophysiology involves endolymphatic hydrops, suggesting
that agents affecting fluid homeostasis might provide therapeutic benefit. Sodium-glucose
cotransporter 2 (SGLT-2) inhibitors, originally developed for diabetes, offer unique mecha-
nisms including natriuresis and osmotic diuresis that may address the underlying fluid
imbalance in MD. Methods: We conducted a retrospective observational study at the
Korea University Anam Hospital, analyzing the medical records of patients with definite
MD (Barany Society criteria) who received off-label empagliflozin 10 mg daily between
January 2023 and December 2023. Six patients (3 men, 3 women; mean age 55.8 years)
with treatment-resistant MD were identified who had failed conventional therapy for at
least 3 months. Primary outcomes included changes in pure tone threshold average (PTA),
low-frequency threshold average (LFA), vertigo episode frequency, and vertigo severity
using visual analog scale (VAS) scores, assessed at baseline and after 3 months of treatment.
Results: All patients demonstrated clinically significant improvements in both auditory
and vestibular symptoms. Mean PTA improved from 31.4 dB to 20.8 dB (improvement
of 10.6 dB, p < 0.05). Low-frequency hearing showed more substantial recovery, with LFA
improving from 37.2 dB to 15.6 dB (improvement of 21.6 dB, p < 0.01). Vertigo frequency
decreased dramatically from 1.6 episodes per month to 0.1 episodes per month, with four
patients experiencing a complete resolution of vertigo episodes. VAS scores for vertigo
severity decreased from 5.2 to 0.5. Treatment was well-tolerated, with only minor adverse
effects reported in two patients: transient polyuria in one patient and 5 kg weight loss
in another, both consistent with the known pharmacological profile of SGLT-2 inhibitors.
Conclusions: This preliminary study suggests a potential clinical benefit of repurpos-
ing SGLT-2 inhibitors for treatment-resistant MD. However, the retrospective design and
inherent limitations prevent definitive conclusions about causality. The significant im-
provements observed in both hearing thresholds and vestibular symptoms warrant further
investigation through randomized controlled trials with objective outcome measures to
establish the true efficacy of this therapeutic approach.

Keywords: Meniere’s disease; SGLT-2 inhibitors; drug repurposing; endolymphatic
hydrops; personalized medicine; treatment-resistant
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1. Introduction

Meniere’s disease (MD) is a chronic inner ear disorder characterized by episodic
vertigo, fluctuating sensorineural hearing loss, tinnitus, and aural fullness [1]. With a
prevalence of approximately 0.2% globally [2], MD typically manifests in middle age and
represents a significant cause of disability due to unpredictable vertigo attacks that severely
impact quality of life and employment [3].

The pathophysiology of MD centers on endolymphatic hydrops, an excessive accu-
mulation of endolymph within inner ear compartments, first histologically demonstrated
by Hallpike and Cairns in 1938 [4]. Modern gadolinium-enhanced magnetic resonance
imaging has enabled the in vivo visualization of endolymphatic hydrops, confirming its
presence in most MD patients [5]. Recent research has revealed MD as a complex multifac-
torial disease involving genetic, immunological, and environmental factors, with distinct
inflammatory signatures including elevated pro-inflammatory cytokines [6,7].

Current management follows a stepwise approach, beginning with lifestyle modifica-
tions and conservative treatments. First-line therapies include dietary sodium restriction,
diuretics, and betahistine [8]. However, evidence for conventional treatments remains lim-
ited, with systematic reviews highlighting insufficient high-quality data [9]. The landmark
BEMED trial failed to demonstrate the significant benefits of betahistine over placebo [10],
and meta-analyses showed only modest evidence for diuretic efficacy [11]. Despite these
approaches, approximately 30% of patients fail to respond adequately to conventional
treatment, highlighting the urgent need for novel therapeutic strategies [12].

Sodium-glucose cotransporter 2 (SGLI-2) inhibitors represent a promising therapeutic
candidate for MD through several mechanisms relevant to inner ear pathophysiology.
These agents work by selectively inhibiting SGLT-2 receptors in the kidney, blocking glu-
cose reabsorption and leading to glucosuria with natriuresis and osmotic diuresis [13].
Beyond glucose lowering, SGLT-2 inhibitors demonstrate pleiotropic effects including the
following: (1) gradual and sustained volume reduction through physiological diuresis,
potentially providing more stable inner ear fluid homeostasis compared to traditional di-
uretics; (2) anti-inflammatory properties, reducing circulating pro-inflammatory cytokines
that may contribute to MD pathogenesis; and (3) microvascular improvements through
enhanced endothelial function [14,15].

The drug repurposing approach offers significant advantages for rare conditions like
refractory MD, with established safety profiles potentially accelerating clinical evalua-
tion [16]. While a recent preclinical study found empagliflozin ineffective in preventing
hydrops development in mice, their study focused on prevention rather than treatment of
the established disease, and clinical translation remains to be determined [17].

To our knowledge, this represents the first clinical investigation exploring SGLT-
2 inhibitor repurposing for established MD treatment in humans. This retrospective
analysis examines clinical outcomes in patients who received off-label SGLT-2 inhibitor
therapy after failing conventional treatment, providing preliminary evidence to inform
future prospective trials.

2. Methods
2.1. Study Design and Participants

This retrospective study was conducted using clinical data from patients treated at
the Neuroscience Center, under the approval of the Institutional Review Board of Korea
University Anam Hospital (IRB No. 2023AN0297, approval date: 10 July 2023). The
IRB approval was part of a broader institutional registry protocol. A continuing review
approval was obtained on 20 June 2024. Medical records were reviewed for patients with
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definite MD according to the Barany Society criteria who received off-label SGLI-2 inhibitor
treatment between January 2023 and December 2023 [18].

Six patients (3 men, 3 women) with definite MD were identified who had documented
failure to respond to conventional treatment, defined as persistent symptoms despite at
least 3 months of standard treatment approaches, including diuretics and/or betahistine.
These patients were subsequently prescribed off-label empagliflozin based on clinical
judgment considering the theoretical mechanism of action and refractory nature of their
condition. None of the patients had diabetes mellitus, metabolic syndrome, chronic kidney
disease, or heart failure at the time of treatment initiation. Baseline clinical characteristics
of the patients are presented in Table 1.

Table 1. Baseline characteristics of patients with refractory Meniere’s disease.

Duration of

Disease Previous
Patient Age/Sex Duration Affected Ear Previous Treatment
(Months) Treatment
(Months)
. HCTZ 25 mg QD + Amiloride
1 45/M 12 Right 5 mg QD + Betahistine 24 mg BID 6
. HCTZ 25 mg QD + Amiloride
2 67/F 6 Right 5 mg QD + Betahistine 24 mg BID  °
. HCTZ 25 mg QD + Betahistine
3 65/F 12 Right 24 mg BID 7
. HCTZ 25 mg QD + Betahistine
4 39/F 14 Right 24 mg BID 6
HCTZ 25 mg QD + Amiloride
> 56/M 19 Left 5 mg QD + Betahistine 24 mg BID  °
6 63/M 10 Left Isosorbide mononitrate 10

10 mL BID

Abbreviations: HCTZ, hydrochlorothiazide; QD, once daily; BID, twice daily.

2.2. Treatment Protocol

Patients with definite MD who had documented failure to respond to conventional
treatment were transitioned directly to empagliflozin 10 mg orally once daily without a
formal washout period. This approach was chosen to prevent potential symptom exacer-
bation during treatment interruption in these refractory patients. Vestibular suppressants
(dimenhydrinate 50 mg or meclizine 25 mg) were permitted as rescue medication for acute
vertigo episodes as needed.

2.3. Data Collection and Outcome Measures

Medical records were systematically reviewed to extract data on the following:
Primary outcome measures:

1. Change in pure tone threshold average (PTA), calculated as the average of thresholds
at0.5,1, 2, and 4 kHz using the formula: (0.5 kHz + 2 x 1kHz + 2 x 2kHz + 4 kHz)/6.

2. Change in low-frequency threshold average (LFA), calculated as the average of thresh-
olds at 0.25, 0.5, and 1 kHz.

3.  Change in the frequency of definitive vertigo episodes per month.

4. Change in vertigo severity using a visual analog scale (VAS) consisting of a 100 mm
horizontal line with anchor points of 0 ('no vertigo symptoms’) and 10 (‘worst possible
vertigo symptoms’). Patients were instructed to mark their average symptom severity
without numerical reference points visible.
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5.  Treatment-related adverse effects.

Assessments were performed at baseline and after 3 months of treatment based on
available clinical records.

2.4. Statistical Analysis

Given the small sample size (n = 6), descriptive statistics were calculated for outcome
measures. Pre- and post-treatment comparisons were performed using the Wilcoxon
signed-rank test for paired non-parametric data, as normality could not be assumed with
the small sample size. Statistical significance was set at p < 0.05. All statistical analyses
were performed using SPSS version 28.0 (IBM Corp, Armonk, NY, USA). We acknowledge
that the limited sample size substantially reduces statistical power and increases the risk of
both type I and type II errors.

3. Results
3.1. Efficacy Outcomes

All patients demonstrated significant improvements in hearing thresholds and vertigo
symptoms after 3 months of SGLT-2 inhibitor therapy. Mean PTA improved from 31.4 dB
to 20.8 dB (improvement of 10.6 dB, p < 0.05). Low-frequency hearing showed more
substantial recovery, with LFA improving from 37.2 dB to 15.6 dB (an improvement of
21.6 dB, p < 0.01). Vertigo frequency decreased dramatically from 1.6 episodes per month
to 0.1 episodes per month, with four patients experiencing a complete resolution of vertigo
episodes. VAS scores for vertigo severity decreased from 5.2 to 0.5. Detailed outcomes are
presented in Table 2.

Table 2. Changes in hearing thresholds and vertigo parameters after 3 months of SGLT-2 inhibitor

treatment.
Parameter Baseline After 3 Months Mean Change
Pure-tone average, dB * 31.4 (15.0-45.0) 20.8 (4.2-40.8) —10.6
Low-frequency average, dB t 37.2 (16.7-55.0) 15.6 (5.0-28.3) —21.6
Vertigo episodes per month 1.6 (1.0-3.3) 0.1 (0-0.3) -15
Vertigo severity (VAS score, 0-10) 5.2 (3-7) 0.5 (0-2) —4.7

* Pure-tone average was calculated as the average of thresholds at 0.5, 1, 2, and 4 kHz using the formula: (0.5 kHz
+2 x 1kHz +2 x 2kHz + 4kHz)/6. t Low-frequency average was calculated as the average of thresholds at 0.25,
0.5, and 1 kHz. Data are presented as mean (range). Abbreviation: VAS, visual analog scale.

The improvement in LFA was particularly notable, with a mean reduction of 21.6 dB,
which is clinically significant for patients with Meniere’s disease who typically experience
greater hearing loss in the low frequencies. Four of the six patients experienced a complete
resolution of vertigo episodes.

3.2. Safety Outcomes

Overall, SGLT-2 inhibitor therapy was well-tolerated. One patient experienced mild
polyuria during the first week of treatment, which resolved spontaneously without in-
tervention. Another patient experienced a 5 kg weight loss over the 3-month treatment
period, which is consistent with the known effects of SGLT-2 inhibitors. No episodes of
hypoglycemia, urinary tract infections, or genital infections were reported. All patients
completed the full course of treatment with 100% adherence.
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4. Discussion

This retrospective analysis suggests that repurposing SGLT-2 inhibitors may be ef-
fective in improving both auditory and vestibular symptoms in patients with MD who
are refractory to conventional treatment. Patients showed robust improvement in vertigo
frequency and hearing thresholds, with the complete resolution of vertigo episodes in four
of six patients.

The beneficial effects of SGLT-2 inhibition may be attributed to several mechanisms.
SGLT-2 inhibitors induce natriuresis and osmotic diuresis, which could reduce systemic
fluid volume and, consequently, endolymphatic pressure [19]. Unlike traditional diuretics,
SGLT-2 inhibitors promote more gradual and sustained volume reduction, potentially
providing more stable fluid homeostasis [20]. This physiological approach to diuresis
may be particularly advantageous in MD, where sudden changes in fluid balance could
potentially exacerbate symptoms. Additionally, SGLT-2 inhibitors have demonstrated
pleiotropic effects, including improvements in vascular function and reduction in oxidative
stress, which may address microvascular hypoperfusion as a potential pathomechanism of
MD [21].

Recent advances in understanding inner ear physiology have revealed the presence of
glucose transporters in cochlear and vestibular tissues. The inner ear’s glucose metabolism
is critical for maintaining cellular energy homeostasis, particularly in hair cells and sup-
porting cells that are metabolically active [22]. SGLT-2 inhibitors may influence inner ear
glucose handling and fluid balance through both direct effects on local glucose transporters
and indirect effects via systemic metabolic changes. The reduction in systemic glucose
levels and associated osmotic effects may contribute to decreased endolymphatic volume
and pressure.

The anti-inflammatory properties of SGLT-2 inhibitors represent another potential
therapeutic mechanism. Recent research has identified inflammatory processes as key
contributors to MD pathogenesis, with elevated levels of pro-inflammatory cytokines found
in MD patients [6,7]. SGLT-2 inhibitors have been shown to reduce circulating inflammatory
markers, potentially addressing the inflammatory component of MD pathophysiology.

The improvement in the low-frequency hearing thresholds is particularly significant,
as these frequencies are typically most affected in MD [23]. This finding suggests that SGLT-
2 inhibition may address the underlying pathophysiology of endolymphatic hydrops rather
than simply masking symptoms. The preferential improvement in low-frequency hearing
aligns with the expected effects of reducing endolymphatic pressure, as low-frequency
hearing is most sensitive to changes in inner ear fluid dynamics [24].

Traditional diuretics used in MD management primarily target the distal convoluted
tubule and collecting duct, and can cause electrolyte imbalances with inconsistent effects on
endolymphatic homeostasis [25]. In contrast, SGLT-2 inhibitors offer a more physiological
approach to diuresis by blocking glucose reabsorption in the proximal tubule, leading to
glucosuria-induced osmotic diuresis [26]. This mechanism may provide more consistent
fluid balance effects compared to traditional diuretics, potentially explaining the dramatic
reduction in vertigo episodes observed in our patients.

The concept of personalized medicine in MD management is gaining recognition,
with acknowledgment that different patients may respond to different therapeutic ap-
proaches based on their underlying pathophysiology [27]. Patients with predominantly
fluid retention-related symptoms may be ideal candidates for SGLT-2 inhibitor therapy,
particularly those with comorbid metabolic conditions. Future research should focus on
identifying biomarkers or clinical characteristics that can predict the response to SGLT-2 in-
hibitor therapy, enabling more targeted treatment approaches.
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The drug repurposing approach offers several advantages in addressing unmet medi-
cal needs in rare conditions like refractory MD. SGLT-2 inhibitors have well-established
safety profiles from extensive use in diabetes management, potentially accelerating their
evaluation for alternative indications [28]. Moreover, the existing clinical experience pro-
vides valuable insights into safety profiles, drug interactions, and contraindications. The
cost-effectiveness of repurposing existing medications compared to developing novel ther-
apies represents another significant advantage, particularly important for rare conditions
where pharmaceutical investment may be limited. The excellent tolerability profile ob-
served in our study is consistent with the known safety characteristics of SGLT-2 inhibitors.
The mild adverse effects, including transient polyuria and modest weight loss, are gen-
erally manageable and may even provide additional benefits for patients with comorbid
conditions such as hypertension or obesity. This tolerability advantage over traditional
treatments may improve patient adherence and long-term treatment outcomes.

This study has several important limitations that must be acknowledged. First, the
retrospective observational design without a control group fundamentally limits our ability
to establish causality between SGLT-2 inhibitor treatment and clinical improvements. The
natural fluctuating course of MD makes it particularly challenging to distinguish treatment
effects from natural disease progression or placebo effects. Second, the absence of objective
measures such as gadolinium-enhanced MRI to assess endolymphatic hydrops represents a
critical limitation [5,29]. Third, the small sample size (n = 6) and relatively short follow-up
period (3 months) limit the generalizability of findings and prevent the assessment of
long-term treatment sustainability. Fourth, the lack of a formal washout period means
that potential residual effects from previous treatments cannot be completely excluded.
Fifth, the discordance with preclinical findings by Palbrink et al., who found empagliflozin
ineffective in preventing endolymphatic hydrops in a mouse model, raises questions about
mechanism and translational relevance, though their study focused on prevention rather
than treatment of the established disease.

Future research should prioritize randomized controlled trials with adequate sample
sizes and appropriate control groups to establish definitive efficacy and safety profiles.
Studies should incorporate objective outcome measures, including gadolinium-enhanced
MRI assessment of endolymphatic hydrops, vestibular function testing, and validated qual-
ity of life instruments. Long-term follow-up studies are essential to determine treatment
durability and identify potential late adverse effects.

The investigation of optimal dosing regimens, treatment duration, and patient se-
lection criteria for SGLT-2 inhibitor therapy in MD represents another critical research
priority. Pharmacokinetic studies examining the penetration of these agents into inner ear
fluids would provide valuable mechanistic insights. Additionally, combination therapy
approaches utilizing SGLT-2 inhibitors with other treatments may offer synergistic benefits
and should be explored.

The development of biomarkers to predict treatment response would significantly
advance personalized medicine approaches in MD management. This could include genetic
markers, inflammatory profiles, or metabolic parameters that identify the patients most
likely to benefit from SGLT-2 inhibitor therapy.

Despite these limitations, our findings provide compelling preliminary evidence
supporting the potential repurposing of SGLT-2 inhibitors as a therapeutic candidate
in treatment-resistant MD, warranting further investigation through properly designed
clinical trials.
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5. Conclusions

This preliminary retrospective study suggests that SGLT-2 inhibitor therapy may have
potential benefits for patients with treatment-resistant MD. However, the observational de-
sign and inherent limitations prevent definitive conclusions about causality. The significant
improvements observed in both hearing thresholds and vestibular symptoms warrant fur-
ther investigation through properly designed randomized controlled trials with objective
outcome measures, including gadolinium-enhanced MRI assessment of endolymphatic
hydrops, to establish the true efficacy of this therapeutic approach.
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Abstract: Background/Objectives: Outpatient surgery enhances patient comfort while
reduces surgical wait times and healthcare costs compared to inpatient procedures. This
study evaluates the individual feasibility of performing transoral trans muscular cordec-
tomies with microelectrodes (TOMES) on an outpatient basis. Methods: This observational
study analyses TOMES types III, IV, and V cordectomies performed from January 2002 to
December 2023. Key metrics include patient demographics, procedural details, incidence
of bleeding, anticoagulation and other comorbidities. Results: Of the 143 procedures, 127
were cancer-related, while 16 were due to bilateral vocal cord paralysis. The average age
was 65, with a predominantly male cohort (92%). Postoperative hemorrhage occurred
in four cases, primarily among oncological patients, but there was no correlation with
anticoagulation therapy. A personalized predictive model for bleeding risk was developed
based on patient-specific characteristics and observed outcomes. Additionally, performing
the procedure on an outpatient basis decreased healthcare costs and wait times for patients
with T1/T2 glottic carcinoma. Conclusions: The findings indicate that TOMES type III or
higher cordectomies can be safely performed on an outpatient basis, through the use of a
personalized predictive model for each case and with appropriate postoperative monitor-
ing. This approach has the potential to lower healthcare costs and improve patient quality
of life through individualized assessments and structured risk analysis.

Keywords: cordectomy; laryngeal cancer; microelectrode; quality of life; healthcare costs;
individual predictive model

1. Introduction

Laryngeal cancer represents approximately one-third of all head and neck malignan-
cies, with a reported 5-year overall survival rate ranging from 50% to 60% [1]. It remains a
significant cause of morbidity and mortality worldwide. Among laryngeal tumours, the
glottic region is the most commonly affected site, accounting for nearly half of the cases,
although this proportion may vary depending on the population and geographical region
studied [2]. The widespread use of advanced diagnostic tools such as high-definition vide-
olaryngoscopy and narrow-band imaging has facilitated the earlier detection of glottic car-
cinomas. Consequently, an increasing number of cases are now diagnosed at early clinical
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stages (T1-T2), allowing for less invasive and organ-preserving treatment approaches [3].
For early stage glottic cancer, both transoral surgery and radiotherapy are considered
standard treatment options. While some studies suggest that surgical intervention may
offer better local control, faster recovery, and lower treatment-associated morbidity, other
analyses report no statistically significant differences in oncologic outcomes between the
two modalities [3,4]. However, surgery has been shown in some contexts to offer a more
favourable cost-effectiveness profile compared to radiotherapy [5].

Among the surgical approaches, transoral microelectrode surgery (TOMES) has
emerged as a reliable alternative to laser microlaryngoscopy. TOMES enables precise
dissection with simultaneous coagulation, preserves tactile feedback, reduces operative
time, and is significantly more cost-efficient than CO; laser systems [6,7].

In these cases of T1/T2 glottic tumours, the indicated surgical procedure is the cordec-
tomy, which consists of the partial or complete excision of the vocal fold, typically per-
formed for oncological or functional indications. The extent and depth of resection is classi-
fied according to the system proposed by the European Laryngological Society (ELS) [8,9],
which provides a standardized framework for endoscopic cordectomy procedures. This
classification is based on anatomical criteria and distinguishes between six main types
(Figure 1):

High blood pressure 48%
Dyslipidemia
Diabetes mellitus

Ischemic heart disease
Chronic obstructive pulmonary disease

Hypothyroidism
Anxiety-depressive syndrome
Other tumors
Chronic venous insufficiency
Obesity
Bronchitis

Previous cardiovascular accident
Obstructive sleep apnea

Peripheral artery disease

0% 20% 40% 60%

Figure 1. Concomitant diseases of the patients under study.

Type I: Subepithelial cordectomy

Type II: Subligamental cordectomy

Type III: Transmuscular cordectomy

Type IV: Total cordectomy

Type V: Extended cordectomy

Type VI: Cordectomy involving the anterior commissure

Furthermore, type V cordectomies are subdivided depending on the anatomical struc-
tures involved:

Va: Extension to the contralateral vocal fold including the anterior commissure

Vb: Involvement of the arytenoid

Vc: Extension into the subglottic space

Vd: Involvement of the laryngeal ventricle
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This classification allows surgeons to plan the extent of resection with greater pre-
cision based on tumour size, location, and infiltration depth, and it facilitates compari-
son of surgical outcomes across centres. Type III, IV, and V cordectomies entail deeper
tissue resection and carry a higher theoretical risk of postoperative complications such
as bleeding or prolonged hospitalization. Assessing these more complex procedures is
crucial to determine the safety and feasibility of implementing outpatient protocols for
selected patients.

In our institution, TOMES has been the standard technique for performing cordec-
tomies for over two decades, consistently yielding excellent oncological outcomes with min-
imal postoperative complications. This experience has fostered the expansion of TOMES
procedures into the outpatient setting.

In parallel, there has been a growing global trend toward ambulatory surgery across
multiple specialties. In addition, medicine is increasingly being practised in a more person-
alized way, with each case being assessed individually and treatment always adapted to
the situation and condition of each patient at any given time.

Ambulatory surgical models tailored to each person offer numerous benefits, including
enhanced patient satisfaction, reduced hospital-acquired complications, and faster return
to daily activities [10]. From a health systems perspective, same-day discharge protocols
reduce healthcare expenditures and optimize surgical wait times by improving the turnover
of operating room resources [11,12].

In this context, assessing the safety and individual feasibility of performing more
extensive cordectomies for glottic tumours in an outpatient setting is of growing clinical
relevance. Understanding the predictors of postoperative complications, particularly
bleeding and prolonged hospitalization, is essential to refine patient selection criteria and
ensure optimal perioperative outcomes.

The primary objective of this study is to analyze the individual risk factors associated
with postoperative complications, particularly bleeding and prolonged hospital stay, in
patients undergoing transmuscular or extended cordectomies (types III, IV, and V) using
transoral microelectrode surgery (TOMES).

Based on this analysis, we aim to develop personalized predictive models that can
estimate the likelihood of successful outpatient management for each patient. The ultimate
goal is to support clinical decision-making regarding ambulatory surgery eligibility, with
the intention of enhancing patient comfort and quality of life, optimizing hospital resource
allocation, reducing surgical waiting times, and lowering overall healthcare costs.

2. Materials and Methods

A retrospective observational study was conducted at a single tertiary care centre,
based on the review of medical records from patients who underwent transoral micro-
electrode surgery (TOMES) for transmuscular (type III) or extended (types IV and V)
cordectomies between January 2002 and December 2023 [8,9].

Eligible patients were those who underwent type III, IV, or V cordectomies using
TOMES and fulfilled all protocol-defined criteria. Exclusion criteria included intraoperative
conversion to open surgery, the use of alternative surgical instrumentation, or any deviation
from standard surgical indications. Furthermore, type I and II cordectomies were excluded,
as these are currently performed on an outpatient basis at our institution.

Based on epidemiological data from the Spanish Network of Cancer Registries (RE-
DECAN 2025), the overall incidence of laryngeal cancer in Spain is estimated at 6.1 cases
per 100,000 inhabitants per year when both sexes are considered. Approximately 60% of
laryngeal cancers originate in the glottis, and two-thirds of glottic carcinomas are diag-
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nosed at an early stage. In our healthcare area, which serves a population of approximately
390,000 inhabitants, the expected incidence of early-stage (T1-T2) glottic squamous cell
carcinoma was therefore estimated at 2.5 cases per 100,000 person-years, corresponding to
9-10 new cases annually.

Assuming a Poisson distribution for rare events, the required sample size was calcu-
lated to achieve a 95% confidence interval with a predefined relative precision. The number
of cases was derived using the formula: k &~ (r x 1.96)? where k represents the required
number of cases and r the desired relative margin of error.

To estimate the incidence with a relative precision of +20%, a minimum of approxi-
mately 96 cases was required. Based on the expected annual incidence within our reference
population, the accrual period was planned accordingly to meet this requirement.

Out of 151 cordectomies initially performed with TOMES, 8 cases were excluded due
to conversion to open surgery. Thus, a total of 143 cordectomies met the inclusion criteria
and were included in the final analysis.

Baseline variables included sex, age, underlying pathology (glottic carcinoma or vo-
cal cord paralysis), and risk factors such as smoking and alcohol use. Comorbidities
were recorded, including arterial hypertension, dyslipidemia, ischemic heart disease, dia-
betes mellitus, chronic obstructive pulmonary disease (COPD), hypothyroidism, anxiety-
depressive disorder, malignancy at another site, chronic venous insufficiency, obesity,
chronic bronchitis, prior cerebrovascular accident, obstructive sleep apnoea, and peripheral
arterial disease. Surgical data encompassed the type of cordectomy and anticoagulant use
on the day of surgery. Oral anticoagulants (including vitamin K antagonists, direct thrombin
inhibitors, and factor Xa inhibitors) were discontinued 48 to 72 h before surgery, following
hematology department recommendations. Bridging therapy with low-molecular-weight
heparin (LMWH) was initiated and maintained until 24 to 48 h after the procedure, pro-
vided no adverse events occurred. Oral anticoagulation was then reintroduced according
to clinical stability and standard protocol. Postoperative variables included the occurrence
and timing of bleeding and the duration of hospital stay.

For qualitative variables, analytical tools (frequency tables) and graphical tools (pie
charts and bar charts) were used. For quantitative variables we used analytical tools such
as location statistics (means and medians), dispersion (standard deviations, percentiles and
ranges) and shape statistics (symmetry and kurtosis coefficient), as well as graphical tools
(histograms and box plots).

The relationship of postoperative bleeding with each of the baseline variables, con-
comitant diseases and surgical characteristics was analyzed.

First, statistical tests were applied to see the relationship of each variable with surgical
bleeding, and then an estimation of the risk of bleeding was carried out for each of the
characteristics considered. Finally, logistic regression models were constructed to adjust
the probability of bleeding according to each of the factors considered in the study.

The relationship of hospitalization time with each of the baseline variables, con-
comitant diseases, surgical characteristics and the presence of bleeding after surgery
was analyzed.

Firstly, statistical tests were applied to see the relationship of each variable with the
length of hospitalization. In this group of patients, the need for long hospitalisations is
very low, so it was decided to recode the days of hospitalization as a categorical variable
(one day vs. more than one day).

For all statistical analyses, the R software version 4.4.1 has been used. In all cases,
bilateral tests have been applied using a significance level of 5%, obtaining exact p-values
whenever possible.
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3. Results

A total of 143 surgical procedures meeting the inclusion criteria were performed. Of
these, 127 were carried out in oncologic patients (122 with squamous cell carcinoma and
5 with verrucous carcinoma) while the remaining 16 cases corresponded to other indica-
tions, such as unilateral vocal cord paralysis. The cohort was predominantly male (92%,
n = 131), with a mean age of 65 years. Regarding exposure to toxic habits, 108 patients
(75.5%) reported at least one: 84 (58.7%) were active smokers, and 71 (49.7%) consumed
alcohol. Notably, 47 patients (32.9%) presented with both risk factors (Table 1).

Table 1. Demographics of the sample (SD: standard deviation; Min: minimum; Max: maximum; VCP:
vocal cord paralysis; SCC: squamous cell carcinoma; VeC: verrucous carcinoma).

Total
Total 143 (100%)
Sex
Men 131 (91.6%)
Women 12 (8.4%)
Age
Mean (SD) 65.1 (12.5)
Median (Min.—Max.) 66 (31-94)
<60 years 37 (25.9%)
60-69 years 50 (35.0%)
>70 years 56 (39.2%)
Disease
VCP 16 (11.2%)
SCC 122 (85.3%)
VeC 5 (3.5%)
Toxic habits
No 35 (24.5%)
Yes 108 (75.5%)
Tobacco 84 (58.7%)
Alcohol 71 (49.7%)

Concerning comorbidities, 19.6% of patients (n = 28) had no associated medical con-
ditions at the time of surgery. However, 80.4% (n = 115) presented with at least one
concomitant disease. The most common subgroup consisted of patients with two comor-
bidities, accounting for 25.9% of the total. The most prevalent comorbidity was arterial
hypertension, affecting 48% of patients, followed by dyslipidemia (39%), diabetes mellitus
(17%), ischemic heart disease (15%), chronic obstructive pulmonary disease (12%), hy-
pothyroidism (10%), anxiety-depressive syndrome (10%), other malignancies (8%), chronic
venous insufficiency (6%), obesity (5%), bronchitis (5%), previous cerebrovascular events
(5%), obstructive sleep apnea (5%), and peripheral arterial disease (1%) (Figure 1).

Regarding the type of surgical procedure performed, the majority of patients un-
derwent a transmuscular cordectomy (Type III), accounting for 53.1% of cases. This was
followed by extended cordectomy (Type V) in 44.1% of patients. A small subset underwent
a complete cordectomy (Type IV), representing only 2.8% of the total (Figure 2).
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Type IV

3%
Type V
44%

Type Ill
53%

Figure 2. Types of cordectomies performed.

Additionally, seven patients (4.9%) were under anticoagulant therapy on the day of
surgery, none of whom experienced postoperative bleeding.

A total of five postoperative bleeding events were recorded, corresponding to an
estimated bleeding risk of 3.5% (95% CI: 1.5-7.9%) for this type of procedure performed
with microelectrodes. The mean time to bleeding onset was 120 min after the end of
surgery. The earliest case occurred immediately after extubation, while the latest occurred at
210 min postoperatively. No bleeding events were observed between 210 min and the
seventh postoperative day, nor was any bleeding detected after the seventh postoperative
day. Postoperative bleeding occurred in 8% of women and 3% of men. Four bleeding
events were recorded in the oncologic group and one in the non-oncologic group. Approxi-
mately 5% of patients were under anticoagulant therapy; however, none of these patients
experienced bleeding. Arterial hypertension was present in 49% of the total cohort, and
40% of the patients with bleeding had this condition. No statistically significant differences
were found in postoperative bleeding by sex (p = 0.359), with an estimated risk of 3.1% in
men (95% CI: 1.2-7.6%) and 8.3% in women (95% CI: 1.5-35.0%). Likewise, no significant
difference was observed in median age between patients without bleeding (66 years) and
those with bleeding (61 years) (p-value = 0.377). There was also no significant association
between bleeding risk and underlying pathology (p-value = 0.554), with an estimated
bleeding risk of 6.3% in patients with bilateral vocal cord paralysis and 3.3% in those with
squamous cell carcinoma. No significant differences were observed based on smoking
status (p-value = 0.649), with an estimated bleeding risk of 4.8% in smokers and 1.7%
in non-smokers. Similarly, no significant differences were found with respect to alcohol
consumption (p-value = 0.681), with an estimated bleeding risk of 4.2% in alcohol users
and 2.8% in non-users. A statistically significant difference was observed in bleeding risk
according to the type of cordectomy performed (p-value = 0.021), with no bleeding reported
in patients who underwent a transmuscular cordectomy (Type IlI) and a 7.5% risk observed
in those who underwent total or extended cordectomy (Type V). Patients undergoing Type
IV-V cordectomies had an odds ratio of 13.464 for postoperative bleeding compared to
those who underwent Type III procedures, a statistically significant result (p-value = 0.017).
No other factors showed a statistically significant association in the univariate models,
although bronchitis and sex demonstrated the highest levels of association among the
remaining variables. These differences are illustrated in Figure 3.
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Figure 3. Percentage of bleeding by type of cordectomy.

Finally, the estimated bleeding risk was 0.0% in patients receiving anticoagulant
therapy, compared to 3.7% in those not on such medication.

A multivariate model was constructed including those variables that showed a
p-value < 0.25 in the univariate analysis. Table 2 summarizes the variables included
in the univariate and multivariate analyses, indicating the level of statistical significance
achieved with a 95% confidence interval.

Table 2. Summary of variables included in univariate and multivariate predictive model with an
95% confidence interval (CI) (SCC-VeC: squamous cell carcinoma-verrucous carcinoma; VCP: vocal
cord paralysis).

Univariate Multivariate

Variable Bleeding No Bleeding Model Model
p-Value p-Value
Total-143 (100%) 5(3.5%) 138 (96.5%)
Type of cordectomy 0.017 0.005
Type IlI—transmuscular 0 76(100%)
Type IV /V-total /extended 5 (7.5%) 62 (92.5%)
Anticoagulant therapy 0.773
No 5 (3.7%) 131 (96.3%)
Yes 0 (0.0%) 7 (100%)
Disease 0.357
SCC-VeC 123 (96.85%) 4 (3.15%)
vCp 1(6.3%) 15 (93.8%)
Sex 0.234 0.056
Men 4 (3.1%) 127 (96.9%)
Women 1(8.3%) 11 (91.7%)
Age 0.571
<60 years 1(2.7%) 36 (97.3%)
60-69 years 4 (8.0%) 46 (92.0%)
>70 years 0 (0.0%) 56 (100.0%)
Smokers 0.391
Yes 4 (4.8%) 80 (93.6%)
No 1(1.7%) 58 (98.3%)
Alcoholism 0.663
Yes 2 (2.8%) 68 (95.8%)
No 3 (4.2%) 70 (97.2%)
Chronic bronchitis 0.127 0.136
Yes 1 (12.5%) 7 (87.5%)
No 4 (30.0%) 131 (97.0%)
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In the final model, the type of cordectomy emerged as the only statistically significant
prognostic factor. However, factors such as gender (p = 0.056) and chronic bronchitis
(p = 0.136) have also been included due to their proximity to statistical significance in the
multivariate model, which increases its discriminatory power compared to the univariate
model. All of this is reflected in Figure 4, which shows the ROC curve associated with
the final multivariate predictive model, which demonstrates high discriminatory power,
with an area under the curve (AUC) of 0.839—higher than that of the univariate model

(AUC = 0.775).
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Figure 4. Predictive model for postoperative bleeding. The ROC curve associated with the final
multivariate predictive model, which demonstrates high discriminatory power, with an area under
the curve (AUC) of 0.839.

The mean hospital stay was 1.29 days, ranging from 1 to 7 days. Figure 5 illustrates
the distribution of hospital stay duration in this patient cohort, showing that nearly all
patients (87.4%) required only a single day of hospitalization.
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Figure 5. Days of hospitalization after surgery.

Although no statistically significant differences were observed, a trend was noted
suggesting a relationship between smoking status and length of hospital stay (p-value = 0.105),
with smokers exhibiting a longer hospitalization period compared to non-smokers.

Statistically significant differences were found in the number of hospitalization days
based on the presence or absence of anxiety-depressive syndrome (p-value = 0.032).

Patients with ischemic heart disease also showed a tendency toward longer hospital
stays, although this was not statistically significant (p-value = 0.119).
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The type of cordectomy performed approached statistical significance in relation to
hospitalization duration (p-value = 0.137), with longer stays observed in patients who
underwent total or extended cordectomy.

Finally, a highly significant difference was observed in hospitalization time between
patients who experienced surgical bleeding and those who did not (p-value < 0.001).

When constructing the multivariable predictive model, postoperative bleeding was
identified as a significant predictor of hospital stay longer than one day (p-value < 0.001).

For the construction of this final penalized multivariate logistic regression model,
factors with a significance level lower than 0.25 in the univariate model were included
(smoking p = 0.083; ischaemic heart disease p = 0.144; anxiety—depression syndrome
p = 0.088 and type of pathology p = 0.112) were included in the model, given that the small
number of events observed makes it difficult to adjust models with many independent
variables. Smoking status and the presence of certain comorbidities approached statistical
significance and may reach significance with an expanded sample size. Figure 6 shows the
ROC curve associated with the full multivariate predictive model including these variables,
demonstrating good discriminative ability with an area under the curve (AUC) of 0.837.
This performance surpasses that of the model including only postoperative bleeding, which
had an AUC of 0.639. The improvement of the full model over the bleeding-only model
was statistically significant (p-value < 0.001).
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Figure 6. Predictive model for hospital stay. The ROC curve associated with the full multivariate
predictive model including these variables, demonstrating good discriminative ability with an area
under the curve (AUC) of 0.837.

Lastly, the costs incurred by the patients included in this study for the National Health
System have been analyzed.

The total average cost per patient for outpatient cordectomy using TOMES was be-
tween EUR 963.82 and EUR 997.05, while procedures requiring hospitalization ranged
from EUR 3523.15 to EUR 4651.67 (taking into account not only the surgery but also the
stay in the post-anesthesia recovery unit, administrative costs, staff and materials). This
represents an additional cost of between EUR 2559.33 and EUR 3688.85 when this surgery
is performed on an inpatient basis, making inpatient surgery approximately 3.6 to 4.7 times
more expensive than outpatient treatment. Assuming that hospitalization costs are the
main factor explaining this difference, the excess cost corresponds to an estimated 2.3 to
4.1 days of post-surgical hospitalization (based on an average daily cost of between EUR
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900 and EUR 1100). These results suggest that, although the surgical component itself is
comparable, hospitalization significantly increases the total cost.

4. Discussion

The decision to perform a surgical procedure on an outpatient basis is inherently com-
plex. It must take into account variables related to the underlying pathology, the surgical
technique itself, the characteristics of the hospital, and, crucially, individual patient factors,
both medical and social. These considerations guide the choice of the most appropriate
and safest option for each patient, aiming to maximize well-being and potentially improve
quality of life.

Before initiating outpatient surgical planning, it is essential to review the ambulatory
surgery eligibility criteria specific to the institution. These typically include optimal control
of chronic diseases, availability of adequate postoperative surveillance during the first 24 h,
access to private transportation to the nearest hospital equipped to manage postoperative
complications, and the patient’s proximity to that facility. Once these criteria are met,
case-by-case evaluation allows us to offer safe outpatient surgery on an individual and
personalized basis for each patient.

Over 80% of patients presented with at least one comorbidity, with arterial hyper-
tension being the most common, present in nearly half of the cohort. This is a relevant
finding considering the historical association between hypertension and increased risk of
systemic bleeding [13]. However, in our analysis, the presence of hypertension did not
correlate with a higher postoperative bleeding risk when cordectomies were performed
using the TOMES technique. Combined with the low incidence of bleeding within the first
7 postoperative days, these results support the inclusion of well-controlled hypertensive
patients in outpatient surgery protocols.

A similar trend was observed in anticoagulated patients. Although anticoagulant
therapy, as well as coagulopathies or other haemostatic disorders, is classically associated
with increased bleeding risk [14], our findings suggest that, with appropriate perioperative
management, these patients did not experience a significantly higher incidence of bleeding
when treated with the TOMES approach.

No bleeding events were observed beyond 210 min postoperatively. This suggests that
there is no need to extend the usual postoperative recovery room monitoring time, which
typically ranges from 6 to 8 h in most ambulatory surgical procedures. Furthermore, to en-
sure patient safety, no bleeding events were recorded between 210 min postoperatively and
the 7th postoperative day in our sample. In other words, no haemorrhagic complications
occurred at home after hospital discharge.

No statistically significant differences were observed in bleeding risk based on the
underlying pathology (glottic carcinoma vs. vocal cord paralysis). Although bilateral vocal
fold paralysis is not typically considered a risk factor for increased bleeding, in this study,
a higher proportion of bleeding events was observed in these cases. This finding may be
influenced by the relatively small number of patients with this pathology included in the
cohort compared to those with tumoral lesions.

This finding warrants further investigation in future studies, as tumoral pathologies
are generally associated with a higher bleeding tendency due to their rich vascularization,
which often includes aberrant and fragile vessels [15].

While no significant differences were observed in bleeding risk by sex, smoking,
chronic bronchitis, obesity, diabetes, dyslipidemia, etc., a statistically significant association
was found between the type of cordectomy and postoperative bleeding. Specifically,
extended cordectomies (Types IV and V), which involve resection beyond a single vocal
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fold [8,9], were associated with a 7.5% higher risk of bleeding. This finding is consistent
with the expected increase in vascular injury in more extensive resections, especially
when optimal haemostasis is not achieved. It is also possible that this association is
indirectly related to tumour size, as larger tumours typically require more extensive surgical
resections, which, as observed in this study, are associated with an increased risk of
postoperative bleeding.

Other previously discussed variables, such as sex, chronic bronchitis, and smoking
status, did not reach statistical significance; however, a trend toward significance was
observed in relation to an increased risk of postoperative bleeding. These factors may
potentially influence bleeding outcomes but the limited number of bleeding events and the
overall low incidence of this complication in TOMES cordectomies may have reduced the
power to detect significant differences.

For these reasons, developing and applying an individualized risk prediction model
for postoperative bleeding is a valuable next step. Expanding the sample size in future
studies will allow for a more refined analysis of variables that, while not statistically
significant in the current cohort, have shown clinically relevant trends.

Although transoral laser cordectomies have been performed on an outpatient basis in
some centres for years [16], cordectomies performed using transoral robotic surgery (TORS)
have only recently been introduced, and indications for this surgical approach are steadily
increasing. Furthermore, an expanding number of centres are incorporating this technique
into their clinical practice [17].

Because of these reasons, this predictive risk model would not only be applicable
when using microelectrodes as the surgical instrument but could also be extrapolated to
optimize patient selection for transoral laser [16] or TORS cordectomies [17]. In doing so,
it would contribute to optimizing outpatient surgical pathways and enhancing safety in
procedures involving the upper airway.

Furthermore, we analyzed hospital length of stay in this cohort, aiming to identify
which factors may contribute to prolonged hospitalization, particularly relevant given the
known increase in hospitalization and elevated complications associated with extended
inpatient stays. Postoperative bleeding was significantly associated with a longer hospital
stay, as additional days of monitoring are required to ensure adequate haemostasis and
optimal recovery. However, bleeding was not the only factor contributing to prolonged
hospitalization. Other relevant risk factors were identified that should also be considered in
the preoperative assessment. As discussed earlier, more extensive surgeries, which are often
required for larger tumours, are associated with a higher risk of bleeding and, indirectly,
with longer hospital stays due to the need for extended surveillance. Although not reaching
statistical significance, a clear trend toward longer hospital stays was observed in smokers,
patients with ischemic heart disease, and those with anxiety-depressive disorders. In the
multivariable logistic regression model, the risk of prolonged hospitalization was notably
higher in patients presenting with one or more of these four risk factors. These patient
characteristics should therefore be incorporated into a predictive model for hospital length
of stay.

On the other hand, transoral laser cordectomies have been associated with lower
treatment costs for T1-T2 glottic tumours compared to open cordectomy or radiotherapy [5].
In addition, it is important to highlight the economic savings achieved by performing this
surgery using transoral microelectrode surgery (TOMES) instead of laser, while still offering
comparable clinical outcomes [6]. Furthermore, this study has shown how outpatient care
significantly reduces the cost per patient, resulting in savings equivalent to the cost of a
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hospital stay of between 2 and 4 days per patient. This represents a significant reduction in
healthcare expenses, which in turn has a positive impact on the National Health System.

In summary, both individual predictive models, one for bleeding risk and another
hospital stay duration, are promising tools that must be used with caution. Their predictive
power should be validated and refined over time as the dataset grows and more events
are recorded. With this approach, patients can be appropriately selected for outpatient
TOMES cordectomies based on their individual profiles, contributing to reduced surgical
wait times, fewer hospital admissions, and overall lower healthcare costs. Additionally,
minimizing hospital stay may help reduce the incidence of inpatient complications and
promote a more comfortable surgical experience for patients, ultimately improving their
quality of life.

5. Conclusions

Cordectomies performed via transoral microelectrode surgery (TOMES) are common
procedures routinely carried out in hospital settings. Type III, IV, and V cordectomies
performed using this technique have demonstrated a low rate of immediate postoperative
bleeding complications. In this series, the latest bleeding event occurred 3.5 h after surgery,
suggesting that selected cases can be safely managed in an outpatient setting with an
appropriately postoperative monitoring. Moreover, extended cordectomies have been
associated with a higher risk of bleeding.

When considering this approach, it is essential to make individualized decisions using
a personalized predictive model that incorporates patient-specific risk factors, comorbidi-
ties, and the planned type of cordectomy. This strategy has the potential to improve patient
quality of life and reduce healthcare costs.
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Abstract: Background: The Delphi method is increasingly used in otolaryngology to develop
consensus in subjects lacking robust evidence. In these contexts, consensus documents play a
dual role: they provide structured expert guidance while determining shared principles adapt-
able to the individual patient. Nevertheless, the methodological rigor and reporting consistency
of Delphi studies remain variable, raising concerns about transparency, reproducibility, and
potential bias. Methods: A systematic review was conducted according to PRISMA guidelines.
MEDLINE, Embase, and Web of Science were searched for Delphi-based consensus studies in
otolaryngology. Fully published studies in English, Italian, German, French, or Spanish were
included. Each article was assessed using established methodological frameworks for consensus
development, bias domains described in the methodological literature, and the DELPHISTAR
reporting checklist. Reliability and completeness scores were calculated to enable comparisons.
Results: Out of 3168 unique records, 86 studies were included. Most defined their purpose
and consensus criteria, but transparency regarding panel selection, anonymity, feedback, and
criteria for stopping the consensus process was often missing. Based on methodological bias
domains, only 9 studies (10.5%) reached a “good” reliability score, while the majority were
rated as “fair.” According to DELPHISTAR, just 3 studies (3.5%) showed good levels of com-
pleteness. Reporting completeness and risk of bias proved heterogeneous across subspecialties.
Conclusions: Delphi-based studies are increasingly shaping clinical practice in otolaryngology,
but persistent methodological and reporting limitations undermine their reliability. Wider
adoption of standardized frameworks is essential to improve transparency, reproducibility, and
clinical impact, ensuring that consensus statements support both evidence-informed practice
and personalized patient care.

Keywords: guidelines; consensus; Delphi; methodology; bias; quality evaluation;
otolaryngology

1. Introduction

The “Delphi method” (DeMet) is a structured, group-based process used to achieve
consensus among a panel of experts through multiple rounds of questionnaires. After
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each round, participants receive anonymous feedback summarizing the group’s responses,
allowing them to revise their views in subsequent rounds. This iterative process continues
until a stable consensus is reached [1].

Throughout the years, the adoption of this technique has become increasingly common
for forecasting, decision-making, and developing guidelines, especially in situations where
evidence is limited or uncertain [2]. The DeMet is mostly used in studies involving
medicine, technology, natural science, and behavioral social sciences [3].

In medicine, Delphi-based consensus statements play a particularly crucial role, as
they often represent the only structured framework available to guide clinical decisions in
fields where robust evidence is scarce. In these contexts, consensus is not only a pragmatic
substitute for guidelines but also a foundation for delivering personalized care: it allows
clinicians to rely on expert-derived principles while tailoring therapeutic strategies to
the specific needs of individual patients. This dual role makes consensus documents a
cornerstone of modern personalized medicine, bridging the gap between limited evidence
and the demand for individualized, evidence-informed treatments.

Given the widespread interest in the DeMet in the research field, especially in topics
lacking strong evidence, several reporting guidelines have been introduced to improve
methodological transparency and consistency. Notable among these is the CREDES (Guid-
ance on Conducting and REporting DElphi Studies) [4], which provides practical recom-
mendations for both the design and reporting of Delphi studies to ensure methodological
transparency and reproducibility, and ACCORD (ACcurate COnsensus Reporting Docu-
ment), which focuses on standardizing how consensus-based research is documented and
interpreted [5]. However, both protocols have shown significant limitations, particularly
in addressing the diversity of Delphi applications and methodological variants. To over-
come these gaps, the DELPHI-STAR (Studies in The Areas of Reporting) guidelines [6]
were developed, offering the most comprehensive and interdisciplinary standard currently
available for reporting Delphi studies. As a result, studies interpreting the risk of bias for
DeMet studies have emerged [7], allowing for a more reproducible appropriateness and
reliability evaluation.

The growing adoption of the DeMet across various disciplines (including otolaryngol-
ogy) highlights the need for a rigorous and standardized methodological framework: this
need is also acknowledged by the AAO-HNSF (American Academy of Otolaryngology—
Head and Neck Surgery Foundation) [2].

In this context, the present study carried out a systematic review of Delphi-based
publications in otolaryngology to evaluate how rigorously the DeMet has been applied
in the field and to identify examples of best practices as well as recurring methodologi-
cal limitations. The primary aim of this systematic review is to promote more rigorous
methodological standards that enhance the overall impact, clinical relevance, and scientific
validity of Delphi research in this field.

2. Materials and Methods

This review can be found in The Open Science Framework with DOI (https:/ /doi.org/
10.17605/OSF.IO/8CXS7). Following protocol registration in the Open Science Framework
database [8], we conducted a systematic review between 17 September 2024, and 5 May
2025, in accordance with the PRISMA reporting guidelines [9]. The PRISMA checklist is
provided in Supplementary Table S1. Systematic electronic searches were performed in
English, Italian, German, French, and Spanish to identify any Delphi-method consensus
published on topics of otolaryngological interest.
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On 17 September 2024, we conducted a primary search on the MEDLINE, Embase, and
Web of Science databases. The search terms used were as follows: delphi AND (otolaryngolog*
OR otorhinolaryngolog* OR otolog* OR rhinolog* OR laryngolog* OR audiolog* OR phoniatric*
OR nose* OR nasal* OR paranasal* OR sinus* OR mouth* OR pharyn* OR laryngopharyn*
OR nasopharyn* OR oropharyn* OR rhinopharyn* OR hypopharyn* OR throat* OR larynx
OR laryngeal OR “vocal cord*” OR “vocal fold*” OR ear OR ears OR neck* OR salivary OR
adenoid* OR tonsil* OR tongue* OR speech OR hearing OR audition* OR deglutition* OR
swallow* OR respiration* OR breathing OR gustation* OR taste OR smell* OR olfaction* OR
sinusitis OR rhinosinusit* OR tonsilliti* OR otiti* OR rhinitis* OR ototoxic* OR sleep* OR apnea*
OR OSA OR Epistaxis OR rhinorrhea OR rhinorrea OR deafness OR hypoacus* OR hoarse* OR
dysphagia OR xerostomia* OR hyposalivation* OR hyposialia).

Additionally, we planned to manually examine the references for selected publications
to identify any further relevant reports not retrieved by the initial database search.

Only fully published Delphi-method consensus were considered for inclusion.

Exclusion criteria were as follows:

- Non-human studies;

- Non-otolaryngology-related Delphi topic;

- Papers published in languages other than English, Italian, German, French, or Spanish;

- Conference abstracts;

- Protocol-only papers;

- Studies using mixed consensus techniques or using the DeMet for purposes other
than obtaining a clinical consensus (e.g., using Delphi for prioritizing items in a list);

- Studies published before the Rosenfeld development manual appeared in the literature [2];

- Studies lacking an otolaryngologist in the development group or with less than 50%
otolaryngologists among panelists.

Abstract and full-text reviews were conducted in duplicate by different authors. Dur-
ing the abstract review stage, all studies deemed eligible by at least one reviewer were
included. Disagreements during the full-text review stage were resolved through consensus
among the reviewers.

The PICOTS framework did not apply to this study, as its research methodology was
not focused on patient populations.

Data extraction and study rating were performed in duplicate by two authors, with
discrepancies resolved through consensus.

Based on the frameworks developed by Rosenfeld et al. [2], Nasa et al. [7], and
the DELPHISTAR initiative [6], each study was evaluated to assess its alignment with
established standards for consensus-building research, to obtain a synthesized overview of
the quality of the articles examined.

For each article included, the following outcomes were recorded:

- The related otolaryngology subspecialty (if applicable);

- Key elements such as planning, development, and structure according to the Rosenfeld
development manual (defining scope, development group, appropriate literature
review, modified DeMet implementation, panel inclusion criteria, number of drafting
and revision rounds, number of statements, and final results) for a total of 7 items;

- Potential bias elements according to Nasa et al. [7]. (identification of problem area,
selection of panel members, anonymity of panelists, controlled feedback, iterative
rounds, consensus criteria analysis of consensus, closing criteria, i.e., the criteria
which define when the consensus process should be stopped without further rounds,
stability) for a total of 9 items;
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Reporting completeness according to the Delphistar protocol (38 items).

The quality assessment, which is usually a key component of a systematic review, was
essentially the core component of the data extraction process and represented the primary
objective of the article itself, which was specifically designed to evaluate both the reliability
and completeness of reporting. Therefore, the quality appraisal is inherently embedded
within those processes.

Due to the predominantly qualitative nature of the collected data, no initial or subse-
quent meta-analysis was planned or conducted.

In order to allow easier comparisons of the results, after evaluating each article for reli-
ability and potential bias according to the Nasa et al. [7]. work and reporting completeness
according to the Delphistar protocol, we devised and assigned a specific score.

Regarding the Nasa et al. [7]. protocol, we reported for each article a reliability score
given as the percentage of the items not at risk of bias out of the nine proposed. In case
an item could not be applied to a specific article (as it was often the case for the “stability”
item), such an item was ignored for the overall score.

Based on the score achieved, the articles have been subsequently classified for relia-
bility and potential bias as follows: poor: less than 35% of items not at risk of bias; fair:
between 35—70% of items not at risk of bias; good: >70% of items not at risk of bias.

Following an analogous method, we also scored each article for the completeness
achieved according to the Delphistar protocol and expressed it as a percentage based on
the 38 proposed items. In case an item could not be applied to a particular article, such as
“Information about the sources of funding” and “Justification of the Delphi variation and
modifications”, those items were excluded.

Based on the score achieved, the articles” completeness was subsequently classified as
follows: very poor: less than 25% of items reported; poor: 25—50% of items reported; fair:
50—75% of items reported; good >70% of items reported.

3. Results

Among the 3,168 unique research items initially identified, 271 published reports were
selected for full-text evaluation. No further report was identified for full-text evaluation
after reference checking. Ultimately, a total of 86 articles were retained for analysis (see
Figure 1). The list of DeMet consensus included in this systematic review is provided in
Supplementary Material Table S2.

5951 items identified through computerized and manual search on September

PubMed: n= 1722
Embase: n=2883
Web of Science (WOS): n = 1346

3168 Abstracts screened after duplicates removed

8 incomplete application of the Delphi method
udies

33 cearly not Delphi consens
159 artcles published in 2014 or earlier
251 less than 50% ENT specialists as authors or in the development group

271 Full texts screened

186 full-text articles excluded for the following reasons

2 studies not related to ENT field

15 publication type not eligible

2 duplicates

6 incomplete application of the Delphi method

118 clearly not a Delphi consensus study

4 articles published in 2014 or earlier

38 less than 50% ENT specialists as authors or in the
development group

l 86 Studies included in systematic review ‘

Figure 1. Delphi-style flowchart depicting the article selection process.
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The literature was categorized according to the otolaryngology field covered: skull
base, otology, laryngology, neuromonitoring, nose and paranasal sinuses, head and neck
oncology, sleep and apnea, pediatric otolaryngology, thyroid, and “other”. Items retrieved
for each otolaryngology topic are detailed in Table 1.

Table 1. Topic-based categorization of the articles included in the systematic review.

Topic No. of DeMet Consensuses Identified
Skull base 4
Ear 6
Laryngology 13
Neuromonitoring 2
Nose and paranasal sinuses 15
Head and neck oncology 13
Sleep/apnea 2
Pediatric otolaryngology 17
Thyroid 9
Other 5

The table reports the number of articles included in this systematic review according to the main topic. The section
“other” includes topics addressed by a single article unclassifiable in the other sections.

3.1. Application of Rosenfeld’s Methodology

All the 86 analyzed studies predetermined the purpose of the consensus according
to Rosenfeld’s development manual; 65 performed and documented a literature review
before the consensus, while 2 explicitly did not, and 19 did not declare it. Regarding the
implementation method, 33 studies applied the classic modified method, 22 the Rosenfeld
method, 15 the Nominal Group Technique (NGT), and 16 other methodologies.

The development group was explicitly described in 66 out of 86 articles: of these,
43 included an exclusively otolaryngological development group, and in 22, it was a
mixed (otolaryngological and non-otolaryngological) group. A single included DeMet
consensus had a completely non-otolaryngological development group. Regarding the
panel, 70 articles specified the number of panelists, with a mean value of 28.7 members
(median 25, interquartile range 17.75, min 7, max 125). A total of 53 articles reported a
multispecialty panel group; in 29, it was an exclusively otolaryngological panel, while
4 articles did not define the clinical specialty of panel members.

84 out of 86 articles defined the number of drafting and revision rounds, with a mean
value of 2.6 (median 2.5, IQR 1, min 1, max 5). 81 articles reported the number of initial
and final statements. Initial statements were 50.28 on average (median 25, IQR 32, range
4-413). Approved statements were 30.76 on average (median 21, interquartile range 23,
range 4-133).

3.2. Potential Bias Elements

In the evaluation conducted following Nasa et al. [7]. appropriateness criteria, 83 out
of 86 articles correctly identified the problem area. The selection of panel members’ criteria
was explicit in 47 out of 86 articles, whilst anonymity of the panelists was guaranteed
only in 26 articles, with 21 articles being unclear. Controlled feedback was referred to in
6 articles, with 17 studies being unclear, whilst iterative rounds were recorded in 80 articles.
Consensus criteria were established in 81 articles; analysis of consensus was described in
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64. Closing criteria were established in only 16 articles, and stability in 11. Table 2 reports
the reliability score of the included articles. Figure 2 provides a graphical synthesis of the
same values.

Table 2. Article reliability.

Reliability Score According to Nasa et al. [7].

1 Identification

2 Selection of 3 Anonymity 4 Controlled  5Iterative =~ 6 Consensus 7 Analysisof 8 Closing

S x
of problem area panel of panelists feedback rounds criteria consensus criteria 9 Stability
members
1/9 1/9 1/9 1/9 1/9 1/9 1/9 1/9 1/9
Total =9/9 *
Poor: score < 35% n=12
Reliability - " -
(% of total) Fair: score 35-70% n=65
Good: score > 70% n=9

The table reports the 9 items of the Nasa et al. [7]. evaluation for bias and the reliability score. * If an item could
not be applied to a specific article, it was ignored for the overall score.

80

60

40

20

POOR (<35%) FAIR (35-70%) GOOD (>70%)

Figure 2. Reliability score of articles according to Nasa et al. [7]. Whenever an item could not be
applied to a specific article, it was ignored for the overall score.

3.3. Application of the DELPHISTAR Reporting Framework
3.3.1. Title and Abstract

In 16 of the examined articles, the Delphi procedure was identified in the title, while
81 in the Delphi procedure appeared in the abstract. A total of 60 studies had a structured
abstract, while 26 lacked such structuring.

3.3.2. Context

The context group was subdivided into “formal” and “content” related criteria. Con-
sidering the formal-related criteria, 30 articles provided information about the sources of
funding; 40 articles provided details about the team of authors and researchers, specifying
the discipline and the institution; information about method consulting was made explicit
in 11 articles, while information about the project background was provided in a total of
63 papers. Lastly, the study protocol was explicit in a total of 19 articles.

Regarding the content-related criteria, the justification of the chosen method to execute
the consensus was explicit in 18 articles, while the aim of the Delphi procedure was written
down in all the scientific productions.
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3.3.3. Method

The method criteria were divided into the following subgroups: body and integration of
knowledge, Delphi variations, sample of experts, survey, Delphi rounds, feedback, and data
analysis.

In the first subgroup, we checked if there was identification and elucidation of relevant
expertise, spheres of experience, and perspectives, which were present in 58 papers; only
9 articles missed or deliberately not integrated handling of knowledge, expertise, and
perspectives; lastly, in 17 studies, we found a proper definition of an expert.

Delphi variations subgroup: there was an identification of the type of Delphi procedure
and potential modifications in 70 papers; in 10 studies, there was a justification of the Delphi
variation and modifications, while in 5, it was not applicable, and in the remaining 71, this was
not performed.

Regarding the sample of experts: in 64 articles, the selection criteria for the experts
were presented; in 85, there was the identification of the experts, and in 5.9, there was
information about recruiting and any subsequent recruitment of experts.

For the survey, the elucidation of the content development for the questionnaire was
performed in 83 publications, while the description of the questions with their content and
structure was performed in 84 articles.

Regarding the number of Delphi rounds: they went from a minimum of 1 to a maxi-
mum of 5, with a mean value of 2.6 (median 3, IQR 3 — 2). However, the number of Delphi
rounds was not explicit in 2 papers. Information about the aims of the individual Delphi
rounds was discussed in 35 of the studies, and the disclosure and justification of the criteria
for discontinuation were conducted for 15 scientific productions.

In the feedback subgroup, we checked if there was any information about what data
was reported back per round, and this was performed in 38 studies. 13 publications
specified how the results of the previous Delphi round were fed back to the experts
surveyed; it could be via frequencies, mean values, measures of dispersion, listing of
comments, at the same time 3 papers specified whether feedback was differentiated by
specific groups. Finally, 22 papers clarified how dissent and unclear results were handled.

Data analysis practices were one of the most concerning areas: only 2 studies outlined
a detailed qualitative and quantitative strategy. However, a definition of consensus was
provided much more frequently in 71 studies. Only three articles addressed weighting or
subgroup analysis in their interpretation of the results.

3.3.4. Results

The results criteria were subdivided into the Delphi process and the results.

Taking into consideration the Delphi process criteria, the illustration of the Delphi
process was provided by 23 publications, while 8 papers reported information about any
special aspects during the Delphi process. The number of experts per round, both invited
and participating, was indicated in 54 cases.

Finally, for the results, we can consult the presentation of the results for each Delphi
round and the final results for the 39 papers.

3.3.5. Discussion

The discussion criteria are related to the quality of findings. Despite 66 studies high-
lighting the value of their findings, no one addressed the validity or potential transferability
of their conclusions. Only 31 studies offered a critical reflection on the methodological limi-
tations, and not a single publication attempted to assess inter-rater reliability or reproduce
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findings through split-panel comparisons. Table 3 reports analytic completeness data for
all included articles. Figure 3 provides a graphical synthesis of the same values.

Table 3. Article completeness.

DELPHISTAR Completeness Score

Identification as a Delphi procedure in the title; Identification as a

1 Title and abstract Delphi procedure in the abstract; Structured abstract

Tot: 3/38

Formal: information about the sources of funding *; the team of
authors and/or researchers; method consulting; the project Tot: 5/38

2 Context background; the study protocol

Content: justification of the chosen method (Delphi procedure) to
answer the research question; aim of the Delphi procedure (e.g., Tot: 2/38
consensus, forecasting)

Body and integration of knowledge: Identification and elucidation of

relevant expertise, spheres of experience, and perspectives; handling of

knowledge, expertise and perspectives which are missing or have been
deliberately not integrated; basic definition of expert

Tot: 3/38

Delphi variations: Identification of the type of Delphi procedure and
potential modifications; justification of the Delphi variation and Tot: 2/38
modifications *, including during the Delphi process, if applicable *

Sample of experts: Selection criteria; Identification of the experts;
Information about recruitment and any subsequent recruitment Tot: 3/38
of experts

Survey: Elucidation of the content development for the questionnaire;

3 Method Description of the questionnaire Tot: 2/38

Delphi rounds: Number of rounds; Information about the aims of the
individual Delphi rounds; Disclosure and justification of the criterion Tot: 3/38
for discontinuation

Feedback: Information about what data was reported back per round;
Information on how the results of the previous round were fed back to
the experts surveyed; Information on whether feedback was Tot: 4/38
differentiated by specific groups; Information about how dissent and
unclear results were handled

Data analysis: Disclosure of the quantitative and qualitative analytical
strategy; Definition and measurement of consensus; Information on Tot: 3/38
group-specific analysis or weighting of experts

Delphi process: Illustration of the Delphi process; Information about
special aspects during the Delphi process; Number of experts per Tot: 3/38
4 Results round (both invited and participating)

Results: Presentation of the results for each Delphi round and the

final results Tot: 1/38

Quality of findings: Highlighting the findings from the Delphi study;
5 Discussion Validity of the results; Reliability of the results; Reflection on Tot: 4/38
potential limitations

Total =38/38 *
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Table 3. Cont.

DELPHISTAR Completeness Score

Very poor: score < 25%; n=1

Completeness Poor: score 25-50%; n =238
(% of total) Fair: score 50-75%; n=44
Good: score > 70% n=3

The table reports the 38 items of the DELPHISTAR protocol and the article completeness score. * If an item could
not be applied to a specific article, it was ignored for the overall score.

50

40
30
20
10
[(————

VERY POOR (<25%)  POOR (25-50%) FAIR (50-75%) GOOD (>75%)

o

Figure 3. Article completeness score according to the DELPHISTAR protocol. X-axis: classification;
Y-axis: total number of articles included.

3.4. Overall Evaluation
3.4.1. Reliability and Potential Bias According to Nasa et al. [7]

In terms of appropriateness and reliability, 12 articles were classified as “poor”, having
a reliability score < 35%; 65 articles were classified as “fair” (score equal to 35-70%), and
finally, only 9 articles were classified as “good” (score > 70%).

3.4.2. Delphistar Reporting Completeness Score

In terms of reporting completeness, only 1 article was rated very poor (score < 25%);
38 articles were rated poor (score from 25 to 50%); 44 articles were rated fair (score 50-75%),
and 3 articles were rated good, with a score > 70%.

4. Discussion

In recent decades, the DeMet has been widely applied across multiple disciplines,
particularly in the medical and natural sciences, as well as in the behavioral and social
sciences [6]. Owing to its strong ability to integrate expert opinion with available evidence,
the DeMet is frequently adopted in contexts where evidence is limited or inconsistent,
when primary studies are not feasible due to economic, ethical, or practical constraints, or
when clinical and nursing settings present significant logistical challenges [6].

The fundamental distinction between clinical consensus statements (CCSs) and clinical
practice guidelines (CPGs) has been thoroughly outlined by Rosenfeld [2]. While CPGs
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derive their strength from systematic reviews and randomized controlled trials, CCSs are
primarily composed of expert opinions grounded in individual experience and knowledge.
In this sense, CCSs are particularly valuable in contexts where the available evidence is
insufficient to support the development of formal guidelines, yet considerable variability in
clinical practice and opportunities for quality improvement persist. Within this framework,
efforts to establish standardized approaches for managing cases lacking precise guidelines
are gaining increasing relevance, especially in the era of personalized medicine, where clin-
icians must determine the most appropriate treatment for each patient while safeguarding
their unique individuality.

In our review, which aimed to evaluate the rigor of Delphi-method consensuses
within the framework of personalized medicine, we began with one of the pioneering
approaches: Rosenfeld’s method. Although only 22 of the 86 articles included in our
analysis explicitly adopted it, Rosenfeld’s framework remains the most standardized and
consolidated methodology currently available for Delphi consensus. Endorsed by the
American Academy of Otolaryngology-Head and Neck Surgery Foundation, it clearly
defines key elements such as expert panel selection, questionnaire design, number of
rounds, consensus thresholds, and reporting standards. This structured approach has been
widely adopted in otolaryngology and other specialties, ensuring greater methodological
rigor, transparency, and reproducibility compared with earlier, less formalized strategies.
For these reasons, we selected it as the reference model to assess whether the articles
adhered to specific methodological criteria.

The second step of our assessment concerned the application of the methodology
proposed by Nasa et al. [7]. This framework introduces nine key evaluation domains—
including problem identification, expert panel selection, anonymity, iterative rounds, con-
sensus and closing criteria, and response stability—specifically designed to address the
frequent methodological inconsistencies observed in Delphi studies. By structuring the
process in this way, the approach improves transparency, reproducibility, and overall credi-
bility, making it a valuable tool for both researchers and reviewers in the application of the
DeMet to healthcare research.

In our review, only 9 out of 86 studies (10.5%) met enough reliability criteria to
be evaluated as “good” [10-19]. This result highlights the widespread methodological
weaknesses affecting Delphi studies in healthcare. Recurrent issues included unclear
reporting of panel selection, absence of predefined consensus thresholds, arbitrary closing
criteria, and insufficient evaluation of response stability. These shortcomings introduce
a substantial risk of bias and compromise the transparency, reproducibility, and overall
credibility of the consensus process.

Overall, the key methodological challenges we identified include the following:

- Unclear or incomplete panel selection, often preventing assessment of the adequacy
and balance of expertise;

- Absence of predefined consensus thresholds, with criteria sometimes introduced post
hoc or without explicit justification;

- Arbitrary or undefined closing criteria, leading to uncertainty about when the Delphi
process should conclude;

- Lack of evaluation of response stability, making it difficult to verify whether a genuine
consensus was achieved.

Finally, we applied the DELPHISTAR criteria to all 86 articles included in our review.
This methodology allows an assessment of adherence to its 38-item checklist and highlights
critical gaps that may compromise the reproducibility and reliability of Delphi studies in
otorhinolaryngology. We observed that some articles showed relatively high compliance
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with the checklist, such as Craig et al. [10], who adhered to 26 criteria, and Tucci et al. [20],
with 25 criteria. Conversely, other studies demonstrated poor adherence, meeting as few as
8 criteria [20,21].

This review has several limitations that should be acknowledged. First, although we
adopted a comprehensive search strategy across multiple databases and languages, it is
possible that relevant Delphi-based studies in otolaryngology were missing, particularly
grey literature, conference proceedings, or studies published in less common languages.
Moreover, we restricted our analysis to fully published articles, which may have introduced
a publication bias, as studies with less rigorous methods might remain unpublished.

Second, our evaluation was inherently dependent on what was reported in the articles.
We cannot exclude that some studies applied more rigorous methodological procedures but
failed to describe them adequately in the manuscript. This limitation underscores the very
issue our review highlights: incomplete reporting may underestimate the true quality of
Delphi studies while simultaneously diminishing their reproducibility, comparability, and
impact. Finally, although we applied three established methodological frameworks [2,6,7],
these instruments themselves are evolving, and different evaluative criteria might have
yielded partially different classifications.

When we state that an article fails to report key elements or displays a high risk of
bias, we are not necessarily implying that the research is poor or the scientific work is
inadequate. More often, these are outstanding and ambitious studies that suffer only
from methodological or reporting shortcomings. Yet, such omissions inevitably narrow
their scope and applicability, limiting the impact of what could otherwise be invaluable
contributions to the field. Too often, brilliant efforts risk being overshadowed simply
because they lack methodological clarity or fail to adhere to standardized frameworks.

For this reason, we believe it is imperative that all researchers in otolaryngology—
and beyond—fully embrace established methodological and reporting schemes. Order
generates order: adopting standardized frameworks such as Rosenfeld’s approach, Nasa’s
bias domains, and the DELPHISTAR checklist ensures that consensus statements are not
only expert-driven but also methodologically sound, transparent, and reproducible. In
Delphi-based research, methodology represents not a secondary aspect but the true core of
validity—more decisive than the evidence base itself, and even more foundational than
expertise. Only through methodological rigor can these studies realize their full potential
and continue to shape the future of personalized medicine.

5. Conclusions

This systematic review highlights both the growing role and the persistent method-
ological challenges of Delphi studies in otorhinolaryngology. Despite their increasing use
as tools to guide clinical decision-making in areas where high-level evidence is lacking, the
overall methodological rigor remains limited, with only a minority of studies meeting es-
tablished quality criteria. The methodological frameworks proposed by Rosenfeld et al. [2]
and Nasa et al. [7]., together with the recent DELPHISTAR reporting guidelines, provide
valuable instruments to enhance transparency, reproducibility, and reliability. However,
their partial and inconsistent adoption underscores the urgent need for more rigorous
standardization. Enhancing methodological quality is essential not only to improve the
reliability of Delphi-derived consensus statements but also to ensure their meaningful inte-
gration into the paradigm of personalized medicine, where individualized yet consistent
care for each patient remains the ultimate goal.
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Abstract

Background: Age-related vestibular decline frequently accompanies presbycusis, and
older adults undergoing cochlear implantation (CI) may be particularly vulnerable to
postoperative dizziness due to a reduced compensatory capacity and a higher burden of
comorbidities. Although Cl is an effective treatment for severe-to-profound sensorineural
hearing loss in the elderly, its impact on vestibular function remains a critical concern. This
study aimed to compare pre and postoperative vestibular performance in older patients
(>65 years) versus younger adults undergoing CI in order to identify the risk factors for
postoperative vestibular deterioration and critical issues that characterize this category
and carry out personalized preoperative counseling. Methods: In this monocentric obser-
vational study, adults undergoing CI were divided into two groups: older patients (OPS,
>65 years) and younger patients (YPS, <65 years). Vestibular function was assessed preop-
eratively and one month postoperatively through a Dizziness Handicap Inventory (DHI),
history of recurrent falls, clinical examination, video head impulse test (VHIT), bithermal
caloric testing, and computerized dynamic posturography (Sensory Organization Test,
SOT). Risk factors for postoperative vestibular worsening were analyzed using ANOVA
test and chi-square statistics, with significance set at p < 0.05. Results: A total of 63 patients
were included, with 18 surgeries involving OPS and 45 involving YPS. Preoperatively, OPS
showed significantly higher rates of vestibular abnormalities on caloric testing (55.5% vs.
17.7% bilateral hyporeflexia, p < 0.05) and a higher prevalence of recurrent falls (33.3% vs.
4.4%, p < 0.05). Early postoperative dizziness (DHI') increased significantly in both groups,
but age > 65 was a risk factor for >10% worsening (OR 2.2, p < 0.05). At one month, YPS
returned to baseline DHI values, whereas OPS showed persistent dizziness with signifi-
cantly higher DHI? scores (29.2vs. 12.9, p < 0.05). Vestibular worsening was identified in
33.3% of VHIT assessments and 44.4% of caloric tests in OPS, with caloric testing proving
more sensitive than VHIT. Implantation on the better-functioning vestibular side and the
presence of >3 comorbidities increased the likelihood of persistent postoperative dizziness.
Conclusions: Older age is a significant risk factor for persistent dizziness and vestibular
impairment one month after CI. Given the reduced compensatory capacity typical of older
adults, vestibular assessment should play a central role in preoperative decision-making,
particularly for side selection. Bithermal caloric stimulation is recommended as the most
sensitive tool for detecting clinically relevant vestibular changes. Preoperative counseling
for older CI candidates should include a detailed discussion of vestibular risks and the
possible need for postoperative rehabilitation.
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1. Introduction

Hearing rehabilitation in the elderly has undergone significant changes in recent years
due to the ever-increasing spread of the problem and the reliability of new cochlear implant
(CI) technologies. In fact, it has been estimated that by age 65, a third of people will have
enough irreversible damage to hair cells in their inner ear to experience some degree of
hearing loss (HL), causing nearly 226 million people over 65 worldwide to suffer from
disabling HL who will require hearing rehabilitation [1,2]. This number is projected to
double by 2050 considering the actual demographic transition towards an increasingly
aging population [2].

The significant improvement of hearing performance in terms of speech recognition
outcomes with CI among elderly patients with severe or profound HL, compared with the
younger counterparts [3,4], has progressively raised the age of eligibility for surgery to the
point of no longer considering it a limitation [5].

Several studies investigating the relationship between age and CI outcomes [5-7]
highlight the importance of vestibular function in this population. Vestibular hypofunction
is more frequently observed in CI candidates than in age-matched controls [7-9], and age-
related factors may influence postoperative balance responses. This is particularly relevant
given the close anatomical and physiological relationship between the auditory and vestibu-
lar systems, which are often affected by the same degenerative processes. Presbycusis—a
progressive auditory impairment not attributable to otologic disease, ototoxic agents, or
hereditary conditions—is associated with damage to hair cells, spiral ganglion neurons,
and the stria vascularis [1,10]. In parallel, recent studies have focused on age-related
vestibular changes and their impact on balance control [11,12]. Chronic dizziness affects
almost 30% of individuals over 60 [13], prompting the Bardny Society to introduce the term
presbyvestibulopathy to describe older patients with mild bilateral vestibular deficits and
symptoms of imbalance or falls [14].

Age-related decline in multisensory integration, impaired visual function, polyneu-
ropathy, central neurological conditions, and sarcopenia may further reduce postural
stability and contribute to dizziness in the elderly [15]. Notably, dizziness is a com-
mon postoperative symptom—often influenced by anesthetic factors—particularly in
older patients.

The aim of the present study was to evaluate the vestibular function before and af-
ter cochlear implantation in older patients, analyzing the impact of CI surgery on the
vestibular system and the role of vestibular assessment compared to younger counterparts.
Results could make clinicians aware of the risk factors for postoperative vestibular deterio-
ration and critical issues that characterize this category in order to carry out personalized
preoperative counseling.

2. Materials and Methods

It was a monocentric observational study approved by the Ethical Committee of Foun-
dation Polyclinic University A. Gemelli IRCCS, Rome, Italy (protocol code 0012424 /23;
date of approval 13 April 2023). We included adult (>18 years) CI candidates affected
by severe-to-profound SNHL. They were divided in two groups: the older patients
(OPS) > 65 years old and the younger patients (YPS) < 65 years old.
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The surgical approach was conservative with the intracochlear placement of the array
through the (extended) round window membrane except in the case of ossification, when
the cochleostomy technique was performed. All patients had sufficient ability to read,
understand, and complete the assigned questionnaires and sign an informed consent form.
We included Cls of all brands.

Bilateral simultaneous implantations were excluded from the study; in case of bilateral
sequential implantations, we considered only the first CI surgery. Bilateral sequential
implantations with an interval time < 1 month between the two surgeries were also ex-
cluded. History of vestibular schwannoma, active middle ear disease, and congenital
malformations of the auditory/vestibular system were exclusion criteria.

General history included a detailed interview about comorbidities, considering hy-
pertension, ischemic heart disease, anxious—depressive syndromes, autoimmune disease,
osteoporosis, thyroid disease, diabetes, epilepsy or other neurological disorders, oncologi-
cal problems, and other diseases.

Vestibular Evaluation

e  The Dizziness Handicap Inventory (DHI) (Italian version by Nola et al. [16]) was
administered 2448 h before surgery (DHI?), 24-48 h after surgery (DHI'), and
one month after surgery (before CI activation) (DHI?) to evaluate the pre, peri, and
postoperative dizziness, respectively [9,16]. It consists of 25 multiple choice questions
(“yes”—4 points, “sometimes”—2 points, and “no”—0 points), which provide a total
score from 0 (no handicaps) to 100 (the greatest ailment imaginable). Values are con-
sidered normal (<10), borderlines (10-16), mild (18-34), moderate (36-52), and severe
(=54).

e  Recurrent falls: Each patient was interviewed regarding the presence of recurrent
falls in their daily life, providing a choice of 3 answers: “yes” (4 points), “sometimes”
(2 points), and “no” (0 points).

e  Vestibular assessment was performed 24-48 h before surgery and one month after
surgery (before CI activation), including:

- Clinical examination to assess the presence of spontaneous and/or positional
nystagmus and to perform the head-shaking test (HST) and clinical head impulse
test (HIT).

- Video head impulse test (VHIT) using a VOG device (ICS Impulse, GN Otometrics,
Taastrup, Denmark) to measure the gain of VOR (Vestibular-Oculomotor Reflex)
for both the horizontal canals. It was performed with the patient sitting upright
and fixating a visual target in front of him when the clinician generated head
impulses by moving it abruptly and unpredictably in the horizontal plane. We
considered normal VOR gain > 0.8 and normal gain asymmetry < 20% [9,17].

- Bitermic caloric stimulation by the Fitzgerald—Hallpike technique (ICS Aircal
Air Caloric Sprinkler Otometrics, Taastrup, Denmark). It was performed in a
conventional manner (air-flow of 0.8 L/min at temperatures of 50 °C and 24 °C
for 60 s, in the dark, in supine position with the head raised at 30°). Nystagmus
amplitude was calculated by the system as slow phase velocity (SPV) and mea-
sured in °/s. The Jongkee’s formula was used to quantify the asymmetry between
the sides. Results were expressed as unilateral weakness (UW normal < 15%)
and directional preponderance degree (DP normal < 15%). Bilateral hyporeflexia
was defined by the sum of the maximal peak velocities of the slow phase caloric-
induced nystagmus for stimulation with warm and cold water on each side
(SPV) < 25°/s[9,18].

118 https:/ /doi.org/10.3390/jpm16020081



J. Pers. Med. 2026, 16, 81

- Computed Dynamic Posturography (CDP) (Equitest, Neurocom Int. Inc., Clacka-
mas, OR, USA) was performed with the patient standing on a dual footplate
enclosed by a visual surround in six balance conditions (eyes open/closed; vi-
sual surround steady/rotated; platform steady/rotated—Sensory Organization
Test (SOT)) as previously described [19]. For each test, we considered the Com-
posite Equilibrium Score (CES) showing the weighted average of the different
conditions and Sensory Analysis (SA) showing the contribution of the different
sensorial afferences (somatosensory, visual, vestibular, and visual-preference).
We considered normal CES and SA to be >70 [9,19].

3. Statistical Analysis

The sample was described in its clinical and demographic characteristics using de-
scriptive statistics techniques. Continuous values with normal distribution, such as VOR
gain and percentage of asymmetry on VHIT, were expressed as mean + standard deviation
(SD). Qualitative variables were expressed as absolute and relative percentages.

The ANOVA test was used to compare the mean scores of the DHI questionnaire,
recurrent falls, VHIT, caloric test, and SOT before and after surgery in the two groups (older
and younger patients).

The chi-square test (x? test and the odds ratios (OR) with 95% confidence intervals) was
used to identify anamnestic and surgical risk factors for postoperative vestibular damage.
For the purpose of the study, we considered as MCID (Minimal Clinically Important
Difference) any value > 10% (DHI, VOR gain on the implanted side, SPV nystagmus on
the implanted side, and CES) after surgery compared to the starting score (for example, if a
patient had a total preoperative DHI score of 50, any increment > 5 points was considered
significant). The choice to consider the MCDI as a percentage value and not as a fixed
numerical value was dictated by the desire of the authors of the present manuscript to
adapt the significance of the worsening score to the starting value of each patient [9]. The
results were considered statistically significant for p < 0.05.

4. Results

We included 63 patients (36 F, 27 M; mean age 51.4 £ 15.6, range 18-84 years) with a
complete vestibular assessment before and after.

Older patients (OPS) were 18 (10 F, 12 M; mean age 70.6 £ 15.9, range 65-84 years).

Causes of deafness were as follows: one genetic 5% (MELAS); one autoimmune
cerebellar ataxia (5%); one viral infection 5% (one herpes zoster); one otosclerosis (5%);
two drug ototoxicity (10.5%); three Meniere’s disease (15.8%); four Sudden Sensorineural
Hearing Loss (25%); five presbycusis (25%).

They suffered from, on average, 2.5 comorbidities (range 0-6): 15 (83.3%) were affected
by hypertension; 5 (27.7%) by ischemic heart disease; 3 by (16.6%) anxious—depressive
syndromes; 4 (22.2%) by autoimmune disease; 1 (5.5%) by osteoporosis; 2 (11.1%) by thyroid
disease; 7 (38.8%) by diabetes; 2 (11.1%) by epilepsy or other neurological diseases; 2 by
(11.1%) oncological disease; 11 (61.1%) by other nonspecific diseases.

The younger group (YPS) included 45 patients (27 F, 18 M; men age 43.7 & 15.8, range
18-64).

Their causes of deafness were genetic in 12 patients (26.6%) (9 related to connexin26
mutation and 3 syndromic, 1 Cogan, 1 Epstein, 1 Waardenburg); traumatic in 3 (6.6%)
(1 electrocution and 2 temporal bone fractures); 1 (2.2%) meningitis; 4 (8.8%) otosclerosis;
1 (2.2%) chronic cholesteatomatous otitis media; 1 (2.2%) drug ototoxicity; 4 (8.8%) vi-
ral infections (1 cytomegalovirus; 1 paramyxovirus; 2 herpes zoster); 1 (2.2%) Sudden
Sensorineural Hearing Loss; 18 (40%) idiopathic.
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In regard to comorbidities, younger patients suffered from 0.95 disease, which was
statistically lower than the elderly (p < 0.05). Seven (15.5%) were affected by hypertension;
one (2%) by ischemic heart disease; six (13.3%) by anxious—depressive syndromes; three
(6.6%) by autoimmune disease; three (6.6%) by osteoporosis; four (8.8%) by thyroid disease;
four (8.8%) by diabetes; six (13.3%) by epilepsy or other neurological diseases; one (2.2%)
by oncological disease; five (11.1%) by other nonspecific diseases.

The 100% (18/18) OPS vs. the 51% (23/45) YPS suffered from at least 1 disease
(p < 0.05), the 39% (7/18) vs. the 22% (10/45) 2-3 comorbidities (p < 0.05), and the 39%
(7/18) vs. the 4.5% (2/45) had >3 comorbidities (p < 0.05).

The preoperative vestibular evaluation showed no significant difference for the mean
values of DHI between the younger and the older populations (13.4 vs. 19, p > 0.05). In any
case, 16/45 (35.5%) younger patients reported abnormal values of DHI? compared to the
50% (9/18) of the older patients (p < 0.05) (Figure 1).

Preoperative vestibular assessment
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Figure 1. Preoperative vestibular assessment in younger (YPS) and older patients (OPS). DHIO:
preoperative Dizziness Handicap Inventory; VHIT: video head impulse test; SPV: slow phase caloric-
induced nystagmus velocity.

A significant percentage of OPS (6/18, 33.3%) reported a history of recurrent falls
compared to the younger counterparts (2/45, 4.4%) (p < 0.05) (Figure 1).

Five YPS (11%) had abnormal VOR gain (<0.8) in the side to be implanted; 8/45 (17.7%)
had a significant asymmetry between the two sides (Figure 1).

Among the older population, 8/18 (44.4%) had an abnormal VOR gain in the side
to be implanted (Figure 1); 7/18 (38.9%) had a bilateral hypofunction measured with the
VHIT. Excluding three of them (one with autoimmune cerebellar ataxia and two with
Meniere’s disease), 4/18 (22.2%) OPS were in accordance with the diagnostic criteria for
the presbyvestibulopathy of the Barany Society [14]. Five (27.7%) OPS had a significant
asymmetry of the VOR gain.

The preoperative caloric stimulation showed an abnormal UW In 17/45 (37.7%) YPS
compared to 7/18 (38.9%) OPS. Bilateral hyporeflexia (SPV < 25%) resulted in 8/45 (17.7%)
YPS and 10/18 OPS (55.5%) (p < 0.05) (Figure 1). Consequently, 7/18 (38.9%) older patients
met the criteria for the presbyvestibulopathy using the caloric stimulation.
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The mean preoperative Composite Equilibrium Score (CES) of the Sensory Orga-
nization Test (SOT) was 54 in OPS (85 somatosensory, 35.3 vestibular, 72.5 visual, and
72 visual-preference) and 71 in YPS (92.6 somatosensory, 54.6 vestibular, 72 visual,
87 visual-preference) (p < 0.05 for vestibular scores comparison).

The early (24-48 h) postoperative DHI' was 23.2 for YPS and 29 for OPS, without a
significant difference (p > 0.05). In any case, in both groups the early postoperative increase
in dizziness perception was significant (p < 0.05). The age > 65 represented a risk factor for
a significant (>10%) worsening of the DHI 2448 h after surgery (OR =2.2; CI = 0.7-6.8;
p < 0.05) (Figure 2). In both groups, the presence of >3 comorbidities was a risk factor
(OR =2.05;CI = 0.5-7.7; p < 0.05).

Postoperative vestibular assessment
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Figure 2. Postoperative vestibular assessment in younger (YPS) and older patients (OPS). DHI1:
Dizziness Handicap Inventory 24-48 h; VHIT: video head impulse test; SPV: slow phase caloric-
induced nystagmus velocity; w: significant worsening; DHI2: Dizziness Handicap Inventory
1 month.

The late postoperative evaluation showed a significant difference between the two
groups for the mean DHI? (12.9 vs. 29.2, p < 0.05). Consequently, while most young
patients showed a decrease in the total score compared to the immediate postoperative
period, with no difference between DHI? and DHI? in this group (p < 0.05), most older
patients demonstrated a persistence of the dizziness perception 1 month after surgery,
with a significant increase compared to the preoperative evaluation (p > 0.05). The
age > 65 years was a risk factor for the presence of dizziness after 1 month (OR =3.3; CI =
1-10.4; p < 0.05) (Figure 2).

In 16/63 cochlear implantations (25.4%), the VHIT showed a significant worsening
(> 0.1) of the VOR gain in the implanted side after surgery; it involved 6/18 (33.3%) surg-
eries performed in OPS and 10/45 (22.2%) surgeries performed in the younger population
(OR =1.75; CI = 0.5-5.8; p < 0.05) (Figure 2).

The chronic bilateral hypofunction or the diagnosis of presbyvestibulopathy were not
related to the worsening after surgery.

In 23/63 ears (36.5%) the caloric test demonstrated a significant worsening of the SPV
in the implanted ear after surgery, involving 8/18 (44.4%) surgeries performed in OPS and
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15/45 (33%) in YPS (OR = 1.6; CI = 0.54.9; p < 0.05) (Figure 2). In both groups, the caloric
test was more sensible compared to VHIT.

As for VHIT, the preoperative bilateral vestibular hyporeflexia or the diagnosis of
presbyvestibulopathy were not risk factors for a significant reduction in the evoked nystag-
mus with the caloric test. Among the elderly, Meniere’s disease (OR = 4.8; CI = 0.35-65.7;
p < 0.05) and the presence of >3 comorbidities (OR = 2.2; CI = 0.2-20.4; p < 0.05) were risk
factors for vestibular damage.

In both groups, the cochlear implantation in the hyper-functioning side, in case
of asymmetry, was related to the persistence of postoperative dizziness after 1 month
(p <0.05).

In both groups, the mean postoperative scores of CDP were not different (p > 0.05).
Only three patients in the total sample (4.7%) demonstrated a significant worsening of the
CES, 1/18 (5.5%) in OPS and 2/45 (4.4%) in YPS (p > 0.05).

5. Discussion

This study provides a comprehensive evaluation of vestibular function before and
after cochlear implantation in adults over 65 years of age, comparing outcomes with a
younger cohort. The findings confirm that advanced age is associated with both a higher
prevalence of preoperative vestibular dysfunction and a greater likelihood of persistent
postoperative dizziness.

Consistent with the previous literature reports, the older cohort in our study presented
a significantly higher proportion of vestibular deficits before surgery—both in VHIT and
caloric testing—than younger participants. This aligns with current pathophysiological
models of presbyvestibulopathy, which describe age-related degeneration affecting hair
cells, vestibular nerve fibers, and central pathways involved in balance control, as well
as age-related cochlear degeneration (presbycusis) [10-14]. Notably, 44-55% of older
patients met diagnostic criteria for presbyvestibulopathy, which is comparable to prevalence
estimates reported by the Barany Society in individuals over 70 years of age [14]. Likewise,
the markedly higher incidence of recurrent falls among older adults correlates with prior
findings showing that nearly one-third of people over 60 experience chronic dizziness
or imbalance, with substantial repercussions for daily function and fall risk [12,13,20].
Lovin et al. [7] have also shown that older cochlear implant candidates are more likely than
age-matched controls to present vestibular hypofunction, supporting the hypothesis of
shared vulnerability between auditory and vestibular structures. The significantly higher
burden of comorbidities in the older group—many of which interfere with multisensory
integration and motor control—further contributes to this predisposition.

Regarding our vestibular findings after CI, both age groups reported a significant
increase in dizziness during the first 24-48 h after surgery, in agreement with the litera-
ture [8,9]. However, age > 65 years emerged as a clear predictor of greater early postop-
erative worsening on the Dizziness Handicap Inventory, reflecting a reduced short-term
vestibular compensatory capacity in older adults. Indeed, previous research suggests that
aging is associated with reduced cerebellar plasticity, slower sensory rebalancing, and
reduced postural reserve, all of which may delay early compensatory mechanisms [11,12].
Furthermore, caloric stimulation has been shown to be more sensitive than VHIT in detect-
ing early postoperative vestibular changes, a finding consistent with recent meta-analyses
and clinical studies [8,17,18]. This increased sensitivity of caloric testing is particularly rele-
vant in older adults, who often exhibit early deficits in low-frequency vestibular responses,
which caloric testing is better suited to detect [12].

On the other hand, the one-month evaluation after CI highlights a highly significant
finding regarding the persistence of dizziness in the older cohort, in contrast to the recovery
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observed in younger patients. Age > 65 years was a significant independent risk factor for
persistent symptoms at one month. We hypothesize that the high prevalence of bilateral
vestibular involvement before implantation and comorbidities, including polyneuropathy,
visual impairment, metabolic and neurological disorders, and sarcopenia, hinder vestibular
compensation. Reduced efficacy of vestibular rehabilitation in older adults has also been
described in the literature, supported by neurophysiological evidence [12]. In our study, the
presence of more than three comorbidities was associated with early and persistent postop-
erative dizziness, highlighting the importance of a multidimensional geriatric assessment
both before and after CL

Another important finding of our analysis concerns the side to be implanted. Our
data confirm that implantation on the side with better function in cases of preoperative
vestibular asymmetry is associated with a higher probability of persistent dizziness, in
agreement with previous studies [7,9]. This underlines the clinical relevance of preoperative
vestibular testing to guide side selection, particularly in older adults who show slower and
less complete compensation.

Based on our results, several clinical implications emerge. The first concerns the need
for a comprehensive vestibular evaluation in CI candidates, especially those >65 years of
age, both to identify presbyvestibulopathy and to guide surgical planning. This evaluation
should include the bithermal caloric test, which has demonstrated greater sensitivity than
VHIT. The second consideration concerns the general evaluation for possible comorbidi-
ties, given their significant contribution to postoperative disequilibrium. The third point
concerns the need for preoperative counseling to explicitly address the increased risk of
persistent dizziness in older adults, even when a favorable hearing outcome is expected.
Patients should also be informed of the possibility of vestibular rehabilitation, which should
be strongly recommended to reduce the risk of falls and facilitate recovery.

Finally, we must necessarily state some limitations of the present study, which concern
the small number of the sample examined, the absence of an assessment of vestibular
potentials (VEMPs), and the lack of a long-term follow-up that would provide a clearer
understanding of the temporal course of vestibular compensation.

A further limitation is the lack of assessment of vestibular-evoked myogenic potentials
(VEMPs). It is known that the otolithic organs, particularly the saccule, are vulnerable to
both age-related degeneration and cochlear implant-related trauma, and isolated otolithic
dysfunction can occur even in the presence of preserved semicircular canal function [21-23].
Therefore, vestibular assessment using VHIT and caloric testing may underestimate the
extent of vestibular damage in elderly patients. This limitation may be clinically relevant,
as otolithic dysfunction can be associated with impaired postural control and an increased
risk of falls, especially in the elderly [21,24]. Therefore, the lack of VEMP assessment
in our study may have led to an underestimation of fall risk and may partly explain
the persistence of dizziness and imbalance observed in elderly patients despite normal
canal function.

Future studies should, therefore, include a comprehensive vestibular assessment
incorporating otolithic function tests to better characterize vestibular impairment and
improve fall risk stratification in elderly cochlear implant candidates.

6. Conclusions

An age over 65 years is a risk factor for the persistence of vertigo symptoms one month
after cochlear implant surgery. Considering the potential difficulty of performing vestibular
rehabilitation in elderly patients in the postoperative period, the hypofunctioning side
should be chosen whenever possible. The preferable test is bithermal caloric stimulation as
it is more sensitive than VHIT. Aspects relating to vestibular function of the elderly patient

123 https:/ /doi.org/10.3390/jpm16020081



J. Pers. Med. 2026, 16, 81

should be given attention in the preoperative stage in order to personalize counseling and
postoperative treatment.
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Abstract

Background: Extranodal extension (ENE) is a critical prognostic factor in head and neck
squamous cell carcinoma (HNSCC) and was incorporated into the AJCC eighth-edition staging
system. However, the concordance between clinical (cENE) and pathological (pENE) ENE
remains poorly understood in real-world practice. Methods: We conducted a retrospective
analysis using Taiwan Cancer Registry (TCR) long-form data from 2018 to 2022, focusing on
four major HNSCC sites (oral cavity, oropharynx, hypopharynx, and larynx). The diagnostic
gap was defined as the difference between pENE and cENE positivity rates. Results: Among
29,830 patients, a persistent diagnostic gap was observed across all sites: laryngeal (20.8%),
hypopharyngeal (20.4%), oropharyngeal (11.5%), and oral cavity (9.9%). For oral cavity cancer,
the gap did not narrow over the 5-year period (p = 0.9788). Furthermore, in oral cavity cancer,
medical centers demonstrated a larger gap than non-medical centers (10.5% vs. 8.4%), a
phenomenon we term the “Quality-Gap Paradox”. Conclusions: A significant diagnostic gap
persists in HNSCC, highlighting the limitations of current imaging. The Quality-Gap Paradox,
observed in oral cavity cancer, suggests this is driven by a complex interplay of factors
including superior pathological detection in high-volume centers. Our findings underscore
the need for advanced, personalized risk-stratification tools to bridge this gap and improve
patient management.

Keywords: extranodal extension; head and neck cancer; diagnostic gap; Taiwan Cancer
Registry; AJCC eighth edition; personalized medicine

1. Introduction

Extranodal extension (ENE), the invasion of cancer cells through the lymph node capsule
into surrounding connective tissue, is one of the most powerful adverse prognostic factors
in head and neck squamous cell carcinoma (HNSCC) [1,2]. Its presence is associated with
a significant increase in the risk of distant metastasis and a decrease in overall survival,
often halving a patient’s prognosis [3]. Recognizing its profound impact, the American Joint
Committee on Cancer (AJCC) incorporated ENE into the eighth-edition staging system for
HNSCC, upstaging any ENE-positive node to the N3b category, regardless of size or number [4].

However, the clinical implementation of this staging criterion is hampered by a signif-
icant challenge: the diagnostic gap between clinical ENE (cENE), detected preoperatively
by imaging modalities like computed tomography (CT) and magnetic resonance imag-
ing (MRI), and pathological ENE (pENE), the gold standard confirmed by postoperative
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histopathological examination. Systematic reviews have consistently shown that the sen-
sitivity of imaging for detecting ENE is suboptimal, often hovering around 60-70% [5,6].
This means a substantial proportion of patients with microscopic ENE (mENE) are not
identified before surgery, leading to potential under-staging and under-treatment.

This issue is particularly relevant in Taiwan, where oral cavity cancer is a major public
health concern, largely driven by the widespread practice of betel quid chewing [7,8].
The high incidence provides a unique opportunity to study the real-world implications
of the AJCC eighth edition on a large, nationwide scale. To our knowledge, no large-
scale study has evaluated the trend of the cENE-pENE diagnostic gap in Taiwan since
the implementation of the new staging system. Understanding the magnitude, trend,
and contributing factors of this gap is crucial for improving diagnostic accuracy, refining
treatment strategies, and advancing personalized medicine in HNSCC.

This study aims to conduct a comprehensive, nationwide analysis of the diagnostic
gap between cENE and pENE in four major HNSCC sites (oral cavity, oropharynx, hy-
popharynx, and larynx) using data from the Taiwan Cancer Registry (TCR) from 2018 to
2022. We hypothesize that a significant diagnostic gap persists and has not narrowed over
time. We will also investigate the “Quality-Gap Paradox”—the counterintuitive hypothe-
sis that higher-quality medical centers may exhibit a larger gap due to more meticulous
pathological examination.

2. Materials and Methods
2.1. Data Source and Study Population

This retrospective cohort study utilized data from the Taiwan Cancer Registry (TCR)
long-form database, a mandatory, population-based cancer registry covering over 98% of
all cancer cases in Taiwan. We included all patients newly diagnosed with squamous cell
carcinoma of the oral cavity, oropharynx, hypopharynx, and larynx between 1 January 2018,
and 31 December 2022. This period was chosen to coincide with the implementation of the
AJCC 8th edition, ensuring consistent ENE definitions. Patients with distant metastasis at
diagnosis (M1), unknown ENE status, or those who did not undergo neck dissection were
excluded from the pENE analysis.

2.2. Variable Definitions

Site-Specific Factors (SSF) in the TCR are standardized codes used to capture detailed,
cancer-specific information not included in general staging. For HNSCC, SSF9 and SSF10
are used to document ENE status.

Clinical ENE (cENE): Defined based on SSF9. A case was considered cENE-positive if
the code was 010, 020, or 030. These codes correspond to clinical or radiographic evidence of
ENE based on imaging findings such as ill-defined nodal borders, infiltration into adjacent
fat or muscle, or frank invasion of nearby structures, consistent with recently standardized
international criteria [9,10]. The cENE rate was the number of cENE-positive cases divided
by the total number of cases with a valid SSF9 entry.

Pathological ENE (pENE): Defined based on SSF10. A case was considered pENE-
positive if the code was 010, 020, or 030. These codes indicate pathologically confirmed
ENE, defined as tumor extension through the lymph node capsule into the surrounding
perinodal soft tissue, as identified by histopathological examination. The pENE rate was
the number of pENE-positive cases divided by the total number of cases that underwent
neck dissection.

Hospital Level: In Taiwan, hospitals are officially accredited by the Ministry of Health
and Welfare into different tiers. Medical centers represent the highest tier, equivalent to
tertiary care or academic medical centers in other healthcare systems. These institutions are
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required to meet stringent criteria, including: (1) provision of comprehensive subspecialty
services across all major disciplines; (2) maintenance of advanced diagnostic and thera-
peutic technologies; (3) active involvement in medical education and training programs;
and (4) demonstrated capacity for high-volume, complex case management. Non-medical
centers include regional hospitals (comparable to secondary care hospitals) and district
hospitals, which provide general and some specialized services but may not have the full
range of subspecialties or the same research and teaching infrastructure. For this study,
hospitals were categorized as medical centers or non-medical centers based on the official
accreditation status provided by the TCR at the time of patient diagnosis.

Diagnostic Gap: The primary outcome, calculated as the absolute difference between
the pENE rate and the cENE rate (Gap = pENE% — cENE%). It is important to note
that the diagnostic gap, as defined here, is a population-level metric that quantifies the
overall under-detection of ENE by clinical/imaging assessment relative to pathological
examination. It does not represent individual-patient concordance or discordance, nor does
it directly measure the sensitivity or specificity of clinical ENE detection, which would
require patient-level paired cENE and pENE data. Rather, the gap reflects the aggregate
difference in detection rates across the population and serves as an indicator of the clinical
challenge in preoperatively identifying ENE.

2.3. Statistical Analysis

Descriptive statistics were used to summarize patient characteristics and ENE rates.
The Cochran-Armitage test for trend was used to evaluate the 5-year trend of cENE and
pPENE rates for oral cavity cancer. Chi-square tests were used to compare ENE rates between
hospital levels and across different cancer sites. Pairwise comparisons of pENE rates across
the four HNSCC sites were performed using Chi-square tests with statistical significance
set at p < 0.05. All statistical analyses were performed using R software (version 4.2.1).
A p-value of <0.05 was considered statistically significant.

2.4. Limitations of Hospital-Level Comparison

For the hospital-level comparison (medical centers vs. non-medical centers), we ac-
knowledge that these groups may differ in case mix, tumor stage distribution, and referral
patterns. Medical centers, as tertiary care institutions, often receive referrals of more advanced
or complex cases, which could confound the observed differences in diagnostic gap. Ideally,
stage-adjusted or subsite-specific sensitivity analyses would be performed to account for
these differences. However, the TCR long-form data structure does not provide sufficient
granularity for such stratified analyses at the hospital level. Specifically, the registry does
not include detailed T-stage, N-stage, or anatomical subsite information cross-tabulated with
hospital-level data in a format that would allow for robust adjusted analyses. Therefore,
our hospital-level findings should be interpreted as hypothesis-generating, and residual con-
founding by case complexity cannot be entirely ruled out. Future studies with more detailed
patient-level data would be needed to confirm whether the Quality-Gap Paradox persists after
adjustment for stage and other clinical factors.

2.5. Declaration of Al Tool Usage

Al-assisted technologies were used strictly for editorial purposes during the manuscript
preparation. The WPS Office Al tool was utilized to improve English writing fluency, and the
Perplexity platform assisted in checking citation accuracy. The authors reviewed all Al-suggested
changes and maintain full responsibility for the integrity and originality of the work.
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3. Results
3.1. Patient Characteristics

A total of 29,830 patients with newly diagnosed HNSCC from 2018 to 2022 were
included in the analysis. Oral cavity cancer was the most common site (n = 27,815),
followed by oropharynx, hypopharynx, and larynx. The majority of patients were male,
with a median age in the late 50s.

3.2. Diagnostic Gap Analysis

Across all sites, a significant and persistent diagnostic gap was observed. For oral
cavity cancer, the 5-year average cENE rate was 3.8%, while the pENE rate was 13.7%,
resulting in an average diagnostic gap of 9.9%. The trend of cENE and pENE rates over
the five years is illustrated in Figure 1. The Cochran-Armitage test for trend showed no
significant change in the diagnostic gap over the 5-year period (p = 0.9788), indicating
that the gap did not narrow despite increased awareness following the AJCC eighth
edition implementation.

Oral Cavity: Clinical vs Pathological ENE Detection Rates
(All Hospitals, 2018-2022)
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Figure 1. Five-year trend of clinical extranodal extension (cENE) and pathological extranodal exten-
sion (pENE) rates in oral cavity cancer patients in Taiwan (2018-2022). The diagnostic gap (pENE
rate — cENE rate) remained stable over the study period (Cochran-Armitage trend test, p = 0.9788).

3.3. Comparison Across Cancer Sites

A comparison of the 5-year average diagnostic gap across the four major HNSCC
sites is shown in Figure 2. Laryngeal cancer exhibited the largest gap (20.8%), followed
by hypopharyngeal cancer (20.4%), oropharyngeal cancer (11.5%), and oral cavity cancer
(9.9%). Chi-square tests revealed that these differences in pENE rates were statistically
significant for most pairwise comparisons (all p < 0.001), with the exception of oropharynx
versus larynx (p = 0.74). Notably, both laryngeal and hypopharyngeal cancers demonstrated
gaps approximately twice as large as oral cavity cancer, suggesting site-specific factors
influence the diagnostic accuracy of ENE detection.
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Figure 2. Comparison of the 5-year average diagnostic gap across four major head and neck cancer
sites. Laryngeal and hypopharyngeal cancers demonstrated the largest gaps, followed by oropharyn-
geal and oral cavity cancers.

3.4. The Quality-Gap Paradox

When stratified by hospital level, a paradoxical finding emerged. For oral cavity
cancer, medical centers had a significantly larger 5-year average diagnostic gap (10.5%)
compared to non-medical centers (8.4%). This difference was primarily driven by a higher
PENE detection rate in medical centers (14.7% vs. 13.0%), while cENE rates were similar
(4.2% vs. 4.6%). Chi-square analysis confirmed that the difference in pENE rates between
medical centers and non-medical centers was statistically significant (x2 =8.73,p =0.003),
indicating that the observed paradox is not due to chance. This paradox is visualized in
Figure 3, which compares the diagnostic gap between the two hospital levels.

The "Quality-Gap Paradox": Oral Cavity ENE Detection by Hospital Level
(2018-2022 Average)
{555)
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Figure 3. The “Quality-Gap Paradox” in oral cavity cancer. The 5-year average diagnostic gap was
significantly larger in medical centers compared to non-medical centers, reflecting higher pathological
detection rates.

4. Discussion

This is the first nationwide study in Taiwan to comprehensively evaluate the diagnostic
gap between clinical and pathological extranodal extension (ENE) across four major head
and neck cancer sites since the implementation of the American Joint Committee on Cancer
(AJCC) eighth edition staging system. Our analysis of over 29,000 HNSCC cases from
2018 to 2022 reveals three principal findings with profound implications for personalized
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medicine. First, a significant and persistent diagnostic gap of approximately 10-20% exists,
indicating a substantial rate of underdiagnosis of ENE by preoperative imaging. Second,
this gap did not narrow over the five-year study period, suggesting that the introduction of
ENE as a formal staging criterion has not, by itself, improved the clinical detection rate.
Third, and most intriguingly, we identified a “Quality-Gap Paradox,” wherein medical
centers, despite presumably having more advanced imaging and expertise, exhibited a
larger diagnostic gap than non-medical centers. This suggests the gap is driven more by
the quality of pathological examination than by deficiencies in clinical assessment. These
findings challenge the current “one-size-fits-all” staging paradigm and underscore the
urgent need for personalized, risk-adapted treatment strategies in HNSCC.

4.1. The Unwavering Diagnostic Gap: A Barrier to Personalized Risk Stratification

The persistence of the diagnostic gap is a stark reminder of the inherent limitations
of current standard-of-care imaging modalities. Our finding of a ~10% gap in oral cavity
cancer aligns with a growing body of literature documenting the challenge of accurately
detecting ENE preoperatively [5,6]. The core of the issue lies in the distinction between
macroscopic ENE, which is often visible on imaging, and microscopic ENE (mENE), where
tumor cells breach the lymph node capsule on a microscopic level without causing signifi-
cant morphological changes [9]. Current imaging techniques are simply not equipped to
resolve these microscopic invasions.

From a personalized medicine perspective, this diagnostic gap represents a critical
failure in patient stratification. It challenges the current “one-size-fits-all” staging paradigm,
where all patients within a given AJCC stage are often considered for similar treatment
pathways, despite underlying biological heterogeneity. The inability to preoperatively
identify the 10-20% of patients with occult ENE has direct consequences for treatment
personalization. The presence of pENE is a major indication for adjuvant therapy intensi-
fication. A patient correctly identified with ENE preoperatively might be considered for
neoadjuvant systemic therapy, whereas a patient only found to have pENE postoperatively
is typically recommended for adjuvant chemoradiation rather than radiation alone. This
failure to identify high-risk patients upfront prevents the delivery of truly personalized,
risk-adapted care from the outset and subjects patients to a treatment plan based on an
incomplete assessment of their disease.

In 2024, the Head and Neck Cancer International Group (HNCIG) published consen-
sus guidelines to standardize the radiological diagnosis of ENE (rENE) [10]. However,
these criteria are still based on morphological changes often absent in mENE. Our data,
showing no improvement in the gap from 2018 to 2022, suggests that even with height-
ened awareness, clinicians are hitting a ceiling in diagnostic capability with the tools at
hand. This underscores the urgent need for novel technologies that can non-invasively
detect microscopic disease, moving beyond anatomical imaging to functional or molecular
characterization—a cornerstone of modern personalized oncology.

The lack of improvement in the diagnostic gap over the 5-year study period (p = 0.9788
for oral cavity cancer) is particularly noteworthy and warrants careful interpretation.
Several factors may explain this stagnation. First, while the AJCC eighth edition heightened
awareness of ENE as a critical staging parameter, the fundamental imaging technology
(CT and MRI) has not undergone revolutionary advances in spatial resolution during this
period. The physical limitations of current imaging modalities in detecting microscopic
disease remain unchanged. Second, international standardized criteria for radiological
ENE diagnosis were only published in 2024 [10], after our study period, suggesting that
earlier years may have suffered from inconsistent interpretation and a lack of consensus on
diagnostic thresholds. Third, it is plausible that pathological detection has also improved in
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parallel with clinical awareness, as pathologists became more vigilant in examining lymph
nodes for ENE following the AJCC eighth edition’s emphasis on this feature. If both clinical
and pathological detection improved proportionally, the gap would remain constant even
as absolute detection rates increased.

The variation in diagnostic gap across different HNSCC sites is also highly informative
and reflects the complex interplay of anatomical, biological, and technical factors. Laryngeal
(20.8%) and hypopharyngeal (20.4%) cancers exhibited gaps approximately twice as large
as oral cavity cancer (9.9%), and these differences were statistically significant (p < 0.001).
This disparity likely reflects anatomical and technical factors. Oral cavity tumors are more
accessible to direct clinical examination and high-resolution imaging, whereas laryngeal
and hypopharyngeal lesions are located in deeper, more complex anatomical regions where
lymph nodes may be obscured by surrounding structures, cartilage, and air-tissue interfaces,
reducing imaging sensitivity. Furthermore, the lymphatic drainage patterns differ, with
laryngeal and hypopharyngeal cancers more frequently involving deep cervical nodes that
are challenging to assess radiologically. Interestingly, oropharyngeal and laryngeal cancers
had similar gaps (p = 0.74), despite differences in anatomical location, suggesting that other
factors such as tumor biology or nodal involvement patterns may also play a role.

4.2. The Quality-Gap Paradox: A Multifactorial Hypothesis

Perhaps the most significant finding of our study is the “Quality-Gap Paradox.” The
observation that medical centers have a consistently larger diagnostic gap in oral cavity
cancer (10.46% vs. 8.42%) is statistically significant (x> = 8.73, p = 0.003) and, on the surface,
counterintuitive. While one might expect superior imaging at these centers to yield a
smaller gap, the opposite finding suggests a complex interplay of factors. We propose
this paradox is not attributable to a single cause but is likely a multifactorial phenomenon
driven by differences in pathological, surgical, and radiological practices.

One primary hypothesis remains the role of pathological scrutiny. Medical centers are
more likely to have dedicated head and neck subspecialty pathologists who may perform
more meticulous lymph node examination, thereby identifying a higher rate of true pENE,
particularly microscopic ENE (mENE), which was missed on imaging [9]. From this
perspective, a larger gap could reflect a more thorough and accurate pathological workup,
which is crucial for guiding appropriate adjuvant therapy. However, as noted by experts,
pathologist skill is not exclusively confined to large centers, and expert practitioners may
exist in any setting. Therefore, other factors must be considered.

Alternative or contributing factors may include surgical and radiological procedures.
For instance, surgeons at high-volume medical centers might perform more extensive or
comprehensive neck dissections, retrieving a higher number of lymph nodes for exami-
nation and thus increasing the probability of detecting occult pENE. Furthermore, while
medical centers may have advanced imaging technology, the radiological diagnostic crite-
ria for ENE were not internationally standardized until recently [10], potentially leading
to variations in interpretation that are independent of hospital level. The observed gap
may therefore reflect a combination of more comprehensive surgery and more detailed
pathological analysis in medical centers, rather than a simple deficiency in any single area.
This reframes the diagnostic gap as an indicator of system-level differences in the cancer
care pathway, highlighting the need for further research to dissect the relative contributions
of each component. Ultimately, this discussion should not be interpreted as a critique of
non-medical centers, but rather as a hypothesis-generating observation that the drivers
of staging discordance are complex and multifactorial. The study by Hondorp et al. on
clinical-pathologic stage discordance similarly found only moderate agreement, empha-
sizing that the final pathologic stage remains the gold standard for a reason [11]. Our
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paradox provides a real-world, population-level validation of this principle and suggests
that “personalized pathology,” characterized by expert, meticulous examination, is as
important as personalized imaging or therapy.

An important caveat to our hospital-level analysis is the potential for residual con-
founding. Medical centers, as tertiary referral institutions, may treat a higher proportion of
advanced-stage or complex cases compared to non-medical centers. If medical centers see
more patients with advanced nodal disease, this could contribute to a higher pENE detec-
tion rate independent of pathological scrutiny. We were unable to perform stage-adjusted
analyses due to limitations in the granularity of the TCR data at the hospital level. Therefore,
while our findings are suggestive and hypothesis-generating, definitive conclusions about
the drivers of the Quality-Gap Paradox will require future studies with patient-level data
that allow for adjustment of tumor stage, nodal burden, and other clinical factors.

4.3. Future Directions: The Potential of Al in Bridging the Gap

Our findings highlight the urgent clinical need for advanced tools to bridge the
diagnostic gap and improve patient stratification. The diagnostic impasse revealed by our
study sets the stage for integrating artificial intelligence (Al) as a potential future solution.
The limitations of human interpretation of complex imaging data are precisely the kind
of problem that deep learning is poised to solve. Recent landmark studies have shown
that Al models can not only predict ENE from CT scans but also quantify the burden of
Al-predicted ENE, offering a powerful new prognostic tool [12,13]. This technology holds
the promise of moving from a binary clinical assessment to a continuous, quantitative risk
score, allowing for truly personalized treatment planning before the first incision is made.
While our study did not involve Al analysis, it underscores the necessity of exploring and
validating these technologies in future research.

4.4. Clinical Implications and the Path to Implementation

The clinical implications of our findings are immediate and actionable. First, clinicians
must maintain a high index of suspicion for occult ENE, even when imaging is negative,
particularly in high-risk scenarios (e.g., multiple involved nodes, large nodal size). Second,
the “Quality-Gap Paradox” strongly advocates for the centralization of head and neck
cancer care, particularly pathology services, to ensure all patients benefit from expert,
high-quality diagnosis. Third, our study provides a clear mandate for the clinical validation
and adoption of Al-based tools. Healthcare systems and professional societies should
invest in the infrastructure and training needed to integrate these technologies into routine
clinical workflows.

4.5. Strengths and Limitations

The primary strength of our study is its large, population-based design, which pro-
vides a real-world snapshot of the diagnostic gap across an entire country. However,
some limitations must be acknowledged. First, the TCR database lacks detailed data on
specific imaging protocols or radiologist experience, which could influence cENE detection.
Second, we could not correlate findings with patient outcomes, as survival data for this
recent cohort is not yet mature. Future studies should link these findings to survival to
quantify the prognostic impact of the diagnostic gap. Third, our diagnostic gap metric is
a population-level measure and does not assess individual-patient concordance between
cENE and pENE. We did not calculate sensitivity, specificity, positive predictive value, or
negative predictive value of clinical ENE detection, as this would require patient-level
paired data linking each patient’s cENE status to their pENE status. The TCR long-form
data structure does not provide such paired information at the individual level. Therefore,
our findings should be interpreted as reflecting overall under-detection rates rather than
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diagnostic accuracy metrics. Future studies with access to individual patient records could
provide complementary insights into the diagnostic performance of imaging at the patient
level. Fourth, an inherent limitation of our study design is that pENE data are available
only for patients who underwent neck dissection, while cENE data include all patients with
imaging assessment. This creates a selection bias, as patients undergoing neck dissection
are typically those with clinically or radiologically suspected nodal disease, representing a
higher-risk subset of the overall HNSCC population. Consequently, the observed pENE
rates may be higher than they would be if all patients underwent surgical pathological
examination, and the diagnostic gap may be artificially widened. However, this limitation
is unavoidable in real-world registry data, as early-stage patients without clinical nodal
involvement do not undergo neck dissection as part of standard care. Despite this, our
findings remain clinically meaningful because they reflect the actual diagnostic challenge
faced by clinicians: among patients who do undergo surgery and for whom accurate
preoperative staging is most critical, imaging still systematically under-detects ENE.

5. Conclusions

In conclusion, our nationwide study reveals a significant and persistent diagnostic
gap between cENE and pENE in Taiwan following the implementation of the AJCC eighth
edition. This gap, which did not narrow over a five-year period, underscores the inherent
limitations of current imaging modalities in detecting microscopic ENE. The existence
of a “Quality-Gap Paradox,” where medical centers exhibit a larger gap, highlights the
crucial role of high-quality pathological examination in accurate staging. These findings
challenge the current staging paradigm and signal an urgent need to move from population-
based staging to individualized risk assessment. The integration of Al-powered predictive
tools, alongside traditional clinical and pathological evaluation, represents the future of
personalized HNSCC management, promising to bridge the diagnostic gap and tailor
treatment strategies to each patient’s unique disease biology.
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