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Abstract: Objective: Residual dizziness is a disorder of unknown pathophysiology, which may occur
after repositioning procedures for benign paroxysmal positional vertigo. This study evaluates the
relationship between regular daily physical activity and the development of residual dizziness after
treatment for benign paroxysmal positional vertigo. Study Design: Prospective observational cohort
study. Setting: Academic university hospital. Methods: Seventy-one patients admitted with benign
paroxysmal positional vertigo involving the posterior semicircular canal were managed with Epley’s
procedure. Three days after successful treatment, the patients underwent a telephone interview to
investigate vertigo relapse. If the patients no longer complained of vertigo, they were asked about
symptoms consistent with residual dizziness. Subsequently, they were asked about the recovery of
physical activities they regularly performed prior to the onset of vertigo. Results: Sixty-nine patients
(age: 57.79 + 15.05) were enrolled: five (7.24%) reported vertigo relapse whereas twenty-one of
sixty-four non-relapsed patients (32.81%) reported residual dizziness. A significant difference in
the incidence of residual dizziness was observed considering the patients’ age (p = 0.0003). Of the
non-relapsed patients, 46 (71.88%) recovered their regular dynamic daily activities after treatment
and 9 (19.57%) reported residual dizziness, while 12 of the 18 patients (66.67%) who did not resume
daily activity reported residual symptoms (p = 0.0003). A logistic regression analysis showed a
significant association between daily activity resumption and lack of residual dizziness (OR: 14.01,
95% CI limits 3.14-62.47; p = 0.001). Conclusions: Regardless of age, the resumption of regular daily
physical activities is associated with a lack of residual dizziness.

Keywords: residual dizziness; benign paroxysmal positional vertigo (BPPV); vertigo; canalithiasis;
canalith repositioning procedure (CRP)

1. Introduction

Benign paroxysmal positional vertigo (BPPV) is the most common vestibular com-
plaint, consisting of short-lasting vertigo spells triggered by head position changes. BPPV
affects both utricular macula and one or more semicircular canals as the most accredited
pathophysiology is the displacement of otoconial matter from the utricle to the involved
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canal. Free-floating otoconia modify endolymphatic flows and cupular responses during
head movements, resulting in positional vertigo and nystagmus [1,2].

BPPV can be classified, in clinical practice, according to the affected semicircular canal
(SC) and the involved arm, as follows [1,2]:

e  Posterior Semicircular Canal (PSC) BPPV: Geotropic and apogeotropic variants

e  Horizontal Semicircular Canal (HSC) BPPV: Geotropic and apogeotropic variants
e  Anterior Semicircular Canal (ASC) BPPV

e  Multicanal BPPV

The involvement of a single SC represents the most frequent condition, although BPPV
might simultaneously affect more SCs on one or both sides. PSC BPPV is the most frequent
variant (80-90%), whereas cases involving the HSC and ASC account for 10-20% and 3%
of all BPPVs, respectively [3]. In addition, canalith jam (CJ) is an uncommon variant of
vestibular lithiasis [4-6].

The diagnosis of BPPV concerning the affected ear and the involved canal and arm is
commonly made by performing positioning tests, also known as diagnostic maneuvers.
The tests work by gravity and inertial/centrifugal forces, which bend the affected SC
cupula and move the free-floating debris [1-3,7]. Several maneuvers have been proposed
to properly diagnose each BPPV variant by moving the patient’s head along the plane of
the examined SC [1-3]. The “minimum stimulus strategy” represents a nystagmus-based
approach aimed at minimizing the patient’s discomfort, reducing the amount of diagnostic
and therapeutic maneuvers required for BPPV diagnosis and treatment [8,9].

BPPV can be effectively managed by repositioning maneuvers, namely non-invasive
procedures meant to move back displaced debris towards the utriculus. The canalith
repositioning procedure (CRP) proposed by Epley is the most commonly used technique
for the treatment of BPPV involving the PSC, which represents the most common subtype
of BPPV [1,3].

Following successful repositioning maneuvers for BPPV, patients often experience
light-headedness, short-lasting unsteadiness, or a persistent non-positional imbalance of
variable duration. These residual symptoms, also called residual dizziness (RD), more
frequently occur in older patients and in subjects with anxiety-related disorders [10-13].
Several hypotheses have been proposed to explain the pathomechanism underlying resid-
ual symptoms after successful repositioning procedures. Possible explanations include
either the persistence within the canal lumen of a too limited number of residual debris to
provoke detectable positional nystagmus, the persistence of utricular dysfunction accom-
panying BPPV, and the occurrence of long-lasting central adaptation mechanisms [14-21].
In previous research, the overall prevalence of RD ranges between 36.6% and 61% [10],
and both vestibular rehabilitation and various drugs have been proposed to manage this
condition [22-24].

This study evaluates the relationship between the resumption of regular daily physical
and the development of RD after the successful treatment of PSC-BPPV.

2. Materials and Methods

In this prospective observational trial, we enrolled 76 patients (30 male and 46 female)
admitted to the emergency room for vertigo who were diagnosed with PSC-BPPV.

Patients affected by other BPPV forms, multiple semicircular canals involvement or
with a history consistent with previous vestibular disorders other than BPPV were excluded,
as were patients who missed the scheduled follow-up visits. Subjects with simultaneous
temporary physical impediments associated with BPPV (for example, traumatic pathologies
reducing the ability to move) were also excluded.

All the patients received a bedside neurotological evaluation, including an examination
of ocular alignment, saccades, smooth pursuit, and gait. Both spontaneous and gaze-
evoked nystagmus with and without fixation were checked using infrared video-Frenzel
goggles. According to our nystagmus-based approach, the patients underwent diagnostic
positioning tests for BPPV according to the minimum stimulus strategy [25,26]. PSC-BPPV
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was diagnosed if the Dix-Hallpike test evoked typical paroxysmal nystagmus (up-beating
and torsional nystagmus with the upper pole of the eyes beating toward the undermost ear,
lasting < 1 min).

If the positional tests were consistent with PSC-BPPV, CRP, as described by Epley [3],
was immediately performed. No drug was prescribed before or after physical therapy. A
Dix-Hallpike maneuver was repeated about 5 min after the treatment and CRP was defined as
“successful” if positional nystagmus was no longer detectable and the patient did not complain
of vertigo at the control diagnostic test. Otherwise, the first CRP was defined as “ineffective”
and repeated up to three times, checking the treatment result following each maneuver. In
cases of ineffective CRD, the patients were re-evaluated after three days with the same protocol.
A maximum of two sessions (six CRP) per patient was carried out. Patients were excluded
from the study if more than two sessions were required or a canal switch occurred.

Three days after successful CRP, each patient underwent a telephone interview con-
sisting of three dichotomous questions, to which the only possible answers were “YES” or
“NO”. The first question, aimed to identify the persistence of dizziness during rotational
and flexion-extension head movements, was: “Do you still feel dizzy when moving your
head, lying down, turning in bed and getting up from supine?”. In case the answer was
“YES” (persistence of positional symptoms), the interview concluded, the patient was classi-
fied as “relapses” and was invited to return to our clinic for a further check-up. Conversely,
two more questions were asked if the answer was “NO” (receding of positional symptoms).
The second question, aimed to verify the onset of RD, was: “Do you currently feel unsteady
as you were not before the onset of BPPV?”. Patients who answered “YES” were considered
to have RD. Finally, the patients were asked about the resumption of their regular dynamic
daily activities (RDDA) after physical therapy through the third question: “After the last
successful maneuver, have you resumed the daily physical activities you were performing
before the onset of BPPV?”. RDDA were defined as any physical activity that patients
conducted before the onset of BPPV, considering differences related to age, habits, and
performance status: playing sports, swimming, jogging, cycling, walking, climbing stairs,
and performing housework.

The study design is presented in Figure 1.

PSC-BPPV

UNSUCCESSFUL
CRP

FOLLOW UP

SUCCESSFUL
CRP

| VERTIGORELAPSE |

@'/\ Tves

RESIDUAL DIZZINESS
c—,
| NO }" \ﬂ YES
] |

*
| RECOVERY OF DYNAMIC DAILY ACTIVITIES |
T s

- ~

—
[ NO YES |

Figure 1. Study design. BPPV, benign paroxysmal positional vertigo; CRP, canalith repositioning
procedure; PSC-BPPV, posterior semicircular canal BPPV.
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Statistical Analysis

The continuously distributed variables were reported as mean +/— SD, after checking
for normal distribution, and compared by the Student’s ¢-test. The frequencies and percent-
ages were calculated for the categorical variables, and the chi-square test was used for the
comparisons.

A multivariable logistic regression model with backward stepwise variable selection
was constructed to assess which factors were independently associated with the lack of RD
among those highlighted in the univariate setting (sex, age, affected side, number of CRP
performed, resumption of daily activities). Any p-value < 0.05 was considered statistically
significant.

3. Results

Among the overall cohort of patients enrolled in the trial (n. 71), seven subjects were
later excluded since five (7.04%) failed to attend the follow-up visits, while two (2.81%)
required more than six CRPs.

Sixty-nine subjects were eventually included in the statistical analysis: 30 males
(43.47%, mean age: 58.8 & 13.80) and 39 females (53.13%, mean age: 57.02 & 16.08). The
affected ear was the right ear in 44 cases (63.76%). In total 39 patients (56.52%) required a
single CRP to recover from PSC-BPPV, 14 (20.28%) received two CRPs, 11 (15.94%) required
three CRPs, while 5 subjects received up to 6 CRPs (7.24%). The demographic data are
summarized in Table 1.

Table 1. Demographic Data. DDA: Recovery of dynamic daily activities; SD: standard deviation; R:
Right; L: Left; R.VERT: Relapse of vertigo; CRP: Canalith repositioning procedure; RD+: Residual
dizziness development.

. Age Side R. Number of CRP
DDA Subjects (Mean + SD) R L VERT 1 ) 3 - RD+ RD-—
Yes Male 22 58.81  £12.90 16 - 11 8 2 1 4 18
Female 27 56.70  +18.10 16 11 3 19 3 3 2 5 19
No Male 8 58.75  £17.04 5 3 - 4 1 3 - 5 3
Female 12 5750  £10.87 7 5 2 2 3 2 7 3
Tot. 69 57.79  £15.05 44 25 5 39 14 11 5 21 43

At the telephone interview, five patients (7.24%) reported relapse of vertigo and among
them, only three reported a prompt recovery of RDDA after the treatment. No differences
were found in relapse occurrence according to age, sex, affected side, and number of CRPs.

Among the remaining 64 patients, 21 (32.81%) complained of RD. The statistical analysis
did not show differences in RD incidence according to sex, affected side, or number of CRP.
By contrast, a significant difference in the incidence of RD was found considering age: the
patients who experienced RD were significantly older than those without RD (64.24 + 12.67
vs. 53.98 £ 14.82, p < 0.005) (Figure 2). Among the non-relapsed patients (n. 64), 46 (71.88%)
reported a complete resumption of RDDA after treatment, and 9 (19.57%) complained of
RD. Conversely, among the remaining 18 patients who denied having resumed their daily
activities, 12 subjects (66.67%) developed RD (p = 0.0003) (Figure 3).

The multivariable logistic regression model showed that patients who promptly recov-
ered RDDA were 14 times less likely to experience RD, irrespective of sex, age, and number
of CRP (OR: 14.01, 95% CI 3.14-62.47; p = 0.001).
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Figure 2. Residual dizziness reporting according to age. RD+, patients reporting residual dizziness;
RD—, patients free from residual dizziness.
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B nNo
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30

Residual Dizzines

Figure 3. Correlation between residual dizziness and recovery of dynamic daily activities. RD+,
patients reporting residual dizziness; RD—, patients free from residual dizziness.

4. Discussion

RD is an ambiguous disorder occurring after the successful treatment of BPPV, once
positional vertigo has receded. Patients often struggle to report RD, since the disorder
includes a broad spectrum of symptoms, such as a vague sense of dizziness, imbalance,
light-headedness, or other balance disorders without vertigo [12].

RD is considered a complex vestibular disorder and several hypotheses have been
proposed to explain its pathophysiology [14-21]. Although theoretically valid, none of
them has been supported by definitive data, nor do they exclude other causal factors that
could play a role in the genesis of RD acting either independently or synergistically.

Some authors assume that residual symptoms could represent a subclinical variant
of BPPV due to the persistence of debris in the semicircular canal lumen. The residual
otoconial matter, they argue, results in mild dizziness, although it does not provoke
positional nystagmus or vertigo [18,27].

Other hypotheses focus on the role of a possible dysfunction in the utricular macula, in
association with or due to BPPV. This condition could be defined as “maculo-canalopathy”;
therefore, physical therapy can solve the canal dysfunction via debris removal without
restoring macular function [1-3]. In support of this theory, Von Brevern et al. assessed the
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otolith-ocular reflex (OOR), suggesting that idiopathic BPPV is associated with utricular
dysfunction and assumed that this condition could result in long-lasting imbalance after the
resolution of canalolithiasis [28]. This supposition was later supported by other studies [17,
29]. Furthermore, macular dysfunction due to traumatic or degenerative otoconial loss
have recently been proposed as causative factors for RD [20,21].

Faralli et al. suggested that the genesis of RD could be related to the inability of the
vestibular system to readjust to a new functional status quickly [16]. According to this the-
ory, otoconial debris within the semicircular canals alter the tonic discharge of the affected
labyrinth during BPPV, thereby inducing a central adaptation to rebalance the activity
of vestibular nuclei, reducing peripheral asymmetry. The sudden resolution of BPPV by
physical therapy alters the “new equilibrium” achieved. Therefore, central adaptation can-
not promptly restore the pre-existing condition and produces subtle symptoms consistent
with RD. The delayed central adaptation is associated with many factors, such as BPPV
duration [10,11], age [10-16], and the subject’s emotional state [12-14]. Furthermore, it
should be considered that aging significantly degrades sensory systems, worsening central
processes measuring balance and body perception, therefore predisposing to dizziness
and disequilibrium [30]. It is well known how advancing age could increase the incidence
of RD, representing an important variable to be considered [13,15]. These data are in
accordance with the results of this study and with data already collected in our previous
investigation [12], in which we described how age influenced the occurrence of imbalance
after successful CRP. Since many factors can affect the risk of RD development, this trial
included only patients with canalolithiasis affecting the posterior semicircular canal to
eliminate confounding aspects related to therapeutic procedures other than CRP and mis-
diagnosis (i.e., central vertigo or cupulopathies mimicking BPPV). Furthermore, previous
research about this topic showed that diagnostic delay is linked with a higher probability of
developing RD. Therefore, only patients with recent-onset BPPV were enrolled in this trial,
in order to limit the confounding factors and make the analyzed cohort more homogeneous.
The presence of anxiety-related disorders, a relevant aspect in the development of residual
symptoms after the resolution of BPPV, was not investigated in this earlier study.

This study mainly investigated the association between RDDA and RD. We consid-
ered the resumption of RDDA as a purely qualitative and subjective parameter, which
was assessed by asking patients whether they resumed the motor activities they usually
performed before the first vertigo spell after successful CRP. Each subject follows a daily
routine involving repeated motor activities, regardless of age and habits. This routine
varies from case to case: naturally, the RDDA of a young and fitness-focused patient will
be different from that of an elderly subject with a sedentary lifestyle. However, considering
our population’s differences according to age and habits, attempting to quantify each pa-
tient’s physical activity before and after BPPV would have been complicated and probably
not very accurate. A solid association between RDDA resumption and the absence of
RD, regardless of the subjects’ age, was found. The data obtained from our analysis can
be interpreted in two ways: the RDDA may prevent RD but, conversely, RD could pre-
vent the resumption of the RDDA. The first hypothesis aligns with the different proposed
pathogenetic theories underlying RD.

The results obtained from our analysis are in line with the different proposed pathogenetic
theories underlying RD. For example, after successful repositioning maneuvers, the head
movements associated with daily motor activities might be able to disperse the residual
otoconial fragments in the canal lumen, preventing further perturbations on the cupula.

Although RD is mostly a self-limiting condition, patients can sometimes develop
enough discomfort and disabling symptoms to require physical treatment and vestibular
rehabilitation, in combination with medications if needed [31].

Drugs play an unclear role in the management of patients suffering from RD. Several
medications have been proposed to approach RD, but nothing has yet been proven to
provide relief for this disorder compared to placebo [13]. Albeit with conflicting results, the
most commonly used molecule to approach RD is betahistine [22,24,31]. According to a
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randomized controlled trial, dimenhydrinate is a vestibular suppressant that could help
prevent RD. However, it presents some side effects, limiting its use by selected patients for
a limited number of days [32]. A prospective multicentric study reported the beneficial
effect of supplementation with a polyphenol compound [23].

Vestibular rehabilitation has been developed to treat patients with chronic vestibular
symptoms through a tailored exercise-based program. Vestibular rehabilitation, thanks to
the development of vestibular habituation, adaptation, and substitution to enhance gaze
and postural stability, is proven to improve daily functional performance [31,33].

Rodrigues et al. demonstrated that vestibular exercises in association with CRP could
increase the benefit of treatments for patients with BPPV, resulting a reduction in residual
symptoms and a decreasing recurrence rate [34]. Therefore, considering RD as the effect
of either macular imbalance or delayed central compensation, RDDA would ideally act
similarly to vestibular rehabilitation, readjusting the affected utricular function, although
without the proper structure and goals. Assuming that the daily activities that are usually
performed consist of systematic repetitions of space-oriented movements, it could be
hypothesized that the resumption of RDDA could act centrally, rebalancing the peripheral
asymmetry that occurs while otoconia are free to move within the semicircular canal.
However, considering the hypothesis of permanent utricular dysfunction, the role of RDDA
in preventing RD appears justified, since it might enhance neuroplasticity phenomena,
making the vestibular system more receptive to natural compensatory mechanisms [34].

Nevertheless, some authors have associated the resumption of physical activity after
physical therapy with BPPV relapse. For this reason, postural restrictions in the first
days following physical therapy have been proposed, although this practice appears to be
unjustified based on current evidence [35,36]. In our series, no differences were found in
BPPYV relapse subsequent to RDDA, according to previous studies.

The present study features some limitations. Firstly, it involved only patients recruited
in the emergency room, with recent-onset BPPV. Since the occurrence of RD is positively
related with the duration of BPPV [10,11], we could not establish whether RDDA would
have played the same role in a cohort of patients with long-lasting BPPV. Furthermore,
the vestibular function was not investigated instrumentally after physical therapy nor,
at the follow-up evaluation. Thus, we could not analyze the effects of RDDA in case of
hypothetical utricular damage.

5. Conclusions

The prompt resumption of RDDA is associated with a lack of RD after physical therapy
in patients admitted to the emergency room with BPPV, regardless of age and without
increasing the risk of relapses.
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Abstract: Background: Sulcus vocalis (SV) is a longitudinal groove in the free edge of the true vocal
cord. It may impair phonation with incomplete glottic closure, phonasthenia and hoarseness. This
study aims to detect a correlation between benign vocal cord lesions and the incidence of the SV.
Methods: A retrospective study was carried out on patients who underwent transoral surgery due
to benign vocal fold lesions and were selected according to strict criteria. Patients were divided
into a group with sulcus vocalis (Group wSV) and a group without sulcus vocalis (Group w/oSV).
The possible correlations between variables were assessed by the Pearson chi-square test (p < 0.05).
Results: The study included 232 vocal cord lesions in 229 patients: 62.88% were females whose
mean age was 46.61 £ 14.04. The most frequent diseases were polyps (37.94%), nodules (18.53%)
and Reinke’s edema (21.12%). Statistically significant relationships were found between age and SV
(p-value 0.0005) and between mild dysplasia and SV (p-value 0.03). Conclusions: This study did not
detect a cause—effect relationship between SV and benign vocal fold lesions. SV within vocal fold
lesions is more common in younger patients, suggesting a congenital nature of SV. In conclusion, in
the case of a benign vocal fold lesion, a possible SV should be considered and researched to provide
the patient the best healthcare.

Keywords: larynx; laryngoscopic surgery; phonation; voice quality; vocal cords

1. Introduction

The vocal fold is composed of squamous epithelium, lamina propria (superficial, in-
termediate and deep layers) and vocal muscle. Vocal fold lesions may lead to dysfunction
due to the loss of elasticity and integrity of the vocal fold [1]. Sulcus vocalis (SV) is a
longitudinal groove in the free edge of the true vocal cord; it represents an area of decreased
mucosal elasticity. Indeed, this lesion changes the normal physiology of the vocal folds
with impaired glottic closure, vocal fatigue, phonasthenia and hoarseness [2—4]. Typical
dysphonia is characterized by a high-pitched and diplophonic breathy voice. Sulcus vocalis
was first reported by anatomist Giacomini in 1892, who described it as an abnormality in
the vocal cord [5]. Ford et al. [6] classified this lesion in three degrees of severity: type I
with no functional effect and called physiological sulcus; type 11, or sulcus vergeture, with a
loss of the superficial layer of lamina propria; and type III, which Selleck et al. [7] consider
the true sulcus vocalis, with a mucosal-loss focal area in the vocal ligament or deeper (also
called pocket-type). The last two types of sulcus vocalis are considered pathological sulcus.
Making the diagnosis of sulcus vocalis can be challenging. In fact, the incidence of SV
is not clear and ranges from 0.4% to 48% according to various articles [3,4]. The patient
should be examined by an ENT and a speech therapist to give a global approach to the
disease. In fact, the vocal cords may appear normal during in-office laryngoscopy, whereas
videostroboscopy can easily highlight a vocal cord lesion. Hirano et al. described usual
findings during laryngoscopy: bow-shaped vocal cords with incomplete glottic closure
(the so-called “spindle-shaped pattern”) and medial invaginations (almost splitting the
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vocal fold), a reduced mucosal wave and supraglottic hyperactivity as a compensatory
mechanism [8]. However, these features can also be found in vocal cord atrophy; thus, it is
important to detect the sulcus to make a differential diagnosis. In their studies, Dailey et al.
and Akbulut et al. [9,10] also reported difficulties in making diagnoses of sulcus vocalis
using videostroboscopy. Indeed, in cases of moderate to severe dysphonia, videostro-
boscopy cannot provide clear and accurate information due to failed synchronization (the
fundamental frequency FO cannot be recorded). Moreover, this exam provides qualitative
data, resulting in high inter-individual variability [11]. Dailey et al. stated that SV is the
most undiagnosed benign vocal cord lesion in patients examined due to benign glottic
disease [9]. These drawbacks make it difficult to elaborate precise statistical studies since
the diagnostic evaluation is operator-dependent. Indeed, in-office laryngoscopy provides a
view tangent to SV and vocal fold lesions, resulting in difficulty to detect the sulcus itself
(the authors called it the “umbrella effect”) [12].

Several therapeutic strategies, surgical and non-surgical, can be chosen since today
there is no consensus about the best therapy. Voice therapy can be accepted in the first
instance [13,14]; however, when the speech-therapy treatment is ineffective and functional lim-
itations and worse quality of voice occur, a surgical treatment can be proposed: medialization
laryngoplasty [15,16], pulsed laser treatment [17,18], vocal fold injections [19-21] or autolo-
gous tissue implantation [22-33]. To date, the latter seems to be the best therapeutic choice
for the success of vocal cord flexibility and for long-term outcomes. Indeed, treatment of SV
should achieve two goals: restoring the mucosal wave and fixing the anatomic abnormality.

Furthermore, sulcus vocalis seems to be correlated with coexisting vocal cord lesions.
As reported in a few reviews [24-27], in cases of benign vocal fold lesions, a sulcus vocalis
should always be considered since treating the benign lesion but leaving out the sulcus may
not lead to the complete improvement of the patient’s symptoms, in addition to causing a
predisposition to phonotrauma.

Based on these premises and on the poor literature, this study aims to evaluate the
incidence of sulcus vocalis in patients undergoing transoral laryngeal surgery (TOLS) due
to vocal cord pathology, seeking a correlation between the presence of a sulcus and the
onset of benign vocal cord lesions.

2. Materials and Methods
2.1. Study Design

A retrospective study was carried out on patients who underwent TOLS due to benign
vocal fold lesions from January 2010 to January 2020 in our Ear Nose and Throat Clinic at
the University Hospital of Palermo. This study was approved by the ethical committee of
our university hospital (approval number: 04/2022), and informed consent was obtained
from the patients in accordance with the Helsinki Declaration.

The inclusion criteria were as follows: males and females aged between 18 and 80 years
old, patients undergoing TOLS due to vocal cord lesions and histological diagnosis of a
benign vocal fold lesion.

The exclusion criteria were as follows: histological diagnosis of malignant vocal fold
lesions (severe dysplasia, carcinoma in situ or carcinoma) and patients undergoing TOLS
due to non-vocal cord lesions.

The following data were collected: demography (age and sex), surgical technique
(cold or laser surgery), histological diagnosis (nodules, polyps, Reinke’s edema, cyst,
papillomatosis or others), side (right and/or left vocal cord) and number of vocal cord
lesions (mono or bilateral) and presence or not and side of sulcus. Recruited patients were
divided into two groups: a group of patients with sulcus vocalis (Group wSV) and a group
of patients without sulcus vocalis (Group w/oSV).

2.2. Data Analysis

Data on the demography, surgery, vocal fold lesion and sulci of the recruited patients
were collected in a data spreadsheet using Microsoft Excel, version 16.66.1. These data were
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reported as numbers and percentages of the total and /or mean =+ standard deviation (SD).
MedCalc software was used for the statistical analyses. The possible associations between
the dichotomous nominal variables were assessed by calculating the Pearson chi-square
tests [34]. A p-value of <0.05 was considered statistically significant.

3. Results

The study included 232 vocal cord lesions in 229 patients: 144 (62.88%) females and
85 (37.12%) males aged between 18 and 80 years old (the mean age was 46.61 + 14.04).
In particular, 77 (33.62%) patients belonged to Group wSV, and 152 (66.38%) belonged to
Group w/oSV.

All patients were treated by the same surgeon (CS) to avoid biases related to different
surgeons’ skills. Moreover, due to the difficulty in detecting a sulcus during an in-office
laryngoscopy, we included in this study only cases where a sulcus was confirmed during
the surgical procedure.

Vocal fold lesions included in the analysis were: angioma (0.43%), polyp (37.94%),
nodule (18.53%), cyst (9.05), papillomatosis (0.86%), Reinke’s edema (21.12%) and mild
(6.03%) and moderate (3.02%) dysplasia. The data are summarized in Table 1. The most
frequent diseases were polyps (37.94%), nodules (18.53%) and Reinke’s edema (21.12%)
(Figures 1 and 2). In particular, as regards Group wSV, polyps were the most common finding
(44.30%), followed by nodules and Reinke’s edema, which had the same incidence (20.25%).
No cases of papillomatosis and /or moderate dysplasia were reported for this group.

Table 1. Characteristics of included patients and results of possible associations between variables.

Characteristics Group wSV (%) Group w/oSV (%) Total (%) Chi-Square
(p-Value)
Sex
Female 52 (67.53) 92 (60.53) 144 (62.88) 1.07 (0.299)
Male 25 (32.47) 60 (39.47) 85 (37.12)
Age
Mean £ SD 42.09 £12.00 4890 £+ 14.44
Range 18-74 18-80 46.61 £+ 14.04
14.92 (0.0005
18-44 years old 45 (58.44) 55 (36.18) 18-80 ( )
45-64 years old 30 (38.96) 72 (47.37)
65-80 years old 2 (2.60) 25 (16.45)
Angioma 1(1.27) 0(0) 1(0.43)
Left 1 0 1 )
Right 0 0 0
Bilateral 0 0 0
Polyp 35 (44.30) 53 (34.64) 88 (37.94)
L.eft 10 13 23 242 (0.11)
Right 13 26 39
Bilateral 12 14 26
Nodule 16 (20.25) 27 (17.65) 43 (18.53)
Lefi 2
eft > 8 0.304 (0.58)
Right 7 16 23
Bilateral 6 6 32
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Table 1. Cont.

Characteristics Group wSV (%) Group w/oSV (%) Total (%) Chi-Square
(p-Value)
Cyst 7 (8.86) 14 (9.15) 21 (9.05)
Lef 7 1
et 3 0 0.0009 (0.97)
Right 4 6 10
Bilateral 0 1 1
Reinke’s edema 16 (20.25) 33 (21.57) 49 (21.12) 0.026 (0.87)
Papillomatosis 0(0) 2(1.31) 2(0.86)
Left 0 0 0 )
Right 0 1 1
Bilateral 0 1 1
Keratosis 3(3.80) 4(2.61) 7 (3.02)
Left 0 2 2 0.275 (0.59)
Right 3 0 3
Bilateral 0 2 2
Mild dysplasia 1@1.27) 13 (8.50) 14 (6.03)
Left 0 ! ! 4.68 (0.03)
Right 0 5 5 ) )
Bilateral 1 7 8
Moderate dysplasia 0(0) 7 (4.57) 7 (3.02)
Left 0 1 1 .
Right 0 3 3
Bilateral 0 3 3
Total 79 (34.05) 153 (65.95) 232 (100)

13

There are 232 vocal fold lesions and 229 patients because we had 2 patients with a right nodule and a left cyst and
1 patient with a right polyp and a left nodule.

Figure 1. Bilateral sulcus with bilateral nodules and a right vocal cord hemorrhage due to phono-
trauma (Narrow-Band Imaging).
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Figure 2. Bilateral sulcus in Reinke’s edema (Narrow-Band Imaging).

In both groups, female prevalence was found: 67.53% for Group wSV and 60.53%
for Group w/oSV. However, statistical analysis did not show any statistically significant
correlation between the variable “sex” and the presence/absence of sulci (p-value 0.299).

Patients were divided into three age categories: (1) young people (18—44 years old),
(2) middle-aged people (4564 years old) and (3) older people (65-80 years old). The
study revealed that most patients in Group wSV were young (58.44%), while 47.37% of
the patients who belonged to Group w/oSV were aged between 45 and 64 years old. The
chi-square test showed a statistically significant relationship between age and the presence
of sulci (p-value 0.0005).

No association was found between the type of vocal cord lesion and the presence of a
sulcus, except for mild dysplasia (p-value 0.03).

Also, a possible correlation between the side of the lesion and the side of the sulcus
was evaluated by the chi-square test calculator for a 3 x 3 contingency table with a negative
result (p-value 0.08) (Table 2). The SV was bilateral in 31 cases (40.26%), and 25.96% of the
patients had both bilateral SV and bilateral vocal fold lesions.

Table 2. Study of the correlation between the side of the lesion and the side of the sulcus.

Lesion Side

Sulcus side Right Left Bilateral Total
Right 13 4 11 28
Left 5 4 9 18
Bilateral 4 7 20 31
Total 22 15 40 77
Chi-square (p-value) 8.2228 (0.08)

4. Discussion

Sulcus vocalis is a longitudinal furrow that runs along the vocal cords, altering not
only the vocal cords” anatomy but their functionality, too. Vocal fold scarring means that
the mucosa is tethered to the underlying tissue and cannot vibrate freely, causing vocal
fatigue, incomplete glottic closure and hoarseness [1-4,6,7,9]. As written above, the vocal
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folds are composed of the cover (epithelium and superficial layer of lamina propria) and
body (intermediate and deep layers of lamina propria and vocal muscle). As described by
Hirano in 1975, according to the cover-body theory, during phonation, the airflow from
the trachea leads to the vibration of the pliable cover on the body of the vocal folds [35,36].
A study by Zhou et al. demonstrated that sulcus vocalis causes a directly proportional
increase in the phonation threshold pressure. This increase requires more effort to be made
to provide adequate airflow. This effort results in hoarseness, vocal fatigue, phonasthenia
and worse voice quality. Obviously, the effort and symptoms worsen with increasing
sulcus depth [37]. As reported by Hirano et al., the vocal fatigue and hoarseness are due
more to incomplete glottic closure than to stiff vocal folds [8]. Stroboscopic studies show a
statistically significant increase in the mean FO in types II and III of sulcus vocalis [38].

In 1994, Pontes et al. suggested a first classification of sulcus vocalis into the following
categories: (1) sulcus stria minor, which is an epithelial depression; (2) sulcus stria major,
where the mucosal invagination adheres to the deep layer, vocal ligament and muscle;
and (3) pouch-shaped sulcus lesion, where the invagination results into a pouch-shaped
subepithelial depression [38]. However, the most common classification was formed by
Ford et al. in 1996 [6], dividing sulcus vocalis into three categories: type I, or physiologic
sulcus; type 11, also called sulcus vergeture; and type I1I, which is the “true sulcus vocalis”
or a pouch-like depression [7].

The etiology of sulcus vocalis is still unclear today. The ideas of the various authors are
controversial, and the scientific literature is lacking in this regard. Bouchayer et al. [1] and
Ford et al. [6] ascribe these causes to gastroesophageal reflux, laryngeal chronic inflammation,
errors in surgical technique, congenital alterations, mucosal atrophies, embryonic defects
and others. In particular, Bouchayer et al. assumed that sulcus vocalis is the result of
the rupture of an epidermoid cyst from remnants of the fourth and sixth brachial arches.
According to this theory, the capsule of the epidermoid cyst has remained attached to the deep
tissues of the vocal cords, resulting in the formation of an invagination that is the sulcus [1].
Moreover, Sato et al. studied the mucosa of sulcus vocalis using electron microscopy and
demonstrating degenerated and fewer fibroblasts in the macula flava, resulting in changes
in elastic and collagenous fibers in the vocal fold mucosa [39]. Lee et al. analyzed the
histology of surgical specimens and found epithelial changes (parakeratosis, dyskeratosis
and inflammatory infiltrate) in most of the cases. Based on these findings, the authors
suggested a similarity with the pathogenesis of cholesteatoma [38]. Indeed, SV has a pouch-
like appearance, as well as a retraction pocket of the tympanic membrane that promotes
keratin accumulation and subsequent inflammation. This excessive immune response is
responsible for subepithelial vocal fold damage and impaired voice quality. These epithelial
changes may explain the common finding of benign vocal fold lesions with SV.

After studying four individuals of the same family with dysphonia, Martins et al. [31,32]
suggested a genetic origin of sulci, such as autosomal dominant inheritance. However, the
authors state that is not possible to establish a genetic transmission of this disorder.

Moreover, based on the current literature, sulcus vocalis does not seem to predomi-
nantly affect a gender or a specific age. Itoh et al. [2] studied 240 patients who were divided
into three groups: (1) sulcus with hoarseness, (2) sulcus with another laryngeal disease and
(3) sulcus with no vocal disorder. The study found that 72% were male and that most of the
patients were aged between 60 and 69 years old. The lesions were bilateral in 63% of the
patients and unilateral in 37%, with no significant difference between the right and left sides.
On the contrary, Stinter et al. [27] found that 56.4% of patients with sulci and benign vocal
cord lesions were female, without reporting a significance difference in gender, with a mean
age of 43.50 & 12.7. In addition, in our study, most of the patients with sulci were females
(67.53%) and were young, aged between 18 and 44 years old (58.44%), with a mean age of
42.09 & 12.00. Varelas et al. suggest that the female prevalence may be due to anatomic and
physiologic features. Indeed, women have smaller and thinner vocal cords and a higher
FO than men, meaning that they have increased fold vibration and, so, a higher risk to
develop voice diseases due to phonotrauma [38]. Thus, the prevalence of women with SV
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in studies may be related to higher incidence of benign vocal fold lesions. Moreover, we
found a statistically significant correlation between age and sulcus (p = 0.0005). Stinter et al.
suggested that the young age of occurrence could be explained by a congenital sulcus [27].

However, regarding a possible correlation between the side and number of sulci
and the side and number of vocal cord lesions, we did not find any statistical difference
(p > 0.05), as was reported by Itoh et al. [2]. Instead, in 2018, Carmel-Neiderman et al. [28]
tried to detect a correlation between vocal fold polyps (VFP) and sulcus vocalis and found
that patients with SV and VFP had a higher risk of developing contralateral vocal fold
lesions due to phonotrauma (p = 0.04). A vocal polyp is a lesion of epithelium and a
superficial layer of the lamina propria of the vocal fold; its onset is usually linked to vocal
misuse and abuse due to possible pre-existing sulcus vocalis, resulting in phonotrauma.
This assumption explains why the polyp usually develops on the same side as the SV.

In addition, in our study, the VFP was the most frequently found benign lesion in
Group wSV (44.30%), although no statistically significant correlation was demonstrated.

Moreover, the study of Byeon et al. [31] supported our hypothesis that, in cases of
the co-presence of SV and benign vocal fold lesions, the surgical treatment of the lesion
without fixing the sulcus, may increase the risk of recurrence of the lesion itself. Indeed, in
their study, the authors reported a significantly higher recurrence rate of VFP in the group
with SV (16.7%) than in the group without SV (3.1%).

Moreover, in their casuistry, Stinter et al. [27] did not report the simultaneous presence
of bilateral vocal nodules and SV. The authors explained that it is predictable since they
have the same vocal fold localization, and SV usually causes phonotrauma around the
sulcus itself. On the contrary, we found that 20.25% of Group wSV had vocal nodules
without a statistical correlation with SV. Soares et al. stressed that most patients have
bilateral sulcus vocalis (77%) [40]. The same results were observed by Yildiz et al., who
found that 100% of included patients had bilateral SV [11]. In our study, we found a similar
result: 40.26% of patients were affected by bilateral SV.

Nakayama et al. [33] studied sulcus vocalis in laryngeal cancer patients and demon-
strated that sulci were more common in the cancer group, suggesting increased suscepti-
bility; the chronic inflammation associated with tumors in adjacent or contralateral vocal
folds might be a factor in the pathogenesis of sulcus vocalis. In our study, we excluded
malignant glottic lesions because this kind of lesion could make it difficult to detect sulcus
and, thus, impair statistical results as a bias.

As mentioned above, over the years, several therapeutic strategies have been proposed.
In particular, there are surgical and non-surgical treatments. Voice therapy is indicated
and effective in cases of type I sulci and consists of exercises to reduce vocal effort and to
avoid compensatory mechanisms that may lead to vocal fold lesions. Pathological sulcus
vocalis needs surgical strategies that include medialization laryngoplasty (also called type
I thyroplasty) and vocal fold injections. In both cases, the main goal of the surgery is the
medialization of the vocal cords to reduce the glottic incompetence. Up to now, vocal fold
injections represent the best therapeutic approach with the filling of different materials:
autologous fat, hyaluronic acid, steroids and/or platelet-rich plasma (PRP). Autograft fat is
almost the best filler since it is inexpensive, biocompatible and easy-to-harvest. Moreover, a
recent study demonstrated that vocal fold injections of PRP plus fat improve the advantages of
fat, leading to faster post-operative vocal cord healing, longer lasting of the filler and softening
of the cover layer. Indeed, the fat plus PRP mixture allows us to reach two goals: reduction in
glottic insufficiency and reduction in vocal cord stiffness. Thus, the authors demonstrated
that this type of vocal fold injections could be considered the best treatment for pathological
sulcus since it allows us to achieve better vocal cord movement and vibration and a reduced
glottic gap, with lasting results over time and a low risk of recurrence [41].

Tsunoda et al. [24] introduced a new technique consisting of the transplantation of
autologous fascia into the vocal cords with SV. The authors formulated this technique based
on the use of temporal fascia during tympanoplasty. Actually, this fascia improves vocal
fold healing, and it is related to a low risk of infection and immunological reactivity. In
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this case, the temporal fascia is placed in a pocket, which is the Reinke’s space, between
the cover and the body of the vocal cord. Thus, this surgery reduces the glottic gap and
improves the mucosal wave during phonation.

Bouchayer et al. [1] suggested freeing the mucosa from the deeper layers of the vocal
folds to restore the body-cover structure. Moreover, they suggested fixing the flap with fibrin
glue. However, this so-called “epithelium freeing technique” does not allow us to overcome
the glottic insufficiency, so this surgery should be associated with vocal fold injections.

However, this work has a few limits: first, it is a retrospective study, so it has less
confidence and a lower level of evidence than prospective ones. In addition, we collected
data from only one experienced surgeon; this could be a limit for data analysis, but this
choice allowed us to avoid biases related to subjective operators’ skills. Indeed, as reported
by Stinter et al. [26], the diagnosis of a sulcus is sometimes only made during a direct
laryngoscopy with an experienced surgeon. In this regard, a recent study suggested the
use of Narrow-Band Imaging (NBI) endoscopy to better detect SV in outpatients [42], as
also shown in Figures 1 and 2. Desuter et al. observed that, in cases of SV, the vessels
that usually are parallel to vocal fold change their course and split, skirting the edges of
the furrow. The authors called it “the lake road sign”, as well as the roads that surround
lakes [43]. If this finding was the rule, NBI would be useful for SV diagnosis. Lim et al.
reported capillary ectasis in 35% of patients with pathologic sulci, too, as a sign of severe
inflammation [44]. In 1996, Ford et al. [6] found that mucosal vessels had a perpendicular
course to the vocal folds in SV, suggesting that they may be considered “herald vessels” of
pathologic sulci.

5. Conclusions

Sulcus vocalis is a longitudinal, full-thickness depression in the free edge of the true
vocal fold that may impair phonation, causing phonotrauma. This question was the basis
of the study: is there any cause-effect relationship between sulcus vocalis and benign
vocal fold lesions? However, this study did not find any statistically significant correlation,
except in the case of mild dysplasia, which may be due to chronic phonotrauma from sulcus
itself. Moreover, we found that SV within a vocal fold lesion is more common in younger
patients, suggesting a congenital nature of SV.

In conclusion, the take-home message is that in cases of benign vocal fold lesions, a
possible SV should be considered and researched for two reasons: first, the surgeon should
notify to patient that, in treating SV, the voice might change further, and, second, if the
surgeon fails to heal the SV, the risk of recurrence of vocal fold lesion would be high.

However, further studies are needed to better know SV and its role in the onset of
vocal fold lesions in order to provide the patient the best healthcare.
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Abstract: Previous studies reported an increased risk of benign paroxysmal positional vertigo (BPPV)
in patients with migraine. Hence, we aimed to assess the risk of migraine in patients with BPPV.
This cohort study was conducted using the Taiwan National Health Insurance Research Database.
The BPPV cohort consisted of patients aged <45 years with a diagnosis of BPPV between 2000 and
2009. An age- and sex-matched comparison group free from a history of BPPV or migraine was
selected. All cases were followed up from 1 January 2000 to 31 December 2010 or until death or
a diagnosis of migraine. The baseline demographic characteristics in both groups were compared
using Student’s t-test and the chi-square test. Cox proportional hazards regression analysis was used
to estimate the hazard ratio for migraine in the BPPV cohort compared with the comparison group
after adjustment for age, sex, and comorbidities. Notably, 117 of the 1386 participants with BPPV
and 146 of the 5544 participants without BPPV developed migraine. After adjustment for age, sex,
and comorbidities, BPPV showed an adjusted hazard ratio indicating a 2.96-fold increased risk of
migraine (95% confidence interval: 2.30-3.80, p < 0.001). We found that BPPV is associated with an
increased risk of a migraine diagnosis.

Keywords: benign paroxysmal positional vertigo; migraine; cohort study

1. Introduction

Benign paroxysmal positional vertigo (BPPV) is the most common cause of vertigo.
A study reported that the lifetime prevalence rate of BPPV is 2.4% [1]. Idiopathic BPPV is
more prevalent in older adults than in younger adults, with a peak onset between 50 and
60 years. It is also more prevalent in females than males, with a male-to-female ratio of
1:2-1:3. The typical symptom of BPPV is recurrent episodes of vertigo lasting for <1 min
provoked by head movement. While each episode is brief, vertigo typically recurs in
weeks without therapy [2] and is thought to be caused by the displacement of otoliths
from otolithic organs into the semicircular canals [3,4]. However, the cause of the otolith
displacement remains unknown. The Dix-Hallpike maneuver and head-roll test induce
nystagmus in patients with suspected BPPV. After a clinical diagnosis of BPPV, Epley’s
canalith-repositioning maneuver is used to treat patients immediately.
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Migraine is the second most prevalent neurologic disorder, with a male-to-female ratio
of 1:3 [5]. The 1-year prevalence rate of migraine was reported to be 9.1% in Taiwan [6].
The prevalence of migraine in males is highest in the age range of 25-29 years (8.3%),
whereas it is highest in females in the age range of 30-34 years (21.1%). Most migraine
diagnoses are made clinically according to the International Classification of Headache
Disorders, 2nd Edition, 2004 [7]. With core symptoms and adequate follow-up time, a clini-
cal diagnosis of migraine is primarily made in an outpatient setting. However, physicians
should consider secondary headache disorder if the onset of migraine is noted after the age
of 50 years [5,7]. Migraine is now a manageable disease entity with much evidence sup-
porting preventive and abortive treatments [8]. Among the various subtypes of migraine,
vestibular migraine introduced in the International Classification of Headache Disorders
appendix, 3rd Edition, stands out with its presentation of vestibular symptoms lasting
between 5 min and 72 h [9]. The duration of vestibular migraine symptoms is longer than
that of BPPV [10,11]. Characteristic features of migrainous positional vertigo include short
duration, frequent recurrence, onset in early life, migrainous symptoms during episodes
of positional vertigo, and atypical positional nystagmus [11-15]. However, the vestibular
migraine criteria are for research purposes, and better scientific evidence is warranted
before vestibular migraine can be formally accepted.

As per Kayan et al., patients with migraine presented with vertigo three times more
often than patients with tension-type headaches (26.5% vs. 7.8%) [16]. Dizziness and
vertigo occur in 20-30% and 25-26% of patients with a primary complaint of migraine,
respectively [17]. Hence, some clinical questions, such as “Do patients suffer BPPV before
migraine onset?” and “If a patient had been diagnosed with BPPV, will the exposure to
BPPYV increase the risk of migraine in the patient?” arose. Even with multiple cross-sectional
studies showing the association between migraine and BPPV, the main conundrum is that
both disease entities are very frequent in the general population. However, there seems to
be no cohort study investigating the incidence of migraine in adults with BPPV. Among
the various types of vertigo and relatively nonspecific dizziness, we chose BPPV as the
exposure in this cohort study because BPPV is the most common type of vertigo. This
study aimed to investigate the risk of migraine in patients with BPPV using a retrospective
cohort study design and a population-based research database.

2. Materials and Methods
2.1. National Health Insurance Research Database

The National Health Insurance Research Database (NHIRD) is a comprehensive
database covering approximately 100% of the population in Taiwan. All information
that would expose a person’s identity had been de-identified. The regulations from the
Bureau of National Health Insurance (NHI) and the National Health Research Institute
maintain the confidentiality of data. The 2000 Longitudinal Health Insurance Database
(LHID) is a data subset randomly sampling 1 million people from the population between
1996 and 2010. The LHID used the International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) to record disease entities. It is openly provided to re-
searchers in Taiwan for scientific and epidemiological purposes. It includes the medical
claims data for outpatient and inpatient services. The full ethical privacy of this study
was approved by the Research Ethics Committee of China Medical University, and it was
exempt from full review. This study used the outpatient records in the NHIRD as the
data source.

2.2. Study Population

Given the background knowledge of the peak age of migraine onset being 25-35 years
of age in Taiwan and the high possibility of misclassification bias in migraine diagnosis in
patients >50 years, we collected data on newly diagnosed BPPV (ICD-9-CM code 386.11)
cases between 2000 and 2009 from the LHID, with the baseline age being <45 years. First,
patients with a previous diagnosis of migraine were excluded to avoid reverse causality.
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Then, we defined the index date of the BPPV case as the date of the initial BPPV diagnosis.
Next, the date, month, and year of the index date of the selected case were assigned to the
comparison cohort. Afterward, we adopted an individual matching method using age and
sex at a ratio of 4:1 to randomly select individuals without a history of BPPV or migraine
before the index date.

2.3. Baseline Characteristics

We included comorbidities before the index date as the baseline comorbidities, in-
cluding hypertension (ICD-9-CM codes 401—405), diabetes mellitus (ICD-9-CM code 250),
hyperlipidemia (ICD-9-CM code 272), anxiety (ICD-9-CM codes 300.0, 300.2, 300.3, 308.3,
and 309.81), and depression (ICD-9-CM codes 296.2-296.3, 300.4 and 311), to further adjust
for possible confounding factors. The comorbidities were selected because hypertension,
diabetes mellitus, and hyperlipidemia are known risk factors for BPPV and BPPV recur-
rence [18,19], and anxiety and depression are known comorbidities in migraine [20].

2.4. Outcome

The primary outcome was the occurrence of migraine, defined as the first ambulatory
visit associated with an ICD-9-CM code of 346, during the follow-up period. Both cohorts
were followed up until 31 December 2010, or until death or the diagnosis of migraine.

2.5. Statistical Analysis

For descriptive statistical analysis, we used the chi-squared test and Student’s t-test
to compare baseline demographic characteristics between the BPPV and matched control
groups. We calculated the cumulative incidence of migraine for each group by divid-
ing the total number of migraine events by the total sum of the follow-up person-years
(per 10,000 person-years). We used the Cox proportional hazards regression model to ana-
lyze the overall, age-specific, sex-specific, and each comorbidity-specific risks of developing
migraine associated with BPPV. Furthermore, we calculated the adjusted hazard ratio
(aHR) of migraine presenting with a 95% confidence interval (CI) for the BPPV group after
adjusting for age, sex, and comorbidities.

The statistical program SAS 9.3 (SAS Institute Inc., Cary, NC, USA) was used for all
statistical analyses. The Kaplan-Meier estimate for measuring the cumulative incidence
in both groups was calculated using R software (R Foundation for Statistical Computing,
Vienna, Austria). Then, we compared the differences in the cumulative incidence curves
between the two groups using the log-rank test. Statistical significance was set at p < 0.05
in a two-tailed test.

3. Results
3.1. Baseline Demographic Characteristics in the Study Groups

Within the 11-year study period, 1386 patients without previous a BPPV or migraine
history who had a baseline age <45 years were diagnosed with BPPV. Based on individual
matching using age and sex at a 4:1 ratio, 5544 patients were included in the control
group after excluding those with a history of migraine or BPPV before the index date. The
distribution of age and sex was similar between the two groups. In both cohorts, the mean
age was 33.2 years. In addition, both cohorts had a female predominance (68.0%).

The baseline demographic status and comorbidities between the BPPV and control
groups are shown in Table 1. The mean follow-up duration was 6.23 and 6.46 years in the
BPPV and control groups, respectively. The prevalence rate of all comorbidities, including
hypertension, diabetes mellitus, hyperlipidemia, anxiety, and depression, was considerably
higher in the BPPV group than in the control group.
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Table 1. Baseline demographic status of patients within the BPPV and control groups.

BPPV Group Control Group

Characteristics = 1386 = 5544 p-Value
No. (%) No. (%)
Mean age, years (SD) * 33.2 (8.84) 33.1(8.89) 0.74
Sex >0.99

Female 942 (68.0) 3768 (68.0)
Male 444 (32.0) 1776 (32.0)

Comorbidity
Hypertension 134 (9.67) 221 (3.99) <0.0001
DM 44 (3.17) 83 (1.59) <0.0001
Hyperlipidemia 124 (8.95) 257 (4.64) <0.0001
Anxiety 234 (16.9) 292 (5.27) <0.0001
Depression 105 (7.58) 166 (2.99) <0.0001

* Results are according to Student’s t-test. Abbreviations: BPPV: benign paroxysmal positional vertigo;
DM: diabetes mellitus.

3.2. Comparison of the Incidence of Migraine Diagnosis between the BPPV and Control Groups

Table 2 shows the comparison of migraine incidence between BPPV and matched con-
trol patients. Within the 11-year follow-up period, 117 (1.35%) and 146 (0.41%) patients had
migraine in the BPPV and control groups, respectively. The overall cumulative incidence
of migraine was 3.31-fold higher in the BPPV group than in the matched control group
(135.4 vs. 40.8 per 10,000 person-years). After adjusting for demographic characteristics,
the BPPV cohort had a 2.96-fold higher risk of migraine than the matched control cohort
(aHR: 2.96, 95% CI: 2.30-3.80).

Table 2. Incidence of migraine in the BPPV and comparison groups using multivariate Cox propor-
tional hazards regression analysis.

Characteristics Patient with BPPV; n = 1386 Matched Cohort; n = 5544 Adjusted HR (95% CI) p-Value
.. Per 10,000 .. Per 10,000
Migraine, No. Person-Years Migraine, No. Person-Years
Total 117 135.4 146 40.8 2.96 <0.001
’ ’ (2.30-3.80) ’

Model adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, anxiety, and depression.
Abbreviations: BPPV: benign paroxysmal positional vertigo; HR: hazard ratio; CI: confidence interval.

As shown in Figure 1, the BPPV group had a higher cumulative incidence of migraine
than the matched control group, with the log-rank test showing the difference (p < 0.001).

3.3. Risk Factors for Migraine in Patients with BPPV

Using Cox proportional hazards regression analysis, a markedly higher hazard ratio
of having a migraine in this specific BPPV sample and matched control cohorts was
observed in females (aHR: 2.91; 95% CI: 2.30-3.80), those with hyperlipidemia (aHR:1.77;
95% CI: 1.16-2.70), and those with anxiety (aHR: 1.49; 95% CI: 1.03-2.14) (Table 3).
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Figure 1. The cumulative incidence of newly diagnosed migraine using Kaplan-Meier survival
analysis in patients with (solid line) and without (dashed line) benign paroxysmal positional
vertigo (BPPV).

Table 3. Incidence of migraine and multivariate Cox proportional hazards regression analysis
measures of hazard ratio for the study cohort.

Variable Event PYs Rate C(;v;(c;oe ég{ Ac}]91;§2egll){R
Age group
<20 15 4252 35.3 Ref Ref
20-34 110 17,069 64.4 1.82 (1.06-3.12) 1.60 (0.93-2.76)
3545 138 23,148 59.6 1.70 (0.99-2.89) 1.34 (0.78-2.31)
Sex
Female 226 30,263 74.7 2.86 (2.02—4.05) 2.91 (2.054.13)
Male 37 14,207 26.0 Ref Ref
Hypertension
No 237 42,242 56.1 Ref Ref
Yes 26 2228 116.7 2.09 (1.39-3.13) 1.50 (0.97-2.32)
DM
No 259 43,611 59.4 Ref Ref
Yes 4 858 46.6 0.79 (0.29-2.11) 0.47 (0.17-1.29)
Hyperlipidemia
No 236 42,088 56.1 Ref Ref
Yes 27 2381 1134 2.01 (1.35-2.99) 1.77 (1.16-2.70)
Anxiety
No 221 41,442 53.3 Ref Ref
Yes 42 3028 138.7 2.54 (1.83-3.54) 1.49 (1.03-2.14)
Depression
No 243 42,940 56.6 Ref Ref
Yes 20 1529 130.8 2.25(1.43-3.56) 1.30 (0.80-2.12)

Model adjusted for age, sex, hypertension, DM, hyperlipidemia, anxiety, and depression. Rate is the incidence
rate per 10,000 person-years. Abbreviations: CI: confidence intervals; DM: diabetes mellitus; HR: hazard ratio;

PYs: person-years.
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3.4. Subgroup Analysis of Migraine Risk

The subgroup analysis showed that an increased migraine risk was associated with
age, sex, hypertension, diabetes mellitus, hyperlipidemia, anxiety, and depression (Table 4).
However, sex may be associated with migraine occurrence in patients with BPPV. Male
BPPV patients may have a more increased hazard ratio for developing migraine than female
patients with BPPV. The migraine incidence in control males was 10.5 per 10,000 person-
years, approximately one-fourth of the mean incidence (40.8 per 10,000 person-years) in
the whole control group. This may amplify the increased aHR in the subgroup analysis of
males compared with females.

Table 4. Subgroup analysis of migraine in the BPPV and age- and sex-matched control cohorts.

Comparison Group BPPV Group Adjusted HR p for
Comorbidity Event PYs Rate Event PYs Rate (95% CD Interaction
Age group 0.68
<20 9 3431 26.2 6 820 73.1 2.65 (0.92-7.66)
20-34 62 13,749 45.1 48 3319 144.6 3.00 (2.03—4.44)
>35 75 18,645 40.2 63 4502 139.9 2.96 (2.09-4.20)
Sex 0.003
Female 134 24,394 54.9 92 5868 156.8 2.50 (1.90-3.29)
Male 12 11,432 10.5 25 2774 90.1 8.10 (3.99-16.4)
Hypertension 0.96
No 137 34,412 39.8 100 7830 127.7 2.92 (2.24-3.81)
Yes 9 1415 63.6 17 813 209.2 2.75(1.18-6.42)
DM 0.15
No 143 35,260 40.6 116 8352 138.9 3.01 (2.34-3.88)
Yes 3 567 52.9 1 291 344 0.99 (0.10-9.79)
Hyperlipidemia 0.06
No 131 34,244 38.3 105 7844 133.9 3.17 (2.43-4.13)
Yes 15 1583 94.8 12 799 150.3 1.60 (0.74-3.45)
Anxiety 0.71
No 135 34,170 39.5 86 7272 118.3 2.85(2.16-3.75)
Yes 11 1656 66.4 31 1371 226.1 3.67 (1.83-7.35)
Depression 0.84
No 140 34,912 40.1 103 8028 128.3 2.88 (2.22-3.75)
Yes 6 914 65.6 14 615 227.6 3.50 (1.31-9.39)

Model adjusted for age, sex, hypertension, DM, hyperlipidemia, anxiety, and depression. Rate is the incidence
rate per 10,000 person-years. Abbreviations: BPPV: benign paroxysmal positional vertigo; CI: confidence interval;
DM: diabetes mellitus; HR: hazard ratio; PYs: person-years.

3.5. Sensitivity Test

Further analysis of migraine risk stratified by different specialties diagnosing BPPV is
presented in Table 5; this demonstrated a consistently higher migraine risk in the BPPV
group stratified by different specialties making the BPPV diagnosis.

Table 5. Migraine risk stratified by different specialties diagnosing BPPV.

Variable N Event PYs Rate C(;lslf}oe g:{ Ac?gt;‘s)/tegll)-lR
Comparison cohort 5544 146 35,827 40.8 Ref Ref
BPPV cohort

Neurology 149 8 882 90.7 2.19 (1.08-4.47) 2.05 (1.00-4.19)
Otolaryngology 383 24 2175 110.3 2.65 (1.72-4.08) 2.49 (1.61-3.85)
Family medicine 214 18 1270 141.8 3.42 (2.09-5.58) 2.85 (1.73-4.69)
Internal medicine 310 33 2169 152.2 3.81 (2.61-5.57) 3.39 (2.30-5.00)
Others 203 18 1229 146.5 3.56 (2.18-5.81) 3.12 (1.90-5.12)

Model adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, anxiety, and depression.
Rate: incidence rate per 10,000 person-years. Abbreviations: BPPV: benign paroxysmal positional vertigo;
CI: confidence interval; HR: hazard ratio; PYs: person-years.
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4. Discussion

This study mainly demonstrated that the risk of migraine was 2.96 times higher in the
BPPV cohort than in the age- and sex-matched control cohort after adjusting for age, sex,
and comorbidities. The incidence of migraine diagnosis was 135.4 per 10,000 person-years
in patients with BPPV, whereas it was 40.8 in the age- and sex-matched control group.
Furthermore, a higher risk of migraine was associated with three factors in patients aged
<45 years and with a BPPV history: female sex (aHR: 2.91), hyperlipidemia (aHR: 1.77),
and anxiety (aHR: 1.49). To our knowledge, this study is the first population-based cohort
study to show that BPPV is associated with an increased risk of migraine.

Our study has various clinical implications. The atypical earlier onset age of BPPV
among patients in clinical settings should prompt physicians to note migraine-related
history, especially in female patients, those with a history of hyperlipidemia, or those with
a history of anxiety. This is because these factors were independently associated with a
higher migraine risk in patients with BPPV.

We limited the inclusion baseline age of patients to <45 years for three reasons. First, it
avoids misclassification bias in the diagnosis of migraine in patients >50 years [10]. Second,
the age specification limits the effect of baseline comorbidities and other unmeasured
confounding factors leading to unmeasured selection bias and confounding regarding the
risk of migraine between the two groups. Third, based on the 11-year timeframe of the
database research and the peak age of migraine prevalence in males and females being
25-29 and 30-34 years, respectively, in Taiwan [6], it is reasonable to establish an age
specification of <45 years to evaluate the age range associated with the highest risk as that
between 25 and 34 years for the diagnosis of migraine in the included BPPV and age- and
sex-matched control groups.

The mean baseline age of the BPPV and matched control cohorts were 33.2 and
33.1 years, respectively. However, this is not the typical prevalence age of patients with
BPPV. Therefore, the number of patients in our BPPV group was relatively low. However,
the mean baseline age is in the age range (25-34 years) of migraine peak prevalence in
Taiwan. Furthermore, the male: female ratio was approximately 1:2, which is relatively
consistent with the general epidemiological sex ratio of patients with BPPV. Comorbidities
such as hypertension, diabetes mellitus, hyperlipidemia, anxiety, and depression were
notably more common in the BPPV group than in the control group. While other meth-
ods, such as propensity score matching, may adjust the possible baseline demographic
differences at the beginning of sample selection to reduce the selection bias and impact of
confounding factors, the representative control group will also be changed from an age-
and sex-matched general population sample to a more comorbidity-bound population
sample. In this study, we aimed to compare the risk of migraine between patients with
BPPV and a more general population to increase the external validity of the result.

Because our study showed a lower prevalence rate of migraine than the epidemiologi-
cal study, we changed our paper title from “migraine” to “migraine diagnosis.” A previous
study in Taiwan showed a 1-year migraine prevalence rate of 9.1% [6]. In our study, the
incidence of migraine was 135.4 per 10,000 person-years in the BPPV group, whereas it was
40.8 in the age- and sex-matched control cohort. The 1-year prevalence rate of migraine in
both cohorts was 1.35% and 0.41%, respectively, during the study period. This is far below
the expected prevalence rate of migraine.

There are several epidemiological reports associating migraine with BPPV. However,
to the best of our knowledge, there are neither cohort nor case-control studies investigating
migraine risk in patients with BPPV. Nevertheless, a few cross-sectional studies have
reported on the associations between migraine and BPPV. In a cross-sectional study by
Lee et al., migraine is associated with BPPV with an odds ratio of 2.05 compared with the
control group (p < 0.001) [21]. Another cross-sectional study showed that patients with
BPPV had a three times higher historical rate of migraine than the general population and
a higher family history of migraine (58.4% vs. 12.6%) and episodic vertigo (44.9% vs. 18%)
in patients with BPPV than in patients with other dizziness and vertigo [22]. However, a
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cross-sectional study showed no significant association between migraine and BPPV in
508 patients in balance clinics [23]. Two population-based cohort studies investigated BPPV
occurrence in patients with migraine. The first study, in Taiwan, showed a 2.03-fold higher
risk of having BPPV in patients with migraine than in the age-, sex-, and comorbidities-
matched controls (incidence rate ratio: 2.03; 95% CI: 1.41-2.97; p < 0.001) [24]. In the study
with the same database as ours, no age specification was given due to the natural course of
migraine peak age (25-34 years), followed by BPPV peak age (50-60 years). The second
study, which had a larger sample size and a longer follow-up duration and was conducted
in Korea, showed a 2.54-fold higher incidence of BPPV in migraine patients (aHR,2.54;
95% CI: 2.41-2.68) [25]. The longer duration may more likely expose the patients in the
migraine group between 50-60 years to BPPV. This may increase the likelihood of BPPV
occurrence in the Korean study. Table 6 provides a general overview of the findings on the
associations between BPPV and migraine in previous cohort studies.

Table 6. Associations between BPPV and migraine in cohort studies.

Author Year

Location Exposure Matching Matching Factors Dlse.ase No. of Cases Confounfimg Factors Brief FlI'Edllng
Outcome Coding Adjusted on Association
Reference
PSM by age, sex, DM, HTN,
.. heart failure, COPD, asthma, . L. IRR of BPPV:
Tg‘l;io[lzi] Migraine CKD, CAD, CVD, IcDg P66 with migraine PSM 2.03 in migraine
hyperlipidemia, cirrhosis, and (95% CI: 1.41-2.97)
autoimmune disease
Age group, sex, income group, Matching factors and Migraine increased
Kim 2019 Migraine individual region of residence, and ICD-10 40,682 migraine, history of ischemic risk of BPPV
Korea [25] BPPV matchin medical history of HTN, DM, 162,728 controls heart disease cerebral (aHR: 2.54; 95%
atching and dyslipidemia stroke, and depression CI, 2.41-2.68)

. i BPPV increased
Shih 2023 pppy 14 1386 with BPPV Age, sex, HTN, DM, risk of migraine
Taiwan S individual Age and sex ICD-9 hyperlipidemia, anxiety, o

R Migraine . 5544 controls . (aHR: 2.96, 95%
(this study) matching and depression

CI: 2.30-3.80)

Abbreviations: aHR: adjusted hazard ratio; BPPV: benign paroxysmal positional vertigo; CI: confidence interval;
CAD: coronary artery disease; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease;
CVD: cerebrovascular disease; DM: diabetes mellitus; HTN: hypertension; ICD-9: International Statistical Classifi-
cation of Diseases and Related Health Problems 9th Revision; ICD-10: International Statistical Classification of
Diseases and Related Health Problems 10th Revision; IRR: incidence rate ratio; PSM: propensity-score matching.

Many observational surveys, including case series, have reported the association
between BPPV and migraine [26-31]. The association between BPPV and migraine is not
always consistent due to different study populations. Generally, these studies presented
what is observed in the vertigo clinic, that patients with BPPV have a higher migraine
prevalence. Patients with BPPV and a history of migraine tended to be younger with a
female predominance. As presented by Faralli et al., the mean age was younger in patients
with BPPV and migraine, and the recurrence rate of >4 documented episodes of BPPV
was higher than in patients with BPPV without headache or migraine (39 vs. 53 years
and 19.4% vs. 7.3%). No significant difference was observed in the number of maneuvers
needed to achieve recovery between the two groups [27]. In headache clinics, neurologists
seldom find patients with migraine with a history of BPPV [16,32]. Instead, in interviewing
the patients, complaints of dizziness and vertigo existed. Therefore, observational reports
suggested a higher prevalence of vertigo in patients with classical migraine than in patients
with common migraine, tension-type headaches, and cluster headaches (42%, 12%, 17%,
and 14%, respectively) [32]. Another study reported a higher vertigo prevalence in migraine
than in tension-type headache (26.5% vs. 7.8% p < 0.001) [16]. Interestingly, there was
no difference in neurotologic abnormality in patients with migraine presenting with or
without vestibular symptoms [33]. As noticed in the literature, neurologists found a
higher prevalence of vertigo in patients with migraine than in patients with tension-type
headaches. Moreover, otolaryngologists found a higher migraine history in patients with
BPPV than other dizziness and vertigo. The lack of time sequence between migraine and
BPPV in cross-sectional studies and the lack of control groups in case series studies are
the main limitations of the study design. A cohort study is the better observational study
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design in this situation. Another summary of published cross-sectional studies and case
series studies investigating associations between BPPV and migraine with the exclusion of
vestibular migraine is presented in Table 7.

Table 7. Associations between BPPV and migraine in cross-sectional studies and case series studies.

Author
Year Questionnaire Examination Study Population Major Finding
Reference
Uneri llt/[/[?gt;z?n?;l;:teoisy 477 BPPV BPPV group vs. cont:ol group:0
2004 FH of micrai 117 Control: other dizzi Jverti FH of migraine: 58.4% vs. 12.6%
[22] O Tugrane ORITOL OWMEr ALzZINESS/VEINEO  FH of episodic vertigo: 44.9% vs. 18%
FH of BPPV
Pollak H}story of headache 53 headache with BPPV . No difference in history of headache, history
2014 History of BPPV 52 age/sex-matched BPPV without of BPPV. or backeround disease
[26] Background disease headache ! &
Mean age in patients with BPPV and migraine
Faralli Mean age 77 BPPV with migraine compared with other kinds of headache
2014 Recurre%l ce rate of BPPV 109 BPPV without migraine or with (39 vs. 53 years)
[27] other kinds of headache High recurrence rate of BPPV (>4)

documented episodes (19.4% vs. 7.3%).
32 patients had migraine (11.4%).
Yetiser Higher female: male ratio in BPPV with

2015 Migraine 26fiBrI:tPV migraine vs. BPPV without migraine
[28] patients (4.2:1vs. 1.3:1).
No difference in mean age
Teixido No significant association between migraine
2[;);]7 Migraine 508 Balance clinic and BPPV
The prevalence of migraine among the study
Hilton sample was 25.8%.
2020 Migraine 1481 BPPV patients Female gender, prior history of BPPV, younger
[29] age, and lack of diabetes were independently
associated with the concurrent comorbidity of
BPPV and migraine.
L Migraine:
2Loeze1 BPPV and other ;?fgg&ﬁf;;‘; OR 2.05 for BPPV (p < 0.001).
[21] vestibular symptoms 1 03’ 699 non-migraine Non-migraine:
’ & OR 1.73 for BPPV (p < 0.001)
Grupta . . . .
L . 34% with BPV with headache (including
2[%]2 Migraine 100 BPV patients migraine), 10% with migraine
44.7% had a history of migraine.
Kim Those with migraine had an
2022 Migraine 255 BPPV patients earlier age of BPPV onset than individuals
[31] without migraine

(60.2 vs. 65.4, p = 0.0018).

Abbreviations: BPPV: benign paroxysmal positional vertigo; BPV: benign positional vertigo; FH: family history;
OR: odds ratio.

The pathophysiological association between migraine and BPPV remains unclear.
Three mechanisms associating migraine with BPPV have been previously proposed. First,
vasospasm caused by migraine may be responsible for vertigo or cochlear symptoms.
Baloh postulated that ontological symptoms in patients with migraine might occur from
vasospasm or a certain iron channel disorder [34]. Ishiyama et al. proposed that repeated
vasospasm can influence the microvasculature of the inner ear [35]. Repeated vasospasm
may stress and damage the vestibular cells, thus resulting in the dislodgement of otoconia
from the macula. The suppression of inner-ear microvasculature further leads to cochlear
symptoms, such as hearing loss and vestibular symptoms. This association mechanism
was supported by a previous study that showed an increased incidence rate of sudden
sensorineural hearing loss in patients with migraine [36]. Second, the effect of neuropep-
tides, such as substance P, neurokinin A, nitrous oxide, and calcitonin gene-related peptide
(CGRP), may cause sudden sensorineural hearing loss in patients with BPPV. CGRP is a
neuropeptide involved in the efferent synapses of hair cell organs, such as the cochlea,
semicircular canal, and lateral line [37]. Deletion of CGRP in transgenic mice was associated
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with reduced suprathreshold cochlear nerve activity and decreased vestibulo—ocular reflex
gain. The recent success of many CGRP-related medications for migraine implies that the
vestibular system plays an essential role in the pathogenesis of migraine [8]. Third, the
CAMERA study demonstrated that a combination of hypoperfusion and embolism is the
most likely mechanism for posterior circulation infarction in migraine [38]. The relative
hypoperfusion may result in vertigo, as noted in vertebra-basilar insufficiency [38,39].
A cross-sectional study demonstrated the possible association between vertebral artery
abnormality and BPPV [40].

Benign paroxysmal vertigo of childhood is one of the periodic childhood syndromes
commonly regarded as a precursor of migraine, as described in the International Clas-
sification of Headache Disorders, 3rd Edition [9]. In this study, the annual conversion
rate from BPPV to migraine was low (1.35%), with an 11-year accumulation incidence
of 8.4%. In benign paroxysmal vertigo of childhood, the accumulation incidence rate of
migraine with an average follow-up duration of 18 years and 15.7 years was 33.3% and 21%,
respectively [41,42]. Hence, we were not able to infer further whether BPPV is a precursor
to migraine. Rather, we postulated that a shared pathophysiological relationship might
exist. This study’s result is also consistent with the previous notion that patients with acute
migrainous vertigo develop central and peripheral vestibular dysfunctions [33].

This study has three major strengths. First, combined with the nationwide population-
based cohort, the large sample size of one million citizens covered under the national health
insurance in Taiwan and the 11-year adequate follow-up period for migraine occurrence
provide enough power for differences between the two groups. Second, with the age
specification of <45 years as the inclusion criterion, we tried to avoid a higher probability
of migraine misclassification bias in the older population. Although some of the patients
with migraine may present to the clinic after years of migraine suffering at age >50 years,
we set the age specification not for definition purposes but rather for the need for validity.
Moreover, with an age specification of <45 years in our study, the mean baseline age of
both groups was 32 years. This was also good for migraine occurrence because migraine is
a relatively early-onset disease entity with a peak onset age of 25-34 years in Taiwan. The
11-year follow-up period for migraine occurrence was adequate.

This study had some limitations. First, selection bias is prominent in our study, as
shown in our baseline demographic state (Table 1), even with the baseline age specification
of <45 years. Second, although known confounding factors, such as female sex, were
controlled using a matching method, confounding is still a major source of bias in cohort
studies because possible unknown confounders may exist. Third, misclassification of
BPPV and migraine is still possible in this cohort study, even with the age specification to
control the bias of inappropriate diagnosis of migraine in patients >50 years. However, it
is worth noting that the differentiation of peripheral and central vertigo may occasionally
be difficult in a clinical setting. In the case of BPPV, the difficulty may be ameliorated but
not completely overcome. However, the lack of validation studies of BPPV in the database
made this a serious limitation of our study. Finally, the severity, duration, and frequency
of BPPV and migraine were not recorded in our database, and further exploration of their
association was impossible.

5. Conclusions

Our study indicated a 2.96-fold higher risk of a migraine diagnosis in patients with
BPPV than in age- and sex-matched controls in Taiwan. In addition, three other factors,
including female sex, hyperlipidemia, and anxiety, were associated with an increased
migraine diagnosis in this study.
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Abstract: Hearing loss is a significant global health concern, affecting billions of people and leading
to various physical, mental, and social consequences. This paper focuses on the risk of noise-induced
hearing loss (NIHL) among specific healthcare professionals, especially ear surgeons, orthopaedic
surgeons, dentists, and dental hygienists, who frequently use noisy instruments in their professions.
While studies on these professionals’ noise exposure levels are limited, certain conditions and factors
could pose a risk to their hearing. Measures such as engineering and administrative controls, regular
audiometric testing, and the use of hearing protection devices are crucial in preventing NIHL. Early
detection and intervention are also vital to mitigate further damage. This paper proposes the results
of a modified screening protocol, including questionnaires, audiometry, and additional diagnostic
tests to identify and address potential hearing disorders. Specific healthcare professionals should
remain aware of the risks, prioritize hearing protection, and undergo regular monitoring to safeguard
their long-term auditory well-being.

Keywords: noise-induced hearing loss; hidden hearing loss; ear surgeons; orthopaedic surgeons;
dentists; dental hygienists; Matrix sentence test

1. Introduction

Hearing loss affects around 1.5 billion people globally, with the World Health Organi-
zation (WHO) predicting that by 2050, the number will reach nearly 2.5 billion [1]. Hearing
loss has been linked to mental illness, depression, dementia, and social isolation, and it can
also impact job performance, reduce productivity, and lead to work discrimination, unem-
ployment, or loss of income [2]. Consequently, hearing loss has become a global public
health priority. The leading causes of hearing loss are ageing, noise exposure, complications
during birth, genetic factors, infectious diseases, chronic ear infections, or ototoxicity [1].

Occupational noise-induced hearing loss (NIHL) is a symmetrical sensorineural hear-
ing loss that gradually develops after continuous or intermittent noise exposure. Following
exposure to loud noise, a temporary threshold shift (TTS) or temporary hearing loss is
present for 16 to 48 h. During the initial stages of NIHL, pure tone audiometry may appear
normal, and there may be no observable signs of hearing loss on the hearing threshold. The
condition referred to as “hidden hearing loss” is characterized by the damage or loss of
synaptic connections between hair cells and cochlear neurons [3].

The gradual deterioration of auditory neurons is caused by this synaptopathy, which
results in abnormal speech intelligibility and involvement of the hearing threshold at high
frequencies (above 3 kHz) [4,5].

According to the Occupational Safety and Health Administration (OSHA), over 20 mil-
lion workers are exposed to potentially harmful noise in the workplace every year [6].
Moreover, about 18% of adults aged 20-69 who were exposed to very loud noise at work
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for 5 or more years reported having NIHL [7]. As a result, various occupational and
environmental noise exposure standards have been established worldwide [8] (see Table 1).

Table 1. Examples of occupational noise exposure limits (adapted from: Neitzel, 2019).

Allowable Exposure (dBA) for Given Time Period

Category/Limit
8h 2h 1h 30min  Ceiling
European Union Directive 2003/10/EC
(European Parliament and Council, 2003)
Lower exposure action value 80 83 86 89 //
Upper exposure action value 85 88 91 94 //
Exposure limit 87 90 93 97 //

American Conference of Governmental
Industrial Hygienists (ACGIH, 2018a)
Threshold limit value 85 88 91 94 //

US National Institute for Occupational
Safety and Health (NIOSH, 1998)
Recommended exposure limit 85 88 91 94 //

U.S. Occupational Safety and Health

Administration (OSHA, 1983)
Permissible exposure limit 90 95 100 105 115
Action level 85 90 95 100 115

Note: “//”, Allowable exposure dBA not provided.

The OSHA and the European Agency for Safety and Health at Work have developed a
hearing conservation program for individuals exposed to a noise level of 85 dBA or higher,
averaged over 8 working hours [6,9]. The A-weighting (dBA) is used to measure sound
levels, accounting for the loudness perceived by the human ear, which is less sensitive to
low frequencies. This program aims to raise awareness among workers about the use of
protective devices to prevent NIHL [6]. However, some individuals may be more suscep-
tible to noise exposures between 80 and 85 dB [5]. Hearing impairment has a significant
impact on daily life, with limited speech understanding and impaired communication.
Additionally, tinnitus, headache, dizziness, or insomnia may be associated with hearing
loss. The physical and psychological stress of hearing loss can reduce productivity, and
increase the risk of workplace accidents and injuries.

The International Organization for Standardization (ISO) 1999:2013, titled “Acoustics—
Estimation of noise-induced hearing loss”, provides comprehensive guidelines for assessing
and estimating the impact of occupational noise exposure on individuals” hearing health.
The key objectives of ISO 1999:2013 include establishing criteria for classifying noise-
induced hearing loss, defining audiometric evaluation procedures, calculating the risk
of hearing impairment, and addressing permanent noise damage. It emphasizes the
importance of considering factors such as ambient noise levels and exposure duration when
evaluating the risk of hearing loss. Included within the standard are tables that present
examples of predicted noise-induced permanent threshold shifts (NIPTS) at frequencies
of 0.5,1, 2, 3, 4, and 6 kHz. These predictions are based on Lgxgy, exposures of 85, 90, 95,
and 100 dBA, covering exposure durations ranging from 10 to 40 years. By utilizing these
tables, it becomes feasible to calculate the average estimated NIPTS for the median of a
population. According to the ISO 1999 standard, hearing impairment is defined with three
definitions [10]:

- An average of the hearing threshold levels at 0.5, 1, and 2 kHz that exceeds 25 dB;
- An average of the hearing threshold levels at 1, 2, and 3 kHz that exceeds 25 dB;
- An average of the hearing threshold levels at 1, 2, 3, and 4 kHz that exceeds 25 dB.

It is essential to eliminate or minimize the risk of occupational NIHL. Early detection
and intervention are crucial in preventing hearing loss, which is irreversible. General
prevention principles can help reduce hearing impairment, such as adopting working
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methods or equipment that require less exposure to noise, using shields or noise-absorbing
coverings, conducting periodic audiometric testing, and utilizing hearing protectors [6].

The demanding environment of the operating room presents specific healthcare profes-
sionals with numerous challenges, and one often overlooked aspect is the potential risk of
noise-induced hearing loss. In the fast-paced world of operative procedures, professionals
who use noise-generating tools rely heavily on a variety of instruments to perform intricate
procedures. However, the use of noisy instruments poses a unique challenge. Prolonged
exposure to high levels of noise during these procedures may have detrimental effects on
the professionals’ hearing abilities.

This paper provides a concise overview of the hearing risks faced by some specific
healthcare workers who are not considered at high risk of developing occupational NIHL.

Noise exposure levels have been recorded in various operating rooms and reported
in different studies with contrasting results. The levels of noise can vary significantly
depending on several factors. The design and layout of the theatres, the types of equipment
and instruments utilized, as well as the procedures being performed, all contribute to the
overall noise levels experienced by surgical teams [11].

Our focus is on four categories of professionals, including ear surgeons, orthopaedic
surgeons, dentists, and dental hygienists, specialities that involve the use of noisy tools.

Otorhinolaryngologists, specifically ear surgeons, may face high levels of noise expo-
sure during temporal bone drilling. Although few studies have measured the risk in the
operating room, Vaisbuch et al. researched noise exposure during temporal bone drilling,
even when multiple individuals were drilling simultaneously in dissection labs [4]. Some
studies have reported exposure levels ranging from 68.5 to 83 dBA over an 8-h period,
which did not surpass the limits established by the OSHA [12,13]. However, certain drilling
conditions and environmental factors could pose a particular risk to workers” hearing.
Factors such as the type of drill (air or piezoelectric), the burr type (burr diameter, cutting
or diamond burr), the anatomical structure being drilled (cortical bone or mastoid cavity),
and the surgical approach (translabyrinthine surgery, middle ear only, or mastoid surgery)
could produce peak sound pressure levels that exceed the safe limit. Additionally, the
frequency range to which the worker is exposed could vary based on these variables [4].

Orthopaedic surgeons use various power tools and loud instruments such as drills,
saws, and hammers during surgery [11,14]. However, few studies have been conducted
to assess noise levels in orthopaedic surgery. In a study by Goffin et al., the equivalent
continuous sound pressure levels were recorded during elective arthroplasty (total hip
replacement and total knee replacement), but the personal noise exposure did not reach
the 80 dB daily A-weighted noise exposure level [11]. On the other hand, Mullett’s study
revealed that most of the cited instruments generated sound pressure levels above 90 dB,
increasing the risk of premature hearing loss development. A recent study showed that
noise levels reached 105.6 dBA when using a hammer and 97.9 dBA when using an
oscillating saw; in these latter cases, measurements were taken considering A-weighted
decibel levels, recorded with fast time weighting, once per second. [15]. However, the
modernity of these tools could influence the noise level, as new instruments can generate
less noise than older ones [16]. While brief and intermittent bursts of intense noises during
orthopaedic surgery may reduce the risk of hearing loss or tinnitus development, further
studies are necessary to confirm the association between orthopaedic occupational exposure
and NIHL [11,14]. Nonetheless, personnel working in orthopaedic theatres should be aware
of the potential long-term health hazard [17].

Occupational noise that may be hazardous to dental practitioners and hygienists and
has been recorded even in dental healthcare settings [18-20]. Professionals in this field are
exposed to noise produced by air-turbine or micromotor handpieces, ultrasonic scalers,
suction tubes, and laboratory equipment. Studies have measured and reported the noise
levels of these instruments, with clinical handpieces ranging from 76 to 105 dBA, suction
ranging from 74 to 80 dBA, and cleaners and scalers ranging from 82 to 90 dBA [20-24].
The literature reports high variability in these noise levels, which may be influenced
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by various factors such as the duration of noise exposure, the type of dental speciality,
and the use of faulty or worn equipment, particularly turbines [18,19]. Burk et al. have
suggested that a small portion of dental professionals and students may be at risk of
developing NIHL despite the reported mean 8-h time-weighted average (TWA) noise levels
of 70.9 dBA [20]. Ultrasonic scalers, which produce a sound pressure level ranging from
87 to 107 dBA have also received attention as potential causes of temporary shifts in the
hearing threshold, tinnitus, and a statistically significant difference in the audiometric
threshold at the frequency of 3000 Hz. It should be noted, however, that these instruments
generate sounds at ultra-high frequencies that are inaudible to humans regardless of
intensity [25,26]. It is important to highlight that the majority of these measurements
were brief recordings conducted in close proximity to operating dental instruments, rather
than assessing personal exposure. Additionally, it should be noted that the A-weighting
network, commonly used for occupational exposure assessments, does not fully capture
noise exposures related to ultrasonic devices, as it heavily attenuates ultrasonic frequencies
(>20 kHz) [20].

However, based on our experience and case series, it is not common for practitioners
in these fields to utilize hearing protection devices. This lack of protection leaves them
vulnerable to exposure to loud and potentially harmful levels of noise in their work
environment [27].

To prevent the progression of auditory damage, early detection of these conditions is
essential for individuals who are exposed to loud sounds. We firmly believe that regular
audiological screening is necessary for such individuals to detect a hearing impairment.

Below, we outline a modified adult screening procedure recommended by the World
Health Organization, which is followed at our tertiary referral centre, Policlinico “G. Mar-
tino” in Messina (Italy) [28] (see Figure 1). Due to the lack of validation of our screening
protocol, the full substantiation of its effectiveness remains inconclusive. However, it may
hold potential as a valuable tool in clinical practice, aiding in early identification of potential
hearing issues for timely intervention and improved patient outcomes. Furthermore, we
present a retrospective analysis of data from the past 2 years, obtained from 42 people who
underwent screening.

| Reported hearing loss/difficulty hearing |—> Referal to diagnostic audiology

Screening
question/s
+
questionnaires

| NO reported hearing loss/difficulty hearing |

Wax N Wax
Otoscopic present removal
examination REFER PASS
for wax ST \
present

ADVICE: L
- Care for ears
- When to re-screen
- Access medical care if
symtoms develop

t

Initial Hearing Screen
- Pure tone and speech audiometry
- Matrix sentence test

Figure 1. Modified WHO adult hearing screening (Adapted from: Hearing screening. Consideration
for implementation. WHO. 2021 [28]).
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2. Materials and Methods
2.1. Participants

A total of 42 individuals, comprising ear surgeons (10 subjects), orthopaedic surgeons
(14 subjects), dentists, and dental hygienists (18 subjects), underwent a hearing screening
(see Figure 1). These participants were selected based on specific inclusion criteria, which
included a minimum of 10 years of occupational experience in their respective fields and
consistent exposure to noise-emitting tools during this period. All subjects did not use
any type of noise attenuator or hearing protector. They also had no pre-existing diagnosed
conditions or were not on chronic medication therapies for any specific medical conditions.
Subjects were invited to undergo free hearing screening through online advertisements,
word-of-mouth among acquaintances, or direct invitations. All tests were conducted at
Policlinico “G. Martino” in Messina, a tertiary referral centre. The data presented here are
reflective of the past two years.

2.2. Screening Questions and Questionnaires

Simple anamnestic questions regarding hearing are employed as part of the screening
process. These questions provide a comprehensive overview of the individual’s hearing
health and help direct the screening investigation. A combination of binary (Yes/No)
response questions and scored questions are utilized (see Table 2).

Table 2. Examples of questions and questionnaires for screening (Adapted from Hearing screening.
Consideration for implementation. WHO. 2021 [28]).

Screening Questions and Questionnaires
A.  Yes/No questions:

Do you have any hearing problem now?

Do you have a diagnosed hearing loss?

Do you use hearing aids?

Have you noticed any changes in your hearing abilities recently?

Do you experience difficulty understanding conversations in noisy environments?
Have you ever had any exposure to loud noise, either in your personal or
professional life?

Have you ever experienced ringing or buzzing sounds in your ears (tinnitus)?
Are there any instances where you struggle to hear certain frequencies or sounds?
Have you ever had your hearing tested or undergone any auditory assessments?
Are you aware of the risks associated with noise-induced hearing loss?

Have you noticed any impact on your hearing after performing the procedures or
being in the operating room?

B.  Scaled questions:

me oo o

)

a. How would you characterize your hearing?
i. Excellent
ii. Very good
iii. Good
iv. Fair
V. Poor
C.  Existing screening questionnaire
a. Self-Efficacy for Situational Communication Management Questionnaire (SESMQ)
b. Noise Exposure Questionnaire (NEQ) and 1-min Noise Screen
c. Hearing Handicap Inventory for the Elderly (HHIE)

These questions allow for quick assessments and are designed to capture specific
aspects of the individual’s hearing health. They cover topics such as exposure to loud
noise, history of ear infections or trauma, and the use of hearing protection devices. These
questions enable healthcare professionals to identify potential risk factors and determine
the need for further evaluation.

Furthermore, validated questionnaires can be employed to delve deeper into the initial
investigation. These questionnaires have been extensively tested and proven to be reliable
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tools for assessing specific aspects of hearing. By utilizing these validated questionnaires,
healthcare professionals can gather more comprehensive data and gain further insights
into the individual’s hearing health status.

Typically, we employ three questionnaires:

1. The Self-Efficacy for Situational Communication Management Questionnaire (SESMQ),
which measures the perceived self-efficacy for managing communication in individu-
als with hearing loss. The SESMQ questionnaire consists of 20 questions, each divided
into two scales, and the subject is required to respond by assigning a score from 1 to
10. The first scale assesses hearing ability (SESMQH), while the second scale evaluates
the level of confidence (SESMQ). Each subscale has a score ranging from 10 to 200.
The total score is the sum of the two subscale scores [29];

2. The Noise Exposure Questionnaire (NEQ), which quantifies personal annual noise
exposure from both occupational and non-occupational sources. The NEQ question-
naire consists of three sections: the first section includes demographic information,
the second section contains six screening questions that assess exposure to high levels
of noise, and the third section consists of eleven questions related to participation in
noisy activities, on which the annual exposure level is calculated. Three questions in
the second section (1-min Noise Screen) serve as a screening tool to assess exposure to
high levels of noise, with a score greater than 4 indicating a high risk of developing
NIHL (Noise-Induced Hearing Loss). The NEQ questionnaire calculates the annual
noise exposure, and the risk of developing NIHL occurs when the Laeqs760n (annual
equivalent sound level) is equal to or greater than 79 dB [30];

3. The Hearing Handicap Inventory for the Elderly (HHIE), which assesses the impact
of hearing impairment on emotional and social adjustment. The HHIE questionnaire
consists of 25 questions. The individual assigns a score ranging from “yes” (4 points),
“sometimes” (2 points), to “no” (0 points). The total score ranges from 0 to 100 [31].

2.3. Audiological Screening Tests

Pure-tone audiometry, speech audiometry, and the free-field Matrix sentence test are
used as audiological screening tests. These are conducted within a soundproof booth
that attenuated environmental noise by 40 dB SPL. The tests are performed using the
Madsen Astera2 audiometer (Otosuite V. 8.84.0 software, Taastrup, Denmark), which had
been calibrated within the last 12 months prior to the measurements. For the audiometric
evaluations, TDH39 earphones, a B71 bone vibrator, and speakers are utilized.

Pure-tone audiometry is employed to determine the individual’s hearing threshold.
Speech audiometry is also conducted using spondaic disyllabic Italian words [32]. The
word recognition score (WRS) is measured as the percentage of correctly recognized words
when a list of ten words is presented to the individual. No masking noise is used during this
test. The air conduction pure-tone average (AC PTA) and the bone conduction pure-tone
average (BC PTA) are automatically computed based on the hearing thresholds at 500, 1000,
and 2000 Hz; furthermore, a modified air conduction pure-tone average (AC mPTA) and a
modified bone conduction pure-tone average (BC mPTA) considering the frequencies 1000,
2000, and 4000 Hz are utilized, as suggested by Moore et al., to better assess noise-induced
hearing loss. This modified PTA approach allows for a more focused evaluation of the
specific frequency range commonly affected by noise-induced hearing impairments [33].

To assess speech-in-noise intelligibility, the Italian Matrix sentence test is performed.
For this test, two speakers are positioned at a distance of 1 m from the participant, with
one on the left side and the other on the right side (azimuth angles of —45° and +45°,
respectively). This is an adaptive speech-in-noise test that consists of 20 randomly generated
sentences, each composed of five words, with a background noise interfering with the
speech message. The subject is asked to repeat each word they can hear [34]. If the
subject accurately repeats at least three words, the speech level is decreased; otherwise, it
is increased. The Matrix software computes the speech reception threshold (SRT), which
represents the 50% threshold of speech intelligibility in noise (dB SNR). This test is valuable
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for evaluating both the individual’s ability to recognize speech in noisy environments and
the effectiveness of hearing aids [35,36].

The purpose of the audiological screening tests is to detect the possible presence
of noise-induced hearing loss or other disorders in the auditory system such as tinnitus
or abnormal speech intelligibility. Noise-induced hearing loss (NIHL) is a symmetrical
sensorineural hearing loss that gradually develops after continuous or intermittent noise
exposure [5].

2.4. Procedure

All subjects underwent an anamnestic questionnaire (see Table 2) to assess their
hearing health status. These questions were designed to guide subsequent screening steps.
All subjects were administered the SESMQ questionnaire and the 1-min Noise Screen
questionnaire. It should be noted that the SESMQ questionnaire was initially developed
for elderly subjects with acquired hearing loss, and its validity in younger individuals
has not yet been established [29]. However, this questionnaire can provide an estimate
of the subjectively perceived level of disability in communication ability. A score of 5 or
higher on the 1-min Noise Screen indicates a high risk of noise exposure, and thus, these
subjects were further evaluated with the comprehensive NEQ questionnaire. Subjects who
perceived a decrease in their hearing abilities or tinnitus were also administered the HHIE
questionnaire.

When questionable results were obtained, an audiological assessment was strongly
recommended. For individuals who do not report hearing problems, a second screening
test was performed.

Subsequently, all subjects underwent otomicroscopic examination to assess the pres-
ence of earwax, which was removed if necessary. Following this, pure-tone audiometry,
speech audiometry with headphones, and the free-field Matrix Sentence Test were performed.

“PASS” indicates a condition in which there is no alteration in the audiometric thresh-
old or speech-in-noise intelligibility, as determined by the results of the Matrix sentence
test. On the other hand, “REFER” indicates an alteration in one or both of the audiologic
tests used.

Individuals who receive a “PASS” result in these hearing screening tests will undergo
another screening after about two years. Those who receive a “REFER” result will require
further evaluation for the presence of any “red flags” alerts, such as rapidly progressive
hearing loss, unilateral hearing loss, ear pain, ear discharge, dizziness, or previous diagnosis
of ear disease [28].

Doubtful results in these screening tests required more accurate diagnostic approaches,
such as auditory brainstem response (ABR), otoacoustic emissions (OAE), magnetic reso-
nance imaging (MRI) of the brain and brainstem, and computed tomography (CT), tympa-
nometry and acoustic reflex testing, etc. Furthermore, overlapping pathological conditions
may be present in the patients, and they should not be underestimated.

Results

In our case series, a total of 42 subjects (27 males and 15 females) underwent screening.
Among them, 10 were ear surgeons, 14 were orthopaedic surgeons, and 18 were dentists or
dental hygienists. The average age of these subjects was 48.5 &= 9.5 years, with an average
work experience of 22.1 £ 9.5 years (see Table 3).

Analysing the data obtained from the audiometric thresholds, the mean of AC mPTA
for the right ear was 19.2 & 7.6 dB HL, and for the left ear, it was 19.4 + 7.2 dB HL. As for
the word recognition score (WRS), all subjects achieved the 100% intelligibility threshold.
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Table 3. Study population. N, number; %, percentage; M, mean; SD, standard deviation; AC PTA, air
conduction pure tone average; AC mPTA, air conduction modified pure tone average; BC PTA, bone
conduction pure tone average; BC mPTA, bone conduction modified pure tone average; WRS, word
recognition score; SRT, speech reception threshold; SNR, signal to noise ratio.

N (%); M £+ SD

Gender 42 (100%)

Male 27 (64%)

Female 15 (36%)
Profession 42 (100%)

Ear surgeons 10 (24%)

Orthopaedic surgeons 14 (33%)

Dentists and dental hygienists 18 (43%)
Age (years) 485+9.5

Worked years (years) 22 £95
AC PTA Right (dB HL) 171 £5.5
AC mPTA Right (dB HL) 192+£76
ACPTA Left (dB HL) 18.0£5.5
AC mPTA Left (dB HL) 194 +72
BC PTA Right (dB HL) 119 £52
BC mPTA Right (dB HL) 140£75
BC PTA Left (dB HL) 12.6 £4.7
BC mPTA Left (dB HL) 140+ 6.8

100 £0

3 o,

WRS Right % (dB HL) (40.7 + 7.1)

0 100 £ 0
WRS Left % (dB HL) (40.7 + 7.1)
SRT (dB SNR) —6.2+09

Regarding the speech reception threshold (SRT), the average was —6.3 £ 0.9 dB SNR.
Two subjects recorded an increased SRT despite having a normal hearing threshold (—3.6 dB
SNR, —4.8 dB SNR). These values contradicted the normative data presented by Puglisi
et al. for the Italian version of the Matrix sentence test [34].

The subjects were then stratified into two groups based on the presence or absence
of a hearing handicap. A “hearing handicap” is defined as an impairment in the auditory
system that can be objectively measured through the used screening audiological tests or
subjectively reported by the person from the anamnestic questions and questionnaires for
screening, such as tinnitus or decreased speech-in-noise intelligibility. Thirteen subjects
showed evidence of hearing issues: high-frequency notch at 4 kHz (four subjects), otoscle-
rosis (one subject), high-frequency hearing loss (three subjects), tinnitus (three subjects),
and elevated SRT with normal hearing threshold (two subjects) (see Tables 4 and 5).

From the screening anamnestic questions (questions “j” and “k”, see Table 2), it was
observed that all subjects lacked awareness of the noise they were exposed to, considering
it insufficiently intense to cause noise-induced hearing loss. Additionally, from a subjective
perspective, four subjects without a hearing handicap and three subjects with a hearing
handicap reported experiencing a sensation of muffled hearing immediately following the
cessation of exposure to the noisy instrument. All subjects reported that this sensation lasted
between 5 and 15 s and disappeared thereafter. We hypothesize that this phenomenon may
be attributed to temporary auditory fatigue.
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Table 4. Number of subjects with and without hearing handicap. N, number; %, percentage; SRT,
speech reception threshold.

Subjects with N (%)

No hearing handicap 29 (69%)
Hearing handicap

4 kHz notch on hearing threshold 4 (9.5%)
Otosclerosis 1(2.4%)
High frequencies hearing loss 3(7.1%)
Tinnitus 3(7.1%)
Increased SRT with normal hearing threshold 2 (4.8%)

Table 5. Subjects’ data obtained from audiological screening tests. M, mean; SD, standard deviation
AC PTA, air conduction pure tone average; AC mPTA, air conduction modified pure tone average;

SRT, speech reception threshold.

Subiects with AC PTA (Right; Left) AC mPTA (Right; Left) SRT
ubjects wi (M + SD) (M + SD) (M + SD)
No hearing handicap 14.6 +3.2;15.7 + 2.6 153 + 3;15.8 + 2.4 —67+05
Hearing handicap

4 kHz notch on hearing threshold 213 + 3.5;20.5 + 5.8 293 429,273 + 43 52404

Otosclerosis
High frequencies hearing loss 25,35 " 23;32* —5.2*%

ghireq T & 29.7 + 25,30 4+ 2; 38.7 +2.9; 383 + 2.9 54403

Incrensed SRT mith mormal hearin 213 +5.1;20.7 4+ 3.2 233 + 42,2234 0.6 56402

tonshold & 17.0 + 0;16.5 + 2.1 1754 0.7;17.5 + 0.7 42408

* The AC PTA, the AC mPTA, and the SRT pertain to a single case only; data are presented as mean.

The average total score of the SESMQ questionnaire was 326.2 & 32.4. The question-
naire revealed lower scores in subjects with hearing problems (see Table 6).

Table 6. SESMQ questionnaire results. M, mean; SD, standard deviation; SESMQH, Self-Efficacy for
Situational Communication Management Questionnaire Hearing ability score; SESMQC, Self-Efficacy
for Situational Communication Management Questionnaire Confidence score; SESMQ, Self-Efficacy
for Situational Communication Management Questionnaire global score.

Subjects with (N M - 5D) o - SD) o - SD)
No hearing handicap (29) 1759 £ 5.3 166.0 &+ 6.2 3419 + 109
Hearing handicap (13) 148.2 £17.9 1429 +£19.9 291.1+37.2
Total of subjects (42) 167.4 + 16.8 158.8 + 16.1 326.2 +32.4

On the other hand, the 1-min Noise Screen allowed the identification of individuals at
higher risk of developing noise-induced hearing loss, considering both recreational and
job activities. The average score obtained was 3.3 & 1.4, indicating that these subjects were
not at a high risk of noise-induced hearing loss (see Table 7). It should be noted that this is
the average score among all participants. However, out of the 42 participants, 8 obtained
scores higher than 4, and thus, they underwent the complete NEQ questionnaire. Only two
of them demonstrated annual Laeqg760n (annual equivalent sound level) exposure levels
exceeding 79 dB, indicating a risk of developing hearing loss.
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Table 7. 1-min Noise Screen results. M, mean; SD, standard deviation.

Subjects with 1 min Noise Screen

(M £ SD)

No hearing handicap 3.0+13
Hearing handicap 41+13
Total of subjects 33+14

Regarding the HHIE questionnaire, the test was administered to the 13 subjects who
reported a hearing handicap; the average score was 17.4 £ 11. Only subjects who had
a hearing handicap were administered this test; no other subjects reported any hearing
problems.

We want to clarify that no statistical analysis has been conducted as the presented arti-
cle takes the form of an “opinion” rather than a research study aimed at demonstrating the
association between the use of noise-emitting tools and noise-induced hearing loss or even
other hearing disorders. The screening protocol is currently undergoing validation, and the
results presented are only preliminary data. Subjects were stratified solely for descriptive
purposes and not for comparison. The literature contains variable data regarding exposure
levels, making it unable to definitively state the absence of a real risk for these individuals.
Therefore, the possibility of developing noise-induced hearing loss or other auditory issues
should always be taken into consideration.

3. Discussion

The best way to reduce the risk of developing occupational NIHL is through preven-
tion measures, as the condition is irreversible and there are currently no effective treatments
available. The prevention program is based on three levels: primary prevention, which
involves reducing noise exposure levels below hazardous levels; secondary prevention,
which focuses on early detection of hearing loss to prevent further damage; and tertiary
prevention, which aims to reduce disability or handicap when significant impairment is
already present [9,37].

The European Agency for Safety and Health at Work emphasizes the importance
of maintaining a safe and healthy work environment, including periodic monitoring of
noise exposure. When high levels of noise are detected, engineering and administrative
controls are necessary to prevent irreversible damage to the inner ear. These controls
include: (1) selecting appropriate work equipment; (2) providing adequate information
and training to ensure proper use of work equipment; (3) reducing noise levels through
technical means; (4) implementing maintenance programs for work equipment, workplace,
and workplace systems; (5) organizing work to minimize noise levels; (6) limiting the
duration and intensity of noise exposure; (7) establishing work schedules that include
adequate rest periods [9].

The risk of developing occupational NIHL can be significantly reduced or eliminated
when the noise level is kept below 80 dBA. Legal standards for noise levels have been
established by various countries [8]. When noise levels cannot be reduced, workers should
use hearing protection devices. Two types of hearing protection devices are currently
available: active and passive devices. Research has demonstrated that these devices are
effective at reducing sound levels, allowing workers to locate the source of sounds, and
enabling communication [38].

Elevated noise levels have been observed to have a detrimental impact on patient
outcomes and impair the performance of healthcare professionals in the operating room.
Despite the increase in decibel levels caused by playing music in the operating room, the
majority of surveyed staff expressed a positive inclination towards having music during
surgery, believing it to enhance both individual and team performance. Overall, music was
not perceived as a distraction or hindrance to communication [39]. Some studies indicated a
notable decrease in postoperative complication rates when noise levels were reduced during
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surgery [40—42]. In a study conducted in a paediatric surgery department, various measures
were implemented to reduce noise levels, including the use of sound-reduction devices,
behavioural guidelines restricting conversation, minimizing the opening of operating
room doors, and managing monitor alarms. This comprehensive noise reduction program
resulted in a significant reduction of approximately 50% in decibel levels during paediatric
surgical procedures [42].

Other measures of well-being could be applied in the environments where operative
procedures are conducted. In a study that proposed the revitalization of a park, it was
highlighted that it is not only necessary to reduce noise exposure levels or introduce
positive sounds, but also to implement measures that enhance overall well-being. A similar
approach could be employed in the workplaces where the subjects under consideration
operate. Further investigation is needed to explore the most effective measures, making
this area a promising research field yet to be fully explored [43].

Secondary prevention is achieved through regular audiometric testing. Implementing
regular auditory assessments and monitoring programs can help detect any early signs
of hearing loss in professionals who use noise-generating tools. Prompt identification of
hearing impairment allows for timely intervention and the implementation of strategies to
mitigate further damage.

However, there is still some uncertainty in the literature regarding noise exposure for
these subjects who work with noisy instruments. Although these workers are not typically
considered at high risk for developing occupational NIHL, it has been reported that noises
below the action level can cause temporary and potentially long-term hearing damage [4].

Animal studies have shown that moderate noise exposure (100 dB SPL for 2 h) can
cause a TTS without resulting in hair cell loss. However, repeated TTSs, even with threshold
recovery, can alter cochlear responses to suprathreshold sound levels. This can result in
a synaptopathy, which is characterized by a reduced number of auditory nerve fibres’
activation and a decrease in their firing rate or synchrony. This condition is known as
“hidden hearing loss” and is characterized by a normal hearing threshold but difficulties in
complex listening tasks, such as word recognition, accurate speech, and sound detection in
noisy environments [44].

According to Moore et al., pure tone and speech audiometry are valuable tests in diag-
nosing NIHL. NIHL caused by different types of noises can be distinguished. Additionally,
it is advisable to compare the patient’s hearing threshold with the age-related hearing levels
for a non-noise-exposed population, typically using the 50th percentile as specified in ISO
7029 (2017). The NIHL should be quantified for each ear by considering the mean hearing
threshold across the frequencies of 1, 2, and 4 kHz [33].

The diagnosis of hidden hearing loss warrants a separate discussion. Kohrman et al.
have described three diagnostic approaches for this. The first approach involves the
auditory brainstem response (ABR), which shows a reduction in the amplitude of the ABR
I peak without any changes in ABR threshold or latency. This reduction correlates with
the degree of cochlear synaptopathy. The second approach involves frequency following
responses (FFRs), which demonstrate a decline in modulation frequency near 1 kHz,
correlating with synaptic loss. The third approach involves a weaker middle ear muscle
reflex response in individuals with hidden hearing loss [44].

In this study, we presented the data related to the screening protocol followed at our
tertiary referral centre. It is important to note that these are preliminary findings. The
screening program has been ongoing for two years, and concrete data on subject follow-up
are not yet available.

As mentioned earlier, the subjects were recruited among ear surgeons, orthopaedic
surgeons, dentists, and dental hygienists. We deemed it appropriate to select only subjects
with more than 10 years of experience, as the risk of noise-induced hearing loss increases
with prolonged exposure.

As outlined in the Materials and Methods section, the initial step involved collecting
subject histories to guide the clinician in the appropriate screening pathway. The SESMQ
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questionnaire and the 1-min Noise Screen were administered to all subjects, while the HHIE
questionnaire was given only to those who reported subjective hearing loss or a hearing
handicap. It is important to note that these questionnaires are easy and reliable tools for
initial diagnostic assessment but should be integrated with objective tests. Questionnaires
provide subjective estimates in a rapid manner, as they can be completed in a few minutes.
They also have the advantage of being sent via email or filled in online, allowing for quick
data collection and early identification of individuals at risk of hearing loss. However,
it should be noted that the 1-min Noise Screen may not identify subjects at risk of noise-
induced hearing loss since these people may not perceive their noise exposure as risky.
This may necessitate the administration of the full NEQ questionnaire.

Regarding the administration of the HHIE questionnaire, in our protocol, it is given
only to subjects who perceive hearing loss. In this case, as well, biases may occur as some
subjects may perceive hearing loss despite having normal auditory function (not in our
case series).

Furthermore, questionnaires are tools that should be used to rapidly obtain an effective
estimation of the risk of noise-induced hearing loss or deafness. Therefore, a streamlined
procedure must be applied when extending the screening protocol to many subjects to
ensure compliance.

However, in our protocol, all subjects subsequently undergo more reliable tests such
as pure-tone audiometry, speech audiometry, and the Matrix sentence test. Subjects with
normal results, indicating a PASS, are rescreened after 2 years. Those with hearing problems
undergo more comprehensive examinations.

In our case series of 42 subjects, 13 individuals demonstrated a hearing handicap:
these were referred for further instrumental examinations. The data for these patients are
currently unavailable as the diagnostic assessment is still ongoing; hence, concrete results
cannot be presented at this time.

Out of the eight subjects who completed the full NEQ questionnaire, only two subjects
exceeded an annual Laegs7son Of 79 dB: one subject with a notch at 4 kHz and one subject
without hearing impairment.

It is important to reiterate that the data presented in this study are preliminary.
The hearing problems observed in these subjects cannot be definitively attributed to
noise-induced damage: modifiable risk factors (smoking, alcohol, obesity, etc.) and non-
modifiable factors (age, sex, genetics), as well as comorbidities or ototoxic drugs, can
influence the possibility of hearing damage. The purpose of this study is not to establish a
causal relationship between the “risk factor” of using noise-emitting tools and the “disease”
itself, namely noise-induced hearing loss, but rather to raise awareness about the potential
impact of the work environments and tools utilized on the individuals” auditory system.
Establishing a potential correlation between noise-induced hearing loss in the considered
healthcare workers requires appropriate studies. The noise exposure levels to which the
subjects are exposed, necessary according to the ISO 1999-2013 standard to assess the
risk of developing noise-induced hearing loss, were not considered in this paper, as the
focus is to describe a possible streamlined and rapid screening program. Subjects may be
exposed to varying levels of noise, and it is uncertain whether some of these levels are of
sufficient intensity to cause auditory damage. Measuring exposure levels requires specific
protocols that are challenging to implement in a screening program. However, the purpose
of this analysis is to draw attention to a relevant public health issue. We are convinced
that the conflicting results present in the literature require further confirmation to avoid
underestimating the risk faced by these individuals and to identify the most appropriate
screening protocol. Due to the presence of numerous limitations and biases in our work,
as a future perspective, and an expansion of the scientific literature, a more refined and
validated screening program should be developed. Studies demonstrating the association
between noise-emitting operative tools and noise-induced hearing loss, or other hearing
impairments, should be conducted, considering the execution of randomized clinical trials
with a larger sample size or multicenter studies. Additionally, evaluating noise exposure
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levels and taking into account human exposure to noise, considering the position of the
operator’s head and body, would provide more accurate measurements. Therefore, a
binaural measurement approach would be recommended.

4. Conclusions

Noise-induced hearing loss is a real occupational hazard faced by surgeons and other
healthcare professionals due to prolonged exposure to high levels of noise in the operating
room. Preventing occupational noise-induced hearing loss is crucial as the condition is
irreversible and currently has no cure. To achieve this goal, a prevention program is
recommended.

Creating awareness among professionals who use noise-generating tools about the
importance of noise management in the operating room is essential. Education and training
programs can emphasize the significance of adopting noise reduction strategies while using
these instruments when necessary.

Despite being exposed to high noise levels, these subjects may not be considered a
high-risk group for developing hearing handicaps. Factors such as the short duration
of exposure, distance from noise sources, awareness of the risks, and regular auditory
assessments contribute to the preservation of their hearing health.

The variability in noise levels underscores the importance of conducting individ-
ualized assessments for each operating room. Understanding the specific factors that
contribute to noise generation in each specialty can aid in implementing appropriate noise
control measures.

From the data we collected, out of the 42 subjects analysed, 13 individuals had a
hearing handicap. Among these, one case was attributed to otosclerosis and not related
to noise exposure. As for the remaining 12 subjects, it cannot be definitively stated that
their hearing handicap is solely attributable to noise exposure, but it cannot be ruled out
either. These individuals exhibit deficits compatible with noise-induced damage. While we
acknowledge that our screening currently lacks validation, the analysis of data from these
subjects still revealed the presence of some individuals with a hearing handicap.

In this article, we aim to advocate for the importance of regular screenings in these
individuals, as there is a lack of awareness, based on our experience, regarding the potential
risk of developing hearing impairment. Although the association has not been proven,
screening can serve as an early diagnostic tool for identifying potential hearing deficits
among these subjects.

If a potential association between noise-induced hearing loss and healthcare workers
who use noisy instruments is confirmed, efforts should be directed towards optimizing the
acoustic environment in operating rooms through the use of sound-absorbing materials,
proper room design, and the adoption of quieter surgical instruments where feasible.
Additionally, the use of personal protective equipment, such as noise attenuators or hearing
protectors, should be considered to minimize the risk of prolonged exposure to high noise
levels.

We believe that further research and collaboration between healthcare professionals,
audiologists, and equipment manufacturers are needed to establish standardized guidelines
and best practices for noise control in operating rooms. By addressing the variability in
noise levels across different specialties and implementing appropriate mitigation strategies,
the overall work environment can be made safer and more conducive to optimal surgical
outcomes and the well-being of surgical teams.

However, it is crucial for these workers to remain vigilant, prioritize hearing protection,
and continue to monitor their hearing to ensure long-term auditory well-being, protecting
the “gift of sound”.
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Abstract: Background: The aim of this study was to compare adenoid size in preschool-age siblings
using flexible nasopharyngoscopy examination (FNE) when they reach the same age. The occurrence
of adenoid symptoms in these patients was also analyzed. This study was conducted to analyze
the adenoid size in siblings when they reach the same age and substantiate a correlation between
adenoid hypertrophy (AH) and adenoid symptoms. Methods: We analyzed and reported on the
symptoms, ENT examination results, and FNE of 49 pairs of siblings who were examined at the
same age. Results: There was a strong association in adenoid size between siblings when they
are at a similar age (r = 0.673, p < 0.001). Second-born children whose older sibling had III° AH
(A/C ratio > 65%) had a risk of III° AH 26 times greater than patients whose older sibling did not
have III° AH (OR = 26.30, 95% CI = 2.82-245.54). Over 90% of snoring children whose siblings
had confirmed III° AH would develop III° AH by the time they reach the same age. Second-born
children in whom snoring occurs and whose older siblings have a III° AH have about a 46 times
higher risk of III° AH compared to patients who did not meet these two conditions (p < 0.001,
OR = 46.67, 95% CI = 8.37-260.30). Conclusions: A significant familial correlation between adenoid
size in siblings when they reach the same age was shown. If the older sibling has a confirmed
overgrown adenoid (ITII° AH) and their younger sibling presents adenoid symptoms, particularly
snoring, it is highly probable that they will also have an overgrown adenoid.

Keywords: adenoid hypertrophy; AH; siblings; flexible nasopharyngoscopy; adenoid symptoms

1. Introduction

Adenoid hypertrophy (AH) is one of the most common diseases among preschool
children, usually associated with adenoid symptoms, such as mouth breathing, persistent
rhinitis, snoring, and a nasal voice [1]. If the disease presents in an older child of a family,
parents will often suspect that the same symptoms described above will resurface later in
a younger sibling in the family. A common question is whether this problem is familial,
especially if the parents also underwent or were considered as a child for adenoidectomy.
In 1980, Katznelson and Gross first confirmed a significantly higher incidence of prior
tonsillectomy and adenoidectomy performed on an analyzed group of siblings and parents
than controls [2]. However, all later performed analyses and surgical procedures were based
on presented adenoid symptoms, not on a true measurement of adenoid size. Thus, it is
difficult to compare parents and their children, because diagnostic techniques have changed
and improved over the years. Nowadays, flexible nasopharyngoscopy examination (FNE)
seems the gold standard, not only for assessing adenoid size but also for checking the
mucus coverage of the adenoid [3].

It is commonly believed that the adenoid undergoes hypertrophy during childhood,
and eventually, involution in adulthood [4]. Over the years, several longitudinal studies,
Handelman and Osborne (1976), Ishida et al. (2018), and Yamada et al. (2021), have assessed
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the size of the adenoid using lateral cephalometric radiography [5-7]. Yamada showed that
an overgrowth of adenoids occurred in preschool children, but there were no significant
changes in the adenoid size from 8-12 years of age [7]. A previous study based on flexible
endoscopic examinations revealed that adenoid involution proceeds rather slowly; only
7.9% of preschool children (aged 3-7 years) underwent a change in the adenoid size by >15%
on the adenoid to choana (A/C) ratio over one year of observation, 21.6% over a period of
2 years, and 45% over a period of 3 years [8]. The growth and development patterns of the
nasopharyngeal lymphoid tissues vary for each individual; accordingly, we believe that
in studies comparing the adenoid size in a pair of siblings, the permissible age difference
should not exceed 12 months.

This study aimed to compare the adenoid size of siblings who were raised in the same
household. In most cases, the pairs of children studied were raised with exposure to the
same environmental factors, such as cigarette smoke, pollution, and mold allergens, which
are considered risk factors for the development of AH [9,10]. Tobacco smoke exposure
has been particularly reported as a risk factor for AH [10]; however, nowadays, numerous
preventive campaigns have been conducted in our country, and parents are abundantly
aware of the risks associated with cigarette smoke exposure in children. Therefore, there
is a common practice of avoiding smoking in rooms where children reside. Nevertheless,
parents who violate this rule will usually not admit it. Furthermore, the city and rural living
conditions may vary in terms of air pollution and allergen exposure, so we analyzed the
influence of area of residence on AH. Notably, the duration of breastfeeding is a potential
factor distinguishing between babies living in one environment, and breastfeeding has been
indicated as a risk factor for snoring and obstructive sleep apnea syndrome (OSAS) [11-13].
Xu et al. stated this correlation and highlighted the need for further investigations to
confirm the relationship between breastfeeding and OSAS and the mechanisms underlying
it [11]. Chng et al. suggest that breastfeeding independently increases the risk of snoring
and possible obstructive sleep apnea syndrome [12]. In another study, Montomery-Downs
etal. indicated that OSAS severity is reduced in association with breastfeeding, but it should
not be interpreted to suggest that breastfeeding entirely prevents the development of sleep
disorder breathing [13]. Presumably, AH may be operational in this mechanism; however,
to the best of our knowledge, no study has confirmed a relationship between breastfeeding
and AH. Moreover, no genetic factors associated with AH have been discovered so far to
demonstrate a similarity in the adenoid size of siblings and justify further research.

FNE is a common procedure to evaluate adenoid size, and this study used FNE to
compare adenoid sizes in siblings when they reach the same age. This study was conducted
to analyze the adenoid size in siblings when they reach the same age and substantiate a
correlation between AH and adenoid symptoms.

2. Materials and Methods
2.1. Study Population

We retrospectively analyzed a group of 1247 preschool children (3-7 year of age) who
visited a medical outpatient ear, nose, and throat (ENT) clinic with symptoms suggestive
of chronic AH between 2016 and 2021. We searched the medical history of all preschool
children admitted to the ENT outpatient clinic. Then, 82 pairs of siblings were selected. We
included in the study each pair of children if they were examined in the ENT outpatient
clinic at around the same age, where the permissible age difference should not exceed
12 months. We then called their caretakers to confirm if the siblings had the same parents.
Exclusion criteria from the study were: children brought up in a common household who
have the same last name but different parents, craniofacial anomalies, such as cleft lip/cleft
palate; genetic diseases (Down Syndrome); septal nasal deviation; nasal polyp or inferior
turbinate hypertrophy; active upper respiratory infection within 2 weeks of enrolling in the
study; or previously performed adenoidectomy. In the end, 49 pairs of siblings qualified
for participation in the study.
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The initial assessment of each patient after study enrollment included a parental
questionnaire concerning recurrent upper respiratory infections, defined as a frequent
runny nose, pharyngitis, or a cough [14]. We also analyzed the symptoms of rhinitis—at
least two nasal symptoms: rhinorrhea, blockage, sneezing, or itching and snoring—defined
as persistent, occasional, or non-existent [15]. All children performed an ENT physical
examination, flexible fiberoptic rhinoscopy, and tympanometry.

Additionally, we analyzed whether residing in the city or rural regions affects the
adenoid size. We divided the children into two groups: those living in the city (population:
170,000-340,000 citizens), and those living in the countryside.

Seasons may influence adenoid mucus coverage and tympanometry type [3]. To
avoid any seasonal influence on the obtained results and compare better the sibling pop-
ulation from this study, we divided the year into two main seasons, winter and summer,
and we considered the cut-off temperature to be 10 °C and also analyzed seasons of
performed examination.

2.2. Endoscopy

Each child underwent flexible endoscopic examinations using common nasal meatus,
performed by one pediatric otorhinolaryngologist (A.Z.) using the Karl Storz Tele Pack
endoscopic system, which was equipped with a flexible nasopharyngoscope (2.8-mm
outer diameter and 300-mm length). The percentages of obturation (adenoid-to-choanae
ratio in percentage-A/C ratio) of the choanae and mucus coverage of the adenoids were
analyzed based on videoendoscopy with the freeze-frame option. Choanal obstructions
were assessed with an accuracy of up to 5%. For a better statistical assessment, patients
were divided into groups for which we used the 3-degree Bolestawska scale, particularly
the part concerning adenoid size in relation to the nasopharynx [16]. All recorded videos of
the nasopharynx were coded and blindly analyzed. The percentage of choanal obstruction
by the adenoid was measured and compared between siblings. Adenoid size and mucus
coverage recorded on the endoscopic system were compared by a second doctor (K.M.).
If there was a discrepancy in the assessment, the score was reassessed by a third ENT
doctor (P.B.).

The difference in adenoid size between each sibling pair was considered a percentage
difference in the amount of nasopharyngeal obstruction by the adenoid. In addition, we
used the previous proposed scale to assess the mucus coverage of the adenoid, called the
Mucus of Adenoid Scale by Nasopharyngoscopy Assessment (MASNA), which describes
the amount of mucus covering the adenoid on a four-point scale (0, no mucus; 1, residue of
clear watery mucus; 2, some amount of dense mucus; 3, copious thick dense mucus) [3].

2.3. Tympanometry

An otoscopic examination was performed, and if needed, the external auditory canal
was cleaned. In addition, tympanometry was performed using the GSI 39 Auto Tymp™
by Grason-Stadler. The middle ear effusion in each ear was analyzed by tympanometry
measurement, and tympanogram graphs were generated. The results were classified
using the classification system for tympanograms developed by Liden and Jerger [17,18].
The sequence of saved tympanograms for each patient ear was right, left. We posit that
type-B tympanograms produced the worst result, type-C, significant negative pressure
in the middle ear, was worse, and type-A, normal middle ear status, was good. For a
further statistical analysis, we divided the children into three groups, considering the worse
tympanogram result for each child: Group A children with type-A tympanogram in both
ears (AA), group C children with tympanogram C (CC, AC, and CA), and group B children
with tympanogram B (BB, BC, CB, AB, and BA).

2.4. Ethics

Ethical approval for this study was obtained by the ethics committee of Nicolaus
Copernicus University (KB 559/2021).
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2.5. Statistical Analysis

We used descriptive statistics to summarize and describe the variables for the study
group. We summarized quantitative variables, such as age and adenoid size, based on their
means =+ standard deviations (SDs). For the categorical variables, we used frequency counts
and percentages. To determine differences between variables, statistical significance was
estimated using the Chi-square method or Fisher’s exact test for categorical variables and
the Student’s t-test or ANOVA for quantitative variables. Associations between variables
were analyzed using Pearson’s correlation.

Variables significantly related to adenoid size in a univariate analysis were included in
the linear and logistic regression analyses. The linear regression analysis assessed variables
of significance for the prediction of adenoid size (A/C ratio, %) volatility in the whole
study group. In our linear regression analysis, variables such as recurrent upper respiratory
tract infections, rhinitis, snoring, adenoid mucus coverage, and type of tympanogram
were assigned appropriate values (for recurrent upper respiratory tract infections (rURTI),
rhinitis, snoring: 0, symptom not present; 1, symptom present; for adenoid mucus coverage:
from 0 to 4 according MASNA scale; for tympanogram type: 0-A, 1-C, 2-B).

To check for any differences between the pairs of analyzed siblings, the children were
divided into two groups: the first including the first examined child from the pair, usually
the older of the siblings, and the second including the second examined child, usually the
younger. If large families were analyzed, only one pair of siblings from a given family
was preferred. We selected the sibling pair with the smallest age difference at the time
of examinations.

To analyze the associations between a significant increase in adenoid size (AH) in the
second-born child and clinical factors, such as recurrent upper respiratory tract infections,
rhinitis, snoring, adenoid mucus coverage, and tympanogram type as categorical variables,
a logistic regression analysis was performed. III° AH was defined as an A/C ratio of >65%,
based on the Bolestawska scale, where 65% is the cut-off point between II° and III° AH.
To predict an A/C ratio of >65% in second-born children, we conducted two separate
assessments of: (1) second-born factors and (2) second-born factors and first-born adenoid
size. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were also calculated for the
considered clinical variables in the regression models.

For all these tests, two-tailed p-values were used, and differences at the level of
p < 0.05 were considered significant. All statistical analyses were performed using the SPSS
(Statistical Package for the Social Sciences version 26, Armonk, NY, USA) software.

3. Results

The mean age of the first examined child group was 5.0 years (SD = 2.2), and that of the
second examined child group was 5.1 (SD = 2.2). The mean adenoid size as an A /C ratio for
the first sample was 63%, and it was 59% for the second. In total, 71.4% of parents reported
rURTI in the first group of siblings and 51% in the second. Rhinitis was present in 77.6% of
children from the first group and in 65.3% from the second group. Persistent and occasional
snoring were present in, respectively, 36.7% and 28.6% of children from the first group and
34.7% and 26.5% from the second group. Mucous coverage of the adenoid according to
MASNA scale grades 0 to 3 was, respectively, 30.6%, 44.9%, 18.4%, and 6.1% in the first
group and 28.6%, 38.8%, 24.5%, and 8.2% in the second group. Analyzing the tympanometry
results, we found 53.1% type-A tympanograms, 20.4% type-C tympanograms, and 26.5%
type-B tympanograms in the first group and 67.3% type-A tympanograms, 12.2% type-
C tympanograms, and 20.4% type-B tympanograms in the second group. Comparing
examinations in thermal seasons, 42.9% of children were examined in the summer and
57.1% in the winter in the first group and 55.1% in the summer and 44.9% in the winter
in the second group. No differences between groups were found in terms of the analyzed
data, except rURTI. All presented data are included in Table 1.
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Table 1. Demographic and clinical characteristics of study population according to birth order

of siblings.
.. First-Born Second-Born
Characteristic Children Children p Value
n 49 49
Mean + SD 5.0+ 2.2 51422
Age (years) Median (Q25-Q75) 4.3 (3.7-5.6) 4.6 (3.6-5.7) 0.110
Female 23 (46.9%) 15 (30.6%)
Sex Male 26 (53.1%) 34 (69.4%) 0.134
.\ No 14 (28.6%) 24 (49.0%)
rURTI Yes 35 (71.4%) 25 (51.0%) 0.021
L No 11 (22.4%) 17 (34.7%)
Rhinitis Yes 38 (77.6%) 32 (65.3%) 0.210
No 17 (34.7%) 13 (26.5%)
Snoring Occasionally 14 (28.6%) 19 (38.8%) 0.630
Persistent 18 (36.7%) 17 (34.7%)
Mean =+ SD 63.0 + 17 59.0 + 20 0163
Adenoid size (A/C  Median (Q25-Q75)  60.0 (50.0-75.0)  60.0 (50.0-75.0) :
ratio and <35 (B1) 2 (4.1%) 6 (12.2%)
(Bolestawska scale, %) 35-65 (B 1) 27 (55.1%) 25 (51.0%) 0.396
>65 (B II) 20 (40.8%) 18 (36.7%)
. 0 15 (30.6%) 14 (28.6%)
Adecr(‘)“’,‘iarg‘em“s 1 22 (44.9%) 19 (38.8%) 0,387
2 9 (18.4%) 12 (24.5%) :
(MASNA scale) 3 3 (6.1%) 4 (8.2%)
AA 26 (53.1%) 33 (67.3%)
AB/BA 2 (4.1%) 0 (0.0%)
AC/CA 5 (10.2%) 4(8.2%) i
BB 10 (20.4%) 7 (14.3%)
Tympanogram CB/BC 1(2.0%) 3 (6.2%)
cC 5 (10.2%) 2 (4.1%)
A 26 (53.1%) 33 (67.3%)
B 13 (26.5%) 10 (20.4%) 0.340
C 10 (20.4%) 6 (12.2%)
Summer 21 (42.9%) 27 (55.1%)
Thermal season Winter 28 (57.1%) 22 (44.9%) 0.263

* rtURTI—recurrent upper respiratory tract infections.

An association between adenoid size in siblings was determined by Pearson’s correla-
tion analysis. The correlation coefficient between adenoid size on the A/C ratio between
the first- and the second-born siblings showed a strong positive association (r = 0.673,
p <0.001 (Figure 1).

In the next analysis step, the relationships between demographic or clinical factors and
adenoid size were analyzed for the entire group of children (Table 2). Statistically significant
differences in A/C ratios were obtained for rURTI (p < 0.001), rhinitis (p < 0.001), snoring
(p <0.001), tympanometry type (p < 0.001), and adenoid mucus coverage (p = 0.002). Pa-
tients with rURTT and rhinitis, snoring, impaired tympanogram, or high adenoid mucus
coverage according to the MASNA scale had an increased A /C ratio. There were no associ-
ations between adenoid size and sex and seasonality. Moreover, we analyzed adenoid size
change according to age for the whole patient sample (Figure 2). A linear correlation analy-
sis showed no significant correlation between age and adenoid size (r = —0.125, p = 0.219).
We also analyzed the living conditions (in the city or countryside) as an environmental
factor influencing the adenoid size. No significant correlation between adenoid size in
children living in city and countryside was found.
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Figure 1. A/C ratio correlation between the first- and second-born children in the family.

Table 2. Relationships between demographic or clinical factors and adenoid size in children with
symptoms suggestive of chronic AH.

Adenoid Size (A/C Ratio), %

Characteristic (n = 98) p Value
Mean + SD
Female 64.1 +20.5
Sex Male 59.1 +17.1 0.195
No 50.0 & 15.9
rURTI Yes 68.0 + 16.7 <0.001
L No 51.6 +15.6
Rhinitis Yes 64.8 & 18.3 0.001
No 50.5 + 19.3
Occasionally 60.0 + 15.4 <0.001
Snoring Persistent 71.0 £ 154
No 50.5 + 19.3
Yes 65.7 + 16.3 <0.001
0 52.8 +18.2
Adenoid mucus coverage 1 60.0 £ 18.1 0.002
(MASNA scale) 2 70.2 + 15.8 )
3 73.6 £ 13.5
A 545+ 17.8
B 74.6 £15.2 <0.001
Tympanogram C 65.6 = 13.5
A 545+ 17.8
Non-A 70.9 + 15.0 <0.001
Summer 58.2 +£19.8
Thermal season Winter 63.7 + 17.0 0.145
. countryside 59.8 +19.9
Place of residence city 603 + 19 4 0.901
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Figure 2. Correlation between A /C ratio and age of study population (1 = 98).

Variables significantly related to adenoid size in the univariate analysis were included
in the linear and logistic regression analyses to identify independent prognostic factors
useful in assessing adenoid size. Linear regression analysis for predicting the adenoid size
variance in the whole study group revealed that rURTI, snoring, adenoid mucus coverage,
and tympanogram type impact the assessment of adenoid size, but not rhinitis (Table 3). In-
terestingly, the most important aspect is whether the patient is snoring ( = 0.329), followed
by the tympanogram type (3 = 0.269).

Table 3. Linear regression analysis for the prediction of adenoid size in children (1 = 98).

Characteristic p Value B with 95% CI Beta ()
rURTI 0.015 9.04 (1.81-16.27) 0.24
Rhinitis 0.470 2.73 (—4.74-10.20) 0.07
Snoring <0.001 7.47 (3.94-10.99) 0.33
Adenoid mucus coverage 0.019 3.98 (.67-7.30) 0.19
Tympanogram 0.001 6.25 (2.58-9.92) 0.27

The main analysis in this study focused on assessing the significance of clinical factors
in the prognosis of III° AH in siblings. For this, logistic regression analyses for the detection
of I1I° AH (A/C ratio > 65%) in second-born children were performed. Using second-born
child factors, logistic regression analyses showed importance only for snoring (p = 0.006)
and tympanogram type (p = 0.029; Table 4). Patients diagnosed with snoring have more
than a 6-fold greater risk of III° AH (OR = 6.23, 95% CI = 1.7-22.70) compared to patients
who do not snore. Likewise, the presence of an ear impairment demonstrated by type-B
or -C tympanogram relates to an over 6-fold increase in the risk of III° AH (OR = 6.30,
95% CI = 1.20-32.99).
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Table 4. Logistic regression analysis for the prediction of III° AH (A /C ratio > 65%) in second-born
children (n = 49).

Characteristic p Value OR 95% CI
Second-born child factors
rURTI, yes 0.736 1.37 0.22-8.43
Rhinitis, yes 0.897 1.14 0.15-8.57
Snoring, yes 0.006 6.23 1.7-22.70
Adenoid mucus coverage (MASNA scale), per category 0.14 1.96 0.80-4.79
Tympanogram, non-A 0.029 6.30 1.20-32.99
Second-born child factors and adenoid size of the first-born child
rURTI, yes 0.543 0.48 0.04-5.15
Rhinitis, yes 0.575 2.05 0.17-25.08
Snoring, yes 0.015 8.43 1.51-46.95
Adenoid mucus coverage (MASNA scale), per category 0.335 1.68 0.59-4.81
Tympanogram, non-A 0.178 4.34 0.51-36.77
Adenoid size of the first-born child, A/C ratio > 65% 0.004 26.30 2.82-245.54

As shown, there was a strong association in adenoid size between siblings at a similar
age. Therefore, we subsequently analyzed the importance of adenoid size in older siblings
in relation to assessing adenoid size in younger siblings using logistic regression analysis.
For this analysis, the adenoid size of the first-born child was categorized as the binary
clinical variable (A/C ratio < 65% vs. >65%). According to the assumed criterion, an A/C
ratio of >65% was detected in 20 first-born children (40.8%). The logistic regression analysis
showed that the assumed variable had the strongest significant effect on the prediction
of III° AH (p = 0.004; Table 4). The obtained estimates indicate that second-born children
whose older siblings had III° AH had more than a 26-fold greater risk of III° AH compared
to patients whose older sibling did not have III° AH (OR = 26.30, 95% CI = 2.82-245.54).
In addition to the adenoid size of the first-born child, from all the analyzed factors that
affected the second-born child, only snoring was shown to be a predictive factor of III°
AH in the younger sibling (p = 0.015, OR = 8.43, 95% CI = 1.51-46.95). The resulting data
showed that knowledge of adenoid size in older siblings eliminates the importance of type
of tympanogram in the younger child to estimate their risk of III° AH.

Finally, we assess the potential predictive value of snoring in the second-born child by
relating it with an A/C ratio of >65% in the first-born child. Over 90% of snoring children
whose sibling had confirmed III° AH would later develop III° AH (Table 5). In our series,
second-born children in whom snoring occurs and whose older siblings have a known
A/C ratio of >65% have about a 46-fold higher risk of III° AH (A/C > 65%) compared to
patients who did not meet these two conditions (p < 0.001, OR = 46,67, 95% CI = 8.37-260.30)
(Table 5).

Table 5. The relationship between snoring in the second-born child and an A/C ratio of >65% in the
first-born child and an A/C ratio > 65% in the second-born children group with symptoms suggestive

of chronic AH.
Adenoid Size (A/C Ratio, %)
of the Second-Born Child p Value OR (95% CI)
<65 >65
Snoring in the second-born child and yes 28 (90.3%) 3 (16.7%) .
A/C ratio > 65% in the first-born child no 3(9.7%) 15 (83.3%) <0.001 46.67 (8.37-260.30)

These results indicate that combining snoring in second-born children with adenoid
size in first-born children in the same family clearly improves the prediction of III° AH in
second-born patients.
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4. Discussion

Our work shows a significant correlation between adenoid size in siblings if an FNE
is performed at the same age. Katznelson and Gross observed a difference in the number
of adenoidectomies between operated parents and siblings and the control group, which
might suggest a familial susceptibility to AH [2]. On the other hand, the authors suggest
that parents who were previously operated on or who have a child who was previously
operated on might be more willing to allow the surgery to be performed on their second
child. Still, our results confirmed the hypothesis of familial susceptibility to hypertrophy
based on endoscopically assessed adenoid size. However, Bani-Ata et al. indicated a low
significance of tonsillectomy in parental and sibling histories [19], but the size of palatine
tonsils is not the main indication for tonsillectomy; therefore, it is difficult to compare a
family predisposition to adenoidectomy with tonsillectomy. However, recurrent or chronic
inflammation susceptibility of the adenoids or palatine tonsil tissue may lead to chronic
activation of the cell-mediated and humoral immune response, which may play a role in
hypertrophy [20]. This susceptibility to infection may be caused by genetic dispositions.
The role of different variations in inflammatory genetic factors, such as polymorphisms
of mannose binding lectin (MBL), toll-like receptors (TLRs), secretoglobulins (SCGBs),
or IL-10, were analyzed [20-23]. Grasso et al. found that the MBL2 00 genotype is a
prognostic marker of AH in children [21]. Meanwhile, Babademez et al. stated that TLR4
polymorphisms were associated with an increased risk of AH, but they did not find the
same association when they analyzed TLR2 polymorphisms [20]. In addition, in the work
of Ozdas et al., the presence of single nucleotide polymorphisms (SNPs) of secretoglobulins
were associated with an increased risk of AH [22]. Another study demonstrated the role
of the IL-10 genotype GG in resistance to hypertrophy [23]. All these data support the
hypothesis that the inheritance of AH is likely polygenic, involving aspects of physiology
determined by multiple genes. Moreover, other non-genetic (environmental) factors, such
as cytomegalovirus, human herpesvirus type 6, and infections, may play a role in AH [23].
These factors may co-occur in siblings from the same family who are in constant contact
with each other. A study performed by Trask et al. shows that both allergic and non-allergic
sibling groups showed a larger mean adenoid size on radiographs than controls [24].

Our study offers practical knowledge for pediatricians. Snoring children have a 6-fold
greater risk of AH (III° in Bolestawska scale, A/C ratio > 65%) compared to patients who
do not snore. In addition, children with an abnormal (not type-A) tympanogram and
indirect effusion in the middle ear indicated a six-times greater chance of III° AH compared
to children with a type-A tympanogram. The obtained results indicate that second-born
children whose older sibling had III° AH have more than a 26-fold greater risk of I1I° AH
compared to patients whose older siblings do not have AH. Second-born children will have
a 46-fold increased chance of developing III° AH if they snore and if their older sibling has
previously confirmed III° AH.

AH is the one of the main etiological factors for pediatric sleep disordered breathing
(SDB). Lundkvist et al. analyzed parents affected by obstructive sleep apnea (OSAS) and
their children, and they concluded that children whose parents were affected by OSAS had
a substantially higher risk of hospitalization for SDB [25]. These symptoms were associated
with pediatric OSAS or either adenoid or palatine tonsillar hypertrophy. Carmelli et al.
analyzed genetic factors in self-reported snoring and excessive daytime sleepiness in twins,
arguing that the inheritance of sleep apnea symptoms may be polygenic, but it can also
be modulated by the environmental factors in which the twins grow up [26]. The issue of
OSAS and hypertrophy of the adenoid and palatine tonsils in siblings was also analyzed
by Friberg [27], who showed a significant risk of OSAS in children whose sibling has an
OSAS diagnosis, significantly higher than in children with adenoid and palatine tonsils
hypertrophy. This study, database research that analyzed AH, was based on a medical
diagnosis described in the patient medical history by the ICD-10 code.

In addition, we showed in the whole analyzed group of children a correlation between
adenoid size and such adenoid symptoms and related illnesses as rURT], rhinitis, snoring,

55



Int. J. Environ. Res. Public Health 2023, 20, 2910

poor mucus coverage, and poor tympanometry type. This confirms the role of III° AH in
the mentioned factors also described by other authors [1,28-31].

In our study, we showed a close relationship between AH in children and snoring. We
stated that involution of the adenoid in children who snore and who have AH decreases
slowly and linearly (Figure 2). The shape of the curve on the graph is similar to that
presented by Papaioannou et al. [32]. They analyzed adenoid size in an MRI study in
children of different ages and concluded that in children who do not snore, adenoid size
increases to 7-8 years of age and then it slowly decreases (parabolic curve), and in the
group of children who snore (more than 1 night per week), the reduction in adenoid size
occurred slowly until 18 years (linear curve).

In summary, this study shows a great familial correlation between adenoid size in
siblings based on real adenoid sizes measured by FNE. Other similar studies were based
on a history of performed surgery and reported symptoms or ICD-10 code. Due to a lack of
a historical possibility to analyze adenoid size via an endoscopic examination in parents
because this technology was unavailable when parents were at their children’s age, only
endoscopic images of siblings” adenoids were comparable.

A limitation in this study was the difficulty of selection of siblings who were examined
at the same age, because some parents whose older child was diagnosed with AH or who
had presented adenoid symptoms and related illness decided to diagnose their younger
child earlier and, based on their own experience earlier, opted for surgery. The influence
on sample size is related to the fact that this group was examined by one children’s
ENT specialist (A.Z.) in the same ENT outpatient clinic. Further, the repeatability of
the tests performed is affected by the use of the same doctor using the same flexible
endoscopic system.

5. Conclusions

We showed a significant familial correlation between adenoid size in siblings when
they reach the same age. The obtained result indicates the environmental and genetic
mechanisms of AH, but due to the polygenicity of the issue, more research is necessary.

Our results also suggest that experiences and observations related to the medical
history and examination of the older child can be helpful in making a timely diagnosis
of the younger child. It is especially important for pediatricians to consider that when
an older sibling has a confirmed overgrown adenoid (III° AH) and their younger sibling
presents adenoid symptoms, particularly snoring, it is highly probable that they will also
have an overgrown adenoid (46 times greater risk).
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Abstract: Background: Continuous irrigation of the duct with isotonic saline is one of the fundamental
stages of a successful sialendoscopic procedure. It allows for an adequate luminal distension for the
removal of debris and mucous plugs and for the conservative treatment of strictures. This procedure,
which commonly involves the use of a medical syringe, can be laborious, and it is often necessary to
interrupt irrigation during surgery due to the high resistance to saline. Setting: Academic university
hospital. Method: We propose the use of an irrigation device which consists of a high-pressure
syringe barrel, an ergonomic piston handle, and a gauge used to monitor the inflation and deflation
of balloon catheters. The system allows for a simple and safe dilation, ensuring good visualization of
the salivary duct lumen during sialendoscopy. Conclusions: The irrigation system described can be
widely used to perform a diagnostic or interventional sialendoscopy more effectively than with a
typical manual irrigation procedure.

Keywords: salivary gland; sialendoscopy; irrigation device; salivary duct

1. Introduction

Sialendoscopy, a minimally invasive procedure first mentioned by Kats in 1991, represents
a continually expanding field and is becoming the preferred technique for diagnosing and
managing salivary gland obstruction [1-3]. The continuous irrigation of the duct is one of
the cardinal points of an effective sialendoscopic procedure. Irrigation with isotonic saline
solution is necessary to overcome the sphincter-like contractile mechanism that keeps the duct
in a collapsed state and allows an adequate luminal distension so that intraductal structures
and pathologic changes of the duct can be clearly visualized. Irrigation also plays a pivotal
therapeutic role, allowing for the removal of debris and mucous plugs from the ductal system
and the conservative treatment of strictures, solving alone many of the most common obstruc-
tive conditions of the salivary glands [4]. Most surgeons opt for a manual irrigation process
using a common medical syringe. This procedure can be laborious, and it is often necessary
to interrupt irrigation during surgery due to the high resistance to saline. In this paper, we
propose the use of an irrigation device that allows for the performance of a simple and safe
dilation, ensuring good visualization of the salivary duct lumen during sialendoscopy.

2. Materials and Methods

During minimally invasive balloon dilation procedures, balloon inflation devices are
widely used to inflate the balloon with fluid, monitor the pressure in the balloon during
the procedure, and deflate the balloon after dilation. In ENT surgery, these devices are
used mainly to dilate obstructed sinus ostia during sinuplasty in patients suffering from
sinusitis, or to perform a Eustachian tube (ET) dilation to treat obstructive ET dysfunction,
or during subglottic stenosis balloon dilation.
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In this paper, we describe our experience with a balloon inflation device adapted
to perform a constant irrigation of the salivary duct during sialendoscopy. Any patient
showing an obstructive or inflammatory disease of the salivary glands could benefit from
sialendoscopy performed with this new irrigation system. In our daily surgical practice,
we use this device for irrigation on all patients undergoing sialendoscopy, regardless of the
cause that generates the symptomatology.

The device (Figure 1) consists of a high-pressure syringe barrel, an ergonomic piston
handle, and a gauge used to monitor the inflation and deflation of balloon catheters
(Disposable Inflation Device, Cook Medical, AL, USA). In order to perform an adequate
and constant dilation of the salivary glands, this device is connected with the irrigation
channel of the sialendoscope and to a saline solution bottle through a three-way stop-
cock (Figure 2). The stop-cock is positioned to allow the saline solution to flow from the
bottle to the syringe of the device, which can be filled with 20 cc of solution (Figure 3a).
The procedure is performed using an all-in-one Erlangen-type sialendoscope (Karl Storz,
Tuttlingen, Germany) which are 1.1 mm in diameter for diagnostic and 1.3 or 1.6 mm
for interventional sialendoscopy. Once the syringe of saline is filled, the device is locked,
and the three-way stop-cock is rotated to allow the fluid to pass from the syringe to the
sialendoscope (Figure 3b). The grip on the piston handle must be rotated clockwise to push
the saline to the sialendoscope in order to increase the pressure in the ductal system until
reaching the desired value. A gauge is used to monitor the pressure of saline in the salivary
ducts. As a portion of the saline flows through the ductal orifice between the endoscope
and the ductal walls and a portion is absorbed by the gland, the piston handle is rotated
slowly and steadily to avoid the gradual decrease of the pressure in the ductal system.
Turning the grip on the piston handle counterclockwise will decrease the pressure in the
ducts. Once the saline solution in the syringe is depleted, the procedure can then be easily
repeated, if needed.

Pressure

gauge

High pressure
syringe barrel

High pressure

connection
tubing
Ergonomic

piston handle

Figure 1. The irrigation device consists of a high-pressure syringe barrel, a lock lever, an ergonomic piston
handle, a gauge used to monitor the inflation and deflation of balloon catheters, and connection tubing.
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Figure 2. The irrigation device is connected with the irrigation channel of the sialendoscope and a saline
solution bottle through a three-way stop-cock. Red arrows: saline solution is drawn into the syringe
through the three-way stop-cock. Yellow arrows: saline solution is pushed into the sialendoscope through
the three-way stop-cock under pressure control to perform an adequate duct dilatation.

Sialendoscope Irrigation Sialendoscope
device

(b)

Figure 3. (a) The three-way stop-cock is positioned so as to allow saline to flow from the bottle to
the syringe of the device, which can be filled with 20 cc of solution. (b) Once the syringe is filled
with saline, the device is locked and the three-way stop-cock is rotated to allow fluid to pass from the
syringe to the sialendoscope (b). The yellow arrows indicate the direction of the saline solution.

3. Discussion

Sialendoscopy is a procedure for the diagnosis and treatment of salivary obstructive
and inflammatory diseases [5-8]. It can be performed under local or general anesthesia
depending on the level of difficulty of the individual case. Continuous rinsing of the duct
during the procedure is necessary to achieve its dilatation and consequently an adequate
visualization of the lumen to allow the advancement of the scope into the duct system [9].
Irrigation allows us not only to obtain an effective dilation of the duct during endoscopy
but also to treat some obstructive sialadenitis. The opportunity for administering drugs,
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such as corticosteroid preparations, directly into the ductal system provides an interesting
point of access for salivary inflammatory disease therapy in adults and children [10-13].
Furthermore, the treatment of juvenile recurrent parotitis is based on dilation of the Stensen
duct, and it is often performed using strong saline solution irrigation [14]. Continuous
washing with a saline solution allows for the removal of mucous plugs from the lumen
ducts, while the hydrostatic pressure on the ductal system can be considered a useful
method to treat the strictures, especially in the case of multiple stenoses (often observed
as a result of radioiodine therapy), when the use of a sialoballoon or of the sialendoscope
itself does not allow the dilation of the whole stenotic tract [15]. In these cases, however,
it is necessary to achieve and maintain an adequate pressure value during the surgical
procedure to obtain a durable dilation and an effective washing of the ducts. Most surgeons
opt for a manual irrigation performed by an assistant using a typical medical syringe
connected to the irrigation channel of the sialendoscope through a connecting tube. The
information found in the literature indicates that the intraductal pressures achieved with a
20 mL syringe are greater than or equal to those obtained with a 10 mL syringe, but in the
former case, the second operator applies a much higher force when working with a larger
syringe, without direct control of the pressure inside the salivary duct system [16]. While
it is widely used, this procedure can be laborious, and it is often necessary to interrupt
irrigation during surgery because of the high resistance to saline solution. Additionally, the
pressure achievable by manual irrigation may not be sufficient to ensure an effective and
permanent dilation of the stenoses.

This paper presents a safe, less laborious, and simple method to perform efficient
dilation of the salivary glands ducts during sialendoscopy using an adapted Cook Balloon
Inflation Device. The patients were fully informed during the consent procedure of the risks
associated regarding the off-label use of this medical device, and their informed consents
were recorded. This revised irrigation system allows us to reach the desired pressure
value and maintain it for as long as necessary, permitting optimal visualization of the duct
and an effective progression of the endoscope into the ductal system. The saline pressure
provides a radial force equally distributed in all directions in the ductal system and allows
for the dilation of an entire stenotic tract, reaching a theoretical maximum pressure of
15 atmospheres on the ductal walls. The use of this device could allow the assisting nurse
to completely replace the second operator in maneuvering the device during sialendoscopy.

During our clinical experience, no complications resulting from the use of this device
were observed. The device is currently used without contraindications for all the patients
who undergo sialendoscopic procedure.

4. Conclusions

The irrigation system described in this paper has proven to be more effective than a
typical, often laborious, manual irrigation and can be widely used to perform dilation of
the ducts of salivary glands during diagnostic or interventional sialendoscopy.

e  During sialendoscopy, a continuous rinsing of the duct is necessary to achieve dilata-
tion of the duct and an adequate visualization of the lumen.
Manual irrigation with medical syringe is sometimes tiring and unwarranted.
The adapted balloon inflation device permits a non-laborious duct irrigation and
dilation under pression control in any patient who undergoes sialendoscopy.
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Abstract: Known as a silent disability, hearing loss is one of the major health burdens worldwide.
Evidence implies that those suffering from hypertension can experience hearing disturbances. Self-
reporting of hearing problems and self-reporting of hypertension may be useful in providing an
alarm for detecting hearing problems. However, in the Indonesian population, this matter has not
been properly reported. The aim of this study was to explore the prevalence of hearing problems
and their relationships with other demographic factors. In total, 28,297 respondents of productive
age from the Indonesian Family Life Survey 5th wave were assessed. A questionnaire and physical
examination data were included in this survey. Self-reported hearing problems and their predictors
were analyzed using univariate and multivariate logistic regressions. Hypertension awareness was
a significant predictor of having a hearing problem (odds ratio (OR) [95% confidence interval (CI)],
p value: 2.715 [1.948~3.785], <0.001). Having a general check-up was also crucial for detecting hearing
problems (2.192 [1.54~3.121], <0.001). There was a significant link between hearing problems and early
adults who have isolated systolic hypertension. Hypertension awareness and having a general check-
up had predictive value for detecting hearing problems in adults in the age range of 26~35 years.
Therefore, public health strategies for hearing loss prevention might target this group by detecting
and treating hypertension.

Keywords: hearing problem; hypertension; adult; IFLS

1. Introduction

The sense of hearing is important for humans to communicate with other people and
also to interact within the community. With advancements in hearing technologies in the
past few decades, identifying and diagnosing hearing impairment can be completed in
many settings. Around 360 million people (over 5%) all over the world live with this disabil-
ity (disabling hearing loss), which makes hearing loss a factor that is responsible for years
lived with a disability [1,2]. Among the six World Health Organization (WHO) regions,
the highest prevalence of hearing loss is in the western Pacific region (with 136.5 million
people), followed by Southeast Asia (with 109.5 million people) [3].

Loss of productivity and social isolation might result from communication difficulties
caused by hearing impairment [4,5]. A systematic review of the global burden of disease
from 1990 to 2019 revealed that 1.57 billion people worldwide suffered from hearing
impairment in 2019. An estimate was made that by 2050, there will be 2.45 billion people
with a hearing decline (one of every four people), an increase of 56.1% from 2019 [6].
Although there are approximately 40 million American adults who suffer from various
degrees of hearing impairment, there are gaps between self-reported hearing loss and
people who receive a hearing test and treatment for hearing impairment [7]. Patients
who have self-recognized hearing disturbances should undergo a hearing evaluation by a
medical professional such as an ear, nose, and throat (ENT) doctor or audiologist [8].
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Based on the National Health and Nutrition Examination Survey in 2015-2018, the
prevalence of high blood pressure increases with age, at 28.2% among 20~44 year olds, at
60.1% in 45~64 year olds, and 77% among those older than 65 years [9]. On the other hand,
low- and middle-income countries (LMICs; with 1.04 billion people accounting for 31.5%
of the world’s population) had a higher prevalence of hypertension compared to high-
income countries (HICs; with 349 million people or 28.5% of the world’s population) [10,11].
Unfortunately, in spite of the increasing hypertension prevalence, hypertension awareness
and treatment in LMICs are still low, including in Indonesia, which had treatment rates
of less than 25% of women, as well as men which less than 20% [10,12]. For several
decades (1990~2019) the hypertension burden has increased in young adults [13]. In
Asian populations, the prevalence of isolated systolic hypertension (ISH) has increased
due to special epidemiological characteristics and risk factors and greater susceptibility to
ISH [14]. Likewise, a previous study also implied that systolic blood pressure (SBP) levels
are considered a crucial factor in preventing and treating hypertension [15].

Epidemiological studies of hearing loss and hypertension as vascular risk factors
supported the fact that there is a significant link between the two [16,17]. However, the
molecular mechanism behind this association is still under investigation, and it could be
due to vascular injury [18,19]. A recent cohort study investigating hearing loss and blood
pressure was conducted in Japanese adults, and those findings suggested that a higher
SBP condition was a significant risk factor for hearing loss at 1 kHz [3]. A long time ago,
the crucial role of SBP was already mentioned in the Framingham Heart study which
determined that SBP had a larger capacity in the future risk of cardiovascular disease than
diastolic blood pressure (DBP) [20,21].

In this study, our main aim was to investigate the prevalence of hearing problems of vari-
ous ages and blood pressure conditions. Later, we assessed the relationship between hearing
problems and blood pressure based on subjects” age groups in an Indonesian population.

2. Materials and Methods
2.1. Study Population and Participants

The Indonesian Family Life Survey 5th wave (IFLS5) 2014 was used in this study. The
IFLS5 is a cross-sectional national survey that focuses on health and socioeconomic fields
and was conducted from late 2014 to early 2015. Data were collected by assessing individual
respondents, their households, and community levels. The IFLS survey is a longitudinal
survey designed to provide public use data to investigate behaviors and outputs, and to
the present, there have been five waves of surveys that are available on their website. In
the first wave in 1993, 20 households from urban regions and 30 households from rural
regions in 13 of 27 provinces in Indonesia were selected by random sampling. IFLS5 was
chosen as the data source in this study because it has the most complete data compared
to previous waves. A well-designed structured questionnaire was administered through
in-person interviews by well-trained interviewers. A physical examination including blood
pressure, body height, and body weight was also conducted [22]. Our study population
included all of the participants of the IFLS5, and the sample consisted of those who met the
inclusion and exclusion criteria. The inclusion criterion was an age range of 15~64 years,
and exclusion criteria were missing data of gender, blood pressure, height, or weight.
Ultimately, 28,297 participants were enrolled as seen in Figure 1.

2.2. Age Categories

Respondents’ ages ranged from 15 to 64 years, which is considered productive age
in the Indonesian population. Furthermore, age was divided into four groups based on
Indonesia Ministry of Health criteria: (1) 15~25 years as adolescence, (2) 26~35 years old as
early adulthood, (3) 36~45 years old as late adulthood, and (4) 46~64 years old as elderly.
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Figure 1. Sample screening process.

2.3. Blood Pressure

Blood pressure was measured three times by trained interviewers using an Omron
meter (HEM-7203) on alternate arms in a seated position. A normal size cuff was generally
used, while larger cuffs were also provided if needed. Averages of the systole and diastole
data were determined. Later, blood pressure data were classified using the modified-
American Heart Association (AHA) 2017 and Indonesian Society of Hypertension (INASH)
2019 criteria. AHA 2017 [23] criteria for blood pressure were modified into three groups:
(1) normal blood pressure (systole < 120 mmHg and diastole < 80 mmHg), (2) elevated
blood pressure (systole 120~129 mmHg and diastole < 80 mmHg) and (3) hypertension
(systole > 130 mmHg and diastole > 80 mmHg).

To evaluate specific cases of ISH, additional criteria of the INASH 2019 with modi-
fications were also added. The modified INASH version only has two groups which are
non-ISH (a combination of optimal, normal, high normal, and grades 1, 2, and 3 hyperten-
sive groups) and ISH. Originally, the INASH criteria had several groups of blood pressure,
which included (1) optimal (systole < 120 mmHg and diastole < 80 mmHg), (2) normal (sys-
tole 120~129 mmHg and diastole 80~84 mmHg), (3) high-normal (systole 130~139 mmHg
and diastole 85~89 mmHg), (4) grade 1 hypertension (systole 140~159 mmHg and di-
astole 90~99 mmHg), (5) grade 2 hypertension (systole 160~179 mmHg and diastole
100~109 mmHg), (6) grade 3 hypertension (systole > 180 mmHg and diastole > 110 mmHg),
and (7) ISH (systole > 140 mmHg and diastole < 90 mmHg) [24].

2.4. Hearing Problems-Self Reported

Hearing problems were assessed by answering a question about hearing problems (have
you been diagnosed with a hearing problem by a doctor, paramedic, nurse, or midwife?).

2.5. Covariates

Covariates consisted of hypertension-self reported, hypertension medication, body
mass index (BMI), educational level, occupation, general check-ups, outpatient care, in-
surance coverage, and hearing aid usage. Information on hypertension self-reported was
collected by answering a question about a diagnosis of hypertension (yes or no). Like-
wise, hypertension medication was reported by answering a question about a history of
undergoing hypertension treatment (yes or no).

The BMI was calculated using height divided by weight squared (kg/m?) from physi-
cal measurements. A Seca model 213 plastic height board was used to measure height to
the closest millimeter. A Camry model EB1003 scale was used to calculate body weight to
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the nearest 0.1 kg. Finally, the BMI was categorized into four groups based on Indonesia
Ministry of Health criteria, which are (1) underweight (BMI < 18.5 kg/ m?), (2) normal (BMI
18.5~25 kg/ m?), (3) overweight-mild (BMI 25.1~27 kg/ m?), and (4) overweight-severe
(BMI > 27 kg/m?).

Educational data were grouped into three categories, including (1) no schooling, (2) se-
nior high school or lower (graduated), and (3) above senior high school (graduated). The
occupational status was noted with questions about whether the respondent had worked
within the past year and had the same job for more than 5 years. General check-ups, outpatient
care, insurance, and hearing aid usage were recorded by answering questions of having had a
general check-up in the last 5 years, having had outpatient care in the last 4 weeks, having a
health card, and ever having to wear a hearing aid (all yes or no), respectively.

2.6. Statistical Analysis

Descriptive analyses were used to show characteristics of study participants. The
frequency, percentage, chi-squared test, or Fisher exact test for categorical data and the
mean, standard deviation (SD), and Student’s t-test for continuous data were used. The
odds ratio (OR), 95% confidence interval (Cl), and p value were calculated using univariate
and multivariate logistic regressions. A subgroup analysis was carried out by gender. All
statistical analyses were performed with SPSS software vers. 26 (IBM, Armonk, NY, USA).
A p value of <0.05 was accepted as statistically significant.

3. Results
3.1. Characteristics of the Population

Of the 28,297 total individuals (age (mean + SD): 35.29 + 12.78 years for men and
35.01 £ 12.79 years for women) from the Indonesian population, 220 people had hearing
problems (for a prevalence of 7.8 per 1000 persons). The prevalence of self-reported hearing
problems in those aged 15~25, 26~35, 36~45, and 46~64 years was 0.48, 0.48, 0.85, and
1.4 per 1000 persons, respectively. Thus, the prevalence of hearing problems increased with
age. In addition, hearing problems were more prevalent among subjects with elevated blood
pressure or hypertension, those with isolated hypertension, those taking antihypertensive
drugs, those with self-reported hypertension, those employed, those with a general check-
up in the past 5 years, and those with outpatient treatment in the last 4 weeks. Among
those who were experiencing hearing problems, 51.4% were male and 48.6% were female,
but none of them were using a hearing aid.

Overall, the hypertensive group comprised a majority of the population according to
AHA 2017 criteria which was 12,843 participants. The prevalence of hypertension based on
AHA 2017 criteria was 45.38 per 100 persons in this Indonesian population aged 15~64 years.
Hypertension was not significantly correlated with hearing problems (p = 0.093). According
to the criterion of the INASH 2019, the prevalence of isolated systolic hypertension was
6.3 per 100 persons.

Those participants with hearing problems had a significantly (p = 0.048) higher propor-
tion of isolated hypertension (9.5%) than those without such problems (6.3%). Surprisingly,
among those with hearing problems, only 26.8% were aware that they had hypertension
and 7.7% were treating it with hypertension medication.

There were correlations of hearing problems with being employed (p = 0.007), having
had a recent general check-up (p < 0.001), and having had recent outpatient care (p = 0.003).
Although the prevalence of hearing problems in the worker group at 77.3% was higher
than in the non-worker group, the number of hearing problems was higher in the group
who had had a general check-up in the past 5 years and those who had had outpatient care
in the past 4 weeks.

Such positive correlations were not found for the BMI, educational level, or insurance
ownership (Table 1).
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Table 1. Distributions of demographic data based on hearing problems.

Hearing Problems
Prevalence of Hearing

N Total Problems (%) No Yes X2 p Value
n % n %
Age group (years)
15~25 7452 0.48 7416 26.4 36 16.4
26~35 8179 0.48 8139 29 40 18.2
36~45 6193 0.85 6140 219 53 24.1 20815 0.000
46~64 6473 14 6382 227 91 414
Gender
Male 13,147 0.85 13,034 46.4 113 51.4 0.143
Female 15,150 0.7 15,043 53.6 107 48.6 214
Blood pressure
AHA 2017
Normal 11,153 0.63 11,082 39.5 71 32.3
Elevated 4301 0.86 4264 15.2 37 16.8 4.741 0.093
Hypertensive 12,843 0.87 12,731 45.3 112 50.9
INAHS 2019
Non-isolated systolic hypertensive 26,510 0.75 26,311 93.7 199 90.5 3911 0.048
Isolated systolic hypertensive 1787 1.17 1766 6.3 21 9.5 ' ’
Hypertension medication
Yes 581 2.92 465 2 17 7.7
No 27,716 0.73 27,513 98 203 92.3 3549 0000
Self-reported hypertension
Yes 3004 1.96 2945 10.5 59 26.8
No 25,293 0.63 25,132 89.5 161 73.2 6134 0.000
Body mass index group
Underweight 3366 0.38 3353 119 13 5.9
Normal 15,856 0.83 15,723 56 133 60.5
. ) 7.76 0.053
Overweight-mild 3543 0.79 3515 125 28 12.7
Overweight-severe 5532 0.83 5486 19.5 46 20.9
Education
No schooling 7920 0.77 7859 28 61 27.7
Senior high school or lower 17,664 0.75 17,532 62.4 132 60 1.88 0.39
Above senior high school 2713 0.99 2686 9.6 27 12.3
Occupation
Working 19,474 0.87 19,304 68.8 170 773 738 0.007
Not working 8823 0.57 8773 31.2 50 22.7 ’ ’
General check-up
Yes 2514 1.63 2473 8.8 41 18.6
No 25,783 0.69 25,604 91.2 179 81.4 26.05 0.000
Outpatient care
Yes 5015 112 4959 17.7 56 25.5
No 23,282 0.7 23,118 82.3 164 74.5 9.09 0.003
Insurance ownership
Yes 14,183 0.8 14,069 50.1 114 51.8 0.25 0.613
No 14,114 0.75 14,008 499 106 48.2
Hearing aid usage
Yes 19 0 19 0.1 0 0
No 28,278 0.78 28,058 99.9 220 100 015 07

AHA, American Heart Association; INASH, Indonesian Society of Hypertension.

3.2. Univariate Analysis of Hearing Problems with Demographic Data

Table 2 shows relationships between self-reported hearing problems as the dependent
variable and other independent variables. There were significant associations (all p < 0.05)
between hearing problems and age group, with the strongest protective effects in those
aged 46-64 years. Otherwise, gender was not correlated with hearing problems (p = 0.144).
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Table 2. Univariate logistic regression of hearing problems and demographic data.

o, o,
Predictor Coef. SE Coef. Wald p Odds Ratio 95% CI 95% CI
Lower Upper
Age group (years)
15~25 —0.576 0.217 7.057 0.008 0.562 0.368 0.86
26~35 —0.563 0.21 7.185 0.007 0.569 0.377 0.859
36~45 1.0
46~64 0.502 0.174 8.348 0.004 1.652 1.175 2.322
Gender
Male 0.198 0.135 2.136 0.144 1.219 0.935 1.589
Female 1.0
Blood pressure
AHA 2017
Normal 1.0
Elevated 0.303 0.204 2221 0.136 1.354 0.909 2.018
Hypertensive 0.317 0.152 4.338 0.037 1.373 1.019 1.851
INAHS 2019
Non-isolated systolic hypertensive 1.0
Isolated systolic hypertensive 0.452 0.231 3.845 0.05 1.572 1.0 2.471
Hypertension medication
Yes 1.407 0.256 30.212  0.000 4.085 2.473 6.748
No 1.0
Self-reported hypertension
Yes 1.140 0.153 55.225  0.000 3.127 2.315 4.224
No 1.0
Body mass index group
Underweight -0.771 0.315 6.001 0.014 0.462 0.249 0.857
Normal 0.009 0.172 0.003 0.959 1.009 0.72 1.413
Overweight-mild —0.051 0.241 043 0.831 0.95 0.593 1.523
Overweight—severe 1.0
Educational level
No schooling —0.259 0.232 1.24 0.266 0.772 0.49 1.217
Senior high school or lower —0.289 0.212 1.854 0.173 0.749 0.494 1.135
Above senior high school 1.0
Occupation
Working 0.435 0.161 7.269 0.007 1.545 1.126 2.12
Not working 1.0
General check-up
Yes 0.864 0.174 24.511 0.000 2.371 1.685 3.338
No 1.0
Outpatient care
Yes 0.465 0.156 8.931 0.003 1.592 1.174 2.159
No 1.0
Insurance ownership
Yes 0.068 0.135 0.255 0.614 1.071 0.821 1.396
No 1.0

AHA, American Heart Association; INASH, Indonesian Society of Hypertension; Coef., coefficient; SE, standard
error; CI, confidence interval.

Based on all criteria for hypertension by AHA and INASH, significant risks were
shown in the hypertension group (OR [95% CI], p value; 1.373 [0.019~1.851], 0.037) and
in the isolated hypertension group (1.572 [1.0~2.471], 0.05) compared to the reference
group. This shows that having hearing problems was related to a hypertensive condition.
Likewise, self-reported hypertension (3.127 [2.315~4.224] <0.001) and related treatment
(4.085 [2.473~6.748], <0.001) had large risk effects on hearing problems.

A general check-up (2.371 [1.685~3.338], <0.001) and outpatient care (1.592 [1.174~2.159],
0.003) among participants had significant risks for the occurrence of hearing problems.
In addition, the underweight group based on the BMI had a significant protective effect
against hearing problems (0.462 [0.249~0.857], 0.014) compared to the overweight group.
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Having a job seems to be related to hearing problems (1.545 [1.126~2.12], 0.007) compared
to not having a job. Nevertheless, there was no relationship between hearing problems and
educational level or insurance ownership (Table 2).

3.3. Association of Self-Reported Hypertension and General Check-Ups with Hearing Problems
in Adults

Since the age and blood pressure categories were highly correlated with hearing
problems, the combined effect of age group and blood pressure categories (hereafter
referred to as the interaction of age*blood pressure) with hearing problems was next
assessed. Subsequently, several models were developed to predict having hearing problems
based on univariate p < 0.05 of covariates (Table 3). Compared to the full model, the general
check-up and outpatient care variables were excluded in model 1. On the other hand,
self-reported hypertension and outpatient care variables were excluded in model 2. In
model 3 (the full model), compared to 36~45-year-old adults with normal blood pressure,
hearing problems were negatively associated with participants who had elevated blood
pressure in early adults (0.398 [0.165~0.959], 0.04) and the elderly (0.325 [0.11~0.961], 0.042),
and were positively associated with participants who had elevated blood pressure in
adolescents (2.165 [1.11~4.24], 0.023). In addition, significant positive relationships with
hearing problems were found in subjects with both self-reported hypertension and having
had a general check-up.

Table 3. Multivariate logistic regression analysis of hearing problems.

Model 1 Model 2 Full Model
Predictor Odds  95%CI  95%CI Odds  95%CI  95% CI Odds  95%CI  95% CI
v Ratio Lower Upper P Ratio Lower Upper P Ratio Lower Upper
(Constant) 0.000 0.007 0.000  0.007 0.000  0.005
Age (years) * AHA category
1 (15~25) * Normal BP 0.45 0.783 0.414 1478 0.339  0.733 0.388 1.386 0461  0.787 0.417 1.488
2 (15~25) * Elevated BP 0.335 0.648 0.268 1.567 0.288  0.619 0.256 1.499 0.325  0.642 0.265 1.552
3 (15~25) * Hypertension 0.036 0.391 0.162 0.941 0.041 0399 0.166 0.961 0.04 0.398 0.165 0.959
4 (26~35) * Normal BP 0.1 0.584 0.308 1.108 0.084  0.568 0.3 1.078 0.103  0.587 0.309 1.114
5 (26~35) * Elevated BP 0.037 0.315 0.107 0.931 0.044 0329 0.111 0.972 0.042 0325 0.11 0.961
6 (26~35) * Hypertension 0.078 0.551 0.284 1.068 0.136  0.604 0.312 1.171 0.091  0.564 0.291 1.095
7 (36~45) * Normal BP 1.0 1.0 1.0
8 (36~45) * Elevated BP 0.984 1.027 0.461 2.288 0.781 112 0.503 2.496 0.855  1.077 0.483 2.402
9 (36~45) * Hypertension 0.305 0.727 0.395 1.337 0.593  0.848 0.462 1.554 0.344  0.745 0.405 1.371
10 (46~64) * Normal BP 0.799 1.102 0.52 2.335 0.808  1.097 0.518 2.324 0.836  1.083 0.511 2.294
11 (46~64) * Elevated BP 0.019 2.23 1.144 4.346 0.012 236 1.212 4.593 0.023 2165 1.11 4.224
12 (46~64) * Hypertension 0.562 1.174 0.683 2.016 0.094 1568 0.926 2.654 0562 1174 0.683 2.018
Gender 0.108 1.273 0.949 1.709 0.365  1.146 0.854 1.537 0.128  1.259 0.936 1.692
Body mass index group
Underweight 0.115 0.592 0.309 1.136 0.101 0.58 0.303 1.112 0.164  0.63 0.328 1.208
Normal 0.401 1.165 0.815 1.666 0481 1137 0.796 1.623 0.265  1.226 0.857 1.755
Overweight-mild 0.936 0.981 0.61 1.577 0.848  0.954 0.594 1.535 0974  0.992 0.617 1.596
Overweight-severe 1.0 1.0 1.0
Self-reported hypertension 0.000 2.715 1.948 3.785 0.000 2.48 177 3.474
General check-up 0.000 2192 1.54 3.121 0.000 1976 1.384 2.821
Outpatient care 0.066  1.343 0.981 1.839
Education
No schooling 0.157 0.712 0.444 1.14 0.49 0.844 0.521 1.366 0487  0.843 0.521 1.364
Senior high school or lower 0.266 0.788 0.517 1.199 0.586  0.888 0.58 1.361 0.604  0.893 0.583 1.369
Above senior high school 1.0 1.0 1.0
Occupation 0.257 1.225 0.862 1.742 0362 1179 0.828 1.678 0242 1233 0.868 1.753
Insurance ownership 0.631 1.067 0.818 1.393 0.651  1.063 0.815 1.388 0.685  1.057 0.809 1.379

AHA, American Heart Association; BP, Blood Pressure; CI, confidence interval; *, Combine effect of age and blood
pressure groups.

Further analysis showed that self-reported hypertension seemed to be an important
predictor for having hearing problems as seen in model 1 (2.715 [1.948~3.785], <0.001).
In addition, as seen in model 2, having a general check-up was a significant predictor
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for hearing problem conditions (2.192 [1.54~3.121], <0.001). These findings illustrate that
hypertension awareness and having a general check-up are important factors; however,
after adjusting for such factors, elevated blood pressure was still important to prevent
hearing problems in early adults (26~35 years of age) (Table 3).

3.4. Protective Value of Self-Reported Hypertension and a General Check-Up to Hearing Problems
in Early Adults

There was also a combined effect of age and blood pressure categories in INASH-
isolated systolic hypertension which were shown in Table 4 after adjustment for covariates
(gender, BMI, hypertension self-reported, general check-up, outpatient care, educational
level, occupation, and insurance ownership). Compared to subjects aged 36~45 years and
those without isolated systolic hypertension, there was a significant protective effect against
hearing problems in early adults (26~35 years of age) (0.6 [0.394~0.915], 0.0018). The risk of
hearing problems was also seen in the aged group (46~64 years) compared to those aged
36~45 years without isolated systolic hypertension (Table 4).

Table 4. Combination effect of age and blood pressure criteria on hearing problems.

Predictors Coef. SE Coef. Wald p Odds Ratio 95% CI Lower  95% CI Upper

Age (years) * INASH-isosysht

1 (15~25) * Non-isosysht —0.315 0.232 1.849 0.174 0.73 0.463 1.149

2 (15~25) * Isosysht —16.398 2764.809 0.000  0.995 0.000 0.000 -

3 (26~35) * Non-isosysht —0.511 0.215 5.641  0.018 0.6 0.394 0.915

4 (26~35) * Isosysht —0.667 1.014 0433  0.511 0.513 0.07 3.745

5 (36~45) * Non-isosysht 1.0

6 (36~45) * Isosysht —0.36 0.724 0.246  0.62 0.698 0.169 2.887

7 (46~64) * Non-isosysht 0.337 0.19 3.156  0.076 1.401 0.966 2.032

8 (46~64) * Isosysht 0.526 0.284 3.419  0.064 1.692 0.969 2.954

Adjusted for all predictors (gender, body mass index group, hypertension self-reported, general check-up,
outpatient care, educational level, occupation, and insurance ownership). Coef., coefficient; SE, standard error;
CI, confidence interval; AHA, American Heart Association; BP, blood pressure; INASH, Indonesian Society
of Hypertension; Non-isosysht, non-isolated systolic hypertension; Isosysht, isolated systolic hypertension;
*, Combine effect of age and blood pressure groups.

In addition, the subgroup analysis by gender had been performed. The result from
the gender analysis showed insignificant results due to the small sample size in hearing
problems (Tables S1 and S2).

4. Discussion

The study finding of a combined effect of age and blood pressure on hearing problems
stresses the importance of the SBP condition in early adults (26~35 years of age) to prevent
hearing problems. Hence, to eliminate the risk of hearing problems related to hypertension,
public health professionals might target this population age range.

There was a slightly higher prevalence of hearing problems in men (51.4%) than in
women (48.6%) in this study. Meanwhile, the global prevalence of hearing loss at moderate
or higher levels among men is slightly higher than that of women, at 217 million (5.6%) and
211 million (5.5%), respectively [25]. Interestingly, a study conducted in 2017 showed that
males were nearly two-fold more likely compared to women to have hearing impairment
in populations ranging 20 to 69 years of age [26]. In contrast to a previous study in Japan,
46.7% of men and 53.2% of women had hearing impairment. Moreover, a higher risk of
hearing problems occurred in both males and females with hypertension [27]. On the other
hand, specifically in the male population, hypertension was positively related to hearing
impairment at a prevalence ratio of 1.52 per 1000 persons with a 95% CI of 1.07~2.16 [17].

Study findings in a Canadian population showed that the prevalence of hearing
problems (79%) was higher among adults with hypertension [27]. Additionally, the highest
rate of hearing loss was in the group 60~69 years old [26]. Both of those findings support
our finding that there was an increasing prevalence rate with age. In addition, a previous

71



Int. J. Environ. Res. Public Health 2022, 19, 9222

study revealed that age is known to be the strongest predictor of hearing impairment in
adults (range 20~69 years old) [26]. Likewise, we found that each age group was positively
associated with hearing problems (p < 0.05).

Based on a modified AHA 2017 grouping of blood pressure, we also found that
the hypertensive group was associated with hearing problems (p = 0.037) as well as the
modified—isolated systolic hypertensive group (p = 0.05). This is similar to a previous study
that found that hypertension was positively associated with hearing loss. To be exact, results
of audiometric examinations showed that the hypertensive group had a higher hearing
capacity (23.4 £ 8.67 dB) in comparison with the non-hypertensive group (18.3 & 6.02 dB),
and the longer a person had had hypertension, the worse was their hearing ability [28].
Another study using audiometry also supported that a worse hearing level was found in
hypertensive participants [29,30]. Emerging evidence proved that there was a gradually
increasing level of a pure tone average (PTA) threshold and hearing impairment percentages
at every frequency with an increase in the systolic standard deviation (p < 0.05) [31]. In
2019, Umesawa et al. tried to explore the mechanism behind the relationship between
hearing impairment and hypertension. It was proven that bilateral hearing impairment
was clearly caused by hypertension due to microvessel injury. Furthermore, they presumed
that hypertension might damage both the inner ear organ and primary auditory cortex [32].
Additionally, a slightly increased risk of hearing impairment had a relationship with a
history of hypertension [33].

Supporting our finding that hearing loss was associated with both age and hyperten-
sion, there is also a study that indicated that hypertension was related to age (p < 0.001) [34].
In addition, several lines of evidence showed that aging was positively associated with
ISH, and ISH commonly occurred in young adults and the elderly [14,35,36]. We tried to
make connections between those findings and other predictors. Although we observed
that self-reported hypertension and having a general check-up were crucial predictors for
avoiding hearing problems in adults aged 26~35 years, we did not find any previous study
that supported those findings. Our findings in this study might be the first description of
hearing problems being related to age and hypertension.

An increase in systolic blood pressure in early adults (26~35 years old) may be im-
portant, as it might increase the risk of hearing disturbances. So, we would encourage
adults aged 26~35 years to have regular blood pressure check-ups and have early inter-
vention if they have an elevated SBP in order to prevent hearing loss conditions. More-
over, this study emphasized the relationship between hearing problems and hypertension,
and hence, this could be useful for future studies related to hypertension, especially in
Indonesian populations.

Apart from the subjectivity of self-reported hearing loss and self-reported hyperten-
sion, only a few indicators related to hearing disturbances were available in this study. This
survey also did not have noise exposure information. In addition, there was a discrepancy
between self-reported hypertension with blood pressure measurement results, and some of
the blood pressure measurements were non-responded cases. Another limitation was the
respondents’ volunteer effect, which might have been a factor that could have affected the
results. We explored every variable which we thought to be useful in this study; however,
these limitations were considerable since the survey mainly explored social aspects.

5. Conclusions

There was a predictive value of self-reported hypertension (awareness) and having a
general check-up against hearing problems in early adults. Thus, regularly monitoring the
blood pressure can be suggested for this age group. Future studies are needed to investigate
the mechanism of these findings.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/ijerph19159222 /51, Table S1: Univariate logistic regression of hearing
problem and demographic data based on gender; Table S2: Multivariate logistic regression analysis
of hearing problem and demographic data based on gender.
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Abstract: Background: Effective swallowing represents the main challenge in supraglottic laryn-
gectomy. This study aimed to assess swallowing outcome comparing endoscopic supraglottic
laryngectomy (ESL) and open partial horizontal laryngectomy type I (OPHL I). Methods: A retro-
spective study was carried out on 20 patients that underwent supraglottic laryngectomy from 2015
to 2021: 10 underwent ESL (group A) and 10 underwent OPHL I (Group B). Patients underwent
fiberoptic endoscopic evaluation of swallowing (FEES) 3 months and 12 months after surgery and
videofluoroscopy swallowing studies (VFSS) 12 months after surgery. A Swallowing Outcome Af-
ter Laryngectomy (SOAL) questionnaire was administered to patients to assess their life quality.
Results: A naso-gastric tube was placed in two patients of Group A and in all patients of Group B.
Tracheostomy was performed in two patients of Group A and in all patients in Group B and it has
been closed in 100% of them. According to Donzelli’s scale, FEES and VFSS showed better results
in Group A at 3 months, while at 12 months they did not show statistically significant differences
between ESL and OPHL I in terms of laryngeal penetration and aspiration. The SOAL questionnaire
showed satisfactory life quality. Conclusion: Swallowing evaluation by FEES and VFSS did not
demonstrate statistically significant differences at 12 months post-op between two surgeries, although
ESL showed less cases of laryngeal penetration and aspiration at 3 months post-op. Anyway, good
results of any surgery depend on careful patient selection and the surgeon’s experience.

Keywords: supraglottic laryngectomy; swallowing; partial laryngectomy; head and neck; surgical
oncology

1. Introduction

Squamous cell carcinoma (Scc) represents about 98% of laryngeal cancers. In particular,
the supraglottis is the second most common laryngeal region affected by carcinoma (about
30%) [1].

In this laryngeal region, the tumor remains usually asymptomatic in the early stage;
few and non-specific symptoms, as dysphagia or reflex otalgia, occur in advanced stage.
Due to this attitude, diagnosis is often late and so prognosis of supraglottic cancer is
poor [2]. Currently, T1-T2 supraglottic tumors can be treated by different strategies: ra-
diotherapy (RT), transoral laser microsurgery (TLM) or open supraglottic laryngectomy
(OPHL type I) [3,4]. The main goals of the treatment are: oncological radicality and organ
and function preservation, in terms of swallowing, speaking and breathing. Recent studies
found that TLM ensures organ preservation with poor impairment of laryngeal functions
compared to other therapeutic approaches [3,5,6]. However, a careful pre-operative assess-
ment of the patient is crucial for detection of the best therapeutic choice; in fact, it depends
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on the patient’s age, on his comorbidity and on tumor extension [7]. In particular, in 2009,
the European Laryngological Society (ELS) proposed a classification of endoscopic supra-
glottic laryngectomy (ESL) [8] describing four types of TLM depending on tumor extension:
limited excision of the small tumor (type I); medial supraglottic laryngectomy with partial
resection of the pre-epiglottic space above (type Ila) or below (type IIb) hyoid bone; medial
supraglottic laryngectomy with resection of the pre-epiglottic space for tumors extending
to the petiole of epiglottis (type Illa) or to ventricular folds (type I1Ib); lateral supraglottic
laryngectomy including the free edge of the epiglottis, threefolds’ region and ventricular
folds (type Iva) or extending to the arytenoid (type IVb). This kind of surgery is indicated
for T1-T2 tumors, without impairment of cordal function. On the other side, in 2014, ELS
stated the classification of OPHL [9], defining three types: supraglottic (type I), supracricoid
(type II) and supratracheal (type III) laryngectomy, depending on inferior limited resection.
Moreover, in this case, the resection could extend to one arytenoid (ARY), base of tongue
(BOT), one piriform sinus (PIR) or one crico-arytenoid unit (CAU).

The main challenge in supraglottic laryngectomy (ESL or open) is represented by valid
and effective swallowing since the resected anatomical structures play an important role
in airway protection during swallowing. So, in this study, we compared the two surgical
techniques in order to define limits and advantages in terms of swallowing.

2. Materials and Methods

A retrospective study was carried out on patients that underwent supraglottic laryn-
gectomy (ESL or open) in our ENT Clinics from January 2010 to December 2020. Informed
consent to participate in the study was obtained from the patients and the study was
approved by the ethics committee of our University Hospital. Inclusion criteria were: males
and females, aged between 18 and 65 years old, with supraglottic Scc, T1-T2 according to
criteria of the American Joint Committee on Cancer (AJCC), eligible for surgery (ESL type
II-IV or OPHL type I), negative resection margin status and pNO. Concerning resection
margin status, we assumed the cut-off of 1 mm as margin-tumor distance to distinguish
between close and negative margins [10]. Exclusion criteria were: pre-operative and/or
post-operative chemoradiation therapy (ChRT), previous other head and neck surgeries
(except for the diagnostic biopsy), neurologic diseases, contraindication to fiberoptic endo-
scopic evaluation of swallowing (FEES) [11] and/or videofluoroscopy swallowing study
(VESS) [12] and previous oropharyngeal dysphagia. These strict criteria allowed to select
patients of the two groups that were similar in all respects (age, sex, without pre-op and/or
post-op ChRT and without other causes of impaired swallowing regardless of ELS or OPHL
I). Doing so, we tried to avoid bias in the results due to the significant differences of the
two groups that would have made the comparison of the two surgeries impossible.

2.1. Study Protocol

Recruited patients were divided into two groups depending on surgery: ESL (group A)
and OPHL type I (group B). At a post-operative time, patients performed supraglottic
swallowing exercises.

Patients underwent FEES twice: three months and one year after surgery. FEES was
performed by the same dysphagia expert otorhinolaryngologist (CS). During the exam,
we first tested laryngeal perception by the touch method [13]: we touch the laryngeal
mucosa with the tip of the flexible laryngoscope in order to elicit a cough, gag or laryngeal
adductor reflex and to evaluate any damage on the internal branch of superior laryngeal
nerve. Recurrent laryngeal nerve function was assessed by phonatory exercises, breath
holding and coughing. Then, the patient, in a sitting position, had to swallow two different
food textures: liquid (water with green food dye) and thickened liquid (yogurt). The
tip of a flexible endoscope was positioned beyond the soft palate and the pharyngeal
phase of swallowing was studied recording videos and images for further analysis. In
particular, according to the Donzelli secretion severity scale, the following parameters
were assessed: pharyngeal residue, laryngeal penetration and tracheal aspiration. It is a
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three-point scale: level 1, functional, if there is pharyngeal residue without penetration or
aspiration; level 2, severe, if secretion reaches laryngeal vestibule; level 3, profound, in case
of tracheal aspiration [14,15].

One year after surgery, patients underwent VFSS: during the exam, patients had to
swallow different textures of liquid (barium solution diluted with different volume of
water) and antero-posterior and lateral fluoroscopic video images were recorded at a speed
of 15 frames per second. These images were studied by the same radiologist with great
experience in VFSS who investigated the same parameters—pharyngeal residue, laryngeal
penetration, tracheal aspiration—according to Donzelli’s scoring scale.

One year after surgery, each patient was administered the Italian version of Swallowing
Outcome After Laryngectomy (SOAL) questionnaire to assess their quality of life related to
dysphagia [15,16]. This self-administered questionnaire consists of 17 items with multiple-
choice answers: no; a little; a lot. Moreover, if patients answered “a little” or “a lot”, then
they had to indicate if this bothered them.

Moreover, in the assessment of the functional outcome, duration of naso-gastric
feeding, need of Percutaneous Endoscopic Gastrostomy (PEG) and/or persistence of tra-
cheostomy had also been assessed.

2.2. Data Analysis

Demographic and medical data, type and subtype of surgery, tumor staging and grade
of differentiation and resection margin status about recruited patients were collected in
a data spreadsheet using the Microsoft Excel version 16.47.1. Results were reported as
numbers, percentages of the total and/or mean =+ standard deviation (SD). Chi-square tests
with Yates correction were performed to compare the two groups (A and B) using MedCalc
Statistical Software (MedCalc Software Ltd., Ostend, Belgium).

3. Results

The study included 20 patients: 4 females and 16 males, aged between 42 and 65 years
old (mean age was 59.5 £ 4.91). Out of 20 patients, 10 underwent ESL (group A) and
10 underwent OPHL type I (Group B). In particular, Group A included: six type Illa,
two type IlIb and two type IVa. No endoscopic supraglottic laryngectomy type IVb was
performed. Included patients had pT1-T2NO supraglottic tumors with close or negative
resection margins, so they did not need adjuvant therapy. Patients with close resection
margins received a closer follow-up than patients with negative margins. Data are reported
in Table 1.

Table 1. Patients’ characteristics.

Characteristics N (%)

Sex

Male 16 (80)
Group A 10
Group B 6

Female 4 (20)
Group A 0
Group B 4

Age (years)

Mean (+ SD) 59.5 £4.91
Group A 60.8 + 3.25
Group B 58.3 + 5.88

Range 42-65
Group A 56-65
Group B 60-65
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Table 1. Cont.

Characteristics N (%)
ESL (Group A)
Type IIla 6 (60)
Type IIIb 2 (20)
Type IVa 2 (20)
Type IVb 0 (0)
OPHL I (Group B) 10
Superior laryngeal nerve integrity (touch method)
Group A 10
Group B 10
Duration of naso-gastric feeding (days)
Group A
Patient #2 2
Patients #5 4
Group B 14
PEG
Group A 0
Group B 0
Need of tracheostomy
Group A 2
Group B 10
Permanent tracheostomy
Group A 0
Group B 0
Hospitalization time (days)
Mean &+ SD
Group A 125+ 6.15
Group B 27.5£5.83
Range
Group A 6-26
Group B 18-45
Post-op complications Group A Group B
Bleeding 0 2 (20)
Prelaryngeal abscess 0 1 (10)
Edema 2 (20) 0
Chondritis 0 0
Aspiration pneumonia 0 0
Laryngeal stenosis 0 0
pT Group A Group B
T1 7 5
T2 3 5
Grade of differentiation Group A Group B
G1 3 0
G2 4 6
G3 3 4
Resection margin status Group A Group B
Close (<1 mm) 4 3
Negative (>1 mm) 6 7
Total 20 (100)

SD: standard deviation; ESL: endoscopic supraglottic laryngectomy; OPHL: open partial horizontal laryngectomy;
PEG: Percutaneous Endoscopic Gastrostomy; pT: pathological stage of tumor; G1: low grade or well-differentiated
tumor; G2: moderate grade or moderately differentiated tumor; G3: high grade or poorly differentiated tumor.
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3.1. FEES and VFSS

Three months after surgery, the touch method by endoscopy did not show impaired
laryngeal perception in either group. Analyzing the FEES exam, Group A showed better
results than Group B. In the former group, nobody had pharyngeal residue and/or tracheal
aspiration. Only six patients (60%) had laryngeal penetration swallowing water (level 2
according to Donzelli’s score): two patients underwent ESL type Illa, two patients ESL
type IIIb and two patients ESL type IVa. As regards Group B, we found two patients
with pharyngeal residue swallowing yogurt (level 1) and two patients with water in the
laryngeal vestibule (level 2) and six patients with tracheal aspiration (level 3), according
to Donzelli’s scale. At 12 months after surgery, eight patients (80%) of Group A showed
a worsening swallowing, while on the contrary four patients (40%) of Group B had an
improvement in swallowing and the other six (60%) showed no changes. VFSS, performed
twelve months after surgery, showed the same results of FEES as regards Group A; instead,
in Group B, we found the following results: level 1 in two patients, level 2 in two patients
and level 3 in six patients. So, for Group B, FEES and VFSS findings were not perfectly
overlapping, with more episodes of tracheal aspiration during VFSS. FEES and VFSS results
are reported in Table 2.

Table 2. FEES and VFSS results.

Group Sex Age Surgery FEES VESS
Group A ELS 3 Months * 12 Months * 12 Months *
#1 M 58 IIla No dysphagia Level 1 Level 1
#2 M 56 IVa Level 2 Level 2 Level 2
#3 M 65 1IIb Level 2 Level 3 Level 3
#4 M 63 IITa No dysphagia Level 2 Level 2
#5 M 65 IITa Level 2 Level 3 Level 3
#6 M 58 b Level 2 Level 3 Level 3
#7 M 57 IIIa No dysphagia Level 1 Level 1
#8 M 64 IIa No dysphagia Level 2 Level 2
#9 M 60 IVa Level 2 Level 2 Level 2
#10 M 62 IITa Level 2 Level 3 Level 3
Group B
#11 M 60 OPHL I Level 3 Level 2 Level 3
#12 F 42 OPHL I Level 2 Level 2 Level 2
#13 F 60 OPHL I Level 1 Level 1 Level 1
#14 M 62 OPHL I Level 3 Level 2 Level 3
#15 M 65 OPHL I Level 3 Level 3 Level 3
#16 M 56 OPHL I Level 2 Level 2 Level 2
#17 F 60 OPHL I Level 1 Level 1 Level 1
#18 M 59 OPHL I Level 3 Level 2 Level 3
#19 F 58 OPHL I Level 3 Level 2 Level 3
#20 M 61 OPHL I Level 3 Level 3 Level 3

* after surgery.

Comparing the food in laryngeal vestibule parameter between the two groups based
on the FEES results, we did not find statistically significant relationships between this
parameter and the type of surgery (ESL vs. OPHL I): the chi-square statistic with Yates
correction was 0.952 (p-value 0.32) and 0.312 (p-value 0.57), respectively, 3 months and
12 months after surgery.

3.2. Post-Operative Outcome

A naso-gastric tube was placed only in two patients of Group A (#2 and #5) and in
all patients of Group B and removed on the 14th post-operative day in Group B, on the
4th post-operative day in patient #2 and on the 2nd post-operative day in patient #5. No
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patients needed a PEG. A tracheostomy was performed in all patients in Group B and it has
been closed in 100% of them. As for Group A, a covering tracheostomy was performed in
two patients (#2 and #5) during ESL: one patient underwent ESL type Illa and one patient
underwent ESL type IVa. In these two cases, covering tracheostomy was performed due to
a swelling airway after surgery. However, the tracheostomy was closed a few weeks after
surgery. It should be noted that, during the first FEES, swallowing worsened in Group A
and was found in these two tracheostomized patients.

Hospitalization lasted less in case of ESL (12.5 & 6.15). Post-operative bleeding
occurred in only two patients, both of Group B. No other complications have been detected.

3.3. SOAL Questionnaire

Overall, the SOAL questionnaire showed a good and satisfactory quality of life without
an impairment due to swallowing problems (Table 3). In particular, patients (6/20) reported
problems swallowing thin liquids (item #2) and dry solid food (item #5). Of these six
patients, four belonged to the Group B. Moreover, few patients answered that they took
longer to eat a meal (item #12) and reduced the size of their meal (item #14). In conclusion,
these swallowing problems did not affect their quality of life.

Table 3. Swallowing outcome after laryngectomy (SOAL) questionnaire [16] (one year after surgery).

If You Answered “a Little”
Items Not A Little A Lot or “a Lot”, Please Indicate
if This Bothers You

O O NN OOk WN -~

—
o

[ S G
B W N~

—_
Q1

U
N O

In your opinion, do you have a swallowing problem now?

Do you have a problem swallowing thin liquids (water ... )?
Do you have a problem swallowing thick liquids (soup ... )?
Do you have a problem swallowing soft/mashed foods?

Do you have a problem swallowing dry solid food (bread ... )?
Do liquids stick in your throat when you swallow?

Does food stick in your throat when you swallow?

Does food or liquid come back up into your mouth or nose when
you eat or drink?

Do you need to swallow liquid to help the food go down?

Do you need to swallow many times on each mouthful to help
the food or drink go down?

Do you avoid certain food because you cannot swallow them?
Does it take longer to eat a meal?

Has your enjoyment of food reduced?

Has the size of your meal reduced?

Has your appetite reduced because you cannot taste or smell
food normally?

Has your eating been more difficult due to dry mouth?

Do you feel self-conscious eating with other people?

16
14
20
20
14
18
16

20
18
18

16
14
20
12

20

16
18

N © BN OO

N
(e

N = O OO =
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0
0

o oo O O O O O

o)

Value reported as numbers.

4. Discussion

There are several treatments for T1-T2 supraglottic cancer: radiotherapy, TLM, tran-
soral robotic surgery (TORS) and open partial horizontal laryngectomy (OPHL). Each
therapeutic approach has proven effective in terms of survival rates and local control: in
particular, five-year local control rates range from about 75% to 100% and from about 60%
to 80%, respectively, for T1 and for T2 supraglottic cancers regardless of the therapy [17].
As recommended in 2018 by the American Society of Clinical Oncology (ASCO), the best
treatment for limited-stage (T1-T2) laryngeal cancer should have three goals: curing the
cancer, preserving organ functions, and ensuring satisfactory quality of life [18]. The ASCO
also stated that this optimal treatment can be achieved through a full and multidisciplinary
evaluation of patients in terms of cancer staging and tumor characteristics (tumor size, local-
regional extension), health and socioeconomic, psychosocial state and choice of patient
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and logistic issue [8,18-20]. Moreover, the treatment choice depends on surgeon expertise
and availability of rehabilitative experts. However, the main and final issue is to avoid
combined-modality therapy (surgery plus RT) because it can impair functional outcomes.
According to these international guidelines and recommendations, we performed ELS
or OPHL type I, keeping in mind that, also in experienced hands, the therapeutic choice
depends mainly on laryngeal exposure to achieve tumor-free margins [8,18]. The open
horizontal supraglottic laryngectomy was first described by Alonso in 1947 [21]. About
30 years later, in 1972, Strong et al. described the endoscopic supraglottic laryngectomy
for the first time [22]. Moreover, a key problem related to both surgical and non-surgical
treatments is impairment of swallowing. So, it represents the main challenge of surgical
treatment for supraglottic tumors. For this reason, we decided to assess swallowing im-
pairment and improvement in two group of patients: Group A underwent ESL and Group
B underwent OPHL type 1. We analyzed their swallowing residual function by FEES and
VFSS exams, performed 3 months and 12 months after surgery. We found satisfying results
in both groups, better in ESL patients. Moreover, we found no statistically significant
different results at 12 months and an improvement in Group B. So, our study demonstrates
that swallowing recovery is slower but similar in the case of OPHL than ESL. This finding
is consistent with literature [7] and it could be explained by the reduced invasiveness of
TLM, without sutures, strap muscles and thyroid cartilage involved and neither routine
tracheostomy. Indeed, in our sample, ESL patients, who needed a covering tracheostomy,
had worse swallowing at the beginning, probably due to the tracheostomy itself. The good
results in both groups could also be explained by the preservation of the superior laryngeal
nerve achieved in all patients.

Contrary to Peretti et al.’s study [23], we did not find any statistically significant
differences between two therapeutic approaches for FEES. Further, in our study, tracheal
aspiration was more frequent in VFSS than in FEES. Actually, although VESS does not
provide anatomic and function details, it can detect minor aspiration events. For this
reason, the two exams are necessary and complementary for a comprehensive assessment
of swallowing. In this regard, a study reported that, in patients undergoing supraglottic
laryngectomy, tracheal aspiration events were more frequent post-swallowing rather than
intra- or pre-swallowing [24].

In our study, in addition to the objective analysis of swallowing (FEES and VFSS), we
also performed a subjective evaluation of the quality of life related to swallowing. The one-
year SOAL questionnaire—created specifically for laryngectomized patients—showed good
and satisfactory quality of life in both groups, although with minor swallowing impairment
that did not affect their lives anyway. Similar results found Peretti et al. administering
the M.D. Anderson Dysphagia Inventory (MDADI) questionnaire [23,25]. However, we
should point out that results of the questionnaire between both groups cannot be compared
because they are two different surgical techniques and patients’ lives facing two different
swallowing difficulties and problems.

In our study, we evaluated the duration of naso-gastric feeding. In several studies,
the naso-gastric tube was placed in almost all ESL patients [7,24,26]. On the contrary, we
placed a naso-gastric tube only in two ESL patients and it was removed early. Additionally,
a tracheostomy was performed in just two ESL patients due to swelling airways. However,
we closed the tracheostomy on both of the patients. No patient, in either group, needed a
permanent tracheostomy. This result is quite consistent with current literature [7,23]. In
our case series, hospitalization lasted on average 12.5 + 6.15 days and 27.5 £ 5.83 days
for Group A and B, respectively: as expected and reported in literature [7,23], ESL has a
faster recovery with a lower mean hospitalization than OPHL. Moreover, like all surgeries,
supraglottic laryngectomies also run the risk of complications: post-surgical bleeding,
neck abscess, chondritis of thyroid cartilage, aspiration pneumonia, laryngeal stenosis and
pharyngocutaneous fistulas [7]. Aspiration pneumonia, need of tracheostomy and bleeding
represent the main complications reported in literature. In our case series, we encountered
only two cases of post-operative bleeding, both in Group B, and as reported above, two
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cases of temporary tracheostomy due to post-operative laryngeal swelling in Group A. No
other complications have been encountered. Current literature did not demonstrate any
statistically significant difference in aspiration pneumonia rate between these two types of
surgeries [7,26].

Anyway, our study had a main limit: the small sample size. So, our results need to
be confirmed by other studies. Indeed, to achieve the most homogeneous sample possible
we included only patients who underwent ESL type III or IV with a wider resection,
comparable to OPHL. Moreover, we have excluded patients over the age of 65 in order to
avoid bias related to presbyphagia. For the same reason, we also excluded patients who
underwent pre-operative and/or post-operative ChRT because it can impair swallowing.
FEES and VFSS were always performed by the same specialists in order to avoid bias
related to different performance of the examination and interpretation of the results.

5. Conclusions

Supraglottic carcinoma surgery, both endoscopic and transcervical, was born with the
main aim of reaching oncological radicality with safe resection margins and, at the same
time, the preservation of laryngeal functions. From our analysis of the swallowing outcome,
endoscopic surgery resulted better at 3 months post-op, but 12 months swallowing results
did not show statistically significant differences in terms of laryngeal penetration and
aspiration between the two surgeries. Anyway, good and appreciated oncological and
functional results of each surgical technique depend on two main factors: careful patient
selection and the surgeon’s experience.

=3}

. Highlights

- The main goals of supraglottic carcinoma surgery are oncological radicality and organ
and function preservation;

- Supraglottic carcinoma surgery can be endoscopic (ESL) or transcervical (OPHL I);

- Swallowing results are better in ESL at 3 months post-op, but at 12 months post-op
the two surgeries do not show statistically significant different results;

- Results of surgical techniques depend on careful patient selection and the
surgeon’s experience.
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Abstract: This study aimed to investigate BMI changes following a temporomandibular joint dis-
order (TM]JD) diagnosis. The Korean National Health Insurance Service-Health Screening Cohort
from 2002 to 2015 was used. In Study I, 1808 patients with TMJD (TMJD I) were matched with
7232 participants in comparison group I. The change in BMI was compared between the TMJD I and
comparison I groups for 1 year. In study II, 1621 patients with TMJD (TMJD II) were matched with
6484 participants in comparison group II participants. The change in BMI was compared between the
TMJD II and comparison II groups for 2 years. In Study I, the BMI change was not associated with
TMJD. In Study II, the BMI change was associated with TM]D in the interaction of the linear mixed
model (p = 0.003). The estimated value (EV) of the linear mixed model was —0.082. The interaction
was significant in women < 60 years old, women > 60 years old, and the obese I category. TMJD
was not associated with BMI changes after 1-2 years in the overall population. In women and obese
patients, TMJD was associated with a decrease in BMI after 2 years.

Keywords: temporomandibular joint disorder; obesity; risk factors; cohort studies

1. Introduction

Temporomandibular disorder (TMD) is a group of disorders that includes temporo-
mandibular joint (TM]) pain and dysfunction. It might originate from changes in the
structure and function of the TMJ, masticator muscle, and osseous structure [1]. It is the
most common orofacial pain, and its prevalence is ~20% of the general population [2]. The
peak onset age of TMD was reported to be between 20 and 40 years old and to mainly
present in women [3]. In Korea, 11.8% of the general population experiences TMD [4]. The
risk factors for TMD have been reported to be obesity, occlusion abnormalities, bruxism,
trauma, osteoporosis, stress, anxiety, and depression [5,6]. Temporomandibular joint disor-
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der (TMJD) is one of the common etiologies of TMD, and is prevalent in older population
without gender preference [7].

The common symptoms of TMD are pain and difficulty during mastication [1]. It
results in problems in the oral preparatory phase with solid (33%) and liquid (28%) swal-
lowing [8]. TMD can cause headaches, neck pain, body pain, and dietary problems [9,10].
It has also been reported that TMD can cause weight loss (26%) [8]. However, this last
study was not compared with an appropriate comparison group and studied in a limited
population (n = 178) using only a self-report survey [8].

We hypothesized that TMJD might be associated with weight loss, as it is closely
associated to mastication function. However, this relationship had not previously been
evaluated using rigorous methods. We evaluated this association using health check-up
data that were objectively measured and compared the data with the matched comparison
participants using a large population-based cohort.

2. Materials and Methods
2.1. Study Population

This study was approved by the Ethics Committee of Hallym University (2019-10-
023). The Institutional Review Board waived the requirement of written informed consent.
This study used the Korean National Health Insurance Service-Health Screening Cohort
data [11].

2.2. Definition of Temporomandibular Joint Disorder (Independent Variable)

The participants had been diagnosed under the diagnostic code for TMJD (ICD-10:
K07.6 (temporomandibular joint disorders)). Participants who had histories of two or more
clinical visits presenting with TMJD were included [9,12].

2.3. Definition of Weight Change (Dependent Variable)

In study I, BMI change safter one year from the TMJD diagnosis were followed up.
In study II, BMI changes after two years from the diagnosis of TMJD were followed up
(Study II).

2.4. Participant Selection

From total cohort data from 2002-2015 with 514,866 participants, 4627 TM]D partici-
pants were enrolled. TMJD participants who did not provide follow-up data (n = 1480) were
excluded. From the identical total cohort data, comparison participants who had no history
of TMJD were selected (n = 510,239). Comparison participants who had a history of TMJD
were excluded (n = 6659). The comparison participants were randomly selected to prevent
selection bias. The 1917 comparison participants provided 1-year follow-up data. The
1722 comparison participants provided 2-year follow-up data. A total of 492 comparison
participants provided both one-year and two-year follow-up data.

In Study I, 99 TMJD participants were excluded due to a diagnosed history of TMJD
before 2002 (washout periods). TM]D participants who did not have BMI records were
excluded (1 = 7). TM]D participants were 1:4 matched with comparison participants for
age, sex, income, region of residence, and obesity. The index date of each TMJD participant
was defined as the time of diagnosis of TMJD. The index date of the comparison partici-
pants was matched with their matched TM]D participants. Three TM]JD participants and
496,348 comparison participants were excluded due to unmatched data. Finally, 1808 partic-
ipants in the TMJD I group and 7232 participants in the comparison I group were selected
(Figure 1).

In Study II, TMJD participants who had been followed up for 2 or more years were
selected. The TMD participants and their matched comparison II participants were enrolled
with identical inclusion and exclusion criteria. There were 64 patients who were diagnosed
with TMJD before 2002 and 36 patients who did not have BMI records. These TMJD
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patients were excluded from the TMJD II group. Finally, 1621 TMJD II participants and
6484 comparison II participants were enrolled (Figure 1).

514,866 Participants with 615.488.428 Medical claim codes

TMID (n = 4627) Comparison (7 =510.239)
Without follow up in the both first I
year and second year (» = 1480) |
Diagnosed with TMID
TMID follow up in the first year TMID follow up in the second
once (n = 6659)
(n=1917) year (n = 1722)
1-year washout period 1-year washout period
(n=99) (n=064)
Without BMI record Without BMI record
before TMID before TMID
n=17) (n=36)
Un-matched (n = 3) |<— Un-matched (n=1) [——
1:4 matching
1:4 matching
Study I Study II
TMID I (n = 1808) TMID II (n = 1621)
Comparison I (n= 7232) Comparison II (n = 6484)

Figure 1. A schematic illustration of the participant selection process that was used in the present study. Of a total of
514,866 participants, 4627 TMJD participants were selected. Among them, we excluded participants without histories
of first- or second-year follow-up records (1 = 1480). Then, participants were categorized as TMJD I with a first year of
follow-up (n = 1917) and TMJD II with a second year of follow-up (1722). A total of 492 TM]JD participants were included
in both groups. After the exclusion of 1 year of wash out, participants without BMI records, and unmatched participants,
TM]JD participants were 1:4 matched with comparison participants.

2.5. Covariates

The 40 years and older study population was divided into 10 age groups with 5-year
intervals. Level of income was divided into 5 classes [13]. Regions of residence was
divided into urban and rural areas [11]. Participants” histories of tobacco smoking and
alcohol consumption were surveyed. Participants’ systolic blood pressure, diastolic blood
pressure, fasting blood glucose, and total cholesterol levels were measured [11]. The
Charlson Comorbidity Index (CCI) was calculated as a continuous variable (between
0 (no comorbidities) and 29 (multiple comorbidities)). BMI (kg/ m?) was classified as
underweight (<18.5), normal (>18.5 to <23), overweight (>23 to <25), obese I (>25 to <30),
or obese 11 (>30) [14].

2.6. Statistical Analyses

The chi-square test was used to calculate the differences in the rates of general characteristics.
Paired t-tests were used to analyze the differences in weight pre- and post-TMJD
diagnosis. A linear mixed model was used to analyze the interaction and estimated value
(EV). The independent variables of age, sex, income, region of residence, TMJD, and time
of measurement were used as the fixed effects. BMI, systolic blood pressure, diastolic
blood pressure, fasting blood glucose, total cholesterol level, smoking status, alcohol
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consumption, and CCI scores were used as random effects. A first-order autoregressive
model was selected as the repeated covariance type, which considered the correlation of
each participant’s iteration. The statistical analysis model of the linear mixed model is
as follows.

Y = Xi1B1 +...+Xipﬁp—|—Zi1ui+...+Ziquq—|—ei, foralli=1,...,n

where Y=(Y7,..., Y,), Xis the n X p matrix of covariates with fixed effects 8 = (B4, ..., ,Bp)/,
Z is the n x g matrix of covariates with random effects, u = (ul, cer, uq)/ ~ N(O, qu),
and the residual error vector e = (eq, ..., en)/ ~ N(0,7I,),

Subgroup analyses were conducted according to age and sex (<60 years and >60 years;
men and women) and by obesity status (underweight, normal, overweight, obese I,
obese II).

Two-tailed analyses were conducted. Statistical significance was defined as p < 0.05/2
to avoid type I error caused by the comparison of two studies. SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA) was used.

3. Results

The general characteristics of age, sex, income, and region of residence were exactly
the same between the TMJD and comparison groups in both Study I and Study II due to
matching (Table 1).

Table 1. General characteristics of participants.

Study I Study II
Characteristics Total TMJDI(n, Total Comparison I Total TMJDII(n, Total Comparison
(n) %) (n) (n, %) p-Value (n) %) () 1 (1, %) p-Value
Age (years) 1.000 1.000
40-44 1808 66 (3.7) 7232 264 (3.7) 1621 64 (4.0) 6484 256 (4.0)
45-49 1808 239 (13.2) 7232 956 (13.2) 1621 199 (12.3) 6484 796 (12.3)
50-54 1808 326 (18.0) 7232 1304 (18.0) 1621 358 (22.1) 6484 1432 (22.1)
55-59 1808 359 (19.9) 7232 1436 (19.9) 1621 265 (16.4) 6484 1060 (16.4)
60-64 1808 228 (12.6) 7232 912 (12.6) 1621 192 (11.8) 6484 768 (11.8)
65-69 1808 247 (13.7) 7232 988 (13.7) 1621 209 (12.9) 6484 836 (12.9)
70-74 1808 188 (10.4) 7232 752 (10.4) 1621 221 (13.6) 6484 884 (13.6)
75-79 1808 131 (7.3) 7232 524 (7.3) 1621 80 (4.9) 6484 320 (4.9)
80-84 1808 21(1.2) 7232 84 (1.2) 1621 30 (1.9) 6484 120 (1.9)
85+ 1808 3(0.2) 7232 12(0.2) 1621 3(0.2) 6484 12(0.2)
Sex 1.000 1.000
Male 1808 849 (47.0) 7232 3396 (47.0) 1621 737 (45.5) 6484 2948 (45.5)
Female 1808 959 (53.0) 7232 3836 (53.0) 1621 884 (54.5) 6484 3536 (54.5)
Income 1.000 1.000
1 (lowest) 1808 283 (15.7) 7232 1132 (15.7) 1621 244 (15.1) 6484 976 (15.1)
2 1808  252(13.9) 7232 1008 (13.9) 1621 231(143) 6484 924 (14.3)
3 1808  281(155) 7232 1124 (15.5) 1621 277(17.1) 6484 1108 (17.1)
4 1808  375(20.7) 7232 1500 (20.7) 1621 340 (21.0) 6484 1360 (21.0)
5 (highest) 1808 617 (34.1) 7232 2468 (34.1) 1621 529 (32.6) 6484 2116 (32.6)
Region of 1.000 1.000
residence
Urban 1808 740 (40.9) 7232 2960 (40.9) 1621 675 (41.6) 6484 2700 (41.6)
Rural 1808 1068 (59.1) 7232 4272 (59.1) 1621 946 (58.4) 6484 3784 (58.4)
Obesity t 1.000 1.000
Underweight 1808 43 (2.4) 7232 172 (2.4) 1621 38 (2.3) 6484 152 (2.3)
Normal 1808 725 (40.1) 7232 2900 (40.1) 1621 637 (39.3) 6484 2548 (39.3)
Overweight 1808 529(29.3) 7232 2116 (29.3) 1621 472(29.1) 6484 1888 (29.1)
Obese I 1808 474 (26.2) 7232 1896 (26.2) 1621 445 (27.5) 6484 1780 (27.5)
Obese II 1808 37 (2.1) 7232 148 (2.1) 1621 29 (1.8) 6484 116 (1.8)
Smoking status 0.036 * 0.002 *
Nonsmoker 1808 1346 (74.5) 7232 5357 (74.1) 1621 1250 (77.1) 6484 4820 (74.3)
Past smoker 1808 228 (12.6) 7232 801 (11.1) 1621 178 (11.0) 6484 671 (10.4)
Current smoker 1808 234 (12.9) 7232 1074 (14.9) 1621 193 (11.9) 6484 993 (15.3)
Alcohol 0.572 0.879
consumption
<1 time a week 1808 1319 (73.0) 7232 5228 (72.3) 1621 1197 (73.8) 6484 4800 (74.0)
>1 time a week 1808 489 (27.1) 7232 2004 (27.7) 1621 424 (26.2) 6484 1684 (26.0)
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Table 1. Cont.

Study I Study II
Characteristics Total TMJDI(n, Total Comparison I Total TMJDII(n, Total Comparison
(n) %) (n) (1, %) p-Value g %) (n) (s, %)  PValue
Systolic blood 0.002 * 0.007 *
pressure ’ ’
<120 mmHg 1808 629 (34.8) 7232 2338 (32.3) 1621 561 (34.6) 6484 2078 (32.1)
120-139 mmHg 1808 900 (49.8) 7232 3531 (48.8) 1621 787 (48.6) 6484 3100 (47.8)
>140 mmHg 1808 279 (15.4) 7232 1363 (18.9) 1621 273 (16.8) 6484 1306 (20.1)
Diastolic blood 0.002 * 0.005 *
pressure ’ ’
<80 mmHg 1808 930 (51.4) 7232 3524 (48.7) 1621 839 (51.8) 6484 3079 (47.5)
80-89 mmHg 1808 647 (35.8) 7232 2545 (35.2) 1621 550 (33.9) 6484 2331 (36.0)
>90 mmHg 1808 231 (12.8) 7232 1163 (16.1) 1621 232 (14.3) 6484 1074 (16.6)
Fasting blood 0.188 0.381
glucose ’ ’
<100 mg/dL 1808 1201 (66.4) 7232 4746 (65.6) 1621 1104 (68.1) 6484 4359 (67.2)
100-125mg/dL 1808 497 (27.5) 7232 1957 (27.1) 1621 411 (254) 6484 1636 (25.2)
>126 mg/dL 1808 110 (6.1) 7232 529 (7.3) 1621 106 (6.5) 6484 489 (7.5)
Total cholesterol 0.016 * 0.510
<200 mg/dL 1808 999 (55.3) 7232 3788 (52.4) 1621 870 (53.7) 6484 3377 (52.1)
200-239 mg/dL 1808 607 (33.6) 7232 2470 (34.2) 1621 544 (33.6) 6484 2261 (34.9)
>240 mg/dL 1808 202 (11.2) 7232 974 (13.5) 1621 207 (12.8) 6484 846 (13.1)
CCI score 0.562 0.297
0 1808 1286 (71.1) 7232 5221 (72.2) 1621 1162 (71.7) 6484 4737 (73.1)
1 1808 259 (14.3) 7232 974 (13.5) 1621 225 (13.9) 6484 867 (13.4)
2 1808 143 (7.9) 7232 526 (7.3) 1621 131 (8.1) 6484 434 (6.7)
3 1808 52 (2.9) 7232 245 (3.4) 1621 50 (3.1) 6484 205 (3.2)
>4 1808 68 (3.8) 7232 266 (3.7) 1621 53 (3.3 6484 241 (3.7)

Abbreviations: CCI, Charlson comorbidity index; TMJD, Temporomandibular joint disorder. * Chi-square test; significance was defined as
p < 0.05. t+ Obesity (BMI, body mass index, kg/ m?) was categorized as underweight (<18.5), normal (>18.5 to <23), overweight (>23 to
<25), obese I (>25 to <30), and obese II (>30).

Table 2. Differences in mean BMI between pre- and 1-year-post-study of TMJD in Study I according to age and sex.

The paired t-test did not show differences between the pre- and post-TMJD 1-year
records of the participants in the TMJD I and comparison I groups (Table 2). The interaction
in the linear mixed model did not reach statistical significance in Study I. The decrease in
BMI was significant in the TMJD I group of men aged <60 years, but this change was not
significant in the interaction model.

Interaction Linear Mixed

(n =2210)

Characteristics TMJD I Comparison I Model
Previous Post 1yr - Previous Post 1yr - - -
(Mean, SD) (Mean, %’D) Va’iue (Mean, SD) (Mean, %’D) Va’iue Var{ue EV§ Vaque
T"ta(lnpjrgté‘zg)ams 2358 +2.83 2358+£283 0957 23624284 2362+28 0979 0769  —0014 0850
Age 40-60 years
old, men 2392 £2.54 2404254 0.010 * 2398 £2.66 24.02 £ 2.67 0.154 0.146 0.044 0.736
(n =2365)
Age 40-60 years
old, women 23.45+£3.09 23.49 +3.09 0.374 2344 +£292 2347 £295 0.394 0.799 0.055 0.698
(n =2585)
Age >60 years
old, men 2323 +£276  23.06 +2.62 0.032 2328 £2.78 2322 +2.83 0.092 0.208 —0.135  0.389
(n =1880)
Age >60 years
old, women 2367 £2.84 23.61£291 0.397 2373 +£294 2372 +3.02 0.668 0.468 —0.069  0.656

Abbreviations: CCI, Charlson Comorbidity Index; EV, estimated value; TMJD, temporomandibular joint disorders. * Paired t-test;
significance was defined as p < 0.05/2. 1 Interaction effects between time and group. § Estimated value of the linear mixed model
for TMJD I group based on the comparison I group. { Fixed effects were age, sex, income, region of residence, TMJD, and time of
measurement. Random effects were systolic blood pressure, diastolic blood pressure, fasting blood glucose, total cholesterol, smoking,
alcohol consumption, and CCI score.

In the subgroup analyses according to obesity status, the change in weight was
significant in both the TMJD I and comparison I groups, except for the overweight group
(Table 3). In the underweight/normal weight category, the BMIs of the participants in
both the TMJD I and comparison I groups increased. In the obese I category, the BMIs of
the participants in the TMJD I group decreased and those in participants in comparison I
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group increased. In the obese II category, the BMISs of the participants in both the TMJD
I and comparison I groups decreased. However, none of these changes were statistically
significant in the interaction model.

Table 3. Differences in mean BMI between pre- and 1-year-post-study of TMJD in TMJD I and the comparison I group
according to obesity.

Characteristics TMJD I Comparison I Interaction Linear Mixed

Model
Previous Post 1 Year p- Previous Post 1 Year p- p- EV§ p-

(Mean, SD) (Mean, SD) Value (Mean, SD) (Mean, SD) Value Value Value

Urzje:rvzvf;f);ht 1755 +0.80 17.994+1.09 0.008* 17574079 18.05+146 <0.001* 0810 —0.046  0.807
Normal (n = 3625) 21.26 £ 1.16 2149 +£1.55 <0.001* 21.26 +£1.17 2146 +£1.63 <0.001 * 0.649 0.042 0.465
Cz‘];e:rvzvgjl%})‘t 2396056 2391+119 0254 2401057 2398+129 0334 0584  —0068  0.154
Obese I (n = 2370) 26.58 £1.19 2634 £1.82 <0.001* 26.73 £1.26 2647 £1.74 <0.001* 0.785 —0.108 0.165
Obese II (n = 185) 31.99 + 245 30.72 4+ 3.04 0.007 * 31.52 +1.54 30.75+2.34 <0.001* 0.165 —0.087 0.821

Abbreviations: CCI, Charlson Comorbidity Index; EV, estimated value; TMJD, temporomandibular joint disorders. * Paired t-test;
significance was defined as p < 0.05/2. 1 Interaction effects between time and group. § Estimated value of the linear mixed model
for the TMJD I group based on the comparison I group. | Fixed effects were age, sex, income, region of residence, TMJD, and time of
measurement. Random effects were systolic blood pressure, diastolic blood pressure, fasting blood glucose, total cholesterol, smoking,
alcohol consumption, and CClI score.

The paired t-test did not show differences in the pre- and post-TMJD 2-year records
among all participants in the TMJD II and comparison II groups (Table 4). On the other
hand, the interaction in the linear mixed model reached statistical significance (p = 0.003),
and the EV of the linear mixed model was —0.082. A decrease in BMI was found in the
TMJD II group in women > 60 years old, while an increase in BMI was observed in the
comparison II group in men < 60 years old and women < 60 years old. The interaction was
significant in women < 60 years old and women > 60 years old. The EV was —0.109 for
women < 60 years old and —0.272 in women > 60 years old.

Table 4. Differences in mean BMI between pre- and 2-year-post-study of TMJD in Study II according to age and sex.

e . Interaction Linear Mixed
Characteristics T™JD II Comparison II i Model

Previous Post 2 Years p- Previous Post 2 Years

p- p-
(Mean, SD) (Mean, SD) Value (Mean, SD) (Mean, SD) Value Value EVS§

Value

Total participants
(n = 8105)
Age 40-60 years,
men (n = 2090)
Age 40-60 years,
women (1 = 2340)
Age >60 years,
men (n = 1595)
Age >60 years,
women (1 = 2080)

2370 £2.96  23.62 +2.84 0.064 23.69 £2.82 2372 £290 0.148 0.0031+  —0.082 0.294
2413 £268 2421 +£255 0.156 2407 £265 2414+£270 0.023 * 0.879 0.047 0.740
2338 £3.41 2328 +£298 0.343 2328 £284 2342+287 <0.001* 0003+ —0.109 0.458
2336 £258 2333+283 0.763 2339 +£262 2333+£277 0.110 0.963 0.023 0.888

2390 +£2.87 23.64 £2.88 0.001 * 24.00 £3.02 2393 +3.14 0.109 0.023+ —0.272 0.098

Abbreviations: CCI, Charlson Comorbidity Index; EV, estimated value; TMJD, temporomandibular joint disorders. * Paired f-test;
significance was defined as p < 0.05/2. t Linear mixed model; significance was defined as p < 0.05/2. { Interaction effects between time and
group. § Estimated value of the linear mixed model for the TMJD II group based on the comparison II group.  Fixed effects were age,
sex, income, region of residence, TMJD, and time of measurement. Random effects were systolic blood pressure, diastolic blood pressure,
fasting blood glucose, total cholesterol, smoking, alcohol consumption, and CCI score.

In the subgroup analyses according to obesity status, an increase in BMI was observed
in underweight/normal weight individuals in the TMJD II and comparison II groups
(Table 5). A decrease in BMI was found in obese individuals in the TMJD II and compar-
ison II groups. The interaction model was significant in the obese I category, and its EV
was —0.200.
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Table 5. Differences in mean BMI between pre- and 2-year-post-study of TMJD in TM]D II and comparison II group

according to obesity.

Characteristics TMJD II Comparison II I“tftmﬁo“ Li‘iﬁiﬁf{i%ed
Previous Post 1 Year p- Previous Post 1 Year p- p- EV§ -

(Mean, SD) (Mean, SD) Value (Mean, SD) (Mean, SD) Value Value Value

Urzse:”lvgeé;éht 1752+ 0.88 1858+1.86 0003* 1750+091 1813+172 <0.001* 0202 0467  0.061
Normal (n=3185) 21.39+114 2156151 <0.001* 21.38+114 21.63+£168 <0.001* 0151  —0.071 0248
O(Ze:”gé%g‘t 23964057 2390159 0355 23984057 2394+£140 0292 0574  —0.039 0488

Obese I (n =2225) 26.66 =125 2624 +1.87 <0.001* 26.69+125 2645+188 <0.001* 0.010+ —0.200 0.017t
Obese Il (n =145)  33.08 £6.27  30.84 £4.10 0.139 3196 £326 3133 £2.83 0.057 0.095 —0.541 0.460

Abbreviations: CCI, Charlson Comorbidity Index; EV, estimated value; TMJD, temporomandibular joint disorders. * Paired t-test;
significance was defined as p < 0.05/2. * Linear mixed model; significance was defined as p < 0.05/2. f Interaction effects between time and
group. § Estimated value of the linear mixed model for the TMJD II group based on the comparison II group.  Fixed effects were age,
sex, income, region of residence, TMJD, and time of measurement. Random effects were systolic blood pressure, diastolic blood pressure,
fasting blood glucose, total cholesterol, smoking, alcohol consumption, and CCI score.

4. Discussion

It was found that the change in BMI was significant only in Study II, which measured
the 2-year change in patients with TMJD in the present study. A decrease in BMI was
observed in the TM]D II group compared with the comparison II group only in women
and the obese I category. This association was not found in any of the subgroups of Study
I, which had a 1-year follow-up. This is the first study that reports the change in BMI in
TMJD participants compared to matched comparison participants.

We believe this change in BMI is clinically meaningful, even though statistical signifi-
cance was observed only in the women and obese I subgroups with the 2-year follow-up.
The BMI change over 1 or 2 years was not significant in most of the subgroups, and the
change in BMI was very small. As this study enrolled a large number of participants,
statistical significance was detected with these minimal changes in BMI. In this study,
among the statistically significant values, the largest EV was —0.272. This means that the
BMIs of the participants in the TMJD group decreased by —0.272 compared to those of
participants in of the comparison group. If the height of a participant were 170 cm, their
BMI would change by —0.78 kg in 2 years.

The association of TMD with BMI has been suggested in several prior studies with
differing results [5,15-18]. In a cross-sectional study, TMD was associated with low BMI in
women (adjusted odds ratio (aOR) = 1.44, 95% confidence interval (95% CI) = 1.09-1.93,
p = 0.037) [5]. However, other cross-sectional studies demonstrated no association between
BMI and TMD in adolescents [15] or the general population [16]. On the other hand, over-
weight (BMI > 25) was associated with frequent pain-associated TMD symptoms among
Finnish conscripts (aOR = 1.23, 95% CI = 1.01-1.49) [18]. Another cross-sectional study in
an adult population suggested an association of TMD with obesity in a univariate analysis.
These differing observed associations between TMD and weight loss may originate from
the limited numbers of participants in the above studies. Previously, few studies reported
such an association compared with comparison groups. In addition, the potential effects
of the aging process on weight loss could not be excluded in previous studies, because
they did not have comparison participants who matched for age and BMI. As follow-up
durations were not defined in most prior studies, the temporal association between TMD
and weight loss could not be estimated.

TMJD could be associated with decreased BMI due to changes in eating behaviors
and stress factors associated with TMJD. Patients with TMD may have weakened biting
force, which impairs masticatory movement [19]. The pain of TMJ was reported to affect
dietary intake, which leads to the avoidance of specific foods, such as meat and apples [20].
In addition, patients with TMD showed a higher rate of mental stress [5]. Mental stress
was reported to delay the gastrointestinal transit time and peak glucose response, which
decreased the appetite and dietary intake [21]. Mastication difficulties, pain, and psycho-
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logical stress could decrease a person’s dietary intake, which may result in a decreased BMI
in patients with TMD. Because obesity was suggested to be one of the factors associated
with TMD, the present study analyzed the impact of TMD on BMI changes according to
different BMI groups. As a result, the obese I population showed an association of TMD
with decreased BMI. Compared with male subgroups, female subgroups demonstrated
decreased BMI associated with TMJD in this study. Similar to the present result, a previous
study also reported a sex-specific association of TMD with decreased BMI [5]. They sup-
posed that a higher susceptibility to psychological stress and anxiety associated with TMD
in women may be linked with a decreased BMI [5].

In the overall population and other subgroups, TMJD was not associated with BMI
changes in the present study. Several explanations could support the present results.
First, the decreased dietary intake could be compensated by the substitution of foods by
patients with TMJD. A survey described the modifications of diet in patients with TMD [22].
Approximately 77.6% (66/85) of TMD patients modified their diet, including by cutting
food into smaller pieces (71.8% [61/85]), softening (42.4% [36/85]), and mashing (40%
[34/85]) their food [22]. By these efforts, the potential risk of nutritional deficits could
be prevented in patients with TMJD. Second, a decrease in BMI could relieve the pain
and other symptoms of TMJD, which alleviates dietary disturbances in TMJD patients.
Third, the contribution of TMJD to BMI changes was not considerable, and many other
factors could mediate the link between TMJD and BMI changes. For instance, a previous
study reported that the association of TMD with obesity was not evident after adjusting for
sex and other comorbidities, such as headaches and obstructive sleep apnea [17]. As the
present study comprehensively adjusted for potential confounders, that could explain why
the association of TMJD with BMI changes was not statistically significant.

The present study used a large nationwide cohort population. Many comparison
participants were matched for age, sex, income, region of residence, and obesity status,
and were randomly selected. The variables were reliable and were collected from national
health insurance and health check-up data. Participants’ past medical histories were based
on diagnostic codes, and laboratory measures were used for the levels of blood pressure,
blood glucose, and total cholesterol. The accuracy of BMI data could be guaranteed by
objective measures during health check-ups. In addition, the duration of follow-up was
classified into 1 year and 2 years, so that we could assess the sensitivity of the association of
TMJD with weight loss. To minimize the bias due to multiple comparisons, the Bonferroni
correction was conducted. However, the long-term effects of TMJD on weight loss could
not be evaluated in the present cohort data. To compensate for the short follow-up duration
of this study, two independent studies were conducted with 1-year and 2-year follow-up
durations. This study was based on health check-up data, thus selection bias cannot be
excluded. Some information about our cohort was not accessible, which could induce
information bias. The severity of TMJD was heterogeneous, and the treatment histories
of patients with TMJD were not available in this study. Because this study was based
on diagnostic code ICD10, the etiology of TMJD could not be isolated. TMJD could be
mixed with TMD. However, TMD is more common in children and adolescents [23]. On
the other hand, TMJD was more common in the elderly population in our study and was
associated with TM] degeneration [7]. Although many comorbidities, anthropometric data,
and lifestyle factors were adjusted, confounders, such as nutritional factors, may have
remained. Last, a detailed etiology for weight loss could not be isolated in the present data.

5. Conclusions

Patients with TMJD did not show more changes in BMI than comparison participants
in the overall population. A decrease in BMI associated with TMJD was observed in a
subpopulation of women and obese patients with a 2-year follow-up duration.
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Abstract: Background: Open partial horizontal laryngectomy type II (OPHL type II) has two main aims:
oncological radicality and laryngeal preservation. The aim of this review is to define and emphasize
the oncological efficacy of OPHL type II, both as primary and salvage surgery, by analyzing the latest
literature. Methods: The research was carried out on Pubmed, Scopus and Web of Science databases,
by using strict keywords. Oncological outcomes were evaluated by the following parameters: overall
survival, disease-specific survival, disease-free survival, local control, laryngeal preservation, local
recurrence. Results: The review included 19 articles divided into three groups: (1) primary OPHL
type II, (2) salvage OPHL type II, (3) adjuvant radiotherapy after primary OPHL type II. The articles
showed excellent results as far as oncological radicality and organ preservation. Conclusions: This
review demonstrated that OPHL type II is useful to obtain oncological radicality both as primary
surgery and salvage surgery. Nevertheless, the only criterion that determined the positive outcome
and efficacy of this technique is the strict selection of patient and tumor.

Keywords: otolaryngology; head and neck; laryngectomy; surgical oncology; salvage therapy

1. Introduction

Supracricoid laryngectomy, or open partial horizontal laryngectomy type II (OPHL
type II), introduced in the 1950s [1] and modified by Piquet in 1974 [2], has two main
aims: oncological radicality and organ preservation [3]. This surgery technique enabled
researchers to limit total laryngectomy surgery and its consequences: permanent tra-
cheostoma and loss of the natural voice [4]. In fact, in 2018, the American Society of Clinical
Oncology (ASCO) recommended total laringectomy only for extensive T3 and T4a lesions
to ensure better survival rate and recommended chemoradiotherapy or OPHL for locally
advanced disease to ensure the greatest possible organ preservation and minimal functional
impairment [5]. Particularly, T2 and selected T3 glottic and supraglottic cancers [6] are
amenable with OPHL type II by removal of thyroid cartilage, true vocal folds and false
vocal folds, Morgagni’s sinus, pre-epiglottic space and paraglottic space. Therefore, the
only preserved structures are: cricoid cartilage, one or both arytenoid cartilages, hyoid
bone, and, sometimes, suprahyoid epiglottis. According to the 2014 classification by the
European Laryngological Society (ELS) [7], OPHL type II can be divided into two subtypes:
type Ila if suprahyoid epiglottis is preserved, so crico-hyoido-epiglottopexy (CHEP) is
performed; type IIb if suprahyoid epiglottis is removed and crico-hyoidopexy (CHP) [8]
is performed. The crico-arytenoid unit (CAU), composed of the crico-arytenoid joint and
the underlying hemicricoid plate, guarantees the satisfactory functional outcome of this
surgery; for this reason, it is fundamental to preserve at least one mobile arytenoid carti-
lage. Furthermore, Calearo and Bignardi, with their histological studies on the larynx and
laryngeal carcinoma, have demonstrated the importance of the arytenoid for oncological
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radicality: in fact, thanks to the fibrous ligament on its anterior aspect, it acts as a barrier
hindering the extension of the tumor to the underlying laryngeal structures [9].

Contraindications to OPHL type II are: (1) extension of the tumor to both arytenoids,
to the crico-arytenoid unit or to the posterior commissure, (2) invasion of the hyoid bone,
(3) extension of the tumor to the cricoid cartilage, and (4) extralaryngeal spread.

Thus, OPHL type II also serves an important role in salvage surgery after the failure of
radiotherapy or TLM (transoral laser microsurgery) [10,11], reducing the use of total laryn-
gectomy. Therefore, this partial surgery enables researchers to obtain reliable, functional
and oncological results both as primary surgery and salvage surgery [12,13].

However, selection of the patients eligible for OPHL type II [10] is determined by
considering localization and extension of the tumor, as well as the health and psychosocial
status of the patient.

The aim of this review is to define and emphasize the oncological efficacy of OPHL
type 1I, both as primary surgery and salvage surgery, as far as overall survival (OS),
disease-specific survival (DSS), disease-free survival (DFS), local control (LC), laryngeal
preservation (LP) and local recurrence (LR) are concerned, by analyzing the latest literature
on this topic.

2. Materials and Methods
2.1. Search Methodology

The selection of bibliography was carried out on Pubmed, Scopus and Web of Sci-
ence databases, by using the following keywords: supracricoid laryngectomy or open partial
laryngectomy type II or OPHL type Il and oncologic outcome. Furthermore, some articles
were chosen from a bibliography of selected studies. Therefore, two independent authors
(BV and CS) selected the articles: a first selection was made by reading titles and abstracts.
Afterwards, the selected articles were read entirely in order to include only those that
fulfilled the eligibility criteria in the study.

2.2. Eligibility Criteria

The eligibility criteria were: (1) studies that analyzed oncological outcomes exclusively
of OPHL type II, (2) at least 30 patients included in the study, (3) studies that calculated
at least two of the following parameters: OS, DFS, DSS, LC, LP, LR, (4) median or mean
follow-up period of at least 36 months, (5) studies published from 2000 onwards.

Exclusion criteria were: (1) reviews, editorials, opinions or case reports, (2) studies
that did not distinguish OS, DFS, DSS, LC, LP, LR in primary and salvage OPHL type II,
(3) articles that were not written in English or Italian, (4) studies in which patients had
undergone adjuvant chemotherapy.

2.3. Data Analysis

The following information was selected from chosen articles: authors, year of publi-
cation, number of included patients, follow-up duration (months), OS, DFS, DSS, LC, LP,
LR. Data were collected on data spreadsheet using Microsoft Excel (version 16.47.1).0S
is the time between surgery and death by any cause or last follow-up; DSS is the interval
time between surgery and death from the disease; DFS is the time from surgery to tumor
recurrence; LC is the length of time from surgery to relapse on the primary tumor site; LP
is the interval time between OPHL to total laryngectomy; LR is the time between surgery
and the first local recurrence [14,15].

3. Results
3.1. Selection and Classification of Studies

Figure 1 shows the process of selection of the studies [16]. Overall, 145 articles were
selected from the systematic research. The first step included the elimination of doubles
(n° 23) and, secondly, the exclusion of unrelated articles, taking into account title, abstract
or language criteria (n° 90). Subsequently, 48 full studies were read independently by the
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two authors (BV and CS) and assessed, taking into account the eligibility criteria, including
only 19 articles in the review.

c
0
L
©
R
5=
£ Records identified through Additional records identified
§ database searching through other sources
(n = 145) (n=16)
y Y

uc Records after duplicates removed
c
= (n=23)
@
1]
5
\

A

— Records screened Records excluded
e (n=138) C (n =90)
§' ¥
% Full-text articles assessed Full-text articles excluded,
] for eligibility with reasons
(n=48) (n=29)
A
Studies included in
qualitative synthesis

B (n=19)
°
=
=
£

From: Moher D, Liberati A, Tetzlaff J, Aitman DG, The PRISMA Group (2009). Preferred Reporting tems for Systematic
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Figure 1. PRISMA 2009 Flow Diagram® of study selection process of literature (from [16]).

Afterwards, the selected articles were analyzed and grouped into three different
categories: (1) primary OPHL type II, (2) salvage OPHL type 11, (3) adjuvant radiotherapy
after primary OPHL type IL

3.2. Primary OPHL Type II

Six primary OPHL type 1I [3,4,6,11,17,18] articles were selected and assessed (Table 1).
Nearly all the studies included 5-year OS, corresponding to about 80% [3,4,11,17,18], except
for the study by Sanchez-Cuadrado et al. [6] with a 60% 5-year OS in a sample of 41
patients. Primary OPHL type II was also efficient and resolutive considering 5-year DSS
(76.7% [4] and 82.4% [18]) and LC (95.6% [3], 80% [6] and 93.94% [17]). Organ preservation,
which represents the main goal of this surgery, was guaranteed by more than 85% of
patients [3,6,11].
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Table 1. Primary OPHL type II: characteristics of included studies.

Authors (Year of

Publication) N° Patients pT Treated Follow-Up 0s DSS DFS LP LC
Karasalihoglu 62 months
AR et al. 68 T1-T4 X 78.6% (5 years)  93.9% (5 years) / 89.7% (5 years)  95.6% (5 years)
(median)
(2004) [3]
Sanchez- 43 month
Cuadrado I et al. 41 T1-T3 onths 69% (5 years) 81% (5 years) / 85% (5 years) 80% (5 years)
(median)
(2011) [6]
81% (5 years) 94% (5 years)
Nakayama M 38 months [salvage]— [salvage]—
etal. (2013) [11] 43 TI-T4 (median) 87% (5 years) / / 91% (5 years) /
[virgin] [virgin]
Page C et al. 56 months o 93.94%
(2013) [15] 21 T-13 (mean) 80% (5 years) / / / (5 years)
T1b—T2—
Ozturk K et al. 55 months o o
(2016) [5] 90 sel%c?)ted (median) 80.4% (5 years) / 76.7% (5 years) / /
T1lb—T2—
Gong H et al. 85 months
(2019) [16] 164 sel%%ted (median) 86.9% (5years)  87.6% (5 years)  82.4% (5 years) / /

Number of treated patients, stage of tumor (pT), period of follow up, overall survival (OS), disease-specific survival (DSS), disease-free survival (DFS), laryngeal
preservation (LP), and local control (LC).

3.3. Salvage OPHL Type 11

This group included five articles [10,11,19-21] (Table 2). Three studies [10,20,21]
demonstrated that salvage OPHL type II guaranteed over 80% of 5-year overall survival.
However, Deganello et al. [16] reported a 5-year OS of 60%. The 5-year LP was guaranteed
in more than 90% of patients [10,19]: the use of total laryngectomy was, therefore, avoided
in a really high percentage of patients. Pellini et al. [20] also reported excellent results in
5-year DFS (95.5%) in a sample of 70 patients; Bertolin et al. [21] obtained 86% of 5-year
DFS in a sample of 50 patients.

Table 2. Salvage OPHL type II: characteristics of included studies.

Authors (Year of

N° Patients

pT Treated Follow-Up 0s DSS DFS LP LC

Publication)
Deganello A et al. 45 months
(2008) [19] 31 T1-T4 (mean) 60% (5 years) / / 90% (5 years) 75% (5 years)
Pellini R et al. 70 months o o
(2008) [20] 78 T1-T4 (median) 81.8% (5 years) / 95.5% (5 years) / /
81% (5 years) 94% (5 years)
Nakayama M et al. K 38 months [salvage]— [salvage]—
(2013) [11] 30 T1-T4 (median) 87% (5 years) / / 91% (5 years) /
[primary] [primary]
Sp(ezr(r)}ll:"s)l\[/llgf al. 42 T1-T3 61(;:);:)}1 s 75% (5 years) 85% (5 years) / 95% (5 years) 98% (5 years)
Bertolin A et al. 50.1 months o o o,
(2020) [21] 50 T1-T4 (mean) 82% (5 years) 88% (5 years) 86% (5 years) / /

Number of treated patients, stage of tumor (pT), period of follow up, overall survival (OS), disease-specific survival (DSS), disease-free survival (DFS), laryngeal

preservation (LP), and local control (LC).

3.4. Adjuvant Radiotherapy after Primary OPHL Type 11

Eight articles assessed the oncological outcome of OPHL type II combined with ad-
juvant radiotherapy [8,13,22-27] (Table 3). Overall, adjuvant RT proved to be adequate
for: positive resection margin, thyroid cartilage invasion (stage T4a), positive neck nodes
with extracapsular invasion, multiple nodal metastases, following the National Compre-
hensive Cancer Network (NCCN) [28] guidelines. The majority of the studies reported
5-year OS and DSS higher than 80%. Rizzotto et al. [24] obtained 5-year OS and DEFS in
95.6% and 90.9% of patients respectively. Basaran et al. [13] divided patients into two
groups: (1) both arytenoids preserved (BASCL) and (2) one arytenoid preserved (OASCL).
Overall, no statistically significant differences were detected in the two groups in terms of
oncological outcome.
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4. Discussion

Laryngeal carcinoma accounts for about 2% of all cancers in the world [29]. For
early and locally advanced laryngeal cancers, several therapeutic strategies are available:
TLM, radiotherapy, chemoradiotherapy and open laryngeal organ preservation surgery
(OLOPS) [30-33].

In particular, supracricoid laryngectomy is an open partial laryngeal surgery that
has two main goals: radical excision of laryngeal cancer and preservation of functions
(swallowing, phonation and breathing). In fact, while removing portions of the larynx,
this surgery, in its reconstructive phase, allows for restoring the physiological crossway
between the digestive and respiratory tract.

OPHL type Il is, therefore, recommended for selected supraglottic and glottic can-
cers [6], in which it manages to guarantee good oncological and functional outcomes, thus,
limiting the use of both primary and salvage total laryngectomy. In particular, in 2018, the
American Society of Clinical Oncology (ASCO) recommended: TLM or radiotherapy for T1
and T2 laryngeal cancers with the goal of preserving the larynx; OPHL or chemoradiother-
apy for locally advanced disease (T3, T4 laryngeal cancers), in order to achieve the greatest
possible organ preservation with minimal functional impairment; total laryngectomy for
extensive T3 and T4a lesions for a better survival rate [4].

In regard to chemotherapy for locally advanced disease, in the same paper, ASCO
stated that concurrent chemoradiotherapy (CRT) guarantees satisfactory results in terms
of laryngeal preservation compared to RT alone, although with high in-field toxicity [4].
Furthermore, ASCO advised against induction chemotherapy before laryngeal preser-
vation surgery, even though Luna-Ortiz et al. [34] proved that induction chemotherapy
allowed one to perform OPHL type II even in the case of arytenoid fixation (which is a
contraindication to this surgical technique) determining the recovery of motility, without
any impairment of DFS and/or OS.

As for total laryngectomy, it represents a real amputation of an organ that strongly
characterizes the individual and that is essential for breathing, swallowing and speaking.
Furthermore, this surgery involves the creation of a permanent tracheostoma which creates
an important and significant impact on the patient’s psychology and overall quality of
life [35]. Weinsten et al. [36] compared the quality of life using the SF-36 general health
status system and the V-RQOL (Voice-Related Quality Of Life) test [37,38], showing signifi-
cantly better results in the OPHL type II group compared to the total laryngectomy group.

However, patient selection is mandatory to provide the best treatment in both onco-
logical and functional terms [9]. This selection is based not only on the characteristics of the
tumor, i.e., localization and local-regional extension, but also on the health and psychosocial
state of the patient himself. Therefore, from the oncologic point of view, OPHL type Il is
indicated in the case of T2 and selected T3 glottic and supraglottic cancers. The most impor-
tant factors based on the patient’s characteristics, on the other hand, are: age, intellectual
abilities and pulmonary function [21]. In particular, the patient’s age parameter (cut-off
70 years) [31] has always been the subject of discussion and debate. According to some
authors, in fact, advanced age does not represent a contraindication to the intervention
of OPHL type II [6] due to the difference between biological and chronological age [31].
According to other authors, however, advanced age correlates with a worse functional and
clinical outcome [39]. Furthermore, Lucioni et al. [40] indicated young age as a negative
prognostic factor, probably due to the increased aggressiveness of the tumor. Crosetti
et al. identified other exclusion criteria: severe metabolic diseases, neurological and/or
pulmonary diseases that compromise the ability to swallow and expectorate, severe heart
diseases [41].

Finally, the choice of the best therapeutic strategy should always be agreed with
the patient and with the family members too, highlighting the importance of involving
the family in the final decision, making them aware of the therapeutic options and the
advantages and disadvantages of each [10].
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4.1. Primary OPHL Type 11

Primary OPHL type 1II is recommended in cases of T2 and selected T3 glottic and
supraglottic cancers. In particular, the American Society of Clinical Oncology suggests
OPHL type II as first choice for T2 tumors because it achieves better oncological outcomes
than primary RT [42]. ASCO also clarified that laryngeal preservation surgery should
always be preferred to RT for T1 and T2 laryngeal cancer but underlined that TLM is not
always feasible depending on these key points: endoscopic tumor exposure, endoscopic
technique safety and surgeon’s experience [4]. In fact, performing surgery with the aware-
ness of not being radical (close or positive resection margins) and, therefore, of having to
do post-operative RT, is not an acceptable therapeutic option in any way. For this reason, in
these cases, OPHL type Il represents a valid alternative to the TLM, before RT.

Moreover, surgery is preferred to RT because of toxicity, odynophagia, hoarseness
and thick salivary secretions and, above all, it could relate to a high risk of dysphagia and
aspiration. The selected articles showed the efficacy of primary OPHL type II as far as
5-year OS, DSS, DFS, LP, LC and LR are concerned. In their study, Page et al. [17] found
some factors that relates to a statistically significant risk of local recurrence: age, lymph
node positivity (N+), positive resection margin, other synchronous cancer. Furthermore, in
their study, they underlined that the main risk factor for local recurrence (and, therefore,
a negative prognostic factor) is the positive or close resection margins (healthy tissue-
carcinoma distance <1 mm), especially the inferior margin [43]. For this reason, to guarantee
a safe surgery, Page et al. stated that resection margins had to be superior to 1 mm and
subglottic extension inferior to 10 mm.

4.2. Salvage OPHL Type 11

Taking into consideration the choice and the clinical conditions of the patient, as well
as the care center, selected glottic and supraglottic carcinomas can be treated with primary
radiotherapy [19]. In fact, RT guarantees the preservation of laryngeal anatomical structures
and, therefore, a better functional result. Furthermore, in some cases, a tracheostomy is not
necessary and, consequently, has a lower impact on the patient’s quality of life. However,
this treatment has a recurrence rate between 5 and 30%, apart from the above-cited side
effects. Atallah et al. found several factors that correlate to low local control rate in the
case of RT for T2 glottic tumors: male sex, degree of tumor differentiation, administration
modality of radiotherapy (total dose and fractionation of administration), the extension of
the tumor to a subglottic level or the anterior commissure. In particular, in the latter case,
the high risk of tumor recurrence or persistence is related to diagnostic and therapeutic
limitations: (1) the difficulty of evaluating the possible involvement of the thyroid and
cricoid cartilages and of the cricothyroid membrane and (2) the difficulty of irradiating this
laryngeal region [26]. Thus, in these cases, OPHL type Il is performed with two goals: safe
tumor clearance and preservation of laryngeal functions [19]. However, it is important to
underline that salvage surgery correlates to a high risk of complications (chondritis, salivary
fistula, rupture of pexy) related to previous laryngeal irradiation. In fact, radiotherapy is
responsible for a slow healing process with a delay in tracheal decannulation and recovery
of swallowing function [44]. Nevertheless, the risk-benefit ratio in salvage OPHL type
Il is positive. Indeed, a valid disease local control emerged with OS, LP, and LC values
being, on average, slightly lower than primary OPHL type II from the analysis of the
selected articles. Furthermore, Pellini et al. [20] underlined that the recurrence after RT had
a different diffusion pathway compared to virgin neoplasia, with tumor foci also being far
from the initial site of the tumor. This concept still emphasizes the importance of a wide
resection with safe surgical margins and frozen sections of the resection margins, although
the evaluation is more problematic in tissues that have been previously radio-treated [11].
Nevertheless, in order to obtain satisfying oncological outcomes, the strict selection of the
patients that can undergo partial laryngectomy is fundamental: therefore, it is not possible
to consider OPHL type II as the standard salvage therapy [21].
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4.3. Adjuvant Radiotherapy after Primary OPHL Type 11

In different studies, OPHL type Il was associated with adjuvant RT. As a consequence,
in order to avoid bias on the results, these articles were assessed separately from those that
calculated the oncological outcomes after surgery (OPHL type II). All the studies included
in the review showed satisfying results, with 5-year OS, DSS, LP and LC superior to 85%,
on average. These results confirm what was stated by Atallah et al. [26]: combined therapy
(surgery and adjuvant RT) gives a better local control than surgery or radiotherapy alone.

However, if post-operative RT guarantees improved oncological results, on the other
hand, the risk of significant impairment of the functions of the residual larynx increases [19].

4.4. The Old Discussion: Laryngeal Preservation vs. Functional Preservation

The Achilles” heel of OPHL, especially OPHL type II and type 1III, is the functional
result in terms of voice and swallowing. In fact, these two functions are closely linked
and interdependent: both depend on the ability of arytenoid(s) to perform the sphincter
function. This depends more on the base of the tongue and the mucous thickness of
neoglottis and arytenoids than on the motility and number of residual arytenoids or on the
presence or absence of the epiglottis. Several studies have analyzed voice results in these
patients and found a moderate to severe alteration in the quality of the voice [45]. However,
as Schindler et al. stated, the voice, although qualitatively poor, is not perceived by the
patient as a handicap characterizing the quality of life [46]. OPHL’s functional success is
assessed on the basis of two main parameters: decannulation and nasogastric feeding-tube
(NFT) removal. In this respect, the literature data were highly variable: Pinar et al. [8]
reported a mean nasogastric tube removal of 11.43 days and a decannulation time of
16.79 days, On the contrary, Goncalves et al. [47] removed NFT and tracheal tube with a
mean of 69 and 60 days, respectively. However, the decannulation rates were very high
(over 85%), confirming good neoglottic patency [8,48]. In the case of impaired neoglottic
patency, especially in patients with a poor cough reflex, tracheal aspiration (not only during
feeding but constantly with saliva) can cause a serious complication, that is, aspiration
pneumonia, with a lower than 20% incidence [47]. In the most serious cases, with frequent
episodes of aspiration pneumonia, it is necessary to resort to total laryngectomy for a
dysfunctional larynx with a very low rate (less than 2%) [49]. In fact, unfortunately, the
preservation of the organ does not always correspond to function preservation, both in
the case of surgery and RT. Therefore, in the choice of the best therapeutic approach for
the patient with laryngeal carcinoma, it is mandatory to consider pros and cons of therapy
and to determine, together with the patient, the best therapeutic strategy in terms of both
oncology and function.

4.5. Study Limitation

First of all, despite the use of strict selection criteria, the included articles were het-
erogeneous in terms of number of patients and stage of larynx carcinoma. Indeed, it was
impossible to analyze the oncological outcome considering the larynx carcinoma because
the selected articles showed an overall result over the total number of treated patients.
Furthermore, differentiating the oncological outcomes between OPHL type Ila and IIb was
impossible in the review, because very few studies showed diversified results for these
two categories.

5. Conclusions

The systematic analysis of the articles demonstrated that OPHL type II is useful
to obtain oncological radicality. Indeed, this surgical technique proved to be efficient
both as primary and salvage surgery. Furthermore, the study showed another important
element: the strict selection of patients eligible for OPHL, based not only on the tumor’s
characteristics but also on the health and psychosocial conditions of the patient himself.
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6. Highlights

OPHL type II has two aims: oncological radicality and organ preservation

OPHL type II ensures good oncological outcome both in primary and salvage surgery
OPHL type II performs better results in primary surgery than in salvage surgery

The main criterion for positive outcomes is the strict selection of patient and tu-
mor stage
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Abstract: The aim of the present study was to estimate the risk of dementia in patients with benign
paroxysmal positional vertigo (BPPV), using a population cohort. Data from the Korean National
Health Insurance Service-National Sample Cohort for the population >60 years of age from 2002 to
2013 were collected. A total of 11,432 individuals with dementia were matched for age, sex, income,
region of residence, hypertension, diabetes, and dyslipidemia with 45,728 individuals comprising the
control group. The crude (simple) and adjusted odds ratios (ORs) of dementia in BPPV patients were
analyzed using non-conditional logistic regression analyses. Subgroup analyses were conducted
according to age and sex. A history of BPPV characterized 5.3% (609/11,432) of the dementia group
and 2.6% (1,194/45,728) of the control group (p < 0.001). The adjusted OR of dementia for BPPV
was 1.14 (95% CI = 1.03-1.26, p = 0.009). In subgroup analyses according to age and sex, males had
higher ORs of dementia for BPPV. BPPV increases the risk of dementia in the 60 years of age or older
population.

Keywords: benign paroxysmal positional vertigo; dementia; risk factors; cohort studies; epidemiology

1. Introduction

A cross-sectional study reported that patients with cognitive impairment, such as mild
cognitive impairment and Alzheimer’s dementia, show a high risk of vestibular dysfunc-
tion [1]. The vestibular system is known to affect cognitive functions, such as visuospatial
ability, memory, and attention [2,3]. In a cross-sectional study that included 308 adults with
neurodegenerative disorders, the authors observed that attentional and visuospatial cogni-
tive abilities were correlated with increased dizziness [2]. Additionally, the prevalence of
hippocampal atrophy was higher in patients with chronic bilateral vestibular dysfunction
than in controls [4]. The authors hypothesized that optimal vestibular function is essential
to maintain the phylogenetically ancient hippocampal function, such as spatial aspects of
memory processing for navigation [5]. At the molecular level, unilateral vestibulopathy
was associated with decreased hippocampal expression of N-methyl-D-aspartate recep-
tors [4]. Therefore, it is reasonable to conclude that vestibular disorders may be associated
with dementia.

Benign paroxysmal positional vertigo (BPPV) is the most common cause of vestibular
vertigo in elderly individuals [6]; approximately 30% of individuals aged >70 years report
an episode of BPPV at least once in their lifetime [7,8]. Moreover, the response to canalith
repositioning therapy tends to be lower and the rate of recurrent BPPV is higher in elderly
patients than in younger individuals [6,9,10]. BPPV shows a benign course; therefore,
its association with other diseases is often ignored. A recent study reported BPPV as a
predictor of dementia [11].
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Both direct and indirect mechanisms may underlie the association between BPPV and
dementia. With regard to a direct mechanism, an increased risk of falls in patients with
BPPV may result in a high risk of head trauma and physical inactivity, which predispose
these patients to dementia [1,12]. The sudden onset of vertigo observed in patients with
BPPV reportedly increases the risk of falls in elderly patients [13]. With regard to indirect
mechanisms, common cardiovascular or cerebrovascular pathophysiologies may mediate
the onset of dementia in patients with BPPV. Recent studies have suggested a causal
association between cardiovascular diseases, including hypertension and ischemic heart
disease, and BPPV [14,15]. Vascular disorders, including hypertension, diabetes, and
dyslipidemia, are known to increase the risk of dementia [16-18].

We hypothesized that BPPV could increase the risk of dementia. We searched the
PubMed and Embase databases using the key words “BPPV” and “dementia” and included
all entries until September 2021 in our search. We identified only one population cohort
study that reported an increased risk of dementia in patients with BPPV [11]. However,
the study did not include a control group matched for comorbidities. The characteristics
of early-onset dementia differ from those of late-onset dementia; therefore, inclusion of
individuals aged >20 years in a study with a follow-up of 10 years may negatively affect the
association between dementia and BPPV [19]. In this study, we investigated the association
between BPPV and dementia in an older Korean population extracted from a national
sample cohort. This study extended previous research in the field; we investigated a history
of BPPV as an independent risk factor in patients aged >60 years diagnosed with dementia.

2. Materials and Methods
2.1. Ethical Considerations

The Ethics Committee of Hallym University (2014-1148) approved the use of the data.
The need for written informed consent was waived by the Institutional Review Board.

2.2. Study Population and Data Collection

This matched case—control study relied on data from the Korean National Health
Insurance Service-National Sample Cohort (NHIS-NSC). The Korean NHIS selects samples
directly from the database of the entire population to prevent non-sampling errors [20].
For this study, ~2% of the samples (one million) were selected from the entire Korean
population (50 million). The selected data could be classified at 1476 levels (including age
(18 categories), sex (2 categories), and income level (41 categories)) using randomized
stratified systematic sampling methods via proportional allocation to represent the en-
tire population. After data selection, the appropriateness of the sample was verified as
described previously [21]. The details of the methods used to perform these procedures
are provided by the National Health Insurance Sharing Service [22]. The cohort database
used in our study included (i) personal information, (ii) health-insurance claim codes
(procedures and prescriptions), (iii) diagnostic codes using the International Classifica-
tion of Disease-10 (ICD-10), (iv) death records from the Korean National Statistical Office
(using the Korean Standard Classification of disease), (v) socio-economic data (residence
and income), and (vi) medical examination data for each participant during the period
2002-2013.

As all Korean citizens are assigned a 13-digit resident registration number that is re-
tained from birth to death, exact population statistics can be determined from the resulting
database. All Koreans must enroll in the NHIS. The 13-digit resident registration number is
used by Korean hospitals and clinics to register individual patients in the medical insurance
system. Therefore, the risk of overlapping medical records is minimal, even if a patient
moves from one place to another. Moreover, all medical treatments in Korea can be tracked,
without exception, using the HIRA (Health Insurance Review & Assessment Service) sys-
tem. In Korea, a notice of death must be submitted to an administrative entity before a
funeral can be held. The cause and date of death are recorded in the death certificate, which
is prepared by a medical doctor.
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2.3. Participant Selection

Among the 1,125,691 individuals with 114,369,638 medical claim codes, those di-
agnosed with dementia were included in the study. Dementia was defined based on a
diagnosis of Alzheimer’s disease (G30) or dementia in Alzheimer’s disease (F00). To ensure
the accuracy of the diagnosis, only those participants treated at least twice were included
in the study. The reliability of the dementia diagnosis is described in the Supplemental
Digital Content.

The study population consisted of 13,102 dementia patients diagnosed between 2002
and 2013. BPPV was diagnosed based on ICD-10 codes (H811) and at least two treatments
for this condition between 2002 and 2013.

The dementia patients were matched 1:4 with members of a control group selected
from the original population (n = 1,112,589) and consisting of individuals never diagnosed
with dementia between 2002 and 2013. The matches were processed for age, sex, income,
region of residence, and a medical history of hypertension, diabetes, or dyslipidemia. To
prevent bias in the selection of matched participants, control-group participants were
sorted by first assigning them a random number, which was then used in their selection,
beginning with the highest and ending with the lowest number. It was assumed that
the relation to the index date of the matched control participants was the same as that of
each matched participant with dementia. Therefore, a person in the control group who
died before the index date was excluded. Dementia participants for whom a sufficient
number of matching control participants could not be identified were excluded (n = 1158),
as were participants younger than 60 years of age who had been previously diagnosed
with dementia (n = 514). In the young population, dementia is rare and often has a
specific underlying etiology. Finally, using 1:4 matching, 11,432 dementia patients and
45,728 controls were included in the study (Figure 1). However, the two groups were not
matched for ischemic heart disease and cerebral stroke history, as the stricter matching
would have increased the exclusion of dementia patients due to a lack of controls. After
matching, both groups were analyzed for a previous history of BPPV.

2.4. Variables

All variables including age, income level, region of residence, and comorbidities were
based on the index date. Six age groups were defined according to 5-year intervals, ranging
from 60-64 to 85+ years of age. Income groups were initially divided into 41 classes
(1 health-insurance-assistance class, 20 self-employment health-insurance classes, and
20 employment health-insurance classes) but then re-categorized into five classes, ranging
from lowest (class 1) to highest (class 5). Sixteen regions of residence were defined according
to administrative district. These regions were regrouped as urban (Seoul, Busan, Daegu,
Incheon, Gwangju, Daejeon, and Ulsan) and rural (Gyeonggi, Gangwon, Chungcheongbulk,
Chungcheongnam, Jeollabuk, Jeollanam, Gyeongsangbuk, Gyeongsangnam, and Jeju).

The prior medical histories of the patients and controls were evaluated using ICD-
10 codes. To ensure the accuracy of the diagnoses, hypertension (110 and 115), diabetes
(E10-E14), dyslipidemia (E78), and head trauma (S00-S09) were regarded as present if
treated at least twice, and Meniere’s disease (H810), ischemic heart disease (124 and 125),
and cerebral stroke (160-163) strokes as present if treated at least once.

2.5. Statistical Analyses

Chi-square tests were used to compare the general characteristics of the dementia
and control groups. The odds ratio (ORs) of BPPV for dementia was analyzed using
unconditional logistic regression analysis together with crude (simple) and adjusted (is-
chemic heart disease, stroke, Meniere’s disease, and head-trauma histories) models and
calculating 95% confidence intervals (CIs). Age, sex, income, region of residence, hy-
pertension, diabetes mellitus, and dyslipidemia were stratified in a conditional logistic
regression model. For the subgroup analyses, participants were divided with respect to
age (<75 years old, >75 years), sex, income, region of residence, hypertension, diabetes,

107



Int. |. Environ. Res. Public Health 2021, 18, 10553 4o0f 11

dyslipidemia, ischemic heart disease, stroke, Meniere’s disease, and head trauma. Two-
tailed analyses were conducted. A p value < 0.05 was considered to indicate statistical
significance. The analyses were conducted using SPSS v. 22.0 (IBM, Armonk, NY, USA).

1,125,691 Participants with 114,369,638 Medical claim codes

\ % \ %

Control (n=1,112,589) Dementia (n= 13,102)
1:4 matching

> Un-matched (n= 1158)

2l <60 years old (n = 514)

v A 4
Dementia (n = 11,432) + Analyses of previous
Control (n= 45,728) history of BPPV

Figure 1. Schematic illustration of the participant-selection process used in the study. From a total of 1,125,691 participants,

11,432 patients with dementia were matched with 45,728 controls for age, sex, income, region of residence, and medical
histories.

3. Results

A history of BPPV was documented in 5.3% (609/11,432) of the dementia patients vs.
2.6% of the controls (1194/45,728; p < 0.001, Table 1). The mean follow-up duration from
BPPV to index date was 49.97 (standard deviation [SD] = 35.97) for the dementia group
and 50.34 (SD = 33.90) for the control group. Age, sex, income, region of residence, and
history of hypertension, diabetes, and dyslipidemia were matched between the dementia
and control groups. A history of ischemic heart disease, cerebral stroke, Meniere’s disease,
and head trauma were higher in the dementia group than in the control group.
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Table 1. General Characteristics of Participants.

Characteristics Total Participants
Dementia (n, %) Control Group (n, %) Standardized Differences
Age (years old) 0.00
60-64 580 (5.1) 2320 (5.1)
65-69 1289 (11.3) 5156 (11.3)
70-74 2325 (20.3) 9300 (20.3)
75-79 2978 (26.1) 11,912 (26.1)
80-84 2705 (23.7) 10,820 (23.7)
85+ 1555 (13.6) 6220 (13.6)
Sex 0.00
Male 3659 (32.0) 14,636 (32.0)
Female 7773 (68.0) 31,092 (68.0)
Income
1 (lowest) 2858 (25.0) 11,432 (25.0) 0.00
2 1037 (9.1) 4148 (9.1)
3 1371 (12.0) 5484 (12.0)
4 1886 (16.5) 7544 (16.5)
5 (highest) 4280 (37.4) 17,120 (37.4)
Region of residence 0.00
Urban 4617 (40.4) 18,468 (40.4)
Rural 6815 (59.6) 27,260 (59.6)
Hypertension 0.00
Yes 8314 (72.7) 33,256 (72.7)
No 3118 (27.3) 12,472 (27.3)
Diabetes Mellitus 0.00
Yes 4060 (35.5) 16,240 (35.5)
No 7372 (64.5) 29488 (64.5)
Dyslipidemia 0.00
Yes 3558 (31.1) 14,232 (31.1)
No 7874 (68.9) 31,496 (68.9)
Ischemic heart disease 0.05
Yes 1703 (15.0) 5992 (13.1)
No 9729 (85.1) 39,736 (86.9)
Cerebral stroke 0.50
Yes 5524 (48.3) 11,475 (25.1)
No 5908 (51.7) 34,253 (74.9)
Meniere’s disease 0.03
Yes 651 (5.7) 2319 (5.1)
No 10,781 (94.3) 43,409 (94.9)
Head trauma 0.03
Yes 886 (7.8) 1887 (4.1)
No 10,546 (92.3) 43,841 (95.9)

BPPV (Benging Paroxysmal
Positional Vertigo)
Yes 609 (5.3) 1914(2.6)
No 10,823 (94.7) 43,814 (95.8)

0.05

The OR for BPPV was higher in the dementia group than in the control group
(OR =1.29, 95% CI = 1.18-1.42; p < 0.001, Table 2). The higher risk was maintained after
adjusting for ischemic heart disease, cerebral stroke, Meniere’s disease, and head trauma
(adjusted OR = 1.14, 95% CI = 1.03-1.26; p = 0.009).
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Table 2. Crude and adjusted odds ratios (95% confidence interval) of BPPV for dementia and in subgroup analysis according
to age, sex, income, and region of residence.

Characteristics No. of BPPV/ No. of BPPV/ ORs for Dementia

p for Inter-
No. of Dementia (%) No. of Control (%) Crudet p-Value Adjusted t,1 p-Value action
Total participants (n = 57,160)
BPPV 609/11,432 (5.3) 1914/45,728 (4.2) a 113'_219 o) <0.001 * 1.14 (1.03-1.26) 0.009 *
Age < 75 years old (n = 20,970)
141 .
BPPV 216/4194 (5.2) 624/16,776 (3.7) (1.201.65) <0.001 1.18 (0.99-1.39) 0.062 0.245
Age > 75 years old (n = 36,190)
BPPV 393/7238 (5.4) 1290/28,952 (4.5) a 1%)’_2?39) <0.001 * 1.12 (0.99-1.26) 0.066
Men (n = 18,295)
1.50
BPPV 158/3659 (4.3) 428/14,636 (2.9) (125-1.81) <0.001 * 1.32 (1.09-1.61) 0.005 * 0.063
Women (n = 38,865)
BPPV 451/7773 (5.8) 1486,/31,092 (4.8) a 1})'_213 ) <0001*  1.09(097-122)  0.148
Low income (n = 26,330)
1.34 . .
BPPV 262/5266 (5.0) 795/21,064 (3.8) (1.16-155) <0.001 1.19 (1.02-1.38) 0.026 0.651
High income (n = 30,830)
BPPV 347/6166 (5.6) 1119/24,664 (4.5) a 111'_21642) <0.001 * 1.10 (0.97-1.26) 0.134
Urban (n = 23,085)
1.29 .
BPPV 242 /4617 (5.2) 762/18,468 (4.1) (1.11-1.50) 0.001 1.14 (0.98-1.33) 0.096 0.920
Rural (n = 34,075)
BPPV 367/6815 (5.4) 1152/27,260 (4.2) a 1;—21946) <0.001 * 1.14 (1.00-1.29) 0.046 *

* Odd ratios on unconditional logistic regression model, Significance at p < 0.05. t Age, sex, income, region of residence, hypertension,
diabetes mellitus, and dyslipidemia were stratified in a conditional logistic regression model. } Adjusted model was adjusted for ischemic
heart disease, cerebral stroke, Meniere’s disease, and head trauma.

In the subgroup analysis according to sex, the OR for BPPV was higher in males
(adjusted OR = 1.32, 95% CI = 1.09-1.61, p = 0.005, Table 2). There was no increase in the
OR for BPPV in female dementia patients.

According to income and region of residence, the subgroups of low income and rural
residence showed high OR for BPPV in dementia patients (each of p < 0.05). According
to the medical histories, the subgroups with histories of hypertension, diabetes, or dys-
lipidemia, and no histories of ischemic heart disease, stroke, Meniere’s disease, or head
trauma demonstrated increase in the OR for BPPV in dementia patients (each of p < 0.05,
Table 3).

Table 3. Subgroup analysis of crude and adjusted odds ratios (95% confidence interval) of BPPV for dementia according to
hypertension, diabetes mellitus, dyslipidemia, ischemic heart disease, cerebral stroke, Meniere’s disease, and head trauma.

Characteristics No. of BPPV/ No. of BPPV/ ORs for Dementia p for Inter-

No. of Dementia (%) No. of Control (%) Crude t p-Value Adjusted t,1 p-Value action

Non-hypertension (n = 15,590)

BPPV 112/3118 (3.6) 346/12,472 (2.8) (1.015f)11.63) 0.016 1.12 (0.89-1.41) 0.327 0.978

Hypertension (n = 41,570)
BPPV 497/8314 (6.0) 1568/33,256 (4.7) (1.116'_219‘ 9 <0001*  114(1.03-127)  0016*
Non-diabetes mellitus (n = 36,860)

BPPV 343/7372 (4.7) 1142/29,488 (3.9) (1.017211.37) 0.002 * 1.07 (0.94-1.22) 0.288 0.099

Diabetes mellitus (n = 20,300)

BPPV 266/4060 (6.6) 772/16,240 (4.8) (1.212i111, &) <0001*  124(1.07-144)  0.005*
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Table 3. Cont.

Characteristics No. of BPPV/ No. of BPPV/ ORs for Dementia p for Inter-
No. of Dementia (%) No. of Control (%) Crude t p-Value Adjusted 1,1 p-Value action
Non-dyslipidemia (n = 39,370)
BPPV 323/7874 (4.1) 1051/31,496 (3.3) (1'019’_2;1.41) 0.001 * 1.11 (0.97-1.27) 0.125 0.500
Dyslipidemia (n = 17,790)

BPPV 286/3558 (8.0) 863/14,232 (6.1) (1.11316.56) <0.001 * 1.17 (1.02-1.36) 0.031*

Non-ischemic heart disease (n =
49,465)

BPPV 500/9729 (5.1) 1546/39,736 (3.9) (1.2115’;1.48) <0.001 * 1.18 (1.06-1.31) 0.003 * 0.107
Ischemic heart disease (n = 7695)

BPPV 109/1703 (6.4) 368/5992 (6.1) (0.811&5. 30) 0.693 0.97 (0.77-1.22) 0.781

Non-cerebral stroke (n = 40,161)

BPPV 287/5908 (4.9) 1156/34,253 (3.4) (1.2;%16‘ &) <0001*  146(127-1.67)  <0.001* ~0.001*

Cerebral stroke (n = 16,999)
BPPV 322/5524 (5.8) 758/11,475 (6.6) (0'7(;’518.00) 0.052 0.90 (0.79-1.04) 0.146
Non-Meniere’s disease (n = 54,190)
BPPV 496/10,781 (4.6) 1564/43,409 (3.6) (1.116'_219. . <0001*  114(1.02-126)  0.020* 0934
Meniere’s disease (n = 2970)

BPPV 113/651 (17.4) 350/2319 (15.1) (0.91_1? ) 0.160 1.13 (0.89-1.43) 0318

Non-head trauma (n = 54,387)

BPPV 560/10,546 (5.3) 1804/43,841 (4.1) (1'155’11.44) <0.001 * 1.16 (1.05-1.28) 0.005 * 0.163

Head trauma (n = 2773)
BPPV 49/886 (5.5) 110/1887 (5.8) (0.6(;??34) 0.754 0.90 (0.63-1.29) 0.571

* Odds ratios from a conditional logistic regression model in subgroups according to hypertension, diabetes mellitus, and dyslipidemia,
and odds ratios from a unconditional logistic regression model in subgroups according to ischemic heart disease, cerebral stroke, Meniere’s
disease, and head trauma. Significance at p < 0.05, + Age, sex, income, region of residence, hypertension, diabetes mellitus, and dyslipidemia
were stratified in a conditional logistic regression model 1 Adjusted model was adjusted for ischemic heart disease, cerebral stroke, Meniere’s disease,
and head trauma in a conditional logistic regression model, and age, sex, income, region of residence, hypertension, diabetes mellitus, dyslipidemia,
ischemic heart disease, cerebral stroke, Meniere’s disease, and head trauma in an unconditional logistic regression model.

4. Discussion

After adjustment for age, sex, income, region of residence, and medical history, the risk
of dementia was higher in the BPPV than in the matched control group. Among patients
with BPPV, male sex, high income, rural residence, a history of hypertension, diabetes, or
dyslipidemia, as well as absence of a history of ischemic heart disease, stroke, Meniere’s
disease, and head trauma were associated with a high risk of dementia. These findings
extend those of previous studies to a larger population with a matched control group.

A previous population cohort study also reported an increased risk of dementia in
patients with BPPV (a 1.24-fold higher hazard ratio of dementia in patients with BPPV,
95% confidence interval 1.09-1.40, p < 0.001) [11]. However, the control group in the study
was matched only for age and sex. Although we adjusted for possible confounders, the
effects of unmatched comorbidities on the association between independent and dependent
variables cannot be completely excluded [23]. Furthermore, the study included individuals
aged >20 years, whereas our study included only those aged >60 years because dementia
is rare in young individuals and usually shows a specific etiology.

BPPV may represent an initial manifestation of degenerative nervous system changes.
Vestibular and macular degeneration may lead to otoconial detachment; studies have re-
ported neuronal degenerative changes of the saccular macula in patients with BPPV [24,25].
Degenerative changes in the utricular macula have also been observed in patients with
BPPV, who underwent surgery for posterior semicircular canal occlusion [26]. A loss of gan-
glion cells in the superior or inferior vestibular nerve and saccular ganglion cells, involving
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approximately 50% and 30%, respectively, of the temporal bone, have been reported in
patients with BPPV [27]. Neuronal degeneration is known to affect the phylogenetically
older neurons in patients with dementia [28]. The vestibular system is the phylogenetically
oldest sensory system [29]; therefore, its degeneration may represent an early or prodromal
stage of dementia. Moreover, symptoms of spinning-type vertigo are more prominent than
those associated with cognitive impairment; therefore, BPPV tends to be diagnosed earlier
than full-blown dementia.

Complications of BPPV, including falls, inactivity, and reduced social activity may
contribute to the risk of dementia in patients with BPPV. BPPV is an important contributor
to falls in the elderly population [30]. In a retrospective study of elderly patients with
BPPYV, canalith repositioning therapy was shown to reduce the number of falls [13]. Falls
are associated with dementia and serve as an initial presentation in approximately 30% of
patients with dementia [31]. Falls may result in traumatic brain injuries, which are shown
to be associated with dementia. However, in our subgroup analysis, patients with a history
of head trauma did not show an association between BPPV and dementia. Therefore,
additional contributors may mediate the association between BPPV and dementia. Comor-
bidities such as inactivity, anxiety, and depression tend to increase the risk of dementia [32].
Additionally, medications, such as benzodiazepines administered to reduce vertigo or
anxiety in patients with BPPV may affect the development of dementia [33]. However, the
effects of anxiolytics on subsequent dementia remain controversial [34]. A case—control
study reported no definite association between benzodiazepine administration and subse-
quent dementia [34]. Further studies are warranted to investigate the effects of anxiolytics
on dementia.

Shared pathophysiological mechanisms between BPPV and dementia may affect the
risks associated with both conditions. A recent study observed that vestibular-system
ischemia increased the risk of BPPV [15] and that patients with BPPV showed a high
risk of cerebrovascular diseases, including stroke and migraine [15,35]. The association
between BPPV and cardiovascular disorders was attributed to ischemia of the feeding
arteries of the vestibular system [36]. Vascular compromise in hypertension and heart
disease is shown to increase the risk of dementia [37]. In our subgroup analyses based
on a history of comorbidities, we observed a definite association between BPPV and an
increased risk of dementia in patients with hypertension, diabetes, and dyslipidemia. The
high predisposition to both BPPV and dementia may contribute to the higher association
between BPPV and dementia. Although we matched and adjusted for confounders, we
cannot completely exclude the potential effects of these comorbidities on the association
between BPPV and dementia.

Our study also highlighted the higher risk of dementia in men with BPPV. A previous
study reported that education level, social activities, and alcohol consumption interact with
sex to affect cognitive function [38] and may also play a role in the sex-based differences in
the risk of dementia in patients with BPPV. Furthermore, in this study, high income and
rural residence affected the association between BPPV and the increased risk of dementia.
Access to healthcare is invariably affected by income levels. This study was based on
health-claims data; therefore, it is reasonable to conclude that clinical visits for evaluation
of BPPV may be higher in patients with a high income.

The present study was based on nationwide representative data, the validity of which
was verified by a previous study [21]. The National Health Interview Survey data include
all Korean citizens, without exception; therefore, there were no missing participants. The
control group was randomly selected and matched for age, sex, income, region of residence,
and a medical history of hypertension, diabetes, and dyslipidemia. We included income and
region of residence because these factors tend to determine the availability of healthcare.

Following are the limitations of our study. BPPV was diagnosed by a physician in
patients who were treated at least twice for the condition. However, BPPV was not catego-
rized based on severity and subtypes. Various pathophysiological conditions, including
cupulolithiasis, canal switch, and re-entry phenomenon are associated with BPPV [39]. The
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diagnosis of BPPV could be inaccurate, particularly in elderly patients owing to the vague
history and difficulty in physical examination in this population [40]. Positional nystagmus
of central origin may also manifest as BPPV [41]. Reportedly, approximately 97.5% of cen-
tral positional nystagmus manifests as an atypical direction of nystagmus observed during
the Dix-Hallpike maneuver; however, central positional nystagmus secondary to cerebellar
or brainstem involvement may mimic and be misdiagnosed as BPPV [41]. The diagnosis
of BPPV may be missed by general physicians; BPPV is more accurately diagnosed by
otoneurologists than by general practitioners. Compared with healthy controls, patients
with comorbidities are more likely to be diagnosed with BPPV owing to frequent clinical
visits. Although we adjusted for several potential confounders, we did not consider a
few others, including body mass index, smoking status, alcohol consumption, physical
inactivity, social isolation, education level, and hearing loss. The dementia group in this
study was selected based on the International Classification of Diseases, Tenth Revision,
Clinical Modification codes and a history of treatment with more than one therapeutic
intervention for the condition. The prevalence of dementia assumed in this study was
comparable with that reported by the Central Dementia Center of Korea. However, data
from the Health Insurance Review and Assessment Service National Patient Sample do not
include details regarding the severity of dementia; additionally, we could not determine
semicircular-canal involvement and eventual recovery from BPPV.

5. Conclusions

BPPV was related with an increased risk of dementia in patients > 60 years of age.
This association of BPPV with dementia was valid in patients with male sex, low income,
rural residence, and medical histories of hypertension, diabetes, and dyslipidemia. The
possible links of BPPV with dementia need to be considered when managing patients with
BPPV.
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