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Abstract: The aim of the present study was to compare the posterior tympanotomy (PT) technique
to the endomeatal approach. The endomeatal approach (EMA) for Cochlear Implant (CI) surgery
was performed on 98 patients with procident lateral sinus or a small mastoid cavity, on 103 ears
(Group A). Conventional mastoidectomy and PT was performed on the other 104 patients, on 107 ears
(Group B). Data on all patients were then collected for the following: intra- and post-operative
complications, Tinnitus Handicap Inventory (THI), Vertigo Symptom Scale (VSS), duration of surgery,
and postoperative discomfort. The difference in the total number of major and minor complications
between the case group and the control group was not statistically significant. There was a statistically
significant difference in discomfort between the two groups using the Visual Analogue Scale (VAS),
both immediately postsurgery (p = 0.02) and after one month (p = 0.04). The mean duration of
surgery was 102 ± 29 min for EMA and 118 ± 15 min for the PT technique (p = 0.008). EMA is a faster
technique resulting in reduced postoperative patient discomfort in comparison to the PT method.
The experience of the surgeon as well as the correct choice of surgical technique are fundamental to
successful outcomes for cochlear implant surgery.

Keywords: endomeatal approach; cochlear implant; hearing loss; posterior tympanotomy; tinnitus;
without mastoidectomy

1. Introduction

Cochlear Implant (CI) surgery is now the most common and reliable method used to treat patients
with severe and profound sensorineural hearing loss. A CI is a surgically implanted medical device
that converts acoustic sound input into electrical stimuli. The acoustic information is manipulated by
the CI’s speech processor to generate electrical signals, which directly stimulate the auditory nerve.
Hair cells in the inner ear are not involved in the process [1–4].

The traditional surgical procedure (the transmastoid approach) involves an antromastoidectomy,
followed by posterior tympanotomy (PT) through the facial recess and finally a round window
technique or promontorial cochleostomy. This surgical approach has been used routinely for several
years with very satisfactory results if performed by experienced otological surgeons. The main difficulty
with this approach is the risk of facial nerve damage [5–8]. Alternative techniques (nonmastoidectomy
approaches) have been developed in recent years. These are particularly useful when anatomic
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constraints are present and mean that a facial recess approach is difficult to perform. In these cases,
alternative techniques must be used to minimize complications. One of the nonmastoidectomy
approaches in CI surgery is the endomeatal approach (EMA). This allows an optimal and atraumatic
insertion plane for the positioning of the array through the external auditory canal (EAC) and the
round window (RW) [9,10].

A surgical approach using the external auditory canal and the round window as a natural access
pathway for cochlear implant positioning, the endomeatal approach, is described. This approach avoids
performing an antromastoidectomy, the subsequent posterior tympanotomy, and the promontorial
cochleostomy. EMA requires making a bony EAC groove for electrode lead lodging in order to avoid
contact between the skin and the EL that could lead to its extrusion. An overhang is left in the
superior groove’s edge in order to retain the electrode lead and avoid its contact with the EAC skin,
therefore preventing extrusion. A 1 mm width and 2 mm depth is enough to cross the fallopian canal
at a safe distance and lodge the electrode.

There are several differences between EMA and the traditional PT approach.
During the PT technique, the RW and the promontory are accessed from the back after the

mastoidectomy is carried out. During the EMA procedure, the RW is accessed from a different point of
view and located through the front of the posterior wall of the EAC.

A better insertion angle is obtained for EMA in comparison to PT because the scala tympani
is in the same line of the insertion plane, meaning that the array does not hit the spiral lamina
during introductory maneuvers. The insertion angle is approximately 30◦ more anterior and 15◦ more
superior in comparison to the PT insertion angle and follows the longitudinal axis of the scala tympani.
Ruptures of the modiolar wall, spiral lamina, and/or basilar membrane are avoided during EMA
because the insertion line is in a more vertical position, meaning that there is enough space in the EAC
to allow the array to curve over the scala tympani wall [11]. When using the traditional PT approach,
there is a risk of facial nerve lesion during the mastoidectomy and PT. The incidence of this condition
is around 1%. Anomalies in the facial nerve course are present in 16% of patients with CI, and one
third of these have either common cavity malformations or hypoplastic cochleas with aberrant facial
nerve courses [9].

The groove created during EMA enables the risk of facial nerve damage to be reduced, because the
groove is in the posterior EAC wall, away from the nerve in a position easily controlled through the
visualization of the Fallopian canal over the oval window.

PT through the facial recess should require facial nerve monitoring. Furthermore, the chorda
tympani (CT) is often not preserved when drilling the bone, but is sometimes intentionally sacrificed
in order for the surgeon to obtain a better view of the round window. During EMA, the CT is easily
visualized and preserved [12].

A cholesteatoma may also develop when a PT is performed, caused by penetration of the skin
in the mastoid cavity via the hole left in the posterior EAC wall. The EMA approach avoids this
complication [10].

The aim of the present study was to compare the traditional transmastoid technique with EMA
to determine any statistically significant differences between the two techniques for the following:
intra- and postoperative complications, tinnitus, vertigo, postsurgery discomfort, and duration
of intervention.

2. Materials and Methods

A retrospective multicenter study was carried out in the Department of Otorhinolaryngology
at Policlinic G. Martino of Messina in Italy, the Instituto del Oído of Rosario in Argentina, and the
University of Pereira in Columbia from 2005 to 2018. In total, 202 patients with deafness who had
received cochlear implant surgery were enrolled, with 210 implanted ears. We included in our study
all adult patients aged over 18 years with bilateral sensorineural hearing loss, who did not benefit
from hearing aids, meeting at least one of these criteria:
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1. A pure tone average (PTA) at 0.5, 1, 2, and 4 kHz of worse than 55 dB when tested using pure
tone audiometry with bilateral hearing aids.

2. A word recognition score (WRS) of <50% recognition of bisyllabic words in open lists with
optimized bilateral hearing aids.

The exclusion criteria were as follows: patients who had received previous middle ear surgery,
and patients with cochlear otosclerosis or other significant craniofacial malformations. Altogether,
98 patients with procident lateral sinus, a small mastoid cavity or a narrow facial recess received the
endomeatal approach (Group A), with 103 ears. An additional 104 patients with no anatomic variations,
with 107 ears, received conventional mastoidectomy and TP (Group B) (Table 1). All groups received
the following: intraoperative Neuronal Response Telemetry, five days of broad-spectrum antibiotics
by injection, and a Stenvers projection X-ray of the skull to verify the correct positioning of the inner
part of the CI the day after surgery. Activation and mapping was performed one month after surgery.
We also carried out follow up assessments at 1, 3, 6, and 12 months postsurgery and once a year for
the rest of life. All patients were assessed for the following: intra- and postoperative complications;
Tinnitus Handicap Inventory (THI) value; Vertigo Symptom Scale (VSS) value; duration of surgery;
and postoperative discomfort.

Table 1. Study population.

Features
Group A (EMA)

n (%)
M ± SD

Group B (PT)
n (%)

M ± SD
p-Value Odds Ratio (95% CI)

Gender 0.50 0.82 (0.47–1.44)
Male 52/98 (53%) 60/104 (57.7%)
Female 46/98 (47%) 44/104 (42.3%)

Age (years) 54.35 ± 11.34 51.72 ± 8.11 0.25

Deafness Etiology
Genetic 50/98 (51%) 65/104 (62.5%) 0.10 0.62 (0.35–1.1)
Autoimmune 10/98 (10.2%) 13/104 (8%) 0.61 0.79 (0.33–1.9)
Infection 15/98 (15.3%) 12/104 (11.5%) 0.43 1.3 (0.61–3.1)
Idiopathic 23/98 (23.4%) 14/104 (13.4%) 0.07 1.9 (0.94–4.01)

Implant model
Med-El 2/103 (1.9%) 3/107 (2.8%) 0.99 0.68 (0.11–4.19)
Advanced Bionics 4/103 (3.8%) 4/107 (3.7%) 0.99 1.04 (0.25–4.27)
Oticon Medical 1/103 (0.9%) 5/107 (4.6%) 0.21 0.2 (0.02–1.74)
Cochlear 96/103 (93.4%) 95/107 (88.9%) 0.33 1.73 (0.65–4.58)

PTA with aids (dB) 62.25 ± 5.30 59.84 ± 4.26 0.28

WRS with aids (%) 60.5 ± 3.25 58.45 ± 4.65 0.35

VSS presurgery 0.75 ± 0.28 0.88 ± 0.37 0.65

THI presurgery 35.25 ± 10.32 38.15 ± 9.65 0.67

Follow-up (months) 84.35 ± 15.66 82.75 ± 12.4 0.55

n—number; %—percentage; M—media; SD—standard deviation; CI—confidence interval; PTA—Pure Tone Average;
WRS—Word Recognition Score; THI—Tinnitus Handicap Inventory; VS—Vertigo Symptom Scale.

2.1. Surgical Technique

In recent times, the endomeatal approach (EMA) has been introduced for CI surgery. EMA avoids
the need for mastoidectomy and PT by using the external auditory canal (EAC) and the round
window (RW) as a natural access pathway for CI positioning. The surgery is carried out using the
following steps:

-Incision of the skin of the EAC followed by detachment and overturn of the tympanomeatal flap.
-Prolonged retroauricular skin incision in an S-shaped cephalic direction.
-Retroauricular detachment of the skin of the posterior wall of the external third of the EAC.
-Identification of the RW, removal of the overhanging bone projection that protects the RW until

complete exposure of the RW membrane.
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-Formation of a bone canal 2 mm from the tympanic groove for the RW approach, proceeding
towards the outer edge of the bone of the EAC between its posterior and superior wall until it reaches
the temporal squama.

-An overhang is left in the superior groove’s edge in order to house the electrode lead and avoid it
making any contact with the skin of the EAC, thereby preventing its extrusion.

-The array is inserted into the scala tympani of the RW, following incision into the secondary
tympanic membrane.

-The electrode holder filter is placed in the groove previously excavated in the EAC and stabilized
with bone powder and fibrin glue.

-The body of the CI is placed in the subperiosteal pocket and secured with a titanium screw [10]
(Video S1).

The traditional surgical procedure that we performed (the transmastoid approach) involves
an antromastoidectomy, followed by posterior tympanotomy (PT) through the facial recess and finally
a round window technique.

Both techniques have been performed by surgeons with at least 20 years of experience.

2.2. Intra- and Postoperative Complications

Intra- and postoperative complications were divided into major and minor.
Major complications included array extrusion, necrosis or severe flap infection, facial paralysis,

IC failure, biofilm formation, meningitis, implant extrusion, incorrect positioning of the array,
and liquorrhea from the fixing holes, requiring new intervention or causing permanent disability.

Minor complications included mild infection of the flap, hematoma, lesion of the chorda tympani
with taste disturbances, selective stimulation of the facial nerve, dizziness and postoperative balance
disorders, postoperative tinnitus, and perilymphatic fistula managed with drug therapy or local surgery.

2.3. Tinnitus Handicap Inventory

The Tinnitus Handicap Inventory (THI) is a self-administered test used to determine the degree of
distress suffered by the patient with tinnitus. It consists of 25 questions divided into three subgroups:
functional, emotional, and catastrophic. Eleven items are included on the functional scale, nine on
the emotional scale, and five on the catastrophic scale. The THI uses a three-point scale: 0 (No),
2 (Sometimes), and 4 (Yes). The total score ranges from 0 to 100, and a higher score indicates a higher
frequency of symptoms [13].

2.4. Vertigo Symptom Scale-Short Form

The Vertigo Symptom Scale-short form (VSS-sf) is a fifteen-item, self-administered assessment
that measures the frequency of vertigo, dizziness, unsteadiness, and concomitant autonomic/anxiety
symptoms over the past month. The VSS-sf uses a five-point Likert scale: 0 (never), 1 (a few times),
2 (several times), 3 (quite often/every week), and 4 (very often/most days). The total score ranges from
0 to 60, and a higher score indicates a higher frequency of symptoms [14].

2.5. Discomfort Visual Analogue Scale

The Discomfort Visual Analogue Scale (VAS) is a self-administered assessment that measures the
discomfort of patients postsurgery (including pain, headache, constriction, etc.). The total score ranges
from 0 to 10, and a higher score indicates a higher frequency of symptoms.

2.6. Ethical Approval

All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964 Helsinki

4



Int. J. Environ. Res. Public Health 2020, 17, 4187

declaration and its later amendments or comparable ethical standards. The study was approved by the
Ethics Committee of the University of Messina, on 08/27/2019 with the protocol number 81/19.

2.7. Statistical Analysis

Statistical analyses were performed using SPSS 25.0 (IBM SPSS Statistics, New York, NY, USA).
The data are presented as means with standard deviations. Data normality was assessed using the
Kolmogorov–Smirnov test of normality. The Mann–Whitney U-Test was used to compare the THI,
VSS-sf, and Discomfort VAS measurements between the groups. Student’s t-test was used to compare
the PTA, WRS, months of follow-up, and ages of the groups. An ANOVA test with a post-hoc Tukey’s
HSD Test was used to compare the THI, VSS-sf, and Discomfort VAS follow-up values of each group.
The chi-square test was used to compare the gender distribution of the groups as well as the etiology
of deafness. The Fisher exact test was used to determine the percentage of complications that arose in
each group and the implant model. Odds ratios and their corresponding 95 % Confidence Intervals
(CIs) were calculated. A p ≤ 0.05 was considered to be significant.

3. Results

Following the application of inclusion and exclusion criteria, 98 patients, of whom 52 were male
and 46 were female, with a mean age of 54.35 ± 11.34, were selected for the A group. A total of
104 patients, of which 60 were male and 44 were female, with a mean age of 51.72 ± 8.11 were selected
for the B group. There were no statistically significant differences between the two groups for the
following: age, gender, etiology of deafness, model of implants, PTA and WRS values with aids, THI,
and VSS-sf values presurgery and at follow-up.

There was only one major complication in group A, an ear infection with a biofilm formation that
required CI removal, and no statistically significant difference between the two groups for this variable
(p = 0.45, Odds Ratio = 3.1, 95% CI = 0.1–78.1). For minor complications, there were three cases of
tympanic perforation in group A, and cases of subcutaneous emphysema, partial migration of the
implant body, and facial nerve stimulation in group B. There was no statistically significant difference
between the two groups for minor complications. The total number of minor complications was also
not found to be statistically significant when comparing the case group to the control group (p = 1,
Odds Ratio = 1.1, 95% CI = 0.2–5.2) (Table 2).

Table 2. Intra- and postoperative complications.

Complications Group A (EMA)
n (%)

Group B (PT)
n (%) p-Value Odds Ratio (95% CI)

Major Complications 1 (0.9%) 0 0.45 3.1 (0.1–78.1)
Bacteria Biofilm 1 (0.9%) 0 0.45 3.1 (0.1–78.1)
Others 0 0

Minor Complications 3 (2.9%) 3 (2.8%) 1 1.1 (0.2–5.2)
Tympanic perforation 3 (2.9%) 0 0.11 7.4 (0.3–107.7)
Subcutaneous emphysema 0 1 (0.9%) 1 0.3 (0.01–8.5)
Partial migration of the implant body 0 1 (0.9%) 1 0.3 (0.01–8.5)
Facial nerve stimulation 0 1 (0.9%) 1 0.3 (0.01–8.5)
Others 0 0

n—number; %—percentage; CI—confidence interval

THI, VSS-sf, and Discomfort VAS values were calculated postsurgery and after 1, 3, 6, and 12 months
(Table 3). There was an improvement in THI postsurgery in comparison to presurgery values (p = 0.007),
with a further reduction in handicap after each follow-up in each of the groups (p < 0.001). There was
no statistically significant difference between the two groups for THI scores.

There was an increase in vertiginous sensation immediately after the operation recorded on
the VSS-sf, in comparison to the basal condition (p < 0.001). During follow-up, there was a clear
improvement in these symptoms (p < 0.001). There was no statistically significant difference between
the two groups for VSS-sf scores.
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A statistically significant difference was found between the two groups for Discomfort VAS values
postsurgery (p = 0.02) and after 1 month (p = 0.04). Subsequent follow-ups did not show significant
differences. The mean duration of surgery was 102 ± 29 min for EMA and 118 ± 15 min for the
traditional technique, with a statistically significant difference between them (p = 0.008).

Table 3. THI, VSS-sf, and VAS discomfort postsurgery and after 1, 3, 6, and 12-month follow-up.

Follow-Up Group A (EMA)
M ± DS

Group B (PT)
M ± DS p-Value

THI
After surgery 11.8 ± 7.2 13.3 ± 8.1 0.45
1 month 9.6 ± 5.4 8.9 ± 4.6 0.55
3 months 5.4 ± 2.3 6.6 ± 2.1 0.59
6 months 2.9 ± 0.9 3.4 ± 1.2 0.21
12 months 2.1 ± 0.7 1.6 ± 0.3 0.23

VSS-sf
After surgery 21.8 ± 9.4 19.7 ± 8.3 0.22
1 month 4.3 ± 1.2 5.8 ± 1.7 0.19
3 months 1.2 ± 0.2 1.7 ± 0.3 0.65
6 months 0.1 ± 0.02 0.1 ± 0.02 0.93
12 months 0 0 1

Discomfort VAS
After surgery 3.2 ± 1.1 5.3 ± 1.3 0.02
1 month 1.9 ± 0.4 3.2 ± 0.8 0.04
3 months 0.2 ± 0.05 0.5 ± 0.06 0.12
6 months 0.01 ± 0.002 0.01 ± 0.002 0.95
12 months 0 0 1

M—media; SD—standard deviation; THI—Tinnitus Handicap Inventory; VSS-sf—Vertigo Symptom Scale short
form; VAS—Visual Analogue Scale.

4. Discussion

The endomeatal approach (EMA) is a nonmastoidectomy approach in which cochlear implant
positioning is carried out through the external auditory canal and the round window.

Our study demonstrates that no statistically significant differences were present in intra- and
postoperative complications, or in the presence of tinnitus and vertigo postsurgery between groups
A and B. A higher discomfort was recorded in Group B after the surgery, and a month later, whereas
no statistically significant differences were present at 3, 6, and 12 months follow-up. Hospitalization
time does not change between the two techniques. On average, a patient remains hospitalized for
3–4 days. This shows that both techniques are valid. The surgeon’s experience with carrying out both
techniques is fundamental for the success of the intervention. It is therefore advisable to evaluate on
a case-by-case basis as to which of the two techniques might yield the best result.

A recent review of the literature suggests that anatomical variability is an important factor in
cochlear implant surgery and is usually present [9]. The anatomy of the ear is very complex and
an in-depth knowledge of this is required before carrying out surgery. The traditional approach with
PT becomes more difficult in patients with procident lateral sinuses and small mastoid cavities, both of
which are diagnosed with some frequency, as the surgical space for insertion of the array is reduced.
With the EMA technique, insertion is safe and easy [15].

Craniofacial malformations are often present in syndromic children with congenital deafness,
making traditional CI surgery with mastoidectomy and PT difficult. In the literature, EMA is also
used for children with minor anatomical variations. As the child grows, there is the potential risk of
dislocation of the position of the implant. The groove may then be transformed into a small furrow,
which allows the passage of the guide electrode to be housed in a small mastoid fossa of about 2 cm
wide, by 2 mm deep, without opening the antromastoid, and located immediately in front of the array
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housing. This small pit allows placement of the excess cable of the implant. Further studies on the use
of EMA in children are necessary [16,17].

EMA is a less invasive technique that facilitates cochlear implant surgery in cases of anatomic
differences, such as procident lateral sinus, small mastoid cavity, narrow facial recess, and an anteriorly
located facial nerve.

For Tarabichi et al., there was significant variability in the relationship between the ear canal and
the basal turn of the cochlea in reference to the sagittal plane. A clear majority of images demonstrated
the basal turn of the cochlea to align with a more posterior angle than that of the ear canal. The trajectory
provided by posterior tympanotomy aligns more favorably with the basal turn of the cochlea than
transcanal access. Endoscopic technique, primarily an ear canal intervention, may not be useful in
cochlear implant surgery [18].

Zernotti et al. performed a multicenter review of 208 patients with cochlear implants, comparing
the different techniques. The complications were classified into major and minor. Among the 208
implanted patients, 10.5% (22 of 208) had complications. Of these, 2.88% (6 of 208) were major
complications and 7.69% (16 of 208) were minor complications. Comparing the results obtained by the
different approaches, the PT technique had the lowest rate of major complications (1.1%), followed by
the EMA technique with 2.38% and suprameatal approach with 3.75%. As for minor complications,
operations in the suprameatal approach group had the lowest rate (6.25%), followed by the EMA group
(7.14%), and the group operated on using the PT technique presented the highest (10%) [19].

Mostafa et al. performed a prospective study on 125 cochlear implant patients and followed up
for 6–30 months. A modified transcanal technique was adopted through a small postauricular incision.
A tympanomeatal flap is elevated, the middle ear is exposed, and the round window membrane is
exposed by drilling the overhanging niche. The electrode is channeled in an open trough along the
posterosuperior meatal wall, which is reconstructed by autologous cartilage. The round window was
used for insertion in 110 patients and a cochleostomy in 15. There were 115 complete insertions and
10 partials. There were six chorda tympani injuries, two electrode exposures with one requiring revision,
and two cases with a tympanic membrane perforation which were grafted uneventfully. One case had
severe infection and subsequent extrusion of the device one year after successful implantation [4].

Thaiba et al. reported the transmeatal approach that involves creating an open transcanal tunnel
starting from the annulus superior to the chorda tympani laterally towards the suprameatal region.
Then, through the open tunnel, a bony groove is created in the bone underneath the length of the EAC
to protect the electrode from extrusion through the EAC. They described the use of this approach in
131 patients. During 2 to 46 months of follow-up, there was no electrode extrusion [20].

A shorter duration of surgery was obtained for EMA in comparison to the traditional technique,
as observed by Slavutsky et al. [10,21].

A limitation of our study is that it is retrospective, with the choice of surgical technique being
based on anatomical radiodiagnostic study. The study was conducted over a long period of time and
in three different countries. Many surgeons were involved in the EMA and PT technique, and the
medical care systems were different in each country, increasing the risk of bias. Given the limitations,
our manuscript should be considered as a preliminary study. For significant results, prospective
randomized double or triple-blind studies are required. Cochlear implant surgery is very delicate,
regardless of the surgical technique chosen, meaning that the surgeon must have strong expertise and
have mastered both techniques. Accurate presurgical planning, with careful analysis of radiological
studies, is necessary when choosing the best surgical technique for each case, in order to obtain the
best results from intervention.

5. Conclusions

Our multicenter study confirms that EMA is a safe surgical technique with excellent outcomes.
There were no statistically significant differences with regard to complications. EMA, in our study,
appears to be a faster technique with reduced postoperative patient discomfort in comparison to the
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more traditional PT technique. In each case, the experience of the surgeon and the correct choice of
technique are fundamental in achieving a successful outcome for CI surgery.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/12/4187/s1,
Video S1: Endomeatal Approach.
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Abstract: This study explored the relation between Ménière’s disease and chronic obstructive
pulmonary disease (COPD). The ≥40-year-old population of the Korean National Health Insur-
ance Service-Health Screening Cohort was included. In total, 7734 Ménière’s disease patients and
30,936 control participants were enrolled. Control participants were matched for age, sex, income,
and region of residence with Ménière’s disease participants. The odds of having Ménière’s disease
given a history of COPD were analyzed using conditional logistic regression. Subgroup analyses
were conducted according to age, sex, income, and region of residence. The odds of having Ménière’s
disease were found to be 1.18-fold higher with a history of COPD than with no history of COPD
(95% confidence intervals (CI) = 1.06–1.32, E-value (CI) = 1.64 (1.31)). The ≥60 years old, male,
low-income, and rural subgroups showed increased odds of developing Ménière’s disease when a
history of COPD was reported. A history of COPD was associated with an increased risk of Ménière’s
disease in the adult population.

Keywords: Ménière’s disease; chronic obstructive pulmonary disease; risk factors; case–control
studies; cohort studies

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic obstructive airway dis-
ease with a prevalence of approximately 10.1% worldwide [1]. COPD is more common in
men than in women, and mortality due to COPD occurs mainly in low- to middle-income
countries [2]. COPD is ranked as having the third highest burden for a disease of mortality
worldwide [3]. Furthermore, with an aging population, the disease burden of COPD has
been increasing [4]. Although COPD is a heterogeneous and complex disease [5], progres-
sive airway inflammation and an impaired immune response are common pathologies in
patients with COPD [6,7]. COPD shares risk factors, including aging, smoking, inflam-
mation, and physical inactivity, with other comorbidities, such as cardiovascular disease,
osteoporosis, and depression [8]. In addition, COPD has been suggested to increase the
risk of these comorbidities via aggravation of inflammatory and immune responses and
physical inactivity [7].

Ménière’s disease is described as episodic cochleovestibular symptoms of vertigo and
fluctuating hearing loss [9]. Because the diagnosis of Ménière’s disease depends on the
symptom presentations, the early stage of Ménière’s disease is difficult to identify [10].
The prevalence of Ménière’s disease has been reported to be approximately 17–46 per
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100,000 people [11,12]. The incidence of Ménière’s disease is high in female and middle-
aged populations [11,12]. Endolymphatic hydrops has been acknowledged as the primary
histopathology of Ménière’s disease [13]. The obstruction and/or overflow of endolym-
phatic flow could cause Ménière’s disease [13]. The etiology of Ménière’s disease has been
suggested to be multifactorial, including a genetic predisposition for autoantigens and
immune problems [14]. COPD has also been suggested to be caused by autoimmune prob-
lems [15]. In addition, many COPD patients suffer from neurological symptoms, such as
dizziness and depression, although these symptoms are often ignored due to their chronic
comorbid status. A previous study suggested the impact of chronic hypoxemia in COPD
patients on cochleovestibular dysfunction [16]. Abnormalities in otoacoustic emission,
hearing threshold level, and latencies of auditory brainstem response were higher in the
COPD groups than in the control group [16].

The hypothesis of the present study was that COPD may be associated with the
high occurrence of Ménière’s disease. To test this hypothesis, we recruited patients with
Ménière’s disease from the national health claim database, and those with a history of
COPD were compared with subjects in the control group. There has been a lack of evidence
for the association of COPD with Ménière’s disease. Therefore, the E-value was calculated
to estimate the possible effect of unmeasured confounders [17].

2. Materials and Methods
2.1. Study Population

This study was approved by the ethics committee of Hallym University (2019-10-
023). Because this study used retrospective health claims data, the requirement for written
informed consent was waived by the ethics committee of Hallym University. The guidelines
and regulations of the ethics committee of Hallym University were followed during all
analyses. The Korean National Health Insurance Service-Health Screening Cohort data
were used [18].

2.2. Participant Selection

A total of 9032 patients with Ménière’s disease were selected from among 514,866 patients
with 615,488,428 medical claim codes. The exclusion criteria were as follows: a diagnosis
of Ménière’s disease from 2002 to 2003 (n = 963); a history of treatment for head trauma
(S00-S09, diagnosed by neurologists, neurosurgeons, or emergency medicine doctors) with
head and neck CT evaluations (n = 275); treatment for brain tumors (C70–C72, n = 14),
disorders of acoustic nerves (H933, n = 22), or benign neoplasms of cranial nerves (D333,
n = 23); or patients missing total cholesterol level measurements (n = 1).

A total of 505,834 control participants who were not included in the Ménière’s disease
group from 2002 to 2015 were randomly selected. The exclusion criteria were as follows:
patients who died before 2004; patients with no records since 2004; patients treated for
Ménière’s disease (ICD-10 codes: H810) without an audiometric examination (n = 16,549);
patients with a history of treatment for head trauma with head and neck CT evaluations
(n = 12,607); and patients treated for brain tumors (C70–C72, n = 820), acoustic nerve
disorders (H933, n = 120), and benign neoplasms of cranial nerves (D333, n = 191).

The control subjects were matched 1:4 with the Ménière’s disease patients for age, sex,
income, and region of residence. The diagnosis date of Ménière’s disease was set as the
index date. Finally, 7734 Ménière’s disease participants and 30,936 control participants
were enrolled (Figure 1).
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long-acting muscarinic antagonists (LAMAs), long-acting β2-agonists (LABAs), inhaled 
corticosteroids (ICSs) combined with LABAs, short-acting muscarinic antagonists 
(SAMAs), short-acting β2 agonists (SABAs), methylxanthine, PDE4 inhibitors, and 
systemic beta agonists [19]. 

COPD aggravation was defined as a visit to the emergency room or admission to the 
hospital with a COPD diagnosis. 

2.4. Dependent Variable (Ménière’s Disease) 

Figure 1. A schematic illustration of the participant selection process that was used in the present study. Of a total of 514,866
participants, 6054 Ménière’s disease participants were matched with 24,216 control participants for age, sex, income, and
region of residence. Abbreviations: COPD, chronic obstructive pulmonary disease.

2.3. Independent Variables (Chronic Obstructive Pulmonary Disease and Aggravation)

Chronic obstructive pulmonary disease was defined as the occurrence of unspecified
chronic bronchitis (J42), emphysema (J43), or other COPD (J44), except MacLeod syndrome
(J430) ≥2 times with COPD-related medications prescribed ≥2 times, including long-acting
muscarinic antagonists (LAMAs), long-acting β2-agonists (LABAs), inhaled corticosteroids
(ICSs) combined with LABAs, short-acting muscarinic antagonists (SAMAs), short-acting
β2 agonists (SABAs), methylxanthine, PDE4 inhibitors, and systemic beta agonists [19].

COPD aggravation was defined as a visit to the emergency room or admission to the
hospital with a COPD diagnosis.

2.4. Dependent Variable (Ménière’s Disease)

Ménière’s disease was included based on a history of ≥2 incidents of treatment for
Ménière’s disease (H810) and a previous audiometric examination (claim code: E6931–
E6937, F6341–F6348) [20].
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2.5. Covariates

The covariates included age group, income level, region of residence, obesity based
on body mass index (BMI (kg/m2)), tobacco smoking (nonsmoker, past smoker, or current
smoker), and alcohol consumption (<one time a week or ≥one time a week), which were
classified as described in our previous studies [21,22]. Additional measurement data,
namely, total cholesterol level (mg/dL), systolic blood pressure (SBP, mmHg), diastolic
blood pressure (DBP, mmHg), and fasting blood glucose level (mg/dL), were included.

Asthma was diagnosed based on a history of ≥2 incidents of treatment for asthma
(J45, J46) and a history of ≥2 prescriptions for asthma medications, including ICSs or ICSs
combined with LABAs, oral leukotriene antagonists (LTRAs), SABAs, systemic LABAs,
xanthine derivatives, or systemic corticosteroids [21,23].

The covariates of benign paroxysmal vertigo (H811, ≥2 times), vestibular neuronitis
(H812, ≥2 times), and other peripheral vertigo (H813, ≥2 times) were diagnosed based
on the diagnostic codes (ICD-10). To assess the burden of comorbidities, the Charlson
Comorbidity Index (CCI), except for pulmonary disease, was calculated as the continuous
variable (0 (no comorbidities) to 29 (multiple comorbidities)) [24,25].

2.6. Statistical Analyses

The general characteristics were compared between the Ménière’s disease and control
groups using the chi-square test for categorical variables and the Wilcoxon rank-sum test
for continuous variables.

Conditional logistic regression stratified by age, sex, income, and region of residence
was conducted to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) of
COPD for Ménière’s disease. The analysis was adjusted for the following covariates:
asthma, obesity, smoking, alcohol consumption, CCI scores, total cholesterol level, SBP,
DBP, fasting blood glucose level, benign paroxysmal vertigo, vestibular neuronitis, and
other peripheral vertigo.

Subgroup analyses were conducted for age (<60 years old and ≥60 years old), sex
(males and females), income (low income and high income), and region of residence
(urban and rural). Additional analyses were performed in subgroups according to obesity,
smoking, alcohol consumption, total cholesterol levels, blood pressure, fasting blood
glucose levels, and CCI score. In these subgroups, Model 1 (adjusted for age, sex, income,
and region of residence) and Model 2 (model 1 plus obesity, smoking, alcohol consumption,
CCI scores, total cholesterol level, SBP, DBP, fasting blood glucose level, benign paroxysmal
vertigo, vestibular neuronitis, other peripheral vertigo, and asthma) were analyzed using
unconditional logistic regression.

The COPD group was divided into aggravated and non-aggravated COPD groups,
and the OR of COPD for Ménière’s disease was analyzed.

E-values were calculated as the sensitivity analyses [26]. SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA) was used for statistical analysis. All analyses were two-tailed. A
p value < 0.05 was considered statistically significant.

3. Results

A total of 8.5% (660/7734) and 6.2% (1922/30,936) of Ménière’s disease and control
participants had histories of COPD, respectively (p < 0.001, Table 1). There were significant
differences in the prevalence of obesity, smoking status, alcohol consumption, and CCI
scores between the patients with Ménière’s disease and the control group (all p < 0.001).
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Table 1. General characteristics of participants.

Characteristics Total Participants

Ménière’s Disease Control p-Value

Age (years old, n, %) 1.000
40–44 72 (0.9) 288 (0.9)
45–49 470 (6.1) 1880 (6.1)
50–54 1130 (14.6) 4520 (14.6)
55–59 1336 (17.3) 5344 (17.3)
60–64 1257 (16.3) 5028 (16.3)
65–69 1231 (15.9) 4924 (15.9)
70–74 1115 (14.4) 4460 (14.4)
75–79 726 (9.4) 2904 (9.4)
80–84 318 (4.1) 1272 (4.1)
85+ 79 (1.0) 316 (1.0)

Sex (n, %) 1.000
Males 2752 (35.6) 11,008 (35.6)

Females 4982 (64.4) 19,928 (64.4)
Income (n, %) 1.000

1 (lowest) 1343 (17.4) 5372 (17.4)
2 967 (12.5) 3868 (12.5)
3 1193 (15.4) 4772 (15.4)
4 1605 (20.8) 6420 (20.8)

5 (highest) 2626 (34.0) 10,504 (34.0)
Region of residence (n, %) 1.000

Urban 3267 (42.2) 13,068 (42.2)
Rural 4467 (57.8) 17,868 (57.8)

Total cholesterol (mg/dL, mean, SD) 200.3 (38.3) 200.3 (38.4) 0.976
SBP (mmHg, mean, SD) 126.2 (16.2) 127.1 (16.9) <0.001 †

DBP (mmHg, mean, SD) 77.6 (10.3) 78.1 (10.6) 0.001 †

Fasting blood glucose
(mg/dL, mean, SD) 99.7 (25.3) 100.5 (28.2) 0.900

Obesity (n, %) ‡ <0.001 *
Underweight 152 (2.0) 823 (2.7)

Normal 2638 (34.1) 10,997 (35.6)
Overweight 2168 (28.0) 8305 (26.9)

Obese I 2541 (32.9) 9803 (31.7)
Obese II 235 (3.0) 1008 (3.3)

Smoking status (n, %) <0.001 *
Nonsmoker 6249 (80.8) 24,375 (78.8)
Past smoker 813 (10.5) 3048 (9.9)

Current smoker 672 (8.7) 3513 (11.4)
Alcohol consumption (n, %) <0.001 *

<1 time a week 5802 (75.0) 22,326 (72.2)
≥1 time a week 1932 (25.0) 8610 (27.8)

CCI score (score, n, %) § <0.001 *
0 5088 (65.8) 21,884 (70.7)
1 1337 (17.3) 4023 (13.0)
2 664 (8.6) 2420 (7.8)
3 314 (4.1) 1135 (3.7)
≥4 331 (4.3) 1474 (4.8)

Benign paroxysmal vertigo (n, %) 2630 (34.0) 1915 (6.2) <0.001 *
Vestibular neuronitis (n, %) 842 (10.9) 438 (1.4) <0.001 *

Other peripheral vertigo (n, %) 1809 (23.4) 1390 (4.5) <0.001 *
Asthma (n, %) 1839 (23.8) 5535 (17.9) <0.001 *
COPD (n, %) 660 (8.5) 1922 (6.2) <0.001 *

Non-aggravated COPD 536 (6.9) 1549 (5.0)
Aggravated COPD 124 (1.6) 373 (1.2)

Abbreviations: CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; DBP, diastolic
blood pressure; SBP, systolic blood pressure; SD, standard deviation. * Chi-square test. Significance at p < 0.05.
† Wilcoxon rank-sum test. Significance at p < 0.05. ‡ Obesity (BMI, body mass index, kg/m2) was categorized as
<18.5 (underweight), ≥18.5 to <23 (normal), ≥23 to <25 (overweight), ≥25 to <30 (obese I), and ≥30 (obese II).
§ CCI scores were calculated without pulmonary disease.
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A history of COPD was associated with increased odds of having Ménière’s disease
(adjusted OR (aOR) = 1.18, 95% CI = 1.06–1.32, p = 0.004, E-value (CI) = 1.64 (1.31), Table 2).
The positive relation of Ménière’s disease with COPD was persistent in the subgroups
based on age, sex, income, and region of residence (all p < 0.05). The aORs of a history of
COPD for Ménière’s disease were 1.18 (95%CI = 1.05–1.33, E-value (CI) = 1.64 (1.28)) in
the ≥60 years old group, 1.28 (95%CI = 1.07–1.52, E-value (CI) = 1.88 (1.34)) in the male
group, 1.26 (95%CI = 1.07–1.48, E-value (CI) = 1.83 (1.34)) in the low-income group, and
1.19 (95%CI = 1.04–1.37, E-value (CI) = 1.67 (1.24)) in the rural group.

Table 2. Odds ratios (95% confidence intervals) of chronic obstructive pulmonary disease for Ménière’s disease with
subgroup analyses according to age, sex, income, and region of residence.

Characteristics No. of Ménière’s
Disease Odds Ratios for Ménière’s Disease

/No. of
Participants (%) Crude † p-Value Adjusted †,‡ p-Value E-Value (CI)

Total participants
(n = 38,670)

COPD 660/2582 (25.6) 1.43 (1.30–1.57) <0.001 * 1.18 (1.06–1.32) 0.004 * 1.64 (1.31)
Non-COPD 7074/36,088 (19.6) 1 1

Age <60 years old
(n = 15,040)

COPD 107/381 (28.1) 1.59 (1.26–1.99) <0.001 * 1.25 (0.95–1.63) 0.108 1.81 (1.00)
Non-COPD 2901/14,659 (19.8) 1 1

Age ≥ 60 years old
(n = 23,630)

COPD 553/2201 (25.1) 1.40 (1.26–1.55) <0.001 * 1.18 (1.05–1.33) 0.008 * 1.64 (1.28)
Non-COPD 4173/21,429 (19.5) 1 1

Males (n = 13,760)
COPD 296/1103 (26.8) 1.56 (1.35–1.80) <0.001 * 1.28 (1.07–1.52) 0.006 * 1.88 (1.34)

Non-COPD 2456/12,657 (19.4) 1 1
Females (n = 24,910)

COPD 364/1479 (24.6) 1.34 (1.18–1.52) <0.001 * 1.11 (0.96–1.28) 0.153 1.46 (1.00)
Non-COPD 4618/23,431 (19.7) 1 1

Low income (n = 17,515)
COPD 324/1214 (26.7) 1.53 (1.33–1.75) <0.001 * 1.26 (1.07–1.48) 0.005 * 1.83 (1.34)

Non-COPD 3179/16,301 (19.5) 1 1
High income (n = 21,155)

COPD 336/1368 (24.6) 1.35 (1.18–1.53) <0.001 * 1.11 (0.95–1.29) 0.202 1.46 (1.00)
Non-COPD 3895/19,787 (19.7) 1 1

Urban (n = 16,335)
COPD 229/901 (25.4) 1.41 (1.20–1.65) <0.001 * 1.17 (0.97–1.41) 0.103 1.62 (1.00)

Non-COPD 3038/15,434 (19.7) 1 1
Rural (n = 22,335)

COPD 431/1681 (25.6) 1.44 (1.28–1.62) <0.001 * 1.19 (1.04–1.37) 0.012 * 1.67 (1.24)
Non-COPD 4036/20,654 (19.5) 1 1

Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DBP, diastolic
blood pressure; SBP, systolic blood pressure. * Conditional logistic regression, significance at p < 0.05. † Models were stratified by age, sex,
income, and region of residence. ‡ Adjusted for obesity, smoking, alcohol consumption, CCI scores, total cholesterol, SBP, DBP, fasting
blood glucose, benign paroxysmal vertigo, vestibular neuronitis, other peripheral vertigo, and asthma.

Analysis of other subgroups based on obesity, smoking, alcohol consumption, total
cholesterol level, blood pressure, fasting blood glucose level, and CCI score also showed
an association of COPD with higher odds of having Ménière’s disease (Table S1). Notably,
however, there was no significant difference in the odds of having Ménière’s disease be-
tween the patients with aggravated COPD and those with non-aggravated COPD (Table 3).
None of the age, sex, income, or region of residence subgroups showed a definitive relation
between aggravation of COPD and Ménière’s disease.
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Table 3. Odds ratios (95% confidence intervals) of aggravated chronic obstructive pulmonary disease for Ménière’s disease
with subgroup analyses according to age, sex, income, and region of residence in COPD participants.

Characteristics No. of Ménière’s
Disease Odds Ratios for Ménière’s Disease E-Value

/No. of
Participants (%) Model 1 † p-Value Model 2 ‡ p-Value Estimate (CI)

Total participants (n = 2582)
Aggravated COPD 124/497 (25.0) 0.97 (0.76–1.22) 0.773 0.99 (0.76–1.29) 0.935 1.12 (1.00)

Non-aggravated COPD 536/2085 (25.7) 1 1
Age <60 years old (n = 381)

Aggravated COPD 8/31 (25.8) 0.88 (0.37–2.10) 0.774 0.75 (0.26–2.15) 0.587 2.02 (1.00)
Non-aggravated COPD 99/350 (28.3) 1 1

Age ≥60 years old (n = 2201)
Aggravated COPD 116/466 (24.9) 0.97 (0.76–1.24) 0.814 1.01 (0.76–1.33) 0.963 1.09 (1.00)

Non-aggravated COPD 437/1735 (25.2) 1 1
Males (n = 1103)

Aggravated COPD 84/304 (27.6) 1.07 (0.79–1.45) 0.655 1.19 (0.83–1.69) 0.352 1.65 (1.00)
Non-aggravated COPD 212/799 (26.5) 1 1

Females (n = 1479)
Aggravated COPD 40/193 (20.7) 0.82 (0.57–1.20) 0.312 0.77 (0.50–1.18) 0.226 1.93 (1.00)

Non-aggravated COPD 324/1286 (25.2) 1 1
Low income (n = 1214)

Aggravated COPD 59/225 (26.2) 1.04 (0.74–1.46) 0.831 0.98 (0.66–1.45) 0.907 1.18 (1.00)
Non-aggravated COPD 265/989 (26.8) 1 1
High income (n = 1368)

Aggravated COPD 65/272 (23.9) 0.92 (0.67–1.27) 0.604 1.04 (0.72–1.50) 0.827 1.25 (1.00)
Non-aggravated COPD 271/1096 (24.7) 1 1

Urban (n = 901)
Aggravated COPD 30/144 (20.8) 0.77 (0.49–1.21) 0.263 0.89 (0.53–1.49) 0.657 1.50 (1.00)

Non-aggravated COPD 199/757 (26.3) 1 1
Rural (n = 1681)

Aggravated COPD 94/353 (26.6) 1.05 (0.80–1.39) 0.706 1.06 (0.77–1.45) 0.737 1.30 (1.00)
Non-aggravated COPD 337/1328 (25.4) 1 1

Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DBP, diastolic
blood pressure; SBP, systolic blood pressure. Un-conditional logistic regression, significance at p < 0.05. † Model 1 was adjusted for by
age, sex, income, and region of residence. ‡ Model 2 was adjusted for age, sex, income, region of residence, obesity, smoking, alcohol
consumption, CCI scores, total cholesterol, SBP, DBP, fasting blood glucose, benign paroxysmal vertigo, vestibular neuronitis, other
peripheral vertigo, and asthma.

4. Discussion

COPD was associated with an increased risk of Ménière’s disease in the adult popula-
tion. COPD patients showed 18% higher odds for Ménière’s disease than that of the control
group after adjusting for lifestyle factors of obesity, smoking, alcohol consumption, past
medical histories, and laboratory findings. Other vestibular disorders of benign paroxys-
mal vertigo, vestibular neuronitis, and other peripheral vertigo were also adjusted. These
associations were also valid in the over 60, male, low-income, and rural subgroups. The
present findings proposed a novel link between COPD and Ménière’s disease. Although
the pathophysiology of these links between COPD and Ménière’s disease has not been
described, a few possible pathophysiological factors can be explained.

Autoimmunity, as a shared pathophysiology, could mediate the association of COPD
with Ménière’s disease. Autoimmunity has been reported to be related to Ménière’s
disease [27]. Approximately one-third of cases of Ménière’s disease were attributed to
autoimmune origin [27]. Autoimmunization to type II collagen induced endolymphatic
hydrops in a guinea pig model [28]. In addition, autoantibodies against inner ear antigens
were found in the sera of Ménière’s disease patients [29]. Autoimmunity has also been
proposed as one of the pathophysiologies of COPD [30]. The imbalance between pulmonary
matrix proteases and antiproteases, which may be influenced by the generation of adaptive
immune and autoimmune responses, could lead to the development of COPD [30]. The
accumulation of proinflammatory T helper (Th) 1 and Th17 cells, which resemble the
autoimmune response, and impaired regulatory T cell functions were observed in COPD
patients [15]. In addition, autoantibodies are present in the blood of COPD patients, and
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autoimmunity against pulmonary antigens was observed in COPD animal models [31].
Because Ménière’s disease could be diagnosed after the onset of recurrent cochleovestibular
symptoms, COPD can manifest before Ménière’s disease.

Ischemia may mediate the association of COPD with Ménière’s disease. Insufficient
inner ear blood supply has been noted as one of the pathophysiologies of inner ear dysfunc-
tion, including noise-induced hearing loss and Ménière’s disease [32–34]. Because the main
generator of endolymph of the cochlea involves the stria vascularis, ischemic injuries to the
inner ear could impair the endolymphatic flow in the inner ear [33]. Vascular abnormalities
in the lateral wall of the cochlear duct are associated with endolymphatic hydrops in guinea
pigs and humans [35]. In a cadaver study, Ménière’s disease patients showed occlusion of
the vein of the vestibular aqueduct [36]. Notably, COPD may cause chronic ischemic status
due to insufficient respiration and hypoxia. A number of previous studies demonstrated
an association of COPD with myocardial infarction and stroke [37,38]. Thus, ischemia in
COPD patients could hinder endolymphatic flow and induce Ménière’s disease. Although
the exacerbation of COPD was associated with an increased risk of myocardial infarction
or stroke in previous studies, there was no association between the aggravation of COPD
and Ménière’s disease in the present study [37,39]. However, the relatively small size of the
population with aggravated COPD (n = 124) could limit the statistical power in the present
results. In addition, the high morbid state due to the aggravated COPD could deter the
diagnosis of Ménière’s disease.

In the subgroup analysis, COPD was associated with Ménière’s disease in the elderly,
male, low-income, and rural subgroups in this study. The high prevalence of COPD among
elderly individuals could mediate the higher relevance of COPD to Ménière’s disease [40].
In addition, the vulnerability to comorbidities due to age-related changes may influence
the strong association of COPD with Ménière’s disease in the elderly population. The
phenotypes, symptoms, and comorbidities of COPD have been reported to show sex
differences [41]. Although the incidence of COPD has shown an increasing tendency
in women, men have a higher rate of COPD [41]. These sex differences could impact
the association of COPD with Ménière’s disease. Low socioeconomic status was also
acknowledged as a risk factor for COPD [42]. Low annual income and rented housing were
associated with 2.23 (95% CI = 1.97–2.53) and 1.41 (95% CI = 1.30–1.52) times higher risks
of COPD, respectively [42]. The increased susceptibility to COPD may be linked with the
association between COPD and Ménière’s disease in these poor populations.

This study first verified the association of COPD with Ménière’s disease. The large
representative population provided a large control population. However, due to the health
claim code database, laboratory findings, such as pulmonary function tests and vestibular
function tests, were not available. The difficulty of diagnosis of Ménière’s disease could
have originated from the combined cochleovestibular dysfunction in as high as 71.5% of
moderate to profound sensorineural hearing loss patients [43]. In addition, anatomical
variation could trigger Menieriform syndrome [44]. The heterogeneous severity and types
of COPD and Ménière’s disease could have underestimated the association of COPD with
Ménière’s disease. The present study considered the lifestyle factors of smoking, obesity,
and alcohol consumption. However, potential confounders, including stress level, that
were not included might have influenced the current results.

5. Conclusions

A history of COPD could be a risk factor for the occurrence of Ménière’s disease
in the adult population. The association of COPD with Ménière’s disease was solid in
vulnerable populations, such as over 60, male, low-income, and rural subgroups. Clinicians
should consider the co-occurrence of Ménière’s disease in COPD patients who suffer from
dizziness or hearing discomfort.
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Abstract: Background: Acute acoustic trauma (AAT) ranks, among others, as one common cause of
inner ear function impairment, especially in terms of military personnel, who are at an increased
exposure to impulse noises from firearms. Aim of this study: 1. We wanted to demonstrate whether
early treatment of AAT means a higher chance for the patient to improve hearing after trauma. 2. We
find the answer to the question of whether hyperbaric oxygen therapy (HBO2) has a positive effect in
the treatment of AAT. Methods: We retrospectively analyzed data for the period 2004–2019 in patients
with AAT. We evaluated the therapeutic success of corticosteroids and HBO2 in a cohort of patients
with AAT n = 108 patients/n = 141 affected ears. Results: Hearing improvement after treatment was
recorded in a total of 111 ears (79%). In terms of the data analysis we were able to ascertain, utilizing
success of treatment versus timing: within 24 h following the onset of therapy in 56 (40%) ears—54
(96%) ears had improved; within seven days following the onset the therapy was used in 55 (39%)
ears—41 (74%) ears had improved; after seven days the therapy started in 30 (21%) ears—16 (53%)
ears had improved. Parameter latency of the beginning of the treatment of AAT was statistically
significant (p = 0.001 and 0.017, respectively). The success of the medical protocols was apparent in
both groups—group I (treated without HBO2): n = 61 ears, of which 50 (82%) improved, group II
(treated with HBO2): n = 73 ears, of which 56 (77%) improved. Group II shows improvement at most
frequencies (500–2000 Hz). The most serious sensorineural hearing loss after AAT was at a frequency
of 6000 Hz. Conclusion: Analysis of our data shows that there is a statistically significant higher rate
of improvement if AAT treatment was initiated within the first seven days after acoustic trauma.
Early treatment of AAT leads to better treatment success. HBO2 is considered a rescue therapy
for the treatment of AAT. According to our recommendation, it is desirable to start corticosteroid
therapy immediately after acoustic trauma. If hearing does not improve during the first seven days
of corticosteroid therapy, then HBO2 treatment should be initiated.

Keywords: acute acoustic trauma; noise induced hearing loss; tinnitus; hyperbaric oxygen therapy

1. Introduction

During acute acoustic trauma (AAT), the inner ear becomes mechanically damaged,
after a short-impact acoustic impulse (intensity of 90–130 dB for a duration of 1 ms).
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In terms of pathology, protective middle ear reflexes are blocked, which cause an
alteration of action potential formation. Vasospasm of microcirculation and hypoxia of
sensory cells occur, in order to prevent metabolic imbalance. Pathological processes may
result in damaging hair cells and dendrites of primary auditory neurons that consequently
induce a transition stage between the regeneration and cell death. This so-called transition
stage may primarily influence the line of therapy [1].

Typical AAT symptoms include high-frequency sensorineural hearing loss (4 kHz and
higher, while 1–2 kHz influenced minimally) and tinnitus.

Vertigo or spontaneous nystagmus are rarely present [2].
There are different severities of AAT, for instance, less severe onset (which is less

frequent) causes reversible hearing loss—temporary threshold shifts (TTS)—hearing is
restored within 24 h from acoustic trauma [3,4]. More severe onset (which is more frequent)
causes irreversible hearing loss—permanent threshold shifts (PTS) [3–5].

The optimal treatment for AAT is yet to be defined [3–5]. Some animal studies display
that hyperbaric oxygen therapy (HBO2) combined with corticosteroid therapy improve
the functional and morphological conditions of the inner ear, by allowing permanent
therapeutic effect through noise-induced cochlear hypoxia [3–5]. However, the negative
effect of HBO2 is also reported in the literature (animal study) [6]. Some papers states that
expectant non-interventional recovery of hearing does not belong among therapeutic alter-
natives as in most cases hearing recovery is incomplete. After AAT a partial hearing loss
and tinnitus usually persist. On the other hand, it is described in literature—spontaneous
hearing recovery without the treatment. It can probably be attributed to a naturally occur-
ring phenomena [4,7]. Kuznecov et al. present in their manuscript the groups of the most
used drugs for the pharmacological correction of hearing loss after AAT: corticosteroids,
antioxidants, nootropics, antihypoxants, and others [8].

Administration of therapy (of AAT) is quintessentially begun within 24 h after the
acoustic trauma [9–11]. Using the data analysis of our group of patients undergoing
standardized medical protocols (corticosteroid therapy, HBO2 therapy), we aim to prove a
causal connection between starting early treatment and a better prognosis for hearing loss
improvement, thus proving our objective [9–11].

Although 75% of AAT of cases can be classified as occupational accidents, an ab-
solutely necessary precondition is good awareness and cooperation of military general
practitioners, through immediate administration of corticosteroid therapy at the site of
trauma with prompt referral of soldiers to the relevant military hospital for further therapy
(corticosteroid therapy, vasodilator treatment, and HBO2 therapy). For instance, in Finland,
just as in the Czech Republic, several hundred soldiers suffer from AAT every year despite
strict security regulations dealing with shooting from firearms in defense forces, in the
USA, 20–30% of soldiers experience hearing impairment [1,9,12–15].

Issues of HBO2 Therapy in AAT from the Perspective of a Hyperbaric Medicine Expert

Hyperbaric oxygen therapy is a type of inhalation treatment using highly concentrated
oxygen inside a hyperbaric chamber, in which the pressure is higher than atmospheric pres-
sure. The therapeutic pressures range between 200–280 kPa (2–2.8 ATA = absolute technical
atmosphere). The therapeutic excess pressures range between 100–180 kPa (1–1.8 ATA). The
usual treatment exposure time is 120 min. Patients with hearing loss are exposed to HBO2
therapy once a day [8,9,16].

HBO2 therapy contributes to AAT treatment by improving oxygenation of the in-
ner ear, which results in the adjustment of transmembrane potential, activation of cell
metabolism, and regeneration of ionic balance. Rheologically, the effect of oxygen diffusing
through the oval window leads to a decrease in hematocrit and blood viscosity [8–10].

Several ear disorders correlated in literature with anaerobic bacteria infection, influenc-
ing the prognosis of serious diseases such as lateral cervical and mediastinal involvements;
however excellent response to hyperbaric therapy combined with antibiotics and cortisone
drugs has been reported [17,18].
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Aim of this study: Demonstrate whether early treatment of AAT means a higher
chance of improving hearing after trauma. Answer the question of the positive effect of
HBO2 in the treatment of AAT.

2. Materials and Methods

We retrospectively analyzed data from n = 108 patients/n = 141 damaged ears (33 pa-
tients with bilateral AAT) treated in the period between 2004 and 2019. This cohort of
patients consisted of 97 men (90%) and 11 women (10%). A total of 65 representatives of
group A (soldiers) (60%), 43 representatives of group B (civilians) (40%). The age range
was between 18 and 82 years, the average age was 38 years.

The etiology of the AAT source was recorded: after shooting 102 (72%), after an
explosion 11 (8%), after a music concert 10 (7%), and others 18 (13%) (after a barking
dog, after whistling, after shouting, after car battery explosion, after incorrect fitting of
earplugs/earmuffs).

2.1. Division into Groups According

We divided the cohort of patients into groups:

Group A—were soldiers (sound intensity at AAT was up to 170 dB)
Group B—were civilian persons (sound intensity at AAT was up to 120 dB)

We also divided the cohort of patients into groups according to the start of treatment:

Parameter latency of the beginning of the treatment of AAT within 24 h
Parameter latency of the beginning of the treatment of AAT within 7 days
Parameter latency of the beginning of the treatment of AAT after 7 days

Further division of the patient cohort into groups was according to the method of
treatment:

Group I—patients were treated with corticosteroids + vasodilatory infusion, without
hyperbaric oxygen therapy. In this group, the age range was between 20 and 82 years, the
average age was 33 years.
Group II—patients were treated with corticosteroids + vasodilatory infusion + hyperbaric
oxygen therapy. In this group, The age range was between 18 and 69 years, the average
age was 38 years.

Whilst monitoring the effect of particular medical protocols we singled out a group of
patients (“Singled out group p. o. vasodilatants”— who were treated only by vasodilators
p.o. (betahistin-dihydrochlorid 24 mg, vinpocetin), i.e., 7 damaged ears. In comparison
with the effect of the medical protocol without HBO2 vs. with HBO2, we finally evaluated
a group of 134 damaged ears. Audiometric measurements were taken with the help of
pure tone audiometry (PTA) (measurement dB HL). We used the device Orbiter 992 with
Headphone TDH 39 and with the valid Certificate from the Metrology Department, Czech
Republic. Measurements were taken before and at the end of treatment. First PTA was
performed by soldiers within 24 h after AAT. First PTA was performed by civilians as soon
as they patients visit our clinic. Last PTA was performed two months after finishing therapy.

2.2. Medical Protocol

On the day of AAT or on the day of the first examination—corticosteroid therapy
started with Solu-Medrol (1st day: Solu-Medrol 125 mg; 2nd day: Solu-Medrol 80 mg;
3rd day: Solu-Medrol 40 mg; in 100 mL of physiological solution i.v.) in addition to
vasodilation infusions (20 mg of ethyl apovincaminate alias known as “vinpocetine”; in
250 mL of physiological solution; 120 min; 10 days). In the case there was no amelioration
of the condition within 7 days (verified by PTA), we decided to start hyperbaric oxygen
therapy as soon as possible (10 exposures in the hyperbaric chamber in the Institute of
Aviation Medicine, Prague; pressure 2.5 atmosphere for 120 min). A special group of
patients (n = 7 ears) were treated only with vasodilators peroral—vinpocetine 10 mg one
tablet twice per day, betahistin-dihydrochlorid 24 mg one tablet three times per day.
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The standard medical protocol of HBO2 therapy used in this study includes a compres-
sion phase during which the pressure in the hyperbaric chamber is increased for a period
of 15 min to the therapeutic level of 250 kPa (2.5 ATA). Both initial compression phase, from
surface (1.0 ATA) to the treatment depth (250 kPa = 2.5 ATA), and the final decompression
from depth to surface are in, they last 30 min together (15 min/each at a compression/deco-
speed of 1 m/min). The complete ‘dive’ table used in this study took 90 min, including an
interposed break of 5 min in ambient air at depth (such a break is applied as conservative
prevention from hyperbaric oxygen possible side effects). During compression, the patient
is ventilating atmospheric air (within the chamber), because wearing an oxygen mask
would obstruct performing active maneuvers for equalizing the increase of pressure to the
middle ear. Compression relates to the most frequent occurrence of baric problems (usually
earache or pain of paranasal sinuses) because of insufficient ventilation function of the
Eustachian tube. Final decompression lasts 15 min and there are usually no baric problems.
The standard minimum number of Hyperbaric Oxygen Treatments (Tx) required in this
case is 10 [2,8,9].

2.3. Statistical Analysis of Data

All statistical analyses were performed with IBM SPSS Statistics (version 22.0; SPSS,
IBM, Armonk, NY, USA). We used the non-parametric Mann–Whitney test and Fisher’s
exact test and p value < 0.05 was used to establish statistical significance.

3. Results

Results of lateral prevalence of AAT did not show a greater difference in significance
between Group A and Group B. Bilateral damage occurred in 33 patients (30%).

Hearing improved in statistically younger patients (average age 34, 4 years; level of
significance p = 0.001) as compared to older ones (average 44, 4 years).

Table 1 shows the success rate of AAT treatment. In total, 79% improved, Group A
vs. Group B, 70% vs. 81%, respectively. Hearing improvement in standard terms (when
hearing loss threshold after treatment was above 20 dB HL) was 41% in total, Group A
vs. Group B, 39% vs. 29%, respectively. In group B, there was a statistically significant
(at p = 0.012) higher partial hearing improvement after AAT treatment.

Table 1. Success of AAT treatment, All AAT, Group A (soldiers), Group B (civilians person).

All AAT Group A Group B p-Value *
Total Number of Damaged Ears n = 141 n = 83 n = 58

Improved in total 111 79% 58 70% 47 81% 0.096
Restored to standard = after treatment normacusis 58 41% 32 39% 17 29% 0.170

Partially improved 53 38% 26 31% 30 52% 0.012
Not improved 30 21% 25 30% 11 19%

* Fisher’s exact test.

Within the group of patients with improved conditions, the figures of sound intensity
before the treatment, in all frequencies, were significantly lower than in non-improved, on
the level of significance 0.05 resp. 0.1 (frequency 1000, 4000, 6000 Hz).

An important parameter, early treatment of AAT treatment, is shown in Table 2.
Improvement of hearing—after the treatment started within 24 h was 96%, Group A
97% and Group B 95%. After the treatment started within seven days, improvement of
hearing was in 74%, 79% at group A and 70% at group B. More than seven days after
treatment started, improvement of hearing was in 53%, 53% in Group A and 55% in Group
B. Parameter: Latency of the beginning of the treatment—whole set, Group A and Group B,
this parameter of early treatment of AAT is always statistically significant (p ≤ 0.001 and
0.017, respectively).
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Table 2. (a) Latency of the beginning of the treatment—the whole set (total AAT). (b) Latency of the
beginning of the treatment—Group A (soldiers). (c) Latency of the beginning of the treatment—Group
B (civilian persons).

(a)

Latency of the Beginning
of the Treatment

Total AAT Improved after
Treatment

p-Value
n = 141 Ears

Within 24 h n = 56; 40% n = 54; 96%
<0.001Within 7 days n = 55; 39% n = 41; 74%

After 7 days n = 30; 21% n = 16; 53%

(b)

Latency of the Beginning
of the Treatment

Group A Improved after
Treatment

p-Value
n = 83 Ears

Within 24 h n = 36; 43% n = 35; 97% <0.001
Within 7 days n = 28; 34% n = 22; 79%
After 7 days n = 19; 23% n = 10; 53%

(c)

Latency of the Beginning
of the Treatment

Group B Improved after
Treatment

p-Value
n = 58 Ears

Within 24 h n = 20; 34% n = 19; 95% 0.017
Within 7 days n = 27; 47% n = 19; 70%
After 7 days n = 11; 19% n = 6; 55%

* Fisher’s exact probability test.

The earlier AAT treatment was started, the higher were the chances of hearing im-
provement (p ≤ 0.001 and 0.017, respectively)

Figures 1–3 show the figures of PTA curve before and after the treatment in total, in
Group A and Group B. Total improvement of the hearing threshold after treatment, at the
highest affected frequencies, was by 8 dB. The charts show clearly that the greatest damage
of the whole set, both group A and group B, was at 6000 Hz and in descending order at
8000, 4000, 2000 Hz, respectively.
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The success of particular medical protocols with/without HBO2 is referred to in
Table 3. Improvement of hearing occurred in 82% of patients from Group I (without HBO2)
and 77% of patients from Group II (with HBO2). A total of 134 damaged ears were evalu-
ated. Group “Singled out group p. o. vasodilatants” treated with peroral vasodilatants, of
which seven ears were not included—see Table 3.

Table 4 shows audiometric figures before and after the treatment in total in Group I
(without HBO2) and Group II (with HBO2). The whole set in Group II shows a greater
amelioration at most frequencies, a larger difference in the change of sound intensity was
statistically significant at 500 Hz (p < 0.01) and 2000 Hz (p < 0.05). Cases of tinnitus occurred
after AAT in 58% of 141 damaged ears. In Group A, tinnitus was experienced in 63% of
ears and only 52% in Group B. After treatment, tinnitus disappeared in a total of 50% of
damaged ears. In Group A, tinnitus disappeared in 54% of damaged ears compared to 43%
in Group B.
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Table 3. Success of particular medical protocols—Group I (corticosteroids therapy without HBO2),
Group II (corticosteroids therapy with HBO2) and Singled out group (p. o. vasodilatants).

Group I
(corticosteroids without HBO2) n = 61 ears

Improved 50–82%
Improved to normacusis (threshold of losses above 20 dB) 39–64%

Group II
(corticosteroids with HBO2) n = 73 ears

Improved 56–77%
Improved to normacusis (threshold of losses above 20 dB) 27–37%

Singled out group p. o. vasodilatants n = 7 ears

Improved 6–86%
Improved to standard (threshold of losses above 20 dB) 2–29%

Table 4. Group I (corticosteroids therapy without HBO2) and Group II (corticosteroids therapy with
HBO2) changes of threshold of hearing before and after the treatment.

Frequency Group N Average (dB) St. Deviation p-Value *

125
I 61 1.48 4.117

0.984II 73 1.16 6.265

250
I 61 1.39 3.180

0.121II 73 3.15 7.193

500
I 61 1.23 3.248

0.007II 73 4.04 7.530

1000
I 61 2.21 5.666

0.284II 73 3.63 8.261

2000
I 61 3.11 5.490

0.043II 73 7.05 10.924

4000
I 61 6.80 10.248

0.146II 73 10.41 12.984

6000
I 61 9.18 16.985

0.767II 73 10.27 17.298

8000
I 61 9.26 11.862

0.468II 73 8.56 16.083

* Mann-Whitney test.

Vertigo occurred in 7% of patients from the total number of 108 patients (141 ears).
Nystagmus occurred in 3% of the total number of 108 patients. Vertigo and nystagmus

disappeared after the treatment.

4. Discussion

Available sources state that, at present, AAT treatment consists of applying the combi-
nation of corticosteroid therapy and HBO2 therapy [1,3,4,11]. Studies proved the presence
of steroid receptors in the inner ear. Steroids participate in forming ionic balance in the
inner ear, stabilization of the cell membrane, and increased perfusion and inhibition of
anti-inflammatory cytokines [4].

During HBO2 therapy, the patient inhales oxygen (100%) greater than at atmospheric
pressure. This HBO2 therapy is generally administered at 2.0–2.8 atmospheres for a period
of 60–90 min, usually once a day within 10–15 days [1–3]. HBO2 therapy increases the level
of oxygen dissolved in the blood, which is subsequently transferred in larger amounts to
tissues [1–3]. In our case, 2.5 atmospheres were utilized for 90 min.

The results acquired proved that improvement of hearing in patients with AAT is
inversely proportional to the intensity of the damage. Thus, patients whose condition
improved after the treatment had less severe hearing impairment before the start of the
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treatment in comparison with patients whose condition did not ameliorate after treatment—
at 4000 Hz (at the significance level <0.05).

In terms of our results, it is possible to state, in addition, that hearing improvement
depends on the age of the patient, thus patients who are statistically younger (average
age of 34.4 years) see greater improvement in condition than older ones (average age of
44.4 years).

Lamm and Arnold demonstrated, on an animal model, the subsequent decrease of
partial pressure in perilymph and the decrease of the amplitude of cochlear potentials
during the first 24 min after AAT [4]. They, in turn, observed an immediate increase of
these parameters, promptly after HBO2 therapy [4].

According to Reazee et al., the limit figure of the sound impulse causing AAT differs
by various standards [19]. For instance, NATO set the safe sound threshold at 160 dB (for
the army) [2]. The administration of safety and health protection at work considers 140 dB
the safe limit of sound. In case of excessive exposure to noise exceeding this, the safe
limit is further lowered [20,21]. Recently, an increased incidence of AAT has been a matter
of discussion in connection with the use of Bren guns (a certain model of gun), which
PTA displays damage prevalence between 3000–6000 Hz according to Mrena et al. [13]
According to our data, the most severely damaged frequencies are 6000 Hz followed by
8000, 4000, and 2000 Hz respectively.

An interesting discovery in our dataset was found, as although we detected the success
of the treatment lower in Group A to B (70 vs. 81%), there was a larger adjustment of
hearing to normal in Group A over B (39 vs. 29%). Two possible influencing factors are
considered—using new noisier Bren type guns and starting timely the treatment in Group
A. For instance, Mardassi et al. [22] stated that improvement of hearing after treatment
is 81% in a group of young soldiers (exposed to shots and explosions) (n = 64 ears). The
hearing threshold improved, on average, by 14 dB. In our group, the amelioration after
treatment was 8 dB. According to the Finnish study, it may be possible to prevent some
AATs using careful planning of military exercises [12].

In addition, one of the most frequent symptoms in AAT is, excluding hypacusis and
tinnitus. Its occurrence is caused by the disruption of functional compactness in hair cells
and nerve fibers [2,4]. In the study by Jokitulppo et al., tinnitus after AAT occurred in more
than 60%. Furthermore, the study states the exposure to noise correlates with subsequent
tinnitus [12,23], which is evident in our group of patients, where the occurrence of tinnitus
was similarly 58%.

Improvement of hearing depends on the age of the patient and several others addi-
tional comorbidities. The eventual presence of an endotympanic effusion must be evaluated
and treated with a ventilation tube so that the auditory tube re-establishes its physiological
function [24,25].

Van der Veen et al. in their study dealt with the clinical issue of how HBO2 therapy
effects threshold figures of hearing in patients who suffered acute acoustic trauma [1]. They
ascertained that the effect of HBO2 therapy on hearing thresholds in patients with hearing
loss, caused by AAT, is not statistically significant. Thus, they recommend performing
distinctly designed randomized controlled studies with a sufficient set of patients that
could conclude HBO2’s therapeutically effect in the treatment of AAT [1].

In our set, there were 52% ears in total, damaged by AAT, exposed to HBO2 therapy,
and a positive effect was detected in 77%. On this basis, it may be possible to state that
HBO2 therapy has a role in the treatment of AAT. A similar conclusion was given in a
paper by Lafère et al. [26]. Also, Oya et al. published data on HBO2 therapy: 26 of the
37 ears (70%) displayed improved hearing [27].

In our study, we did not compare identical groups of patients (with HBO2 and
without HBO2), because HBO2 therapy is indicated only in the case when pharmacological
treatment is ineffective. Therefore, in accordance with Van der Veen et al., we recommend
further studies so that it’s conclusively possible to answer the question of the effectiveness
of HBO therapy in AAT treatment [1].
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5. Conclusions

In the Czech Republic, many patients with AAT are members of the armed forces
and their trauma is often classified as an accident at work. Based on our study, we can
confirm the positive effect of early initiated corticosteroid treatment and HBO2 therapy.
The application of a treatment protocol, well-timed administration of corticosteroids and
initiation of HBO2 (no later than 7 days after acoustic trauma) may help to improve
hearing in a patient with AAT. Because many patients are military personnel who suffer
from AAT after small arms fire, prevention and proper use of protective equipment are
strongly recommended. Hyperbaric oxygen therapy shows to be an adjuvant option in
AAT, unfortunately we did not get the same real evidence of effectiveness in recovery from
concomitant tinnitus.
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Abstract: Introduction: Total thyroidectomy (TT) is one of the most common surgical endocrine
surgeries. Voice impairment after TT can occur not only in patients with recurrent laryngeal nerve
(RLN) transient paralysis, but also in cases of normal vocal cord mobility. Aim: To compare voice
limits using a speech range profile (SRP) in patients before and 14 days after TT and to investigate
the influence of the early results of voice quality after TT on the personal lives of patients. We
focused on the perception of voice change before and shortly after TT. Materials and methods: A
retrospective study, in the period 2018–2020, included 65 patients aged 22–75 years. We compared
two groups of patients: group I (n = 45) (without RLN paresis) and group II (n = 20) (with early
transient postoperative RLN paresis). Patients underwent video flexible laryngocopy, SRP, and Voice
Handicap Index-30 (VHI-30). Results: In group I, the mean values of Fmax (maximum frequency) and
Imax (maximum intensity) decreased in women (both p = 0.001), and VHI-30 increased (p = 0.001). In
group II after TT in women, the mean Fmax and Imax values decreased (p = 0.005 and p = 0.034), and
the frequency range of the voice was reduced from 5 to 2 semitones. The dynamic range of the voice
was reduced by 3.4 dB in women and 5.1 dB in men.VHI-30 increased (p = 0.001). Conclusion: The
study documented a worsening of the mean values of SRP, VHI-30, and voice parameters of patients
in group II. Voice disorders also occurred in group I without RLN paresis. Non-paretic causes can
also contribute to voice damage after TT. SRP and VHI-30 are suitable tools for comparing voice
status in two groups of patients, including those with dysphonia. Our data support the claim that
the diagnosis of a thyroid cancer does not necessarily imply a higher postoperative risk of impaired
voice quality for the patient.

Keywords: total thyroidectomy; recurrent laryngeal nerve paresis; Voice Handicap Index; speech
range profile

1. Introduction

Voice changes after total thyroidectomy (TT) often have a neurogenic cause and are
one of the most common complications after thyroid surgery. TT is indicated for the
treatment of autoimmune inflammatory disorders (thyrotoxicosis), endemic goiter, and
malignant and benign tumors. The change in voice in patients after TT can be caused by

- nerve injury during TT;
- paretic (or plegic) causes of voice damage: recurrent laryngeal nerve (RLN) paresis or

superior laryngeal nerve (SLN) paresis;
- a non-paretic cause (e.g., laryngopharyngeal reflux disease (LPRD)).
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Only a thorough videolaryngostroboscopy examination performed in the preoperative
period can reveal the above causes of dysphonia. A patient’s vocal cords must be examined
before each TT. These must be differentiated from potential laryngeal nerve injury-RLN
paresis after TT [1]. Hoarseness caused by RLN paresis is one of the most common
postoperative complications of TT after hypocalcaemia [2]. Consequences resulting from
nerve injury voice deterioration after TT (postoperative RLN paralysis) differs depending
on whether the injury of RLN corresponds to neurapraxia (nerve compression, which
primarily damages the myelin sheath and secondarily the axons), axonotmesis (traction
injury by excessive nerve strain followed by axon fracture) or neurotmesis (complete or
partial nerve break) according to Seddon’s Classification [3–5] and whether the damage or
injury is unilateral or bilateral.

The incidence of postoperative RLN paresis ranges from 0–8% in primary thyroid
surgery. It is used as a criterion to measure the success of surgical treatment [6].

The identification of RLN injuries in terms of transient paresis in 0.7% of patients, and
persistent paresis in 0.2% of patients, is reported by some authors [7].

RLN injury during thyroidectomy/parathyroidectomy occurs intraoperatively sig-
nificantly more frequently in visually intact RLN than in the transected nerves [8]. The
forward motor branch of RLN bifurcation near the Berry ligament is particularly at risk of
traction injury. This is made evident by a deterioration in voice quality after TT (higher
average jitter) in an effort to maintain the radicality of surgery (Berry ligament) in the cases
of malignant thyroid tumors [6]. TT is a standard treatment for thyroid tumors including
carcinomas [7,9].

Voice change after TT is reported in the literature in 16–89% of cases [10,11], but is
often not considered to be associated with neurogenic impairment (RLN paresis) [10,12].

Suitable questionnaires for the subjective evaluation of VHI voice quality are reported
in the literature [10,13,14]. In practice, the VHI-10 and VHI-30 questionnaires are used as
an evaluation of voice quality as a parameter of postoperative quality of life.

There is an Italian study of voice professionals (teachers) that shows the benefits of
the VoiSS VTDS questionnaires for a preventive voice program for teachers [15].

The non-paretic causes of voice change after TT include

- aero-digestive disorders: proximal acid reflux–loss of coordination of upper esophageal
sphincter (UES) [10];

- perioperative trauma of extralaryngeal muscles [11,16];
- modified vascular supply and venous drainage-postoperative soft tissue edema, and

mucosal edema-postintubation (orotracheal) [9];
- local neck pain (psychological responses after surgery) [12];
- changes in laryngeal mucosa;
- neurogenic (psychogenic) causes.

Patients without RLN paresis may have problems with voice quality, early voice
fatigue, and limited voice range. Regardless of the etiology of voice disorders after TT, voice
change is a feared complication for patients, especially vocal professionals (opera singers,
pop music singers, actors, teachers, speakers, managers, translators, members of choirs,
actresses, lawyers, doctors). That is why follow-up phoniatric care is so important for all
patients who have undergone TT. Logopedic therapy in patients with post-thyroidectomy
dysphonia improves the vocal and postural outcomes [14].

2. Materials and Methods

Our monocentric study included 65 patients indicated for TT. All patients were exam-
ined between January 2018 and September 2020. The group consisted of 57 women and
8 men, and the mean age in the group was 45 years (range 22–75 years).

All operations were performed by senior surgeons at one institution.
During all TT operations intraoperative neuro-monitoring (IONM) was used.
In the case of IONM, short- or medium-acting muscle relaxants were used on adminis-

tration of anesthesia. Invasive needle sensing electrodes were applied to the m. vocalis.
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Non-invasive electrodes present on the oro-tracheal tube were placed between the voice
ligaments under the control of direct laryngoscopy.

A monopolar stimulation electrode was used (stimulus intensity 0.5–1 mA). We evalu-
ated action potential (AP) with an amplitude of more than 100 µV with adequate latency
from the stimulation site as an adequate functional nerve response.

Electro-myographic recording was performed on a MEDTRONIC instrument NIM-
NEURO 3.0. A true-positive result (TP) occurred when the IONM detected RLN palsy,
which was confirmed postoperatively.

A false positive was considered to be a condition where, despite the IONM anticipated
RLN paresis, the vocal cords were postoperatively moving. The true negative result was a
condition where the IONM assumed that the RLN functionality was maintained, which
was confirmed postoperatively. False negative results were evaluated as a condition where,
despite the IONM detecting preserved function of RLN, postoperative paresis occurred.

To reduce the incidence of false-negative and false-positive responses, we monitored
neural structures according to the scheme: vagus nerve before dissection, recurrent laryn-
geal nerve before dissection, RLN after dissection, vagus nerve after dissection.

All patients included in the study (with intraoperative IONM obtained in a non-
physiological/pathological response or postoperatively caused by changing voice) were
promptly investigated (objective voice parameters and VHI-30 questionnaire) within 14
days after TT.

The inclusion criteria were as follows:

- age over 18 years;
- preoperative normal laryngeal finding;
- preoperatively normal voice;
- non-physiological/pathological response obtained perioperatively at IONM;
- postoperative change of voice.

The exclusion criteria were as follows:

- age below 18 years;
- history of any neurological disorders or diseases (e.g., multiple sclerosis);
- any preoperative benign vocal cord lesions or other voice disorders;
- any preoperative pathological videolaryngoscopic findings;
- hearing loss requiring hearing aids.

We divided the patients after TT into two groups:

- GROUP I with movable vocal cords (verified by laryngostroboscopic examination)
(without RLN paresis) n = 45;

- GROUP II patients with postoperative unilateral transient RLN paresis n = 20.

The indications for TT surgery were as follows: nodular goiter n = 25 (38%), thyroiditis
with thyreotoxicosis n = 10 (15%), diffuse goiter n = 7 (11%), Graves–Basedow goiter n = 6
(9%), multinodular goiter n = 6 (9%), papillary thyroid carcinoma (papillary carcinoma,
papillary variant of papillary carcinoma, foliculary variant of papillary carcinoma) n = 6
(9%), Hashimoto´s autoimmune thyroiditis n = 3 (5%), medullary thyroid carcinoma n = 1
(2%), and retrosternal nodular goiter n = 1 (2%).

All patients underwent the following examinations before TT and check-up within
14 days after TT.

Performed examinations:

- Optical methods: video flexible laryngoscopy;
- Acoustic methods: jitter (%);
- Examination of voice field of conversational voice (determination of basic average

voice position Fo (Hz) and basic sound pressure level SPL (dB (A));
- Aerodynamic examination: maximum phonation time (MPT) (s);
- Psychometric examination: VHI-30 (Voice Handicap Index);
- Speech range profile (SRP) (dynamic and frequency range of speaking voice) loud

reading and reading with low voice intensity not whisper.
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We used the LingWAVES software system for voice analysis.
We analyzed the periodicity of the voice using the perturbation parameter (jitter) and

examined the voice field of the speech voice (determination of the average mean voice
position Fo (Hz) and the basic sound pressure level SPL (dB (A))), SRP (speech range profile)
using silent and loud reading methods to determine the lowest frequency (Fmin Hz), highest
frequency (Fmax Hz), minimum intensity (Imin dB SPL), and maximum intensity (Imax dB
SPL). We evaluated the changes in the glottal gap using an aerodynamic test using the
prolonged phonation of the isolated vowel (A), thus measuring the maximum phonation
time. All sound recordings were made at a distance of 30 cm from the microphone in a
quiet room with an ambient noise level of less than 40 dB (A)). When recording standard
text readings, the normal volumes of the conversational voice (habitual reading), silent
voice (semi-voice), and loud reading were used.

Psychometric examinations were evaluated by completing the VHI-30 (Voice Handicap
Index) questionnaires.

Methodology: All patients signed an informed consent for total thyroidectomy before
the surgeries. Our study was followed according to the Declaration of Helsinki. Due to the
retrospective type and character of the study, approval by the local ethics committee was
not required.

3. Results

The total percentage of transient RLN paresis was 31%. It was always a transient
RLN paresis.

From the point of view of thyroid histology, transient unilateral paresis was most
often found in group II in patients with nodular goiter, n = 8 (40%), and thyreotoxicosis,
n = 5 (25%).

Laterality of transient RLN Paresis in Group II:
In terms of laterality, transient RLN paresis prevailed on the left side: 60% (N = 12).

Right-sided transient RLN paresis was 40% (N = 8).
Results of objective voice parameters:
In Group I, only 2 parameters changed significantly after the TT: jitter increase

(p = 0.001), and VHI-30 point increase (p = 0.001).
Fo values in women (habitual voice-reading standard text with medium voice inten-

sity) were statistically significantly lower than before the operation (p = 0.016).
The values of Fo in men did not differ statistically significantly after TT; there was

only a slight deepening of the voice (decrease in the pitch).
In Group II after the TT, all observed parameters changed significantly (worsened):

MPT shortening (p = 0.001), SPL decrease (p = 0.030), jitter increase (p = 0.001), and VHI-30
point increase (p = 0.001).

The values of Fo (habitual voice-reading standard text with medium voice intensity)
in women did not change significantly after TT (p = 0.836).

The values of Fo in men differed only on the significance level p = 0.1 (not statistically
significant); we noticed a slight increase in voice position and an increase in voice pitch.

Test speech range profile (SRP) (the most important parameter) results are shown in
see Table 1.

SRP Group I:
Basic statistical characteristics of Fmin/max and Imin/max and the results of the non-

parametric Wilcoxon test between before and after TT (before and after):
Women: the values for loud reading differed statistically significant: for Fmax, voice

height decreased after surgery (p = 0.001). But Imax also decreased after surgery, there was
a limitatiton of load reading ability (p = 0.001).

Men: none of the monitored parameters proved to be statistically significantly different
between Fmax and Imax after TTE. The pitch of the voice or the intensity of the voice in the
upper part of the voice field (VF) were almost unchanged.
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Table 1. SRP: mean values, standard deviations, statistical significance.

Parameter n Before After p

Group I women

Fmin (Hz) 41 195.45 ± 70.22 194.59 ± 74.22 0.588
Fmax (Hz) 41 256.09 ± 84.29 242.96 ± 87.62 0.001

Imin (dB (A)) 41 59.64 ± 19.66 59.64 ± 19.30 0.423
Imax (dB (A)) 41 74.74 ± 22.59 72.60 ± 21.59 0.001
Group I men

F min (Hz) 4 127.35 ± 42.60 111.13 ± 18.03 0.655
Fmax (Hz) 4 177.75 ± 60.16 172.25 ± 64.69 0.655

Imin (dB (A)) 4 56.23 ± 3.93 57.13 ± 2.54 0.285
Imax (dB (A)) 4 68.55 ± 4.51 70.73 ± 5.55 0.285

Group II women
Fmin (Hz) 16 190.27 ± 24.21 193.43 ± 22.08 0.328
Fmax (Hz) 16 249.57 ± 31.49 228.26 ± 18.73 0.005

Imin (dB (A)) 16 54.54 ± 2.74 54.41 ± 3.71 0.477
Imax (dB (A)) 16 68.74 ± 3.99 65.17 ± 6.59 0.034
Group II men

Fmin (Hz) 4 118.93 ± 35.25 118.48 ± 31.33 1.000
Fmax (Hz) 4 153.45 ± 36.70 140.85 ± 38.95 0.109

Imin (dB (A)) 4 51.58 ± 4.45 51.08 ± 1.65 1.000
Imax (dB (A)) 4 70.60 ± 2.37 64.95 ± 3.31 0.068

SRP = speech range profile; Fmin = minimum frequency; Fmax = maximum fraquency; Imin = minimum intensity;
Imax = maximum intensity.

SRP Group II:
Basic statistical characteristics of Fmin/max and Imin/max and the results of the non-

parametric Wilcoxon test before and after TTE:
Women: after TT, the VF (voice field) parameters of the loud reading Fmax and Imax,

were significantly different (p = 0.005) and (p = 0.034). Here, too, there was a reduction in
voice height while trying to read loudly, thus limiting the ability to amplify the voice.

Men: Fmax values did not change after TT; only Imax differed, but only at a significance
level of 0.1 (p = 0.068). Thus, the ability to read aloud in men with RLNp after TT was not
significantly reduced.

Results—voice field speaking voice SRP (see Table 2):

Table 2. Voice field of the speaking voice.

Female Group I Group II

FR (Hz) before
TT (Hz) (max-min)

60.7 (G3-C4) 5 st 59.3 (F3#-H3) 5 st

FR (Hz) after
TT (Hz) (max-min)

48.2 (G3-H3) 4 st 34.8 (G3-A3) 2 st

DR dB SPL (dB (A)) before TT (max-min) 15.1 14.2

DR dB SPL (dB (A)) after TT (max-min) 13.0 10.8

Difference FR (before/after TT)
Difference DR (before/after TT)

−1 st
−2.1 dB (SPL(A))

−3 st
−3.4 dB (SPL(A))

Male Group I Group II

FR (Hz) before
TT (max-min)

50.4 (C3-F3) 5 st 35.5 (A2#-D3#) 5 st

FR (Hz) after
TT (max-min)

61.1 (A2-F3) 8 st 22.4 (A2-C3#) 4 st

DR dB SPL (dB (A)) before TT (max-min) 12.3 19.0

DR dB SPL (dB (A)) after TT (max-min) 13.6 13.9

Difference FR (before/after TT)
Difference DR (before/after TT)

+3 st
+1.3 dB (SPL(A))

−1 st
−5.1 dB (SPL(A))

FR = frequency range; DR = dynamic range; Fmin = minimum frequency; Fmax = maximum frequency;
Imin = minimum intensity; Imax = maximum intensity; st = number of semitones; # = semitone higher than
previous full tone.
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Group I Women: The voice frequency range from the original 5 semitones (G3-C4)
was limited to 4 semitones (G3-H3) in the upper part of the voice field. Dynamic voice
range reduced from 15.1 dB SPL (dB (A)) to 13.0 dB SPL (dB (A)) mainly at higher voice
field frequencies (limiting voice intensity during loud reading).

Men: After the TT, the lower part of the voice field (VF) was freely expanded and
the upper part of the VF in loud reading remained unchanged. There was a change in the
extent of VF before surgery 5 semitones (C3-F3) versus after surgery 8 semitones (A2-F3).

The dynamic range of the voice increased at loud reading, at the same frequency level
as before TT, i.e., 12.3 dB (SPL (A)) before and 13.6 dB (SPL (A)) after TT.

Group II Women: We noticed the restriction in the voice field in the frequency and
dynamic range, in both parts of the voice field and in the lower and upper parts.

The voice pitch was limited in both the low and high frequencies. Frequency range
decreased from 5 semitones (F3#-H3) to 2 semitones (G3-A3#); voice dynamics decreased
from 14.2 dB SPL (dB (A)) to 10.7 dB SPL (dB (A)).

Men: Shifting voice pitch to deeper parts of the frequency spectrum, limited ability to
increase voice pitch and intensity from loud reading, from original 4 semitones (A2#-D3#)
to 3 semitones (A2#-C3#), dynamic range reduced from 19.0 dB SPL (dB (A)) to 13.9 dB
SPL (dB (A)).

Results of VHI-30 questionnaires (see Table 3):

Table 3. Voice Handicap Index (VHI) VHI–30.

Group I
n = 45

Group II
n = 20

Part
of the VHI-30

Before TT
Average Value

After TT
Average Value

Before TT
Average Value

After TT
Average Value

Physical 0.91 3.7 0.85 7.9

Functional 0.37 2.3 1.0 6.3

Emotional 0.24 1.7 0.4 3.7

VHI-Total
(SD) 1.6 (2.99) 6.93 (5.95) 2.2 (2.42) 18.4 (19.22)

SD = Standard Deviation.

The total score significantly changed (worsened) in Group II (p = 0.001), but also in
Group I (p = 0.001).

Our results: We noticed mild voice problems when evaluating the each parts of
the VHI-30 (Physical, Functional, Emotional parts), VHI-30 Total—we noticed no patient
deteriorated by more than 18 points. Overview in Table 3.

Patients with thyroid Carcinoma:
5 patients with papillary carcinoma were without paresis postoperatively.
1 patient with papillary carcinoma and 1 patient with medullary carcinoma had

transient unilateral RLN paresis.
In the group of 5 patients with thyroid Carcinoma without postoperative RLN paresis,

there was a reduction in FR by an average of 1 semitone. VHI-30 total points increased
by only 5.5 points. The dynamic range of the voice decreased after TTE by 4 dB SPL (dB
(A)), by 0.64 dB SPL (dB (A)) more than the average in the group of all patients without
postoperative RLN paresis.

1 patient with papillary carcinoma had transient unilateral RLN paresis. After TTE, the
VHI-30 increased from 6 to 70 points. The dynamic range of the voice after TTE decreased
by 13 dB SPL (dB (A)).

1 patient with medullary carcinoma had transient unilateral RLN paresis. After TTE,
the VHI-30 had not changed before 4/after 4 points. The dynamic range of the voice after
TTE decreased by only 1.3 dB SPL (dB (A)). This patient had not been shown to have
NEM2A or B, Hirschsprung’s disease.
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4. Discussion

The results of our study indicate, in agreement with the world literature, the impor-
tance of two parameters in monitoring voice analysis in patients after TT [17]: SRP (speech
range profile) and VHI-30. Previously monitored parameters such as jitter and shimmer
are losing importance in voice quality assessment today.

Our results support the idea that the SRP is an important indicator of the change in
voice after TT. Our data show a difference of Fo max–Fo min in women in group II (with
RLN paresis) during loud reading and semi-voice reading, limiting the frequency range of
the voice from the original 5 semitones (F3#-H3) to 2 semitones (G3-A3), especially in the
higher frequency range. The finding correlates, among other things, with the finding of
glottis insufficiency due to unilateral RLN paresis after TT. In contrast, Bihari et al. found
in their study that there was no change in tone range in patients with unilateral RLN
paresis [18].

Reduction of the frequency range of the voice in women of Group II in our study, of
3 semitones in both the lower and upper parts of the frequency spectrum, may be due to
both paretic (RLNparesis, EBSLNp) and non-paretic causes of voice disorders (most often
proximal acid reflux or mucosal-orotracheal postintubation edema).

Another part of the SRP rating is Dynamic Voice Range and it has a similar predicative
value. Our results show that Group II women with RLN paresis were able to use the same
low voice intensity (Imin) after TT as before surgery, which was measured during reading
by semi-voice.

According to some authors such as Ma et al. and Siupsinskiene et al. [19,20], the lower
the Imin, the lower the subglottic pressure. The Imin parameter is a basic predictor of voice
disorder, which is one of the basic indicators of improving the dynamic range of the voice
during rehabilitation.

According to Leino et al., in men, an enormous increase in I max is a sign of voice
fatigue, and at the same time a decrease in the dynamic range of the voice signals a voice
disorder [21].

In our study in Group I (without RLN), paradoxically, after the TT, the dynamic range
of the speaking voice was expanded.

In Group II (with RLN paresis), however, as expected, the Dynamic Voice Range was
reduced by 5.1 dB SPL (dB (A)).

Our study shows that I max is not, in contrast to Leino et al. [21], a significant indicator
of voice disorders in men (after TT). With regard to changes in the dynamic range of voice
(decrease) our results are similar to Leino et al. [21].

D´Alatri with Marchese showed in their research the importance of the SRP.
They compared SRP and VRP (Voice Range Profile) in healthy subjects and dysphonic

patients [22].
In common phoniatric practice, VRP (singing examination) is performed only on vocal

professionals. VRP has no application in patients with dysphonia that has occurred after
TT. The SRP is a useful alternative tool for assessing voice limits [22].

The importance of VHI-30-evaluation of individual parts of VHI-30 questionnaires
after TT shows an increase in the number of points (deterioration) in the physical, functional,
and emotional parts. In both of our evaluated groups, the most dissatisfaction with voice
was manifested in the physical part, and the least in the emotional part.

Our results correlate with Dehqan et al. [23], where the authors reported in their group
of patients with unilateral RLN paresis a direct correlation between VHI-30 total and the
physical part of VHI-30 [23]. In Group I (without RLN transient paresis), a worsening of
the total VHI-30 score was found in 31% of patients, whereas in Group II (with transient
RLN paresis), the worsening of the total number was 75%.

In our study, in Groups I and II we noticed a direct correlation between the subjective
assessment of patient voice quality and with the results of their voice analysis parameters
and SRP (frequency and dynamic range of voice). Patients with the greatest SRP restric-

39



Int. J. Environ. Res. Public Health 2021, 18, 4300

tion and impaired perturbation parameters were more dissatisfied with their voice and
vice versa.

Although these included patients without RLN paresis, they had worse VHI-30 scores.
This fulfills our assumptions that non-paretic causes of voice changes (alongside paretic
causes) and predictive factors contribute to the resulting patient satisfaction with their
voice and to their application in personal and professional life.

The results of the SRP and VHI-30 examinations are relevant for the future, as they
contribute to the development of new rehabilitation procedures, which will enable patients
to use their voice without restrictions in communication processes in everyday life.

5. Conclusions

The study shows that in the case of monitoring changes in voice after TT, the most
important objective voice parameters are SRP and VHI-30. These are very sensitive indica-
tors of voice changes that can be used both in patients with dysphonia (after TT) caused by
transient RLN paresis and in patients with non-paretic dysphonia.

Our data support the claim that the diagnosis of thyroid cancer does not necessarily
imply a higher postoperative risk of impaired voice quality for the patient.
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Abstract: Ameloblastic carcinoma is a rare malignant odontogenic neoplasm with a poor prognosis.
It can arise de novo or from a pre-existing ameloblastoma. Research into stemness marker expres-
sion in ameloblastic tumours is lacking. This study aimed to explore the immunohistochemical
expression of stemness markers nestin, CD138, and alpha-smooth muscle actin (alpha-SMA) for the
characterisation of ameloblastic tumours. Six cases of ameloblastoma and four cases of ameloblastic
carcinoma were assessed, including one case of ameloblastic carcinoma arising from desmoplastic
ameloblastoma. In all tumour samples, CD138 was positive, whilst alpha-SMA was negative. Nestin
was negative in all but one tumour sample. Conversely, the presence or absence of these markers
varied in stroma samples. Nestin was observed in one ameloblastic carcinoma stroma sample, whilst
CD138 was positive in one ameloblastoma case, one desmoplastic ameloblastoma case, and in two
ameloblastic carcinoma stroma samples. Finally, alpha-SMA was found positive only in the desmo-
plastic ameloblastoma stroma sample. Our results suggest nestin expression to be an indicator for
ameloblastic carcinoma, and CD138 and alpha-SMA to be promising biomarkers for the malignant
transformation of ameloblastoma. Our data showed that nestin, CD138, and alpha-SMA are novel
biomarkers for a better understanding of the origins and behaviour of ameloblastic tumours.

Keywords: ameloblastoma; ameloblastic carcinoma; nestin; CD138; syndecan-1; alpha-SMA;
stemness markers

1. Introduction

Ameloblastomas (ABs) are uncommon, benign, locally aggressive odontogenic tu-
mours of epithelial origin with a high incidence of recurrence [1–4]. Left untreated, they
have the potential to reach large sizes and cause physical disfiguration and functional
disturbances. There is no gender preference, but there is a high incidence in the third
and fourth decades of life [4,5]. Ameloblastic tumours show significant histological varia-
tions and are classified into various benign and malignant entities [1]. According to the
WHO 2017 classification, benign ABs are categorised into conventional, unicystic, and ex-
traosseous/peripheral types [6]. Conventional is the most common type and makes up 85%
of cases [4,7]. Histologically, it can be categorised into follicular and plexiform [1,2]. Other
less common histological variants are clear cell and desmoplastic cell [8]. Desmoplastic
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ABs behave like conventional ABs, although their clinical and radiographic characteristics
may be different [8–10].

In some cases, ABs can demonstrate metastasis with benign histological features. This
type is classified as a metastasising (malignant) AB. This was originally classified as a
malignant form in the 2005 WHO classification system, but has since been re-classified
as a benign epithelial odontogenic tumour in the current 2017 WHO classification [6].
Ameloblastic carcinoma (AC) is an AB that can demonstrate metastatic histological features
and malignant cytological characteristics. Accordingly, it is categorised as a malignant
odontogenic tumour under the 2017 WHO classification [6]. Genetic and molecular alter-
ations in these odontogenic epithelial tumours have been identified as possible associations
with mechanisms of oncogenesis, cyto-differentiation, and tumour progression [11,12]. The
development of an AC from an existing AB is extremely rare. Only 16 cases have been
reported in literature in the last 10 years [13]. AC is generally characterised by high mor-
bidity and mortality, and the survival rates of patients diagnosed with AC are significantly
reduced in those with evidence of metastasis [14,15].

Stem cells are undifferentiated cells capable of self-renewal and the production of
a diverse range of differentiated cells [16]. Tumours can contain a heterogenous popu-
lation of stem cells known as cancer stem cells (CSCs). CSCs have the characteristics of
self-renewal driving tumorigenesis [16,17]. Studies have suggested that haematopoietic
and neural stem cell markers may play important roles in epithelial–mesenchymal inter-
actions and cell proliferation/differentiation in both odontogenic epithelial tumours and
during odontogenesis [18–21]. Specifically, several immunohistochemical studies have
outlined an effective correlation between the levels of some markers of stemness such as
nestin, CD138, and alpha-smooth muscle actin (alpha-SMA) and the different forms of
ameloblastic tumours [22].

Nestin is an intermediate filament constituting the cytoskeleton, and is a marker
of neural stem cells or progenitor cells [23]. The expression of nestin is related to tooth
development and repair of dentine [24]. The expression of nestin in ameloblastomas
and malignant ameloblastomas has been reported in the literature to be negative [24].
CD138, also known as syndecan-1, is a peptide that inhibits tumour growth. It is highly
expressed in fibroblasts and epithelial cells [25]. Alterations in CD138 expression results
in changes to cell behaviour, shape, growth, migration, and cytoskeletal organisation [26].
To date, CD138 expression and its role in AC remains debated. Alpha-SMA, a marker of
myofibroblasts, has also been reported in studies comparing ABs to ACs [27]. A positive
correlation has been identified between the number of myofibroblasts present in the stroma
and the aggressive behaviour of odontogenic tumours through enhancement of epithelial–
mesenchymal interactions [28,29]. Research has demonstrated that the clinical recurrence
of ABs may be predicted by alpha-SMA expression [30]. CD138 and alpha-SMA expression
may indicate a higher aggressive potential of AB [31], and alpha-SMA expression in
epithelial cells may indicate AC [27,31,32].

Cases presenting with subtle metastatic change, atypical phenotypes, or poor biopsied
tissue reduce the ability of an accurate diagnosis. The understanding of the role of stemness
markers in ABs may aid in the early diagnosis of malignant ameloblastic tumours with
direct implications on their management protocol [33].

Research into stemness marker expression in ameloblastic tumours is currently defi-
cient and evidence is controversial. Further studies are required to better understand their
role in this type of malignancy. The main aim of this study was to explore the immuno-
expression of stem cell markers nestin, CD138 (syndecan-1), and alpha-SMA in a series
of four cases of ameloblastic carcinoma and to compare this data to an ameloblastoma
immunoexpression profile.

Our results suggest nestin expression to be an indicator of AC, and CD138 and
alpha-SMA to be biomarkers for transformation of AC from AB. Our study confirms the
role of nestin, CD138 (syndecan-1), and alpha-SMA as promising biomarkers for a better
understanding of the origin and behaviour of ameloblastic tumours.
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2. Materials and Methods

This study was approved by the Ethics Committee of the University “Federico II” of
Naples, Italy (protocol n. 35/15). Appropriate permission and written informed consent
were obtained from all the patients described in this article.

For this study, we selected a case of desmoplastic AB (female, 22 years of age) that
progressed to AC, three further ACs (two males and a female; mean age: 57 years; age
range: 48–73 years), and six ABs from the archives of the Pathology Section of Advanced
Biomedical Sciences at the Federico II University of Naples, Italy; every patient had a
follow-up of at least 24 months.

Each specimen was fixed in 10% buffered formalin, embedded in paraffin, and serially
sectioned (4 µm thick sections). For each case, one section was stained with haematoxylin and
eosin (H&E) and the others used for immunohistochemistry (labelled streptavidin-biotin stan-
dard technique) with anti-nestin (nestin, 10c2, Santa Cruz Biotechnology, Santa Cruz, CA, USA,
diluted 1:100), anti-CD138/syndecan-1 (CD138, B-A38, Ventana, Tucson, AZ, USA, predi-
luted), and anti-α-smooth muscle actin (αSMA, 1A4, Ventana, Tucson, AZ, USA, prediluted)
antibodies. Cells showing definite brown staining were judged positive for nestin, CD138,
and alpha-SMA. All slides were examined in a double-blinded fashion by two pathologists
(M.M. and G.D.R.) to confirm the diagnosis and to assess the immunohistochemical staining,
both in tumour islands and stromal fibroblasts, according to a semiquantitative score, as
negative, focal (+), moderate (++), and extensive (+++) positivity.

3. Results

Four cases of AC and six cases of AB were included in this study. Of these six, one
case of desmoplastic AB progressed to AC. AC case descriptions can be found below.

Case 7: A 22-year-old female presented with a four-month history of an asymptomatic
expansive lesion (bucco-lingually) involving quadrant 4, region 41–46 (Figure 1a–c). Sig-
nificant loss of soft tissue and bony attachment (up to 100%) was evident. Increased
vasculature and agenesis of the mandibular second premolars was observed (Figure 1a–c).
The patient was a non-smoker and non-drinker. Diagnosis at this stage was a desmoplastic
AB and treated with box resection including removal of 41–44 and 85. The one month
follow-up indicated healthy and healing tissues (Figure 1d,e). The seven-month follow-up
was characterised by the onset of an erythematous lesion on the buccal gingiva in the area
of 31 (Figure 1f,g) and radiographic findings were also suggestive of a potential recurrence.
Diagnosis at this stage was an AC and treated with a more extensive box resection includ-
ing removal of 31 (Figure 1h). The histopathological description of this case is presented in
Figure 2.

Case 8: A 48-year-old male presented with a history of a five-year lesion. Upon
examination, the lesion was a 4 cm × 7 cm oral soft tissue ulceration with recurrent
abscess and pus of the right mandible. Multiple teeth had been lost and swelling of the
submandibular and lymph nodes of the neck were present homolaterally. The patient was
a smoker (17 cigs/day) and a casual drinker. Treatment involved hemi-mandibulectomy.
The histopathological description is presented in Figure 3a–d.

Case 9: A 73-year-old male presented with a solid tissue lesion involving destruction
of the roof and anterior wall of the maxillary sinus infiltrating the nasal cavity and hard
palate. The patient had a previous history (four years prior) of a basal cell carcinoma (BCC)
and treatment involved excision of the entire right orbit. One year following treatment, the
patient was diagnosed with a BCC of the right nose wing that was excised. The patient
had hypertension and was a smoker (60 cigs/day). The histopathological description is
presented in Figure 3e–h.

Case 10: A 50-year-old female presented with a carcinoma (33 mm in diameter)
involving the right nasal fossa, ethmoidal bone, maxillary bone, maxillary sinus, and
floor of the orbit. The patient was a non-smoker and non-drinker. The patient received
maxillectomy and reconstruction with titanium mesh. The histopathological description is
presented in Figure 3i–l.
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Figure 1. Initial presentation of a 22-year-old female with a desmoplastic ameloblastoma that progressed to an amelo-
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31. Diagnosis was an ameloblastic carcinoma and treated with a more extensive box resection including removal of 31. (h) 
Computed tomography (CT) scan one-month after surgery indicated removal of the ameloblastic carcinoma. 

All histopathologic diagnoses of AB and AC were confirmed. ABs were typically 
composed of epithelial nests of columnar cells arranged in a palisading pattern surround-
ing a loose network of cells mimicking a stellate reticulum, in a loose connective stroma. 
ACs showed the typical features of malignancy, including marked nuclear atypia, a high 
mitotic index, and neural or vascular invasion, in the context of classical AB. 

All ABs expressed CD138, with a variable degree of expression varying from + to +++, 
in their solid tumour counterpart; the stromal fibroblasts resulted negative, except for a 
case showing a moderate positivity (++) for CD138. 

Nestin was negative in all AB cases. Alpha-SMA was negative in all AB cases except 
for one case (positive only in the stromal component). 

Figure 1. Initial presentation of a 22-year-old female with a desmoplastic ameloblastoma that progressed to an ameloblastic
carcinoma (case 7). (a–c) Presentation with a four-month history of an asymptomatic expansive lesion (bucco-lingually)
involving quadrant 4, region 41–46, with significant loss of soft tissue and bony attachment (up to 100%). Orthopantomo-
gram (OPG) and peri-apical radiographs indicated agenesis of mandibular second premolars and retention of 75 and 85.
Histopathologic diagnosis at this stage was a desmoplastic ameloblastoma. (d,e) Clinical presentation indicated healthy
and healing tissues one-month after surgical intervention via box resection and removal of 41–44 and 85. (f,g) Clinical
presentation at the seven-month follow-up indicated an erythematous lesion on the buccal gingiva in the area of 31.
Diagnosis was an ameloblastic carcinoma and treated with a more extensive box resection including removal of 31. (h)
Computed tomography (CT) scan one-month after surgery indicated removal of the ameloblastic carcinoma.

All histopathologic diagnoses of AB and AC were confirmed. ABs were typically
composed of epithelial nests of columnar cells arranged in a palisading pattern surrounding
a loose network of cells mimicking a stellate reticulum, in a loose connective stroma. ACs
showed the typical features of malignancy, including marked nuclear atypia, a high mitotic
index, and neural or vascular invasion, in the context of classical AB.

All ABs expressed CD138, with a variable degree of expression varying from + to +++,
in their solid tumour counterpart; the stromal fibroblasts resulted negative, except for a
case showing a moderate positivity (++) for CD138.

Nestin was negative in all AB cases. Alpha-SMA was negative in all AB cases except
for one case (positive only in the stromal component).
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×100); (e) evolving desmoplastic ameloblastoma (haematoxylin and eosin, original magnification ×100); (f) staining for 
nestin in evolving desmoplastic ameloblastoma (original magnification ×100); (g) staining for alpha-SMA in evolving 
desmoplastic ameloblastoma (original magnification ×100); (h) staining for CD138 in evolving desmoplastic ameloblas-
toma (original magnification ×100); (i) follicular ameloblastoma: High magnification (haematoxylin and eosin, original 
magnification ×400); (j) evolving desmoplastic ameloblastoma: High magnification (haematoxylin and eosin, original mag-
nification ×400). 

Figure 2. Immunohistochemical analysis of the stemness markers (nestin, CD138, and alpha-SMA) in an ameloblastic
tumours. (a–d,i) Case 6; (e–h,j) case 7. (a) Follicular ameloblastoma (haematoxylin and eosin, original magnification ×100);
(b) staining for nestin in follicular ameloblastoma (original magnification ×100); (c) staining for alpha-SMA in follicular
ameloblastoma (original magnification ×100); (d) staining for CD138 in follicular ameloblastoma (original magnifica-
tion ×100); (e) evolving desmoplastic ameloblastoma (haematoxylin and eosin, original magnification ×100); (f) staining
for nestin in evolving desmoplastic ameloblastoma (original magnification ×100); (g) staining for alpha-SMA in evolving
desmoplastic ameloblastoma (original magnification ×100); (h) staining for CD138 in evolving desmoplastic ameloblas-
toma (original magnification ×100); (i) follicular ameloblastoma: High magnification (haematoxylin and eosin, original
magnification ×400); (j) evolving desmoplastic ameloblastoma: High magnification (haematoxylin and eosin, original
magnification ×400).

The AC derived from the desmoplastic AB expressed alpha-SMA focally (+) in the
smooth muscle around some tumour nests; CD138 diffusely stained the tumour islands
(+++) and moderately (++) the stroma. Nestin was negative.

The three remaining AC cases were negative for alpha-SMA. Only one case showed
an extensive (+++) positivity for nestin, both in the tumour cells and stromal fibroblasts.

Finally, one case of AC resulted positive for CD138, both in the tumour cells (++) and
fibroblasts (+++), one case showed an extensive (+++) positivity only in the tumour cells,
and one case was completely negative.

Table 1 summarises the immunostaining data.
Statistical analysis of these stemness markers did not show significant differences

(p < 0.05; Fisher’s exact test). This was expected due to the rarity of ACs and the consequent
sample size in our cohort.
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immunostaining for CD138 in recurrent plexiform ameloblastoma: Tumour islands were variably positive for CD138. 
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mately 65 cases of metastasising (malignant) AB and 125 cases of AC reported in the liter-
ature [15,34]. ABs present radiographically as uni- or multilocular radiolucencies fre-
quently with cortical expansion. Clinicians should suspect a malignant lesion when there 
are presentations of paraesthesia, pain, irregular borders, and invasion of adjacent tissues 
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tion of whether this is a secondary AC must be acknowledged by a history of persistent, 
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Figure 3. Immunohistochemical analysis of the stemness markers (nestin, CD138, and alpha-SMA) in ameloblastic tumours.
(a–d) Case 8; (e–h) case 9; (i–l) case 10; (m–p) case 6. (a,e,i) Ameloblastic carcinomas (haematoxylin and eosin, original
magnification ×100); (m) desmoplastic ameloblastoma (haematoxylin and eosin, original magnification ×100); (b,f,j) stain-
ing for nestin in ameloblastic carcinomas: Overexpression of nestin was seen in tumour cells, fibroblasts, endothelial cells,
and lymphocytes (b: original magnification ×100); (f,j) tumour cells and fibroblasts were negative, while endothelial cells
were positive (original magnification ×100); (n) staining for nestin in recurrent plexiform ameloblastoma: Tumour cells and
fibroblasts were negative (original magnification ×100); (c,g,k) staining for alpha-SMA in ameloblastic carcinoma: Alpha-
SMA was negative; a weak expression of alpha-SMA was present in the vessel wall (c,g,k: original magnification ×100);
(o) staining for alpha-SMA in recurrent plexiform ameloblastoma: Tumour cells and fibroblasts were negative, but a weak
expression was present in the vessel wall (original magnification ×100); (d,h,l) staining for CD138 in ameloblastic carcinoma:
(d) Tumour cells and stromal fibroblasts stained an extensive and moderate expression of CD138, respectively (d: original
magnification ×100); (h) overexpression of CD138 was seen only in tumour islands (h: original magnification ×100); (l)
only a minority of tumour cells resulted positive for CD138 (l: original magnification ×100); (p) immunostaining for CD138
in recurrent plexiform ameloblastoma: Tumour islands were variably positive for CD138.

Table 1. Immunoexpression profile of all stemness markers (nestin, CD138, and alpha-smooth muscle actin (alpha-SMA)) in
ameloblastic tumours.

Case n. Diagnosis
Nestin CD138 (Syndecan-1) Alpha-SMA

Tumour Stroma Tumour Stroma Tumour Stroma

1 Ameloblastoma - - ++ - - -

2 Ameloblastoma - - + - - -

3 Ameloblastoma - - +++ - - -

4 Ameloblastoma - - + - - -

5 Ameloblastoma - - ++ - - -

6 Desmoplastic ameloblastoma - - ++ +++ - ++

7 Ameloblastic carcinoma derived
from desmoplastic ameloblastoma - - +++ ++ - +

8 Ameloblastic carcinoma +++ +++ ++ +++ - -

9 Ameloblastic carcinoma - - +++ - - -

10 Ameloblastic carcinoma - - + - - -
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4. Discussion

ABs are uncommon, benign, locally aggressive odontogenic tumours of epithelial
origin with a high incidence of recurrence [1–4] and potential for malignant transformation
into a metastasising (malignant) AB or AC [15,34]. To date, there are approximately 65 cases
of metastasising (malignant) AB and 125 cases of AC reported in the literature [15,34]. ABs
present radiographically as uni- or multilocular radiolucencies frequently with cortical
expansion. Clinicians should suspect a malignant lesion when there are presentations of
paraesthesia, pain, irregular borders, and invasion of adjacent tissues [14,35].

ACs usually present with microscopic evidence of malignancy. However, confirma-
tion of whether this is a secondary AC must be acknowledged by a history of persistent,
recurrent or residual AB [36]. Differential diagnosis between the lesions, from incisional
biopsies, can prove to be difficult. Differential diagnosis often includes other types of
intra-osseous carcinomas of the jaws [36]. Immunohistochemistry can be utilised to aid
in the diagnosis and classification of odontogenic tumours. Some currently published im-
munohistochemical markers used to differentiate AC from AB include CK18, parenchymal
MMP-2, stromal MMP-9, Ki-67, and p53 [36,37]. Novel immunomarkers are crucial for a
better understanding of lesion origins, diagnosis, and behaviour.

Diagnostic difficulty is sometimes encountered with ABs of unusually aggressive
behaviour and in differentiation from ACs. To identify the markers of stemness that will
have implications in the diagnosis of AC and cases with subtle malignant transformation,
immunohistochemical expression of a panel of markers (nestin, CD138, and alpha-SMA)
was investigated.

Nestin is a CSC surface marker identified in tissues and pathological conditions, such
as the neural crest, heart, testis, reactive astrocytes (after brain injury), and the central and
peripheral nervous systems [24]. Previous studies have discussed the expression of nestin
as a useful marker for the identification of odontogenic ectomesenchyme and odontoblasts
in odontogenic tumours [24,38]. Previously published data by Fujita et al. (2006) indicated
that almost all of their cases of ameloblastomas and malignant ameloblastomas (three cases)
were negative for nestin [24]. This was reflected in our experimental study. However,
amongst our cases of AC, 25% of our cohort had an extensive expression of nestin in
both the tumour islands and stromal cells. Analogous to the literature, there was no
expression of nestin in any of our AB cases. Although our sample size was small and
further studies should aim to better elicit its expression in larger cohorts, nestin appears to
have immunoreactivity in malignant ameloblastic tumours.

CD138 is highly expressed in fibroblasts and epithelial cells and functions to inhibit
tumour growth [38]. The expression of CD138 in ABs and ACs is controversial amongst
the literature. Various studies have reported different findings in regard to increased or
decreased expression in ACs. A study published by Bologna-Molina et al. (2009) suggested
CD138 expression in desmoplastic AC to be inversely correlated to the proliferative index
Ki67 [39]. Therefore, according to these authors, decreased CD138 expression in desmo-
plastic AB corresponds with its higher aggressiveness [39]. However, a study published by
Martínez-Martínez et al. (2017) indicated CD138 is mainly expressed in the peripheral cells
of ABs and is expressed in most areas of AC [36]. The AB cases in our cohort indicated
the expression of CD138 (from focal to extensive) in the solid tumour but negative in the
stellate tumour areas and stromal fibroblasts. The case of desmoplastic AB resulted positive
in fibroblasts and tumour islands. A particular focus of our study was to assess the pro-
gression of AC from a desmoplastic AB. The AC arising from the desmoplastic AB showed
CD138 to have greater positivity in the tumour islands but less positivity in the stroma.
All cases of AC were positive for CD138 in the tumour, and 50% of cases were positive
in the stroma. Our data suggest that ameloblastic tumours may be positive for CD138 in
tumour islands. This is in accordance with research published by Martínez-Martínez [36].
Furthermore, developing AC from desmoplastic ABs may be positive for CD138 in tumour
islands and stromal cells. Further studies should aim to confirm these results as a biomarker
for transformation of AC from AB.
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Alpha-SMA, a marker of myofibroblasts, has been assessed in the literature for its
potential to determine the recurrence of AB and as a biomarker of transformation to
AC [27,30–32]. Interestingly, in our experimental study, only the case of desmoplastic AB
and the developing AC resulted positive for alpha-SMA. This was only in the surround-
ing tumour nests. All other cases of AB and AC were negative for alpha-SMA. A study
published by Siar and Ng (2019) assessed the epithelial–mesenchymal transition of neo-
plastic cells, as it is essential for metastatic expansion and cancer progression [40]. It was
concluded that stromal upregulation of alpha-SMA (as well as osteonectin and N-cadherin)
implicates a role in local invasiveness [40]. Further research suggests a positive correlation
between the number of myofibroblasts present in the stroma and the aggressive behaviour
of odontogenic tumours [28]. This suggests a histopathological feature for a developing AC.
Considering alpha-SMA expression in epithelial cells may indicate AC [27,31,32,41], further
studies should aim to assess alpha-SMA expression in fibroblasts and epithelial cells.

5. Conclusions

The present study had the opportunity to assess the rare progression of AC from a
desmoplastic AB. The immunohistochemical results suggested nestin expression to be an
indicator for AC, and CD138 and alpha-SMA to be biomarkers for transformation of AC
from AB. However, further experiments are required to look at tumour and stroma tissue
in order to elucidate the presence or absence of these biomarkers. This will allow a better
understanding of the expression of stemness markers amongst a larger cohort of cases and
progressively shed light on their immunoexpression amongst ameloblastic tumours.
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Abstract: Background: Otitis media with effusion (OME) can cause serious complications such
as hearing impairment or development delays. The aim of the study was to assess the microbio-
logical profile of organisms responsible for OME and to determine if a biofilm formation can be
observed. Methods: Ninety-nine samples from 76 patients aged from 6 months to 12 years were
collected for microbiological and molecular studies. Results: In microbiological studies, pathogenic
bacteria Haemophilus influenzae (38.89%), Streptococcus pneumoniae (33.33%), and Staphylococcus aureus
MSSA (27.78%), as well as opportunistic bacteria Staphylococcus spp. (74.14%), Diphtheroids (20.69%),
Streptococcus viridans (3.45%), and Neisseria spp. (1.72%) were found. The average degree of hearing
loss in the group of children with positive bacterial culture was 35.9 dB, while in the group with
negative bacterial culture it was 25.9 dB (p = 0.0008). The type of cultured bacteria had a significant
impact on the degree of hearing impairment in children (p = 0.0192). In total, 37.5% of Staphylococcus
spp. strains were able to form biofilm. Conclusions: Staphylococcus spp. in OME may form biofilms,
which can explain the chronic character of the disease. Pathogenic and opportunistic bacteria may
be involved in the etiopathogenesis of OME. The degree of hearing loss was significantly higher in
patients from which the positive bacterial cultures were obtained.

Keywords: otitis media with effusion; child; biofilms

1. Introduction

Otitis media with effusion (OME) is a chronic inflammatory condition of the middle
ear without general symptoms of acute infection. The disease is characterized by the
presence of fluid in the tympanic cavity and conductive hearing loss. OME is one of the
most common diseases in childhood. Two-thirds of children have had at least one episode
of OME by the age of 3 years. One-third of them will have the attack without notice;
therefore, it is called “silent” otitis media and can impair their hearing secretly [1]. It is also
the most common cause of hearing loss in the pediatric population, which may adversely
affect the development of speech as well as linguistic and cognitive abilities [2].

The pathogenesis of the disease is not fully understood and is most likely multifacto-
rial. The development of recurrent and chronic ear infections is influenced by individual
and environmental factors [3]. The individual risk factors for exudative otitis include: (1)
anatomical and functional dysfunction of the eustachian tube [4]; (2) genetic predisposi-
tion [5]; (3) male gender [6]; (4) recurrent infections of the upper respiratory tract [7]; (5)
episode of acute otitis media in the first 6 months of life [8]; (6) developmental defects
in the craniofacial region, especially cleft palate and abnormal structure of the mastoid
process with impaired pneumatization [9,10]; (7) the overgrowth of the Waldeyer’s tonsillar
ring [11]; (8) gastroesophageal reflux disease [12]; (9) immunological disorders [13]; and (10)
allergy [14]. The factors of increased risk of OME in relation to environmental factors [15]
play the most important role: (1) exposure to tobacco smoke; (2) attendance at a day care
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center (nursery, kindergarten); (3) poor socioeconomic status; and (4) autumn and winter
seasons [15].

In most exudates in acute otitis media, Haemophilus influenzae, Streptococcus pneumoniae,
and Moraxella catarrhalis are found. On the other hand, cultures of exudate in OME indicate
no bacteria. Moreover, exudate is resistant to antibiotic treatment and susceptible to many
inflammatory mediators, which led to the concept of its sterility. However, polymerase
chain reaction (PCR) improved the sensitivity of bacterial detection in middle ear infections
and is useful for the detection of pathogens that are slowly growing, difficult to culture,
or hazardous to handle in a diagnostic lab [16]. Reason for a better detection of bacteria
with PCR may be due to a small number of microorganisms that do not reach the limit of
detection by direct culturing [17–26].

Using PCR technique, in 20–50% of the middle ear exudates, the Alloiococcus otitidis
bacterium was detected. It has been found that this bacterium has a high immunostimula-
tory capacity and promotes colonization of the middle ear space [27,28].

It has long been known that 70% of the cultures are sterile in OME. Numerous reports
indicate the lack of effects of antibiotic therapy in OME, indicating biofilm as the causative
agent of the chronic nature of the disease [29].

Bacteria in nature often exist as sessile communities called biofilms [30]. These commu-
nities develop structures that are morphologically and physiologically differentiated from
free-living bacteria [30] and more resistant to external factors. The concept of disease based
on the existence of bacterial biofilm [31–35] explains why in a chronic bacterial infection it
may be difficult to obtain positive cultures and explains the relative failure of treatment of
OME with antibacterial drugs [30]. However pharmacokinetic drug penetration studies
consistently indicate that the bactericidal concentration of the drug is easily achieved in
the ear, and studies on planktonic bacteria indicate their sensitivity in vitro to antibacterial
agents. The mucosal biofilm hypothesis also explains the observation that the most effective
treatment of OME is tympanostomy with ear drainage. The poorly ventilated middle ear is
an excellent environment for the formation of a bacterial mucosal biofilm. Ventilation tube
surgery is an effective procedure for the following reasons: (1) restoration of middle ear
ventilation increases oxygen concentration in this area, potentially changing the biofilm
phenotype, (2) mechanical suction of exudate after tympanic membrane cutting interrupts
continuity, cleanses, and reduces the mass of biofilm, and (3) restoration of ventilation
facilitates reconstructing the host’s defensive mechanisms in the mucosa of the middle ear.
These changes lead to purification of the biofilm and remission of exudate [21,36,37].

The aim of the work was to evaluate the microorganisms responsible for otitis media
with effusion development and their ability to form biofilms.

2. Materials and Methods

Our study included 76 patients admitted for surgical treatment of otitis media with
effusion. Among 76 children participating in the study, 44 were boys (57.9%) and 32 were
girls (42.1%), and their age ranged from 6 months to 12 years. All patients underwent
basic laryngological and hearing evaluation according to age (impedance audiometry,
otoacoustic emissions, pure-tone threshold audiometry). Impedance audiometry [38] was
performed with the Madsen Zodiak 901 clinical tympanometer (GN Otometrics, Taastrup,
Denmark), and otoacoustic emissions [39] were tested by the OtoRead™ Otoacoustic
Emission Test Instrument (Interacoustics, Middelfart, Denmark). Air and bone conduction
pure-tone auditory [40] threshold measurement was performed in cooperating patients
using the Madsen Orbiter 922-2 clinical audiometer (GN Otometrics, Denmark). Based
on the hearing evaluation, patients underwent either unilateral or bilateral tympanotomy.
During the surgery we collected 99 samples from the middle ear space. From patients
with bilateral OME, due to the small amount of the exudate, we collected two samples
from the same patient in order to perform all needed examinations. Each sample was
divided into two parts, one of which was used for microbiological culture and the other for
molecular biology.
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After cleaning and disinfection with a 70% spirit solution of the external auditory canal
and the eardrum, tympanic membrane was cut in the posterior-lower quadrant using an
operating microscope. The material was collected under pressure using a Polymed Mucus
Extractor disposable sterile collection set for Poly Pedicure Ltd. (Ballabhgarh, India).

Middle ear aspirates were inoculated onto Columbia medium with 5% sheep blood,
Chapman medium, MacConkey agar, chocolate agar with bacitracin, and Sabouraud agar.
Then media were incubated at 37 ◦C for 24 h under aerobic conditions. Only chocolate
agar with bacitracin was incubated under microaerophilic conditions 5–10% CO2 using an
anaerostat, and Sabouaraud agar was incubated at 30 ◦C for up to 5 days. After incubation,
macroscopic assessment of the growth of bacteria and fungi on the media was made and
colony morphology was determined (i.e., shape, size, surface, color, transparency).

To identify species of the bacteria of the Staphylococcus genus catalase test [41], the
Slidex Staph-Kit agglutination test (bioMerieux, Marcy-l’Étoile, France) [42], coagulase free
test [43], and the API Staph system tests (bioMerieux) [44] were performed.

To detect bacteria of the Streptococcus genus, the following tests we performed: micro-
screen Strep latex confirmation assay (Lab M, Neogen, Heywood, UK), optochin resistance
test [45], and the API 20 Strep system tests (bioMerieux) [46].

Identification of Haemophilus species was made using X and V growth factor require-
ment tests. Depending on the species, bacteria need separate growth factors X (hemin or
hematine) and V (NAD or NADP) to develop. Firstly, the plates were brought to room
temperature and then the pure culture of the Haemophilus strain was suspended in a sterile
0.9% NaCl solution to obtain a suspension with a density of about 0.5 McFarland. After
the suspension was inoculated with a sterile cotton swab onto Muller–Hinton agar stan-
dardized according to National Committee for Clinical Laboratory Standards (NCCLS)
recommendations, the diagnostic discs BVX, BV, and BX (B-bacitracin, factor V, factor X)
were plated at a distance of about 15–20 mm apart from each other. Then the material was
incubated at 35 ◦C for 18–24 h in an atmosphere of 5–7% CO2.

Molecular microbial analysis was performed based on the polymerase chain reaction
(PCR), which consists of the following stages: isolation of genomic DNA from cells present
in the exudate and from coagulase positive staphylococci grown from these fluids, ampli-
fication of a specific fragment of the isolated genetic material of the microorganism, and
detection of the amplified product. Genomic DNA was isolated from exudate and Staphy-
lococcus sp. using the manufacturers protocol. The amount and purity of the DNA was
checked using an Eppendorf BioPhotometer (Eppendorf AG, Hamburg, Germany). The
largest amount of genomic DNA obtainable using the test described above was 60 µg. The
purity of the sample was determined as the ratio of absorbance at 260 nm and 280 nm and
for pure DNA (the index A260/280 is: 1.7–1.9). Measurements were made in disposable
cuvettes with the Eppendorf BioPhotometer measurement instructions.

For samples with negative culture results (n = 61), a PCR reaction was performed. The
DNA fragment encoding the bacterial 16s rRNA subunit in the nested-PCR system was
amplified. The test was based on two amplification reactions: outer (Table 1), in which the
resulting product was 740 base pairs; and a nested reaction (Table 2), in which the resulting
product was 290 base pairs.

Table 1. Thermal profile of the first, outer amplification reaction (40 cycles from 2 to 4).

Type of Reaction Time Temperature

initial denaturation 2 min 95 ◦C
denaturation 30 s 95 ◦C

annealing step 60 s 58 ◦C
elongation 45 s 72 ◦C

final elongation 6 min 72 ◦C

55



Int. J. Environ. Res. Public Health 2021, 18, 3555

Table 2. Thermal profile of the second, nested amplification reaction (40 cycles from 2 to 4).

Type of Reaction Time Temperature

initial denaturation 1 min 95 ◦C
denaturation 30 s 95 ◦C

annealing step 30 s 50 ◦C
elongation 30 s 72 ◦C

final elongation 6 min 72 ◦C

The resulting PCR product of 740 base pairs could or could not be detected on an
agarose gel stained with ethidium bromide. This PCR product, however, was a template
for the nested reaction in which primers complementary to the sites within the 740 bp
product were used. Thus, a product of 290 base pairs was formed, which could be visible
in the agarose gel in the form of a clear band for a positive sample. The nested reaction
was carried out in the case of a negative result of the outer reaction.

The composition of the outer PCR reaction mixture for one sample included: 39.0 µL
master mix PCR-out, 5.0 µL dNTPs mixture, 5.0 µL DNA, and 1.0 µL of Delta2 polymerase.
The nested PCR reaction mixture for one sample consisted of: 39.0 µL master PCR-In,
5.0 µL dNTPs mixture, 5.0 µL of the PCR product obtained in the initial amplification,
and 1.0 µL of Delta2 polymerase. Primers used in outer and nested PCR reactions were
described by Gok et al. [47]. The amplified product was detected with 2% agarose gel
electrophoresis [48]. In our study we used 10 µL of amplification product and 3 µL of dye
(bromophenol blue). To determine the position of the amplification reaction product, a
DNA size marker was used: ΦX174 DNA/BsuRI (MBI, Fermentas, Lithuania). For each
PCR reaction positive and negative controls were performed.

The ability to form biofilm by coagulase-negative staphylococci (CNS) strains was
tested by using Congo Red Agar method (CRA), Tissue Culture Plate (TCP) and determi-
nation of the presence of the ica operon genes in CNS strains.

Congo Red Agar method (CRA), prepared as described by Freemen and colleagues in
1989, was used to determine if coagulase-negative staphylococci can form biofilm. Firstly,
plates with medium were inoculated and incubated to obtain single colonies. After 24 h at
37 ◦C, positive strains appeared as black colonies with a dry, crystalline consistency, while
the polysaccharide negative strains remained red.

Tissue Culture Plate (TCP) is considered the gold standard phenotypic method of
biofilm detection. In this method, bacterial adherence is measured spectrophotometri-
cally [49]. In our study, a suspension of bacteria with a density of 0.5 MF (Mc Farland) was
incubated at 37 ◦C for 24 h under aerobic conditions, then diluted in 1: 100 TSB buffer. A
portion of 100 µL of the suspension of each strain (3 replicates for one strain) was applied
onto the microplate and incubated at 37 ◦C for 24 h in aerobic conditions. The plate was
rinsed 3 times with TSB buffer and then the plate was stained with 0.1% crystal violet for
15 min. After washing the dye, 100 µL of absolute alcohol was added to each well. The
absorbance reading was performed in an ELISA reader at 570 nm. As a negative control,
we used a Staphylococcus epidermidis ATCC 12228 reference strain, which does not produce
a biofilm. The positive result was the absorbance greater than twice the mean absorbance
value read for the negative control.

Determination of the presence of the intercellular adhesion (ica) operon genes in
cultured coagulase-resistant staphylococci strains was made as follows. Genomic DNA
was isolated from exudate and Staphylococcus sp. using the manufacturer’s protocol. In
order to identify the presence of ica operon genes in coagulase-negative staphylococci, PCR
reactions were performed using primers for the icaA, icaB, icaC, and icaD genes. The primer
sequences for each of the ica operon genes, the amplification conditions for each pair of
primers, and the size of the amplification products are shown in the following studies of
Ziebuhr [50] and de Silva [51] (Table 3).
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Table 3. Primer sequences, amplification conditions, and sizes of amplification products of icaABCD genes for Staphylococ-
cus epidermidis.

PCR
Product

Primer
Sequences Amplification Conditions Product Size

icaA

Forward:
5′-GACCTCGAAGTC AATAGAGGT

Reverse:
5′-CCCAGTATAACGTTGGATACC

60 s 94 ◦C
60 s 60 ◦C

2.5 min 72 ◦C
814 bp

icaB

Forward:
5′-ATGGCTTAAAGCACACGACGC

Reverse:
5′-TATCGGCATCTGGTGTGACAG

60 s 94 ◦C
60 s 59 ◦C

2.5min 72 ◦C
526 bp

icaC

Forward:
5′-ATAAACTTGAATTAGTGTATT

Reverse:
5′-ATATATAAAACTCTCTTAACA

60 s 94 ◦C
60 s 45 ◦C

2.5 min 72 ◦C
989 bp

icaD

Forward:
5′-AGGCAATATCCAACGGTAA

Reverse:
5′-GTCACGACCTTTCTTATATT

60 s 94 ◦C
60 s 59 ◦C

2.5 min 72 ◦C
282 bp

The composition of the reaction mixture for one 50 µL sample included 5 µL ampli-
fication buffer, 2.5 µL primer 1, 2.5 µL primer 2, 3.0 µL MgCl2, 1 µL dNTPs, 0.5 µL Taq
Polymerase (5 U/µL), 5 µL template DNA, 30.5 µL H2O. The icaA, icaB, icaC, and icaD
gene amplification products were detected with 2% agarose gel electrophoresis [48]. The
positive result was manifested by the presence of a band of appropriate size in each gel for
each gene. To determine the position of the amplification product, a DNA size marker was
used: ΦX174 DNA/BsuRI (MBI, Fermentas, Lithuania) [51,52].

Data analysis was performed using SPSS 13 (SPSS Inc., Chicago, Illinois, United States
of America). The independent samples t-test was used to compare differences between the
groups. A p ≤ 0.05 was considered statistically significant.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Bioethical Committee of Medical University of Lublin.

3. Results
3.1. Results of Microbiological Tests

Out of 99 samples, positive cultures were found in 38 samples (38.38%), whereas no
bacteria were grown in the remaining 61 samples (61.62%). The average degree of hearing
loss in the group of children with positive bacterial culture was 35.9 dB, while in the group
with negative bacterial culture it was 25.9 dB (p = 0.0008) (Table 4).

Table 4. Degree of hearing impairment depending on the culture result.

Type of Bacteria Mean Value-M Standard Deviation-SD

Positive culture 35.9 dB 13.3 dB
Negative culture 25.9 dB 11.5 dB

t 5.659
p 0.0008
d 0.801

t—standard error. p—calculated probability. d—effect size.

PCR reaction confirmed the presence of bacteria in the exudate collected from the
middle ear of patients with OME. In the outer reaction, bacterial DNA was confirmed in
19 cases (19.19%), while in the nested reaction, it was found in 42 cases (42.42%).

Opportunistic bacteria were detected much more frequently (76.32%) than pathogenic
(23.68%) (Table 5).
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Table 5. Culture results.

Type of Bacteria Percentage

Pathogenic 23.68
Opportunistic 76.32

Total 100.00

Among the pathogenic bacteria Haemophilus influenzae was most frequently isolated
(38.89%) in our study. Other cultured pathogens were identified as Streptococcus pneumoniae
(33.33%) and Staphylococcus aureus MSSA (27.78%) (Table 6).

Table 6. Type and percentage of pathogenic bacteria in exudate collected from the middle ear space.

Type of Pathogenic Bacteria Percentage

Haemophilus influenzae 38.89
Streptococcus pneumoniae 33.33

Staphylococcus aureus MSSA 27.78
Total 100.00

Amid the opportunistic bacteria, Staphylococus spp. (74.14%) and Diphtheroids (20.69%)
predominated in the exudate collected from the middle ear space. In addition, Streptococ-
cus viridans (3.45%) and Neisseria spp. (1.72%) were also found (Table 7).

Table 7. Type and percentage of opportunistic bacteria in exudate collected from the middle ear space.

Type of Opportunistic Bacteria Percentage

Staphylococcus spp. 74.14
Diphtheroids 20.69

Streptococcus viridans 3.45
Neisseria spp. 1.72

Total 100.00

Based on our study, the type of cultured bacteria has a significant influence on the
degree of hearing loss in children (p = 0.0192). The average degree of hearing loss in the
group of children with pathogenic bacteria found in their exudate was higher (32.3 dB)
than in the group with opportunistic bacteria (27.5 dB) (Table 8).

Table 8. Degree of hearing impairment depending on the type of cultured bacteria.

Type of Bacteria Mean Value-M Standard Deviation-SD

Pathogenic bacteria 32.3 dB 12.0 dB
Opportunistic bacteria 27.5 dB 12.1 dB

t 1 3.025
p 2 0.0192
d 3 0.395

1 t—standard error. 2 p—calculated probability. 3 d—effect size.

3.2. Bacterial Biofilm Formation Results

Due to the large amount of Staphylococcus spp. bacteria in the culture (74.14%), an
attempt was made to analyze the phenotypic and genotypic ability of Staphylococcus spp.
strains to form biofilm. Out of all Staphylococcus spp. isolates, the Api Staph study showed
that the most commonly isolated bacteria were S. epidermidis (50%). Next predominating
organisms were S. aureus (18.75%) and S. sciuri (12.5%). The remaining strains were
identified as: S. capitis (6.25%), S. caprae (6.25%), and S. verneri (6.25%) (Table 9).
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Table 9. Type and percentage of Staphylococcus spp.

Type of Bacteria Percentage

Staphylococcus epidermidis 50.00
Staphylococcus aureus 18.75
Staphylococcus sciuri 12.50
Staphylococcus capitis 6.25
Staphylococcus caprae 6.25
Staphylococcus verneri 6.25

Out of all Staphylococcuss spp. isolates, 37.5% showed a phenotypic ability to form
biofilm, as confirmed by CRA and TCP methods. In addition, 12.5% of S. epidermidis strains
were icaA, icaB, icaC, and icaD positive and 6.25% of S. epidermidis strains were only icaA
and icaD positive in PCR. However, 18.75% of S. epidermidis were also positive in the TCP
and CRA methods, which confirms their biofilm formation potential.

Lastly, 80% of S. aureus strains, detected by PCR analysis as icaA or icaB positive,
showed a biofilm negative phenotype in the TCP and CRA methods.

4. Discussion

Research by Bluestone et al. [17] showed that the most common pathogens in ear
infections were Streptoccocus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis.
However, the authors found a different percentage of these bacteria in acute otitis media
(AOM) and OME. In AOM, the most common bacterium was Streptococcus pneumoniae,
isolated in 35% of cases, whereas in OME it was found in only 7% of cases. Contrarily, in
OME the most frequently isolated bacterium was Haemophilus influenzae (15% of exudates)
and the second most frequent bacterium was Moraxella catarrhalis, cultured in 10% exudates.
This study was conducted on the exudate collected from 4589 ears and it is often a model for
other researchers. Bluestone did not obtain bacterial growth in 30% of samples, whereas in
our study no bacteria were cultured in 61.62% of the samples. Other bacteria considered to
be non-pathogenic constituted 45% in Bluestone’s research, while in our study opportunistic
bacteria were found in 76.32% of positive culture samples. In addition to the three major
pathogens, Bluestone et al. identified Streptococcus aureus 2%, Streptococci group A 1%,
Streptococci alpha 3%, and Pseudomonas aeruginosa [53] 2%. In our study, out of 99 samples
collected from middle ear space, Haemophilus influenzae was detected in 3.53% of cases,
Streptococcus pneumoniae in 3% of samples, Staphyloccocus aureus MSSA (Methicillin-sensitive
Staphylococcus aureus) in 2.52% of cases, and Streptoccocus viridans in 1% of samples. The
most commonly cultured microorganism in our study was Staphylococcus spp. (21.71%),
and no growth of Moraxella catarrhalis was found in the culture. Comparable results were
obtained by Park et al. [52], who confirmed the presence of Haemophilus influenzae in 7.9%
of cases and Streptococcus pneumonae in 1.4% of cases, while Moraxella catarrhalis was not
grown. On the other hand, Poetker et al. [22] reported that the most frequently isolated
Staphylococcus species NOS (not otherwise specified) was identified in 38 samples from
148 (25.7%). The decrease in the percentage of major pathogens compared with Bluestone’s
studies, especially reduction of the amount of Streptococcus pneumoniae, may be associated
with the usage of pneumococcal vaccine. Similar observations are also noted by other
authors [54,55].

The positive identification of bacteria by PCR suggests a bacterial etiology for OME.
Palmu et al. identified S. pneumoniae in 47.1% of middle ear effusion using PCR, compared
with 27.3% using standard cultures [56]. In studies of Park et al. [52], bacteria in culture
were detected in 14% of cases, while using PCR techniques, bacterial DNA was isolated
in 36.7% [52]. Similar results were obtained in research by Choi et al. [57]. In our study,
bacteria in culture were detected in 38.38% of cases, whereas by PCR in 61.62% of samples,
using outer and nested technique (19.19% and 42.42%, respectively). The authors discuss
such a low bacterial detection rate in cultures, explaining this phenomenon with antibiotic
therapy before ear drainage, the presence of secretory immunoglobulins, and lysozyme in
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the middle ear secretion inhibiting bacterial growth, as well as the presence of bacteria in
the middle ear in the form of biofilms [52,58].

OME can cause hearing impairment, and in our study the hearing loss varied in the
range of 25–40 dB. What is interesting is that the degree of hearing loss was significantly
higher in patients from which positive bacterial cultures were obtained. The difference
in the audiometric test was on average 10 dB and was statistically significant (p = 0.0008).
Thus, in the ears with a positive culture, hearing loss was 35.1 dB on average. A positive
correlation was also observed between the degree of hearing loss and the presence of
pathogenic bacteria as compared with non-pathogenic bacteria. In the case of pathogenic
bacteria, the degree of hearing loss was greater (p = 0.0192). To the best of our knowledge,
no study has been published showing the correlation between the degree of hearing loss
and the type of bacteria found in exudate. However, experimental studies could provide
some possible reasons why the degree of hearing loss differs between positive and negative
cultures. Stenqvist et al. studied electrophysiological changes in the albino rat following
instillation of Pseudomonas aeruginosa exotoxin A into the middle ear cavity [59]. They
found that Pseudomonas aeruginosa exotoxin A causes middle ear inflammation, facilitating
penetration to the inner ear and that this toxin also reversibly affects cochlear function—
Pseudomonas aeruginosa exotoxin A raised the ABR threshold over the whole frequency
range by 5–25 dB [59], which can explain why in our study the degree of hearing loss was
significantly greater in the children in which bacteria were detected.

S. epidermidis is the main organism isolated from foreign material related infections
(FMRI), such as infected prosthetic joints, central venous catheters, cerebrospinal fluid
shunts, intracardiac devices, artificial heart valves, and vascular grafts [60]. In our study,
S. epidermis had proven to be the most common microorganism of Staphylococcus species
to form biofilm in OME. Daniel et al. examined bacterial involvement in OME using
confocal laser scanning microscopy (CLSM) and bacterial viability stain [61]. They noticed
that among the CLSM-positive samples, 49.0% contained biofilms, and the most common
pathogen to form biofilm was Psudomonas spp. (4.8%). They also found that coagulase-
negative staphylococci (CoNS) dominated in the culture (12.9%), and out of all CoNS strains,
S. epidermidis (3.2%) and S. lugdunensis (3.2%) were the most common, similar to our
findings. However, among CoNS strains, 25% were able to form biofilm based on their
findings [61]. In our study, 37.5% of all Staphylococcuss spp. strains showed a phenotypic
ability to form biofilm.

It is likely that freely drifting, planktonic bacteria are far less common than those
associated with biofilms. The biofilm explains the presence of metabolically active bacteria
as well as bacterial endotoxins, despite negative cultures from the middle ear.

The OME etiology model is a chronic middle ear effusion as a result of biofilm for-
mation from pathogenic bacteria on the middle ear mucosa. In this theory, OME is an
active chronic bacterial disease rather than an aseptic inflammatory process. Experimental
studies seem to confirm this theory because biofilm was found on the mucous membrane
of the middle ear of chinchilla in otitis media experimentally induced by Haemophilus
influenzae [62]. The mucosal biofilm model can explain the observation that metabolically
active bacteria are present in negative cultures of OME exudates and that antibiotics are
ineffective, while tympanostomy drainage is effective in the treatment of OME [63,64].

The unsatisfactory effect of OME antibiotic therapy may result not only from the
genetic resistance of bacteria but also from the slowdown of their metabolism, independent
of genetic conditions. The fact that antibiotics can make bacteria difficult to grow explains
the postulate that antibiotic stress induces these pathogens to form biofilm [63,64].

Studies on the pharmacokinetics of orally administered antibiotics demonstrate that
the killer-mediating drug concentration in vivo is readily available in the middle ear space.
However, biofilm-forming bacteria are hundreds of times more resistant to antibiotics than
planktonic bacteria, mainly due to the fact that mature parts of the biofilm grow slowly
and therefore less frequently interact with the middle ear environment. Thus, the biofilm
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pattern can explain clinical observations that antibiotics are ineffective in the treatment of
OME [63,64].

The biofilm hypothesis is also consistent with clinical observations that ventilation
drainage is the most effective method of OME treatment. The non-ventilated middle ear is
an ideal environment for biofilm formation because previous viral infections and persistent
hypoxia disrupt the normal defense mechanisms of the mucous membrane. The healthy
middle ear mucosa consists of ciliated epithelial cells that are involved in the bacterial
cell purification mechanisms. It has been proven that the epithelium of the middle ear in
OME is deprived of cilia, while rich in secretory cells (their number increases during OME).
Placement of the tympanostomy tube restores ventilation of the middle ear and causes
an increase in the partial pressure of oxygen, changing the biofilm phenotype. Suction of
exudate breaks and reduces the mass of biofilm, increases the oxygen level, and leads to
renewal of the ciliary epithelium [65].

However, the following limitations should be noted. Firstly, due to the age of the
patients and the lack of cooperation between audiologists and patients younger than
7 years of age, the pure-tone threshold audiometry was possible only in half of the patients
(53.95%). In the remaining children, only impedance audiometry and otoacoustic emissions
were tested. In our next study we would like to include only patients older than 7 years to
be able to determine hearing thresholds in all patients. Moreover, in our study there was
no control group of healthy children without any otological problems; however, in future
research we will include a control group and compare the microbiological profile between
the study and the control group.

5. Conclusions

The obtained results allow the following conclusions to be drawn:
1. Staphylococcus spp. in OME may form biofilms, which can explain the chronic

character of the disease and negative culture results.
2. Pathogenic bacteria typical of upper respiratory tract infections (Haemophilus in-

fluenzae, Streptococcus pneumoniae and Staphylococcus aureus MSSA) as well as opportunistic
bacteria (Staphylococus spp., Diphtheroids, Streptococcus viridans and Neisseria spp.) may be
involved in the etiopathogenesis of otitis media with effusion.

3. The degree of hearing loss correlated with the presence of bacteria, as evidenced
by the results of microbiological tests. The degree of hearing loss was significantly higher
in patients from which positive bacterial cultures were obtained. The difference in the
audiometric test was on average 10 dB and was statistically significant (p = 0.0008).

Better understanding of the pathogens involved in otitis media with effusion develop-
ment will help to identify high-risk patients and to explain the pathogenesis of the disease.
This, in turn, will provide adequate opportunities for the design and implementation of
diagnostic tests and effective therapeutic strategies for otitis media with effusion. Hearing
can be monitored in patients with positive bacterial cultures and therefore a permanent
hearing loss due to otitis media with effusion can be avoided.
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Abstract: Susac syndrome (SS) is a rare microangiopathy that involves arterioles of the brain, retina,
and cochlea. Diagnosis is extremely difficult because of the rarity of the disease and because the signs
and symptoms often occur at different times. Multidisciplinary approaches and multimodal images
are mandatory for diagnosis and prompt therapy. In this report, we describe a case of SS and the
application of multimodal retinal imaging to evaluate the ophthalmologic changes and to confirm
diagnosis. Early diagnosis and therapy based on the associations of steroids and immunosuppressants
are necessary to limit the sequelae of the disease.

Keywords: susac syndrome; multimodal imaging; optical coherence tomography angiography;
retinal branch artery occlusion; fluorescein angiography

1. Introduction

Susac syndrome (SS) is a rare autoimmune syndrome characterized by microvascular
alterations involving the precapillary arterioles of the brain, retina, cochlea, and semicir-
cular canals [1]. This disease affects mainly women, and the age of onset ranges from
9 to 58 years [2,3]. Laboratory investigations, brain magnetic resonance imaging (MRI),
fluorescein angiography (FA), and audiometry findings enable its diagnosis [4]. Diagnosis
is extremely difficult as the disease is particularly rare and because the signs and symptoms
often occur at different times. Multidisciplinary approaches and multimodal imaging
are frequently used to confirm SS diagnosis. Brain magnetic resonance imaging (BMRI)
findings are not specific and could be suggestive of several neurological diseases. Moreover,
prompt treatment including corticosteroids and immunosuppressants is required to limit
complications of the disease [5]. Retinal branch artery occlusion (BRAO), vascular leakage,
and arteriolar wall hyper-fluorescence (glass plaques) are the primary ophthalmic findings
and are conventionally seen in FA and wide-field color fundus photography. Optical
coherence tomography (OCT) improved the evaluation of the retinal layers and may also
help differentiate SS from other retinal diseases [6–8]. Optical coherence tomography
angiography (OCTA) is a novel noninvasive imaging technique that provides retinal and
choroidal volumetric bold flow data, permitting retinal vessel reconstruction for imaging
of retinal perfusion and function [9–12].

In this paper, we considered the application of the multimodal retinal imaging ap-
proach to describe a case of SS.
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2. Case Report

A 33-year-old man was admitted to the emergency unit for headaches, a referred vi-
sual field loss, dizziness, and weakness of the limbs. The patient had a history of malignant
external otitis [13], hearing loss, and cochlear implant surgery [14–16] and used a mandibu-
lar advanced device for obstructive sleep apnea syndrome [17]. Neurological evaluation
demonstrated a decrease in attention and memory, ataxia, dysmetria, and mild weakness
of the extremities. Although the brain CT scans were normal, MRI revealed numerous
rounds and focal lesions in the corpus callosum, subcortical white matter, deep grey matter
(basal ganglia and thalami), and cerebellum (Figure 1). Additionally, laboratory analyses
were normal while anti-smooth muscle antibodies (ASMA), anti-nuclear antibodies (ANA),
and anti-cardiolipin IgM antibodies were positive. Two years ago, the patient underwent
photorefractive refractive keratectomy (PRK) for myopia [18]. His best-corrected visual
acuity (BCVA) was 20/20 Snellen in both eyes, with spherical equivalent refractions of
−0.75 in the right eye and of −0.50 in the left eye. The intraocular pressure was 16 mmHg
in both eyes (Goldmann Applanation Tonometer). Anterior segment examination was
normal in both eyes; however, fundus evaluation showed ischemic retinal whitening in
the inferior-temporal and nasal periphery outside the vascular arcades, related to BRAO.
FA was performed by a Heidelberg retina angiograph (HRA II, Heidelberg Engineering,
Dossenheim, Germany), showing in both eyes arterial occlusion with vasculitis signs
(Figure 2). Finally, considering the clinical, laboratory, serological, and neuro-radiological
findings, SS was diagnosed. Further ophthalmologic investigations were conducted; in
particular, the patient underwent multimodal retinal imaging including wide-field color
fundus photography acquired using a non-mydriatic fundus camera (Canon CR-2, Tokyo,
Japan) and high-definition optical coherence tomography angiography (OCTA, Angio OCT
Scans, Heidelberg Engineering, Heidelberg, Germany). Color fundus photography con-
firmed a slight area of retinal ischemia observed in a fundus examination conducted first
and revealed the existence of glass plaques as yellowish lipid sediments at the mid-segment
of the retinal arterioles (Figure 3). The autofluorescence images did not show specific al-
terations in physiological retinal autofluorescence. The OCTA scans revealed decreased
vascular perfusion in correspondence with the ischemic area, previously observed in FA, as
well as an increased foveal avascular zone (FAZ) area in both superficial and deep vascular
plexuses (Figure 4). OCT also showed a reduction in the formation of the inner limiting
membrane to internal nuclear layer areas.
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3. Discussion

Although the clinical trio including focal neurological deficits, hearing defeat, and
retinal arterial occlusions is considered pathognomonic, the whole clinical manifestation
occurs in only 13% of patients at onset [1–3]. The most suggestive neurological symptoms
and clinical signs suggestive of brain involvement are changes in consciousness or new
cognitive deficiency or behavioral modifications, new focal neurological symptoms, and
headaches [18,19]. Susac et al. defined a neuroimaging triad of white matter lesions
in the corpus callosum, deep grey matter alterations, and leptomeningeal enhancement.
Distinctive neuroimaging alterations, defined as T2/fluid-attenuated inversion recovery
hyper-intense multifocal, round brain lesions with at least one centrally set in the corpus
callosum, are definitive [18,19]. Additionally, their dimensions and forms are inconstant,
including square, triangular, or rectilinear lesions. Certain brain involvement is described
as the occurrence of at least one of the clinical manifestations in addition to the characteristic
MRI findings [18,19]. These lesions are secondary to arteriolar infarction in the callosum
and, afterwards, cavitate and change into manifestation of a hole. Symptoms correlated
with retinal ischemia could manifest as a visual field altitudinal defect or central-paracentral
scotoma [18]. However, in the case of a far periphery of retina involvement, patients
could be asymptomatic. In some patients, the encephalopathy could be severe and visual
symptoms may not be referred even though ophthalmologic examination is mandatory if
Susac syndrome is suspected, even in asymptomatic patients [19]. The fundus examination
may reveal the presence of Gass plaques as yellow reflective lesions due to an autoimmune
local reaction in the retinal arterial wall and characteristic retinal whitening in the area of
BRAO [20–23]. However, Gass plaques are characteristic but not pathognomonic of Susac
syndrome and could be observed in various retinal disorders such as Eale’s disease and
retinal lymphoma. Furthermore, vascular alteration is common in the early phases of the
disease and could then disappear [19]. FA is able to document the vascular wall damage as
arteriolar hyper-fluorescence at the site of infarction [4]. MRI and FA remain the bases of
diagnostic assessment [18,19]. Spectral-domain optical coherence tomography (SD-OCT) is
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able to evaluate the microstructure alterations of each individual retinal layer, documenting
the ischemic swelling and better analyzing the retinal changes compared to FA, but it does
not investigate vascular perfusion [6]. OCTA is a safe, recent, dye-less, and fast instrumental
examination able to acquire high-resolution images of retinal microcirculation [10]. In
this case, we report the microvascular findings in a patient affected by acute BRAO and
correlating the OCTA features with those of wide-field color fundus photography and FA.
We highlighted alterations in both superficial and deep retinal vascular plexuses, such as a
low flow area, in the course of BRAO and reported a reduction in macula thickness in OCT
images in the formation of the inner limiting membrane to internal nuclear layer areas.
Some authors reported specific alterations such as a reduction in retinal autofluorescence
in the ischemic area [11]; in our case, we did not observe any specific alteration in retinal
autofluorescence. Furthermore, SS is an important differential diagnosis in numerous
cerebrovascular conditions, and early identification supports starting prompt treatment,
reducing relapses, and improving outcomes [5]. Although FA is necessary for identification
of the disease, this is a time-consuming, dye-dependent technique and does not allow
users to examinate the deep capillary plexus. OCTA may be an effective alternative to
the standard FA as it consents to the microvascular analysis of both superficial and deep
capillary plexi and to monitoring of the vascular density changes without dye injection [24].
However, additional prospective studies are necessary to establish the role of OCTA, wide-
field color fundus photography, and AF to monitor disease activity and to determine the
efficacy of new therapeutic approaches [25].

4. Conclusions

In conclusion, MRI and FA are the main diagnostic instruments and may lead clinical
ophthalmologists to the correct diagnosis of SS; however, new diagnostic instruments
such as OCTA and wide-field color retinal photography may provide an advantage in
early diagnosis and follow-up of SS, offering an effective alternative to standard FA; in
evaluating microvascular changes in all capillary plexuses; and in monitoring retinal vessel
density alterations during prompt therapy without dye injection.

Author Contributions: Conceptualization, F.M., S.A.B. and A.M.; methodology, G.W.O.; validation,
F.M., C.M. and F.P.; formal analysis, G.W.O.; investigation, L.I.; resources, S.A.B.; data curation,
G.W.O.; writing—original draft preparation, S.A.B.; writing—review and editing, F.M., A.M. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written consent was obtained from patient.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Conflicts of Interest: No potential conflicts of interest were reported by any author.

References
1. Susac, J.O.; Hardman, J.M.; Selhorst, J.B. Microangiopathy of the brain and retina. Neurology 1979, 29, 313–316. [CrossRef]
2. Do, T.H.; Fisch, C.; Evoy, F. Susac Syndrome: Report of four cases and review of the literature. Am. J. Neuroradiol. 2004, 25,

382–383. [PubMed]
3. Eluvathingal Muttikkal, T.J.; Vattoth, S.; Keluth Chavan, V.N. Susac syndrome in a young child. Pediatr. Radiol. 2007, 37, 710–713.

[CrossRef] [PubMed]
4. Martinet, N.; Fardeau, C.; Adam, R.; Bodaghi, B.; Papo, T.; Piette, J.C.; Lehoang, P. Fluorescein and indocyanine green angiogra-

phies in Susac syndrome. Retina 2007, 27, 1238–1242. [CrossRef] [PubMed]
5. Catarsi, E.; Pelliccia, V.; Pizzanelli, C.; Pesaresi, I.; Cosottini, M.; Migliorini, P.; Tavoni, A. Cyclophosphamide and methotrexate

in Susac’s Syndrome: A successful sequential therapy in a case with involvement of the cerebellum. Clin. Rheumatol. 2015, 34,
1149–1152. [CrossRef]

69



Int. J. Environ. Res. Public Health 2021, 18, 3435

6. Agarwal, A.; Soliman, M.; Sarwar, S.; Sadiq, M.A.; Do, D.V.; Nguyen, Q.D.; Sepah, Y.J. Spectral-domain optical coherence
tomography evaluation of retinal structure in patients with susacs syndrome. Retin. Cases Brief Rep. 2017, 11, 123–125. [CrossRef]
[PubMed]

7. Ceravolo, I.; Oliverio, G.W.; Alibrandi, A.; Bhatti, A.; Trombetta, L.; Rejdak, R.; Toro, M.D.; Trombetta, C.J. The Application of
Structural Retinal Biomarkers to Evaluate the Effect of Intravitreal Ranibizumab and Dexamethasone Intravitreal Implant on
Treatment of Diabetic Macular Edema. Diagnostics (Basel) 2020, 10, 413. [CrossRef]

8. Grenga, P.L.; Fragiotta, S.; Cutini, A.; Meduri, A.; Vingolo, E.M. Enhanced depth imaging optical coherence tomography in
adult-onset foveomacular vitelliform dystrophy. Eur. J. Ophthalmol. 2016, 26, 145–151. [CrossRef] [PubMed]

9. Spaide, R.F.; Klancnik, J.M., Jr.; Cooney, M.J. Retinal vascular layers imaged by fluorescein angiography and optical coherence
tomography angiography. JAMA Ophthalmol. 2015, 133, 45–50. [CrossRef]

10. Mastropasqua, R.; Toto, L.; Senatore, A.; D’Uffizi, A.; Neri, P.; Mariotti, C.; Maccarone, M.T.; Di Antonio, L. Optical coherence
tomography angiography findings in Susac’s syndrome: A case report. Int. Ophthalmol. 2018, 38, 1803–1808. [CrossRef]

11. Salvanos, P.; Moe, M.C.; Utheim, T.P.; Bragadóttir, R.; Kerty, E. Ultra-wide-field fundus imaging in the diagnosis and follow-up of
susac syndrome. Retin. Cases Brief Rep. 2018, 12, 234–239. [CrossRef] [PubMed]

12. Giuffrè, C.; Miserocchi, E.; Marchese, A.; Cicinelli, M.V.; Bruschi, E.; Querques, G.; Bandello, F.M.; Modorati, G.M. Widefield
OCT angiography and ultra-widefield multimodal imaging of Susac syndrome. Eur. J. Ophthalmol. 2019, 10, 1120672119843281.
[CrossRef] [PubMed]

13. Galletti, F.; Cammaroto, G.; Galletti, B.; Quartuccio, N.; Di Mauro, F.; Baldari, S. Technetium-99m (99mTc)-labelled sulesomab in
the management of malignant external otitis: Is there any role? Eur. Arch. Otorhinolaryngol. 2015, 272, 1377–1382. [CrossRef]

14. Galletti, F.; Freni, F.; Gazia, F.; Galletti, B. Endomeatal approach in cochlear implant surgery in a patient with small mastoid cavity
and procident lateral sinus. BMJ Case Rep. 2019, 6, 12. [CrossRef] [PubMed]

15. Freni, F.; Gazia, F.; Slavutsky, V.; Scherdel, E.P.; Nicenboim, L.; Posada, R.; Portelli, D.; Galletti, B.; Galletti, F. Cochlear Implant
Surgery: Endomeatal Approach versus Posterior Tympanotomy. Int. J. Environ. Res. Public Health 2020, 12, 4187. [CrossRef]
[PubMed]

16. Ciodaro, F.; Freni, F.; Mannella, V.K.; Gazia, F.; Maceri, A.; Bruno, R.; Galletti, B.; Galletti, F. Use of 3D Volume Rendering Based on
High-Resolution Computed Tomography Temporal Bone in Patients with Cochlear Implants. Am. J. Case Rep. 2019, 12, 184–188.
[CrossRef]

17. Flores-Orozco, E.I.; Tiznado-Orozco, G.E.; Díaz-Peña, R.; Orozco, E.I.F.; Galletti, C.; Gazia, F.; Galletti, F. Effect of a Mandibular
Advancement Device on the Upper Airway in a Patient With Obstructive Sleep Apnea. J. Craniofac. Surg. 2019, 31, e31–e35.
[CrossRef]

18. Kleffner, I.; Dörr, J.; Ringelstein, M.; Gross, C.C.; Böckenfeld, Y.; Schwindt, W.; Sundermann, B.; Lohmann, H.; Wersching, H.;
Promesberger, J.; et al. Diagnostic criteria for Susac syndrome. J. Neurol. Neurosurg. Psychiatry 2016, 87, 1287–1295. [CrossRef]

19. Vishnevskia-Dai, V.; Chapman, J.; Sheinfeld, R.; Sharon, T.; Huna-Baron, R.; Manor, R.S.; Shoenfeld, Y.; Zloto, O. Susac syndrome:
Clinical characteristics, clinical classification, and long-term prognosis. Medicine (Baltimore) 2016, 95, e5223. [CrossRef]

20. Brandt, A.U.; Oberwahrenbrock, T.; Costello, F.; Fielden, M.; Gertz, K.; Kleffner, I.; Paul, F.; Bergholz, R.; Dörr, J. Retinal lesion
evolution in susac syndrome. Retina 2016, 36, 366–374. [CrossRef]

21. Zigiotti, G.L.; Cavarretta, S.; Morara, M.; Nam, S.M.; Ranno, S.; Pichi, F.; Lembo, A.; Lupo, S.; Nucci, P.; Meduri, A. Standard
enucleation with aluminium oxide implant (bioceramic) covered with patient’s sclera. Sci. World J. 2012, 2012, 481584. [CrossRef]
[PubMed]

22. Agarwal, A.; Brubaker, J.W.; Mamalis, N.; Kumar, D.A.; Jacob, S.; Chinnamuthu, S.; Nair, V.; Prakash, G.; Meduri, A.; Agarwal, A.
Femtosecond-assisted lamellar keratoplasty in atypical Avellino corneal dystrophy of Indian origin. Eye Contact Lens 2009, 35,
272–274. [CrossRef] [PubMed]

23. Sauma, J.; Rivera, D.; Wu, A.; Donate-Lopez, J.; Gallego-Pinazo, R.; Chilov, M.; Wu, M.; Wu, L. Susac’s syndrome: An update. Br.
J. Ophthalmol. 2020, 104, 1190–1195. [CrossRef] [PubMed]

24. Oliverio, G.W.; Ceravolo, I.; Bhatti, A.; Trombetta, C.J. Foveal avascular zone analysis by optical coherence tomography
angiography in patients with type 1 and 2 diabetes and without clinical signs of diabetic retinopathy. Int. Ophthalmol. 2021, 41,
649–658. [CrossRef]

25. Heng, L.Z.; Bailey, C.; Lee, R.; Dick, A.; Ross, A. A review and update on the ophthalmic implications of Susac syndrome. Surv.
Ophthalmol. 2019, 64, 477–485. [CrossRef]

70



International  Journal  of

Environmental Research

and Public Health

Article

Eustachian Tube Function Assessment after Radiofrequency
Turbinate Reduction in Atopic and Non-Atopic Patients

Francesco Martines 1,2,*, Francesco Dispenza 2,3, Federico Sireci 3, Salvatore Gallina 3 and Pietro Salvago 1

����������
�������

Citation: Martines, F.; Dispenza, F.;

Sireci, F.; Gallina, S.; Salvago, P.

Eustachian Tube Function

Assessment after Radiofrequency

Turbinate Reduction in Atopic and

Non-Atopic Patients. Int. J. Environ.

Res. Public Health 2021, 18, 881.

https://doi.org/10.3390/

ijerph18030881

Received: 20 November 2020

Accepted: 18 January 2021

Published: 20 January 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Bi.N.D. Department, University of Palermo, Via del Vespro, 129, 90127 Palermo, Italy; pietrosalvago@libero.it
2 Istituto Euromediterraneo di Scienza e Tecnologia—IEMEST, Via M. Miraglia 20, 90139 Palermo, Italy;

francesco.dispenza@gmail.com
3 ENT Department, A.O.U.P. Paolo Giaccone, Via del Vespro, 129, 90127 Palermo, Italy;

federicosireci@hotmail.it (F.S.); salvatore.gallina@unipa.it (S.G.)
* Correspondence: francesco.martines@unipa.it

Abstract: (1) Background: Inferior turbinates’ hypertrophy is often associated with Eustachian tube
dysfunction (ETD); radiofrequency turbinate reduction (RTR) may provide a long-term improvement
of nasal obstruction and ETD-related symptoms. (2) Aim: The study aimed to compare ETD in
atopic and non-atopic patients before and after RTR and to investigate the correlation between
tympanometry and Eustachian Tube Dysfunction Questionnaire-7 (ETDQ-7). (3) Methods: Ninety-
seven patients, ranging from 33 to 68 years old, were screened by skin tests and divided into atopic
(G1) and non-atopic (G2). Eustachian tube function (ETF) was evaluated through tympanometry,
William’s test and ETDQ-7. (4) Results: A moderate to severe subjective ETDQ-7 was found in the
35.42% of G1 and in the 22.45% of G2 patients before RTR. William’s test resulted normal in 141
ears (72.68%), partially impaired in 15 (7.73%), and grossly impaired in 38 (19.59%) before surgery.
A grossly ETD was evidenced in the 19.59% of cases before surgery and decreased to 6.18% after
surgery with a significant difference among atopic patients (p < 0.001). (5) Conclusion: RTR may be
considered a treatment option in patients suffering from ETD and inferior turbinates’ hypertrophy;
RTR reduced the percentage of grossly impaired ET function (p < 0.001). ETDQ-7 and William’s test
may represent valuable tools to assess ET function before and after surgery.

Keywords: eustachian tube dysfunction (ETD); chronic nasal obstruction; turbinate hypertrophy;
ETDQ-7

1. Introduction

Chronic nasal obstruction due to inferior turbinate hypertrophy is one of the most fre-
quent ENT complaints in patients suffering from allergic and non-allergic
rhinitis [1–4]; it is often associated with fullness of one or both ears, earache, tinnitus
and hearing impairment. All these symptoms may be correlated to Eustachian tube dys-
function (ETD); in fact, the ET connects the middle ear with the nasopharynx, equalizing
pressure between the tympanic cavity and atmospheric pressure and draining secretions
from the middle ear to the nasopharynx [5–8]. ETD has an estimated prevalence ranging
from 0.9% to 4% in the adult population and has been suggested as a causal factor in
different ear pathologies [9–11].

Intranasal steroids, antihistamines, chromones and sympathomimetics are usually
prescribed to relieve symptoms related to enlargement of the inferior turbinate, but in
non-responsive patients, turbinate surgery (radiofrequency ablation, diode laser and
microdebrider-assisted inferior turbinoplasty) should be suggested [12–17].

It is widely demonstrated that inferior turbinate surgery maximizes volumetric re-
duction of the turbinate and may provide a long-term improvement of nasal obstruction;
however, data about the effect of turbinate surgery on ETD and hearing related symptoms
are still scarce [18–21].
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Manometric tests study ventilatory and pressure equalization abilities of the ET.
One of the simplest manometric tests is tympanometry, which is the basic test in case of
suspected ETD; it provides an indirect measure of ET function (ETF) by measuring middle
ear pressure.

If the ET is functioning normally, middle ear pressure should be equal to atmo-
spheric pressure, with a −20 to +20 decapascal (daPa) range in the 95% of healthy sub-
jects [22]. However, many studies have found middle ear pressure to be slightly negative
even in healthy ears and pressures from −50 to +50 daPa can be considered normal in
adults [8,23,24]. This test remains particularly effective in detecting middle ear effu-
sions [2,4,6], with a reported sensitivity and specificity of 94% and 95%, respectively [25].

Different methods were described to assess ET function using manometric tests.
The easiest uses basic tympanometry equipment to look at patient-induced pressure
changes in the middle ear while the patient performs a forcible ‘sniff’, a Valsalva or a
Toynbee maneuver; however, Doyle et al. reported low percentage values of sensitivity
and specificity [26].

Other common manometric tests are the Toynbee’s test and automated ETF–William’s
test used in both perforated and intact tympanic membrane and had a reported accuracy
of 81% [27]. All the other methods proposed to assess ET function (e.g., sonotubometry,
tubomanometry, nasopharyngeal maneuvers, video-endoscopy, Electromyography) still
have low percentage values of sensitivity (ranging from 74.2% to 87%) and specificity
(ranging from 65.6% to 67%) but are also limited by the cost of equipment and the evidence
that aural complaints are not always correlated to tympanometry [10–12,27–29].

For this reason, in 2012 McCoul et al. introduced the Eustachian Tube Dysfunction
Questionnaire-7 (ETDQ-7) for quantitative assessment of ETD-related symptoms with
an ‘Ideal’ of sensitivity and specificity of 100%; this validated organ-specific tool con-
sists of seven questions with a seven-item Likert scale, with a response of 1 indicating
no problem and 7 indicating a severe problem and a final score ranging from 7 to 49
points [13,14,27,30,31].

The aim of this study was to compare ETD in atopic and non-atopic patients before and
after inferior turbinate surgery and to investigate the correlation between tympanometry
measurements and ETDQ-7 scores.

2. Materials and Methods

This study was an observational cohort study involving 113 adult patients recruited
from September 2017 to September 2019. All subjects included complained chronic nasal
obstruction and at least one aural symptom (fullness or clogging of the ears, earache,
tinnitus and inability to rapidly compensate middle ear pressure) which did not respond
to a 3-month trial of appropriate treatment (topical corticosteroids, antihistamines, and/or
sympathomimetics). Through examination by anterior rhinoscopy and nasal endoscopy,
an experienced otolaryngologist confirmed the presence of bilateral inferior turbinate
hypertrophy and referred the patient for radiofrequency turbinate reduction (RTR). Patients
with significant nasal septum deviation, internal/external valve collapse/stenosis, chronic
rhinosinusitis with or without polyposis, sinonasal and nasopharyngeal tumors, previous
nasal and/or ear surgery, severe systemic disorder and severe obesity were excluded.

The study protocol was fully explained and written informed consent was obtained
from each patient. Approval for this study had been obtained from the local ethical
committee (Approval No. 28/06).

Skin tests were performed using 12 common perennial and seasonal allergens:
Alternaria, Aspergillus, Cladosporium, Penicillium, ragweed, grass mix, trees mix, cockroach,
dust mites, Dermatophagoides farinae and Dermatophagoides pteronyssinus, and cat and dog
epithelium. Solutions of histamine and saline were used as positive and negative controls,
respectively. The results were evaluated after 10 min. Wheals ≥3 mm in diameter than
wheals at the site of the negative control were considered positive. The subjects with at
least 1 positive skin prick test to any antigen were classified as atopic [17] and included in
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the group 1 (G1) while those with negative skin prick test (non-atopic) were included in
the group 2 (G2).

All surgical procedures were performed by the same surgeon using a digital 130 Watt
mono/bipolar unit with an operating frequency of 4 MHz and a modulation frequency of
33 kHz.

The procedures were carried out under local anesthesia with patients’ eyes covered.
First, the inferior turbinates were topically anesthetized using cotton strips with a mixture
of lidocaine 20 mg/mL and 2–3 drops of epinephrine 0.1% in 5 to 10 mL of lidocaine.
The local anesthetic (10 mg/mL lidocaine hydrochloride with 2 to 3 mL epinephrine—
Lidocain) was then applied through a 24-gauge needle into the anterior and medial parts
of the inferior turbinate.

The Binner bipolar needle electrode was inserted submucosally in the inferior half
of the turbinate longitudinally; the first entry was in the mid anterior part of the inferior
turbinate, and the additional two entries were performed medially introducing the needle
as far as the posterior end of the turbinate. The parts were treated for 10 s at 35-watt
(W) output power in all three areas. Because submucosally (intraturbinally) delivered
radiofrequency energy in the inferior turbinate creates a focal lesion with no damage to
adjacent structures (e.g., turbinate bone or mucosal surface), the patients were allowed to
leave the office without medication after two hours of the completion of the treatment; they
were also advised to use ibuprofen or ketoprofen for local pain or, to contact the center if
needed, and do not use oral or topical steroids, antihistamines, or decongestants during
the follow-up period.

All patients were evaluated two weeks before the surgery and after three months by
the surgery; during the visits, the subjects filled the ETDQ-7 for quantitative assessment of
ETD-related symptoms before meeting the examiner.

The ETDQ-7, a validated organ-specific tool, consists of seven questions with a seven-
item Likert scale, with a response of 1 indicating no problem and 7 indicating a severe
problem and a final score range from 7 to 49 points (total score <14.5 is considered nor-
mal) [30,31]. We decided to divide the total score by 7 to give an overall score ranging from
1.0 to 7.0. This equated to an ETDQ-7 mean item score of ≥2.1 to indicate the presence of
ETD [18].

Pure tone audiometry (PTA) was performed before surgery by a trained audiologist
with an Amplaid 309 audiometer in a soundproof audiometric room. Air conduction was
measured on-ear TDH-49 headphones set for 250–8000 Hz; bone conduction was measured
using a calibrated bone transducer for 250–4000 Hz. Mean PTA resulted as 24.15 dB HL.
No cases of conductive and mixed hearing loss were detected.

The Amplaid 766tympanometer, with a probe frequency of 220 Hz and an air pressure
range of −400–100 daPa with automatic recording, was used for tympanometry and to
study ET function. Tympanograms were divided into the following types: type A (+99 to
−99 daPa), type C (>−100 daPa) and type B (flat curve without peak identification).The
tympanometry measurements considered were: ear canal volume (ECV), that is an estima-
tion of the volume of air medial to the probe, which includes the volume between the probe
tip and the tympanic membrane; the tympanometry peak pressure (TTP), corresponding to
ear canal pressure at which the peak of the C tympanograms occurs; the static compliance
(SC), that describes the greatest amount of acoustic energy absorbed by the middle ear
system.

ET function was tested through William’s test in which the impedance audiometer is
programmed to measure the middle ear pressure in 3 consecutive conditions: at the start of
the test (resting pressure—Peak 1), after the patient swallows (with the nose and mouth
closed—Peak 2), and finally after performing Valsalva (Peak 3). Normally, the ambient
(i.e., resting) middle ear pressure should be at or near the atmospheric air pressure (i.e., ap-
prox. 0 mm of water pressure); the tympanic cavity pressure should become negative on
swallowing and positive on performing Valsalva. The findings of the ETF-William’s test
for the different groups of patients were classified into 3 categories: (1) Perfectly normal
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function, (2) Partially impaired function and (3) Grossly impaired function. To evaluate the
functionality of the Eustachian tube, we used the Peak 1-Peak 2 > 20 daPa (after swallow)
and Peak 3-Peak 1 > 20 daPa (after Valsalva) criteria. If the ambient middle ear pressure
becomes negative on swallowing but does not become positive on Valsalva or vice versa
the function is considered to be partially impaired. If the middle ear pressure does not
change either after swallowing and after Valsalva maneuver, the ET function is considered
grossly impaired.

Statistical analysis was conducted performing χ2 test, odds ratio (OR), correlation
analysis (r) and t test, following usual conditions of application. Significance was set at
0.05.

3. Results

Out of 113 patients, 5 subjects were excluded because of severe systemic disorders
diagnosed during the admission analysis; a total of 108 patients underwent surgery but
finally 97 (mean age = 48.2 ± 9.1) were included in the study because 11 patients were
treated with antihistamines associated to selective leukotriene receptor antagonists during
follow-up period. The age range was 33–68 years with a mean age of 48.22 ± 9.04.

Based on skin tests, they were classified in 2 groups: G1 (atopic) and G2 (non-atopic),
consisting of 48 and 49 subjects, respectively.

Among G1 group, 22 patients (45.83%) had positive skin tests for both inhalant and
food allergens; 9 patients (18.75%) had a positive test only for food allergy; 17 (35.42%)
patients had an allergy only against inhalant allergens.

Sixty-nine patients had a preoperative ETDQ-7 total score of 1.0 to 1.9 (without
subjective dysfunction), 12 presented a 2.0 to 2.9 score (moderate ETD) and 16 had a score
>3.0 (severe ETD) with a range of 3.0–3.7 (Figure 1). The distribution of ETDQ-7 total score
among the groups evidenced a ETD in 35.42% of atopic (8 subjects with a score of 2.0 to
2.9 while 9 with a score >3.0) and in the 22.45% of non-atopic patients (4 subjects with a
score of 2.0 to 2.9 and 7 with a score >3.0) preoperatively. The percentage of patients with
a normal preoperative ETDQ-7 resulted respectively 64.58% and 77.55% for G1 and G2
groups without a statistically significant difference (p = 0.319) (Figure 1).

Figure 1. Eustachian Tube Dysfunction Questionnaire-7 (ETDQ-7) among atopic and non-atopic
patients.

The study of the mean values of single ETDQ-7 items showed higher mean scores
in atopic respect to non-atopic patients; a significant difference was found among atopic
subjects between pre and post-surgery only in case of the following question: ‘A feeling
that your ears are clogged?’ (p = 0.049); no difference was found regarding the other items
(p > 0.05) (Table 1).
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Among tympanometry measurements TTP ranges from −62 to +39 daPa and from
−60 to +41 daPa respectively for G1 and G2 evidencing a type “A” tympanogram for all
patients (p > 0.05).

The ECV and the SC mean values for the total ears resulted in being 1.73 ± 0.69 cc
and 1.18 ± 0.37 cc with a significant difference between the groups (G1: ECVmean value
= 1.85 ± 0.62 cc; SC mean value 1.30 ± 0.28 cc; G2: ECV mean value = 1.60 ± 0.72 cc; SC
mean value: 1.06 ± 0.41 cc; p < 0.01) (Table 2). In the 42.78% of cases for ECV and in the
6.63% of patients for SC the results were out of normal range with a higher percentage
inside the atopic group (p < 0.01).

Out of 194 ears examined, the William’s test resulted normal in 141 cases (72.68%),
partially impaired in 15 (7.73%) and grossly impaired in 38 (19.59%). The distribution
among the groups evidenced a significant difference with an ET normal function in the
79.59% of G2 group with respect to the 65.62% of G1 group (p = 0.003) (Table 3).

In the 81.25% of patients with a severe ETDQ-7 score a grossly impaired ET function
was evidenced while 94.96% of subjects with a normal ETDQ-7 presented a normal ET
function (p < 0.001) with a correlation index r = 0.99 (Table 3).

The ETDQ-7 filled by patients three months after surgery showed an improvement
with a 76.29% of normal ET function (74 cases, 33 G1 and 41 G2), a 16.49% with a moderate
ETD (16 cases, 10 G1 and 6 G2) and a 7.22% (5 G1 subjects and 2 G2) reporting severe ETD
(p = 0.014). Also, the distribution of the mean values of single ETDQ-7 items showed an
improvement between pre- and post-surgery related to G1, G2 and total cohort but without
any significant difference (p = 0.1) (Table 1).

At follow up examination we observed an improvement of ECV (1.50 ± 0.46 cc) and
SC (1.17 ± 0.28 cc) in most of cases; in fact, the percentage values out of normal range
decreased to 26.80% and to 4.12% for ECV and SC, respectively. A significant difference
was evidenced for ECV (p < 0.0001). The differences in tympanometry measurement
between G1 and G2 groups were also confirmed three months after surgery (G1: ECV mean
value = 1.60 ± 0.49 cc; SC mean value 1.23 ± 0.29 cc; G2: ECV mean value = 1.39 ± 0.38 cc;
SC mean value: 1.11 ± 0.25 cc; p = 0.002) (Table 2).

William’s test results changed significantly during follow up examination; we noted a
reduction of ‘grossly ET impaired function’ that decreased from 19.59% to 6.18% respect
to a higher percentage of ‘partial impaired function’ that increased from 7.73% to 21.65%
(p < 0.001). This statistical difference was more evident inside G1 population where ‘grossly
ETD’ decreased from 29.17% to 8.33% and ‘partial impaired function’ percentage changed
from 5.21% to 26.04% (p < 0.001).

As seen before the surgery, also three months after surgery the distribution of William’s
test and ETDQ-7 scores in the cohort resulted as being statistically significant (p < 0.001);
in fact, the 84.45% of subjects with a normal ETF presented a normal ETDQ-7 with a
correlation index r = 0.87.
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Table 3. ETDQ-7 score and William’s test assessment before and after surgery.

William’s Test

ETDQ-7 Pre-
Surgery

Post-
Surgery

Normally Partially
Impaired

Grossly
Impaired Normally Partially

Impaired
Grossly

Impaired
1.0–1.9

No subjective ETD 132 6 0 125 23 0

2.0–2.9
Moderately subjective

ETD
7 5 12 13 14 5

>3.0
Severe subjective ETD 2 4 26 2 5 7

TOTAL 141 15 38 140 42 12
Correlation index (r)—pre-surgery: r = 0.99; post-surgery: r = 0.87. ETDQ-7 pre- and post-surgery: p = 0.014.
William’s Test pre- and post-surgery: p < 0.001. ETD: Eustachian tube dysfunction.

4. Discussion

The relationship between the middle ear ventilation, ET, and nasal cavities has been
the subject of numerous studies [2,3,5,9,11,15,25,32–35]; Low and Willatt in 1993 evaluating
the relationship between middle ear pressure and a deviated nasal septum observed an
improvement of TTP in both ears after septal surgery [32]; the authors postulated that
postnasal airflow turbulence associated with a deviated nasal septum could lead to ETD. It
could be explained because several patients, either atopic or non-atopic, usually complain
to suffer from middle ear ventilation problems concomitant with nasal obstructive patholo-
gies [1,2,6,14,28,32–34]. Certainly, all authors agreed that ETD is thought to be an important
cause of middle ear disturbances [1–8,25,32,35]. Despite an initial pharmacological treat-
ment, patients with inferior turbinates’ hypertrophy and nasal obstruction often undergo
turbinate radiofrequency ablation [12–16,19]. This surgery usually provides good long-
term results but the changes on ET function and improvement of the ear related symptoms
are usually not investigated or partially evaluated using only tympanometry [18–21,32,33].

In 2012 McCoul et al. introduced the Eustachian Tube Dysfunction Questionnaire-7
(ETDQ-7), now universally recognized as a good tool to identify people with subjective
and objective ETD [29,30].

The percentage of abnormal tympanometry measurements and altered William’s test
among patients suffering from chronic nasal obstruction varies with a range from 12.5% to
58% [36,37]. In line with Lazo-Saenz et al. (2005), who reported either doubled percentages
of ETD and higher ECV and SC mean values in atopic cohort with respect to control group,
we observed a grossly ETD in the 29.17% of G1 group with respect to the 10.20% of G2
cohort, and a higher value of ECV and SC out of normal range in G1 respect to G2 (56% vs.
29.59% for ECV and 10.41% vs. 3.06% for SC) [38].

Some authors demonstrated that surgery improved tympanometry and ET function,
while others reported a not significant improvement in ET function
postoperatively [32–34,36,37]. In line with Salvinelli et al. who demonstrated an improved
ET function after nasal surgery, we observed a significant reduction of ‘grossly ETD’; in
fact, out of 38 ears with grossly ETD (28 ears G1 and 10 ears G2), only the 6.18% (12 ears: 8
belonging to G1 and 4 to G2) did not show any improvement after surgery (p < 0.001) [35].
Moreover, among tympanometry measures, there was a significant normalization of ECV
average during the follow-up (p < 0.001).

In a study conducted by Doğan et al., 80 patients with six different septum types and
consequent nasal obstruction underwent tympanometry measurement and Automated
ETF (based on William’s test) using Impedance Audiometry AC40 before and 6 months
after surgery [39]. The author considered the ‘Peak 1-Peak 2 > 10 daPa or Pmax-Pmin >
15 daPa’ criteria to study ETF; all measurements improved 6 months after surgery and
when the obstruction was localized in the inferior meatus and in the floor of nasal cavity
the improvement resulted significant. Using the same criteria, we obtained similar results
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after RTR; comparing pre- and post-surgery Peak 1-Peak 2 and Peak 3-Peak1 mean values,
we demonstrated how volumetric reduction of the turbinates improved significantly the
William’s test results (p < 0.001).

Therefore, RTR could be considered an option for those subjects who complain ETD
associated to chronic nasal obstruction due to inferior turbinate hypertrophy with or
without atopy.

Even if ETDQ-7 was validated in 2012, only from 2017 it was used by Harju et al. to
study the effect of inferior turbinate surgery on ETD-related symptoms [18,30,31]. The au-
thors showed a statistically significant improvement in all subjects, either after real surgeries
that were limited to the anterior part (p = 0.03 for radiofrequency ablation and p = 0.006 for
microdebrider-assisted inferior turbinoplasty) and after sham surgery (p = 0.04). For this
reason, Harju et al. concluded that reduction of the anterior half of the inferior turbinate,
as the only procedure to treat the ear symptoms, is useless because the operation does not
involve the posterior part of the turbinate, which is close to the ET orifice.

In our cohort, the ETDQ-7 questionnaire filled before surgery resulted reliable; in fact,
in the 81.25% of a severe ETDQ-7 score it was evidenced a grossly impaired ET function at
William’s test and the 94.96% of subjects with a normal ETDQ-7 had a normal ET function
(p < 0.001). Compared to Harju et al. who observed before surgery a normal ETDQ-7 in 45%
of patients, we had higher normal values (71.13%) especially among non-atopic patients
(77.55%) that usually had less hearing-related complains. This is reasonable because for
three months before surgery all patients underwent to oral and/or topical nasal therapy
that could have improved aural symptoms present ‘ab origine’. The ETDQ-7 reliability was
also confirmed after surgery where a normal ETDQ-7 was found in the 84.45% of subjects
with a normal ET function (r = 0.87; p < 0.001).

The ETDQ-7 mean value decreased from 1.8 before surgery to 1.6 at follow up (p = 0.12);
it overlaps to the normal ETF percentage at William’s test between pre (72.68%) and post-
surgery (72.16%) that unchanged. However, it should not be interpreted as a failure to
treat ETD with RTR; in fact, grossly impaired ETF has dropped (p = 0.014) and the ETF
(Peak 1-Peak 2: r = 0.89; Peak 3-Peak 1) improved significantly both in atopic and non-atopic
patients.

This study presents the following limitations: to begin with, all patients were assessed
only once at three months after surgery, thus we could not be able to rule out fluctuations of
ETF during the 3-month period or in the long-term. Secondly, the study sample is relatively
small, and results are difficult to compare because data regarding RTR and ETD are still
scarce.

5. Conclusions

The present study confirmed the close relationship between aural symptoms and
chronic nasal obstruction due to inferior turbinate hypertrophy. In particular, atopic
patients presented a higher prevalence of ETD (34.38% vs. 20.40%, p = 0.044) and a higher
ETDQ-7 (35.42% vs. 22.45%, p = 0.15) score respect to non-atopic subjects.

RTR may be considered an option in chronic ETD with inferior turbinates’ hypertrophy
which does not respond to medical therapy; in fact, as highlighted by our results, surgical
treatment reduced the percentage of grossly impaired ETF (p < 0.001), normalized the ECV
average (p < 0.001) and increased ETF both in atopic and non-atopic patients.

With a correlation index of r = 0.99 before and of 0.87 after surgery (p < 0.001), ETDQ-7
and William’s test may represent valuable tools to assess both subjectively and objectively
candidates for RTR.

79



Int. J. Environ. Res. Public Health 2021, 18, 881

Author Contributions: Conceptualization, F.M. and P.S.; methodology, F.S.; software, F.D.; validation,
F.M., P.S. and F.D.; formal analysis, F.M.; investigation, S.G.; resources, S.G.; data curation, F.S.;
writing—original draft preparation, F.M.; writing—review and editing, P.S.; visualization, F.S.;
supervision, F.M.; project administration, F.M.; funding acquisition, F.D. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the AOUP “P. Giaccone” (protocol
code 28/06, date of approval: 15/07/17).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors reported no potential conflict of interest.

References
1. Pelikan, Z. Chronic otitis media (secretory) and nasal allergy. Scr. Med. 2006, 79, 177–178.
2. Bentivegna, D.; Salvago, P.; Agrifoglio, M.; Ballacchino, A.; Ferrara, S.; Mucia, M.; Sireci, F.; Martines, F. The linkage between

Upper Respiratory Tract Infections and Otitis Media: Evidence of the ‘United airways concept’. Acta Med. Medit. 2012, 28, 287–290.
3. Tewfik, T.L.; Mazer, B. The links between allergy and otitis media with effusion. Curr. Opin. Otolaryngol. Head Neck Surg. 2006,

14, 187–190. [CrossRef] [PubMed]
4. Martines, F.; Salvago, P.; Ferrara, S.; Messina, G.; Mucia, M.; Plescia, F.; Sireci, F. Factors influencing the development of

otitis media among Sicilian children affected by upper respiratory tract infections. Braz. J. Otorhinolaryngol. 2016, 82, 215–222.
[CrossRef] [PubMed]

5. Casselbrant, M.L.; Mandel, E.M. Epidemiology. In Evidence-Based Otitis Media, 2nd ed.; Rosenfeld, R.M., Bluestone, C.D., Eds.; BC
Decker: Hamilton, ON, Canada, 2000; pp. 147–162.

6. Martines, F.; Bentivegna, D. Audiological investigation of Otitis Media in Children with Atopy. Curr. Allergy Asthma Rep. 2011,
11, 513–520. [CrossRef] [PubMed]

7. Mucia, M.; Salvago, P.; Brancato, A.; Cannizzaro, C.; Cannizzaro, E.; Gallina, S.; Ferrara, S.; La Mattina, E.; Mulè, A.; Plescia, F.;
et al. Upper respiratory tract infections in children: From case history to management. Acta Med. Medit. 2015, 31, 419–424.

8. Sade, J.; Ar, A. Middle ear and auditory tube: Middle ear clearance, gas exchange, and pressure regulation. Otolaryngol. Head
Neck Surg. 1997, 116, 499–524. [CrossRef]

9. Browning, G.G.; Gatehouse, S. The prevalence of middle ear disease in the adult British population. Clin. Otolaryngol. Allied Sci.
1992, 17, 317–321. [CrossRef]

10. Ferrara, S.; Di Marzo, M.; Martines, F.; Ferrara, P. Medical and surgical update on “atelectasic-Adhesive-Tympanosclerotic” otitis
media. Otorinolaringologia 2011, 61, 11–17.

11. Bluestone, C.D. Eustachian Tube. Structure, Function, Role in Otitis Media; BC Decker Inc.: Hamilton, OH, USA; London, UK, 2005.
12. Hillas, J.; Booth, R.J.; Somerfield, S.; Morton, R.; Avery, J.; Wilson, J.D. A comparative trial of intranasal beclomethasone dipionate

and sodium chromoglycate in patients with chronic perennial rhinitis. Clin. Allergy 1980, 10, 253–258. [CrossRef]
13. Kirkegaard, J.; Mygind, N.; Molgaard, F.; Grahne, B.; Holopainen, E.; Malmberget, H.; Brøondbo, K.; Røjne, T. Ordinary and

high-dose ipratropium in perennial nonallergic rhinitis. J. Allergy Clin. Immunol. 1987, 79, 585–590. [CrossRef]
14. Krause, H. Antihistamines and decongestants. Otolaryngol. Head Neck Surg. 1992, 6, 835–840. [CrossRef] [PubMed]
15. Berger, G.; Gass, S.; Ophir, D. The histopathology of the hypertrophic inferior turbinate. Arch. Otolaryngol. Head Neck Surg. 2006,

132, 588–594. [CrossRef] [PubMed]
16. Willatt, D. The evidence for reducing inferior turbinates. Rhinology 2009, 47, 227–236. [CrossRef] [PubMed]
17. Fokkens, W.J.; Lund, V.J.; Hopkins, C.; Hellings, P.W.; Kern, R.; Reitsma, S.; Toppila-Salmi, S.; Bernal-Sprekelsen, M.; Mullol,

J.; Alobid, I.; et al. European Position Paper on Rhinosinusitis and Nasal Polyps 2020. Rhinology 2020, 58 (Suppl. 29), 1–464.
[CrossRef]

18. Harju, T.; Kivekäs, I.; Numminen, J.; Rautiainen, M. The effect of inferior turbinate surgery on ear symptoms. Laryngoscope 2018,
128, 568–572. [CrossRef]

19. Li, K.K.; Powell, N.B.; Riley, R.W.; Troell, R.J.; Guilleminault, C. Radiofrequency volumetric tissue reduction for treatment of
turbinate hypertrophy: A pilot study. Otolaryngol. Head Neck Surg. 1998, 119, 569–573. [CrossRef]

20. Elwany, S.; Gaimaee, R.; Fattah, H.A. Radiofrequency bipolar submucosal diathermy of the inferior turbinates. Am. J. Rhinol.
1999, 13, 145–149. [CrossRef]

21. Coste, A.; Yona, L.; Blumen, M.; Louis, B.; Zerah, F.; Rugina, M.; Peynègre, R.; Harf, A.; Escudier, E. Radiofrequency is a safe and
effective treatment of turbinate hypertrophy. Laryngoscope 2001, 111, 894–899. [CrossRef]

22. British Society of Audiology. Tympanometry: Recommended Procedure; British Society of Audiology: Reading, UK, 2013.

80



Int. J. Environ. Res. Public Health 2021, 18, 881

23. Seifert, M.W.; Seidemann, M.F.; Givens, G.D. An examination of variables involved in tympanometric assessment of Eustachian
tube function in adults. J. Speech Hear. Disord. 1979, 44, 388–396. [CrossRef]

24. Shanks, J.; Shelton, C. Basic principles and clinical applications of tympanometry. Otolaryngol. Clin. N. Am. 1991, 24, 299–328.
[CrossRef]

25. Shekelle, P.; Takata, G.; Chan, L.; Mangione-Smith, R.; Corley, P.M.; Morphew, T.; Morton, S. Diagnosis, Natural History, and Late
Effects of Otitis Media with Effusion. Evid. Rep./Technol. Assess. 2002, 55, 1–5.

26. Doyle, W.J.; Swarts, J.D.; Banks, J.; Casselbrant, M.L.; Mandel, E.M.; Alper, C.M. Sensitivity andspecificity of eustachian tube
function tests in adults. JAMA Otolaryngol. Head Neck Surg. 2013, 139, 719–727. [CrossRef] [PubMed]

27. Smith, M.E.; Tysome, J.R. Tests of Eustachian tube function: A review. Clin. Otolaryngol. 2015, 40, 300–311. [CrossRef]
28. Liu, P.; Su, K.; Zhu, B.; Wu, Y.; Shi, H.; Yin, S. Detection of Eustachian tube openings by tubomanometry in adult otitis media with

effusion. Eur. Arch. Otorhinolaryngol. 2016, 273, 3109–3115. [CrossRef]
29. Van der Avoort, S.J.; van Heerbeek, N.; Zielhuis, G.A.; Cremers, C.W. Sonotubometry: Eustachian tube ventilatory function test:

A state-of-the-art review. Otol. Neurotol. 2005, 26, 538–543. [CrossRef]
30. McCoul, E.D.; Anand, V.K.; Christos, P.J. Validating the clinical assessment of eustachian tube dysfunction: The Eustachian Tube

Dysfunction Questionnaire (ETDQ-7). Laryngoscope 2012, 122, 1137–1141. [CrossRef]
31. Teixeira, M.S.; Swarts, J.D.; Alper, C.M. Accuracy of the ETDQ-7 Questionnaire for Identifying Persons with Eustachian Tube

Dysfunction. Otolaryngol. Head Neck Surg. 2018, 158, 83–89. [CrossRef]
32. Low, W.K.; Willatt, D.J. The relationship between middle ear pressure and deviated nasal septum. Clin. Otolaryngol. Allied Sci.

1993, 8, 308–310. [CrossRef]
33. Nanda, M.S.; Kaur, M.; Bhatia, S. Impact of septoplasty on hearing and middle ear function. Int. J. Res. Med. Sci. 2018, 6, 135–138.

[CrossRef]
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Abstract: The effect of dextromethorphan (DXM) use in sensorineural hearing loss (SNHL) has not
been fully examined. We conducted an animal model and nationwide retrospective matched-cohort
study to explore the association between DXM use and SNHL. Eight-week-old CBA/CaJ hearing loss
was induced by a white noise 118 dB sound pressure level for 3 h. DXM (30 mg/kg) was administered
intraperitoneally for 5 days and boost once round window DXM socking. In population-based study,
we examined the medical records over 40 years old in Taiwan’s National Health Insurance Research
Database between 2000 and 2015 to establish retrospective matched-cohort to explore the correlation
between DXM use and SNHL. Using click auditory brainstem response (ABR), hearing threshold was
measured as 48.6 ± 2.9 dB in control mice compared with 42.6 ± 7.0 dB in DXM mice, which differed
significantly (p = 0.002) on day 60 after noise exposure with a larger ABR wave I amplitude in DXM
mice. In human study, we used a Cox regression hazard model to indicate that a significantly lower
percentage individuals developed SNHL compared with and without DXM use (0.44%, 175/39,895
vs. 1.05%, 1675/159,580, p < 0.001). After adjustment for age and other variables [adjusted hazard
ratio: 0.725 (95% confidence interval: 0.624–0.803, p < 0.001)], this study also demonstrated that DXM
use appeared to reduce the risk of developing SNHL. This animal study demonstrated that DXM
significantly attenuated noise-induced hearing loss. In human study, DXM use may have a protective
effect against SNHL.

Keywords: dextromethorphan; noise; hearing loss; cochlea; synapse

1. Introduction

Hearing loss is a growing and alarmingly high burden in the world reporting from the Global
Burden of Disease Studies and the third leading cause of years lived with disability [1,2]. Sensorineural
hearing loss (SNHL) is primarily due to the degeneration of hair cells and spiral ganglion neurons in
the cochlea resulting from acute and/or chronic events of extrinsic (e.g., ototoxic drugs, noise) and
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intrinsic causes (e.g., aging, genetic factors, congenital risk factors) [3,4]. The common causes of genetic,
age-related, noise-induced, and drug-induced hearing loss display intriguing similarities in terms
of particular cellular responses of the cochlear sensory cells comprising potential involvement of
impaired mitochondrial function, ischemia, oxidative stress with reactive oxygen species, inflammation,
apoptosis, autophagy, and/or necrosis [3].

Recently, a recent mechanism of SNHL is reported to be related with cochlear or auditory
synaptopathy, which is caused by damage or loss to the synapses between inner hair cell (IHC)
and spiral ganglion neuron (SGN) and causing deafferentation [5–8]. Cochlear synpatopathy is also
involved in genetic, noise, ototoxicity and age-related hearing loss [7–10]. This mechanism may
contribute to glutamate excitotoxicity involving N-methyl-d-aspartate (NMDA) receptor activation
and related auditory nerve excitation [9,11,12]. NMDA receptor inhibition has been proposed as a
pharmacologic approach for the treatment of synaptic hearing loss [13–15].

NMDA antagonists include ketamine, esketamine, dextromethorphan (DXM), phencyclidine,
and dizocilpine [16,17]. DXM, an uncompetitive and low-affinity NMDA receptor antagonist,
has been widely used as a nonopioid, nonnarcotic, and over-the-counter antitussive for over
50 years [16]. DXM has demonstrated considerable neuroprotective properties in numerous in vitro
and in vivo models of central nervous system injury and neurodegenerative diseases [16,18]. DXM
may exert its neuroprotective effects through multiple actions to inhibit glutamate neurotoxicity,
inflammatory pathways, oxidative damage, calcium imbalances, and apoptosis with extremely
similarity of pathophysiologies in SNHL and may play a role in sudden SNHL [3,16,19].

DXM has been reported to reduce neuronal damage or degeneration, cortical infarct volume
and improve neurological functions in numerous animal models of stroke and traumatic brain injury
(TBI) [18,20]. In 2010, the U.S. Food & Drug Administration approved the use of DXM in combination
with quinidine for the treatment of pseudobulbar affect characterized by sudden and involuntary
episodes of crying, laughing, or other emotional displays secondary to a neurological disease or brain
injury, such as amyotrophic lateral sclerosis, stroke, Alzheimer’s disease, multiple sclerosis, Parkinson’s
disease, and TBI [16]. To date, except our previous published paper, there is sparse study to explore
the association between DXM use and preventing SNHL in inner ear of mouse model and human
study [21]. Herein, we explore whether DXM, an NMDA antagonist, exhibits any potential effect
against SNHL in both animal models and population-based study.

2. Materials and Methods

2.1. Animals and Noise Exposure

All experiments were approved by the Institutional Animal Care and Use Committee of the
National Defense Medical Center (Taipei, Taiwan, approval number IACUC-16-082). The animal
care complied with the institutional guidelines and regulations. The schedule of the experiment is
illustrated in Figure 1A. Male eight-week old CBA/CaJ mice are randomized into control and DXM
group. In total, 22 mice were operated in the DXM group and 18 in the control group. The mice were
anesthetized, placed in a soundproof booth with a loudspeaker (V12 HP, Tannoy, United Kingdom)
mounted above the center of the cage, and both ears were exposed to white noise at a sound pressure
level (SPL) of 118 dB for 3 h. The sound intensity inside the chamber was tested using a sound level
meter to ensure minimal deviations of sound intensity.
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blunt dissection to expose the middle compartment of the bulla, and the round window niche was 
exposed through a small opening. A small piece of gelfoam soaked with DXM was placed into the 
round window and bulla (Figure 1B,C). The gelfoam about 1 mm in size soaked with 5 ul DXM 
(3.75 mg/mL) was administered to the round window and solved within 2 weeks. The incision was 
closed with nonabsorbable sutures, and the animals were transferred onto a homeothermic blanket 
at 39.8°C for the recovery period.  

 

Figure 1. (A) Experimental schedule. Mice were exposed to noise on day 0. The auditory brainstem 
response (ABR) test was performed on days −7, 7, 14, 30, and 60. Dextromethorphan (DXM) was 
injected intraperitoneally (IP) on days −2 to 2 and boosted on day 1 through the round window 
approach. (B,C) Surgical approach for DXM round-window application. 

2.3. Auditory Brainstem Response Recording 

The animals’ auditory function in the surgical ear was assessed by recording the auditory 
brainstem responses (ABRs) as previously described [22]. In brief, the mice were anesthetized and 
kept warm with a heating pad in a sound-attenuating chamber. Subdermal needle electrodes were 
inserted at the vertex (positive), below the pinna of the ear (negative), and at the back (ground) of 
the mice. Specific stimuli (clicks and 8-, 12-, 16-, 20-, 24-, 28-, and 32-kHz tone bursts) were 
generated using the SigGen software program (Tucker-Davis Technologies, Gainesville, FL, USA) 
and delivered to the external auditory canal. The average responses to 1024 stimuli at each 
frequency were obtained by reducing the sound intensity in 5-dB steps until the threshold was 
reached. The resulting ABR thresholds were defined as the lowest intensity at which a reproducible 
deflection in the evoked response trace could be recognized. The ABR wave I peak-to-peak 
amplitude was computed through an offline analysis of the stored waveforms. 

2.4. Population-Base Database 

This study employed a retrospective matched-cohort design. We acquired medical records 
over 40 years old from the National Health Insurance Research Database (NHIRD, an outpatient 
and hospitalization longitudinal health insurance database in Taiwan) between 1 January 2000 and 
31 December 2015, to establish matched cohorts with and without DXM use, using a propensity 
score method at a ratio of 1:4 by sex, age, and index year. Patients were diagnosed with 

Figure 1. (A) Experimental schedule. Mice were exposed to noise on day 0. The auditory brainstem
response (ABR) test was performed on days −7, 7, 14, 30, and 60. Dextromethorphan (DXM) was
injected intraperitoneally (IP) on days −2 to 2 and boosted on day 1 through the round window
approach. (B,C) Surgical approach for DXM round-window application.

2.2. DXM Application

DXM hydrobromide was purchased from Sigma-Aldrich (St. Louis, MO, USA). Each dose
(30 mg/kg) was injected intraperitoneally once/per day for 5 contiguous days starting 2 days before
noise exposure. The next day after noise exposure, the animals’ unilateral round windows were
surgically exposed to boost DXM soaking to enhance the possible therapeutic effect and future
application of therapy clinically by intratympanic injection. The control group was administered
phosphate-buffered saline (PBS) during the same surgical procedure (sham). The animals were
anesthetized with ketamine (100 mg/kg, intraperitoneally) and xylazine (10 mg/kg, intraperitoneally).
Half the initial dose of anesthesia was administered on the reappearance of blinking or the withdrawal
reflex in the animals. A posteroinferior skin incision was made in the retroauricular area behind the
right ear. The underlying muscles and facial nerve were separated by blunt dissection to expose the
middle compartment of the bulla, and the round window niche was exposed through a small opening.
A small piece of gelfoam soaked with DXM was placed into the round window and bulla (Figure 1B,C).
The gelfoam about 1 mm in size soaked with 5 ul DXM (3.75 mg/mL) was administered to the round
window and solved within 2 weeks. The incision was closed with nonabsorbable sutures, and the
animals were transferred onto a homeothermic blanket at 39.8 ◦C for the recovery period.

2.3. Auditory Brainstem Response Recording

The animals’ auditory function in the surgical ear was assessed by recording the auditory brainstem
responses (ABRs) as previously described [22]. In brief, the mice were anesthetized and kept warm
with a heating pad in a sound-attenuating chamber. Subdermal needle electrodes were inserted at the
vertex (positive), below the pinna of the ear (negative), and at the back (ground) of the mice. Specific
stimuli (clicks and 8-, 12-, 16-, 20-, 24-, 28-, and 32-kHz tone bursts) were generated using the SigGen
software program (Tucker-Davis Technologies, Gainesville, FL, USA) and delivered to the external
auditory canal. The average responses to 1024 stimuli at each frequency were obtained by reducing the
sound intensity in 5-dB steps until the threshold was reached. The resulting ABR thresholds were
defined as the lowest intensity at which a reproducible deflection in the evoked response trace could
be recognized. The ABR wave I peak-to-peak amplitude was computed through an offline analysis of
the stored waveforms.
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2.4. Population-Base Database

This study employed a retrospective matched-cohort design. We acquired medical records
over 40 years old from the National Health Insurance Research Database (NHIRD, an outpatient
and hospitalization longitudinal health insurance database in Taiwan) between 1 January 2000 and
31 December 2015, to establish matched cohorts with and without DXM use, using a propensity score
method at a ratio of 1:4 by sex, age, and index year. Patients were diagnosed with sensorineural hearing
loss (SNHL) according to ICD-9-CM code (389.1x). We excluded all patients with a prior hearing loss
diagnosis and those who had been prescribed DXM before 2000.

Gender, age, covariates, and comorbidities were assessed and analyzed in this study. We defined
catastrophic illness using the definition of the Ministry of Health and Welfare in Taiwan, which contains
30 categories that the patients can apply for a certificate to become exempt from copayments for
healthcare costs related to catastrophic illness [23].

Data used in this study are managed and stored by the Health and Welfare Data Science Center.
Researchers can obtain the data through formal application to the Health and Welfare Data Science
Center, Department of Statistics, Ministry of Health and Welfare, Taiwan (http://dep.mohw.gov.tw/

DOS/np-2497-113.html).
The Institutional Review Board of Tri-Service General Hospital approved this study (TSGHIRB no.

2-105-05-082) and waived the requirement of written informed consent to access the NHIRD.

2.5. Duration of DXM Use and Sensitivity Analysis

The DXM use in this population-based study was prescribed as systemic application. The data of
the defined daily dose (DDD) were obtained from the WHO Collaborating Centre for Drug Statistics
Methodology (https://www.whocc.no/), and the duration of the usage of DXM was calculated by
dividing the cumulative doses by the DDD of DXM. Duration of DXM use was categorized into three
subgroups of ≤30, 30~90 and >90 days. The sensitivity test for duration of DXM use was analyzed for
risk of developing SNHL using Cox regression model.

2.6. Statistical Analysis

For animal study, the statistical analysis was performed through one-way analysis of variance
between control and DXM groups. The results are expressed as the mean ± standard error of the mean.
The differences were considered significant at p < 0.05.

For human study, all data analyses were performed using IBM SPSS for Windows, version 22.0
(IBM Corp., Armonk, NY, USA). The Chi-square test and Fisher’s exact test were used to compare
the difference of categorical variables, and Student’s t test was used to compare the difference of
continuous variables between with DXM use and without DXM use. Multivariate Cox proportional
hazards regression was used to determine the risk of SNHL, and the results are presented as a hazard
ratio (HR) with 95% confidence interval (CI). The difference in risk of SNHL for patients with or
without DXM use was estimated using the Kaplan–Meier method with a log-rank test. A two-tailed
p value < 0.05 was considered statistically significant.

3. Results

3.1. Animal Study

A permanent threshold shift was produced after exposure at an SPL of 118 dB for 3 h. A 30 mg/kg
dose of DXM was injected intraperitoneally from 2 days before noise exposure to 2 days after noise
exposure. We noted that surgery to access the round window did not affect the hearing threshold in
mice which was compatible with previous literature [24]. Subsequently, we boosted DXM soaking in
the round window the next day after noise exposure. The hearing threshold was measured using the
ABRs on day 7, 14, 30, and 60 after noise exposure (Figure 2). From 7 days after noise exposure, the
hearing threshold differed significantly between both groups. The hearing threshold was measured
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as 48.6 ± 2.9 dB through the click ABR in the control group (n = 18) compared with 42.6 ± 7.0 dB
in the DXM group (n = 22) on day 60 after noise exposure. The tone burst ABR at frequencies of
24, 28, and 32 K had a significantly lower hearing threshold in the DXM group than in the control
group. Although the mice were anesthetized with another NMDA antagonist (ketamine) that may
have affected the experimental effect, the difference can be neglected because the same procedure was
used in both groups.Int. J. Environ. Res. Public Health 2020, 17, x 5 of 12 

 

 

Figure 2. Click and tone burst ABR for hearing evaluation at various time points. The hearing 
threshold obtained through click ABR (42.6 ± 7.0 dB, n = 22) in the DXM group was significantly (p = 
0.002) better than that (48.6 ± 2.9 dB, n = 18) in the control group after noise exposure. In terms of 
tone burst ABR, the hearing threshold between 24 and 32 kHz in the DXM group was significantly 
better than that in the control group after noise exposure. * p < 0.05, ** p < 0.01 

In recent studies, the synapse between inner hair cells and spiral ganglion neurons has been 
reported to mediate hearing transduction [25]. The amplitude of ABR wave I can be represented as 
the number of synaptic ribbons [6]. We also analyzed the raw ABR data from the mice on day 60 for 
wave I amplitude. The data obtained through the click ABR indicated that the morphology of 
waveforms were better and wave I amplitude was higher in the DXM group compared with the 
PBS group (Figure 3). This result may reflect the potential effect of DXM treatment with preserved 
synaptic complexes. 

Figure 2. Click and tone burst ABR for hearing evaluation at various time points. The hearing threshold
obtained through click ABR (42.6 ± 7.0 dB, n = 22) in the DXM group was significantly (p = 0.002) better
than that (48.6 ± 2.9 dB, n = 18) in the control group after noise exposure. In terms of tone burst ABR,
the hearing threshold between 24 and 32 kHz in the DXM group was significantly better than that in
the control group after noise exposure. * p < 0.05, ** p < 0.01.

In recent studies, the synapse between inner hair cells and spiral ganglion neurons has been
reported to mediate hearing transduction [25]. The amplitude of ABR wave I can be represented as the
number of synaptic ribbons [6]. We also analyzed the raw ABR data from the mice on day 60 for wave I
amplitude. The data obtained through the click ABR indicated that the morphology of waveforms were
better and wave I amplitude was higher in the DXM group compared with the PBS group (Figure 3).
This result may reflect the potential effect of DXM treatment with preserved synaptic complexes.
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3.2. Population-Based Human Study

Based on the data used in this study from 1 January 2000 to 31 December 2015, 39,895 individuals
with DXM use were included and a matched 159,580 individuals without DXM use were selected as the
control group (Figure 4). At the end of the follow-up period (Table 1), 175 individuals with DXM use
(0.44%, 175/39,895) and 1675 without DXM use (1.05%, 1675/159,580) had developed SNHL, indicating
a significantly lower incidence of hearing loss among those with DXM use (p < 0.001). The average
follow-up period was 9.90 ± 9.28 years, and the average period for developing hearing loss was
4.87 ± 5.54 years. Significantly lower percentages of ischemia heart disease (IHD) (12.94% vs. 13.70%;
p = 0.021) and depression (0.48% vs. 0.65%; p = 0.026) were found in individuals with DXM use,
compared with the control group.
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Table 1. Characteristics of study in the endpoint during the follow-up period from 1 January 2000 to 31
December 2015.

DXM Use
With Without p

n % n %

Total 39,895 20.00 159,580 80.00
Hearing loss 175 0.44 1675 1.05 <0.001

Variables
Gender 0.999

Male 20,121 50.43 80,484 50.43
Female 19,774 49.57 79,096 49.57

Age (years) 55.28 ± 26.45 54.70 ± 25.51 <0.001
Catastrophic illness 2671 6.70 12,104 7.58 <0.001

DM 3884 9.74 16,011 10.03 0.076
HTN 9112 22.84 35,142 22.02 <0.001

Depression 1097 2.75 4048 2.54 0.016
Insomnia 1845 4.62 6822 4.27 0.002

Stroke 2111 5.29 8705 5.45 0.197
CKD 4344 10.89 17,035 10.67 0.217

Hyperlipidaemia 1184 2.97 4499 2.82 0.111
Epilepsy 429 1.08 1375 0.86 <0.001

AID 3245 8.13 13,401 8.40 0.088
IHD 2675 6.71 12,604 7.90 <0.001

COPD 2973 7.45 12,801 8.02 <0.001
Pneumonia 5671 14.21 20,754 13.01 <0.001
Head injury 6881 17.25 26,279 16.47 <0.001

Asthma 4213 10.56 17,987 11.27 <0.001
Alcohol abuse/dependence 381 0.96 1275 0.80 0.002
Tobacco abuse/dependence 291 0.73 1248 0.78 0.282

CLD 4041 10.13 16,124 10.10 <0.001
Parkinson’s disease 900 2.26 3251 2.04 0.006
Urbanization level <0.001

1 (The highest) 12,121 30.38 44,026 27.10
2 13,986 35.06 54,521 33.57
3 5111 12.81 20,782 12.79

4 (The lowest) 8677 21.75 43,101 26.54
Level of care <0.001

Hospital center 14,562 36.50 46,128 28.91
Regional hospital 15,756 39.49 65,117 40.81

Local hospital 9577 24.01 48,335 30.29

p: Chi-square/Fisher exact test on category variables and t-test on continue variables; DM = diabetes mellitus; HTN
= hypertension; CKD = chronic kidney disease; AID = autoimmune diseases; IHD = ischemia heart disease; COPD
= chronic obstruction pulmonary disease; CLD = chronic liver disease.

The cumulative incidence curve of SNHL for the cohort with DXM use was significantly lower
than for the control cohort, following adjustment for age and other variables (Figure 5; log-rank test,
p < 0.001).
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After adjustment for age, sex, and comorbidities in the Cox proportional hazard regression, DXM
use was still significantly associated with a decreased risk of hearing loss, with an adjusted HR of
0.725 (95% CI, 0.624–0.803; p < 0.001; Supplementary Table S1). Patients with catastrophic illness, older
patients, diabetes mellitus, hypertension, stroke, chronic kidney disease, autoimmune diseases, IHD,
pneumonia, head injury, and chronic liver disease had a significantly higher risk of SNHL.

We investigated the sensitivity test for duration of DXM use and the test demonstrated a lower
risk of developing SNHL was associated with longer duration of DXM use (Table 2).

Table 2. Factors of hearing loss among different duration of DXM by using Cox regression.

DXM Dose Population Events PYs Rate (per 105 PYs) Adjusted HR 95% CI 95% CI p

Without 159,580 1675 2,012,465.11 83.23 Reference
With 39,895 175 513,401.02 34.09 0.725 0.624 0.803 <0.001

1–30 days 8423 43 114,267.35 37.63 0.797 0.684 0.888 <0.001
31–90 days 19,450 88 248,640.12 35.39 0.756 0.642 0.834 <0.001
≥91 days 12,022 44 150,493.55 29.24 0.622 0.531 0.697 <0.001

PYs = Person-years; Adjusted HR = Adjusted Hazard ratio: Adjusted for the variables listed in Table 1; CI =
confidence interval; DXM = dextromethorphan.

4. Discussion

Our data demonstrated and explored that DXM, an NMDA antagonist, had the ability to attenuate
noise-induced hearing loss (NIHL) by improving the hearing threshold and wave I amplitude, as
indicated through ABR testing, and also potentially decrease the risk of SNHL after adjusting by Cox
regression analysis in a 16-year follow-up nationwide population-based study. To the best of our
knowledge, this is the first report to explore the preventive effect of DXM use in hearing loss in both
animal and human study.

Some NMDA antagonists have been used to investigate the protective effect in the inner ear
using animal models of noise [11,12,14], ischemia [17,26,27], and ototoxicity [10,12,28]. Jäger et al.
demonstrated that dizocilpine maleate (MK-801) had a protective effect against NIHL, but the effect was
limited to a specific frequency [11]. Duan et al. also presented MK-801 as a means to substantially limit
both NIHL and swelling of dendrites under inner hair cells [12]. Bing et al. reported that esketamine
hydrochloride gel (AM-101) may reduce the noise-induced loss of synaptic ribbons, but it had no
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protective effect against NIHL [14]. Tabuchi et al. reported that ketamine and dextromethorphan,
but not MK-801 have protective effect on cochlear ischemia dysfunction [17]. MK-801 and ifenprodil
resulted in the protection of aminoglycoside-induced ototoxicity [12,28]. There was still sparse study
to explore the effect of DXM use in common hearing loss animal models.

Given that NMDA receptor antagonists tend to have negative central nervous system side effects,
such as hallucinations or anesthesia, their clinical potential has been limited [14]. In the present study,
we demonstrated that DXM, widely used and available in numerous over-the-counter cough and cold
preparations worldwide [16], also has a protective effect against NIHL. The result was compatible to
our previous report in a NIHL rat model using 4-[18F]-ADAM/micro-PET and showed DXM prevent
hearing loss and preserved brain serotonin transporter function [21]. This effect also has been proven
previously that DXM moderately ameliorated the compound action potential threshold shift in cochlear
dysfunction induced by transient ischemia [17].

Based on aforementioned results, DXM has the potential to be a promising therapeutic intervention,
we directly explored the association between DXM use and the risk of SNHL using Taiwan’s NHIRD
database. After adjusting variables by multiple Cox regression analysis, the use of DXM significantly
reduced the risk of SNHL compared with matched-cohort control group. DXM use is frequently
prescribed for patients when they might catch cold in Taiwan. We used cumulative DDD (cDDD)
of DXM to analyze the association between DXM use and risk of SNHL. The result revealed longer
duration of DXM use (larger amount of cDDD) had more significantly decreased the risk of SNHL.
Herein, we further provided the evidence to support the finding that the use of DXM has a strong
impact in preventing SNHL.

The mechanism for the preventive effect of DXM from hearing loss may be through the
inhibition of glutamate-induced excitotoxicity at the highly active synapse due to NMDA receptor
activation, dendritic swelling, and the production of reactive oxygen species [9,29]. Glutamate-induced
excitotoxicity was recently thought as an instigating factor of cochlear synaptopathy [8,9]. The use of
DXM can have the capacity to protect synaptic damage in acute noise-exposed hearing loss.

In recent years, a hidden hearing loss theory has advocated that synaptic loss is the primary
pathology even with only temporary threshold shifts, and that this synaptic loss is independent from
both IHC and SGN loss [6,30]. Cochlear synaptopathy may contribute to hearing impairment in millions
of people [8,31]. If these damaged synaptic connections can be maintained or restored by any potential
drugs or other therapeutic management, it could undoubtedly improve the hearing function [32]. Some
reports have evidenced that neurotrophins, such as neurotrophin-3 and brain-derived neurotrophic
factors, can offer protective effects against noise trauma in animals [24,33,34]. DXM would be an
effective and alternative drug to apply in further human studies on NIHL (e.g., recreational or military
gun shooting) or age-related SNHL.

Our study had some limitations. In animals, it was not clear which approach (intraperitoneal
injection or round window soaking) resulted in the therapeutic effect because we combined both
approaches and we did not assess the immunohistochemistry staining for synaptic ribbon. In humans,
we were unable to reduce non DXM contributing factors in the retrospective-matched cohort study.
This is because: (1) we cannot assess a patient’s history and cause of SNHL according to the diagnosis
by using the ICD-9-CM code (389.1x), (2) the severity of hearing threshold of individuals as determined
by audiometry was not available in the current NHIRD database, and (3) the timing of DXM application
was inaccessible as it was not prescribed for treatment of SNHL. All of these factors may have
contributed to the otoprotective effect of DXM in this study. Future clinical trials would have to
sufficiently reduce non DXM contributing factors to confirm our findings.

5. Conclusions

Our study demonstrated that DXM significantly attenuated noise-induced hearing loss and may
have a protective effect against SNHL. The effect may be through synaptic regulation. Therefore, to
develop a novel effect of pharmaceutical medicine to prevent cochlear synaptopathy is practical to the
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hearing preservation program. DXM can be an alternative medication applying in future clinical trials
for SNHL.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/17/6336/s1,
Table S1: Factors of hearing loss by using Cox regression.
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Abstract: (1) Introduction: Laryngeal cancer is one of the most common types of cancer affecting
the upper aerodigestive tract. Despite ensuring good oncological outcome in many locoregionally
advanced cases, total laryngectomy is associated with relevant physical and psychological sequelae.
Treatment through tracheo-esophageal speech, if promising, can lead to very variable outcomes.
Not all laryngectomee patients with vocal prosthesis benefit from the same level of rehabilitation
mainly due to the development of prosthetic or fistula related problems. The relating sequelae in some
cases are even more decisive in the patient quality of life, having a higher impact than communicational
or verbal skills. (2) Material and Methods: A retrospective study was conducted on 63 patients
initially enrolled with a history of total laryngectomy and voice rehabilitation, treated at the University
Hospital of Catania from 1 January 2010 to 31 December 2018. Quality of life (QoL) evaluation through
validated self-administrated questionnaires was performed. (3) Results: The Voice-Related Quality
of Life questionnaire revealed significantly better outcomes in both socio-emotional and functional
domains of the tracheoesophageal patient group compared to the esophageal group (p = 0.01; p = 0.01,
respectively), whereas in the Voice Handicap Index assessment, statistically significant scores were
not achieved (p = 0.33). (4) Discussion: The significant differences reported through the V-RQOL
and Voice Handicap Index scales in the presence of fistula related problems and device lifetime
reduction when compared to the oesophageal speech group have demonstrated, as supported by
the literature, a crucial role in the rehabilitative prognosis. (5) Conclusions: The criteria of low
resistance to airflow, optimal tracheoesophageal retention, prolonged device life, simple patient
maintenance, and comfortable outpatient surgery are the reference standard for obtaining good QoL
results, especially over time. Furthermore, the correct phenotyping of the patient based on the main
outcomes achieved at clinical follow-up guarantees the primary objective of the identification of
a better quality of life.

Keywords: quality of life assessment; tracheoesophageal speech; tracheo-esophageal puncture
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1. Introduction

Laryngeal cancer is one of the most common types of cancer affecting the upper aerodigestive
tract, and accounts for about 177,000 new cases per year worldwide with an estimated 94,800 cancer
deaths annually [1,2]. These patients who undergo head and neck surgery often experience challenges
in communication, which may impact the quality of life (QoL) [2–4]. The World Health Organization
(WHO) defines health as “A state of complete physical, mental, and social well-being not merely the absence of
disease” and the QoL as an “individual’s perception of their position in life in the context of the culture and
value systems in which they live and concerning their goals, expectations, standards and concerns” [5].

Despite ensuring good oncological outcome in many locoregionally advanced cases, total
laryngectomy (TL) is associated with relevant physical and psychological sequelae, affecting essential life
functions such as breathing, swallowing, and oral communication. Permanent tracheostomy and loss of
natural voice worsen patients’ QoL, resulting in social stigma and consequent psychological discomfort.

To date, among the various voice recovery solutions, the tracheo-esophageal puncture (TEP) with
the insertion of voice prosthesis (VP) is the method generally recognized as a gold standard procedure
for speech restoration after laryngectomy.

Technological advancements have been such that today, indwelling prostheses are designed
to meet the criteria of low airflow resistance and optimal retention in the tracheoesophageal party
wall, have prolonged device lifetime, simple maintenance by the patient, and comfortable outpatient
replacement, with success rates classically from 40 to 90% with excellent voice quality [6–9]. More recent
findings by Souza et al. in a study population of 95 patients reported the overall quality of life in
voice prosthesis from good to excellent in 83.2% of cases, with better results compared to esophageal
voice [8].

Several studies have previously performed an assessment of QoL and degree of satisfaction in TL
patients after VP rehabilitation, demonstrating its good efficacy in highly motivated subjects, even
over time [9,10].

Despite this, it is necessary to consider, however, that not all laryngectomee patients with vocal
prosthesis benefit from the same level of rehabilitation. Indeed, the spread of known prosthetic
device lifetime or fistula related problems, which is a more or less decisive way, has an impact on the
level and the quality of speech rehabilitation. A drastically reduced device lifetime, periprosthetic
leakage, recurrent tracheoesophageal granulomas, and poor vocal performance forces the patient to
undergo a higher number of medical-surgical procedures, often aggressive, with potential secondary
psychophysical discomfort. The following rehabilitation level often results in not being optimal
and autonomous, leading to a possible failure and closure of the phonatory fistula. To the above,
numerous reports have identified pathological or uncontrolled gastroesophageal reflux, the chronic
mucosal outcomes of radiotherapy, as known etiopathogenetic factors that, alone or in association,
have a decisive impact on voice prosthesis outcomes [11].

Therefore, the presence of good communication indices is not necessarily related to the degree of
satisfaction of the prosthetic treatment and the related socio-emotional consequences [12].

To this end, through the use of dedicated evaluation questionnaires within a court of laryngectomies
and prosthetic patients, we retrospectively evaluated the variability of the related QoL based on specific
indicators. Categorization, according to the presence or absence of prosthetic or fistula-related disorders
comparing the obtained results with an esophageal speech group was performed.

2. Material and Methods

A retrospective study on the QoL of laryngectomized patients with a different degree of
tracheoesophageal voice prosthesis rehabilitation was performed. The results were then compared
with a group of patients with esophageal voice rehabilitation.
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2.1. Selection Process

A total of 63 patients initially treated at the University Hospital of Catania from 1 January 2010 to
31 December 2018 were initially considered.

Patients were enrolled in compliance with the following inclusion/exclusion criteria:

1. Inclusion Criteria: Tracheoesophageal speech utilizing a voice prosthesis after laryngectomy
procedures for laryngeal tumor (both primary and secondary TEP performed); esophageal speech;
clinical-instrumental follow-up after TEP performed ≥ 10 years.

2. Exclusion Criteria: patients with evident local recurrence of pathology; the presence of
comorbidities with significant impact on the patient’s QoL (neurological, cerebrovascular, or
cardiovascular accident, myopathy); not related psychological diseases occurred after surgery;
exitus for external causa before completing the study.

2.2. Patients Population

A total of nine patients were excluded due to the selection criteria while 54 patients were
successfully interviewed, and enrolled. The enrolled patients consisted of 47 males and seven females,
aged from 53 to 78 years (mean age: 64.7 years). TEP was performed as a primary procedure in
10 cases while as a secondary one in 29 cases, generally almost six months after TL (6.1 ± 1.4 months).
Instead, esophageal speech rehabilitation was achieved in 15 patients.

All sociodemographic and clinical characteristics such as the mean age, patient sex, mean follow
up, TEP procedures, and the history of radiotherapy treatment are summarized in Table 1.

Table 1. Demographic and clinical features.

Characteristic No. (%)/Range Mean SD

Sex

Male 47 (87%)
Female 7 (13%)

Age 53–78 y 64.7 y ±7.58 y

Mean follow up, y 11.2 y ±1.65 y

T Stage

III 35 (64.8%)
IV 19 (35.2%)

Neck dissection

Yes 39 (72.2%)
No 15 (27.8%)

Radiation

Irradiated 35 (64.8%)
Not irradiated 19 (35.2%)

TEP Procedure

Primary 10 (18.5%)
Secondary 29 (53.7%)

Esophageal Voice 15 (27.8%)

Abbreviations: T stage = tumor stage; TEP = tracheoesophageal prosthesis.

All data were collected from the same two surgeons (S.C. and I.L.M.) who followed the
post-operative control up to its fulfilment.
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According to prosthesis outcomes and fistula related disorders observed at clinical follow-up, we
classified patients into two patient groups:

1. Group 1 including all patients treated with tracheoesophageal voice rehabilitation.
2. Group 2 defined by patients performing esophageal voice rehabilitation.

Moreover, in the second part of the analysis, based on the main complications recorded in the TEP
group, we identified two phenotypic subgroups and assessed specific QoL results for each one:

• Prosthetic disorders group (PD), defined by a prosthetic device lifetime ≤3 months; and
• Fistula-related disorders group (FRD), defined by the presence of subsequent complications such

as periprosthetic leakage, macro fistula, recurrent tracheoesophageal granuloma).

2.3. Outcome Assessment

Patients who respected the selection criteria underwent subjective and objective evaluations:

1. Quality of life Assessment obtained through the administration of the Voice-Related Quality of
Life questionnaire (VR-QoL);

2. Vocal performance evaluation through the Voice Handicap Index (VHI);
3. Percentage of annual complications (failure due to periprosthetic leakage, presence of

tracheoesophageal granulation tissue, spontaneous dislodged prosthesis, macro fistula);
4. Median device lifetime duration per year, subsequently divided in each sub-category, through

consecutive follow up was recorded.

2.4. Quality of Life (QoL) Assessment

This was carried out through the use of a specific questionnaire administered in each of the two
main identified groups, the TEP group (total, prosthesis and fistula related disorders) and ES group.

The V-RQoL questionnaire is a self-administered assessment tool that evaluates the subjective
burden elicited by a voice disorder [13]. It is made up 10 statements on aspects related to voice through
the emotion, physical, and functional domains with a score of 0–50. Therefore, the degree of severity of
the score is directly proportional to the total numerical sum, detecting the poor quality of life for high
total values obtained.

The score has two domains, of which six items evaluate the physical functioning (PF) and four the
social-emotional (SE).

2.5. Subjective Voice Disorders Assessment

The VHI is made up of three parts concerning the emotional, physical, and functional component,
respectively, each composed of 10 items. Each item is marked on a 4-point scale, and the score ranges
from 0 to 120, where 120 represents the maximum perceived disability. The score resulting is divided
into mild impact (0–40 points), moderate impact (41–60), and severe impact (score > 60).

2.6. Statistical Analysis and Ethical Statement

Data analysis was performed using IBM SPSS Statistics for Windows, IBM Corp. Released 2017,
Version 25.0. Armonk, NY: IBM Corp. Descriptive statistics were reported on average ± standard
deviation or proportion. Data normality was assessed using the Kolmogorov–Smirnov test of
normality. The T-test for paired samples was used to determine the difference between observations.
The Mann–Whitney U test was performed to analyze group differences. The tests were two-tailed, and
a p-value of < 0.05 was considered as statistically significant.

The study protocol was approved by the ethics committee of the involved Institution (CE Catania 2;
Prot. N. 298/BE). Participants were informed and gave written informed consent of the purpose and
procedures of the study, which was conducted according to the Declaration of Helsinki.
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3. Results

A total number of 54 patients were successfully interviewed after initial selection (47 males
and seven females). After the selection process, 39/54 (72.2%) who performed TEP rehabilitation
were included, whereas 15/54 (27.8%) among the subjects rehabilitated with ES voice were selected.
The ATOS medical puncture set and prosthesis system were used in all patients.

The timing of the TEP procedure performed was primary in 10 (18.5%) patients while secondary
in 29 (53.7%) patients.

There were no significant differences between the two groups regarding the demographic and
clinical data recorded as summarized in Table 1.

3.1. Voice Prosthesis Sequelae and Device Lifetime

At the follow-up conducted in the TEP group, a leakage was detected in 18/39 (46.1%) cases who
underwent fistulization. In particular, eight (20.5%) (Group PD) patients presented leakage through the
prosthesis, associated with an average device lifetime fewer than 90 days, while 10/39 (25.6%) (Group
FRD) patients presented peri prosthesis leakage. In this last group, the related sequelae identified were
granulation tissue in 7/39 (17.9%) whereas there were changes in fistula size in 3/39 (7.7%) (Table 2).

Table 2. Percentage of complications per patient.

Complications TEP Group No. (%) y

Prosthesis leak

Through 8/39 (20.5%)
Peri 10/39 (25.6%)

Granulation’s tissue 7/39 (17.9%)

Fistula size changes 3/39 (7.7%)

Device lifetime Mean days (SD)

H group 97.4 ± 8.8 days
FT group 91.3 ± 6.5 days
PD group 61.9 ± 9.6 days

Abbreviations: H = healthy; FT = Fistula type; PD = Prosthesis disorder group.

The mean device lifetime recorded in TEP patients was 83.53 ± 8.3. Through the TEP group
sub-typing based on the detected complications, we found a 3-month lower device lifetime only in the
patients with prosthetic disorders (PD) compared to the healthy TEP patients (H) and fistula related
(FR) ones, respectively (PD 61.9 ± 9.6 days; H 97.4 ± 8.8 days; FR 91.3 ± 6.5 days) (Table 2).

3.2. Voice-Related Quality of Life Questionnaire Assessment

The VrQoL questionnaire revealed significantly better outcomes in both Socio-Emotional and
Functional domains of the TEP patient group compared to the EV group (p = 0.01; p = 0.01, respectively)
(Table 3).
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Table 3. Comparison of V-RQoL outcomes.

VrQoL Tracheoesophageal
Voice Prosthesis (TEP)

Voice Prosthesis
Disorders (PD)

Fistula Related
Disorders (FRD)

Esophageal
Speech (EV)

No. Patients 39 8 10 15

Socio-Emotional 4.15 a ± 2.23 3.47 ± 0.54 7.18 ± 2.22 4.78 a ± 1.03

Functional 4.57 b ± 2.48 4.16 ± 1.19 8.33 ± 1.23 5.98 b ± 1.18

Total 8.73 c ± 4.71 7.63 ± 1.73 d 15.51 ± 3.45 e 10.76 c, d, e ± 2.21

Abbreviations: VrQoL = Voice Related Quality of Life; TEP = tracheoesophageal prosthesis; No. patients = number
of patients. Comparison a Socio-Emotional TEP vs. EV p = 0.01; b Functional TEP vs. EV p = 0.01; c Total TEP vs.
Total EV p = 0.01; d Total PD vs. EV p = 0.002; e Total FRD vs. EV p = 0.0007.

The evaluation of the subgroups divided by specific complications showed better results in the
group of prosthetic disorders, despite the reduced prosthesis lifetime, compared to the esophageal
speech patients (p = 0.002). However, the V-RQoL scoring showed a worsening of the well-being
indices in the group with disorders related to the tracheo-esophageal fistula compared to the EV group
(p < 0.001) (Table 3).

3.3. Voice Handicap Index (VHI) Score and Grading

The results of the patient groups analyzed are shown in the VHI score (Table 4). The TEP group
showed better total VHI score than the EV group, but was not statistically significant (36.24 ± 7.19 vs.
38.53 ± 6.62; p = 0.33). Further examination of the pathological sub-phenotypes presented better scores
in the voice prosthesis disorders group than in the esophageal speech (30.37 ± 4.88 vs. 38.53 ± 6.62;
p = 0.01). However, the outcomes analysis of the patients with fistula disorders showed a worsening of
the scores compared to esophageal speech (54.1 ± 10.48 vs. 38.53 ± 6.62; p = 0.003) (Table 4).

Table 4. Comparison of each sub-classes voice handicap index (VHI) scores. Statistical significance at
p < 0.05.

Tracheoesophageal
Voice Prosthesis (TEP)

Voice Prosthesis
Disorders (PD)

Fistula Related
Disorders (FRD)

Esophageal
Speech (EV)

VHI

Emotional 9.59 ± 2.14 8.87 ± 0.99 13.1 ± 3.81 9.4 ± 1.35

Physical 12.12 ± 2.15 10.25 ± 1.58 18.5 ± 3.43 12.53 ± 2.58

Functional 14.53 ± 2.89 11.25 ± 2.31 22.5 ± 3.24 16.6 ± 2.69

Total Score 36.24 a ± 7.19 30.37 b ± 4.88 54.1 c ± 10.48 38.53 a, b, c ± 6.62

Abbreviations: Voice Related Quality of Life; TEP = tracheoesophageal prosthesis. Comparison: a TEP group vs. EV
group p = 0.33; b PD group vs. EV group p = 0.01; c FRD vs. EV p = 0.003.

4. Discussion

The benefit of tracheoesophageal voice rehabilitation was formulated first in 1972 by
Mozolewski et al. [14]. Since then, many devices have been produced by different companies with
variable technologies and specific architecture features, generally taking advantage of a voice polymer
prosthesis inserted through a puncture in the shared wall between the trachea and esophagus [11,15–19].

Countless clinical variables such as gastroesophageal reflux, ageing effect, adjuvant radiotherapy,
or timing of surgery can influence the laryngectomee patient to failure of vocal rehabilitation treatment
and, consequently, the quality of life (QoL) [7,20–25].

Precisely, pathological supraesophageal reflux correlates with the onset of fistula complications
and the consecutive rehabilitation degree, inducing the onset of periprosthetic leakage [26]. In this
regard, Lorenz et al. found higher VHI scores (up to 64.1 ± 9.6) with reflux severity (p = 0.025) and
total quality of life scores were worse in patients with highly pathological reflux (p = 0.007).

100



Int. J. Environ. Res. Public Health 2020, 17, 4605

Furthermore, the association of post-surgery radiotherapy in patients with voice prosthesis (PORT)
can play a determining role in the genesis of gastroesophageal reflux and fistula-related pathology [27].
Cocuzza et al. compared two patient groups based on the choice of treatment and found a significantly
higher rate of failure of voice rehabilitation in subjects with gastroesophageal reflux and history of
postoperative radiotherapy (45% vs. 17%; p < 0.05).

The role of the correct therapeutic choice in the literature is much debated because of the possible
consequent rehabilitation complications, making a careful selection of the patients’ candidacy for TEP
necessary [6,7,27–31]. For instance, the variable choice between radiotherapy protocols can lead to
different long-term rehabilitative outcomes, depending on the therapeutic tissue dosage. As discussed
by Elving et al., a dose equal or more than 60 Gray to the primary tumor site limited the prosthesis
device lifetime (p < 0.05) [31].

The direct consequence consists of the remodeling of the pharyngeal microflora, which under
physiological conditions produces mucins that are active against the primary pathogens of the Candida
group and successive anomalous prosthetic colonization [32–34].

Later, Agarwal et al. discussed the role of treatment modalities including the surgical procedure
and details such as neck dissection and pharyngeal reconstruction as well as radiation therapy on
quality of life measured by the VHI and V-RQoL questionnaires [35]. Although the surgery did not
show significant results, postoperative radiotherapy was initially associated with a higher level of
voice handicap. However, the same score during follow-up was significantly decreased, according to
the authors due to lessened tissue flexibility in early post-radiotherapy.

Either the disorders related to a reduced prosthetic lifetime or the fistula-related ones previously
indicated can influence vocal and communication skills with significant sequelae on the quality of life,
inducing the patients to make changes in their behavioral and social sphere [12,36].

The World Health Organization defines the quality of life as ‘’the perception of the individual in
his own life, in the context of cultural systems and values, of their objectives, expectations, standards
and concerns” [5].

Undoubtedly, many determinants may limit tracheoesophageal voice rehabilitation, influencing
either the patient’s quality of life or vocal performance, but each of these can change the degree
of treatment satisfaction variably. To this end, subjective questionnaires were designed to allow
a self-assessment QoL in specific domains of an individual’s life, also introducing the fundamental
concept of voice-related quality of life [37–39].

Given these assumptions, Moukarbel et al. analyzed the voice-related quality of life (V-RQoL)
outcomes specific to tracheoesophageal esophageal speech post-laryngectomy in 75 patients initially
enrolled [39].

Although the paired comparison between the TEP and ES group showed a significant difference in
socio-emotional and total scores (p < 0.05), however, the analysis of physical-functional domains was not
significantly different. The data emerging from our analysis confirmed a statistical difference between
the overall results of the TEP and EV groups (8.73 ± 4.71 vs. 10.76 ± 2.21; p = 0.01). Nevertheless, the
observation of the two domains showed a significant result both in the functional p = 0.01 than in the
socio-emotional one (p = 0.01).

Further assessment was performed by Agarwal et al., correlating voice-related QoL and
socioeconomic status after total laryngectomy [35]. From the 104 patients who underwent total
laryngectomy initially enrolled, only 71 were eligible for the study, administering the V-RQoL, and VHI
questionnaires after 1-year of TEP rehabilitation. Long-term outcomes of the V-RQoL reported a higher
patient satisfaction in the relation of the crucial contribution of social support (about 80% V-RQoL
excellent score and >75% minimal VHI score).

In our study, although the TEP group patients obtained higher results than those in the esophageal
speech group, statistical significance was not achieved when comparing VHI scores (36.24 ± 7.19 vs.
38.53 ± 6.62; p = 0.33). Therefore, the investigations on the relationship between comprehensibility,
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intensity, and what voice handicap can entail offers qualitative learning on the experience lived and
the social impact of the voice prosthesis.

However, bias may be present in our findings from our non-randomized study regarding surgery
type choice conducted, according to non-standardized protocols, and therefore outcomes may not be
assessed blind.

Later in 2016, Ţiple et al. described the impact of vocal rehabilitation on quality of life and voice
handicap in patients with a total laryngectomy, dealing in particular with the different adaptation
timing to the rehabilitation method used [38].

Although the first use of the VHI questionnaire in patients with TEP was initially associated with
severe voice handicap than the esophageal group (ES 52.67 ± 19.32 vs. TEP 61.57 ± 24.28); after an
adjustment period of six months, the second application of the questionnaires showed a significant
improvement in voice production (59.58 ± 16.33).

This assumption explains why patients with TEP need a longer considerable adaptation period to
integrate back into society and suit the new conditions of life than esophageal voice.

In the previous study, our patient analysis based on the handicap of the voice after a follow-up of
at least 10 years revealed a better, but not significant, TEP score of an EV, respectively (36.24 ± 7.19 vs.
38.53 ± 6.62; p = 0.33).

As described in the literature, the specific QoL outcomes of the TEP differ significantly
according to the different risk factors that are concentrated within the TEP patients, therefore,
the patients with excellent vocal performance, but reduced device lifetime, and patients with fistula
related disorders [7–11,39,40]. Nevertheless, to our knowledge, this is the first published analysis of
phenotyping different subgroups into tracheoesophageal speech patients.

In our study, a short device lifetime (<3 months) did not result in a limiting factor of
tracheoesophageal (TE) voice restoration in both the V-RQoL score and the VHI compared with
the EV group (p = 0.002; p = 0.01, respectively).

However, opposite data were found in the fistula-related disorders group with worse V-RQoL
and VHI outcomes than patients with esophageal voice (p = 0.0007; p = 0.003, respectively).

As discussed above, despite favorable evidence regarding treatment, a percentage of subjects in
the follow-up either considered removing the voice prosthesis or said that they would not choose the
same type of voice rehabilitation if they could go back in time [10].

Limitations

The main limitation of the study we performed is the modest number of patients analyzed, which
may have resulted in the research being underpowered. However, it is essential to consider that after
applying such rigid inclusion and exclusion criteria such as an extended follow-up, the total number
of selected patients was drastically reduced, making it a representative sample in any event.

Furthermore, bias may be present in our findings from our non-randomized study regarding
surgery type choice conducted according to non-standardized protocols. Therefore, outcomes may not
be assessed blind.

5. Conclusions

The prosthetic rehabilitation treatment allows for the recovery of the laryngectomee patient’s
communication skills, positively affecting both the cognitive-emotional component and the
physical-functional one. The variable presence of sequelae acts as a risk factor for the worse quality of
life of the patient, and the accurate choice of rehabilitative management represents the primary target.
Although the TEP patient has excellent long-term outcomes, the correct phenotyping of complications
can provide the keystone for better administration, identifying subjects who could better benefit from
alternative rehabilitation procedures.
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Abstract: Existing evidence indicates that both iron deficiency anemia and sickle cell anemia have been
previously associated with hearing loss. However, human data investigating the association between
anemia and auditory threshold shifts at different frequencies in the adolescent, adult and elderly
population are extremely limited to date. Therefore, this cross-sectional study used the dataset from
the US National Health and Nutrition Examination Survey from 2005 to 2012 to explore differences in
low- or high-frequency hearing thresholds and hearing loss prevalence between participants with
and without anemia. A total of 918 patients with anemia and 8213 without anemia were included.
Results indicated that low- and high-frequency pure tone average were significantly higher in patients
with anemia than that in those without anemia in the elderly, but not in adult or adolescent population.
In addition, the prevalence of low-frequency hearing loss but not high-frequency hearing loss was also
higher in patients with anemia than in those without anemia in the elderly population. After adjusting
various confounders, multiple regression models still indicated that patients with anemia tended to
have larger threshold shift. In conclusion, anemia was associated with auditory threshold shifts in
the elderly population, especially those vulnerable to low-frequency hearing loss.

Keywords: anemia; hearing loss; auditory threshold shifts; pure tone average
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1. Introduction

Approximately 466 million people worldwide have disabling hearing loss in 2018 [1],
and unaddressed hearing loss poses an annual global cost of US$ 750–790 billion [2]. In the United
States, the number of adults with hearing loss (pure tone average (PTA), >25 dB) is estimated to
gradually increase from 44.1 million in 2020 to 73.5 million by 2060 [3]. Hearing loss is a sensory
impairment caused by multiple factors including gene mutations, environmental noise, viral infection,
autoimmune disease, labyrinthine membrane rupture, vascular events (e.g., vascular disease/alteration
of microcirculation, vascular disease associated with mitochondriopathy, vertebrobasilar insufficiency,
red blood cell deformability, sickle cell disease and cardiopulmonary bypass), and blood disorders [4].
Anemia is the most common blood disorder and also remains the major global public health problems.
Existing evidence indicated that both iron deficiency anemia (IDA) and sickle cell anemia (SCA) have
been previously associated with hearing loss [5,6].

In a Taiwan population-based study, Chung et al. found that the odds ratio (OR) for having
a previous IDA diagnosis among patients aged ≥18 years with sudden sensorineural hearing loss
was 1.34 (95% confidence interval (CI), 1.11–1.61), which was most pronounced among those aged
≤44 years compared with controls (OR, 1.91; 95% CI, 1.35–2.72) [7]. US cohort studies by Schieffer
et al. also showed that children and adolescents with IDA have an increased risk of developing
sensorineural hearing loss (OR, 3.67; 95% CI, 1.60–7.30); increased odds of sensorineural hearing loss
(OR, 1.82; 95% CI, 1.18–2.66) but conductive hearing loss (OR, 1.51; 95% CI, 0.54–3.28) among adults with
IDA [8,9]. In addition, a prospective case-control study by Aderibigbe et al. indicated that the average
hearing thresholds of patients with SCA aged 16–48 years were significantly higher than controls aged
15–39 years in both right and left ears (right hearing thresholds: 16.7 ± 13.0 vs. 11.1 ± 9.1 dB; left hearing
thresholds: 12.8 ± 9.4 vs. 9.6 ± 5.8 dB) [10].

Although IDA and SCA mechanisms that lead to hearing loss differ, hemoglobin may play
a common and critical role in the deterioration of hearing function. In addition, typical changes in
age-related hearing loss usually start with a hearing loss on high frequencies [11], and there are rare
reports of low-frequency hearing loss occurring in old age. To date, human data investigating the
association between anemia and auditory threshold shifts at different frequencies in the adolescent,
adult and elderly population are extremely limited. Therefore, we use the dataset from the National
Health and Nutrition Examination Survey (NHANES) to explore differences in low- or high-frequency
hearing thresholds and hearing loss prevalence between participants with and without anemia.

2. Materials and Methods

2.1. Database

The data used in this cross-sectional study were derived from the NHANES in the United
States (https://wwwn.cdc.gov/nchs/nhanes/). This survey includes information about questionnaires,
demographic data, laboratory tests, and physical examinations, among others. All the study participants
in the NHANES are sampled from the residents in the United States. Its research protocols were
approved by the Research Ethics Review Board of National Center for Health Statistics. All participants
provided written informed consents. Because we only used de-identified secondary data from
NHANES, this study was exempted from full review by the Institutional Review Board.

2.2. Study Participants Selection and Anemia Definition

This study attempted to identify the association between anemia and auditory threshold shifts.
Therefore, study participants aged 12 years and older were only limited to 2005–2012 NHANES
individuals who underwent both audiometric examinations and with complete blood count results.
Those with incomplete audiometric exams or missing laboratory tests for hemoglobin were excluded
from this study. A total of 9131 US participants were recruited in this cross-sectional study. We then
classified the study participants into two groups: patients with and without anemia. Anemia was
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defined based on the World Health Organization recommendations. Male participants with the serum
hemoglobin level of <13 g/dL or female participants with the serum hemoglobin level of <12 g/dL were
identified as patients with anemia [12]. Finally, 918 patients with anemia and 8213 without anemia
were included in this study.

2.3. Audiometric Measures

According to the NHANES protocols, audiometric examinations excluded participants who could
not tolerate headphones because of ear pain at the exam time. Those using hearing aids (not able to
remove them) during the test were also excluded. All audiometry examinations were carried out by
professionally trained audiologists from the National Institute for Occupational Safety & Health using
the interacoustics model AD226 audiometer (with standard TDH-49 headphones and Etymotic EarTone
3A insert earphones). The hearing threshold test in this study was conducted on both right and left
ears at 0.5, 1, 2, 3, 4, 6, and 8 kHz across an intensity range of −10 to 120 decibels (dB). Full audiometric
protocols and procedures are available online.

2.4. Auditory Threshold Shifts and Hearing Loss Definition

In the relevant analyses of this study, PTA thresholds of hearing at 0.5, 1, and 2 kHz were
identified as the low-frequency PTA (low PTA) and PTA thresholds of hearing at 3, 4, and 6 kHz were
identified as the high-frequency PTA (high PTA) [13]. Additionally, this cross-sectional study identified
patients with PTA at 0.5, 1, and 2 kHz thresholds of ≥15 dB in either ear as those with low-frequency
hearing loss (LFHL). Patients who met the criteria for PTA at 3, 4, and 6 kHz thresholds of ≥15 dB in
whichever ear were defined as the high-frequency hearing loss (HFHL). Furthermore, patients who
experienced any hearing loss of ≥15 dB (including HFHL or LFHL) were identified as those with
overall hearing loss (HL).

2.5. Covariate Measurement

To eliminate the potential effects of some confounders and investigate the actual relationship
between anemia and HL, participants’ age group, sex, race, hypertension, diabetes, coronary heart
disease, heart failure, and stroke were considered in the regression models. In this study, the race
was categorized as non-Hispanic white, non-Hispanic black, or others (including Mexican American,
other Hispanic, and other races). In addition, participants were considered to have medical history of
hypertension, coronary heart disease, heart failure, and stroke if participants self-reported to have
medical history about these diseases according to their physicians. Moreover, patients self-reported
to have diabetes by physicians or other health professionals or receive diabetic medications were
identified as diabetes cases.

2.6. Statistical Analysis

All analyses were performed with the SAS system (SAS System for Windows, ver. 9.4, SAS Institute
Inc., Cary, NC, USA). This study used the chi-squared tests to explore differences in age group, sex,
race, hypertension, diabetes, coronary heart disease, heart failure, and stroke, LFHL, HFHL, HL,
between participants with and without anemia. Independent t-tests were further conducted to compare
differences in low PTA and high PTA between participants with and without anemia. Additionally,
regression models were carried out to estimate the effects of anemia on PTA thresholds of hearing.
A two-sided p-value of 0.05 was used to determine the statistical significance of this study.

3. Results

This study consisted of 918 participants with anemia and 8213 without anemia. Table 1 shows
the demographic characteristics and comorbidities of participants with anemia and controls without
anemia. Relevant findings indicated that there were significant differences in age group (p < 0.001),
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sex (p < 0.001), and race (p < 0.001) between the two groups. In addition, the prevalence of hypertension
(p < 0.001), diabetes (p < 0.001), coronary heart disease (p < 0.001), heart failure (p < 0.001), and stroke
(p < 0.001) between participants with anemia and controls without anemia was significantly different.

Table 1. Demographic characteristics and comorbidities of subjects with anemia and the controls
without anemia (n = 9131).

Variable
Subjects with Anemia (n = 918) Subjects without Anemia (n = 8213) p Value

No. % No. %

Age Group (Years) <0.001

≤19 313 34.1 3675 44.8
20–29 72 7.8 721 8.8
30–39 73 8.0 664 8.1
40–49 85 9.3 629 7.7
50–59 68 7.4 673 8.2
60–69 74 8.1 610 7.4
≥70 233 25.4 1241 15.1
Sex <0.001

Male 367 40.0 4292 52.3
Female 551 60.0 3921 47.7

Race <0.001
Non-Hispanic white 224 24.4 3285 40.0
Non-Hispanic black 446 48.6 1871 22.8

Other 248 27.0 3057 37.2
Ever had diagnosis

Hypertension 329 35.8 1835 22.3 <0.001
Diabetes 128 13.9 570 6.9 <0.001

Coronary heart disease 44 4.8 212 2.6 <0.001
Heart failure 42 4.6 154 1.9 <0.001

Stroke 49 5.3 178 2.2 <0.001

Table 2 displays the high PTA, low PTA, and prevalence of LFHL, HFHL, and HL in participants
with and without anemia. Results showed that participants with anemia had significantly higher
low PTA (right ear: 15.04 dB vs. 11.64 dB; left ear: 15.57 dB vs. 11.56 dB) and high PTA (right ear:
23.82 dB vs. 18.55 dB; left ear: 24.71 dB vs. 19.51 dB) in both ears compared to participants without
anemia. Moreover, the HL was found in 64.16% of participants with anemia and in 54.60% of controls
without anemia (p < 0.001). LFHL was observed in 42.59% of participants with anemia and in 32.66%
of controls without anemia (p < 0.001). Furthermore, the HFHL was found in 61.44% of participants
with anemia and in 51.88% of controls without anemia (p < 0.001).

Table 2. High-PTA, low-PTA, and prevalence of hearing loss in subjects with and without anemia.

Variables
Total (n = 9131) Subjects with Anemia (n = 918) Subjects without Anemia (n = 8213) p Value

n, % n, % n, %

Low-PTA (dB)

Right Ear 11.98 ± 12.58 15.04 ± 14.45 11.64 ± 12.31 <0.001
Left Ear 11.97 ± 12.71 15.57 ± 15.37 11.56 ± 12.31 <0.001

High-PTA (dB)
Right Ear 19.08 ± 20.74 23.82 ± 23.06 18.55 ± 20.39 <0.001
Left Ear 20.04 ± 21.35 24.71 ± 23.80 19.51 ± 20.99 <0.001

Hearing Loss
HL 5073 55.56 589 64.16 4484 54.60 <0.001

LFHL 3073 33.65 391 42.59 2682 32.66 <0.001
HFHL 4825 52.84 564 61.44 4261 51.88 <0.001

Low-PTA, pure tone average at low frequencies; High-PTA, pure tone average at high frequencies; LFHL,
low-frequency hearing loss; HFHL, high-frequency hearing loss; HL, hearing loss.

Because age is an important factor in the development of HL, Table 3 further displays the high PTA,
low PTA, and prevalence of LFHL, HFHL, HL in participants with and without anemia according to
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the age group. Independent t-tests presented that participants with anemia had a significantly greater
low PTA and high PTA than those without anemia among the elderly population (aged ≥ 60 years)
in both ears. The prevalence of LFHL was also higher in participants with anemia than that in those
without anemia. However, no significant difference in low PTA and high PTA was observed between
patients with and without anemia among adult and adolescent population.

Table 3. High-PTA, low-PTA, and prevalence of hearing loss in subjects with and without anemia
according to the age group.

Variables

Elderly Population (≥60 Years Old) Adult Population (20–59 Years Old) Adolescent Population
(≤19 Years Old)

Subjects
with

Anemia
(n = 307)

Subjects
without
Anemia

(n = 1851)

p Value

Subjects
with

Anemia
(n = 298)

Subjects
without
Anemia

(n = 2687)

p Value

Subjects
with

Anemia
(n = 313)

Subjects
without
Anemia

(n = 3675)

p Value

Low-PTA (dB)
Right Ear 28.07 ± 15.23 25.13 ± 15.32 0.002 9.93 ± 8.98 9.24 ± 9.15 0.213 7.14 ± 7.41 6.60 ± 6.15 0.212
Left Ear 29.25 ± 16.49 25.01 ± 15.30 <0.001 10.55 ± 10.09 9.21 ± 8.84 0.028 6.93 ± 6.90 6.51 ± 6.57 0.278

High-PTA (dB)
Right Ear 48.20 ± 20.40 45.22 ± 21.57 0.024 15.44 ± 13.56 15.82 ± 14.30 0.231 7.88 ± 8.55 7.12 ± 7.16 0.129
Left Ear 50.54 ± 20.50 47.00 ± 21.52 0.007 15.79 ± 13.05 16.98 ± 14.85 0.140 7.87 ± 8.57 7.52 ± 7.83 0.490

Hearing Loss
HL 306 (99.67) 1825 (98.60) 0.163 185 (62.08) 1655 (61.59) 0.870 98 (31.31) 1004 (27.32) 0.130

LFHL 268 (87.30) 1494 (80.71) 0.006 80 (26.85) 717 (26.68) 0.952 43 (13.74) 471 (12.82) 0.640
HFHL 305 (99.35) 1820 (98.33) 0.216 178 (59.73) 1606 (59.77) 0.990 81 (25.88) 835 (22.72) 0.202

Note: Low-PTA, pure tone average at low frequencies; High-PTA, pure tone average at high frequencies; LFHL,
low-frequency hearing loss; HFHL, high-frequency hearing loss; HL, hearing loss.

To reduce the potential effects of confounders, the regression models were used to investigate the
relationships between PTA and anemia according to different age groups (Table 4). After adjusting
various confounders, multiple regression models still indicated that patients with anemia tended
to have higher hearing thresholds. Anemia was also significantly positively associated with the
hearing thresholds, including both high PTA and low PTA, in the overall and elderly population.
β coefficients of the high PTA comparing participants with anemia to controls without anemia were
2.35 for the right ear (p < 0.001) and 2.33 for the left ear (p < 0.001), and β coefficients of the low PTA
were 1.53 for the right ear (p < 0.001) and 2.25 for the left ear (p < 0.001) in the overall population.
Additionally, β coefficients of the high PTA comparing participants with anemia to controls without
anemia were 3.76 for the right ear (p = 0.002), and 4.03 for the left ear (p = 0.001) and β coefficients of
the low PTA were 3.55 for the right ear (p < 0.001) and 4.64 for the left ear (p < 0.001) in the elderly
population. Additionally, this study performed the regression models to investigate the relationships
between PTA and anemia according to different sexes and ethnic groups (Supplementary Table S1).
After adjustments, anemia was positively associated with the hearing thresholds, including both high
PTA and low PTA, in women, men, non-Hispanic white, and non-Hispanic black populations.
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Table 4. Regression analyses of relationships between pure tone average and anemia according to
different age groups.

Models Variables

High-PTA (dB) Low-PTA (dB)

Right Ear Left Ear Right Ear Left Ear

β p Value β p Value β p Value β p Value

Model 1 a

All Patients with Anemia 5.27 <0.001 5.20 <0.001 3.40 <0.001 4.01 <0.001
Elderly Patients with Anemia 2.99 0.024 3.54 0.007 2.93 0.002 4.24 <0.001
Adult Patients with Anemia −0.38 0.662 −1.20 0.182 0.69 0.213 1.34 0.015

Adolescent Patients with Anemia 0.76 0.077 0.35 0.455 0.54 0.144 0.42 0.278

Model 2 b

All Patients with Anemia c 2.35 <0.001 2.33 <0.001 1.53 <0.001 2.25 <0.001
Elderly Patients with Anemia d 3.76 0.002 4.03 0.001 3.55 <0.001 4.64 <0.001
Adult Patients with Anemia d 1.42 0.102 1.42 0.109 0.55 0.340 1.37 0.015

Adolescent Patients with Anemia e 0.79 0.073 0.59 0.210 0.65 0.085 0.77 0.053

Note: Low-PTA, pure tone average at low frequencies; High-PTA, pure tone average at high frequencies.a Model 1:
Univariate regression; b Model 2: Multiple regression; c Adjusted covariates: sex, race, age, hypertension, diabetes,
coronary heart disease, heart failure, stroke; d Adjusted covariates: sex, race, hypertension, diabetes, coronary heart
disease, heart failure, stroke; e Adjusted covariates: sex and race.

4. Discussion

In this study, anemia was found to be associated with auditory threshold shifts, which can be used
to explain the higher prevalence of LFHL in elderly participants with anemia. To date, the mechanism
of anemia-associated HL remains unclear and non-conclusive, although some plausible mechanisms
were proposed. In the cochlear, intricate vasculature provides oxygen and nutrients needed for the
stria vascularis of the cochlear duct to maintain the ionic composition of the endolymph and the
endocochlear potential [14,15]. As anemia could decrease oxygen delivery in the labyrinthine arterial
blood due to reduced hemoglobin concentration, blood oxygen supply to the cochlear is highly sensitive
to ischemic damage.

Previous studies indicated that IDA is a potential risk factor for ischemic stroke [16], and patients
with vascular disease have a higher risk for developing sudden sensorineural HL [7,17–20]. Iron is not
only an essential component of hemoglobin in the red blood cells for tissue oxygen delivery but also
a cofactor in neurotransmitter metabolism, DNA synthesis, and nerve myelination [21–24]. Neurological
disorders might be associated with sensorineural HL. A systematic review and meta-analysis showed
that compared with individuals without IDA, the age-specific OR of sensorineural HL was higher
for children (3.67, 95% CI 1.72–7.84) than for adults (1.36, 95% CI 1.15–1.61; p = 0.27) [5]. However,
participants with anemia have higher values of low and high PTA than those without anemia in the
elderly but not the adult or adolescent population in this study (Table 3). We found that adolescent
population with anemia are not apparent with low PTA threshold shift of 0.42–0.54 dB and high PTA
threshold shift of 0.35–0.76 dB; low PTA threshold shift of 0.69–1.34 dB but high PTA negative threshold
shift of 0.38–1.19 dB in the adult population. Elderly participants with anemia have remarkably
low PTA threshold shift of 2.94–4.24 dB and high PTA threshold shift of 2.98–3.54 dB. Therefore,
it is speculated that the biological interaction of aging and anemia would be a chronic progressive
contributing factor to HL in the elderly population. In contrast, it may be different from IDA that has
been regarded as a deteriorating factor of sudden sensorineural HL among adults aged <44 years [7].

Presbycusis, or age-related HL, is a common disorder characterized by symmetrical progressive loss
of high-frequency hearing over the years. The World Health Organization estimates that >500 million
people aged >60 years worldwide will suffer significant impairment from presbycusis by 2025 [25].
In this study, although elderly people with anemia have higher high PTA threshold values, similar
prevalence of HFHL was found between the elderly people with (99.35%) and without anemia (98.33%).
It is noteworthy that anemia was associated with LFHL only in the elderly population. The prevalence
of LFHL in elderly people with anemia is 87.30%, which is higher than 80.71% in those without anemia.
Based on our study results, we should particularly check and correct the hemoglobin level of elderly
patients in routine clinical care to prevent the chronic progressive development of LFHL.

112



Int. J. Environ. Res. Public Health 2020, 17, 3916

Limitations

This study had several limitations. First, all data in NHANES are cross-sectional, and thus this
study cannot establish the causal relationship between anemia and hearing threshold shift. Second,
we cannot assess environmental, occupational, or recreational noises around the participants included in
this study. Previous reports have highlighted the significance of noise-induced HL from both work and
recreational activities [26,27]. Third, this study also could not evaluate the use of medications among
these participants. Some drugs, such as gentamicin, sildenafil, and cisplatin chemotherapy, can damage
the inner ear [28–30]. In addition, high doses of aspirin, other non-steroidal anti-inflammatory drugs,
antimalarial drugs, or loop diuretics have also been reported to cause temporary tinnitus or HL [31].
Fourth, information about ear infection and abnormal bone growths or tumors in the outer or middle
ear that can also result in HL was not available in the NHANES. Fifth, LFHL may be caused by
Meniere’s disease, genetic conditions, central lesions, low spinal fluid pressure, and lithium use.
These confounders cannot be adjusted in the multiple regression analysis of this study. Sixth, LFHL is
also often related to conductive hearing loss, but bone thresholds are not available from the NHANES
dataset. Therefore, we could not exclude conductive LFHL in this study. Seventh, previous evidence
indicated that both anemia and hearing loss are sometimes partly explained by genetic deviations.
Genetic components of anemia and HL were not available for this study. In addition, we did not
consider some chronic diseases, like kidney diseases, rheumatism and cancer, which could be the
comorbidity of both anemia and HL. Finally, the study findings should be cautiously generalized to
other ethnicities because all patients included in this study were US residents.

In conclusion, our study demonstrated that anemia was associated with LFHL in the elderly
population. However, further larger epidemiologic studies need to be conducted to confirm the effects
of anemia on auditory threshold shifts in different ethnic groups and countries.
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Abstract: Background: Obstructive sleep apnea syndrome (OSAS) occurs due to upper airway
obstruction resulting from anatomical and functional abnormalities. Upper airway collapsibility,
particularly those involving the lateral pharyngeal wall (LPW), is known to be one of the main
factors contributing to the pathogenesis of OSAS, leading the authors of the present study to propose
different strategies in order to stiffen the pharyngeal walls to try to restore normal airflow. Methods:
An exhaustive review of the English literature on lateral pharyngeal wall surgery for the treatment of
OSAS was performed using the PubMed electronic database. Results: The research was performed
in April 2020 and yielded approximately 2000 articles. However, considering the inclusion criteria,
only 17 studies were included in the present study. Conclusions: The analyzed surgical techniques
propose different parts of LPW on which to focus and a variable degree of invasivity. Despite the
very promising results, no gold standard for the treatment of pharyngeal wall collapsibility has been
proposed. However, thanks to progressive technological innovations and increasingly precise data
analysis, the role of LPW surgery seems to be crucial in the treatment of OSAS patients.
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1. Introduction

Obstructive sleep apnea syndrome (OSAS) is a very common health problem characterized by
absent or insufficient ventilation during sleep as a consequence of the multilevel structural collapse of
the upper airways, which usually involves the velopharynx, base of the tongue, and lateral pharyngeal
walls. The diagnosis of OSAS is the result of the integration of anamnestic and clinical evaluations with
instrumental data provided by polysomnography (PSG), which, collecting physiological parameters
during sleep, allows a deeper and objective assessment of sleep-related breathing disorders. In order to
localize the obstacle compromising correct airflow, a specific examination (like Müller’s maneuver) can
be performed when undergoing fiberoptic laryngoscopy and drug-induced sleep endoscopy (DISE).
Described by different authors as a key point in the determination of airflow, the lateral pharyngeal
wall (LPW) has been demonstrated to present an increased thickness and collapsibility in patients
affected by OSAS, resulting in a potential cause of airway obstruction [1–4]. LPW includes muscular
structures such as the palatoglossus muscle (PGM), the palatopharyngeal muscle (PPM), the superior
pharyngeal constrictor (SPC), and, ultimately, lymphatic tissue, the palatine tonsils. Stabilizing LPW
might be achieved by means of mandibular advancement devices or surgery [5]. Different authors have
proposed surgical solutions to prevent the upper airways from collapsing [6], but in 2003, Cahali [7],
for the first time, described lateral pharyngoplasty (LP), i.e., a surgical transoral approach focused on
LPW, allowing, in this way, an enlarging of the oropharyngeal space and a stiffening of fibromuscular
structures. Following on, surgeons have developed several techniques targeting the modification of
LPW, trying to reduce surgical invasivity and complications, but none of them have been indicated as
a gold standard procedure by the scientific community so far.

The efficacy of palate surgery is well documented by a meta-analysis published in 2018 by
Pang et al. [8]. However, no reviews that are mainly oriented on lateral pharyngoplasty have been
published so far. The aim of our study is to present a systematic review of the literature regarding the
surgical techniques involving modifications of LPW for the treatment of OSAS in order to show their
surgical stages, technical aspects, as well as their advantages and inconveniences, to better understand
their applications on and contributions to the correction of upper airway obstruction.

2. Materials and Methods

A thoughtful review of the English language literature on the surgical procedures targeting LPW
for the management of sleep apnea was performed using PubMed, EMBASE, Cochrane, and CENTRAL
electronic databases. Two searches using (1) pharyngoplasty sleep apnea and (2) palate surgery sleep
apnea as keyword clusters were performed, and they were combined with the use of the AND function
to better select the research. Each paper included in the study met the following inclusion criteria:
(1) the surgical treatment of OSAS patients, (2) the application of surgical procedures designed for
structural modification of LPW, (3) the presence of instrumental parameters acquired by PSG during
preoperative and postoperative evaluations, (4) reports including patients previously treated with
Continuous Positive Airway Pressure (CPAP), and (5) reports including patients who did not undergo
previous sleep surgery procedures. Articles that were not in accordance with the inclusion criteria
were excluded. The subsequent criteria were applied with the aim of excluding inappropriate studies:
surgical technique reports without significant outcome data, papers consisting of meta-analyses or
literature reviews on surgical procedures, studies relative to ablative techniques, and articles describing
animal or cadaveric samples. In order to further reduce the risk of incomplete literature analysis,
a manual search through the bibliography of the included papers was carried out.
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With the purpose of obtaining an organized and exhaustive review, the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) criteria were applied first to select the papers
and, secondly, to stratify them according to their level of evidence [9].

3. Results

In April 2020, the research led to the detection of approximately 2000 articles (from 1980 to
2020), but in accordance with the inclusion and exclusion criteria, 17 articles were enrolled in the
present review. As the articles show detailed descriptions of surgical procedures to better clarify
their singularities and effects, we grouped each article in accordance to which component of LPW is
mostly involved and how deeply its modification occurs. As a result, we found four articles presenting
surgical procedures in which SPC is manipulated and/or dissected, while in the remaining papers,
PPM is the main structural target. In particular, five studies proposed a total or subtotal section of
the muscle, four papers a partial section of the muscular fibers, and in four studies, minimal tissue
handling is performed (Table 1, Figure 1).

Data on the efficacy and complications of LPW surgeries are shown in Table 1. The majority
of samples included in the study consisted of patients affected by severe OSAS (mean pre-op
apnea–hypopnea index (AHI) > 30). A mean reduction of more than 50% of AHI and a mean post-op
AHI < 20 were observed in all series except one [10]. Some authors did not specify complications and
their rates.
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4. Discussion

As suggested by the literature, some OSAS patients present structural and functional abnormalities
in the upper airways. In these patients, the pharynx (specifically, LPW) is thicker and more collapsible
upon exposure to negative pressure during inspiration [4,5]. In 1981, Fujita et al. [6] introduced, for the
first time, the uvulopalatopharyngoplasty (UPPP)—a surgical procedure finalized at the enlargement
of the pharyngeal space—but the association of postoperative complications and dissatisfactory results
drove surgeons to alternative approaches. Thus, LPW acquired a central role in OSAS pathogenesis,
drawing the attention of numerous studies. Several surgical techniques have been proposed to enlarge
and stiffen the pharyngeal tract. All of the procedures are performed under general anesthesia, with
either nasotracheal or orotracheal intubation, while the patient is placed in the supine position and a
mouth gag is applied to expose the oropharynx. What differentiates these techniques is the degree of
involvement of the different LPW components, and how radical their modifications are.

Taking into account the sample sizes and the average postoperative follow up of the included
articles, the following findings need to be highlighted.

Our review shows that the majority of the evaluated articles included patients with severe OSAS
who experienced a significant postoperative reduction of AHI. These data show that the severity of
sleep apneas should not be considered an exclusion criterion for LPW surgery.

However, the selection process of surgical candidates in each study was partially investigated in
this review. The choice of performing preoperative DISE might influence the outcomes, and therefore,
more attention should be dedicated to this aspect in future studies.

In our opinion, the main strength of our review is its specific focus on the muscular structures that
are manipulated in each surgical technique. A better understanding of the involvement of the LPW
muscles and prospective comparative studies might allow sleep surgeons to select the most effective
surgical procedure.

4.1. Superior Pharyngeal Constrictor

In 2003, Cahali [7] presented LP as the first surgical procedure targeted to modify LPW for
the treatment of pharyngeal instability, and SPC was the principal muscular structure involved.
More precisely, after the individuation of SPC by bilateral tonsillectomy or mucosal removal of tonsillar
fossa in the case of a previous tonsillectomy, it is split by a craniocaudal section into two flaps, one
medially based, and the other, laterally based. The latter is sutured anteriorly to PGM. In order to
obtain more space and simultaneously reduce traction forces, a palatal incision is performed from
the lateral base of the uvula, extending laterally and superiorly, leading to the isolation of the upper
part of PPM, which is partially sectioned in this portion. After that, two flaps are obtained: one
superior flap, which is sutured in a Z-plasty fashion with the palatal flap, and one inferior flap, which
is sutured to the anterior tonsillar pillar. The same procedure is performed on both sides. Although
this innovative technique has shown satisfactory results in the correction of upper airway obstruction,
it has been described to be related to transient oronasal reflux and partial taste loss. Despite the
possible swallowing complication presented by LP, other authors consider SPC a successful target.
José Antonio Pinto et al. [10], in so-called lateral-expansion pharyngoplasty, suggested the association
of LP with expansion sphincter pharyngoplasty, presented for the first time by Pang and Woodson.
In this way, the SPC section is combined with the section of PP muscle and the further suture of its
cranial flap to the hamulus of the pterygoid process in order to improve the retropalatal obstruction.
In their series of 38 samples, no patient suffered major complications. Regarding the modification of
SPC, not all authors have pursued its section, and in some cases, a more conservative approach has been
suggested. Huseh-Yu Li and Li-Ang Lee [11] introduced relocation pharyngoplasty, in which, once
identified, SPC is grasped and sutured to PGM. At the same time, an elliptical cut from the lateral base
of the uvula, extending superolaterally, is performed and the mucosal and submucosal adipose tissue
is removed in order to gain further space, reducing tension forces. Once PPM is isolated from SPC,
the posterior pillar is sewn to PGM. A distal mucosal resection of the uvula is also associated. Likewise,
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in anterolateral advancement pharyngoplasty by Emara et al., a relocation of SPC is performed without
any muscular fiber section [12]. In particular, a limited dissection and partial separation of anterior and
posterior parts of PPM from SPC were performed in the upper part of the tonsillar fossa. Then, SPC
was plicated with a mattress-style suture and together with PPM (just inferiorly to the confluence point
of its anterior and posterior parts) are anchored to the pterygomandibular raphe. Finally, the upper
half of the posterior part of PPM is sutured to the levator veli palatini muscle.

4.2. Palatopharyngeal Muscle

After the very promising results showed by LP, many authors started to elaborate on new
approaches aimed at the same outcomes, trying to avoid the complications. The manipulations of SPC
were attributed as a significant source of postoperative swallowing problems, and in this way, PPM
was considered a proper target in order to strengthen LPW. As shown below, a complete muscular
fiber section is not performed in all the procedures, and a variable degree of tissue sparing is applied.

4.2.1. Total/Subtotal Section of Muscular Fibers

Three years after the introduction of LP, devising a surgical procedure that is easy to perform with
a low rate of complications, K. Pang and T. Woodson [13] introduce the so-called expansion sphincter
pharyngoplasty (ESP). In this new approach, all patients are submitted to bilateral tonsillectomy in
order to identify PPM. Then, its muscular fibers are sectioned at the inferior end, and the posterior
surface of the superior flap is partially detached from SPC. In order to isolate the soft palate muscles,
a superolateral incision is performed on the anterior pillar. PPM is then lifted superolaterally, suturing
it to the soft palate muscles. A partial uvulectomy is then performed. This technique showed very
encouraging results and traced the path to more innovative approaches. A conservative modification
of ESP was presented in 2013 by G. Sorrenti and O. Piccin, named functional expansion pharyngoplasty
(FEP) [14]. The most important variation applied to the original technique is the replacement of the
superolateral incision of soft palatal mucosa to expose the palatal muscles with a preparation of a tunnel
through the palatal musculature from the apex to the hamulus of the tonsillar fossa of the pterygoid
process. Once sectioned and rotated, the PPM flap is elevated through the tunnel and anchored to the
palatine muscles close to the hamulus. A thin rim of muscular fibers of PPM is preserved medially to
avoid retracting scar tissue at the posterior pillar. In this way, a more physiological widening force
is applied to LPW, reducing tissue dissection and the subsequent retracting scar. Some years later,
Sorrenti et al. [25] added some technical updates to their technique. In particular, they proposed the
use of knotless barbed V-Loc sutures to fix the PPM flap to the apex of the mandibular pterygoid fold.
Compared to previous FEP, this technique became easier and faster to perform with a powerful docking
site. In order to reduce tissue manipulation and postoperative complications linked to tonsillectomy,
A.M.M.E. Albassiouny, in 2014 [15], introduced the so-called soft palatal posterior pillar webbing flap
palatopharyngoplasty technique in which the palatine tonsils are spared, and a transverse section
of PPM is performed. Specifically, once the ventral mucosa of the posterior pillar is removed, it is
sectioned in two points—one lateral, including PPM, and one medial, close to the uvula—in order to
obtain two flaps. The lateral flap is then sutured to the most superolateral part of the anterior pillar,
lateralizing the tonsil. After a submucosal dissection of the palatal mucosa and a shortening of the
medial flap in length, it is turned up and sutured to the free margin of the soft palate. Two years later,
A.M.M.E. Albassiouny [16] proposed two modifications to his original approach: coblation-assisted
extracapsular tonsillectomy when tonsil collapse is documented by DISE, and the use of barbed
STRATAFIX sutures in order to better control the tension impressed on the pharyngeal structure.
In both cases, postoperative temporary velopharyngeal insufficiency and excessive postnasal discharge
have been reported.
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4.2.2. Partial Section of Muscular Fibers

The progressive interest in the treatment of OSAS has led to the elaboration of an increasingly
conservative approach, allowing its application to a more delicate population such as pediatrics. On the
heels of the excellent outcomes shown first by K. Pang and T. Woodson, and later by G. Sorrenti
and O. Piccin, S.O. Ulualp [17] presented a modified ESP, applied to a pediatric population. In fact,
in order to reduce tissue removal, after bilateral tonsillectomy, a partial section of the PPM anterior
fibers is performed at the junction of the upper third and mid-third. Then, superolateral tunneling
of the soft palate is prepared, and the upper portion of PPM is pulled up in the muscular tunnel
and sutured to it. Not only the lateral side but also the anterior portion of the soft palate has been
reported to be modified during LPW surgery. In this regard, M.J. Kim et al. [18] introduced a modified
uvulopalatal flap with a partial LP in order to widen the retropalatal space anteroposteriorly and
transversely. The posterior pillar is cut at its junction with the uvula, and once trimmed, it is sutured
to the anterior pillar. After having calculated the mucosa and submucosal fat to be removed by
measuring the halfway point between the junction of the soft and hard palates and the tip of the uvula,
a diamond-shaped area of the soft palate is removed. Then, a suture of the muscular and mucosal rims
is performed. In some cases, a bilateral tonsillectomy is performed, and the patients are submitted to
concomitant nasal septoplasty and turbinate surgery. Following the interest in conservative approaches,
and thanks to material technology improvements, in 2015, C. Vicini et al. [19] introduced an innovative
tissue-sparing approach based on the use of barbed knotless bidirectional reabsorbable sutures named
barbed reposition pharyngoplasty (BRP). All patients are submitted to bilateral tonsillectomy, and once
PPM is demarcated, a partial incision is made at its inferior portion. A triangular-shaped mucosal and
submucosal portion of the tonsillar fossa at its apex is removed in order to widen the oropharyngeal
inlet. Then, the barbed sutured is utilized to superolaterally add tension to the upper portion of
PPM and to stiffen LPW and the palate. In particular, the first pass of the needle is introduced at
the center of the palate and passed laterally, reaching the pterygomandibular raphe. Passing around
the pterygomandibular raphe, the needle reaches the upper portion of PPM through the tonsillar
fossa. In this way, the muscular fibers are pulled up and anchored at the pterygomandibular raphe.
The same procedure is applied to the other side. Effective and simple to perform, this technique has
shown important results as both a single-stage procedure and a multilevel procedure associated with
other upper airway corrective surgeries like base of tongue resection, hyoid suspension, and nasal
surgery [26,27]. To minimize mucosal and muscular resection of the uvula, M.A. Babademez et al. [20]
suggested some modifications using a monodirectional reabsorbable barbed thread to expand the
upper part of the oropharyngeal inlet in a more conservative manner. In fact, in order to pull the
uvula forward and superiorly, once PPM is fixed to the pterygomandibular raphe, the suture is passed
horizontally through the root of the uvula to reach the opposite tonsillar bed, and then, PPM is anchored
to the pterygomandibular raphe in the same fashion.

4.2.3. Minimal Handling of Muscular Fibers

In order to further reduce the complications linked to muscle fiber section and fibrotic tissue
development, some authors have proposed some minimally invasive and nonresective procedures.
In 2015, Mantovani et al., modifying their previous “Roman blinds technique” for the treatment of
retropalatal collapse [21,28], presented the barbed Roman blinds technique (BRBT), in which complete
preservation of oropharyngeal fibromuscular structures is encouraged, and stiffening of LPW and of
the soft palate is obtained through the use of a bidirectional barbed suture. With the aim of exposing
the muscular fibers of PPM, a mucosectomy of the tonsillar fossa is performed. The first needle of the
bidirectional barbed suture is inserted in the palatal mucosa 1 cm in front of the posterior nasal spine.
The suture is passed inferiorly, following the periosteal layer, to reach the periuvular extremity of PPM.
Once the muscular fibers are grasped, the suture is fixed to the pterygoid hamulus and passed in a
craniocaudal direction, encircling the pterygomandibular raphe. The needle is then passed medially,
reaching PPM to anchor it to the pterygomandibular raphe. Once the muscular fibers are fixed laterally,
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the suture is directed to the hamulus, and then, to the first insertion point. A nonresective technique,
barbed suspension pharyngoplasty (BSP), was also presented in 2019 by M. Barbieri et al. [24]. After a
tonsillar fossa mucosectomy or a bilateral tonsillectomy, as in BRBT, no further tissue dissection is
executed, but a bidirectional barbed suture is performed in order to lateralize LPW and to give more
tension to the soft palate. In particular, the needle is first inserted in the palatal mucosa at the level
of the posterior nasal spine and passed anterolaterally towards the upper part of the tonsillar fossa.
Then, once PPM is anchored by multiple stitches to the anterior pillar, the suture is passed laterally
towards the pterygomandibular raphe and then it medially encircles the contralateral raphe and is
directed back to the ipsilateral raphe, passing through the base of the uvula. In this way, a stronger
tension is applied to the soft palate, and a more secure suture is achieved. As previously reported,
the pterygomandibular raphe is considered an important security point by many authors, and some of
them perform a tissue dissection in order to expose it, so as to better distribute the strongpoints during
the suture. Hsueh-Yu Li et al. [23] proposed a suspension palatoplasty, in which, after a mucosal
incision from the anterior pillar rim to 1 cm in front of the center mark of the pterygomandibular raphe,
the submucosal tissue is dissected to expose the fibers of the raphe and a bilateral tonsillectomy is
performed. The upper third of PPM is then fixed at the pterygomandibular raphe at different points
in a craniocaudal direction, and the anterior and posterior pillars are sutured together. No major
complications have been reported except for a transient globus sensation. Not all the procedures
acting to stabilize LPW have considered the removal of palatal lymphoid tissue as a required step.
In this way, for those patients with LPW collapse without tonsillar hypertrophy, M.A. El-Ahl and
M.W. El-Anwar [22] proposed a modified expansion pharyngoplasty without tonsillectomy and any
pharyngeal tissue ablation, in which a reabsorbable submucosal suture is performed in order to fix the
upper portions of PPM and PGM to the pterygoid hamulus.

In all the papers included in the review, a statistically significant improvement of the
apnea–hypopnea index (AHI) was reported, showing a considerable impact of LPW surgery in
the restoration of efficient airflow. Some complications have been reported, but none of them were of a
major nature. Nasal regurgitation, dysphagia, foreign body sensation, velopharyngeal insufficiency,
taste loss, and sensation of oral dryness have been the most noted postoperative symptoms, which
resolved spontaneously after few weeks of the surgery. In a few cases, postoperative bleeding was
reported, and, when a barbed suture was used, partial suture extrusion was described, without any
additional problems. To better evaluate the surgical contributions to the amelioration of LPW collapse,
some limits of the examined papers need to be mentioned. The small number of samples and the
retrospective modality of the study are the most significant restrictions encountered, allowing, in this
way, a partial estimation of the results. In addition, in some papers, the LPW surgical technique was
presented as part of a multiple-level treatment and not as a single procedure, partially hiding the real
impact on clinical improvement provided by the stiffening of the pharyngeal structures. Further efforts
need to be made in order to clarify the authentic role of LPW surgery, and in this way, the quantification
of upper airway collapsibility represents an important tool in order to perform an attentive selection of
the candidate and thorough monitoring of the clinical data. The pharyngeal critical closing pressure
(Pcrit) is the most accurate index of upper airway collapsibility, but the invasivity and the complexity
of its measurement do not make it clinically practical. With regard to this, A.M. Osman et al. [29]
recently presented the peak inspiratory flow percentage (PIF%) as a marker of the collapsibility of
the upper airways; it is related to Pcrit and easy to obtain during a routine CPAP titration study.
PIF% could represent an important opportunity to better quantify the structural collapsibility of the
upper airways in clinical practice, allowing more direct estimation of the effective value of LPW surgery
and optimizing, in this way, the treatment of OSAS patients.
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Finally, the role of DISE as a phenotyping selection tool for surgical candidates also needs to be
discussed. In fact, DISE appears to be a promising method for properly targeted therapy planning,
in particular, allowing the selection or ruling-out of patients for specific surgical procedures [30].

5. Conclusions

Usually, upper airway collapse in patients with OSAS has a multilevel etiology, and LPW
hypotonicity and flexibility represent two of the main factors. In this way, stiffening of the fibromuscular
components and ablation of the redundant soft tissue of LPW constitute critical targets for many
surgeons in order to restore correct airflow. Several surgical procedures acting on different fibromuscular
structures have been proposed, each with different degrees of invasivity. With the improvements in
surgical materials and knowledge acquisition around the physiopathology of LPW, surgeons have
elaborated on increasingly efficient techniques to reduce the extension of tissue dissection and ablation.
Many of them have reported important results, and while in some cases, postoperative complications
have been experienced, these are usually temporary and of a small nature. Despite the high variability
between the methods, all authors agree that meticulous preoperative analysis and selection of patients
will reduce, as much as possible, the surgical failures. In this way, the absence of a gold standard,
the possibility of utilizing the surgery of LPW in a multilevel context, the presence of a wide range of
surgical options, and the short learning curve of many of them represent an opportunity to apply the
most suitable method, according to the anatomical and clinical characteristics of the patient, to restore
proper airflow.

Author Contributions: Conceptualization: G.C. and C.V.; data curation: G.I., G.M., and C.V.; formal analysis:
L.M.S., C.C.-H., and C.C.-E.; investigation: G.C., G.I., and C.G.; methodology: G.I., F.F., and M.R.B.; project
administration: G.C. and A.Y.B.; resources: G.C. and L.M.S.; supervision: H.Z. and J.R.L.; validation: C.V., F.G.,
and B.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors report no potential conflict of interest.

References

1. Remmers, J.E.; DeGroot, W.J.; Sauerland, E.K.; Anch, A.M. Pathogenesis of upper airway occlusion during
sleep. J. Appl. Physiol. 1978, 44, 931–938. [CrossRef] [PubMed]

2. Schwab, R.J.; Gefter, W.B.; A Hoffman, E.; Gupta, K.B.; Pack, A.I. Dynamic upper airway imaging during
awake respiration in normal subjects and patients with sleep disordered breathing. Am. Rev. Respir. Dis.
1993, 148, 1385–1400. [CrossRef] [PubMed]

3. Isono, S.; Remmers, J.E.; Tanaka, A.; Sho, Y.; Nishino, T. Static properties of the passive pharynx in sleep
Apnea. Sleep 1996, 19, 175–177.

4. Morrison, D.L.; Launois, S.H.; Isono, S.; Feroah, T.R.; Whitelaw, W.A.; Remmers, J.E. Pharyngeal narrowing
and closing pressures in patients with obstructive sleep apnea. Am. Rev. Respir. Dis. 1993, 148, 606–611.
[CrossRef]

5. Flores-Orozco, E.I.; Tiznado-Orozco, G.E.; Díaz-Peña, R.; Orozco, E.I.F.; Galletti, C.; Gazia, F.; Galletti, F.
Effect of a mandibular advancement device on the upper airway in a patient with obstructive sleep apnea.
J. Craniofac. Surg. 2020, 31, e32–e35. [CrossRef]

6. Fujita, S.; Cinway, W.; Zorik, F.; Roth, T. Surgical correction of ana-tomic abnormalities in obstructive sleep
apnea syndrome: Uvulopalatopharyngoplasty. Otolaryngol. Head Neck Surg. 1981, 89, 923–934. [CrossRef]

7. Cahali, M.B. Lateral pharyngoplasty: A new treatment for OSAHS. Laryngoscope 2003, 113, 1961. [CrossRef]
8. Pang, K.P.; Plaza, G.; Baptista J, P.M.; Reina, C.O.; Chan, Y.H.; Pang, K.A.; Pang, E.B.; Wang, C.M.Z.;

Rotenberg, B. Palate surgery for obstructive sleep apnea: A 17-year meta-analysis. Eur. Arch.
Oto-Rhino-Laryngol. 2018, 275, 1697–1707. [CrossRef]

125



Int. J. Environ. Res. Public Health 2020, 17, 5315

9. Urrutia, G.; Bonfill, X. Declaración PRISMA: Una propuesta para mejorar la publicación de revisiones
sistemàticas y metaanálisis. Med. Clin. 2010, 135, 507–511. [CrossRef]

10. Pinto, J.A.; De Godoy, L.B.M.; Nunes, H.D.S.S.; Abdo, K.E.; Jahic, G.S.; Cavallini, A.F.; Freitas, G.S.;
Ribeiro, D.K.; Duarte, C. Lateral-expansion pharyngoplasty: Combined technique for the treatment of
obstructive sleep apnea syndrome. Int. Arch. Otorhinolaryngol. 2020, 24, e107–e111. [CrossRef]

11. Li, H.-Y.; Lee, L.-A. Relocation pharyngoplasty for obstructive sleep apnea. Laryngoscope 2009, 119, 2472–2477.
[CrossRef] [PubMed]

12. Emara, T.A.; Hassan, M.H.; Mohamad, A.S.; Anany, A.M.; Ebrahem, A.E. Anterolateral advancement
pharyngoplasty: A new technique for treatment of obstructive sleep apnea. Otolaryngol. Head Neck Surg.
2016, 155, 702–707. [CrossRef] [PubMed]

13. Pang, K.P.; Woodson, B.T. Expansion Sphincter Pharyngoplasty: A new technique for the treatment of
obstructive sleep apnea. Otolaryngol. Head Neck Surg. 2007, 137, 110–114. [CrossRef] [PubMed]

14. Sorrenti, G.; Piccin, O. Functional expansion pharyngoplasty in the treatment of obstructive sleep apnea.
Laryngoscope 2013, 123, 2905–2908. [CrossRef]

15. Elbassiouny, A.M.M.E. Soft palatal webbing flap palatopharyngoplasty for both soft palatal and oropharyngeal
lateral wall collapse in the treatment of snoring and obstructive sleep apnea: A new innovative technique
without tonsillectomy. Sleep Breath. 2014, 19, 481–487. [CrossRef] [PubMed]

16. Elbassiouny, A.M.M.E. Modified barbed soft palatal posterior pillar webbing flap palatopharyngoplasty.
Sleep Breath. 2016, 20, 829–836. [CrossRef]

17. Ulualp, S.O. Modified expansion sphincter pharyngoplasty for treatment of children with obstructive sleep
apnea. JAMA Otolaryngol. Head Neck Surg. 2014, 140, 817–822. [CrossRef]

18. Kim, M.; Kim, B.; Lee, D.; Choi, J.; Hwang, S.; Park, C.; Kim, S.; Cho, J.; Park, Y. A modified uvulopalatal
flap with lateral pharyngoplasty for treatment in 92 adults with obstructive sleep apnoea syndrome.
Clin. Otolaryngol. 2013, 38, 415–419. [CrossRef]

19. Vicini, C.; Hendawy, E.; Campanini, A.; Eesa, M.; Bahgat, A.; Alghamdi, S.; Meccariello, G.; DeVito, A.;
Montevecchi, F.; Mantovani, M. Barbed reposition pharyngoplasty (BRP) for OSAHS: A feasibility, safety,
efficacy and teachability pilot study. “We are on the giant’s shoulders”. Eur. Arch. Oto-Rhino-Laryngol. 2015,
272, 3065–3070. [CrossRef]

20. Babademez, M.A.; Gul, F.; Kale, H.; Sancak, M. Technical update of barbed pharyngoplasty for retropalatal
obstruction in obstructive sleep apnoea. J. Laryngol. Otol. 2019, 133, 622–626. [CrossRef]

21. Mantovani, M.; Rinaldi, V.; Torretta, S.; Carioli, D.; Salamanca, F.; Pignataro, L. Barbed Roman blinds
technique for the treatment of obstructive sleep apnea: How we do it? Eur. Arch. Oto-Rhino-Laryngol. 2015,
273, 517–523. [CrossRef] [PubMed]

22. El-Ahl, M.A.S.; El-Anwar, M.W. Expansion pharyngoplasty by new simple suspension sutures without
tonsillectomy. Otolaryngol. Head Neck Surg. 2016, 155, 1065–1068. [CrossRef] [PubMed]

23. Li, H.-Y.; Lee, L.-A.; Kezirian, E.J.; Nakayama, M. Suspension palatoplasty for obstructive sleep apnea–a
preliminary study. Sci. Rep. 2018, 8, 4224. [CrossRef] [PubMed]

24. Barbieri, M.; Missale, F.; Incandela, F.; Fragale, M.; Barbieri, A.; Roustan, V.; Canevari, F.R.; Peretti, G. Barbed
suspension pharyngoplasty for treatment of lateral pharyngeal wall and palatal collapse in patients affected
by OSAHS. Eur. Arch. Oto-Rhino-Laryngol. 2019, 276, 1829–1835. [CrossRef]

25. Sorrenti, G.; Pelligra, I.; Albertini, R.; Caccamo, G.; Piccin, O. Functional expansion pharyngoplasty: Technical
update by unidirectional barbed sutures. Clin. Otolaryngol. 2018, 43, 1419–1421. [CrossRef]

26. Montevecchi, F.; Meccariello, G.; Firinu, E.; Arigliani, M.; De Benedetto, M.; Palumbo, A.; Bahgat, Y.; Bahgat, A.;
Saldana, R.L.; Marzetti, A.; et al. Prospective multicentre study on barbed reposition pharyngoplasty standing
alone or as a part of multilevel surgery for sleep apnoea. Clin. Otolaryngol. 2018, 43, 483–488. [CrossRef]

27. Vicini, C.; Meccariello, G.; Montevecchi, F.; De Vito, A.; Frassineti, S.; Gobbi, R.; Pelucchi, S.; Iannella, G.;
Magliulo, G.; Cammaroto, G. Effectiveness of barbed repositioning pharyngoplasty for the treatment of
obstructive sleep apnea (OSA): A prospective randomized trial. Sleep Breath. 2020, 24, 687–694. [CrossRef]

28. Mantovani, M.; Minetti, A.; Torretta, S.; Pincherle, A.; Tassone, G.; Pignataro, L. The velo-uvulo-pharyngeal
lift or “roman blinds” technique for treatment of snoring: A preliminary report. ACTA Otorhinolaryngol. Ital.
2012, 32, 48–53.

126



Int. J. Environ. Res. Public Health 2020, 17, 5315

29. Osman, A.M.; Tong, B.K.; Landry, S.A.; Edwards, B.A.; Joosten, S.A.; Hamilton, G.S.; Cori, J.M.; Jordan, A.S.;
Stevens, D.; Grunstein, R.R.; et al. An assessment of a simple clinical technique to estimate pharyngeal
collapsibility in people with obstructive sleep apnea. Sleep 2020. [CrossRef]

30. De Vito, A.; Agnoletti, V.; Zani, G.; Corso, R.M.; D’Agostino, G.; Firinu, E.; Marchi, C.; Hsu, Y.-S.; Maitan, S.;
Vicini, C. The importance of drug-induced sedation endoscopy (D.I.S.E.) techniques in surgical decision
making: Conventional versus target controlled infusion techniques—A prospective randomized controlled
study and a retrospective surgical outcomes analysis. Eur. Arch. Oto-Rhino-Laryngol. 2017, 274, 2307–2317.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

127





International  Journal  of

Environmental Research

and Public Health

Review

Pneumoparotid and Pneumoparotitis:
A Literary Review

Francesco Gazia 1,* , Francesco Freni 1 , Cosimo Galletti 1 , Bruno Galletti 1, Rocco Bruno 1,
Cosimo Galletti 2, Alessandro Meduri 3 and Francesco Galletti 1

1 Department of Adult and Development Age Human Pathology “Gaetano Barresi”, Unit of
Otorhinolaryngology, University of Messina, 98125 Messina, Italy; franco.freni@tiscali.it (F.F.);
cosimogalletti92@gmail.com (C.G.); bgalletti@unime.it (B.G.); brunor@unime.it (R.B.);
fgalletti@unime.it (F.G.)

2 Comprehensive Dentistry Department, Faculty of Dentistry, Universitat de Barcelona, L’Hospitalet de
Llobregat (Barcelona), 08907 Catalonia, Spain; cosimo88a@gmail.com

3 Department of Scienze Biomediche, Odontoiatriche e Delle Immagini Morfologiche e Funzionali, Unit of
Ophthalmology, University of Messina, 98125 Messina, Italy; ameduri@unime.it

* Correspondence: ssgazia@gmail.com; Tel.: +39-0902212248; Fax: +39-0902212242

Received: 27 April 2020; Accepted: 26 May 2020; Published: 2 June 2020
����������
�������

Abstract: Pneumoparotid is a rare condition of parotid swelling. The presence of the air in gland
parenchyma is caused by an incompetent Stensen’s duct with high pressure may cause the acini’s
rupture. We reviewed 49 manuscripts, from 1987 to today, that enrolled a total of 54 patients
with pneumoparotid. Our review evaluated the following evaluation parameters: gender, age,
etiology, clinical presentation, treatment, days of resolution after diagnosis, relapse and complications.
The most frequent etiology is self-induction by swelling the cheeks (53.7%). This cause mainly involves
children (74%), for conflicts with parents, excuses for not going to school, nervous tics or adults
(16%) with psychiatric disorders. Iatrogenic causes are also frequent (16.6%), for dental treatments
(55.5%) or use of continuous positive airway pressure (CPAP) (33.4%). Medical therapy is the most
practiced (53.7%), in most cases it is combined with behavioral therapy (25.9%) or psychotherapy
(25.9%). Surgery is rarely used (9.2%) as a definitive solution through parotidectomy (50%) or ligation
of the duct (50%). The most common complication is subcutaneous emphysema (24.1%), sometimes
associated with pneumomediastinum (5.5%). Careful treatment and management are necessary to
ensure the resolution of the pathology and counteract the onset of complications.

Keywords: pneumoparotid; pneumoparotitis; parotitis; Stensen’s duct; head and neck

1. Introduction

Pneumoparotid is a rare cause of parotid enlargement due the presence of air within the parotid
gland. The pneumoparotid term, first described in 1865 by Hyrtl, defines the presence of air within
parotid system: gland and Stensen’s duct [1]. The condition was recognized also in 1915 when
a strange epidemic of mumps occurred in the French Foreign Legion in North Africa. The soldiers were
deliberately self-inducing the condition by blowing into a small bottle to avoid duty [2]. Conditions that
increase intraoral pressure like Valsalva’s maneuver or incompetent Stensen’s duct are predisposing
factor to pneumoparotid. Pneumoparotitis is a complication of pneumoparotid that proceeds towards
an inflammatory state or infection process. In general, local pain in the parotid area and swelling
are the most common symptoms. We have noticed how often in the literature pneumoparotid and
pneumoparotitis are used interchangeably. In reality, the latter is a complication of the former. In
our review, we clarified the real percentage of this complication. Subcutaneous emphysema has
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been described as a complication of this condition and occurs from an extension of the air leak from
the affected parotid acini to the surrounding cervicofacial subcutaneous tissues [3]. Literature shows
cases of pneumoparotid in adolescents and adults with psychosocial issues. A correct anamnesis
and imaging studies like ultrasound, sialendoscopy and head–neck computed tomography (CT) are
essential to perform a correct diagnosis (Figure 1). Treatment generally includes supportive medical
management, reserving surgical therapy in case of severe cases [4].
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Figure 1. Axial projection computed tomography (CT) image of a left pneumoparotid case, with
the arrow indicating the presence of air in the parotid lodge.

The main problem of pneumoparotid is that it is the clinical condition not well-described in
the literature—only clinical reports are published, without any observational study with large numbers
of patients, no studies comparing the various treatments or how to prevent complications.

The purpose of our review is to collect all the data present in the literature and make a general
analysis on the epidemiology, etiology, treatment and management of this rare disease.

Furthermore, in the literature there are only case reports, we wanted to write the first review to
clarify all the salient points of this clinical condition and to provide the scientific community with
the correct indications to diagnose and quickly treat pneumoparotid, avoiding complications.

2. Materials and Methods

We have analyzed the case reports or case series in English, full-text access (open access or payment)
that have pneumoparotid treatment and management as their main topic. All articles were found
on PubMed, Scopus and Web of Science using the keywords “pneumoparotid”, “pneumoparotidis”,
“pneumoparotis” and “parotid emphysema” in four different searches. The data of this systematic
investigation observed the preferred reporting items for systematic review (PRISMA) accordingly with

130



Int. J. Environ. Res. Public Health 2020, 17, 3936

the statement (Figure 2). We only considered the cases of symptomatic patients, excluding patients
with occasional findings (for example after the puffed-cheek maneuver for the CT study of the oral
cavity). We reviewed 49 manuscripts, from 1987 to today, that enrolled a total of 54 patients with
pneumoparotid. Our review evaluated the following evaluation parameters: gender, age, etiology,
clinical presentation, treatment, days of resolution after diagnosis, relapse and complications (Table 1).
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3. Results

We analyzed a total of 54 patients, 39 males and 15 females. The mean age was 22.3 years, but
we can consider a group of patients in scholar age (31 patients, 11.9 years mean age) and a group of
adults (23 patients, 40.8 years mean age). The clinical presentation is characterized by swelling of
the parotid region sometimes extended to others districts, which can be bilateral (48.1%) or unilateral
(51.9%). The most frequent etiology is self-induction by swelling the cheeks (53.7%). This cause mainly
involves children (84%), for conflicts with parents, excuses for not going to school, nervous tics or
adults (16%) with psychiatric disorders. The cases of idiopathic pathology are 24.1%. Iatrogenic causes
are also frequent (16.6%), for dental factors (55.5%), use of CPAP (33.4%) or during spirometry (11.1%).
Persistent coughing attacks can also be a cause in subjects with chronic bronchitis (5.5%).

Regarding the treatment, medical therapy is the most practiced (53.7%), with the use of antibiotics
and steroidal anti-inflammatories or not. In most cases, medical therapy is combined with other
treatments. Behavioral therapy is used to remove bad habits that can lead to this pathology (25.9%),
with zeroing the recurrence rate if the subject is collaborative. If the subject has mental disorders,
supportive psychotherapy is often required (25.9%), with a prevalence in children (95%). When
the pathology does not resolve or tends to be recidive, more invasive approaches are used, such as
needle aspiration (3.7%). Surgery is rarely used (11.1%) as a definitive solution through parotidectomy
(50%) or ligation of the duct (50%). Corticosteroid infiltration sialoendoscopy was used in 2 cases
without success. There were also 3 cases (5.5%) that did not require any treatment for resolution.
Regarding our analysis, the pathology resolves in 4.5 days with the appropriate treatment, due to
the low number of cases further investigation occurred. The disease relapsed in 23 subjects, but in 3/51
cases no data concerning the recurrence rate was found. From the data we analyzed, the recurrence rate
is 42.6%, mainly affecting psychiatric subjects (60%). The most common complication is subcutaneous
emphysema (24.1%), sometimes associated with pneumomediastinum (5.5%). Parotitis associated
with pneumoparotide, which is called pneumoparotitis, has only been described in 14.8% of cases,
underlining an improper use of this term. Abscess of the parotid lodge occurred only once (1.8%)
(Table 2).

Table 2. Summary of results.

Results M ± SD
n (%)

Gender

Male 39/54 (72.2%)
Female 15/54 (27.8%)

Age (Years) 22.3 ± 17.7

Clinical Presentation

Bilateral 26/54 (48.1%)
Monolateral 28/54 (51.9%)

Etiology

Self-induced 29/54 (53.7%)
Idiopathic 13/54 (24.1%)
Iatrogenic 9/54 (16.6%)

Coughing attack 3/54 (5.5%)

Treatment

Medical 29/54 (53.7%)
Psychotherapy 14/54 (25.9%)

Behavioral 14/54 (25.9%)
Surgery 6/54 (11.1%)
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Table 2. Cont.

Results M ± SD
n (%)

Needle aspiration 2/54 (3.7%)
Sialendoscopy 2/54 (3.7%)

None 3/54 (5.5%)

Resolution after Diagnosis (Days) 4.5 ± 7.8

Relapse

Yes 23/54 (42.6%)
No 28/54 (51.8%)

Unspecified 3/54 (5.5%)

Complications

Subcutaneous emphysema 13/54 (24.1%)
Pneumomediastinum 3/54 (5.5%)

Abscess 1/54 (1.8%)
Parotitis 8/54 (14.8%)

n, number;%, percentage; M, media; SD, standard deviation.

4. Discussion

Pneumoparotid is a very rare condition of parotid gland, often complicating with a subcutaneous
emphysema, causing swelling of the parotid lodge. This pathology usually occurred due no
physiological stagnation of air in parotid parenchyma. Pneumoparotid is usually associated with
a retrograde insufflation of air and saliva via Stensen’s duct into the secondary ducts and glandular
acini [40]. Hypotonia of the buccinator muscle, hypertrophy of the masseter muscle or temporary
obstruction of the Stensen’s duct by mucous are described as possible risk factors [1].

The opening of the Stensen’s duct lies near to the second upper molar tooth bilaterally. The normal
anatomy of duct preventing the reflux of air and saliva into the parotid gland are three fold:

1. The diameter of the duct orifice is smaller than that of the duct itself;
2. The duct opening is covered by redundant mucosal layer, covering the duct orifice when there is

increased intraoral pressure;
3. The Stensen’s duct is compressed in its lateral course along the masseter muscle and its passage

through the buccinator muscle with an increase in oral pressure.

In our experience, we report a case of a 45-year-old man with numerous episodes of painful, mono
lateral left facial swelling. Clinical examination reported left-sided painful and parotid swelling with
crepitus. Head–neck CT examination reported very important presence of subcutaneous emphysema
that affected caudo-cranial left soft tissues from temporal region to the upper thoracic outlet, severe
ectasia of Stensen’s duct, ducts of salivary glands and left parotid (Figure 1). Aware of the patient’s
psychiatric conditions, psychiatric counseling is demanding. The colleagues reported that the patient
suffered form of a minor cognitive disability with a tendency to somatization, underlying an important
state of anxious and insomnia, prescribing a psychiatric therapy with venlafaxine, quetiapine and
alprazolam. The patient is treated with antibiotic therapy and support measures with resolution of
subcutaneous emphysema and general health condition. Our experience is in agreement with the case
studies, management and treatment of the pathology described in the literature.

Medical literature showed a frequent association with glass blowing, playing wind instruments,
exercising and self-induced behaviors often linked to psychiatric disorders. Normal intraoral pressure
is 2 to 3 mm Hg, in glassblowing and trumpet playing this pressure may increase until 150 mmHg
facilitating the disease’s development. Furthermore, iatrogenic pneumoparotid is described like
complication of spirometry, odontoiatric procedures, fine needle aspiration of the parotid gland
and positive pressure ventilation used preoperatively or in the intensive care setting [11,16,18,27,
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42,50–52]. Long-term use of oronasal continuous positive airway pressure is a potential cause of
pneumoparotid [41,44]. Viral and bacterial infections, autoimmune diseases like sarcoidosis, Sjögren
syndrome and Wegner’s vasculitis, diabetes, Cushing disease, hypothyroidism, liver disease are
described like possible causes of pneumoparotid or pneumoparotidis [2].

Repeated episodes of pneumoparotid may cause to chronic inflammation, infection or sialectasis.
The pathophysiologic condition of pneumoparotid has also been demonstrated by using

a “puffed-cheek” technique [53], usually performed a CT examination after sialography, which
mark filling defects, air in the parotid ductal system and sialoliths. Next, massaging the both patient’s
parotid glands, CT scan is performed highlighted a reduced amount of air and absence of contrast.
Repeated maneuvers of autoinflation with high pressure may cause the acini’s rupture. As we know
the parotid’s capsule is incomplete in the superiomedially part at the posterior border of mandible
bone, airflow could reach the parapharyngeal and retropharyngeal space [2], provoking emphysema.

Enlargement of the parotid gland may be due to mumps, bacterial sialadenitis, obstructive
sialadenitis, autoimmune disease like Sjogren syndrome. There are also rarer causes that can lead
to swelling of the parotid, for example tuberculosis, sarcoidosis, cat-scratch disease or trauma.
Pneumoparotid refers to the pathologic state of air within the parotid gland with or without
inflammation. The clinical history of the patient (glass blowing, playing wind instruments, self-
induced behaviors often linked to psychiatric disorders) and radiodiagnostics play a crucial role in
the differential diagnosis. Pneumoparotid should be suspected with painless or minimally painful
parotid swelling in the absence of fever. In the acute phase, plain radiographs may show air within
the ductal system, sometimes with extravasation into the parenchyma and surround soft tissues.
Computed tomography demonstrates air contrast with great sensitivity. Ductal dilation is a common
finding on both sialography and computed tomography.

Imaging techniques are essential to perform a correct diagnosis. In reviewing the medical
literature, radiologic studies that are indicated as good practice are ultrasonography, sialography,
radionuclide sialography, sialendoscopy, salivary gland isotope scanning, CT and nuclear magnetic
resonance (NMR) [54]. The use of ultrasound is stronglyrecommended in the diagnosis of superficial
swelling in the head–neck area in general, and for salivary gland diseases in particular. It marks
multiple hyperechoic areas corresponding to air in the glandular parenchyma, ducts and soft tissue.
It is easy, reliable, non-invasive, cost-efficient and provides real-time conservative dynamic imaging.
Scialography is useful for establishing the presence of stones, although less sensitive. [2,4].

In recent last years, sialendoscopy has become a good routine technique and minimally invasive
diagnostic procedure of the parotid gland. The main goal is the evaluation and management of
the salivary ductal system [40]. Currently, CT is the gold-standard technique because it defines
anatomy and it is not invasive.Describing air-filled dilatation of Stensen’s duct, glandular acini air
dilatation, collections, free air intraparenchymal and a good imaging of duct glandular system, also
helps in diagnoses of extension of air-accumulation in the nearest areas of the head–neck district [2].
Puffed-cheek CT is a good technique that demonstrated a subtle, but definite increase in intraductual
and intraglandular parotid air when is compared to the simple CT [53].

Clinical treatment is the first step in approaching pneumoparotid. Acute management includes
a short line of antibiotics, oral or intravenous, with the addition of steroids if the swelling is severe.

Antibiotics are used to protect the host from secondary infections; analgesia is also considered to
improve general health state of patient. A parallel line of treatment includes massage of the gland,
hydration, mouthwashes, sialogogues and warm compresses. In self-induced pneumoparotid cases,
psychotherapy is necessary to correct the underlying adaptative psychiatric disorder. In severe cases
or recurrences—sometimes associated with infection or pneumomediastinum—surgery is required:
glandular resection, ductoplastic and/or Stensen’s duct ligation, partial parotidectomy with duct’s
ligation. Parotid duct ligation is considered as a gold-standard for recurrent or chronic severe parotid
infection. Parotidectomy is required in rare cases, usually when the patient is noncompliant, in failure
of treatment or chronic infection, is the end point line of treatment [2,9,20,29,30,55].
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Parotidectomy is an invasive surgery procedure that can induced complications that patients
and professionals have to considered: partial or complete facial nerve lesion, Frey’s syndrome [56,57],
salivary fistula, auricularis magnus nerve lesion and keloid cicatrization of surgery incision. To avoid
the recurrences of pneumoparotid a counseling to explain that are it is essential to stop activities that
increase intraoral pressure is already fundamental.

The limit of our review is represented by the fact that all the selected articles are case reports
or case series. There are no observational, retrospective or prospective studies in the literature. This
review may be a starting point for clinical studies with a larger number of patients. Given the lack of
comparative studies between the various therapeutic treatments or on the prevention of complications,
further studies are needed for the definition of guidelines or gold-standard.

5. Conclusions

Pneumoparotid is not a real pathology, but a non-physiological clinical condition characterized
by the presence of air in the Stensen’s duct and throughout the gland—and can be complicated.
Pneumoparotid affects two target populations, children and adults. Thanks to this review, we
have clarified some important aspects concerning the etiopathogenesis and pathophysiology of
pneumoparotid. We pointed out that the most frequent cause is self-induction, caused most often
by people with psychiatric disorders. Regarding the treatment, there is no gold-standard, but each
patient must be treated according to his/her clinical condition, speeding up the diagnostic process
through a CT examination. In case of complications such as pneumoparotitis, antibiotic therapy is
indispensable. In the complication of subcutaneous emphysema, the clinic, the size and the recurrence
rate must always be evaluated to avoid the evolution towards pneumomediastinum. In case of
critical dimensions, needle aspiration or surgical treatment is appropriate. In case of recurrence, more
aggressive surgical treatment should be considered. Careful treatment and management are necessary
to ensure the resolution of the pathology and counteract the onset of complications.
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