
In this study, we aimed to compare PwP from UK- 
and US-English speaking linguistic backgrounds across 
a range of acoustic characteristics to investigate 
alignment at a cohort level using age and gender 
stratification. 

 
II. METHODS 

 
A. Data 
  

The study makes secondary analysis of the PVI data 
focusing on the UK- and US-English speaking cohorts. 
We processed 1988 sustained vowel /a/ phonations from 
the US-cohort and 525 phonations from the UK-cohort. 
The speech recordings were sampled at 8 kHz and were 
stored at secure Aculab servers, along with basic 
demographic information (age, gender). For further 
details on PVI please see our previous work [20]–[22]. 
 
B. Acoustic analysis of sustained vowels 
 

We computed the fundamental frequency (F0) 
contour using SWIPE [23], which we had previously 

demonstrated is very competitive in accurate F0 
estimation specifically for sustained /a/ vowels [24]. We 
also used the Voice Analysis Toolbox (MATLAB open 
source code: https://www.darth-group.com/software), 
which provides an overview of acoustic characterization 
of sustained vowels across 307 acoustic measures. 
These have been specifically developed for PD 
applications [5], [6], [19], [25] and were later shown to 
be more broadly applicable to other settings including 
general voice pathology assessment [26] and forensic 
phonetics [27]. We compared the UK and US-English 
speaking cohorts in terms of average F0 and F0 
trajectories stratified by age and gender to objectively 
illustrate overall cohort differences. Also, we compared 
the cohort distributions across the computed 307 
acoustic measures to demonstrate how well these align 
in the two PwP groups. 

 
III. RESULTS 

 
Fig. 1 presents the average estimated F0 as a function 

of age, where results are stratified by gender. We 
observe that the general trend is similar for both cohorts, 

Table 1: Indicative acoustic measures of people with Parkinson’s, stratified by gender  
Acoustic 
measure 

Brief explanation US cohort 
(males) 

US cohort 
(females) 

UK cohort 
(males) 

UK cohort 
(females) 

Mean F0 Mean fundamental frequency 
(F0) computed using SWIPE 

139.61±34.03 206.84±33.24 139.17±33.79 216.25±32.98 

Jitter Average successive F0 
differences (10 ms windows)  

0.49±1.35 0.23±0.64 0.43±1.29 0.21±0.54 

Shimmer Average successive 
amplitude differences (10 ms 
windows) 

0.10±0.04 0.09±0.04 0.09±0.04 0.10±0.05 

NHR�� Noise-to-harmonics ratio 0.10±0.24 0.05±0.16 0.06±0.09 0.04±0.14 

GNE Glottal to noise excitation 
(assessing SNR) 

0.88±0.17 1.08±0.21 0.86±0.11 1.09±0.20 

VFERmean Vocal fold excitation ratio, 
average frequency excitation 

2.18±2.49 0.95±3.05 2.25±2.34 1.36±3.40 

VFERSNR-

TKEO 
Vocal fold excitation ratio, 
SNR energy excitation 

257.40±473.70 313.12±519.29 677.63±835.43 885.88±823.73 

PPE Pitch period entropy 
(assessing F0 variability) 

0.05±0.10 0.02±0.06 0.03±0.08 0.02±0.06 

0th MFCC 0th Mel Frequency Cepstral 
Coefficient  

0.92±2.28 1.18±2.24 -0.30±2.11 0.04±2.01 

1st MFCC 1st Mel Frequency Cepstral 
Coefficient 

2.10±1.74 1.32±1.67 3.97±1.69 3.40±1.28 

12th MFCC 12th Mel Frequency Cepstral 
Coefficient 

0.10±0.40 -0.57±0.47 0.22±0.40 -0.28±0.49 

Distributions are summarized in the form mean ± standard deviation. GNE = Glottal to Noise Excitation, MFCC = Mel Frequency 
Cepstral Coefficient, SNR = Signal to Noise Ratio, VFER = Vocal Fold Excitation Ratio. 

where the average F0 is increasing with age. However, 
for both male and female PwP the US cohort exhibit a 
sharper rate of change. 

Table 1 summarizes indicative acoustic measures of 
the two PwP cohorts to facilitate a side-by-side 
comparison, stratified by gender. We remark that the 
classical acoustic measures (e.g. jitter, shimmer, NHR) 
were very similar. However, there were subtle and 
pronounced differences in some acoustic measures, in 
particular the Vocal Fold Excitation Ratio (VFER) 
measures and Mel Frequency Cepstral Coefficient 
(MFCC) measures. 
 

IV. DISCUSSION 
 

This study investigated the use of sustained vowel /a/ 
phonations between speakers from UK- and US-English 
linguistic backgrounds across a range of acoustic 
measures. Overall, there was generally very good 
agreement between the two cohorts in terms of F0 

characteristics and most of the acoustic measures 
investigated. This is a strong indication that clinical 
decision support tools developed using sustained vowel 
/a/ phonations in English-speaking PwP cohorts should 
in principle generalize to other English-speaking PwP. 
However, there are some subtle pronounced cohort 
differences with some of the acoustic measures (VFER, 
MFCCs), which need to be considered when 
generalizing findings across cohorts with different 
linguistic backgrounds.  

VFER and MFCCs have been particularly successful 
in related PD clinical decision support tools that we had 
previously reported on using either UK- or US-English 
speaking cohorts [7], [12], [19]. The present study’s 
findings could indicate that clinical decision support 
tools developed across either PwP cohort might need 
some careful tuning to be generalizable, for example 
exploring options with transfer learning. In turn, this 
could also inherently suggest that the PVI cohorts (data 
collected across seven countries) should be investigated 
separately to report on individual cohort properties and 
provide a cross-linguistic comparison of acoustic 
measure outputs and F0 changes as a function of age. 
 

V. CONCLUSION 
 

Collectively, these findings support the use of 
sustained vowels towards vocal assessment in PD as a 
robust and broadly generalizable signal modality, at 
least in the English-speaking cohorts. However, care 
needs to be exercised with some of the acoustic 
measures (VFER, MFCCs) which appear to differ 
considerably between cohorts. 
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 Abstract: Due to the COVID-19 pandemic, there 
has been a dramatic change in the work conditions 
of all voice professionals. In 2020 university 
professors around the world had to shift to online 
teaching. The objective of this research is to analyse 
the impact of this new professional reality on the 
vocal load of Saint Petersburg university professors 
and possible risks of vocal fatigue increase due to 
online synchronous teaching. In this study the vocal 
fatigue is understood as a separate phenomenon 
caused by excessive professional voice load. It can 
result in auditory perceptual and acoustic changes 
in the voice signal and lead to serious pathological 
conditions. We followed the protocol used in our 
pre-pandemic vocal fatigue studies to make the 
results comparable. The acoustic evaluation and 
self-reports are presented.  
Keywords: vocal fatigue, voice disorders, teacher’s 
voice, voice load. online synchronous teaching, 
COVID-19 pandemic 
 

I. INTRODUCTION 
Vocal fatigue in voice professionals (teachers, singers, 
guides etc.) has been a focus of research for decades, 
especially regarding its symptoms and risk factors. It is 
frequently self-reported as a sense of increased vocal 
effort and a sensation of laryngeal and pharyngeal 
constriction caused by excessive workload [2], [11]. 
There is a variety of vocal fatigue symptoms which are 
mainly explained by the physiologic mechanisms of 
vocal production. There exist many studies on vocal 
fatigue providing various concepts of the phenomenon. 
However, there is no universally accepted definition. 
Vocal fatigue is viewed either as a voice disorder 
caused by other pathological voice conditions or as a 
separate voice problem resulting from prolonged and 

excessive voice use [10]. In this study the vocal fatigue 
is understood as a separate phenomenon caused by 
excessive professional voice load. It can result in 
auditory perceptual and acoustic changes in the voice 
signal and can lead to serious pathological conditions. 
Identifying vocal fatigue in its initial stage is important 
to prevent voice disorders. 
Acoustically, vocal fatigue is associated with changes 
in tonal range, dynamic range, vocal quality, intensity, 
fundamental frequency. Consequently, acoustic 
analysis is a good objective method to evaluate voice 
quality under fatigue. Besides, it causes perceivable 
changes in pitch, loudness, pauses, and voice quality. 
We presented the acoustic, auditory and clinical 
analysis of vocal fatigue symptoms in the professors of 
Saint Petersburg university (pronunciation teachers and 
lecturers) in a number of previous studies. [5-7]  
However, due to the COVID-19 pandemic, there has 
been a dramatic change in the work conditions of all 
voice professionals. Particularly, in 2020, university 
professors around the world had to shift to online 
teaching. In [1], [9], [10] the influence of the new 
experience on different types of teaching professionals 
is described. 
The objective of this research is to analyse the impact 
of this new professional reality on Saint Petersburg 
university professors and possible risks of vocal fatigue 
increase due to online synchronous teaching.  
 

II. METHODS 
The methodologies used across numerous vocal fatigue 
studies can vary [1-10]. In most studies the vocal 
fatigue is induced artificially as a result of reading or 
speaking tasks of various types. [3], [8] The conditions 
of our pre-pandemic experiments seem to be more 
realistic. A total of 20 Saint Petersburg university 
professors were recorded before and after their 
workdays. The participants were asked to read at 
habitual loudness a four minute phonetically 
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representative text before classes in the morning. After 
continuous classroom teaching during the working day 
they were asked to record the same text. The 
recordings were used later for acoustic evaluation of 
the vocal fatigue symptoms. [5-7] The subjects also 
were asked to fill in a special questionnaire before each 
type of the recordings. In the questionnaire they 
evaluated their physical state, mood and a level of 
activity. 
The given study also employed 20 professors of Saint 
Petersburg State University (with the average teaching 
experience of 7 years) who had shifted to online 
synchronous teaching in 2020 due to the pandemic. 
The participants were involved in different types of 
teaching activities: 

1) teachers delivering lectures on linguistics (the 
Department of Phonetics and the Department 
of English Philology and Cultural 
Linguistics).  

2) English teachers running practical classes (the 
Department of English Philology and Cultural 
Linguistics); 

3) pronunciation coaches (the Department of 
Phonetics).  

The minimum workload a day was 3 hours while the 
maximum was 6 hours. 
No participant reported pathological voice problems.  
Given that the most of the participants had taken part 
in the pre-pandemic vocal fatigue experiments, we 
followed the same protocol:  

- to make it possible to compare the results (pre-
pandemic vs. pandemic) in terms of self-
assessment (subjective evaluation) and 
acoustic analysis (objective evaluation);  

- to find out if shifting to online synchronous 
teaching due to the pandemic caused vocal 
fatigue to increase; 

- to upgrade the guidelines concerning the 
optimal working-time regime and teacher’s 
voice-use routine.   

Whereas the recordings in the previous studies had 
been made in the studio at the Department of Phonetics 
with the use of Multichannel recording system Motu 
Traveler, in the presented experiments the participants 
were asked to record themselves before and after 
online class/lecture delivery using available devices 
such as mobile phones.  
All the subjects were asked to fill in two types of 
questionnaires before each type of the recordings.  
We used the WAM questionnaire to evaluate 
psychoemotional state of the teachers before and after 
their work.  
WAM (wellbeing consisting of strength, fatigue and 
health, activity comprising mobility, speed of flow of 
functions and mood compiled by the characteristics of 

the emotional state) is often used to assess the mental 
state of patients and healthy people, their 
psychoemotional response to loading. [6] It is 
presented in the form of a scale with indices (3 2 1 0 1 
2 3). The subject is offered 30 pairs of words with 
opposite meanings (strong - weak, active – passive, 
happy – unhappy etc.). The task is to select and circle 1 
digit on each scale. The selected value should most 
accurately reflect the state of the person as it is at the 
time of the test.  
Each of the scales has an average score of 4. When the 
score exceeds 4 points the state of well-being, activity, 
mood is defined as favorable. For normal state 
assessments, a range of 5.0-5.5 points is typical.  
All the subjects were also asked to fill in a self-
reporting questionnaire specially designed for the study 
before each type of the recordings.  
In the questionnaire, they described their working 
conditions in detail and commented on any problems 
with their voice before, during or after the work load.  

 
Table 1. A fragment of the self-reporting questionnaire 
showing the types of questions asked 

Working conditions The self-perception 
of voice before, 
during or after 
(yes/no) 
 

location (home, office, 
classroom) 
 

a high level of 
muscular 
tension/discomfort 

a type of environment (quiet, 
noisy) 

hoarse voice quality 
 

a type of their workload (a 
lecture, a seminar, a 
practical class, a 
pronunciation training) 

breathy voice quality 
 

the amount of voice load a 
day/a week 

unsteady voice 
 

  
a type of an online teaching 
platform or an application 
they were using 

inability to maintain 
typical pitch 
 

the absence/presence of a 
headset 

dry throat 

quality of the internet 
connection 
(speedy/slow/stable/unstable) 
 

sore throat 

work experience (less than 5 
years/more than 5 years) 

throat 
clearing/frequent 
pausing 
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representative text before classes in the morning. After 
continuous classroom teaching during the working day 
they were asked to record the same text. The 
recordings were used later for acoustic evaluation of 
the vocal fatigue symptoms. [5-7] The subjects also 
were asked to fill in a special questionnaire before each 
type of the recordings. In the questionnaire they 
evaluated their physical state, mood and a level of 
activity. 
The given study also employed 20 professors of Saint 
Petersburg State University (with the average teaching 
experience of 7 years) who had shifted to online 
synchronous teaching in 2020 due to the pandemic. 
The participants were involved in different types of 
teaching activities: 

1) teachers delivering lectures on linguistics (the 
Department of Phonetics and the Department 
of English Philology and Cultural 
Linguistics).  

2) English teachers running practical classes (the 
Department of English Philology and Cultural 
Linguistics); 

3) pronunciation coaches (the Department of 
Phonetics).  

The minimum workload a day was 3 hours while the 
maximum was 6 hours. 
No participant reported pathological voice problems.  
Given that the most of the participants had taken part 
in the pre-pandemic vocal fatigue experiments, we 
followed the same protocol:  

- to make it possible to compare the results (pre-
pandemic vs. pandemic) in terms of self-
assessment (subjective evaluation) and 
acoustic analysis (objective evaluation);  

- to find out if shifting to online synchronous 
teaching due to the pandemic caused vocal 
fatigue to increase; 

- to upgrade the guidelines concerning the 
optimal working-time regime and teacher’s 
voice-use routine.   

Whereas the recordings in the previous studies had 
been made in the studio at the Department of Phonetics 
with the use of Multichannel recording system Motu 
Traveler, in the presented experiments the participants 
were asked to record themselves before and after 
online class/lecture delivery using available devices 
such as mobile phones.  
All the subjects were asked to fill in two types of 
questionnaires before each type of the recordings.  
We used the WAM questionnaire to evaluate 
psychoemotional state of the teachers before and after 
their work.  
WAM (wellbeing consisting of strength, fatigue and 
health, activity comprising mobility, speed of flow of 
functions and mood compiled by the characteristics of 

the emotional state) is often used to assess the mental 
state of patients and healthy people, their 
psychoemotional response to loading. [6] It is 
presented in the form of a scale with indices (3 2 1 0 1 
2 3). The subject is offered 30 pairs of words with 
opposite meanings (strong - weak, active – passive, 
happy – unhappy etc.). The task is to select and circle 1 
digit on each scale. The selected value should most 
accurately reflect the state of the person as it is at the 
time of the test.  
Each of the scales has an average score of 4. When the 
score exceeds 4 points the state of well-being, activity, 
mood is defined as favorable. For normal state 
assessments, a range of 5.0-5.5 points is typical.  
All the subjects were also asked to fill in a self-
reporting questionnaire specially designed for the study 
before each type of the recordings.  
In the questionnaire, they described their working 
conditions in detail and commented on any problems 
with their voice before, during or after the work load.  

 
Table 1. A fragment of the self-reporting questionnaire 
showing the types of questions asked 

Working conditions The self-perception 
of voice before, 
during or after 
(yes/no) 
 

location (home, office, 
classroom) 
 

a high level of 
muscular 
tension/discomfort 

a type of environment (quiet, 
noisy) 

hoarse voice quality 
 

a type of their workload (a 
lecture, a seminar, a 
practical class, a 
pronunciation training) 

breathy voice quality 
 

the amount of voice load a 
day/a week 

unsteady voice 
 

  
a type of an online teaching 
platform or an application 
they were using 

inability to maintain 
typical pitch 
 

the absence/presence of a 
headset 

dry throat 

quality of the internet 
connection 
(speedy/slow/stable/unstable) 
 

sore throat 

work experience (less than 5 
years/more than 5 years) 

throat 
clearing/frequent 
pausing 
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The before (non-fatigued voice) and after (fatigued 
voice) recordings were analysed for basic acoustic 
parameters. We calculated (in Praat) a number of 
acoustic parameters based on formant values, jittter, 
shimmer, pitch and loudness which can help detecting 
the absence/presence of voice fatigue in a given speech 
sample. The results obtained during pandemic studies 
(online teaching) as well as the pre-pandemic studies 
(classsroom teaching) [5-7] showed a consistent 
dependency between acoustic parameters and vocal 
fatigue. After a working day F0 values were higher, the 
duration of vowels increased; pitch and loudness range 
values increased. Measuring jitter and shimmer did not 
give consistent results. The analysis of F0 features 
shows that the mean pitch value tends to be higher in 
fatigued speech across all the subjects. The pitch range 
increases significantly due to the increase of upper 
range value. The mean lower range value stays 
practically unchanged.  
The pre-pandemic analysis had showed that the main 
tendency was the increase in the mean value of F0 in 
the fatigued speech. The evaluation of pandemic 
recordings yielded similar results. However, as it is 
shown in Table 2, the mean duration of laryngalized 
speech segments is longer in the pandemic recordings. 
Laryngalization which is marked by significant 
decrease in pitch value and pitch breaks is associated 
with a creaky voice quality. The symptom was 
frequently reported by the teachers during the self-
assessment of voice quality.  
 
Table 2. The ratio of laryngalized speech segments to 
the whole text recorded (pre-pandemic vs. pandemic 
material) 

Pre-pandemic 
material, % 

Pandemic material, % 

Non-
fatigued 

1,5 
 

Non-
fatigued 
 

1.8 

Fatigued 1,2 
 

Fatigued 2.3 

 
Table 3. The increase in vowel duration in fatigued 
speech (pre-pandemic vs. pandemic material) 

Vowel Duration Increase in fatigued speech (ms) 
Pre-
pandemic 
material  

4.3 

Pandemic 
material 

7.2 

 
As it is shown table 2, the mean increase in vowel 
duration (all vowels) in fatigued speech is more 
significant in pandemic recordings.  

The differences in the acoustic parameters before and 
after vocal loading mainly seem to reflect increased 
muscle activity as a consequence of excessive vocal 
loading. 
The results of the WAM questionnaire according to 
Wellbeing scale in all phases of measurements before 
and after the workload exceeded 4 points, which 
indicated a favorable state of the teachers (Table 4). 
However, on average, before the work load swellbeing 
was rated at 5.5 points which is associated with a 
normal psychoemotional state (whereas the maximum 
is 7). The after self-assessment showed decreased 
wellbeing index, but it did not fall out of the range of 
4.0 points.  
The results of the WAM questionnaire according to the 
Activity scale in all phases of measurements before 
and after the classes also exceeded 4 points, which 
indicated a favorable state. The Mood rates were 
similar to the Activity ones.   
 
Table 4. The mean rates of WAM test 

Wellbeing 
Before After 

5.5 (min. 4.3 – max. 5.8) 4.3 (min. 4 – max.5.1) 
Activity 

4.3 (min. 4.1 – max. 5.5) 5.4 (min. 4.1 – max. 6.1) 
Mood 

5.0 (min. 4.3 – max. 5.2) 5.3 (min. 4.9 – max. 6.3) 
 
A total of 20 participants indicated feelings of vocal 
fatigue, general tiredness and psychoemotional 
exhaustion at the end of a day full of online classes and 
lectures (up to 6 hours of teaching).  
The analysis of the self-reports revealed symptoms of a 
high degree of vocal fatigue during and after the work 
load such as  

- a high level of muscular tension/discomfort 
(due to the microphone effect), 

- vocal fatigue and general tiredness 
- hoarse voice quality 
- creaky voice quality 
- breathy voice quality 
- unsteady voice 
- inability to maintain typical pitch 
- a dry or scratchy throat  
- a sore throat  
- dry cough 
- muscle pain in the neck and the larynx 

(obviously caused by inadequate posture and 
continuous talking while sitting) 

- psychological stress (caused by a lack of 
auditory and visual feedback or student 
interaction, technical problems and online 
connection failures). 
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The pronunciation teachers reported the largest number 
of vocal problems then practical class teachers as 
pronunciation training is the most challenging in terms 
of vocal effort. 
 
 

IV. DISCUSSION 
The comparison of the pre-pandemic results and the 
current ones based on acoustical analysis and self-
reporting questionnaires showed that the shift to 
delivering classes and lectures online caused 
substantial vocal fatigue increase. The main 
symptoms included hoarseness of voice, cracked or 
split voice, throat discomfort, neck and dry cough. 
However, the voice symptoms turned to be milder in 
the teachers using a headset which seems to be an 
effective way of adjusting to the new working 
conditions. However, in should be noted that wearing a 
headset continuously during the working day in some 
cases caused a headache and pain in the neck in a quiet 
big group of the subjects. 

V. CONCLUSION 
The concern should be raised over the significant 
increase in the focal fatigue in university professors in 
comparison with the pre-pandemic time. 
The guidelines concerning teacher’s voice-use routine 
should be developed by voice pathologists according to 
the new working conditions. They may include special 
sets of vocal exercises and strategies to avoid voice 
overstraining by slowing the pace, taking frequent 
pauses, putting an emphasis on diction and 
consonants rather on increasing the loudness.  
The optimal working-time regime should be also 
reconsidered both for those delivering online classes 
and working in a hybrid regime. It especially concerns 
pronunciation teachers who seem to be particularly 
susceptible to vocal fatigue. They have to repeat 
articulation drills in front of the students many times 
and correct continuously their pronunciation which 
demands a high level of vocal effort and excessive 
muscular tension of articulators. As a consequence of 
this vocal overloading, the pronunciation teachers often 
suffer from dysphonia and benign lesions such as 
nodules. 
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Abstract: During the last two years the use of masks 
as personal protective equipment became necessary 
and mandatory to deal with the SARS-CoV-2
epidemiological emergency with impact on the 
quality and efficiency of verbal communication. 
This paper compares for the first time 7 different 
mask configurations. The sustained vowels /a/, /i/ 
and /u/ emitted by Italian speakers are considered. 
The purpose of this work is to evaluate whether the 
use of different types of masks, by themselves or
worn together with a protective shield, may affect 
the acoustical parameters and thus voice quality. 
This is exploited by means of acoustical analysis 
performed with the BioVoice tool that estimates 
more than 20 parameters. For each vowel, the 
values of the fundamental frequency F0, the first 
two formant frequencies F1 and F2, jitter and noise
are compared among the 7 configurations.
Preliminary results show that for the three vowels 
there are few statistically significant differences 
among masks when worn alone, while the presence 
of the shield has a relevant impact on the signal 
energy above 1 kHz. Further studies are ongoing to 
analyze vocalic sentences in order to detect possible 
influence of the masks on vowel articulation.
Keywords:  Face masks, SARS-CoV-2, acoustical 
analysis, BioVoice, F0, formants.

I. INTRODUCTION

Most personal protective equipments (PPEs) have a 
relevant impact both on the quality and the 
intelligibility of the voice signal especially in the case 
of noisy environments or hearing impairments. 
Moreover the inter-personal mandatory distance often 
leads to raise the voice, increasing voice fatigue 
especially for professionals that have a high daily voice 
load. Therefore, in the last two years the scientific 
community has examined the influence of masks on 
vocal acoustic characteristics. [1-6]. This paper 
compares for the first time 7 different mask 

configurations. The study is preliminary and limited to 
sustained vowels /a/, /i/ and /u/ emitted by Italian 
speakers, but further work is ongoing to analyze 
vocalic sentences in order to detect possible influence 
of the masks on vowel articulation.

The main characteristics of vowels are the 
fundamental frequency F0 and the formant frequencies, 
that is, the resonant frequencies of the vocal tract. In 
particular, the first two formants, F1 and F2, are related 
to the position of the tongue: F1 is linked to height, 
while F2 is linked to the front-to-back movement.
Formants position may vary according to age and 
gender, but is also related to the language under 
consideration. In particular, the Italian language 
comprises just 7 vocalic sounds and does not make a 
distinction between rounded and non-rounded vowels. 
Figure 1 shows the vowel trapezoid of the Italian 
language according to the International Phonetic 
Alphabet (IPA):

Figure 1 – Vowel trapezoid for the Italian language

In this work only the three vowels at the corners of the 
trapezoid are analyzed: /a/, /i/ and /u/. They roughly 
correspond to American English vowels /a/ (“father”), 
/I/ (“it”) and /U/ (“foot”) as reported in [7].

II. METHODS

Voice signals were recorded from 10 subjects (5 males 
and 5 females, mean age: 27,3, std= 1,494) of Italian 
mother tongue. Specifically, for females: mean=27,8; 
std= 0,836. For males: mean=26,8; std= 1,923.
Each subject was asked to emit the sustained vowels 
/a/, /i/ and /u/ at conversational amplitude for at least 
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5s. Seven configurations of different masks without or 
with protective shield were considered: 
- No mask (Baseline) 
- Surgical mask (Surgical) 
- Ffp2 mask (Ffp2) 
- Ffp3 mask (Ffp3) 
- Surgical mask and visor (Surgical+shield) 
- Ffp2 mask and visor (Ffp2+shield) 
- Ffp3 mask and visor (Ffp3+shield) 
Each vowel was repeated 3 times. Thus 210 recordings 
were collected. 
Each recording was processed using the BioVoice tool 
that automatically distinguish among newborn cry, 
children, adults and singers voices, and in case of 
adults performs separate analyses for male and female 
voices [8, 9]. 
In this work, for each vowel the following acoustical 
parameters were considered: F0, F1, F2, jitter, and 
Adaptive Normalized Noise Energy (ANNE), along 
with their descriptive statistics (mean, median and 
standard deviation). A high-resolution method for F0 
estimation is implemented in BioVoice, based on 
parametric AutoRegressive (AR) models applied to 
time-windows of varying length. AR models were also 
implemented to estimate the Power Spectral Density 
(PSD). PSD is automatically computed in the 
frequency range specific of each category, and 
normalized with respect to its maximum value, 
therefore the PSD range is 0dB downward. The first 
two PSD peaks correspond to F1 and F2. 
ANNE relies on a comb filtering approach, optimised 
to deal with data windows of varying time duration. 
Large negative ANNE values correspond to good voice 
quality, while values close to zero reflect the presence 
of strong noise. 

Concerning PSD, statistical analysis was 
implemented by dividing the frequency spectrum into 
500 Hz intervals and calculating the average power 
over each interval for each mask configuration and 
each vowel, distinguishing between males and females. 
Also overall results (males and females) were 
considered and they are reported in this paper. 
As data were not normally distributed, a non-
parametric Friedman test was performed to find 
possible differences between the acoustical parameters 
obtained with the 7 configurations of face masks. In 
case of significant level of the Friedman test (p value < 
0.05), a post-hoc multiple comparison was applied 
using the Dunn-Sidak method.  

 
III. RESULTS 

 
Results reported here concern male and female voices 
altogether. Separate analysis will be reported 
elsewhere. 

A. F0, formant, jitter and noise 
For all vowels and all configurations, F0 mean and 
median values are similar, both ranging between 168 
Hz and 182 Hz, with a slight increase from the baseline 
to masks with shield. This could be related to an 
increasing effort in vocal emission due to protective 
equipments.  However, no statistically significant 
differences were obtained for F0. 
For the mean values of F1 and F2, the following ranges 
were found. Median values are not reported as they 
gave similar results. 
Vowel /a/ 
F1: 720 Hz - 810 Hz. F2: 1080 Hz - 1180 Hz. 
Vowel /i/ 
F1: 340 Hz - 370 Hz. F2: 1830 Hz - 2200 Hz. 
Vowel /u/ 
F1: 400 Hz - 440 Hz. F2: 1010 Hz - 1120 Hz. 
For all vowels jitter ranges between 0.50% and 1.4% 
and ANNE ranges between -23 dB and -27 dB. 
The 6 configuration with masks were compared to the 
baseline with the Friedman test. Concerning jitter, no 
statistically significant difference was found for the 
three vowels.  
Only the statistically significant results are reported 
here: 
Vowel /a/ 
 F1 mean of FFP3 + shield was significantly lower 

than the baseline result. 
 NNE of FFP2 + shield was significantly higher than 

the baseline result. 
 NNE of FFP3 + shield was significantly higher than 

the baseline result. 
 ANNE of FFP2 + shield and FFP3 + shield was 

significantly higher than the baseline result. 
Vowel /i/ 
 F2 mean obtained with FFP2 + shield was 

significantly lower than the baseline. 
 F2 median obtained with FFP2 + shield was 

significantly lower than the baseline. 
Vowel /u/ 
No statistically significant differences were found with 
respect to the baseline. 
B. Power Spectral Density 
Figures 1-3 show the PSD trend in steps of 500 Hz for 
the three sustained vowels /a/, /i/ and /u/ and all the 7 
configurations. The mean PSD of male and female 
values are presented, without differentiating between 
the two genders.  
Baseline (no mask) is indicated with a solid line. Each 
dot corresponds to the mean value of the PSD values in 
each frequency step. 
 

IV. DISCUSSION 
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frequency range specific of each category, and 
normalized with respect to its maximum value, 
therefore the PSD range is 0dB downward. The first 
two PSD peaks correspond to F1 and F2. 
ANNE relies on a comb filtering approach, optimised 
to deal with data windows of varying time duration. 
Large negative ANNE values correspond to good voice 
quality, while values close to zero reflect the presence 
of strong noise. 

Concerning PSD, statistical analysis was 
implemented by dividing the frequency spectrum into 
500 Hz intervals and calculating the average power 
over each interval for each mask configuration and 
each vowel, distinguishing between males and females. 
Also overall results (males and females) were 
considered and they are reported in this paper. 
As data were not normally distributed, a non-
parametric Friedman test was performed to find 
possible differences between the acoustical parameters 
obtained with the 7 configurations of face masks. In 
case of significant level of the Friedman test (p value < 
0.05), a post-hoc multiple comparison was applied 
using the Dunn-Sidak method.  

 
III. RESULTS 

 
Results reported here concern male and female voices 
altogether. Separate analysis will be reported 
elsewhere. 

A. F0, formant, jitter and noise 
For all vowels and all configurations, F0 mean and 
median values are similar, both ranging between 168 
Hz and 182 Hz, with a slight increase from the baseline 
to masks with shield. This could be related to an 
increasing effort in vocal emission due to protective 
equipments.  However, no statistically significant 
differences were obtained for F0. 
For the mean values of F1 and F2, the following ranges 
were found. Median values are not reported as they 
gave similar results. 
Vowel /a/ 
F1: 720 Hz - 810 Hz. F2: 1080 Hz - 1180 Hz. 
Vowel /i/ 
F1: 340 Hz - 370 Hz. F2: 1830 Hz - 2200 Hz. 
Vowel /u/ 
F1: 400 Hz - 440 Hz. F2: 1010 Hz - 1120 Hz. 
For all vowels jitter ranges between 0.50% and 1.4% 
and ANNE ranges between -23 dB and -27 dB. 
The 6 configuration with masks were compared to the 
baseline with the Friedman test. Concerning jitter, no 
statistically significant difference was found for the 
three vowels.  
Only the statistically significant results are reported 
here: 
Vowel /a/ 
 F1 mean of FFP3 + shield was significantly lower 

than the baseline result. 
 NNE of FFP2 + shield was significantly higher than 

the baseline result. 
 NNE of FFP3 + shield was significantly higher than 

the baseline result. 
 ANNE of FFP2 + shield and FFP3 + shield was 

significantly higher than the baseline result. 
Vowel /i/ 
 F2 mean obtained with FFP2 + shield was 

significantly lower than the baseline. 
 F2 median obtained with FFP2 + shield was 

significantly lower than the baseline. 
Vowel /u/ 
No statistically significant differences were found with 
respect to the baseline. 
B. Power Spectral Density 
Figures 1-3 show the PSD trend in steps of 500 Hz for 
the three sustained vowels /a/, /i/ and /u/ and all the 7 
configurations. The mean PSD of male and female 
values are presented, without differentiating between 
the two genders.  
Baseline (no mask) is indicated with a solid line. Each 
dot corresponds to the mean value of the PSD values in 
each frequency step. 
 

IV. DISCUSSION 
 

Results show that F0 is only slightly influenced by 
masks and shield, while formants values exhibit 
statistically significant differences. This is especially 
true for F2 and for the vowel /a/. Indeed, F2 tends to be 
lowered by a back tongue constriction and raised by a 
front tongue constriction [7], therefore changes might 
be due to the presence of face mask and shield.
Also, higher ANNE values with shield with respect to 
the baseline might indicate a higher effort required in 
vowel emission. No statistically significant difference 
was found for jitter.
Concerning PSD: For vowel /a/ (Figure 1) the decrease 
in PSD is quite evident for the three configurations 
with shield  already around 1kHz, where about 10dB of 
decrease is shown. Even larger differences are found 
from 2 kHz on for the same configurations. Less 
evident decrease is shown in Figures 2 and 3 that 
concern vowel /i/ and /u/ respectively. 
It should be taken into account that these plots concern
cumulative average values of men and women 
calculated over 500 Hz intervals, so they are somewhat 
different from the traditional power spectrum. In fact, 
when gender data were considered separately, a greater 
decrease and higher frequency values were observed 
for women. This might indicate a greater effort 
required to females with respect to males, possibly 
related to their shorter vocal tract and higher formant 
frequencies.
Furthermore, the vowel / u / is one of the most difficult 
to analyze through automatic tools, due to the position 
of its formants that depends on the position of the 
tongue and the conformation of the vocal tract which 
are very particular in this case.
Though preliminary, results show that masks alone 
have a negligible influence on the power spectral 
density (PSD) of sustained vowels /a/, /i/ and /u/, while 
the presence of the shield causes a relevant energy 
decreases above 1 kHz that is directly related to voice 
energy. This is particularly evident for vowel /a/ while 
vowels /i/ and /u/ show a less strong PSD decrease 
especially for frequencies below 2 kHz.
However, high standard deviation was found for all the 
configurations and vowels, baseline included. This 
might be related both to the mixture of male and 
female parameters used here and to the time of day 
when the recordings were made, i.e. at the end of the 
working day. Consequently, also the baseline 
parameters may have suffered from some distortion 
due to voice fatigue. 
Work is ongoing to detect the influence of masks and 
shield on articulation in conversational voice and 
speech.
Though mandatory, the use of masks and shields might 
have negative impact especially in professions that 
make large use of voice such as teachers. These 

preliminary results suggest that some vocal exercise 
such as bubbling and face gym would be advisable at 
least for professionals [10].

V. CONCLUSION

This paper presents preliminary results on the impact 
of protective masks and shield on voice parameters 
estimated on the three basic sustained vowels of the 
Italian language /a/, /i/ and /u/. Recordings were made 
after a working day and concern 10 adult healthy 
subjects. Results confirm that voice energy decreases 
above 1 kHz especially when masks are worn along 
with the protective shield.

To the authors knowledge this is the first attempt to 
compare seven different masks configurations. 

Figure 1 – /a/ vowel: dots correspond to the average 
PSD over 500Hz slices.

Figure 2 – /i/ vowel: dots correspond to the average 
PSD over 500Hz slices.
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Figure 3 – /u/ vowel: dots correspond to the average 
PSD over 500Hz slices.

Future work will concern the analysis of vowels during 
articulation [11] and vocalic sentences. Moreover, self-
perceptual evaluation based on a specific questionnaire 
will be performed.
In this work only non-invasive measures are 
considered, based on voice recordings and the 
acoustical analysis of the signal. More invasive 
analysis could be performed such as videokymography 
that might provide further helpful parameters [12].
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Abstract: Laryngectomy for laryngeal cancer is the 
treatment of choice in these patients. Rehabilitation 
of patients with voice impairment is not an easy 
task. For the purpose of rehabilitation, 
tracheoesophageal bypass (TEB) is performed. 
When examining patients with TPS, medical 
personnel must be protected by personal protective 
equipment. Patients with PSI are at high risk for 
aspiration pneumonia. In the context of the 
COVID-19 pandemic, patients after laryngectomy 
with tracheoesophageal bypass surgery with 
prosthetics need to be given special attention. When 
infected with SARSCoV-2, these patients are at a 
special risk group. They need special conditions in 
the clinic - special care and rehabilitation.
Keywords: laryngectomy, rehabilitation, 
tracheoesophageal bypass, COVID-19, SARSCoV-2

I. INTRODUCTION

At the end of 2019, an outbreak of a new 
coronavirus infection occurred in the People's Republic 
of China (PRC) with an epicenter in the city of Wuhan 
(Hubei province), the causative agent of which was 
given the temporary name 2019-nCoV.

In an analysis of 72,314 COVID-19 patients in 
China, the overall case fatality rate was 2.3%. 
However, for patients with severe concomitant 
pathology, it was equal to 7.3% (10.5% of patients 
with cardiovascular diseases, 7.3% - for patients with 
diabetes, 6.3% - with chronic respiratory diseases, 
6.0% - for cancer patients) [1]

The main method of treating patients with tumors of 
the upper respiratory tract is usually surgery [1]. 
Laryngectomy for laryngeal cancer is the treatment of 
choice in these patients [2]. However, this type of 
surgery is disabling as patients lose their voice. 
Rehabilitation of patients with impaired voice function 
is not an easy problem [3-6]. For the purpose of 
rehabilitation, tracheoesophageal bypass surgery (TEB) 
is performed [7].

After laryngectomy, separation of the upper and
lower respiratory tract occurs, a permanent 
tracheostomy is formed, and the entire biomechanism 

of respiration changes. Therefore, this category of 
patients is inevitably the most susceptible to the 
COVID-19 virus in a pandemic, in overcrowded 
hospitals, as well as in patients with severe 
comorbidities.

As a rule, these patients belong to the older age 
group, with a long history of smoking, severe 
manifestations of chronic obstructive pulmonary 
disease, and a high risk of infection against the 
background of mucociliary dysfunction.

Given the presence of a high viral load in the upper 
respiratory tract, all ENT procedures are high-risk 
procedures, and otorhinolaryngologists are at risk for 
COVID-19 infection.

All of these patients have a high risk of 
postoperative wound complications, as well as the risk 
of contracting the COVID-19 coronavirus. In case of 
infection, the patient himself becomes a source of 
transmission. Aerosol viral particles can infect 
surrounding health care workers and other patients, 
especially during airway sanitation.

II. TEB PATIENTS & COVID-19

When performing TEB with prosthetics after 
laryngectomy, a number of complications are possible 
associated with the displacement of the prosthesis and / 
or its course [8]. Usually, these problems can be 
corrected on an outpatient basis. But in the context of 
coronavirus infection and with an increased risk of 
SARS-COV-2, the patient and staff should be as safe 
as possible. Optimally, if in the examination room, 
forced ventilation with negative pressure and HEPA-
filters are installed, which minimizes the risk of 
infection transmission [9].In patients after 
laryngectomy, there is no nasal breathing and untreated 
air through the tracheostomy directly enters the 
respiratory tract, which, as a rule, is accompanied by 
severe cough. At the same time, aerosol transmission 
of viral particles can significantly increase, compared 
with an ordinary person, when the protective function 
of the nose is preserved [5, 9]. So, during the outbreak 
of the SARS epidemic in 2003, a significant 
concentration of viral particles was determined in 
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tracheal aspirates. Therefore, the issue of care and 
contact with the patient after laryngectomy, both in 
inpatient and at home, is extremely important. Based 
on this, we recommend that any patient after 
laryngectomy be considered as potentially dangerous 
and infected with COVID-19. 

We recommend a standard set of personal protective 
equipment for staff in contact with COVID patients to 
prevent infection of medical personnel when 
examining all patients after laryngeal surgery. It should 
be noted that the use of respirator No. 95 and a 
protective screen for the face in 100% of cases 
effectively protects the employee from infection [3]. 

In the case when an in-person consultation is 
absolutely necessary (examination after surgery, 
complications, suspicion of a relapse of the disease), it 
is important to "screen" these patients even before 
visiting the clinic. It is advisable to take a thorough 
history and conduct an examination for COVID-19. 

It is important to note that a patient with a 
tracheostomy must use a respiratory heat exchanger 
with a viral-bacterial hygroscopic filter and cover the 
tracheostomy with a mask, scarf or clothing during a 
visit to the clinic [11]. 

 
III. TEB COMPLICATIONS 

 
If the patient has a leak around the prosthesis, there 

is a risk of developing aspiration pneumonia, which 
can even have lethal consequences for the patient in the 
context of COVID-19. In the case of displacement of 
the prosthesis towards the trachea or esophagus, this 
can be diagnosed by X-ray, as well as using gastro- or 
tracheoscopy. It is advisable to start the study with 
standard X-ray images, and, if necessary, perform 
computed tomography (CT). Aspiration of the 
prosthesis into the airway is an absolute indication for 
urgent endoscopic intervention (regardless of the 
patient's COVID-19 status). It is prudent to treat all 
such patients as potentially infectious and to take all 
precautions to minimize the transmission of aerosol 
particles. When transporting to the operating room, it is 
necessary to cover the tracheostomy with a napkin, 
mask. Any attempt to use a filter or trachea tube in 
such a situation can further aggravate the cough and 
worsen the patient's condition. 

When the patient's condition is stabilized, it is 
necessary to eliminate the complication as quickly as 
possible and, if possible, test for COVID-19. If there is 
a leak through the prosthesis, the patient should try to 
cope on his own at home. There are special plugs for 
the prosthesis ("like a key to a lock"), with which it is 
possible to block the lumen of the prosthesis. The flow 
will stop immediately, but the patient will not be able 
to talk (aphonia will occur). The patient may be 

advised to eat thicker food, which can also reduce 
aspiration. 

If the voice prosthesis has completely fallen out, 
then at home the patient can temporarily insert a rubber 
catheter or a special dilator into the shunt in order to 
stop aspiration (the patient should be taught these 
procedures in advance or informed about the 
possibility of their own implementation). After that, the 
patient, in a stable condition and in safety, can already 
see a doctor on an outpatient basis. 

In the clinic, the patient should be tested for 
COVID-19. Before receiving the test results, it is better 
to let the patient go home, and in case of a negative 
result, after 48 hours, invite again and replace the 
prosthesis. 

If the test for COVID-19 is positive, then such a 
patient should stay at home as long as possible and 
undergo special antiviral treatment. Only after 
complete recovery from infection is it recommended to 
carry out procedures for replacing the prosthesis. When 
working with COVID-positive patients, all staff and all 
procedures are advised to wear a PARP respirator. If 
this is not possible, then use at least a respirator No. 95 
and personal protective equipment (dressing gown, 
glasses, shoe covers).  
 

V. CONCLUSION 
 

In the context of the COVID-19 pandemic, patients 
after laryngectomy with tracheoesophageal bypass 
surgery with prosthetics need to be given special 
attention. When infected with SARSCoV-2, these 
patients are at a special risk group. They need special 
conditions in the clinic - special care and rehabilitation. 
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then at home the patient can temporarily insert a rubber 
catheter or a special dilator into the shunt in order to 
stop aspiration (the patient should be taught these 
procedures in advance or informed about the 
possibility of their own implementation). After that, the 
patient, in a stable condition and in safety, can already 
see a doctor on an outpatient basis. 

In the clinic, the patient should be tested for 
COVID-19. Before receiving the test results, it is better 
to let the patient go home, and in case of a negative 
result, after 48 hours, invite again and replace the 
prosthesis. 

If the test for COVID-19 is positive, then such a 
patient should stay at home as long as possible and 
undergo special antiviral treatment. Only after 
complete recovery from infection is it recommended to 
carry out procedures for replacing the prosthesis. When 
working with COVID-positive patients, all staff and all 
procedures are advised to wear a PARP respirator. If 
this is not possible, then use at least a respirator No. 95 
and personal protective equipment (dressing gown, 
glasses, shoe covers).  
 

V. CONCLUSION 
 

In the context of the COVID-19 pandemic, patients 
after laryngectomy with tracheoesophageal bypass 
surgery with prosthetics need to be given special 
attention. When infected with SARSCoV-2, these 
patients are at a special risk group. They need special 
conditions in the clinic - special care and rehabilitation. 
 

 
REFERENCES 

 
[1] Wu Z McGoogan J. Characteristics of and 
Important Lessons From the Coronavirus Disease 
2019 (COVID-19) Outbreak in China: Summary of a 
Report of 72 314 Cases From the Chinese Center for 
Disease Control and Prevention. JAMA. 2020, vol. 
323, no. 13, pp. 1239-1242. 
[2] Demyashkin G.A., Kastyro I.V., Sidorin A.V., 
Borisov Y.S. The specific immunophenotypic features 
of nasopharyngeal carcinoma. Vestn Otorinolaringol. 
2018, vol. 83, no. 5, 40-44. 
[3] Ganina Ch.A., Makhonin A.A., Vladimirova 
T.Yu., Chemidronov S.N., Ghukasyan I.M. 
Supracricoid partial laryngectomy for advanced 
laryngeal cancer. Head and neck. Russian Journal. 
2021, vol. 9, no. 2, pp. 78–84. 
Alieva S.B., Azizyan R.I., Mudunov A.M., Zaderenko 
I.A., Daykhes N.A., Dobrokhotova V.Z., Novozhilova 

E.N., Reshulskiy S.S., Borisova T.N., Vinogradov 
V.V. Principles of radiotherapy for laryngeal cancer. 
Opuholi Golovy i Sei. 2021, vol. 11, no. 1, pp. 24 – 
33. 
[4] Kovalenko A.N., Kastyro I.V., Reshetov I.V., 
Popadyuk V.I. Study of the Role of Hearing Aid on 
the Area of the Acoustic Field of Vowels. Doklady 
Biochemistry and biophysics. 2021, vol. 497, no. 1, 
pp. 108–111. 
[5] Popadyuk V.I., Novozhilova E.N., Fedotov A.P., 
Chernolev A.I., Korshunova I.A., Olyshanskaya O.V., 
Bitsaeva A.V. A rare observation of amyloidosis of 
the larynx simulating a tumor. Vestnik 
Otorinolaringologii. 2019, vol. 84, no. 3, pp. 65-67. 
[6] Kastyro I.V., Kovalenko A.N., Torshin V.I., 
Doroginskaya E.S., Kamanina N.A. Changes to voice 
production caused by long-term hearing loss (HL). 
Models and Analysis of Vocal Emissions for 
Biomedical Applications - 11th International 
Workshop, MAVEBA 2019. 2019, pp. 241–244. 

[7] Kryukov A.I., I.V. Reshetov, Kozhanov L.G., 
Sdvizhkov A.M., Kozhanov A.L. The systemic 
approach to the rehabilitation of the patients 
presenting with laryngeal cancer after the resection of 
the organ and laryngectomy with tracheoesophageal 
by-pass and endoprosthetics. Vestn Otorinolaringol. 
2016, vol. 81, no. 4, pp. 54-59. 
[8] Reshetov I.V., Fatyanova A.S., Ignatyeva M.A. 
Second breath: the use of heat and moisture 
exchangers for pulmonary rehabilitation of 
tracheostomized patients. Head and neck Russian 
Journal. 2020, vol. 8, no. 2, pp. 86–94.. 
[9] Popadyuk V.I., Novozhilova E.N., Chernolev A.I., 
Kastyro I.V., Antoniv V.F. Features of management 
of patients after laryngectomy during Pandemic 
COVID-19. Head and neck. Russian Journal. 2020, 
vol. 8, no. 4, pp. 86–91 

 

 

� 177





Abstract: The coronavirus pandemic is spreading 
rapidly around the world. The health systems of all 
countries faced extraordinary problems in terms of 
the creation and distribution of medical resources, 
including the re-equipment and creation of new 
hospital beds, and the provision of personal 
protective equipment. The patients who undergo a 
laryngectomy are a special category. Given the fact 
that during the operation they have a separation of 
the upper and lower respiratory tract, in the 
context of the COVID-19 pandemic, such patients 
require special attention from oncologists and 
otorhinolaryngologists. Purpose of the study is to 
review the characteristics of patient management 
after a laryngectomy in a COVID-19 pandemic. 
Laryngectomy patients represent a unique 
contingent in conditions of coronavirus infection 
SARS-COV-2, it is advisable to focus on providing 
them with protective equipment. This will 
significantly reduce the risk of infection with their 
virus, which can be a deadly threat to them. 
Infected patients during an epidemic represent a 
potential source of infection for medical personnel, 
which requires special protective measures. All 
procedures associated with the replacement of the 
prosthesis, endoscopic manipulations, it is advisable 
to postpone until the normalization of the 
epidemiological situation. If carrying out such 
operations is vital, then they should be carried out, 
observing all necessary precautions for both the 
patient and medical personnel.
Keywords: coronavirus pandemic, COVID-19,
laryngectomy

I. INTRODUCTION

COVID-19 is caused by the SARS-CoV-2 (Severe 
acute respiratory syndrome-related coronavirus 2) 
coronavirus, which is genetically related to the SARS 
family and the Middle East Respiratory Syndrome 
(MERS) virus and is a recombinant virus between bat 
coronavirus and an unknown coronavirus. The genetic 

sequence of SARSCoV-2 is similar to the SARS-CoV 
sequence by at least 79% [1, 2].

In the last two years, the SARS-CoV-2 (Severe acute 
respiratory syndrome-related coronavirus 2) pandemic 
has been taking place. The transmission of infection is 
carried out by airborne droplets, airborne dust and 
contact routes [3]. The leading route of transmission of 
SARS-CoV-2 is airborne, which is realized when 
coughing, sneezing and talking at a close (less than 2 
meters) distance. The contact route of transmission is 
carried out during handshakes and other types of direct 
contact with an infected person, as well as through 
food, surfaces and objects contaminated with the virus.

II. FEATURES OF EXAMINATION OF PATIENTS
AFTER LARYNGECTOMY UNDER COVID-19

EPIDEMIC

The defeat of the pharynx and larynx by a tumor 
process leads to disabling consequences [4-6]. 
Moreover, the rehabilitation of such patients is an 
extremely difficult process [7-10].

Given the presence of a high viral load in the upper 
respiratory tract, all ENT procedures are high-risk 
procedures, and otorhinolaryngologists are at risk for 
COVID-19 infection.

The most common symptoms of coronavirus 
infection are cough (dry or with little sputum) in 80% 
of cases; shortness of breath (55%); fatigue (44%); a 
feeling of congestion in the chest (> 20%).

Testing for COVID-19 is most often done by 
swabbing the oropharynx and nasopharynx. But given 
that the breathing of patients after laryngectomy is 
carried out through a tracheostomy, it is advisable to 
consider testing for SARS-COV-2 by detecting the 
virus in tracheal aspirates and from the nasal cavity, 
which is consistent with the WHO recommendations.

Any diagnostic and therapeutic procedures in the 
upper respiratory and digestive tracts, as a rule, cause 
coughing and should be considered as potentially 
dangerous in terms of aerosol transmission for medical 
personnel [3]. To limit the transmission of COVID-19 
and to maximize the safety of medical personnel, it is 
shown to use personal protective equipment (PPE), 
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and, if possible, even to cancel or postpone a 
dangerous procedure (AAO-HNS). 

Taking into account the peculiarities of the anatomy, 
as well as the volume of laryngectomy [3, 5, 9], which 
is associated with the formation of a tracheoesophageal 
fistula and voice prosthetics, all medical 
recommendations should be organized in such a way as 
to minimize the possibility of transmission of the 
SARS-COV-2 virus from the patient to the medical 
staff. In this case, the use of personal protective 
equipment is relevant. 

In patients after laryngectomy, there is no nasal 
breathing and untreated air through the tracheostomy 
directly enters the respiratory tract, which, as a rule, is 
accompanied by severe cough. At the same time, 
aerosol transmission of viral particles can significantly 
increase, compared with an ordinary person, when the 
protective function of the nose is preserved [5, 9]. So, 
during the outbreak of the SARS epidemic in 2003, a 
significant concentration of viral particles was 
determined in tracheal aspirates. Therefore, the issue of 
care and contact with the patient after laryngectomy, 
both in inpatient and at home, is extremely important. 
Based on this, we recommend that any patient after 
laryngectomy be considered as potentially dangerous 
and infected with COVID-19. 

We recommend a standard set of personal protective 
equipment for staff in contact with COVID patients to 
prevent infection of medical personnel when 
examining all patients after laryngeal surgery. It should 
be noted that the use of respirator No. 95 and a 
protective screen for the face in 100% of cases 
effectively protects the employee from infection [3]. 

In the case when an in-person consultation is 
absolutely necessary (examination after surgery, 
complications, suspicion of a relapse of the disease), it 
is important to "screen" these patients even before 
visiting the clinic. It is advisable to take a thorough 
history and conduct an examination for COVID-19. 

It is important to note that a patient with a 
tracheostomy must use a respiratory heat exchanger 
with a viral-bacterial hygroscopic filter and cover the 
tracheostomy with a mask, scarf or clothing during a 
visit to the clinic [11]. 

 
III. TREATMENT OF PATIENTS WITH THE 

COVID-19 VIRUS IN A HOSPITAL 
When a patient is admitted to a hospital and 

planning treatment, it is extremely important that all 
medical workers of the department understand the 
surgical anatomy of the airways in a patient after 
laryngectomy. The attention of the personnel should be 
emphasized that the use of oxygen masks and nasal 
catheters in such a patient will be useless, since the 
upper respiratory tract is "turned off" from breathing as 

a result of the operation, and oxygenation occurs only 
through the tracheostomy. Under ideal conditions, it is 
advisable to test all incoming patients for COVID-19. 

However, if testing is not possible, all patients 
should be treated as potentially infected and all feasible 
remedies should be used. It is extremely important for 
patients to use heat exchangers with viral or bacterial 
filters attached to the tracheostomy area. 

In case of severe coughing and profuse sputum 
secretion, special tracheotubes with powerful HEPA-
filters can be used. And such a patient can be placed in 
a room with negative pressure and / or a closed 
ventilation system in order to prevent the spread of 
viral particles to other rooms. In some cases, it is 
advisable to use mechanical ventilation in auxiliary 
modes in order to provide a closed breathing circuit for 
the patient (even if his oxygenation does not suffer 
greatly). It is also important to use mechanical barriers 
over the tracheostomy (transparent blocks with holes 
for the doctor's hands), which is especially important at 
the time of intubation and extubation, when caring for 
the tracheotomy tube. The main thing in this situation 
is to prevent the spread of aerosol particles of the virus 
by any possible means. 

Each patient after laryngectomy in the ward should 
have an individual suction, which the patient should be 
trained to use even before the operation. When caring 
for such patients, strict use of PPE is necessary, at least 
until negative tests for COVID-19 are obtained. 

In case of a negative COVID-19 status for patients, 
it is still recommended to use HME with viral and 
bacterial filters from the very first hours after the 
operation, as well as wear a mask on the face and neck 
(which will provide a mechanical obstacle to the 
spread of the virus). 

The patient should be explained that it is not 
necessary to touch the tracheostomy unnecessarily, and 
after all hygiene measures have been taken, hands 
should be thoroughly washed. Caring for the skin 
around the tracheostomy is very important to reduce 
airway contamination. 

After laryngectomy, self-contamination 
(contamination with viral particles of one's own 
airways) is also possible during the use of a voice 
prosthesis and when closing the tracheostomy with a 
finger, therefore it is so important to focus the patient's 
attention on frequent hand washing. During an 
epidemic, the use of HANDS-FREE systems becomes 
extremely relevant, which allow the patient after 
laryngectomy not to touch the tracheostomy with a 
finger at all during speech load.  
 

V. CONCLUSION 
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V. CONCLUSION 
 

Considering the fact that patients after laryngectomy 
are a unique contingent in conditions of SARS-COV-2 
coronavirus infection, it is advisable to focus on 
providing them with protective equipment (filters and 
heat exchangers). This will significantly reduce their 
risk of contracting the virus, which could pose a lethal 
threat to them. 

In addition, already infected patients themselves 
during an epidemic represent a potential source of 
infection for medical personnel, which requires the use 
of special protective measures. 

It is advisable to postpone all procedures related to 
the replacement of the prosthesis, endoscopic 
manipulations until the epidemiological situation 
normalizes. If the conduct of such operations is vital, 
then they should be carried out, observing all the 
necessary precautions for both the patient and the 
medical staff.. 
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