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Abstract

Objectives. This pilot study aimed to identify and test a battery of time-efficient
and cost-effective voice and swallowing screening tools for post-extubated patients
in Chile.

Methods. A panel of four experts selected and rated voice and swallowing screen-
ing tools. Seven measures were selected: smoothed cepstral peak prominence (CPPS)
and maximum phonation time (MPT) for voice assessment, Volume-Viscosity Swal-
low Test (V-VST) for swallowing, voluntary and reflex peak cough flow for cough
assessment, Fating Assessment Tool-10 (EAT-10), and Vocal Symptom Scale (VoiSS)
for patient-reported outcomes. These tools were applied to four post-extubation pa-
tients within 48-72 hours post-hospital discharge, alongside the assessment of 17
matched controls.

Results. Post-extubation patients showed significantly shorter MPT, lower CPPS
values, increased V-VST dysphagia signs, reduced voluntary peak cough flow, and
more pronounced symptoms on both the VoiSS and EAT-10 compared to controls.

Limitations. The study had a modest sample size and relied solely on clinical
screening tools.

Value. This pilot study suggests a feasible and cost-effective approach to voice and swal-
lowing screening for post-extubation patients, valuable in resource-constrained settings.

Conclusion. While these accessible tools are not gold-standard assessments, they
offer valuable insights and can guide future research. This study underscores the
potential of selected tools in facilitating early detection of voice and swallowing dis-
orders in post-extubation patients.
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Resumen

Objetivos. Lste estudio piloto tuvo como objetivo identificar y probar una bateria
de herramientas de deteccion de problemas de voz y deglucién que fueran eficientes
en cuanto a tiempo y costo para pacientes chilenos postextubados.

Meétodos. Un panel de cuatro expertos seleccioné y evalué herramientas de de-
teccion de voz y deglucion. Se seleccionaron siete medidas: prominencia de pico
cepstral suavizado (CPPS) y tiempo maximo de fonacion (TMF) para la evaluacion
de la voz, prueba de volumen-viscosidad (V-VST) para la deglucion, flujo maximo
voluntario y reflejo de la tos para evaluar la tos, Eating Assessment Tool-10 (EAT-10)
y la Escala de Sintomas Vocales (ESV) para los resultados informados por los pacien-
tes. Estas herramientas se aplicaron a cuatro pacientes postextubados (48-72 horas),
junto con la evaluaciéon de 17 controles pareados.

Resultados. Los pacientes postextubados mostraron un TMF y CPPS significativa-
mente mas bajos, aumento de los indicios de disfagia en la V-VST, reduccion del flujo
maximo de la tos y sintomas mas pronunciados tanto en la ESV como en la EAT-10
en comparacién con los controles.

Limitaciones. Ll estudio tuvo un tamano de muestra reducida y se bas6 tinicamen-
te en herramientas de deteccion clinica.

Valor. Este estudio piloto sugiere un enfoque factible y rentable para la deteccion de
problemas de voz y deglucion en pacientes postextubados, valioso en entornos con
recursos limitados.

Conclusion. Aunque ese abordaje no sustituye a las evaluaciones de referencia, ofre-
ce informacion valiosa y puede guiar futuras investigaciones que busquen facilitar la
deteccion temprana de los trastornos de la voz-deglucion en pacientes postextubados.

Palabras clave
Intubacion endotraqueal; cuidados intensivos; tos; trastornos de la voz; disfagia.

Introduction

The incidence of voice and swallowing issues in patients undergoing prolonged (>48
hours) invasive mechanical ventilation (IMV) is on the rise, driven not only by the
increasing prevalence of respiratory and neuromuscular complications associated
with chronic conditions in the aging population [1-3], but also by the emergence
of COVID-19 [4]. While IMV provides vital respiratory support, it can also con-
tribute to upper airway alterations that can lead to voice, swallowing, and cough
disorders. Such patients have a higher risk of developing dysphonia (76%) and dys-
phagia (49%), which may persist beyond the hospital discharge. These conditions
may impact their full functional recovery and quality of life [2,3,5-7]. For example,
a significant incidence of respiratory disorders and cough dysfunction is reported in
more than half of the subjects who receive IMV [3,5,6,8-10]. Even more alarming,
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post-IMV swallowing disorders are an independent predictor of mortality and directly re-
lated to the days of IMV and hospitalization [3,6,8]. A further consideration for this patient
population is the possibility of developing intensive care unit acquired muscle weakness (IC-
UAW), which is a generalized muscle weakness developed during an ICU stay that may affect
laryngeal and respiratory functions [11] and may persist for years after hospital discharge
[12]. Although such difficulties may be expected in this population, they often remain un-
identified [2,9]. Therefore, a timely assessment of communication and swallowing difficulties
(including cough) prior to discharge is essential.

Tools to evaluate voice [13-17] and swallowing status have been developed and demon-
strated to be effective [10,18-20]. However, common screening tools, such as videofluoro-
scopic swallowing study (VFSS), fiberoptic endoscopic evaluation of swallowing (FEES),
instrumental voice assessment (stroboscopy and aerodynamic assessment), and digital spi-
rometry evaluations, are expensive and difficult to access (and often unavailable) in many
healthcare clinics worldwide. This lack of access to affordable and accessible screening tools
limits clinical capabilities and care in many settings, including developing countries and un-
derserved rural areas. This is especially true for patients who would benefit from cost-effec-
tive, easy-to-administer, and accessible screening tools.

The COVID-19 pandemic further highlighted the critical importance of timely speech-lan-
guage pathology (SLP) screenings for voice and swallowing disorders [4,21]. For example, in
Chile, despite the progress in healthcare reforms and advancements, there is still a need to
improve service quality and access [22,23]. This situation highlights the need for feasible,
cost-effective, and accessible approaches to assessing critical functions such as voice and swal-
lowing in developing countries.

There were two aims of this pilot study: (1) identify a battery of user-friendly, time-efficient,
and cost-effective screening tools for voice, swallow, and cough function; (2) apply the screen-
ing battery in a pilot study, comparing recently extubated patients to control participants who
had not been intubated. By doing so, the study aims to contribute to the overarching goal of
promoting equitable healthcare outcomes, regardless of individuals® geographical locations
or socio-economic statuses, thereby advancing the cause of global healthcare equity. Due
to the sequential nature of the two objectives, the methods, results, and a brief discussion
regarding the first aim have been presented first, followed by the same components for aim
two. This ordering was chosen to ensure a coherent and logical presentation of the study’s
progression and outcomes.

Study 1: identification of laryngeal function assessment tools
Methods

The selection of tools and measures that would be tested in Part 2 (pilot comparison of ex-
tubated to control participants) was completed in three steps. First, a group of experts who
work extensively with voice and swallowing issues in patients who have been intubated was
identified. This panel consisted of three highly experienced SLPs specialized in voice and
swallowing disorders, with an average clinical experience of 10 years (range = 6 — 13 years of
experience). Additionally, a respiratory therapist, well-versed in respiratory care, was included
in the group. Significantly, all panel members possessed expertise in academia and research,
bolstering their qualifications.
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The second step was carried out by one of the co-authors (K.G.), who systematically con-
ducted an extensive literature search to identify potential tools and measures pertinent to the
assessment of voice and swallowing issues in post IMV patients. This comprehensive search
encompassed academic databases (MEDLINE (via PubMed), Embase (OVID), Epistemon-
ikos, and Lilacs), research articles, and relevant clinical guidelines. The search was adapted
to each of the databases with terms such as “endotracheal intubation”, “voice assessment”,
“swallowing assessment”, and “cough assessment”, using Boolean operators “AND” and
“OR” to refine the results. Then, the expert panel rated the assessment tools and procedures,
using a predetermined set of criteria, which included specific questions and ratings for vali-
dation, ease of application, affordability, measurability, and no requirement for extra certified
training. To avoid bias, a blind response or vote by the individual panelists was conducted.
Recommendation of an assessment tool or procedure was met when there was 80% agree-
ment among the panelists’ responses.

The third step involved an independent rating process, meticulously designed to prevent
any potential bias or bandwagon effect. Each panel member was individually engaged in a
qualitative approach resembling a semi-structured interview. They were prompted to offer
comprehensive insights into the identified tools and measures, addressing critical aspects such
as feasibility, ease of utilization, personal history of using the tool as a screening method, and
an analysis of its pros and cons. This method ensured a multifaceted evaluation, incorporat-
ing not only the objective aspects of the tools, but also the valuable practical experiences and
perceptions of the clinical experts.

Lastly, following a rigorous thematic analysis, the research team collated the ratings, fo-
cusing on tools and measures that garnered a consensus of over 80% agreement among the
clinical experts. The consensus underscored positive perceptions concerning the previously
mentioned parameters, including cost-effectiveness, ease of application, and accessibility of
the assessed tools and measures.

Results and brief discussion
Voice Screening

The clinical experts reached consensus on two measures to assess objective indicators of vocal
function: (1) smoothed cepstral peak prominence (CPPS), a measure of vocal quality; and (2)
maximum phonation time (MPT), a measure of phonatory efficiency. The CPPS was identi-
fied in the review process as a widely used acoustic measure of both steady vowels and con-
nected speech that has been demonstrated to be sensitive to vocal quality and general degree
of dysphonia [24,25]. CPPS is considered to be a robust measure for dysphonic voice charac-
teristics during connected speech tasks that is repeatable and easy to get from freely available
softwares, such as Praat or VoxPlot [25—27]. MPT was identified as a potentially useful mea-
sure in the screening protocol, serving as both an aecrodynamic and perceptual screening of
phonatory efficiency. It provides valuable information on the duration of sustained phonation,
reflecting the coordination and control of the respiratory and laryngeal systems during vocaliza-
tion. As an acrodynamic measure, MPT offers insights into glottal closure adequacy and overall
vocal fold function [28-31]. It is hypothesized that the incorporation of these measures in the
screening process would enhance the comprehensive evaluation of voice-related parameters,
amplifying the clinical utility and diagnostic accuracy of the screening approach.
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Swallowing Screening

The clinical experts’ ratings identified the Volume-Viscosity Swallow Test (V-VST) as a use-
ful choice for the screening of dysphagia in patients, offering distinct advantages over other
methods. As a bedside approach, the V-VST serves as a valuable screening tool, enabling the
identification of signs indicative of altered safety and efliciency during the intake process.
Notably, the V-VST is easily accessible and time-efficient. With a sensitivity of 88.2%, the
V-VST demonstrates high diagnostic accuracy in screening for oropharyngeal dysphagia.
The clinical experts indicated that by incorporating the V-VST as a part of the screening
protocol, the evaluation process could be efficient while ensuring reliable identification of
swallowing disorders, thus facilitating early intervention and improved patient outcomes [20].
This test considers the use of food boluses of different volumes and viscosities with the incor-
poration of pulse oximetry. During each intake, the possible signs of alteration of the safety
and efficiency of swallowing are registered.

Cough Screening

An analog peak flow meter (e.g., Mini-Wright Peak Flow Meter) was identified by the clinical
experts’ ratings as an approach for cough screening that would be more accessible in many
parts of the world, because it is less expensive than digital spirometry, thereby offering practi-
cality without compromising accuracy. The device can be purchased online from a variety of
distributors for approximately $35 USD. By employing the analog peak flow meter, two crucial
measures (1.e., voluntary peak cough flow, vPCF; reflex peak cough flow, rPCF) can be readily
obtained. These measures serve as reliable indicators of cough strength and provide valuable in-
sights into the respiratory capabilities of individuals [1]. Based on the assessment of the clinical
experts, the adoption of the analog peak flow meter as a part of the screening protocol would
enable clinicians to conduct efficient and cost-effective evaluations of cough function, facilitat-
ing early identification of abnormalities and appropriate intervention strategies [ 1,32,33].

Patient Reported Outcome Measures

Two Patient-Reported Outcome Measures (PROMs) were identified for evaluating the
self-perception of voice and swallowing function: the Eating Assessment Tool-10 (EAT-10)
and the Vocal Symptom Scale (VoiSS). These scales were identified based on their accessibil-
ity, ease of administration, and affordability. Further, these scales have been validated for the
Chilean population, which distinguishes them as the only validated self-perception measures
available for this specific population [34,35]. The EAT-10 is a concise questionnaire (10 ques-
tions) that individuals can easily complete to identify swallowing impairment based on the
individual’s perspective (cut-off score of 7 points) [35]. The VoiSS is a comprehensive 30-item
self-report survey that provides a robust screening of vocal symptoms. A cut-off score of 15
points or higher indicates the presence of vocal impairment with a significant impact on the
individual’s quality of life [34].
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Study 2: pilot data assessing recently extubated patients
Methods

Participants

The study participants included extubated individuals who were discharged from the uni-
versity hospital. The inclusion criteria for the patient group were (1) between 18 and 80
years of age, (2) intubation and mechanical ventilation for a period exceeding 48 hours, (3)
baseline functional independence after intubation for activities of daily living, as determined
by achieving a Barthel Index score of =270 points, (4) Mini-Mental State Exam score above
24, thereby ensuring their capacity to adhere to the study protocol, and (5) hospital discharge
between 48-72 hours before the time of their participation in the pilot study. Exclusion cri-
teria were (1) a history of tracheostomy use, neuromuscular pathology, smoking, or recent
cardiorespiratory arrest, and (2) a documented clinical history of voice and/or swallowing
abnormalities prior to hospitalization. This study received approval from the Scientific Ethics
Committee of the Faculty of Medicine at the Pontificia Universidad Catolica de Chile.

A group of healthy controls were recruited to match the age and sex (biological factor)
of the post-IMV patient cohort. These control participants were adults recruited from the
university hospital who exhibited normal voice and swallowing functions, based on a clinical
interview conducted by two members of the research group (A.C. and FF), in which partic-
ipants self-reported no communication or swallowing difficulties. They also self-reported no
prior history of voice or swallowing disorders, intubation, tracheostomy tube use, neuromus-
cular pathology, smoking, or cardiac arrest.

Procedures

Voice recordings were made in a soundproof room with the subject seated at a background
noise below 35 dBA, using a portable digital recorder (Tascam model DR40; 44 kHz, 16 bits,
wav) placed 45° and 20 cm from the mouth. To obtain MPT, participants were recorded
while producing three repetitions of /a/ sustained at comfortable intensity for the maximum
duration possible. Praat Software (https://uvaton.hum.uva.nl/praat/) was used to analyze
the productions. The duration was measured in seconds from the manually selected start and
end of the acoustic waveform for each sustained vowel, with the longest MPT production
(in seconds) of the three sustained vowels recorded for statistical analysis. For GPPS, subjects
produced connected speech consisting of reciting the days of the week. Using the connected
speech recordings, CPPS was estimated in Praat with the default parameters proposed by
Maryn and Watt [25].

The swallowing screening was performed by one of the researchers (T.S.) using the V-VST.
Participants were asked to swallow three viscosities, starting with nectar, then pudding, and
finally liquid, in single boluses of 5, 10, and 20 ml that were administered through a syringe.
Changes in voice quality, coughing, or decreased oxygen saturation (=3%) were registered as
signs of impaired safety as specified in the V-VST. A failed V-VST occurred if any of these

signs were present [20].

Cough assessment was completed using a handheld analog spirometer (Mini-Wright Peak
Flow Meter). For vPCE, participants were instructed to “Cough as if something went down
the wrong pipe.” The participant attempted the cough at least three times. If the measure-
ments did not differ by more than 20 L/min between the three trials, then the highest value
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of the three was recorded as the vPCE. If there was a difference of more than 20 L/min, the
maneuver was repeated up to a maximum of 8 times with the highest value being registered.
To assess rPCI; procedures proposed by Curtis and Troche for Handheld Cough Testing were
applied [32]. For this task, subjects were instructed to “Inhale and exhale through the mouth,
and cough, if necessary.” This was repeated three times, and the highest value was registered.
For the patient reported outcome measures, both the VoiSS and EAT-10 were completed as
paper-pencil questionnaires. All participants were able to complete the forms independently.

Statistical analysis

Statistical analysis was performed with R version 4.0.5, using a significance level of 0.05.
Quantitative variables were described by mean and standard deviation (SD), while absolute
and relative frequencies were reported for categorical variables. The Shapiro Wilk test was
applied to determine the type of distribution of the variables. The t-test was used to com-
pare quantitative variables with normal distribution (CPPS, MPT, and rPCF), while the non-
parametric Mann-Whitney U test was used for those without normal distribution (VPCE).
Chi-squared test was used to compare dichotomous variables (V-VST, VoiSS and EAT-10).
Finally, Graphpad Prism 9 was used to develop the graphics.

Results
Participants

For the pilot study, four recently discharged patients were in the post-extubation group (N=4)
and 17 age- and sex-matched adults were in the control group (N=17). The post-extubation
group had a median age of 56.5 years and an interquartile range IQR) from 30 - 69.5 years.
Sex distribution in this group was evenly represented (2 m, 2 f). The control group had a
median age of 49 years and IOQR from 29 -70.5 years. Within this control group, 58.8% of
participants were females, effectively emulating the distribution observed in the post-extuba-
tion group (see Table 1).

Table 1. Physical characteristics and hospitalization data of the subjects in the control group.

Subject Age (years) | Biological Sex Adm Dx IMV days & ICU days Hosp days CS use
1 73 M Uremic syndrome 13 13 18 No
2 59 F Obstructive shock 3 9 15 No
3 54 M Septic shock 21 37 60 No
4 22 F Hepatic infarction 4 15 49 No
Median (IR) | 56.5 (54-59) - - (48_'153) (1 31_[; 5) (1:;%459) -

Note. M, male; F, female; Adm Dx, admitting diagnosis; IMV, invasive mechanical ventilation; ICU, intensive care unit; Hosp.,
Hospitalization; CS, corticosteroid; IR, interquartile range.
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Vocal function

Table 2 includes descriptive statistics and results for CPPS and MPT. The t-test indicated that
MPT was significantly shorter for the post-IMV patient group than the controls (t = 3.718;
df = 19; p-value = 0.002). In voice quality acoustic assessment, the post-IMV group showed
significantly lower CPPS than the control group (t = 3.185; df = 19, p-value = 0.004), as it can
be seen in Figurel.

Table 2. Median, Interquartile range, p-value between hoth groups

respective vocal function measures.

Control group (IQR) Post IMV group (IQR) p-value
MPT (s) 22.00(20.00-26.00) 13.50(10.00-15.00) 0.0015*
CPPS 8.34(8.00-9.25) 6.70(6.66-6.74) 0.0040*

Note. *Significant values. The Mann-Whitney U test was applied for the variables indicated.

A. 157 [C] Control
B Patients

-
o
|

CPPS (dB)

(3]
|

1
Control Patients

B. 157 [[] control
[l Patients

i
-

T

CPPS (dB)

ol
|

T T T T
Controls 1 Patient1 Controls2 Patient2 Controls3 Patient3 Controls4 Patient4

Figure 1. A)) Median differences between control and IMV group (case) in CPPS; **- p<0.05. B.)
CPPS differences between each patient and their age and gender matched controls.
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Swallowing function and Cough

For the clinical screening of dysphagia, the Chi-squared test indicated that the proportion of
post-IMV patients with dysphagia indicated by the V-VST was significantly greater than the
proportion of controls (x2 = 9.395, df = 1, p-value = 0.002), as shown in Table 3.

Table 3. Frequency and p-value for subjects who showed signs of

impaired swallowing safety on V-VST, self-assessment status related
to voice (VoiSS), and deglutition (EAT-10).

Controls Adults who received IMV
n (%) n (%) p value
V-VST 0(0.00) 2 (50.00) 0.002*
VoiSS 2(11.76) 3(75.00) 0.008*
EAT-10 0 (0.00) 1(100.00) 0.035*

Note. n-frequency of subjects, % - percentage of subjects, *significant values. A chi-squared
test was applied for the variables indicated.

Regarding cough, the post-IMV group showed significantly lower vPCF values (U = 11,
p-value = 0.038) with a median (IQR) of 280 (233-350) L./min compared to 370 (325-460)
L/min for the control group. The median rPCF was lower for the post-IMV group (280 L/
min) relative to the controls (200 L/min), but this difference was not statistically significant
(t=1.826, df = 6.236, p-value = 0.116), as it can be seen in Figure 2.

Patient Reported Outcomes for Voice and Swallowing

The post-IMV group had significantly greater voice symptoms reported on the VoiSS ques-
tionnaire than the control group as indicated by the statistically significant Chi-squared test
(2 =17.138,df = 1, p-value = 0.008). Likewise, the post-IMV group had significantly greater
swallowing issues reported on the EAT-10 questionnaire than the controls (y2 = 4.463, df =
1, p-value = 0.035), as shown in Table 3.

Discussion

This study aimed to address the urgent need for a practical and cost-effective approach
to assessing voice and swallowing function in post-extubation patients, thereby assisting
clinicians, including medical speech-language pathologists, in making informed clinical de-
cisions, enhancing patient care, and improving overall quality of life for individuals recov-
ering from intubation.

The results revealed significant vocal impairments in the post-extubation group, includ-
ing shorter maximum phonation time (MPT) and lower smoothed cepstral peak prominence
(CPPS), which indicated a compromised vocal quality. Normal MPT values reported in the
literature range from 15 to 35 seconds in adult patients [29], which corresponds with the results
from the control participants in the present study. In contrast, the post-extubation group exhib-
ited significantly lower MPT (13.5 sec; p<0.05). These findings are consistent with previous
evaluations of MPT in post-extubation patients [17,31]. A lower MPT could be explained
by defective glottal closure, which causes air leakage through the vocal folds [17]. Although
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Figure 2. Median differences between control and IMV group (case) measured in L/min. A.)
Voluntary Peak Cough Flow (vPCF); *- p<0.05. B.) Reflex Peak Cough Flow (rPCF).

MPT is not a diagnostic tool for laryngeal pathology, it has been demonstrated to be a reliable
indicator of phonatory efficiency [28]. The results of the present proposal and pilot study
show that MPT differentiated post-extubation patients from controls and is also a simple and
accessible tool that might be useful to help detect voice disorders in this population.
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Like MPT, the CPPS results demonstrated a difference between the patients and con-
trols. Typically, lower CPPS values are associated with increasingly noisy or dysphonic signals
[36-38]. There are currently no universal normative CPPS values, partly because there are
likely differences related to the specific speech sample that is utilized. For example, in a group
of vocally healthy Spanish speakers, normative values of CPPS ranged from 7.8 to 11.3
dB, depending on the specific phrase that was analyzed [39]. Some have suggested a cut-oft
threshold of 9.33 dB for connected speech (Rainbow Passage as measured in Praat) to deter-
mine whether a person has a higher probability of having a voice disorder [24]. Using this
threshold would mean that the control participants in the current study were slightly below
the threshold. Until more definitive norms are established that consider the specific connect-
ed speech sample, the language being spoken, and other variables (e.g., age, sex), it may not
be possible to confidently state a threshold CPPS value for use in screening post-extubation
patients. Given that there was a statistical difference between the patients and controls in this
study, it seems worthwhile to further explore CPPS as a candidate measure for such a screen-
ing battery, although a substantially larger group of control and experimental participants
will be needed from the Chilean population.

In summary, the post-IMV group presented markedly breathier voices and phonatory in-
efficiency [40], which are signs that are often overlooked and which could translate into long-
term dysphonia [2]. Further, these signs do not only impact the voice quality and function but
also swallowing and cough.

Regarding swallowing, post-IMV patients demonstrated signs of a compromised swallow-
ing (as evidenced by the Volume-Viscosity Swallow Test [V-VST]) and reduced cough strength
(as indicated by lower peak cough flow [PCF] values). Post-IMV swallowing impairments can
be explained by factors such as a limited laryngeal ascent and impaired sensitivity [2]. Other
authors have also reported a decrease in both voluntary peak cough flow (VPCF) and reflex
peak cough flow (rPCF) a few hours after extubation [41]. This reduced cough strength can
be explained by a reduced subglottal pressure and defective glottal closure [42,43].

These results highlight the importance of an early assessment and diagnosis in this pop-
ulation, especially taking cough function into consideration as it has been reported in the
literature as a common alteration in post-extubation patients that can highly compromise
swallowing safety, impacting patients’ mortality and quality of life [11,12,32,33].

Most of the previously mentioned alterations on the overall larynx function are related to
a defective glottal closure that can be explained by anatomical and/or muscular reasons [30].
In previous studies, thorough evaluation of larynx damage in this population have shown
varying degrees of iatrogenic damage due to the prolonged presence of the endotracheal tube
[44], such as oedema, erythema, haematoma, granuloma, and nerve conduction damage,
which can result in phonatory and respiratory issues [40]. While some of these lesions could
heal in the span of a few days or weeks, nerve damage could take months to recover. Vocal
fold palsy is one of the most severe post-IMV laryngeal damage, as it can severely increase
posoperative morbidity and mortality, being associated with complications like dysphagia,
dysphonia, and a poor respitarory control [45]. Intensive care unit-acquired weakness (IC-
UAW) also affects the laryngeal and vocal fold muscles, impairing voice, and swallowing;
Recovery may begin in a few weeks or months, but complete recovery may take longer, as
weakness can persist for up to two years after discharge and has also been shown to increase
the risk of mortality within one year [11,12,46]. Therefore, an early assessment of the correct
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functioning of the larynx and other structures that might be affected by weakness is a priority
for these patients.

The self-perception questionnaires further supported the objective measurement results,
with post-IMV patients reporting more voice symptoms and swallowing issues than the
control group. These findings highlight the critical importance of early assessment and
intervention to address the vocal and swallowing impairments experienced by individuals
recovering from intubation. Additionally, incorporating self-report tools into the assessment
process provided valuable insights into patients’ self-perceived voice and swallowing abilities.
This insight enables clinicians to tailor interventions to patients’ individual needs, significantly
enhancing their effectiveness and improving patient satisfaction.

As expected, post-IMV patients differed from controls on nearly all measures included in
the battery. However, larger-scale studies are needed to verify these findings. Nevertheless, the
current results identify a preliminary battery of simple and easy-to-use tools for screening
voice and swallowing that can be assessed in the future. These tools can be used in several
ways, including more feasible longitudinal studies that track patients’ progression over time.

Larger-scale studies are warranted to validate the effectiveness and applicability of this
approach. Future research could also focus on validating specific tools and comparing their
sensitivity and specificity with established instruments such as VFSS or FEES. Such studies
would ultimately enhance the standard of care for post-IMV patients by facilitating early
detection and appropriate management of voice and swallowing disorders.

Clinical Implications

The findings of this study have significant implications for healthcare professionals in-
volved in the care of extubated individuals, especially in resource-limited settings. Ear-
ly voice and swallowing assessment are critical, and the proposed screening approach is
practical and cost-effective. The pilot data demonstrates the effectiveness of the selected
assessment tools in identifying voice and swallowing disorders in post-IMV patients.

The study found significant differences in vocal status, swallowing function, and self-per-
ception between post-IMV patients and the control group. These findings highlight the im-
portance of early detection and intervention to improve patient outcomes and quality of life.
By promptly identifying and addressing voice and swallowing issues, healthcare professionals
can optimize patient care, improve treatment outcomes, and enhance the overall well-being
of post-IMV patients.

The proposed screening approach is holistic and comprehensive, yet easily accessible and
inexpensive. It does not advocate for a rigid or inflexible assessment approach, but instead
aims to raise awareness of the possibility of conducting such assessments using readily avail-
able tools. This enhances accessibility to assessments and encourages healthcare professionals
to adopt a broader perspective on patient care, recognizing the integral role of addressing
voice and swallowing disorders in overall well-being.

This 1s the first study to comprehensively explore the assessment of laryngeal functions,
including voice, cough, and swallowing, while also considering the perspectives of patients in
the post-IMV patient population. This provides valuable insights into the field and pushes
the boundaries of assessment practices. It contributes to the ongoing advancement of clinical
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knowledge and paves the way for further research and innovation in the field of voice and
swallowing assessment in extubated patients.

The proposed tools have the potential to be used in regions with limited clinical resources.
While they do not replace specialized tests such as videofluoroscopic swallowing study (VI'SS)
or fiberoptic endoscopic evaluation of swallowing (FELES), they can provide valuable prelimi-
nary information through early, rapid, and cost-effective (<$350 USD) screening. This is par-
ticularly significant in developing countries and underserved rural areas, where gold standard
assessments may be unavailable.

Limitations

The primary limitation of this study is the small number of participants in the post-IMV
group. This pilot study was designed to gather preliminary data on the feasibility of the
proposed screening protocol and to determine whether it warrants further investigation in a
larger study. As such, it is not possible to draw definitive conclusions about the effectiveness
of the tools in identifying voice and swallowing disorders in post-IMV patients. Additionally,
the swallowing assessment used in the study (V-VST) is a screening tool and does not provide
information about the swallowing pathophysiology of the users. Therefore, patients with sus-
pected post-extubation dysphagia would still need to be referred for an objective evaluation
using VFSS or FEES.

Another limitation is that the EAT-10 questionnaire is not designed to assess quality of life.
It is a screening tool validated in Chile to detect dysphagia risk in older adults [35].

Despite these limitations, the study provides valuable preliminary data on the potential
utility of the proposed screening protocol in identifying voice and swallowing disorders in
post-IMV patients. Further research with a larger sample size and a more comprehensive
swallowing assessment is warranted to validate the protocol and establish specific threshold
values and cut-off scores.

Conclusion

This pilot study has presented a practical and cost-effective approach for screening voice and
swallowing function in post-extubation patients. Our findings suggest that selected tools, such
as MPT and the V-VST, have the potential to detect voice and swallowing disorders carly.

Post-IMV patients exhibited significantly impaired vocal quality, as evidenced by a short-
ened MPT and reduced CPPS. These accessible tools, particularly the MPT, show promise
for early detection of voice disorders.

Additionally, our study revealed compromised swallowing safety, as demonstrated by the
V-VST, and reduced cough strength, indicated by lower peak cough flow (PCF) values, in
post-IMV patients. These findings underscore the importance of early assessment and inter-
vention to improve patient outcomes.

The incorporation of self-perception questionnaires has enhanced patient-centered care
by providing valuable insights into patients’ voice and swallowing abilities. This holistic ap-
proach ensures a more comprehensive understanding of patient needs, allowing for tailored
interventions and ultimately improving patient satisfaction and care quality.
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This pilot study has presented a practical and cost-effective alternative to gold-standard
assessments for screening voice and swallowing function in extubated patients, especially in re-
source-limited settings. The findings suggest that the selected tools are feasible and effective in
identifying voice and swallowing disorders early. Further research is warranted to validate these
tools and expand our understanding of voice and swallowing assessment in extubated patients.
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