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Abstract

Objective: To define the acoustic parameters and the feasibility of using swallowing acoustic analysis as an auxiliary method
for the transition from nasogastric or orogastric tube feeding to oral breastfeeding. Methodology: A cross-sectional study,
which consisted of the following steps: 1. Data collection: Thirty-two newborns participated in this study (16 preterm and
16 full-term); 2. Clinical speech-language pathology evaluation: Clinical data were collected using Sonar Doppler used to
assess the readiness of preterm infants to start oral feeding and swallowing sounds. Swallowing sounds were captured during
breastfeeding and analyzed according to the frequency, intensity, and time of swallowing, as well as the pause time between
swallows and the number of swallows. Results: The control and study groups presented significant differences in the mean
wave time and swallowing per minute variables. Conclusion: Sonar Doppler, as an instrument used to capture sounds, is a
viable auxiliary resource to evaluate the transition from nasogastric or orogastric tube to oral breastfeeding.

Keywords: Infant, premature; Breastfeeding; Doppler effect; Feeding behavior.

Resumo
Objetivo: Definir os parametros acusticos e a viabilidade de utilizar a andlise acUstica da degluticdo como um método
auxiliar para a transi¢do da alimentagdo por sonda nasogastrica ou orogastrica para a amamentacdo oral. Metodologia: Um
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estudo transversal, que consistiu nos seguintes passos: 1. Coleta de dados: Trinta e dois recém-nascidos participaram deste
estudo (16 pré-termo e 16 a termo); 2. avaliagéo clinica fonoaudioldgica: Os dados clinicos foram coletados usando Sonar
Doppler utilizado a fim de avaliar a prontiddo dos bebés prematuros para iniciar a alimentacéo oral e os sons de degluticéo.
Os sons de degluticdo foram capturados durante a amamentacdo e analisados de acordo com a frequéncia, intensidade e
tempo de degluticdo, assim como o tempo de pausa entre as degluticGes e o nimero de degluti¢des. Resultados: Os grupos
controle e os grupos de estudo apresentaram diferencas significativas no tempo médio das ondas e nas varidveis de
degluticdo por minuto. Conclusdo: O Sonar Doppler, como instrumento utilizado para captar sons, € um recurso auxiliar
viavel para avaliar a transi¢do da sonda nasogastrica ou orogastrica para a amamentacao oral.

Palavras-chave: Recém-nascido prematuro; Aleitamento materno; Efeito Doppler; Comportamento alimentar.

Resumen

Objetivo: Definir los parametros actsticos y la viabilidad del uso del analisis acustico de la deglucién como método auxiliar
para la transicion de la alimentacion por sonda nasogastrica o orogastrica a la lactancia oral. Metodologia: Estudio
transversal que consta de los siguientes pasos: 1. Recogida de datos: Treinta y dos recién nacidos participaron en este estudio
(16 pretérmino y 16 a término); 2. Evaluacion clinica fonoaudiolégica: Se recogieron datos clinicos mediante el sonar
Doppler utilizado para evaluar la disposicién de los recién nacidos pretérmino a iniciar la alimentacién oral y los sonidos
de deglucidn. Se capturaron los sonidos de la deglucién durante la lactancia y se analizaron segun la frecuencia, la intensidad
y el tiempo de deglucion, asi como el tiempo de pausa entre las degluciones y el nimero de éstas. Resultados: Los grupos
de control y de estudio mostraron diferencias significativas en las variables de tiempo de onda media y deglucién por minuto.
Conclusion: EI Doppler sonar, como instrumento de captacion de sonidos, es un recurso auxiliar viable para evaluar la
transicion de la sonda nasogéstrica u orogéstrica a la lactancia oral.

Palabras clave: Recien nacido prematuro; Lactancia; Efecto Doppler; Comportamiento alimentario.

1. Introduction

The growth and development of preterm or premature infants require specialized care due to anatomic-physiological under-
development and difficulties in adapting to extrauterine life (Klock & Akacoque, 2012). Premature infants are fed by orogastric or
nasogastric tubes. After acquiring physiological stability begins the food transition process. Some authors find that 30% of premature
infants have difficulty in the transition process from nasoenteral to oral feeding (Hawdon et al., 2000).

The subjectivity of breastfeeding evaluation of premature infants is common practice in the clinical scenario of the Neonatal
Intensive Care Unit by experienced speech-language pathologists (SLPs). They are used for the evaluation of breastfeeding, as those
adapted for premature babies (Melo, 2008; Sanches, 2000). These require the use of products (equipment) to perform the exam,
which despite being invasive techniques, they are commonly used in children using bottles (Anéas & Dantas, 2014). Digital cervical
auscultation is a noninvasive method. It is painless, without radiation exposure, and it is possible to apply it to the breast (Lagos et
al., 2013). This method adds to the clinical evaluation, converting the muscle activity into auditory and/or visual stimulus.

Sonar Doppler was described as a means of acoustic analysis of swallowing sounds by Santos and Macedo (Santos &
Macedo Filho, 2006). The ease of adaptation of the method in premature infants enables quantitative assessment in the breast, without
interfering with the physiological process of breastfeeding during sound measurement. This may be a complementary method for
clinical evaluation.

Currently, there are no standard assessments that specify the correct time to initiate the transition from tube feeding to oral
feeding, nor other specific forms of assessing premature infants (Lima et al., 2015). Therefore, the purpose of this study is to evaluate
the feasibility of using swallowing acoustic analysis as an auxiliary method for the transition from nasogastric or orogastric tube to

oral route.
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2. Methodology

Observational cross-sectional study. Approved by the Ethics Committee of the institution of origin, under the number
004518/2016.

Patients were selected from the Intensive Care Unit of XXX Hospital. The control group consisted of 16 full-term newborns,
with an average gestational age of 39 to 70 weeks, with a minimum gestational age of 38.64 and a maximum of 41 weeks. The
average weight of the full-term newborns was 3308.44 g, with a standard deviation of 582.34 g.

Inclusion criteria were: neonates admitted to the Neonatal Intensive Care Unit and the Intermediate Care Unit, clinically
stable with corrected gestational age less than or equal to 36 weeks and six days. The control group considered newborn infants who
were hospitalized in the maternity, breastfeeding on demand and with corrected gestational age greater than or equal to 38 weeks.
Exclusion criteria included infants with craniofacial deformity, cardiovascular disorders, gastrointestinal disorders, neurological
disorders, or other syndromes that impeded or made oral feeding difficult.

The newborns underwent the evaluation process, which included: The collection of identification and clinical data, speech-
language pathology clinical evaluation, and swallowing sounds assessment by Sonar Doppler.

All evaluation procedures were performed and analyzed by the researcher. Data collection was taken from the hospital's
electronic medical records. The instrument to assess the readiness of the premature infant to start oral feeding for clinical evaluation
was subsequently used (Fujinaga et al., 2013). After the completion of the application protocol, the swallowing sound data were
collected.

The preterm infants' swallowing sounds were captured during breastfeeding prior to commencing an oral diet. The mother
was instructed to offer the breast normally, in the most comfortable position, keeping her neck free for transducer access. Infants
with difficulty achieving the correct grip of the nipple received support from the therapist (help with positioning the newborn over
the breast).

The Sonar Doppler transducer was positioned in the lateral region of the neck (right or left, depending on the breast the
mother was breastfeeding from), on the lateral edge of the trachea and just below the cricoid cartilage, characterized as the best site
for cervical auscultation by Takahashi et al. (1994).

The swallowing study was performed with a portable Sonar Doppler (model DF-4001, Martec brand) and a continuous flat
disk transducer. The device operates on two batteries and features individual transducer, and a headphone, recorder, and computer
output. The frequency of the Doppler ultrasound is 2.5 MHz, with an output of 10 mW/cmz2. The sound output power is 1W.

The continuous Doppler equipment was paired to an HP Pavilion standard notebook, model g4-1115br. The DeglutiSom®
software, developed by Engefono (2014), was used to record, and analyze the acoustic signals. The referred software used in this
study, was proved as having 97.0% sensitivity and 91.0% specificity according to previous studies (Silva et al., 2021).

The volume of the Doppler equipment was adjusted for the best acoustic signal pickup and the lowest external noise
interference, with three minutes of captured signal. One minute of acoustic signal was selected for the analysis.

The study used descriptive (mean, standard deviation) and inferential (significance test) statistical analysis techniques.

Spearman's correlation coefficient and Student's t-test were used. The significance level adopted was 0.05 (5%).

3. Results

Fifty babies were selected, 32 of which met the eligibility criteria and completed the study. Among the patients who began

the study during the evaluation period, there was 100% compliance with no casualties.
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Within the study group, the correlation between the score of the premature infant's readiness assessment instrument and the
frequency, intensity, mean wave time, swallows per minute and time between swallows, showed significant results (p = 0.0216) for
the intensity variable correlated with the assessment score. A significant correlation was also found between weight and frequency
of the swallowing sound wave.

Within the control group, the distribution of the number of swallows per minute (p = 0.0247) and the time between swallows
(p = 0.0320) presented a significant correlation with the premature infant's oral intake readiness assessment score (Fujinaga et al.,
2013).

A significant correlation of variables was found for the study group (p = 0.0152) and the control group (p = 0.0007) when
comparing the correlation between swallows per minute and time between the swallows (Table 1).

Table 1 — Correlation between swallows per minute, and time between swallows.
CORRELATION OF SPEARMAN -

GROUPS N R P
Study Group (SG) 16 -0,5941 *0,0152
Control Group (CG) 16 -0,7572 *0,0007

Source: Authors.

A significant difference was found between the group mean values of the study group and the control group. The mean
wave time variable for the study group was 37.87s, with a standard deviation of 33.65s. The mean for the control group was 6.08s
with a standard deviation of 18.93s, which was statistically significant (p=0.0025) (Table 2).

Table 2 — Comparison between variables: frequency, intensity, average wave time, swallows per minute, time between swallows,
scores, age, and weight.

STUDY GROUP (SG) CONTROL GROUP (CG)
VARIABLES Standard Standard P
N Average - N Average -
Desviation Desviation

Frequency 16 786,38 100,35 16 755,94 80,91 0,3524
Intensity 16 68,38 34,66 16 87,48 23,02 0,0762
Average Wave Time 16 37,87 33,65 16 6,08 18,93 *0,0025
Swallows per 16 19,13 10,24 16 10,00 7,19 *0,0066
minute

Time between

Swallows 16 9,54 19,34 16 7,64 3,71 0,7020
Score 16 34,00 3,18 16 35,31 1,96 0,1703

Source: Authors.

Swallowing per minute for the study group had a mean of 19.13 with a standard deviation of 10.24. The mean result for the
control group was 10.00, with a standard deviation of 7.19. Thus, the means presented significant differences (p = 0.0066) (Table 2).

4. Discussion

The literature brings that many pathologies can cause dysphagia, such as temporomandibular disorder, and many other

health conditions (Castilho et al., 2021). Furthermore, this symptom can affect different ages, depending only on its cause. So, in
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babies, dysphagia can be caused by many reasons, and it appears in the breastfeeding process, when the newborn and its mother,
start to find difficulties on this activity.

During birth, premature and low birth weight infants may present with factors that influence breastfeeding behavior,
delaying oral feeding (Esteves et al., 2014). An APGAR score below eight in the first and fifth minute is considered a risk factor for
delayed initiation of breastfeeding (Marewood et al., 2006). In this study, all evaluated infants presented with a final APGAR score
greater than eight in the fifth minute.

The infants who presented with higher scores in the oral feeding readiness assessment instrument also presented with a
higher swallowing wave intensity value in the correlation of the variables in the study group.

As weight was gained, premature infants had decreased wave frequencies during breastfeeding. Vargas and colleaguest?
evaluated the premature newborn's oral ability level and its relationship with oral feeding performance and growth. In this study,
premature infants tended to have low weight and low oral skills. When oral intake was introduced, the infants presented with higher
weight and higher oral skills (Vargas et al., 2015). Some studies also discuss the difficulty of premature infants with low weight in
receiving intake exclusively by mouth. Many conditions were crucial in the evolution of the feeding conditions of this population,
as showed in the literature (Medeiros et al., 2011; Scochi et al., 2010). These conditions included weight, the proposed assessment
score, and overall clinical stability for the transition from the enteral tube to the breast.

The full-term newborns who had a higher number of swallows for one minute had an equally higher score on the pre-term
oral feeding readiness assessment instrument proposed by Fujinaga and authors (Fujinaga et al., 2013), in the group correlation.
Infants who had longer pause times between swallows, on the other hand, obtained lower scores in the assessment instrument
(Fujinaga et al., 2013).

These results did not corroborate Silva's findings, which looked at the outcomes between the preterm and full-term newborn
groups. During breastfeeding and bottle-feeding (premature infants were bottle-fed and full-term infants were breast-fed), the time
involved for sucking/swallowing was longer in premature infants, albeit, the number of respiratory pauses was higher in the full-
term newborns (Vargas et al., 2015).

Considering that this sample evaluated both groups during breastfeeding, the neuromuscular development presented by the
full-term newborns directly influenced breastfeeding performance (Yamamoto et al., 2009).

Significant results were observed for both groups when correlating swallowing per minute and time between swallows: All
infants had a higher number of swallows and shorter pause time. The control group showed a higher correlation than the study group.
It is understood that infants born full-term have a greater number of swallows to capture more breast milk during sucking, as they
present with greater neuromuscular development and sucking/swallowing/breathing coordination with a lesser need for pause/rest.

On the other hand, premature infants, typically present with an immature sensorimotor-oral system, muscular hypotonia,
short alert periods, large volume of milk in the oral cavity, and suction-swallowing-breathing incoordination. Any or all these
conditions may have influenced the results of this study in premature newborns (Lima et al., 2015).

The preterm baby's mean time swallowing wave is longer than that of the full-term newborn. This significant difference did
not influence the quality of breastfeeding presented by the study group. No evidence of laryngeal aspiration was presented, in the
form of clinical signs or acoustic analysis by wave extension.

Premature infants presented with more swallows than the full-term newborns, according to the figures below. Silva reported
that premature infants may have small suction bursts preceded or followed by swallowing, as well as prolonged suction bursts with

multiple swallows, depending on their development (Figures 1 and 2) (Silva, 1999; Yamamoto et al., 2009).
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Figure 1 — Image of the swallowing sounds of the premature baby during breastfeeding.
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Source: Authors.

Figure 2 — Image of the swallowing sounds of the full-term baby during breastfeeding.
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Source: Authors.

Acoustic analysis studies using other microphone assessment methods have evaluated premature and full-term infants
during breastfeeding, concluding that premature infants have longer sucking/swallowing times and full-term infants have a greater
number of breathing pauses during breastfeeding. the breastfeeding (Enz et al., 2021).

In a literature review, only one article was found using Sonar Doppler for the evaluation of premature and full-term infants.
Lagos and colleagues conducted a study on both populations to characterize the swallowing sounds. In this study, the authors used
breastfeeding and bottle-feeding. The difficulty of comparing the studies is due to the different analysis of the variables obtained by
Sonar Doppler and a differentiated methodology (Lagos et al., 2013).

This study is the first of its kind looking at premature patients fed exclusively via the nasoenteral tube using Sonar Doppler

and clinical evaluation of breastfeeding.
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5. Conclusion

The mean parameters found to initiate nasoenteral tube weaning in premature infants were: 786.38 Hz wavelength, 68.38
dB wavelength, 37.87s average wavelength, with an average of 19.13 swallows in one minute and a 9.54s pause between swallows.

The Sonar Doppler, as a sound capturing instrument, proved to be a viable auxiliary resource to evaluate the transition from
nasogastric or orogastric tube feeding to oral feeding. The method did not interfere with the baby's breastfeeding pattern, as it was
possible to apply it to the mother's breast. Moreover, it was noninvasive, painless, with no radiation exposure, and easy to apply and
access.

It’s important to emphasize the need of further studies to build a larger data base about the effective use of the acoustic

analysis of swallowing sounds with the use of sonar doppler in premature babies during food transition.
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