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Purpose: To evaluate the health professionals’ satisfaction regarding the short binasal prong used in Neonatal Intensive Care Units
(NICU), evaluate the difficulties related to its use, and present possible improvements in the design of this device.

Patients and Methods: Observational, cross-sectional study with prospective data collection carried out in the NICU of a public
hospital in southern Brazil. This research was presented into two stages. In the first stage, the Quebec User Evaluation of Satisfaction
with Assistive Technology was applied with 90 health professionals to evaluate the satisfaction regarding the short binasal prong. In
the second stage, the health professional’s experiences and difficulties in using the binasal prongs in 14 newborns (NBs) that required
non-invasive ventilation was collected. The short binasal prongs used was the Fanem® brand and the CPAP circuit was Gabisa Medical
International (GMI®). Finally, improvements and recommendations were presented to optimize the device’s design.

Results: The mean score of the health professionals’ satisfaction with short binasal prongs was 3.8 £ 0.6. Ease of adjustment (3.27)
and dimensions (3.62) variables had the worst scores. The main difficulties pointed out by health professionals were: circuit
disconnection (57.1%), the size of the prong did not correspond to NBs’ anatomical characteristics (35.7%), air leakage (21.4%),
and difficulty in fixing and positioning the prong in the NB (14.28%). The improvements suggested were: appropriate prong sizes
based on the anatomical characteristics of the NBs; adjustable distance between insertion and base catheters; manufactured with
malleable material, however not easily foldable; curved and adjustable insertion catheters and functional system of tracheas’
connection.

Conclusion: The dissatisfaction of health professionals with the dimensions and prongs adjustments and the difficulties faced in
clinical practice indicate the need for improvements in these interfaces. The recommendations presented in this study may contribute
to optimizing the design of the binasal prong in the future.
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Introduction
Non-invasive ventilation (NIV) is an alternative to invasive mechanical ventilation in treating acute or chronic respiratory
disorders in newborns (NB) associated with impaired respiratory function, inadequate pulmonary ventilation, and altered
gas exchange, which result in respiratory failure." Avoiding intubation and using NIV modes in premature newborns
reduces the risk of lung injury and optimizes neonatal outcomes.”

NIV systems generally have three main components: a gas source that supplies heated and humidified air and/or
oxygen, a pressure generator that creates positive pressure, and an interface that connects the circuit to the newborns’
upper airways.’ The latter is essential for delivering ideal positive pressure to NB.*
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The short binasal prong is the NIV interface most used in neonatology,” once it offers less resistance to airflow and is
more effective in preventing reintubation when compared to nasopharyngeal prongs.® It was initially used by Wung et al’
and considered simple to use, effective and safe.’ It is also less invasive and facilitates mobilization and oral feeding.®
However, they present the risk of developing a nasal injury, allow leakage through the mouth, and are relatively
challenging to fix.’

One of the risks of using nasal prongs is the injury. This damage can range from simple hyperemia to columella and
nasal septum destruction.'® The incidence of this adverse effect ranges from 13.2% to 50%."" It can reach rates of up to
100%,'? causing a negative impact, both for NBs and their families, due to pain, delayed functional recovery, and
infections, as well as to health systems due to the increase in hospitalization time and the increase in costs with
treatments for associated comorbidities.'?

The other disadvantage of NIV using short binasal prongs is the air leakage through the mouth.'* Premature infants
are more likely to open their mouths when pressure increase in the oropharynx with the application of NIV and also due
to weakness of the orofacial muscles.'> To minimize air leakage through the mouth, using pacifiers or applying bandages
under the NB’s chin is indicated as needed.’ However, the effects on the safety and efficacy of active mouth closure
during nasal continuous positive airway pressure (CPAP) application are not yet known.'®

Attaching the prong to the nostrils is an important factor in the success of NIV. Difficulties in fixation lead to
increased mobility of the prongs in the nostrils, which may result in nasal injury, and enable fluctuations in oxygen
supply and positive pressure, destabilizing the newborn.'”

Faced with the problems related to the use of nasal prongs, the present study aimed to evaluate the degree of
satisfaction of health professionals regarding the use of the short binasal prongs used in neonatology, to evaluate the
difficulties related to its use in clinical practice and to present possible improvements in the design of these devices.

Materials and Methods

Study Design

The present study is observational and cross-sectional, with prospective data collection carried out at the Neonatal
Intensive Care Unit (NICU) of the Hospital Infantil Waldemar Monastier (HIWM) located in the metropolitan region of
Curitiba, Paran, Brazil.

The study was carried out in two stages. First, the level of satisfaction of health professionals working in the NICU of
the Hospital Infantil Waldemar Monastier was evaluated concerning the short binasal prong (Fanem®™) used as a non-
invasive ventilation interface for newborns in this NICU. In the second stage, possible difficulties related to using this
interface in NBs who needed NIV between December 2018 and March 2020 were evaluated. Based on the results found
in these two stages, the researchers of this study listed possible improvements in the short binasal prongs to optimize the
design of these devices. However, it was not the scope of this study to develop such improvements or assess their
feasibility.

First Stage

Participants

The study included nurses, physiotherapists, intensive care neonatologists, and nursing technicians of the HIWM NICU
who agreed to participate in this research by signing the Informed Consent Form. Professionals with less than three
months of experience in neonatology were excluded.

Data Collection Instruments and Procedures
The variables evaluated were the participants’ sociodemographic data and their level of satisfaction with the short binasal
prong used in the NICU.

The sociodemographic data collected were age, gender, education, profession, marital status, laterality, and time of
experience in neonatology.

The level of satisfaction was assessed using the translated and validated version of the Quebec User Evaluation of
Satisfaction with Assistive Technology (QUEST 2.0) for Brazilian Portuguese, Quest-B.
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Quest-B helps rehabilitation professionals, researchers, and managers of public and private services in their cost-
benefit, cost-effectiveness, and cost-utility analyses, favoring technical improvement, cost reduction, and improvement in
the quality of services provided.'®

In addition, Quest-B consists of a questionnaire composed of twelve questions, divided into two stages: the first
consists of eight items related to the use of assistive technology (dimensions, mass, adjustments, safety, durability, ease of
use, comfort and effectiveness); and the second, on four items related to the provision of services (delivery process,
repairs, and technical assistance, professional services and follow-up). For all items evaluated, the degree of satisfaction
varies from 1 to 5, with 1 being dissatisfied and 5 being very satisfied. In the end, the interviewee was invited to mark the
three that he considered most important among the twelve items evaluated.'®

Considering that the second stage of the Quest-B did not apply to the reality of the NICU studied, only the first stage
of the questionnaire mentioned above was applied in this study.

At the end of the questionnaire, professionals were invited to point out suggestions for improvements to the assessed
interface.

Data Collection

The researcher initially approached health professionals individually during their work shift at the NICU, who explained
the study and invited them to participate. After being instructed, the professionals who agreed to participate in the study
read and signed the Free and Informed Consent Form and then answered the Quest-B questionnaire. All participants
received prior instructions on how to complete the questionnaire mentioned above. In addition, all were informed that the
responses would be anonymous and treated as confidential. Participation in the study was voluntary, and they had the
right to withdraw their consent at any time. The approximate mean time to complete the questionnaire was 10 min.

Second Stage

Participants

Newborns who needed NIV as initial ventilatory support or as weaning, through the short binasal prong, for a minimum
of 24 hours and whose parents or guardians authorized to participate in the research by signing the Term of Free and
Informed Consent were selected. In addition, NBs with facial deformities, NBs who used NIV prior to the study, and NBs
with skin lesions in the nasal region were excluded.

Evaluated Variables

The variables collected prior to the installation of NIV were: gender, gestational age, birth weight, the weight of the NB
before NIV installation, Apgar score at 1 and 5 min, the reason for NIV installation, and cephalic perimeter. The variables
evaluated every 24 h after installing NIV were: time of use of NIV, the need to change the size of the prong, the need to
change the type of circuit fixation, and the general difficulties reported by the care team regarding the use of NIV with
short binasal prongs in NBs.

Procedures
Initially, the NBs were analyzed according to the inclusion and exclusion. Then the parents were instructed about the
study and signed the Informed Consent Form.

NIV was applied with the Interneo or Inter VII ventilator produced by Intermed® or CPAP in a hand-water seal. The
physiotherapist on duty was responsible for choosing the equipment that he considered viable and available for use
during NIV installation.

The NBs received NIV through a new (non-reused) short binasal prong refill. The interface size was chosen by the
research physiotherapist using a specific short binasal prong scale, which makes it possible to choose the prong size
based on the nostrils’ diameter and the columella’s width.

The researcher handcrafted the cap with Ms6™ brand orthopedic tubular mesh and put it on the NB’s head. Then
a sheet of hydrocolloid Elect Hidro from the brand Syncera® or Comfeel Plus transparent from Coloplast® was cut into
a rectangle and applied over the supralabial region. Next, the researcher separated three rectangular strips of Velcro. One
was placed on the hydrocolloid plate, and the other two were wrapped in the prong. After these procedures, the prong
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was moistened with saline solution and introduced into the NB’s nostril, and the tracheas of the circuit were attached to
the cap with a safety pin and an elastic band.

All NBs were reassessed every 24 hours after the installation of NIV until the medical suspension of ventilatory
support. In the reassessment, the researcher, through visual inspection, evaluated the need to change the size of the
interface and/or the type of fixation. In addition, the care team was asked about possible difficulties related to using NIV

with the short binasal prong.

Statistical Analysis
Descriptive analysis was used to characterize the participants’ sociodemographic data for the first stage.

For both stages, central tendency and dispersion measures were expressed as means and standard deviation (mean +
SD) for continuous variables with symmetric distribution and as medians, minimum and maximum values (median,
minimum — maximum) for those with asymmetric distribution. Categorical variables were expressed in absolute and
relative frequency.

Statistical analysis was also performed using the SPSS® v.22 software.

Results

First Stage
Ninety professionals participated in the study, 12 nurses, 13 physiotherapists, 15 neonatologists and 50 nursing
technicians. Figure 1 presents the flowchart.

Table 1 presents the sociodemographic characteristics of the sample. Most professionals were female (91.1%). The
average age of professionals was 39.9 + 6.7 years, with no difference between genders (p = 0.73), and the average time of
experience in Neonatology was 9.71 + 4.87 years.

The average score referring to the professionals’ level of concerning the short binasal prong was 3.84 + 0.62 points.
The item that presented the best level of professional satisfaction was weight (mean of 4.33). On the other hand, the items
with the worst ratings were ease of adjustment (mean 3.27) and dimensions (mean 3.62). Table 2 presents the satisfaction
scores for each of the 8 items assessed by Quest-B.

Table 3 shows the explanations of health professionals who justified each item evaluated by Quest-B when the
satisfaction level was less than 5.

Nurses Physiotherapists Neonatologists Nursing technicians
(n=16) (n=16) (n=19) (n=62)

| | |
|

Health professionals working at the NICU (n=113)

Not agreed to participate in the study (n=5)
Sample loss due to work leave (n=15)

Professionals who answered to Quest 2.0 (n=93)

Excluded due to experience in neonatology
< 3 months (n=3)

Professionals evaluated (n=90)

Figure | Sample selection flowchart for first stage.
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Table | Sociodemographic Characteristics of the Health Professionals
(n=90)

Variables Category Frequency Percentage
Gender Women 82 91.1%
Men 8 8.9%
Age (years) 20-29 3 3.3%
30-39 40 44.4%
4049 41 45.6%
50-59 6 6.7%
Dominant member Right 85 94.4%
Left 5 5.6%
Scholarity Technician 43 47.8%
Graduation 9 10.0%
Specialization 32 35.5%
Master’s degree 6 6.7%
Profession Nursing technicians 50 55.6%
Physiotherapists 13 14.4%
Nurses 12 13.3%
Physician 15 16.7%
Table 2 Satisfaction Degree of Health
Professionals for Items Related to the
Characteristics of the Short Binasal Prong
Variables Mean DP
Dimensions 3.62 0.86
Weight 4.33 0.68
Ease adjustment 3.27 0.89
Stability and security 3.80 0.98
Durability 4.11 0.97
Ease use 3.72 0.96
Comfort 3.67 1.09
Efficiency 4.04 0.71
Total score 3.84 0.62
Note: n=90; DP: standard deviation.
Table 3 Additional Comments by Health Professionals Regarding Prong
Usability Problems
Comments Frequency
Frequent circuit disconnects 20
Difficult adaptation in the nostril 17
Without larger and intermediate sizes 10
Not all NBs were comfortable 9
Do not meet the anatomical characteristics of the NBs 7
Need for tape 6
Long insertion catheters 5
Folds with ease 5
They become stiff with sterilization 5
Difficult adaptation due to fixation and cap 4
Same base length for all prong sizes 3
Prongs are too thick 3
Air leakage |
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Second Stage
The sample was selected for convenience, subject to the availability of the researcher for data collection, as shown in
Figure 2. The characteristics of the second stage sample are shown in Table 4.

The mean NBs weight in NIV installation (g) was 2758.6 + 1025.9, and the head circumference at NIV installation
(cm) was 33.4 + 2.8. The NIV indication was elective post- extubation (71.4%) and Respiratory Distress (28.6%). The
majority of them used Bubble CPAP handmade (78.6%). 50.0% used interface size number 4, 28.6% the number 3, and
the others number 2. In 64.3%, the short binasal prong size was adequate without the need to change the size of the short
binasal prongs. It was found that in 5 NBs (35.7%), the size indicated by the ruler did not correspond to the ideal size for
the NB, and in three of them, the chosen prong did not enter the nostrils; therefore, the smaller prong size was selected.
However, in all cases, the smaller prong pinched the septum. In two cases, the largest prong was too small for the NB.

The difficulties reported by the technical team during the use of NIV in the NBs studied are presented in Figure 3.

Circuit disconnection was the difficulty most reported by the team. To minimize disconnections, the team uses
adhesive tape or elastic bandage to maintain the circuit connection (Figure 4a).

Figure 4b illustrates the difficulty with existing short binasal prong sizes. It is possible to observe that the prong used
is small for the NB; however, the larger number of prongs did not enter the nostrils.

The presence of leakage from the circuit through the nostrils or the mouth was another difficulty reported by the
technical team, requiring the introduction of hydrocolloids in the nasal region to minimize the loss of pressure through
the nose. In addition, to minimize the loss of pressure through the mouth, it is common in the NICU to use restraint in the
mandibular region to keep the mouth closed or to use a pacifier made with a silicone glove and seal the circuit
(Figure 4c).

Another difficulty reported by the team was maintaining the proper positioning of the prongs due to difficulty fixing
tracheas using pin and elastic in the tubular mesh for their flexibility. In these cases, it was decided to replace the fixation
with a pin and elastic band with adhesive tape (Figure 4d).

Admitted to the NICU 12/2018 to 03/2020 (n=361)

Without NIV With NIV
(n=233) (n=128)

Excluded (n=62)
Previously used NIV (n=50)
Parents did not authorize (n=3)
Skin lesion in the nasal region (n=9)

Eligible for study
(n=66 NBs)

Sample Loss (n=52)
Evaluator unavailability (n=9)
Without new prongs (n=2)
Communication failure between the
technical team and the evaluator (n=4)
NIV for a period < 24 h (n=13)
Interruption of data collection due to the
coronavirus pandemic (n=1)

Use of own NIV cap (n=23)

Evaluated (n=14)

Figure 2 Sample selection flowchart for second stage.
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Table 4 Characteristics of Newborns (n=14)

Variables Frequencies
Male 9 (64.3%)
Birth weight (g)* 25624 + 819.4
Gestational age (weeks)* 36.5+29
Apgar Score |° minute** 8 (0-9)
Apgar Score |° min <7 5 (35.7%)
Apgar Score 5° minute** 9 (5-10)
Apgar Score 5° min <7 3 (21.4%)
Length of NIV (days)** 1.6 (1-3)

Notes: *Categorical data are reported as mean and standard
deviation. **Continuous variables are reported with median
and Ist and 3rd quartiles.

Abbreviation: NIV, non-invasive ventilation.

Proposals for Improvements to Optimize the Design of the Short Binasal Prong

From the results of research stages I and II, the team of this study identified the need to improve short binasal prongs in
five requirements: safety, efficacy, adaptation to the anatomical characteristics of NBs, ease of adjustments, and comfort
for NBs.

The need for improvement safety was highlighted by a frequent disconnection between the prong and the tracheas and
by the report that the prong used in the NICU was very malleable, being easily foldable, which obstructs airflow and loss
of pressure supply, exposing the NB to risk.

Improvements in the efficacy is necessary because disconnection between the prong and the NIV circuit causes
interruption of positive pressure to the NB and, in addition to jeopardizing the NB’s health, impairs this therapy’s
effectiveness. In addition, another item that impairs the effectiveness of NIV is pressure leakage through the mouth and
nose. Leakage through the nostrils is related to the inadequacy of the sizes of the existing prongs to the nasal dimensions
of the NBs, as observed in the results of stage II of this study.

The need for adaptation to the anatomical characteristics of NBs was verified from the professionals’ report that the
prongs have a single length for all sizes and that the insertion catheters are long, making it difficult to adapt to the NB.
Moreover, the need for new sizes which adapt to the NBs’ anatomical characteristics was reported in both stages.

NEWBORN NUMBER
CaNwWhROON®O

DIFFICULTIES
m Circuit disconnection
® Prong size do not meet the anatomical characteristics of the NBs
Air leakage
Difficulty with prong fixing

Figure 3 Difficulties reported using the short binasal prong in the evaluated newborns.
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Figure 4 Difficulties reported during the use of NIV in the NBs (a) Use adhesive tape or elastic bandage to maintain the circuit connection (b) Difficulty with existing short
binasal prong sizes (c) Use of hydrocolloid on the nasal region and the pacifier made with a glove due leakage through the nostrils and mouth (d) difficulty with fixing the
tracheas using the pin and elastic in the tubular mesh, necessary to change fixation for adhesive tape.

Note: Consent to use the image was obtained by the newborn’s caretaker.

Another requirement to be improved is adjustment facilities because the few existing sizes cause frequent disconnec-
tions and difficulties in attaching the prong to the NB because force the team to adapt the prong and the NIV circuit to
keep it working and positioned inside the nostrils.

Lastly, one more requirement to improve is NBs’ comfort. Difficulties in adapting the prong to the NBs’ anatomical
specifications indicate that prongs are uncomfortable, requiring dimensions matching.

Based on the survey of requirements that need to be improved in short binasal prongs, possible improvements were
defined to optimize the design of this interface.

We suggested that the short binasal prong has new sizes, which are based on the anatomical characteristics of NBs;
that the distance between the insertion catheters and the base is adjustable; that it is malleable, however, that it does not
bend easily; have curved and flexible insertion catheters and present a functional system for connecting to the tracheas.

Sizes Based on the Anatomical Characteristics of Newborns
Expanding and adjusting the prongs’ dimensions to the NB’s anthropometric dimensions will make them more
functional, with less probability of leakage through the nostrils, improving their efficiency, safety, and comfort.
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Distance Between Adjustable Insertion Catheters

It is recommended that the short binasal prong has an adjustable distance between the insertion catheters. Making it
regulable implies reducing the compression of the nasal columella, facilitating the settlement of the prong to the NB’s
nostrils, and promoting comfort during its use.

Prong Made with Malleable Material, but Not Foldable
It is suggested that the material used for making the prongs be malleable, however, not easily foldable, since the
interruption of positive pressure compromises the safety and efficacy of NIV.

Adjustable Base Length
Aiming to respect the facial anatomy and facilitate adjustments of the prong to the NB, it is recommended that the nasal
prongs have regulable sides to allow them to be shortened or lengthened according to the width of the NB’s face.

Curved and Adjustable Insertion Catheters

Based on the recommendations presented by health professionals and aiming to improve the adjustments of the prong to
the NB’s nostrils, the short binasal prong must have curved insertion catheters and a system that allows adjustment in its
length. Such adaptations would facilitate the prongs matching in NBs, promoting better comfort during the NIV
application.

Functional Connection System to Tracheas

Disconnection of the prong from the NIV circuit compromises safety and effectiveness and makes it difficult to adjust this

device to the NB. Based on the demand presented by health professionals, and the results of stage I, it is necessary to develop

a functional system of connection to the tracheas. For this, improvements in the prongs and elbows must be implemented.
As for the prongs, the sides could be narrower and corrugated internally. Furthermore, as for the elbows, these could

be longer. In addition, the part which connects with the prong must remain corrugated, as it increases the friction between

surfaces, making it difficult to disconnect.

Discussion
This work aimed to evaluate the level of satisfaction of the multidisciplinary team regarding the short binasal prong and identify
the possible difficulties faced with using this interface in clinical practice to verify the need for improvements in these devices.

Most of the professionals evaluated have an average of 10 years of experience in neonatology. The broad experience of
those professionals lends credibility to the responses, as they had extensive practical experience with NBs submitted to NIV.

All health professionals who participated in this study are responsible for the babies in NICU, each with his
attributions. Since the team works together to check that NB receives NIV properly and everyone has direct contact
with the nasal prongs, all those professionals were invited to participate in the study.

We found that the professionals were unsatisfied with the dimensions and adjustments of the short binasal prongs but
satisfied with the weight, stability and safety, durability, ease of use, comfort, and effectiveness of this interface.

This short binasal prongs are available in 5 sizes, namely: 00, 0, 1, 2, 3, and 4.1 Although there is a variety of sizes
from this brand, lack larger sizes and intermediate sizes, existing sizes do not meet the anatomical characteristics of NBs
and the prong base length is the same for all existing sizes. This dissatisfaction was proven by the difficulties encountered
with using the prong in stage II, in which in 5 NBs (35.13%), the chosen size did not adapt to the anatomical
characteristics of the NBs.

The prong with the correct diameter reduces air escape and prevents nasal damage.”® The small caliber prong can
become mobile inside the nostrils and, due to friction, can cause injury.'* A prong with a caliber greater than the diameter
of the nostril can cause enlargement and injury due to increased pressure on the nasal mucosa.”'

In the HIWM NICU, the physiotherapists and neonatologists are responsible for evaluating the NB and the need for
NIV. The physiotherapist is responsible for establishing NIV. He assembles and tests the ventilator to be used, defines the
size of the prong, defines the cap to be used, connects and fixes the prong on the NB, and, together with the
neonatologist, define the ventilatory parameters, and both are responsible for weaning this ventilatory support later.
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Physiotherapist, neonatologist, nurses and nursing technicians are all responsible for the care and monitoring of NBs on
NIV, helping to maintain the proper positioning of the prongs and NIV circuits. Those professionals face the practical
difficulties of keeping NIV working correctly, and develop several adaptations, such as using adhesive tape on the
connections, to minimize air leaks and keep the prong and circuit connected and well-placed.

In addition to being less satisfied with the prongs’ sizes, according to Quest-B results, the professionals are also less
satisfied with the adjustments of the short binasal prongs. This dissatisfaction may be related to the frequent disconnec-
tion between the prongs and the NIV circuit and the fixation of the circuit, which is performed with a tubular mesh, safety
pin, and elastic band.

Disconnection of the NIV circuit was the main difficulty reported by the team. It may be associated with the design of
the elbows that connect the prongs to the tracheas, which are short, facilitating frequent disconnection of the circuit, and
may also be associated with the sterilization process of the prongs and NIV circuit, which causes enlargement of the
tracheal tips and the sides of the prongs, compromising the connection between both.

The NICU studied, and in many Brazilian NICUs, nasal prongs and NIV circuits are reused in NBs after being
submitted to ethylene oxide sterilization procedures for economic reasons. Due to the high costs of the NIV circuit, we
sterilized the material in stage II because it was impossible to acquire new NIV circuits The circuits available at the
HIWM NICU were made by Gabisa Medical International (GMI®). Although we used sterilized NIV circuits, it should
be noted that the attempt to reduce costs by using reprocessed materials must be corrected and can occur both due to
economic problems and a lack of awareness of health services. However, we reiterate that this only occurred in this
research due to the difficulty of financial resources, which is a limitation of the study.

We observed that the tubular mesh used in stage II was very malleable, and this may have compromised the
effectiveness of prong fixation in the NB, as the cap allowed mobility and traction of the tracheas, facilitating the
disconnection of the circuit, as well as the difficulty of proper positioning of the prong inside the nostrils.

Frequent disconnections between the prong and the circuit and the difficulty in keeping the prong positioned adequately
inside the nostrils increase the number of NBs to handle. Excessive handling and procedures, especially in premature
infants, can alter blood pressure and cerebral blood flow, resulting in peri-interventricular hemorrhage and possible brain
damage with sequelae for neuro psychomotor development.*” In addition, excessive handling negatively alters the sleep of
premature infants, which is essential for brain maturation and the limbic, olfactory, tactile, and auditory neurosensory
systems.”® Furthermore, disconnections from the circuit can compromise the effectiveness of NIV, causing damage to the
health of NBs, as well as making them more vulnerable to possible infections due to excessive handling of the circuit and
the presence of adhesive tapes placed in the system, in an attempt to keep the prong and tracheas connected.

Another difficulty reported by the team with the use of NIV was the presence of leakage, that is, loss of positive pressure
through the oral or nasal route, which can compromise the effectiveness of ventilatory support. Air leakage through the
mouth is a disadvantage of NIV with short binasal prongs.'* Due to the weakness of the orofacial muscles, premature
infants are more likely to open their mouths when the pressure in the oropharynx increases due to NIV application.'

De Paoli et al'® compared the pharyngeal pressure of 11 premature infants who received CPAP with a Hudson™’s
short binasal prong with the mouth open and actively closed. They observed an average pressure drop of 3.2 (2.6 to 3.7)
cmH,O with the mouth open and 2.2 (1.6 to 2.8) cmH,O with the mouth closed, and they concluded that closing the
mouth increases the transmission of CPAP. In our study, chin straps or pacifiers are used in NBs on NIV only when
pressure loss compromises the NB’s clinical stability.

As for the loss of pressure through the nose, this is associated with the size of the prongs and nostrils,”* in which the
insertion catheters are small concerning to the dimensions of the NB’s nostrils, not wholly sealing them. Therefore, in
addition to being indicated to prevent nasal lesions, hydrocolloids can seal the nostrils, preventing leaks.”> We used
hydrocolloids only in cases where the leak compromised the clinical stability of the NB.

In stage II, we observed that the prong used was too small for the NB’s nostril in 35.7%. This fact could be associated
with the presence of leakage from the nose.

An interface of adequate size is essential to ensure that the NB receives the necessary pressures and enjoys the
benefits of NIV. In addition, it reduces the risk of nasal injury, optimizes the professional’s work since he spends less time
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trying to adapt the prong to the nostrils, and reduces public spending on health, both by preventing waste with materials
and by reducing the expenses allocated to the treatment of comorbidities associated with nasal injury.

The three items reported by professionals as the most important in an interface were: comfort, efficacy, and safety,
and these are directly involved with adjustments and dimensions of the prong, which presented the lowest satisfaction
scores. To achieve comfort, effectiveness, and safety, the prong used in the NB must have adequate size and fixation.

The results from steps I and II signaled the need for improvements in the design of short binasal prongs. In addition,
new sizes are needed to make them more adaptable to the anatomical characteristics of NBs, promoting comfort and
reducing leaks through the nostrils.

According to Chawla et al*® due to the unique anatomy of the NB, it is almost impossible for manufacturers of NIV
interfaces to build different sizes and shapes that meet the fullness of NBs. However, one way to assist most of NBs
would be to adjust the distance between insertion catheters. It is believed that this characteristic, combined with the
proposal of new sizes based on the diameters of the nostrils, would make the binasal prong more adapted to the
anatomical characteristics of NBs, thus improving the safety, efficacy, and comfort of this interface.

Another parameter to improve the prong’s design was using malleable material to make it not easily foldable,
preventing the insertion of catheters from collapsing, ensuring the delivery of positive pressure to the NB, and providing
safety and efficacy of this therapy. It should be noted that it was not part of the scope of this research the studies and
indication of the most suitable material for manufacturing prongs.

The last parameter defined to improve the design of the prongs was to make the system connecting the prongs to the
tracheas effective. Although the disconnection may be a consequence of sterilization of the circuit, which causes the
widening of the connections, the site of the prong that connects to the elbows is internally smooth and, due to
the humidification of the circuit, it ends up sliding over the elbows, thus favoring the disconnection. Furthermore, the
circuit elbows are short, which can also favor disconnection; therefore, it is assumed that elbows of greater length would
make disconnection more difficult.

Because of limitations, this study could not precisely evaluate the short binasal prong and the other components of the
NIV circuit, since there needed more financial resources to acquire new NIV circuits. However, with the donation of
short binasal prongs, stages I and II evaluations were directed exclusively to this device.

Regarding evaluating only Fanem® short binasal prong, we acknowledge that our study focused solely on this
particular device. This choice was determined by the fact that our NICU exclusively used Fanem®™ prongs during the
study period. As part of a public hospital with limited resources, our scope was to assess the technology implemented in
a specific NICU rather than conducting a comparison of prongs from different brands. The intention was to assess the
usability and satisfaction of healthcare professionals with the available technology and propose improvements based on
the findings, hoping to benefit the newborns in NICU.

The prospective nature of our study aimed to gather insights and perspectives from healthcare professionals regarding
the satisfaction and challenges associated with the specific short binasal prong used in studied NICU (Fanem®). It is
important to note that those professionals play distinct roles in the newborns care under non-invasive ventilation, and
their perspectives are valuable in understanding the challenges and potential improvements related to the short binasal
prong. While the findings provide valuable information about the experiences of those professionals in our specific
context, we recognize that it may not be directly applicable to other NIV nasal prongs or settings.

It is important to highlight that the study was conducted using rigorous methodologies and included a diverse group
of experienced healthcare professionals in the NICU setting. The data collected were based on their real-world
experiences and perceptions. However, it is important to note that the interpretation of qualitative data should consider
its subjective nature and the potential for individual biases. Therefore, measures were took to ensure the reliability and
validity of the data through appropriate data collection techniques and rigorous analysis.

Finally, it is essential to emphasize that this study was restricted to just pointing out suggestions for improvements
based on feedback from health professionals and on the survey of difficulties related to the use of nasal prongs in NBs
submitted to NIV. The specifications of the improvement processes and the study of their viability will be addressed in
future studies.
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Conclusion

Professionals working at the NICU are dissatisfied with the dimensions and adjustments of the short binasal prong,
signaling the need for improvements in both aspects; in clinical practice, the difficulties associated with the use of prongs
in NBs are related to the choice of the appropriate size, proper fixation, and positioning of the prongs in the NBs, the
presence of leakage and frequent disconnection of the NIV circuit.

Short binasal prongs need improvements: safety, efficacy, adaptation to the anatomical characteristics of NBs, ease of
adjustments, and comfort for NBs. For this, we suggested that the prongs have new sizes, which are based on the
anatomical characteristics of the NBs; that the distance between the insertion catheters and the base is adjustable; that it is
malleable, however, that it does not bend easily; have curved and flexible insertion catheters and present a functional
system for connecting to the tracheas.
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